Nekuusn 4
TEMMNEPATYPHAA PABOTA 25-METPOBbIX PEJIbCOB B INYTU
lnaH nekyuu:

4.1. Ycnosusi cooepkaHusi pesibcos.
4.2. OCHOBHbIE pacyemHble criydau memrepamypHol pabombl pesibcos 8 rnymu.

4.1. YcnoBusa coaepXaHusl peribCcoB

YKenesHooopoXHbIN NyTb paboTaeT B CNOXHbIX YCNoBUAX BUOpoauHaMM-
4YecKoro BO3AENCTBMS OT NPOXOoAslWero no Hemy MNOABMXHOIO cocTaeBa W,
Kpome TOro, noaBepraeTcs BO3AENCTBUIO NMPUPOAHbLIX 0akTOpoB U npexae
Bcero konebaHuam Temnepatyp.

Ha xenesHbix goporax B Poccum Ha Hadvarno 2012 r. Ha 80,3 TbIC. KM NyTH
(64 % OT pasBepHyTOM ANUHbI rMaBHbIX NyTen) yrnoxeH 6eccTbIKOBOM MyTb C
Xenes3obeToHHbIMM WNanamn. Ha octaBLuenca NPOTSKEHHOCTU NYyTU NOYTU
NMOMHOCTLIO YNOXEHbI 25-MeTPOBbIE penbChbl.

Mo cpaBHeHMO C 12,5-MeTpoBLIMU penbcamMu yKrnagka u coaepxaHue
AJIMHHOMEPHbIX peribCoB AaeT ornpeferieHHbI 3KOHOMUYECKUN 3PdeKT, Bbl-
paXkalowmncsa B YMEHbLUEHUN pacxXO[OB Ha TeKkyllee coaepXaHue nyTtw,
9HepreTMYeCcKMx pacxodoB MpWU NepeBo3KaX, a TaKKe CHWXEHWW 3aTpaTt Ha
PEMOHT XOA0BbIX YacTen MOABWMXHOINO COCTaBa B OCHOBHOM 3a CYET YMEHb-
LLIEHNS KONMYecTBa CThIKOB.

BmecTe ¢ Tem yBenuyeHne gnnHbl penbcoB 6€3 n3aMeHeHNss KOHCTPYKUUK
MPOMEXYTOUHBbIX N CTLIKOBbIX CKPEMNMEHUN YCITOXHAET TemnepaTypHyto pabo-
Ty penbcoB. OTO 0cOB6EHHO pe3KO CKasblBaeTcd TaMm, rae amnnutyna koneba-
HUM TemnepaTyp penbcoB 6onee 100 °C, roe gonyckakTcs 3HaYMTESNbHbIE
OTKINOHEHUS B BENMYMHE CTbIKOBbIX 3a30POB OT HOMUHAlbHLIX BO BPEMS YK-
nagkv U cofepXaHusa nyTu, rae He KOHTPOSIMPYeTCA CTEeMNeHb 3aTsXKM raek
CTbIKOBbIX 60MATOB 3MMON. B 3TuUX cnyyasx 3MMOW 3a40Mnro 4O HaCTynfeHus
CaMbIX CUMbHbIX XOJSI0OO0B CTbIKOBble 3a30pbl PaCKpbIBAKOTCA MOMHOCTbIO U
npwn ganbHenwem NoHMKEHN TeMnepaTypbl penbcoB AePOPMUPYIOTCA CTbl-
KoBble 6ONTbI, @ TETOM — MPOUCXOAAT BbIOPOCHI MyTW.
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Bo nsbexaHue Taknx npoueccoB 00bIMHO NPOU3BOAAT PA3roHKY 3a30POB C
Lenblo X yBENUYEHNA UNU YMEHbLUEHNA C YKIaaKou YANMHEHHbIX CMfoTOK
NN YKOPOYEHHbIX penbcoB. B nogobHbIX crydasx yknagka u cogepXxaHue
25-MeTpOoBbIX PENbLCOB BMECTO MNSIaHNPYEMON SKOHOMUN HAOBOPOT BhbI3bIBAET
yBeNMYEeHne pacxogoB Ha cogepXaHme nyTu.

