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METOflHKA H3MEPEHHH ^EOOPMAiyiH HACbHIH 
»CEJIE3H0fl0P03KH0r0 nOJIOTHA, PACIlOJKDKEHHOrO B 
30HE BJIHHHHH II0^3EMIIbIX TOPHblX BblPAEOTOK

THE METHOD OF DEFORMATION’S MEASUREMENT OF 
RAILWAY EARTH LINE’S LOCATED IN THE ZONE OF 
UNDERGROUND WORKINGS’ INFLUENCE

S um m ary. Methodology of measurement of railway subgrade deformation within a zone 
of underground work effect is presented in the paper. Laminar method of determining the 
deformations was suggested by measuring the lower and upper surface of a layer, 
distinguishing embankment substrate, zones of mutual interaction as well as layers. 
Measurement accuracy obtained should be sufficient to determine horizontal and vertical 
deformations.

METODYKA POMIARU ODKSZTAŁCEŃ NASYPU KOLEJOWEGO 
ZLOKALIZOWANEGO W STREFIE WPŁYWU ROBÓT PODZIEMNYCH

Streszczenie. W artykule przedstawiono metodykę pomiaru odkształceń torowiska 
kolejowego w strefie wpływu robót podziemnych. Zaproponowano warstwowe określenie 
odkształceń poprzez pomiar dolnej i górnej płaszczyzny warstwy z wyróżnieniem podłoża 
nasypu, strefy wzajemnego oddziaływania oraz warstw. Uzyskana dokładność pomiaru 
powinna być wystarczająca do określenia odkształceń poziomych i pionowych.
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CocTOHHHe ocHOBaHHH BepxHero cTpoeHHa a<ejie3Hoaopoa<Horo nonoTHa 0Ka3biBaeT 

HenocpeflCTBeHHoe BJiHHHHe Ha 6e3onacHocTB h 6eenepe6oHHOCTb aßnaceHHa noe3AOB h 

TpeóyeT HenpepbiBHoro BHHMaHaa c;iyac6bi nyra. Oco6eHHoe BHHMaHHe yflenaeTca HacbiiWM 

Ha noapaßaTbiBaeMbix xeppHTopiiax, nocKOJibicy ohh B03BeaeHbi naa bo^otokłmk h 

noaBepjKeHbi HenpepbiBHOMy H3MeHeHHio ecTecTBeHHoro KpyroBopoTa Boaw h BpeflHOMy 

BJIHSHHK) rOpHblX BbipaÖOTOK. CflBHHCeHHe OCHOB3HHM, BbI3BaHHOe nOÍUeMHbIMH rOpHblMH 

BbipaÔOTKaMH, npHBOflHT He TOJlbKO K H3MeHeHHK> 3a^aHHbIX yKJIOHOB nyTH, HO H K 

ae<j)opManHH HacbmH h, cjieaoBaTejibHO k H3MeHeHHio ee  coctoshhh.

Bonpocbi H3MeHeHHü cocToaHna HacbHiH np« noapaöoTKe npaiCTHHecKH He H3yneHbi. B 

ÖOJlblHHHCTBe JIHTepaTypHbIX HCTOHHHKOB paCCMBTpHBaiOTCH HanpaXCeHHO- 

ae(|)opMHpoBaHHoe cocToaHHe pejibco-mnajibHOH peineTKH, c KOTopoii ecTecTBeHHO 

yBH3bmaeTCH 6e3onacHaa 3KcnjiyaTanHa ^opora. OaHaxo, xax h3bcctho, Harpy3Ka Ha 

pejibCO-mnajibHyio peinerccy oßycjiOBJieHa fle^opMapHHMH ocHOBaHHa nojioTHa, KOTopbie 

Tpanc(|)opMHpyioTca nepe3 Hacbmb h 6aiuiacTHbiH cjioh. YnoMHHaHHe [6] o tom, hto 

oceaaHHe BepxHero CTpoeHHa nyTH npoHCxo/iHT Taxaœ xax ero ocHOBaHHa, oöocHOBaHO 

tojibko b nepBOM npnÖJiHxceHHH. Ilo3TOMy Bonpocbi H3yneHHa B3aHMOCB»3H HanpaaceHHo- 

ae<J)opMHpoBaHHoro cocto»hhh ocHOBaHHa h BepxHero CTpoeHHa nyTH acejie3Hoaopoa<Horo 

nojioTHa «BaaeTca BaacHOH HaynHOH 3aaaHeH, a noaaepacaHHe ero HopMajibHoro cocToaHHa

npH  3 K cnjiyaTauH H  -  BaacHOH H a p o flH o -x o 3 aHCTBeHHOH 3 a a a n eH .

