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B3AHÜ0AEËCTBHE HEBfly KOHECOM H PEUbCOM

PeąmMe .  B  paôoxe apeAcrasaeHO aHaxa3 BsaHMoAeftciBa c m  b cacxeue 
Koaeco-peABc. Ha ocHOBe npeflaoaceHofi moacak xeopeiHHecxa pemeao npo- 
6aeuy KoaeOamifi bto& CHCieHH. IIpoBe^eHo loże sKcnepjnieBiaAbBne nc- 
cJie^oBćujiia. B KauecTBe sKcnepHHeaxaxLHoro Harpy3oiaoro BaroHa npa- 
MeEiicTca npacnocodaeHHHił BaroH-BxaT$opMa cepun H0K.

1. Cha h B03AeacTByBaHe ga nyib

PejiŁcoBHfl noABHSHoS cociaB Harpyzaei nyib BepxaKaxbHHKH h ropa30H- 
tajiŁHHMH cujiawH ciaiHiecKoro H AHHaMaqecKoro xapaxiepa.

C ia s in e c K H e  c h a h  B0 3 AeficTByK>iHHe a a  n y i b  BH3 B aaH  a a c c o f t  n o A B a sa o ro  

c o c ia E a  a  e r o  c o A e p z a a a e M . B K aae c T B e  o c h o b h  a ^ h  c p a B n e n a a  ynoM SH yiH x 

sane B03B,eńoTBHfi K O Jieca H a n y i b  B0 3 Ł«eM HoitHHaABay® K oxecH y®  c a a y  

HAeajibHoro noABHXHoro c o c i a B a  c  n y i H .  B p e 3y a B ia x e  H ecoB epm eH C iB a n o -  

ABHzaoro c o c i a B a  ( n p o a 3BOACTBo h  KOH CTpyK aaa) b HCCP A o n y c K a e ic a  a a u e -  

Heüne K oJiecao fi c h a h  nopoK H iix  rp y so B H X  BaroHOB r o  ¿10?é, n o p o x H H i a a c c a -  

XHpcKHz BaroHOB a  o -8%  a  l a r o B o r o  noABH ZHoro c o c i a B a  a o  ^4 % . Ą p y r a e  o x -  

WoHeHHa B0 3 HHKasiT b p e 3y A B ia ie  HepaBHOM epHoro p a 3uemeHHH o o A ep sću ra a  

noABHSHoro c o c i a s a .  B a s ta n a  s B x a e x c a  B X H aaae H ecoB epm eH C iB a n y i a ,  e r o  

K o p o C aeaae , K o io p o e  M o z e i a o c i h h ł  7 - 1 0 %oHa f ia 3y  o c e f i .  B H e S a a ro n p a iiiH H X  

y c a o B a a z , n p a  H e f io a Ł n a z  k o a c c h h x  CH A ax, x e c iK o u  noA peccopH BaH H H  i io a b h z -  
Horo c o c r a B a  a  stpyiHAbHO z e c T X o a  p a n e  le a e z K H  a  n y 3 0 B a n o A B a x a o ro  c o c ­

raB a, M oseT n p o H 3 ofiTH n o A a a a  p a a r p y 3K a x o x e c a .

K B aaH cx a iax ecx ae  c h a h ,  b o rpaH aaeH H ou n p o u e x y ix e ,  BpeMeHa n o cx o a im H e, 
B03HHKa»Aae n p a  npoxosA eH aa xpaBHX, b h a o c k o c ih  n y iH  A ocxarajoT  a c c h th  
npoiieHioB HOHHHaAŁHOił x o aecH o a  CEAH. BcAeACTEHe HeBHpaBHeHHoa ą e H ip o -  
CexHoa c h a h  AHanaaoK BexHHHBH n o n e p ex B o a  c h a h  aaxoA H xea b apeA B xax i-6$6 
“ 8# a  OoABme, B epiaK aA bH oa KOAecaoH c h a h  ^15$ -  25# .  UpoAOHtHHe xBaaH— 
cta iH aecK ae c h a h ,  b h 3 B an an e  x a ro B o a  h a h  io p n o 3 H o a  c h a o S , A ocxH raxn  A axe
m .

f l H a a j i a a e c K H e  c h a h  bo B p e u a  a s h a c h e h ,  bo B 3 a m io A c i ł c iB H H  x o z e c a  

0 p eA B C O H , HBAHBXCH ITpOAyXTOM KOAeCSaEHfl K a x  n o A B E Z H o r o  C O C i a B a ,  

r a x  h  n y r a ,  n o T o a y  x x o  n o A B H x a o a  c o c i a B  x e x H i  H a  n y n ,
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c KOTopHu oh KoaeCaeica KaK cHoieMa "nosBHSHoa oocraB - nyib". Bosfiyxae- 
Hwe, BH3HBaH>nee oto KoaecSaHae, moxho pacnpeaeaaTb Ha ipa rpynnas
- Bo3ÔyxAeHHe cadeau noflBascHHM cociaBoM b p e 3 y a b i a i e  H eypaB H O B em eH H oC T H  

KoJieoHux nap, caafioB h HepoBHOCTefl Ha xofloBoii noBepxHociH Kojieoa (bo3- 
HHKaex f l a x e  H a  HAeuabHOM nyiH). Caau ot HeypaBHOBemeHHoCTH Koaeca orpa- 
HHHeHH npeAnacaHHeu MCXtfU Caa6u Ha OKpyxHOdu Koaeca ne AonycKaîoica, ax 
pe3yÆBiaioM nBuswtca cHau pa3uepou ao coTeH kH,

-  Bo3<5yxneHae cacieHU reoueipaefi CTtoca Koaeca c pejiBCOM KaK pe3yjibTai bsm- 
h h h  napaueipoB npo$aaH KOJieoa h  peabca (sKBHBajieHiHaa KonycHocib, yroaB 
COnpHKOCHOBeHHH H paCCTOHHHH HHHaabHHX OKpyXHOCTefi KOJiee OT OCH nyia).
ropH30HiaK£Ho nonepeiHue ohjuj ot Bo:moBoro ÆBaxeHHH KoaecHUx nap 6uBa»t 

Heôoabmae. üpa HecTaÔHabHOM flBHxeHHH B03HKKasji caabHue y^apu Mex&y ko- 
aecou h peabooMj HanpaBaHBmaa caaa y Koaeca AOCTHraei b kphbhx Biiecie 
o KBa 'HCTaiOTecKofi caaoft fioaee 100% $aKTHHecKofi KoaecHofi cnau Q.