[MoaTOoMy ANs rpaMOTHOrO peLUeHnUss MHOMMX BOMPOCOB, CBA3AHHbLIX C YK-
nagkon u cogepxaHmem 25-MeTpoBbIX penbCcoB, HEODXOANMO YTOObLI KaXabli
NNHENHbIN PabOTHMK NYTU TBEPAO 3HAST OCHOBHbIE MONOXEHUS TEOPUN TEM-
nepaTypHon paboTbl penbcoB. Kaabih AOPOXHbIM MacTep AOMMKEH YMETb
COCTaBNATb BEAOMOCTN HOMUHANbHbLIX CTbIKOBbIX 3a30p0B A5 YKIagKkn U co-
AepxaHus 25-meTpoBbIX penbcoB U TpeboBaTb oT NMMC npu kanuTanbHOM
PEMOHTE NpU caade nyTU B JKcnnyartauuo CTporo cobnogatb pacyeTHble
3a30pbl.

4.2. OCHOBHbIe pacyeTHbIe crly4yan TeMmrnepaTtypHou paboTbl
penbcoB B NyTH

1. Penbc ceo600eH om Kakux-nubo 3akpernsieHull.
YanuHeHne (yKopo4deHune) penbca kak cBobogHoro crepxHa (puc. 4.1)
Al onpegensieTca no gopmyne

Alegg =a-0-At, (4.1)
roe o — KOIPVUMEHT JIMHEWHOro pacLUMpPEHUs pPesibCOBOW CTanu,

o= 0,0000118 1/rpag; At — nameHeHune TemnepaTtypbl, rpag; ¢ — AnWHa
penbca, M.

14 | kAECB

N

Puc. 4.1. PacyeTHas cxema pernbca
0e3 3akpenneHus

Mpn ¢ =25m, o-¢=0,295 mm/rpagn.
B aTom crnyyae TemnepartypHble HanpshkeHnsl He BO3HMKaloT, T.e. o, = 0.

2. Penbc xecmko 3akKperjieH rno KoOHuyam.

Mpn OTCYTCTBUM 3a30POB B CTbl-
Kax Uiy npu NpoYHOM 3aKpenneHnn ¢ ? é
MOMOLLIbIO CThbIKOBbIX OONMTOB penbc | / ;
OCTaeTcs HEMOABWKHLIM B HEKOTOPOM !
NHTEpBarne M3MEHeHUs1 TemnepaTypbl Puc. 4.2. PacyeTHas cxema penbca
(pl/lC. 42) C XXeCTKMM 3aKpenreHnem

B aTtom cnydae (paktuyeckoe yanuHeHne (YKOpodeHue) peribca OTCyTCT-
ByeT, T. €. Aly, =0.
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|_|pl/l HarpeBaHUN pesribCbl CKXMMAKTCA Ha BeJIMYMHY HeCcoCTosABLUEerocs
YANMNHEeHUS, MNMPpUn OXINaxageHnn — pactarmBaloTCA Ha 3TY Ke BEJTUHUHY.

HecocTosiBlueecs YAINMNHeHne — 3TO pa3Hunla Mexay I'IOTpe6HbIM yannm-
HeHneMm, COOTBETCTBYHOLLMM Nepenaay temnepatyp At, u CbaKTVI‘-IeCKVIM

Aly=o-0-At. (4.2)

N3ameHeHne TemnepaTtypbl NPUBOAUT K POCTY MPOAOSbHbLIX CUIT U Temne-
paTypHbIX HaNpshxeHnn. HanpspkeHus, cooTBeTCTBYOWMe Adedbopmaummn AL,

onpenensTcs no 3akoHy ['yka no dopmyne
AﬁH E_ o- /- At

Ct = E=a-E-At, (4.3)
roe E — moayne ynpyroctn penscosou ctanu, E = 2,1 -10° MMa.
[MponsseneHne

o -E =0,00001 18-2,’I-1O6 =24,78 ~ 25 KF/CMZFpaLI, ~2,5Mlla/rpag.