IlocKOJibKy B onpoc B3aHMOCBa3H c jia6o  H3yneH, to  T eoperanecK H e HccjieaoBaHHa 

npeacTaBaarciTca Mano3(J)(j)eKTHBHbiMH h  ocHOBHbM MeToaoM H3yneHHa uejiecoo6pa3H0 

n o naraT b  aKcnepHMemrajibHbiH.

MeTOflHKa 3KcnepHMeHTajibHoro H3yneHHa B33HMOCBa3H HanpaaceHHO- 

ae^op.MHpoBaimoro cocToaHHa noapaöaTbiBaeMbix ochob3hhh h coopyaceHHH pa3pa6oTaHa b 

o6ihhx nepTax. Ee coaepacaHHe coctoht b H3MepeHHH HanpaaœHHH h ae^opMannH 

noflpaôaTMBaeMbix ocHOBaHHa h coopyaceHHa. B 3toh cb83h pa3pa6oTKa kohkpcthoh 

MeTÔ HKH H3MepeHHH ae({)opManHH HacbuiH acene3HoaopoacHoro nojioTHa npeacTaBJiaeT 

ocoôbiH HHTepec.
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B C O O TBeTC TB H H  C H O pM aX H BH BJM H  A O K yM eH X aM H  [ 1 ]  OCHOBHBIM  K p H X e p H e M  

B 03M 0H C H 0C T H  H 3 B J ie H e H a a  3 a n a c o B  y x j i s  n o f l  > K ejie3H B iM H  f lo p o r a M H  H B J ia e x c s  6 e 3 o n a c H a a  

r j iy 6 H H a .  I l p H  3 t o m  a o j ia c e H  b b i i i o j i r h t b c h  p t m  y c j i O B a i i ,  o ^ h h m  H 3  k o t o p b i x  h b j w k i t c «  

H a Ó J iio f le H H a  3 a  » e j ie x H o / io p o v K H B iM H  n y r a M H  [ 2 ] ,  s a m n o n a i o m n e c j i  b  H M B e j n ip o B a n n H  n y x n  

h  o n p e z ie j i e H H H  e r o  n p o t f iH J ia  n o  r o n o B K a M  p e n B C O B  ( n e p e 3  1 0 - 2 0  m ) ,  n p o B e p t c n  c o c x o h h h h  

c t b i k o b b i x  C K p e n j ie H H H , o n p e f l e j i e H H H  n p n S j m a c e H H H  n o /i.B H 5 K H o r o  c o c r a B a  k  c x p o e H H » M  

( n p o B e p K H  n a p v n i e H M  r a G a p m a  u p n O j i n a c e H M  c x p o e H H i i ) .  B B i n o j i H e H n e  3 t h x  y c j iO B H H  

c o s a a j i o  3 H a H H T e J iB H y io  6 a 3 y  p e 3 y n B x a x o B  H H B e n n p o B a H M .  O flH a K O  f l j i a  t n y x e H H a  

B33H M O C BH 3H  H a n p flX C e H H O -fle ^ O p M a U H O H H O r O  C 0 C T 0 3 H H H  O CH O BaH RH  H n y T H  3 T O rO  H e  

ilO C T a x o H H O , x a K  K a n  H a  n o j io x H O  B 0 3 f le H C X B y io x  H e  x o j i b k o  B e p x H K a j iB H B ie ,  h o  h  

r o p H 3 0 H x a a B H B ie  c f lB H x e e H H a  h  A e< |> o p M a H H H , K o x o p B i e  H a n p a B J ie H B i K aK  b /io jX B , x a x  h  

n o n e p e K  o c h  n y x n .

H x o  K a c a e x c a  n p o n o j i B H B i x  c f lB H a c e H H ii  h  x t e tJ to p M a n n H , x o  a c e n a x e j iB H O  a o n o j i m i x B  

H a o J u o a e H H a  3 a  o c e ^ a H H a M H  p e j i B c o - m n a x B H o n  p e u i e x K H  H 3M ep eH H JL M n  r o p H 3 0 i n a j i B H B i x  

a e iJ io p M a u H H . rip« 3 x o m  uejiecoo6pa3HO c o r n a c o B a x B  a j i h h b i  H 3 M e p a e M B ix  npoflOJiBHBtx 

H H x e p B a j io B  c  n o n e p e n H B L M H .