- Bo3CyxaeHHe nossaxHoro cociaBa o t  nyia, ero caynatauua HepoBaociaMH h
H3 M6HeHHHMH X 6 CTK O CTH  y K aaA K H  ( r e O M d p H H e C K H e  H A H liaM H 'leO K H e X a p a K ie p H -  

c t h k h  n y i a ) .  A H H a u a a e c K a e  C H aH  o t  K a a e n a a  K o a e c a  n o  H e p B H o w y  p e a b c y ,  o i  

K o a e ô a H H f l  " n o A p e c c o p e H H u x  a a c i e i i "  n o f tB H X H o ro  o o c i a B a ,  H a C a n A a B T c a  b  a h h - 

n a 3 0 t t e  a a c i o T  n o  20 T a  h  f l o c i n r a i o T  20—40% H o u H H a a b H o â  K o a e c a o f i  c a a H »  

O TH om eH H H  n p a  Ô o a e e  b h c o k h x  a a c T O i a x  o K a s u B a io T  B a n a H a e  H a  " H e n o ^ p e o c o p e a -  

H u e  H a o T i i"  ( K o a e o H u e  n a p u  B w e c i e  o a a c i b B  B e p x a e r o  o i p o e n a a  n y i a ) ,  k o to -  

p u e  M o ry T  C u T b  h c t o h h h k o m  O o a b m a x  h  p e s K a x  K 3M 6H 6H H &  K o a e c H u x  o a a  nopxA fâ 

c o i e H  n p o u e H T O B .  f l a a  S o a e e  n o a p o f i H o r o  o n p e s e a e H a h  aH H aM H H ecK H x  o a a  bo 

B 3 a H M o a e a c T B a a  K o a e c a  c p e a b c o i a  H a  < 5a3e H 3 M e p e H a a  H eo Ô x o flH H H  3 H a H a a  

c b o ü c t b  " H e n o a p e c c o p e H H K x  a a c T e 2 " ,  b o c o O e H H o c i a  A H H a u a 'ie c K H X  x a p a K T e p a -  

c t h k  n y i H .  r i o B e a c H a e  H e n o a p e c c o p e H H H x  a a c i e a  m o x h o  B H p a 3 H T b  aa cT O T H O Ë  ne- 
p e a a a e f l .  n o a  y n o u s H y T H M a  A H H a M a a e c K a M a  x a p a K T e p a c T H K a M H  n o A p a s y M O B a e x c a  

^ a H e o iH H e c K a H  x e c i K o c i b  n y i a ,  B K a jo a a ïo n ia a  K aK  e r o  n o s a T a a B o c T b  (npyxaH eH H eJ, 

i a K  a r a m e n a e  h  w a c c y .  C o C c i B e H H u e  H e p o B H o c i a  n y i a  B u p a x a r a i c H  C T a ia a e c K K  

a x  c n e K T p a a b H o f i  n a o i H o c T b i o ,  n p a  n o M o rç a  B 3 B e c i H u x  H e i o a o B  H 3 M e p e H a a .

2 .  B a a a H a e  y n p y r o r o  n y i a  H a K o a e C a n a e  n o a s a g H o ro  c o c T a B a

IÎ3HeHeHHe ynpyrociH nyia no ero saaHe (napaMeipaaecKoe BosôyxaeHae) 
aweeT cayaaitHHfi xapaKTep a oaeHb ipy^Ho ero BupaaiiTb o nowonîbiD pacaeia. 
OÔHKHOBeHHo ero BKaioaaioT b  HepoBHociH nyra, Moaeab Ha pacyHKe 1 npeaciaB- 
aaeT napy HeBemeciBeHHbix peabcoB c HepoBHofi noBepxHocTbsi a HeBemeciBeBHHM 
ynpyraM coeflaneHaeM c xeoiKocibio k*. (KounaeKCHue BeaaaaHU aaaee b leKOie 
o6o3HaaeHhï 3Be3aoaKofi). JCoaecHaa napa o aacrbio Bepxaero cipoeHaa i^tb, 
ofSmeü Maccoa « h  aficoaxiTHHM oTKaoHeHaeu z, B03fleaciByeT aa nyïb caaofl ■* • 

npaBeAeHHaa aacca » HenoflpeccopeHHMX aacieil KounaeKcnaa 3aBacaT oi iac- 
t o t h , ypaBHeHHe ABaxeHHH Moaeaa, yKasaHHofl Ha pacyHKe 1 ,  caeAyajüiees
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m. z + k ^ z ' - u ’*) + z* F(¡to) =. 0 (l)
UpHpociaMH H arpy3K H  z *  F ( ioü) o i  n o f lpeocopeH K H x a a c T e f l  moxho n p e H e ö e p e r a i B

ÏC K opeH ne

^Ftico)

H enoÄpeccopeHHHX a a c i e f i  m h  H3Mepaeii  c  x opom ef i  t o h h o c t b b .  H e -  

pOBHOOIH U* nyTH Ha HC,H H3Mep«»T B OrpaHHHeHHOM ÄH a- 

n a a o n e  ä j i h h h  b o j i h h  c  nouoąBio B aroaa-A H H aM O M eipa  a j m  

B e p x H e ro  CTpoeHHH n y r u .  I lpa  o u e a K e  x o A a  h o a b h x h o t o  

o o o i a B a  h c x o a ä t  h3  c n e K ip a j ib H o i i  h ä o t h o c t h  H 3M epaeunx  

o iK A o aeH H ü ,  'íaoTOTHyx) n e p e A a u y  H ( i f )  onpeA eJuaox  Ha 

ocHOBe oiHomeHHH wexAy o x k a o h ô h h c u  h  yoKopeHHeM. I l e p e -  

A a a a  h b j i h b t c h  (pyHKunefi a a c i o T H  f  ( P u )  h  3aBHCHi o t  

n a p a i í e i p o B  h o a b h x h o t o  o o o i a B a .  CneKTpaAŁHaa h a o t h o c t ł  