NTak, o, =25 At, T. e. TemnepaTypHble HaNpPsKEHUA U3MEHSAIOTCH MO Nu-

HEMHOMY 3aKOHY.
OTUM HanNpPs>KEHUSIM COOTBETCTBYIOT NMPOLOSIbHbIE CUMbl B KaXXOOM ceye-
HWUKN pernbca:

N, =c,-F=a-E-F-At=25-F-At, (4.4)

roe F — nnowaab nonepeyHoro cevenust penbca, cM?. Ans P50 — F = 66 cMm?;
P65 — F =82 cm?; P75 — F =95 cm®.

Mpn nameHeHnn Temnepatypbl Ha 1°C BO3HMKaeT npoAosfibHaa cuna,
paBHasi:

ans penscos P50 N, =25-66 =1650kr (16,2 kH);

penbcoB P65, N, =25-82 =2050«r (20,1 kH);

penbcoB P75, N, =25-95 =2375kr (23,3 kH).

HecocTosiBlueecs yanmHeHue (M3 3akoHa ['yka) MoxeT ObITb onpeaeneHo
no coopmyne
_Gt'g_Gt'f'F_Nt'K_ Q

E E-F E-F E-F’

N{ Q roe Q — nnoLwaab 3niopbl NPOAObHBLIX CUT
(puc. 4.3).

L / Ha kaxagbll MUNNUMETP HecocTosBLUE-
“ roca yanuHeHna B pefibcax BO3HUKAKT
Puc. 4.3. Bniopa NpofombHbIX Tem- POAONBHBLIE  CXKMMAIOLLME CUMbl, paBHble
nepaTypHbix cun B HeroaswkHom Q19 penbcoB P75 — 79,8 kH, P65 — 69,4 kH,
penbce P50 — 55,4 kH.

Al

(4.5)

NV
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3. PenibC npukpernsieH K ornopam.

[Mpn n3mMeHeHun TemnepaTypbl penbca Ha4YMHaAETCA U3MEHEHWE €ro ANnu-
Hbl C NPeoaOSIEHNEM COMPOTUBIIEHNSA NMPOAOSIbBHOMY MepeMeLLeHM0 Ha Orno-
pax Ry.

BennunHa R, 3aBUMCUT B OCHOBHOM OT KOHCTPYKUUM MPOMEXYTOYHbIX
CKpensieHnn v OnuUTenbHOCTU ero akcnnyarauun. Hanpuwmep, cpegHee 3Ha-
yeHne R, =180 krc Ana HoBOro KocTbinbHOro ckpennenuns, R, =100 krc ana

CTapOro KOCTbINIbHOrO CKpenneHus.
Ona yno6cTBa pacyeToB MOMb3YHOTCA MOTOHHBLIM COMPOTUMBNEHNeM. Ync-
rneHHoe 3HayeHue ero onpeaensaloT no popmyne

r:% Krc/cm . (4.6)

BenuynHa noroHHOro conpoTuBNeHnS:

r =1+3 Krc/CM — Npy HOBOM KOCTbISTbHOM CKpensieHnu,

r=1+1,5 Krc/cM — Npn cTapoM KOCTbISTbHOM CKpensieHnu,

r = 13+ 14 krc/cm — ans pasgenbHoro ckpennenus tuna Kb netom,

r = 25+42 krc/cm — ana pasgensHoro ckpennenma tuna Kb aumon.

PaccmoTpuMm noBegeHne penbcoB NpU M3MEHEHUU TemnepaTypbl U Npu
HaNNU4YMUM TONbKO MOrOHHbLIX COMPOTUBMNEHUN.

Mo mMepe pocTa TemnepaTypbl yBenUYMBAETCS 30HA MNepeMeLlleHnsa X
(puc. 4.4). Jlloboe ceveHne penbca, OTCTosILLEE HA PACCTOSAHUN X OT €ro KOH-
ua, 6yoer MMeTb nepemeLleHne B
TOM Crny4yae, ecriv BHYTPEeHHNE TEM-
nepaTypHble CUSTbl B PeSibCe B 3TOM r/

2

CEeYEHNM MPEBLICAT CYMMY CUN CO- x 0
NPOTMBIIEHWI X HA Yy4YacCTKe X.
[ins aTOrO CeyeHnst MoxHo 3a- T T T /_ox RV
nucatb rx=oa-E-F-Atx = 25F - Atx,
13 JaHHOIo ypaBHEHUA 4
rx Puc. 4.4. Ontopa NnpogonbHbIX CUn
AtX = —. (4.7) B pernbce OT NOrOHHOrO COMPOTUBIIEHUS