B n o n e p e n H O M  n a n p a B J ie H H H  b  3 3 b h c h m o c x h  o x  b b i c o x b i  H a c B m H  o x k o c b i  H M e io x  

p a 3 J iH H H y io  K p y x H 3 H y  ( p a u iH H H B ie  y m iO H B i) .  B B i c o x a  s x h x  c j io S b  K p a x H a  x p e M  M e x p a M , h x o  

o O y c n o B J iH B a e x  H e o G x o / u i M o c r B  H 3 y n e H H S  f le t j t o p M a iy i H  o x a e j i B H B i x  c j i o e B  H a c B r a H  b b i c o x o h  

Kp a iH O H  3  M e x p a M . I l o a x o M y  3 a K J ia a K y  p a o o n n x  p e n e p o B  H a  H a c B m H  n e j i e c o o S p a s H o  

o c y m e c x B J i a x B  n p H M e p H O  x e p e a  3  M e x p a  n o  B B ic o x e  (pncyH O K  1 ) .

R p l - R p l l  -  r p y h t o  1  wc  p e n e p u  n o  noa e p x HOCTM H a c u n n , r i -  T 5  -  T p y H T o a u e  p e n e p u  ■ o c n o m n h n
H a C U n H e , -  rOpH 30 HTftJ] hHIIC AC^Op MtU HH COOTBCTCTBCHHO HIC Un H H rp yH T « ,  Jl, n  -  p c j l k c o a u e  «NTH

pHcyHOK 1 -C x c M a  p a c n o J i o x c H H i  p e n e p o *  Ha o t k o c b x  H t c u n n

Rys. 1. Schemat rozmieszczenia reperów na skarpach nasypu
Fig. 1. Schema distributions o f  measuring - points on slopes o f embankment
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C o 6 e n x  cTopoH 3a noaon m oñ  HacbmH, no aHajioran c 30H0ÍÍ B3aHMoaeiicTBHa 

noflpaßaTHBaeMtix ochob3hhh  h 3naHHH, uejiecoo6pa3H o npeanononarrb 30Hy

B3aHMOflencTBHa ocHOBaHna h Hacbmn (penepbi F 2, T 3, Rp 11). fle^opMauHH b  3toh 30He 

oaoiaaioT ca nepexoaHbiMH, a  3a 30hoh B3aHMoaeiicTBna ae(})opMannił cjieayer  CHHTaTb 

fle(J)opMauHH ocHOBaHHB Hacbmn (penepbi T l  h F 2).

BepTHKajibHyio cocTaBJunoinyio Beicropa casnaceHHa b o6 meM cjiynae mokho 

onpeaejiHTb HecKOJibKHMH MeroaaMH, oanaico n iw  croiaceHHa TpyaoeMKOCTH paóoT no 

HHBejinpoBaHHK) OTKocoB HacbmH nejiecoo6 pa3HO Hcnojn>30BaTb cnennajibHyio MeroaHicy 

HaKJIOHHMM JiyHOM [4 ].

B  cooTBeTCTBHH c 3TOH MeToamcoił ropH30HTajibHoe nponoaceHHe D  u npeBbnneHHe H 

onpeaennioT ca no H3BecTHbiM (JiopMynaM TpnroHOMeTpHiecKoro HHBejinpoBaHHa.

D = S 'co só , (1)

H =S'sinS+ A a (2)

rae  5 -  yroji HaKiioHa BH3npHoro nyna, KOTOpbin aonaceH 6brrb nocroaHHbiM

ana Bcex cep n ił HaSmoaeHHÄ;

S ' -  npoexuHB Ha HaicnoHHbm a y a  BH3HpoBaHnn paccToaHHa S,

H3MepeHHoro Mencay penepaMH i h (i+1).

S'i,i+i=S...,i+1 - A S, - A S2 (3)

A Sj= d sin  ô (4)

d = Aa¡,¡+1 - Avy+i (5)

rae  Aa¡,¡+i -  pa3HOcrb otchctob n o  penxe , mm;

Aviti+1 -  pa3HOCTb BbICOT UITaTHBOB, MM.

FIonpaBKa A S2 Bceraa OTpHuaTenbHa.