G z ( 6 )  OTKAOHeHHÜ KOK (JiyHKltflH BOJIHOBOTO HHCJia 

6  » f / v  3aBHCHT OT CKOpOCTH. C neKTpaAŁHaa HJ10TH0CTB

H e p o B H o c T e f i  n y i H  Gu  ( 6 )  He 3aBH0Hi h h  o t  napaneipoB 
noABHiHoro cociaBa, h h  o t  C K o p o c iH

2 .
= v G u (f} = v l H ( i f ) r G z (f) 

ftBaspai MOAyJia lacToTH oä nepeA aan CAeAyxuunM:

(2)

„ « i 2,  m *  j  Ą , j i u W
I zT I zT k
1 k*~l2-  2[k*lm(2tf)2c o s  ¡6 + m2(2frf f

~ ~  ik ^ i2
(3)

39nepeH H H , n p o B e A e H H H e  H a  S C exe3B O A opoxH O M  H C i a i i a i e a l b o m  K O H Ł ue b  r o p o A e  

BejHH, n o A T B e p A H JiH ,  h t o  H 3 M e p a e M łie  o t k a o h 6 h h h  z *  k o jie c H H X  n a p  n p H  a a c T O -  

t a i  C B e p x  20  H i c y n e c T B e H H o  O T A H H a s o ic a  b  p e 3 y A Ł T a i e  B o s A e ß c i B H a  y n p y r o r o  

ooeAHHeHHH k *  o t  H e p o B H O O T e Ä  u *  n y i H .  H a  y x a s a H H o r o  B u n e  B H i e K a e i ,  u t o  

seotSxoAHMo o n p e A e A H T Ł  x e c T K O c i b  n y i a  k *  k o k  K O M n ae K C H y n  B e x a u H H y  h  e e  

ła3y

3 .  O x r e e j e a e H g e  x e c T K O C T K  n y i H

HytŁ öeoKOHeHHa» (Sanaa aa HenpeptiBHOM ynpyrou ocHOBanxH noHHMamt k o k  

caoteiiy c irpouHuu Hauaxou, HaxoAHAHvca b iowe npaxoxeHHa rapuoHHuecKOfl 
5HIH q* c pa3AejieHH0fi no CTenoHHM BoaÖyjwaBiueä uacioiofi. OueBHAHO, u t o  

sarpy3Ka nyix o t  npoxoAanjero noABHXHoro cociaBa h, Haoöopoi, caaoBoe b o 3 -  

0ï*XeHHe noABHXHoro cociaBa o t  nyiH H3ueaaeTCH b o  BpeiieHH b  npoCTpaaciBe,
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3xox $aKT b 3HaHHieJitHoii cieneHH ycxosauiex KaK leopeisreecKoe pemeirae, iax 
b BKcnepnMeiiTajibHHe HCCAeAOBamwi ynoMHHyiKx xapaKiepucxiiK. no dihm npaia- 
Haw H3uepeKHa Sllxh npoBefleuu b ycjioBiiax, MOAexnpyioąHX ABHxeKHe noABHxaoro 
cociaBa, o cooiBeiciByioEjHM ynpoąeHHeu.

5 ,1 .  OKcnepHMeHTajibnuii saroH  h o6opy,ioEajnie

B K a'ieciB e oKcnepiiMCHTajiLHoro aarpy30H aoro  BaroHa npHMeHHexca npiicno- 
coCSjieHHuii BaroH-njiaT$opMa cepjm  H ck, EoaBniaa Sa3a o ce2  (1 0 ,4  m) oSecneaH- 
B ae i HCKJBoueHne Menasunero bjthhhhh KoxecHux chjx Ba Kpasys> n p o raS a  pexBCOBta 
h h to k , KOTopaa B03HHKaei b pe3yxL xaxe AeflcxByH>ne2 ch jtu . H arpysoanoe ofiopy- 
AOBaaae, H3o6pas:eHHoe Ha pncyHKe 2 ,  ciiocoSho Bbt3BaxB cxaiHHecicyi), kb33h- 
cxaiircecK y» h flHHaMHaeOKys) aarpy3K H . OSopyAOBaiiae c o c to b t  h3 BHSpaiptoHHoS 
SaxKH ( 1 ) ,  MexastHBeoKoro BnSpaxopa ( 2 ) ,  b h ih x  npysaH ( 3 ) ,  rHApaBXHHecKKX 
A ouxapioa ( 4 ) ,  sxeK ipoflB H raxeaa ( 5 ) ,  npoxHBOBecoB ( 6 ) ,  flaiHHKa oxKxoaeHza 
( 7 ) ,  flaiBHKOB yCKOpeHHH (8 )  H AHHaMOMeipBBeCKHX AaiBIIKOB ( 9 ) ,

’.'a cca  B!i6panHoHH0fi SaxKH B ijec ie  c oSopyAOBaHHeM oocxaB aaex 1 7 5 0  Kr BKfipa- 
BHOHHaa Saxaa MOAexHpyex HenoApeccopeHH u e  n a c iH , C bomohbio rHApaBJiHHecKia 
AOMKapxoB BH3UBai0i cxaxiraecKyio b KBa3nciaxnBecKym Harpy3KK nyxH, nocxe ne- 
peaeqeHHa na  nox B arona o h h  cxyscax a . i j i  noABeua h  appex iipa  Bii6pauHOHHo2 6a*" 
kh c  nouoąbso 3axBaxoB, Tpex$a3HHfi KoxxeKiopaLifl ojieKxpoABHraxejiB o perysapc- 
bobhum xpaHctpopaaTopoM ixpHBoAax b  ABHxeHHe neHipo6eKHbi£ B03SyABxe.iL 0 aa- 
npaB.ieHHoii c b a o 2 ,  npoxaBOBecu (6 )  BupaBHHBaBi HeoHMueipmiecKyj) Harpy3ay 
saSpanaoHHott SaxKH.
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3,1.1, CTaiagecKaa Harpyaica
IIoBTopHeioa äo M ouenia o ic n e i a  ip e x  yciofîHHBux xapaK iepacxiiK . riyiB n a -  

rpyzeH HOMHHaxBHo2 chjioM c 1 7 ,5  kH no 200 kH, 3 a ie n  oh p aa rp y x én  äo homh- 
HaiBHoä Harpy3KH, CiaTHnecKy» xecxK ocrB  k g a ä ä  eAHHHHHoro o tk äohshhh  o t -  
K JI0 H 6 H H H  OTCHHTHBaBT HenOCpeÄCIBeHHO HO A liarpaüJie, H30ÖpaseHH0ä Ea pHCyH— 
Ke 3 , B JDOÖOfi TOHK0 HeAHHeÖHOfi XapaKTepHOIHKH,