Mpn x = %f, AtTaX = At, = , rae At, — notpebHoe n3ameHeHve Tem-

2-25F

nepaTtypbl penbca Asisi NOSIHOro NPeoaoNeHNst MOrOHHOTO CONPOTUBIIEHUS.
HecocTosiBleecs yanuHeHne, COOTBETCTBYHOLEE 3TOW 3Mope, Bblpaxa-

eTcsa oopmynon

Q  r-f® oAt

Aly=—s=—"=
EF 4EF 2

(4.8)
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3-2500

3pecb At, = ——=1,83°~2° — ana penbcoB P65 n KOCTbIILHOIO
2-25-82
cKpenneHus;
t = 14-2500 =8,5° — npu ckpenneHuun tmna Kb netom.
2-25-82

B pacueTax 3a30poB ANS yknagkM penbcoB 3HaveHue At, yuuTbiBaloT
0ObIYHO TOMNBKO MPY pa3aenbHOM CKPErnneHuu.

TemnepaTtypHas paboTa 25-MeTpPOBOro penbca, yrioXKeHHOro B NyThb.
9Ty paboTy pacCMOTpUM Ha guarpamme TemnepatypHon paboTbl penbca
(puc. 4.5) 6e3 ydeTa AONOMNHUTENBHOINO CONPOTUBNEHMS OT NPOTUBOYTOHOB.

2At 2AtR
Al = kpacq ' TS : 3
Aty Aty
At
8 7
Tmax Tmin
| Ta J

Puc. 4.5. [inarpamma TemnepaTypHon paboThbl penbca

[MocTpouM NPSAMOYrofibHUK, MO OCU abCUMCC OTMOXUM IKCTpeMasribHble
3Ha4YeHNa TeMnepaTyp penbcoB, MO OCUM OpAUHAT — BESIMYMHBI CTbIKOBLIX 3a-
30pOB B MunnnMeTpax (40 KOHCTPYKTUBHOro, Al =23 mm gna P6Y5).

[MycTb penbcCbl ynoXxeHbl B NyTb ¢ A/=6MM npu t = 15 °C (Touka O).

[Mocne cBopkn CTbIKOB U MPUKPENSEHUs PENbCOB K LINanam, npoaosibHble
nepemMeLLeHNsa KOHLIOB peribCOB MOTYT OCYLLECTBNATLCA TONbKO C rnpeoorie-
HWEM CTbIKOBbIX M MOFOHHbLIX COMNPOTUBIIEHUM.

[Mpn NOHMXEHUM TeMnepaTypbl HaKMagku B CTblKax NPensaTCTBYOT nepe-
MELLLEHUIO KOHLOB perbca, pacTyT NpoaoSibHble CUMbl U TeMnepaTypHble Ha-
npskeHus (ydactok 0-1), HO NnepemMeLLeHNsa NxX KOHLOB OTCYTCTBYIOT. TemMne-
paTypHble cunbl N, HanpsXeHus o,, HecocTosBLleeca yanuHeHne A/,

penbca onpenensatTca No gopmMyram:

38



N, =R, = -E-F-Atg;
G, =25 Atg; (4.9)
Al =00 Mg,

rae Aty — nepenag TemnepaTypbl AnS NPEOAONeHNs CTbIKOBOro COMpPOTUB-

neHusi; Rg — CTbIKOBOE COMPOTMBIIEHME (3@ CYET CUIT TPEHUSA MexXay NoBepXx-
HOCTSIMW Haknagok u pernbca [10]),

R . =824.-n-W-A-M_, (4.10)
c Kp

roe n — 4mcno 6onToB Ha OOHOM KOHUeE penbca; V¥ — KOadhUUNEHT TPEHUS
HaKnagku rno penbcy; A — KOagMULUMEHT, 3aBUCALLNN OT OOPMbI, Pa3MepoB U
APYrMx XxapakTepuctuk pesbbbl 6ontoB, A =14 onda penbcoB Tvna P65 u
P75; My, — KpyTALLMIA MOMEHT, NPUITOXKEHHbIN K raike CTbIKoBoro 6onra.