Aaifi+i= a¡ - a¡+it (6)

Avi(i+i = v¡ - Vi+i, (7)

A S2 =  [(d co s  8 )2/  2Sy+i] + [(d  co s  6)4/8 S 3u+i], (8)

Aa^p =  [(a 'H +  a " H) +  (a 'K +  a " K -  p )]/4 , (9)

rae
a'h, a " , ,  a'* , a " *  -  otchcth n o  n e p u o f t  h  x p a c H o ñ  C T o p o H a M  p e ñ K H  co o T B e T C T B eH - 

H o  b  n p a M O M  h  o ô p a T H O M  x o a a x ;  

p  -  O T cn e T , c o o T B e T C T B y io m H H  n a n c e  x p a cH O H  c T o p o - H U  p e Ü K H , a 

3a T e M  c p e a H e e  3H a n e H H e  h 3 n p a M o r o  h  o ô p a T H o ro  x o a o B .
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K a x  c n e n y e x  H 3 n p H B e n c H H b ix  B b ip a a c e H H ii,  x o H H O c x b  o n p e a e j i s e M b i x  B e  j i h h h h  3aB H C H T  

OT XOHHOCXH H 3 M e p e H H H  y T J ia  H aK JIO H a 8, paC CTO JIH H H  S H  O TCH eTO B n o  p e Ö K e .  C n e j I L K )  

y M e H b m e H H a  b j i h h h h h  n o r p e i n H O C T e i ł  H 3 M e p e H H ií  3 t h x  b ü i h h u h  n o j i e B b i e  H a ö j n o n e H H a  

H e o ô x o f lH M O  B M n o j u w T b  n o  c n e a y i o i n e H  M e x o n H K e :

1 .  F i e p e n  HanajioM H3MepeHHH onpenenaexca MecTO Hyjia BepxHKajibHoro Kpyra.

2 .  T e o n o j i H X  ycTaHaBjmBaexcH b  CTBope j i h h h h  penepoB ( c  x o h h o c x m o  5 - 1 0  c m ) .  H i m  

3Toro penepbi c n e n y e x  3ajioacnTb c onaiOHeHneM o t  CTBopa He 6onee 2 - 3  c m .

3 .  Ilpn „Kpyre JieBo” c  ynexoM onpeneneHHoro MecTa Hyna oxKnanbmaeM BbiöpaHHbm 

yroji.

4 .  I lo c j ie f lO B a T e J ib H O  H a  K a a c n o M  p e n e p e  6 e p y x c a  o x c n e x b i  n o  n e p H O H  h  K p a c H O H  

C T o p o H a M  p e ñ K H  ( n p a M O H  x o n ) .  P a 3 H O C T b  b  o T c n e x a x  n o  x p a c H o ñ  h  n e p H o ñ  

C T o p o H a M  c  y n e x o M  h x  H y j i e i i  H e  n o n a o i a  n p e B b im a T b  5 - 1 0  m m .

5 .  B oôpaTHOM xone npH „Kpyre npaBo” pa3HOCTb b  oxcneTax no onHOHMeHHbiM 

cxopoHaM p e i n e n  M e a c n y  npaMUM h oöpaxHbiM xonaMH nonacHa 6bixb He 6oJiee 1 5

MM.

6. Cnenyex He nonycxaxb Hcnonb30BaHHfl cxnanHbix peeK, a xaicace yMeHbmaxb 

oxcnexbi no peiiKe.

7 .  3 H a H H x e j ib H a a  n o r p e n i H o c x b  B 0 3 H H K a e x  n p H  p a c n o n o a c e H H H  x o n e i c  b 3 h x h b  o x c n e x a  h  

n e H x p a  p e n e p a  H e  H a  o ä h o h  B e p x H K a j iH . I l o s x o M y  n p H  y c x a H O B K e  p e n e p a  c n e n y e x  

H c n o j i b 3 0 B a x b  c n e n n a j i b H b i e  n o n n o p K H ,  o 6 e c n e n H B a i o i i i n e  n o c x o s u m y i o  

B e p x H K a jib H O C X b  p e ñ K H ,  h  H e  n o n y c x a x b  o x K J io H e H H e  p e i łK H  o x  B e p x H K a j iH  ö o j i e e  5 -  

10'.

8. H 3 M e p e H n e  p a c c x o s H H H  S M e a c n y  p e n e p a M H  n p o H 3 B o n n x b  c x a n b H o i i

K O M n a p H p o B a H H O H  p y j i e x K o i i  c  y n e x o M  n o n p a B o x  3 a  x e M n e p a x y p y  h

KOMnapHpoBaHHe.