Puc, 3

3.1.2, KBa3HCTaTHHecKag Harp.y3Ka
rioBiopHeioH oneHB MeÄJieHHo co = 0 b HHTepBaae o 140 no 180 kH, nocxe 

K?eÄHÄjr;ei* npeAsapHTeABHofi ciaiHHecKoft Harpy3KH Qg » 160 kH, CMOipa pao. 3.
HeöoJibnEx oiKaoaeHHÄ, peaAH30BaHHux b KBa3HCTaiHHecK0H pexsme, xapax- 

'epiioTHKa JiKHetaaji. Ona H3oßpaxeHa b Bepxaeil h h c th  AHarpaMMH Ha p a o . 3 
K onpeAeaaei KBa3HciaTHHecKyio xeciKocTB k * , ee MOAyAb | k* | peaxbHy» h 
MHHJiyS) HaOTH BKJDOHaa 4>a3y <|)Q. H3 3IZX xapaKTSpHCTHK ßHAO BHBeAeHO, HTO AAK 
paaraix aMiuiHTyA aaKpm oro UHKJia oiHonesne MexAy mhhmoS h peaa&Hofi kouho- 
HeHTauH He zav.esaeica, h to  CBHAeTexbCTByeT o rameHHH cyxmt ipeHneM, nponop- 
HHOHajiBHLai oTKÂOHeHH». KBa3HCTainnecKaa secTKOOTB hBHKeïCH ocoßHU cnynaeM 
ÄHaaiiHHeCKoü xecTKocTH k* ( f )  Ana HyneBoâ nacTOTU, Ee MOAyJtŁ H3oßpaxeH b 
aMnÄinyÄHo-HacTOTHoä xapaKTepuciHKe b K anecise hcxoahoâ tohke piicynoK 4 ,
K aeâ npHHaAJiexHT naxxe <pa3a <̂ Q . B aunjiHTyAHO nacroTHoü xapaxiepHCTHxe Ha 
pacyHKe 5 äHaxoruHHO asoßpaxeBa xaitxe noAaxAHBoCTb hjih xe ee üoAyAB | k* |

3.1.3. pHHaMHHecKafl Harpyaica
PeaHH3yeTCH c rapwoHHHecKHM npoieKaHHeis B03ßysAax>nefi chah ( c npcABapn- 

îesBHoâ Harpy3Kofi Qs ) npn noMonpi BHÔpaiopa c hoctoahhhm sEciieHipHUHiepoii 
ABCCasaHCoB, ÆHana30H B036yxAajQĄKX naesoi c 20 ,Äb 80 Eh. Oneaxa noxyneH-
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aux AHHaMH<iecKHx xapaKiepHCTHK cflejiana aa caeT crzamHBaHJia yacTOTHoä nepe- 
A a w  nosaiJiHBooTH (sceciKooxa) npa yczoBHH uiiHHMajiBEoii cyMua kbaApatob ot- 
x j i o h g h h ö  a nocToaaKoro yro'iHeHH.'i npoexra Moflean n y m  aa ocaoBaaHH apaueHe- 
aaa H3BeciHhcc aaciaaaKX aeTOflOB pemeHaa, cm. rzaBa 4 .  flaa H3Becxaofi, H3xe- 
paeMofi B03ÖyxÄaK)t;ea chkk Q* h oxKjioHeaHa peatca z *  Buiexaei oxaoraeime 

Aza xecTKociH ayia
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k lf)  = -  |k lf ) |  eÍ!Ẑ  = |k*(f)l[cos0(f)-i.s in  0(f)]=
z*(f)

= k [1 -  i.tg 0 (f) ] (4 )

MosyJiB ateoTKooTH I k* ( f  ) | onpeAeneH oiHoineHneM Mejwj aunnnTynaMH ycioiłHHBoii 
B036yxAa»meíl c h j i h  h  BHHyjweHHŁiMH otkj i o h s h h h u h f oTCHHiaHHŁiMH no ocu,¡ijiJiorpaM- 
Kaw, BKjawaJi $ a 3 y .

4 , MojęjHpoBaHHe h y t h  xejte3HO.nopoxHoro sKcnepHMeHTaJibHoro KOJiŁija bgjihm

I l y i b ,  o 6 p a 3 0 B a H H H ä  B epxH H M  h  h h x h h m  c i p o e n H H U H ,  n p e A c i a B j x a e i  co(5oä c j i o x -  

Hyp O H C îe M y , h t o  H a n n o  C B o e  o i p a s e a n e  b  p e 3 y -B T a T a x  H 3 M e p e H a â  a  n p H B e .n o  k  

p a 3 p a ô o T K e  c n e ,n y io m H x  M O A e n e ö  n y T H  K aK  M e x a n a a e c K o f i  c h c t c m h  b  i i e n a x  h x  n p n -  

MeHGHHH b  p a o a e T a x  B 3aH M o,ne0C T B H H  u e x A y  h o ä b h x h h m  c o o i a B o w  h  p e n b c o M .  ü p o -  

eK ï n p o o T o i t  M O flejiH  n y T H  n o c i e n e H H o  y T o h h h j i c h  H a  o c u o B e  n p u M e H S H H a  y x a s a H H H x  

HHxe n ao T H H H H x  M e io f lO B  p e m e H H H . J l a j i b m e  b  T e n o i e  H c n o J ib 3 y » T O H  c j ie A y ra H H e  

OCHOBHHG B6J1HHHHHS

M a c e a  M [V]; n o r o H H a a  M a c e a  ¿J. [ t / m ]  ;  x e c r K o c i b  k *  Q c H /iT ]»  n o r o H H a a  x e c i -

KocTb ^ ^ [k H /m 2 ] :  $ a3 a  xeoTKooTH ( | (jQ ; 4>a3a noroHHofi xeciicocTH <p ( Y ] ,
CBoâcTBa nyTH Bupaxaei ero xeciKOCTb k* BmeKammaa h3 HsuepeHHH h h h  xe 

“ o A y ^ b  s e c T K o o T H  h  $ a 3 a  -  C M o i p H  y p o B H e H H e  [ 4 3 .