Mpu n=3, ¥=0,2, A=14 ana penbcoB P65

R; #0,7M,,. (4.11)

B npaktuyeckux pacyetax nNpUHUMAaETCs COMpOTMBIIEHME CTbika Ans
penbcoB P65 n P75:

R = 10 1c (100 kH) — npn 4-60NTOBOM CTbIKE;

R. = 16 1c (160 kH) — npn 6-60NTOBOM CThIKE;

R: = 40 1c (400 kH) — ana GeccTbIkOBOro nyTu 3a cyet yBenuyeHus M,
NPV BbICOKONPO4HbIX 6onTax.

[na npeogoneHnsa cun TpeHus B CTblike R, HE0BxoanMo nameHeHue Tem-
nepaTypbl penbca Ha Benu4nHy

Rc

Atg = .
R™2o5F

(4.12)

[Npw npakTMyecknx pacyeTtax 3BeHbeBOro Nyt NPUHMMaT Atg =5 +8°.

Ha yyacTKe 1-2 avarpamMmmbl ngetT npeogorsieHne rnoroHHoro conpoTtuerie-
HUA N UKBAMEHEHNE 3a30pa No 3aKOHY KBaﬂ,paTHOVI napa6onbl

At =L (4.13)
2.25F
r. (2
h=Al, =1 4.14
" 4EF (4.14)

[Mocne npeoonieHnsa CTbIKOBOrO M NMOrOHHOIMO COMPOTUBIEHUSA (ONS Yero
TpebyeTcs Temnepartypa Atg + At,) M3MeHeHue ANVHbI penbca MAeT no 3a-

KOHY M3MEHEHUS1 OfMHblI CBODOOHOrO CTEPXHS (M3MEHSIeTCA 3a30p) U B TOY-
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ke 3 packpbiBaeTCH NOJSIHOCTLIO (ydacTok 2-3). dakTudeckoe UsaMeHeHue 3a-
30pa Ha 3TOM y4acTKe 40 pacyeTHOro 3Ha4YeHus Mqo =o-l-Aty.

[lanbHevlee NOHMXEHME TemMnepartypbl NpuBoOUT K NMOABJIEHUIKO OOMOJI-
HUTEJIbHbIX CUJ1, KOTOpPblE HeXeraTellbHbl NPU 3KCrultyataunn, Tak Kak MOryTt
Bbl3BaTb N3rMb CTbIKOBLIX BONTOB

o-E-F-Aty <|Pg|, (4.15)

roe \P6\ — NPOYHOCTb CTbIKOBbLIX HONTOB Ha Cpes.
MNpwn HarpeBaHuM penbca Ha y4acTke 4—3 ucyesatot cunbl o-E-F- Aty; Ha

ydqacTke 3-5 ncyesaloT pactarmearowme cunbl R, 1 BO3HUKAKOT CxXUMaroLme
cunbl R¢; Ha yyactke 5—6 npoucxogut nepeopueHTauus Cun TPeHUsa Ha Kax-
Aou wnane npu At = 2At, .

3aKOH N3MEHEHMNA 3a30pa B 3aBUCUMOCTU OT USMEHEHNA TeMnepaTypbl B
3TOM crny4vae BblpaxaeTcs opMyIion
_a?-E-F-Af?

: .

Al (4.16)
[anbHenwee HarpeBaHWe peribCoB MPUBOOUT K YMEHbLUEHUIO 3a3opa OT
KOHCTPYKTMBHOIO 0 HynA (y4acTok 6—7).
Ha y4acTtke 7—8 npu ganbHenwem nosbIlLeHNUN TeMnepaTypbl 3a30pbl OC-
TalTCA HyNeBbIMU N BO3HUKAKOT AOMNOSTHUTENbHbIE CUMbl CXKaTUSA

N, =a-E-F-At,. (4.17)

Hanbonblune cxumatrowime cunbl B cepeanHe peribCa He AOOJKHbl Mnpe-

BbILLIATb AOMYCTUMbIE 3HAaYEeHUS \NOK\, T. €.

r

NcmzRC+a-E-F-At2+'7€s\N (4.18)

x|

NHaye MoxXeT Nnpons3onTn TeMmnepaTypHbIi BbIOPOC NyTw.