A b x o p  [ 4 ]  n p H B o n a x  n a H H b ie  o  x o h h o c x h  o n p e n e n e H H S  r o p H 3 0 H x a J i b H o r o  n p o n o a c e H H S  

2 , 9  m m  h  n p e B b im e H H S  4 , 6  m m  n p n :  S = 1 7  m ,  5 = 3 0 \  d = 0 , 5  m ,  m  s =  2 , 5  m m , m  a=  3  m m , m

V= 1  m m , m  5 = 7 " .  n o r p e u i H o c x H  o ô m e r o  r o p H 3 0 H x a j ib H o r o  n p o n o a c e H H a  h  n p e B b iin e H H H  

c o c x a B J i œ o x  2 , 4  - 2 ,  5  m m  n p n  n n H H a x  j i h h h h  o x  2 4 0  n o  3 1 0  m . T a x a a  x o H H O C x b  o n p e n e n e H H H  

H e o 6 x O ,H H M b I X  B ejIH H H H  C O O X B eX C X B yeX  XOHHOCXH x p H r O H O M e x p H H e C K O rO  H H B e n H p O B a H R H ,  

on H aK O  3 a x p a x b i  B p e M e H H  n n s  B b in o j iH e H H a  p a 6 o x  c y m e c x B e H H O  H H a c e .

Hxo Kacaexca H3MepeHHS ropH30HxanbHbtx paccxoaHHH, xo cnenyex yHHXbmaxb 

3HaHHxejibHbie H3MeHeHHH xeMnepaxypu B03nyxa npn H3MepeHHXx Han noBepxHocxbio 

oxKocoB h OCHOBHOH nnomanKH. K a x  noKæbmaex o n b r r  H3MepeHHH, ne(J)opManHH Ha
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3acTpoeHHfcix TeppHTopHsix [5], HaA ac<J)anBTopbiM noxpbiTHeM, b tchh bmcokhx oôbeKTOB, h 

Hajj TpaBantiM noKpoBOM pa3H0CTb TeMnepaTyp B03Ayxa b JieTHee Bpeina AocniraeT 40-50°. 

YneT TOJiBKo cpeAHeñ TeMnepaTypu npHBO^HT k cymecTBeHHbiM norpenmocTHM H3MepeHHH 

paccTOHHHH. IloBTOMy npH H3MepeHnax paccToaHHÍí Meacay HHTepBanaMH hcoôxoahmo 

MepHbrił npHÖop BbmepxcHBaTb HaA H3MepaeMbiM HHTepBajiOM hcckojibko mhhjt ao 

flocTHxeeHHa hm TeMnepaTypti OKpyacaiomero B03Ayxa, nocjie nero H3MepaTb TeMnepaTypy 

MepHoro npHÖopa b cootbctctbhh c KOTopoił bbo^htb nonpaBxy.

B cootbctctbhh c H3JiaraeMbiM cjie^yeT caejiaTt bhboa- JJaa oiieHKH H3MeHeHHa 

cocToaHHa HacbmH eë ae^opMaiiHH cjie^yeT onpe^enaTb nocjioíÍHO. B KaaiAOM cjioe 

HeoöxoflHMO H3MepaTb fle4)opMaHHH BepxHeñ h hhxchch rniocKOCTen cjioeB. ripn 3tom 

pa3J!HHaTb OCHOBBHHe HacbmH, 30Hy B3aHMOCBa3H H CJIOH. ToHHOCTb H3MepeHHH AOJKKHa 

o6ecneHHBaTb HaAeacHoe onpeAeJienne ropH30HTajibHbix h BepTHicajibHbix Aeć^opMaiiHH, hto 

oco6eHHO BaacHo npn coBpeMeHHbix 6ojn>mHx rjiyÖHHax BeaeHHa ropHbix paöoT, npa 

KOTOpbDC Ae l̂OpMaUHH 3CMHOH nOBepXHOCTH COCTaBJiaiOT 0,5 -  2,0 mm/m.
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Abstract

Methodology of measurement of railway subgrade deformation within an effect zone of 

underground work is presented in the paper (Fig.l.). Laminar method of determining the 

deformations was suggested by measuring the lower and upper surface of a layer, 

distinguishing embankment substrate, zones of mutual interaction as well as layers at 3 m 

level. Measurement accuracy obtained should be sufficient to determine horizontal and 

vertical deformations, which fact is specially important when work are driven on large depths.