4 .1 ,  Mo.ge.nb A

Monejib A KBjxHeTCH noÄpoÖHofi MOAenbio BepxHero crpoeHHH n n y in , ynoxeHHo- 
ro Ha TBep.noM a u x a e u  cipoeHHH, j j u  n a c io m  f = 100 l 'i l . IIoä noHHTHew BepxHee 
OïpoeHae nyTH noHHMauTCH p e a b c u , pe3HH0Bne noAKxaflKH, mnajiu h  meöeHOHHbiä 
ÖajijiaciHHö cjioft.

ypaBHeHHe ABHxeHHK pejibca  napu pexbcoB -  necymefi öajiKK Ha ynpyroM o c -  
HOBaHHH c noroHHoä xeoTKocTbn >íp cjieAy»mee

Î ^ z î lx .t )  3 2 zi*(x,t) * v. . .E J  4 ----- 4 ^ -- -----i——  + X z  (x.t) = O (5)
3xA 11 9t P 1

Ha ycnoBHft HarpyaxH Hecymefi Ö ajiK H  b  onpeAenenHoä Tonne rapMOHHnecKoä 
cHjroH q *  B H i e x a e T  x e o T K o c T b  n y T H

k*= ^~= V ^ ( v ^ i i ^ 2)3/4=

_  2 1 ' 5 ( E 3 ) ° * 2 5 ae.**0 .7 5 _  A.ae*°'7 5 = | k i e iei (6 )



210 4 ,  Deip

IlapaMexpH B epxsero  c ip o e n n a  n y x a :

a ) PeoibOH -  napa  p sa ico B  UC2ÍH 60

-  0,128 t/ m A ■= 30 kH0*25 o0*5
E = 210 106 hH/m2 
O = -  3000 cu4 -  60 10“6 m4

6) Pe3HH0nue noflKjiasKH
-  vHoao ncwiuiaAOK na noroHHuñ nexp nyiH

n « 2 1 ,8 4 / m *» 3 ,6 8 /u

-  noroHHaa scecisociB nosnaaaoK 

U^jCo) - 400 000 (1 + i  0,1)

-  noflKJ&WKH HeBenecxBeHiuie

b ) I l ln a jm

- AepoBJmmje mnaau, îhcjio Ha noroarntíl Mexp

p ■ 1 ,8 4 / h

-  noroHHaa uacca urnas

^ 1 2  “ 0,16 
r )  E.eCeHO'iHHa CaajiacxHuií cjzoü

-  O flH O pO S H üfi K O H TK H yyH

-  njioiHocxfc fiaaaaciEoro c a o s

<¡>1 3  =  1 , 6 4  i / h 3

-  n o r o H H a *  z s c t k o c t b

X * 3  0  =  2 5 1  0 0 0  1  +  1  .  0 , 2 6 6

3apaHee HeHOBecTHa
-  n o r o H H a a  M a c e a  < 5 a j i ; ia c T H o r o  c j io h

^13 “ °*96 T/ M

n p H H H x a  KaK 3 / 4  Macea B e p x s e r o  e x p o e s m a  n y x a  b c a p a s e  u n a s  2 , 6  m h 

r a y O n n e  m e C e n a  0 , 3  m ,

E H y x p e H H e e  r a n e H a e  p e a i m o B i c c  _ n o s ic .¡ ia s o K  ( n o s  n o s o J U B o S  p e a t o a )  a kohth- 
HyyM O B » 3  n a p i H K y a f lp H ia c  B e m e c m  n p a a n x o  a z B e i íH b M ,  H e3aB ao H M U M  o í  < iac x o T S »  

K B a 3 a o x a x K a e c K a a  x e c i K o o i í .  n y m  k * ( 0 ) B s i e s a e i  n 3  H 3 M e p e H H o fi x a p a K i e p K -  

c i H K a ,  a  x a K s e  H 3  o x H o m e r a H



BsaHMoaeitciBHe Meatfly.

kg= Ik^l[cos,0(o) + i s in ęiio)] = 190000(cos8,5°+i.sin8,5°)

Bepxaee c ipoeH ne n y in  c OTHocnieabHo hhbkoü noroKKOi! waccoił o x jiB aaex ca  
öojileo ii noflaiJiHBOCTi.io, floJiH KOTopoii B oóąeii noflauiuBooTi! nyxn cocxaB Jiaex  
605Ó. B A¡iana30He cpoflHHx Macxox ( 0 ;  100 Tu) Bepxaoe c ip o e n n e  nyxH nooxoMy 
cymeoiBeHHo bjihh eT iia  ypoBeHb xcecxKociH c o ih o c h io .-bho wajioii $a3oii ,
1¡3 o x o r o  B u i e K a e i  K B a 3 n c x a i H M e c K a a  x e c i K o c x b  B e p x n e r o  c i p o e r m a  n y m

k*(o) = kg/0,8

IloroH H aa x t e c i K o o x B  B e p x H e r o  c i p o e a n a  n y x a  n o x o M  c a e f l y i o ą a a

* > )  = |kc(o)|
A/3 j4/3£i(o)

. A 

190000 A/3
30/0,8 (cos 11,33'+ i.sin11,33')=155000[1f i.0,2) (T)

HocKojtBKy ram eane pe3HH0BHx noflKjiaf lOK HeSoflbmoe 0 ■= 5 , 7 ° ,  n o r o H n a a

leoTKooib (SaJijiaciHoro cjioa b K B a 3 H C i a i H a e c K o u  ooctohuhh  cjieflynmaa