Ecnn BHOBb M3MEHUTb XO4 TemnepaTypbl, TO XapakTep nepemeLleHun
KOHLIOB penibCcoB ByaeT aHanornm4yeH BbILLEONUCaHHOMY, T. €. Ha ydacTke 8—7
NPON30ONAET CHMXKEHNE NPOAOSIbHBIX CKUMAKLWMX cuin 6e3 naMmeHeHnsa onvHbl
penbcoB. Ha ydyacTtke 7—9 npousongeTt nepeopueHTauus cun TpeHUs B CTbike
6e3 nameHeHus 3asopa. M nuwb Ha ydactke 9—-10 ogHOBpPEMEHHO C nepe-
OpVEHTaUMEN TMOrOHHbLIX COMPOTUBMEHUN W3MEHUTCHA 3a3op Mo dopmy-
ne (4.16). Ha yyactke 10-2 npoucxogut cBoOOAHOE W3MEHEHWE [fNHBbI
penbcoB no copmyne (4.1).

OnNopbl MPOAOSIbHBLIX CUM B pefnbCax B XapaKTepHbIX TOYKax AnarpaMmmbl
(puc. 4.5) npuBeaeHbl Ha puc. 4.6.
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1 N =R; +—= (pactsxeHune)
R. 2
LU Tqua 2’ 3
Z
m\\\mm\\\\Ill\\\\\\\\\\\II\\\\\\III\\\\\||||\\\\||||\HH"WHH““Hiii}}iWii11mﬂHH||||H\H|||H\H|||HHHHH\Illmwnuu re
) |I|||||||||I ||||" | N, =R, + ? + o-E-F-Aty (paCTFI)KeHI/Ie)
AT
l e ll]
ﬂ
Rl 2
B L — r/
) T . Ni{=R.—— (cxaTtune)
R. 2
AT TOoYKa 5
TITTTTTITITT r f
R. N;=R;+ > (cxaTune)
Touyka 6, 7
re
2
rs
PRI e Fau Il Ne=Re+ 5+ aEFat: (oxatve)
I Hell T rouwas
‘"”"”'"”‘”"""”"""H\llll\\H\III\\\H\\\H\II\\H\\|||\H\H|||HH|\||HH\|\||HHNW ‘H}}mHHHHHH\||]|\HH||MH\||||HHH|H\\H\\\HIIIH\Hlll”‘”"""”‘""””"“””‘”‘”'”‘”“"”””"'"
ﬂ
2
/2 y /2 )

Puc. 4.6. Ontopbl NpoaonbHbIX CUIT B penbcax

CocTtaBneHne BeJOMOCTUN CTbIKOBbIX 3a30pOB 4S5 YKIaAKN U cofepXaHus
25-MeTpoBbIX penbcoB B Nyt HeO6XOANMMO BECTM B COOTBETCTBUMU C YKasa-
Huamn [11].

Mcnonb3ya npuvBedeHHble Bbille (hopMynbl, MOXHO onpeaenutb Ana pas-
HbIX YCITOBUA HanbosbLUYO ANUHY penbeca, Y KOTOPOro Aaxe npu caMmomn BbICO-
ko TemnepaType Tyax TOPLbI HE UCMbITBIBAKOT HAXXaTUn COCEAHNX PESNbCOB, a B
3uMHee Bpems npu T, BoNTbl Ha cpes elle He paboTtatoT. Takme pacyeTbl Obl-
nn npoBefeHbl B 3aBMCUMOCTU OT rOf0BOM TemMnepaTypHOU amniuTtyabl Ta,
KOHCTPYKUUM MPOMEXYTOYHbIX CKPEensieHUn N pacyeTHOro (KOHCTPYKTMBHOIO)
3azopa. Okaszanocb, 4TO AfWHbI penbcoB KomnebmnwTca B npegenax
13,4 +35,5m. C noBbileHeM TeMnepaTypHON amnnunTyabl, TUNa pPerbCcoB U

NMOHWMXEHNEM NMOroHHOro ConpoTuMBIiIeHNA ONnHa peribCcoB YMEHbLLUAETCA.

PekomeHgyemas nutepatypa [1, 11]
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