3e * 3 (o) =  - V i o )  3 6 5 ( 0 1

dc-i-i (0 ) (0)

aei3 (o)= 251000(1 + i.0.266)

H eH 3 B ec iH aa  n o r o H H a a  x e c x K o c x b  X--, j  y c T a H a B j iH B a e x c a  p a c a e x o M  f l a a  S a j u i a c x -  

B'jro c j i o a  ( ö e c K O H e a H O  n a p o K o r o  c x e p s a a  0  n o r o H H o f l  M a o c o f i  ,  c x H M a o M o ro  

sspTHKaabHoä n o r c H a o ü  a a r p y 3 K O Ü  q ) . lUiraa c x e p . m a  K o n e i H a a  a  p a B a a e x c a  r a y  

Güae Ö a j i a a c x H o r o  o a o a .  ^ H H a M H a e c K y x ) n o f l a x j i H B c c i b  c x e p a a a  (b  oahom K O B u e 

° is p x e H b  n o f l f l e p x H B a e x c a ,  b cboÖoähom kohub a a r p y s t a e x c a  r a p M O H a a e c K o K  c i u i o f i  

e y r j i o s o ß  a a c x o x o f í  cü  ) mojsho B b iB e c ia  H 3  o i a o m e H u a

J _ ,  = _ L _ y ~  ____ 1   W2 = i2W2 ( 8 )

k* m i 1 3 5  (uj2‘ a>2) * 2°J-1,3,5 i  9
Ca)

* -  M ac c a  c i e p x c j i a  ( x )

I  -  f la B H a  c x e p a c K a  

Ÿ ~ n j i o i H o c i b  c x e p x n a  ( i / m ° )

E = M O flyab  y n p y r o c i a  cxepxH a n p a  c x a x a a  ( kII /m )

0 4l2?
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nOflaTÄHBOOTb CTepKHH MOXHO Bbtpa3HTb 0TH0D16H11GM

no Apy^HHKOBy: liHTerpajiBHHe p ä a h ,  MocKBa 1 9 8 1  r., nocAeAHee Bbipaxeiwe SJtfi 

noAaiAHBooTH MOKHO nepenncaTb b  jiopwy, noAxoAatuy» a  a h  pemenHa o nouo^bs 

nepooHaAbnoä 3BŁI, a h m g h h o

1 _ 2 V~~ 1 2____ft . ft£* ,,

ko mWo èû (2n+1)2-£2 mu)0 U i * 2
ä a h  M oA eA H  C a A A a c T H o r o  c a o ä  K aK  y K a a a K H o r o  Bbuae c i e p x H H  öyA ßM  npH M C H A îb  

B 6 AHÄHHU

q  = noroHHaa Harpy3K.a k h / m  

¿u^ 3 = noroHHaa ¡.¡acca t/m 

H ,*3  = noroHHaa a c e c r K o c T b  k I I /m 2

E *3 = MOAyAB ynpyrocTH kH/m2

n o r o K H a a  n o A a iA H B o o iL  ö a x A a c T H o r o  c a o ä  n o T o w  ö y A e v

h o  mioaiŁ o



ii3anM0AefiCTnne M e w y . . .  2 1 3

KBasHCiaTHMecKyjo noroKHyx) noAaxjinBocTb noAcxasHM b ypasaeHHe (1 0 ) r j m  no- 
roHHua noAaTAHBooia öaAJiacxHoro cjioh

1 2 1 1 . 'iiŁ* 2 1 J t t *
 gr i . .  ?^ 3  ' f r  3e*3(o) e  ■ 2 ?  (o ) |e ilp13(o1 6

13

„ajiee ajih

- y ^ 3 (0)
e = ?e

t g ^ S =  - c o s c t ^ c o s h g —  * = Î C o s Æ £ ! \
2 s in CŁ + ¡.s in h  ß  \  ¿  '  (

ß = i r s i n ( ^ i ! - ) v

moxho saKOHeu Bupa3HTB noroHiiy» noAaxxHBocib SajutacxHoro c a o h

7 ^ 3 (o)
_ J  2_  ________ 1_________  _ef_________  ( - c o s a + c o s h ß )

^ 3  '  ff | < 3 (o)| e W 1 V (s in o i + i.sinh(i>)

- i  (/)13lo)
2 1 e  ( - c o s fc + c o s h ß )
•M a e r ia l  I 7  (S in a  + i. s in h  ß )  ( n )

^paBHeinteM (11) onpeAejieHa 3aa;tcnMocTB noroHHoa seciK ocxH  öaAJiaciHo-
ro caoh c H3B6CIHHMH napawaxpaMH = 0 ,9 6  i / 'u ,  ! ^ * 3  = 260 000 kH/m~,
f |3  0 = 1 4 ,9 °  o t  oTHOcmejibKoS la c x o x u , KOTopan CBHaaHa c a a c x o io ö  f u

yr.lOBoii 'laCTOTOÜ CO CAeAyiOElHMH OTHOneHHHMH

.1 60
~0 ! W0 2 Ï ^ 13

* 13(0)1

f = - 2 . 1  l X13(o ll = £ _  [ 26 0 0 0 0f - l i  — - - - -  ■■■ • 130,1.0 
4 I 0,96 f^13

ä.w  steciKociH BepxHero ciposaHH  n y m  mokho rm caxb oKoHRaxeAbHoe oTHomeHsie

< - A { K - c , 3“ 2'"1 - * í i ¡ ’ 1-<-11“ 2 f i = Iks* l- ias <i2)



<¿>. íler

c HSBecTHUMH napaMexpaMH:

-  O ,1¿P  t/ m 

¿u ,3 ^ 0 ,9 6  i/m

K11 ^ r' 400 000 (1 + i • 0,1) Kll/ll2
X *3 0 ^ i;51 000 (1 + i . 0,5¡C6) kH /u2

A = 30 kH°*2m0 *5

II3 ypaBHeiuifl (12) mokho onpeAexHTb ajih MOAexu ®  aMnAHiyAHy» h $a30Bys xa-
paKTSpHCXHKy BepxHero CTpoeHHH, yaosennoro na TBepAOM HHxaeM cxpoeKHH. Sa-
HHMaai,noro 3Ha«eiiHfl AOCTHraeica ijpn nacióle 96,7 Fu.

4 . 2 .  Moxeah B

Moacab ®  npeAciaBAHeT cofioií ynpomeKHuft BapaaHT MOAexH @  BepxHero 
cipoeHHH seae3Hoa,oposHoro nyiH, yxoseHHoro Ha TBepAOM HHXHeu cipoenHK. 
SreciKocTb B epxaero c-rpoeHHH b MOAexH ®  CASAyMAaa

k *  = a i * ;  - ^ ü o 2 ) (i3¡
B s  '

B c a y n a e , xorAa npHHHMaeica noroHHaa M a c e a  BepxHero cvpoeHHH ^  -  0 ,33 t/sí 
h 10*^ -  155 000 ( i  + i  . 0 ,2 )  kH/m2 , o6e moacah ®  h ®  OHeHB Qah3kh 
Apyr A pyry avnaHTyAO# :: $a3oü b  A«ana30He Hecjie^yeuhK cpeAHux nacToT. l íh- 
HiiMaxbHoro 3HaaeHHa ¡ I A o c in ra e ic h ,  oAHaKo, npn 1 -0  T u .

4 .3 , MoAe.T). 0

Monear. ®  aB.-JieicH moacabe B cero nytH BepxHee h  nn*;iee CTpoeHue .
B moaeah ©  HcnoAbaosaHU napaM eipu moapah ®  , T .e .  ,u - 0 ,3 3  a/m ,■K- £

X . 0 155 000 ( i  + i  , 0 ,2 )~ kH /h  . íp y r i i e  napaMeip;.' i;Harnero CTpoeHHH km 
H e o A H o p o A H o ro  k o H T H H y y u & j ¿ i ,  -  ¿»4  h  -  X * 0  C u a k  b n p e A é H O H u  n o p a w o *

o n K T a .  Í Ip i í  n o r o n n o f i  H c .r j jy 3 K c  n *  h  c A B H r a x  oTA C H bH H X  c a c e e -  z * "  -  z  k o k h o1 43anHcaib ypabHeiiHH .v.rHHeHMH m o a c a h  MaTpHHüoB aarracBio:

2 * »<<V*J+Jl10 -X10 _

~*i0 -(«2U¿+3{10aX20

0 -# *20
0 0

..JP*
20

-í*3W+3e20+3e30

-X30 -l“̂ * 3 o +*40

0

0

'^30

“1 > 1
z*2 0 i

!

Z33 »

¿■
V

0 l

(14)

n o r o K H a a  acec iK ocTB n y iK

tt* = q*/z* (15)
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í i e C T K O C T b  H y i H

k%  A.3Ł‘3/A (IG)

PaoMeT o ö jie rq a e i ipaxT, u to  otipeAeAHTeAb w aipim u -  Tana jIkoCSh. npn p acuexe  
öyjio AocTHrnyTo yAOEaeiBopHTC.ibHoe coBnaAeHHe c H3m©pghh6m nan b aMnAniyA- 
hoH, Tan h B (tia30Boñ xapaxTepwcTHxe. PlapaMeTpH MOAexn B03pacTa»T reoMSTpii- 
'¡ecKHM psAOM ¿J- c  aacTHMM 2 , 5  h 30* o lacTHUM 2 .  Moabab © noATBepxtflaeT 
npeHMynecrBo noAaTAHBocni B epxnero cT poenaa n u accu  HHstnero CTpoeHnw. HpeA- 
nocuAxa jiKHeüHoro, 0 1 uacTOTb.' ne3aBH0Huoro raw eH na, oxa3aA acb onpaBAaHHoit. 
Bo.ibmoe bahhhhb itHAwero cxpoenun Ha xapaxTepucTHxy a-.ecixocTw nytu  npu 6onee 
HH3KKX u a c io ia x  no Bceä BepoHTBOCTu TunuuHO a a h  Ma.icro ateAesKOAopo.THoro 
3KcnepHMeHTaJibHoro xoA bua, KOTOpox n o c ip o ea o  Ha uaHocHOM oTAOJKenHH. ii o.uy- 
iae nyieft c 60nee tbgpahm  hhjschhm CTpoeHuew otkaohbbhíi ¡ k* ¡ nepewAH Öh b 
Änana30H u a c io i  ßojree bucokhx , 3  CAyuae ousbb TBep,.oro HHacnero cxpoenua 
(cKajibiiuft rpyHT) x ec ix o cT b  nyTH npnÖAnxaAacb Öu y.ecixocTH BepxHero c ip o e -  
HKH.

4 . 4 .  H o Ą e j i b  D

Moabab (3) hbasbtch ouenb y.uponeHHOii moababio nyTii, CAyatamefi aah pacueTOB 
KOAeCaHHö noApecoopeHHoä uacra noABujworo cociaBa. Peub habt oö oahopcahoö 
noaeAH o Macooä « 71 1 n xecTKOCTbio k'fp- 227 000 (l + .  0,2),
l<20 = 1 ,0 9  106 ( l  + 1 , 0 ,2 )  kH/m c pe3yAbTaTHBHoń »ecTKocTb» nyTH

* O
* k . (k0- m. cO )

k “ - r H n r 1 2“  (17)k.j +

‘̂ oagab ®  McxHO npuMeHSTb aaji MacroT f C < 0 ¡ 20> Tu. Pe3yAbiaTHBHaa se c T - 
KocTb HMeeT b yxa3anBOM Ananasowe u ae io T  i e  xe xapaKiepwcTHKH wax MOAeAb ©

■ ^  iMCAIWaa MHHKMyu HO Ay AH XGCTKOCIH nyTH | k | •

1.5. gaKAKj'iewi: e
^O A eA b  @  H B A H ex c A  xopoD iuM  H 3 o 6 p a ü e n H e M  E c e r o  n y T H  a a h  A n a n a s o w a  u a c i o T  

Bbüne 1 0 0  P i ; ,  k o t a «  u a x o A U T  c e o b  n p u M e n e H n e  C S o A b n a a  U H e p u n w  H n a c w e ro  O T p o e H n a  

B y m .  B otom C A y n a e  MOABAb B e p x H e r o  c x p o e w u a  c Ö aA A aoxH U M  C A oeM  b  x a u e c T B c  

AOHTHHyyMa x o p o m o  B b ip a x a e T  c n o f tC T B a  n y i H ,

Moabab @  npeAHa3naueH a a h  Auana30Ha H3yuaeuux u l c t o t  0 0 no 100 P a .
}■ Ap a k t  e p i : c t  h k a  moaj'ap. ¡1 $a33 b yxaaaHHOM AuanaacHe u ac io T  no u th  coB naxae" 
c MOACAbX) @  .

Moabab ©  to u h o  OTOÖpajcaeT u3MBpeHna xax b awnAHxyAHofi, Tax h b 4ia3o- 
üo-AacTOTKoü xapaxxepncTHKB acb c tk o c th . Moabab moacho sxcTpanoAnpoBaTb ao 
A a c t o T u  1 0 0  P a .



Hoaxcaht ąjih AHanaaoHOB uacTOT 
Vîiodné p ro  obli

î  ?  100 Hz 
M o iie jib  _  
Modal ©

pro  o b l a s t i  f r e k v e n c i

MofleAb
.'•to d e l

f  = 0+100Hz

BepamesS eĤ, _ J  ¿ — -"--«v i-w *  _  ^  0,33 ^
r y ~  pláñ f  Z Î a  -155000( 1*0,2 ■ i 3 £ % _ £ _

£-**-00 , E — Oc.
spodeK

,0,25,10,3

Pejifac MCiii 60 hjosiofc CTpoeH/.e 
1 .1  K o le jn ic e  uIC 60

^ U= 0.129
A = 21 , 5 tE0)0 ,2 5 = 30 kN1

= 400000 ( i+ o , i . i )

1 . 2 ^ Ç t ? i b  (k12 = 0 ,16

B a jia H C H it íi CAOft 
1 .3  â tè rk o v é  lo ? e

(Ü13 = 0 ,96

% UÜ ^ 256000(1+0,266.1)

f  -- 0+20 Hz 

:"$5cieî-b ©

= é =

* w
1 («S- I-i nsx * 71 ( t )

k í n=10S5000(1+ 0 ,2 .1 )  kN/m
A.U

7 7 7 7

fù 4  -  2 2 5 ^

¿ 4 = 2 0 * *
/ / / / / / / / / / / ?

f  î f  i  î  i ï
V 7 7 /7 7 /7 ////7 7 7 7 7 /7 7 /7 7 7 7 7 / / / / / / /



ŁaaiiHOAeiicjBue f-;e*Ay.

Ho^ejib (6) xopcco oipa^acr uawepeniiH b Anai:a3oi!e h ó o t o t  c O nc ..0 ?n.

B Anana30H(? Gcjiee fiacoxnx h u c t o t  ona He AeiiCTByeT; Ae.no b t o m , ’¡t o  u o t o m  

;aana30He k b k  aunjiKTyAa, t ł k  h i£a3a stecTKOCTH ny:ii oneHb o t j i k h r k t o x  o t  

nnep eHHil.

B 3aK;ijo<ieiiHK mo,«iio cTMeiHTb, •■¡to moaoażi iiyTH najioro wejie3iioro sKcnepji- 

ieHTa^bnoro K c s n a  b r, BejtiiM ne iiB.TAioTca yHHBepcaxbHUJ.:!!, r,jw KaxAoro koh- 
speiHoro n y m  Keoflxo,r,HMC npoBepuTb AeiłCTBHTejibHOCTb ho,'-.Jieii H3M0pennew a 
«cje.iL abenTyaAbHo npucnoco6m b .

EB.THOFI’Aili.-I

[l] Heip *,s IlaMepeHHe xapaKTepHC«BK n y m , 5exesHOAopoKHafl TexHuna Hi i,
1 9 8 6 .

[li] Heip ■i>,: SaK.iioHHTCAbKuH O T ie i o peiueHHH saAann il '-3 - i6 /5 .3 .
[sl ipełlfiayep JI.5  iły Tb -  B03CyAHTexb KOJieSamttł noABHKHoro c o c ia B a , CSopHiiK 

KOHi>epeimKH HexooAOBauKoro IlayuHo-TexKii'iecKoro Q ii;ecTBa, )‘(HAV:Ha 1 981 ,
[4] IitMomeHKo: iCoieGaniifl b i.:ani;:HoCTpoenHH, OHTJI iTpara 1960.

R e c e n z e n t :  O o c .  d r  h a b .  i n ż .  E u g e n i u s z  ś w i t o ó s k i  

Upłynęło d o  R e d a k c j i  w a t y c z n i u  1 9 9 0

kSPÓŁPRACA KOŁA I  SZYNY

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

W a r t y k u l e  p r z o d s t e w l o n o  a n a l i z ę  s i ł  d z i a ł s j ę c y c h  n a  s t y k u  k o ł o - s z y n a .

Ha p o d s t a w i e  z a p r o p o n o w a n e g o  m o d e l u  w s p ó ł p r a c y  k o ł a  z  s z y n ę  w y p r o w a d z o n o  

1 r o z w lę z a n o  r ó w n a n i a  d r g a ó  t e g o  s y s t e m u .  P r z e p r o w a d z o n o  e k s p e r y m e n t y  z  

Przystosow anym  w a g o n em  -  p l a t f o r m ę  d o  b a d a n i a  d r g a ó  s y a t e m u  k o ł o - s z y n a .

WTING OF WHEEL ANO RAIL 

S u u 01 a  r  y

In  t h e  p a p e r  t h e  a n a l i s l s  o f  f o r c e s  a c t i n g  o n  t h e  w h e e l  -  r a i l  c o n t a c t  

"are p r e s e n t e d .  On t h e  b a s i s  o f  p r o p o s e d  m o d e l  o f  m a t i n g  o f  w h e e l  a n d  

r a i l  t h e  w i b r e t i o n  of  t h i s  s y s t e m  w s r a  d e r i w e d  a n d  s o l v e d .

Sxpsriments w i t h  a d a p t e d  l o r r y  fo r  e x a m i n a t i o n  of  v o b r s b l o n s  o f  w h e e l  

r a i l  sy s t em were c a r r i e d  o u t .


