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BBELEHME

CoopyXeHHe HOBLHIX NPEANPHATHH H DEKOHCTPYKLHA CYIIECTBYIOUIHX
TPeOylOT ILIMPOKOr0 Pa3BUTHA [NPOMBILICHHBIX  TPYOONPOBOAHBIX
CHCTE€M — OCHOBHOTO KOHCTPYKTHBHOTO 3/1€MEHTa SHEepreTHyeckoro Xo-
ssficrBa. B ofmwell crpykrype BbIIYCKa CTPOUTENBHBIX MeTa//IOKOH-
CTPYKIHH TPYy6GONpPOBOAL! GOJBIINX AHAMETPOB COCTABJAIOT OKoJ0 4 %.
ITpombitinenHsle TpyGOnpOBOALI — MeTal/Jl0eMKHe coopyKeHus. Pac-
X0 MeTa/l1a Ha TPyOONpOBOAH METalJyprHyeckoro NpeAnpuUATHs 1o-
cruraer 35 Thic. T. 3aTpaThl Ha TaKHE COOPYKEHHS BeJHKH.

B cBere npunareix X XVII cresgom KUICC pemwenuit no pacmmupe-
HHIO HCNOJIb30BaHHA 3(eKTUBHLIX BUJOB MeTaJJIoNpoKara, obecneye-
HHIO 5KOHOMHH NpPOKaTa YepHEIX MeTajlyloB B pasmepe 14—16 npouen-
TOB, & TAK2K€E COBEPLICHCTBOBAHHIO NPOEKTHO-CMETHOTO AeJ1a, NOBLILIEHHUIO
KayecTBa NPOEKTHOH - JOKYMEeHTaluu *, O6oJblloe 3HAYeHHE HMEIOT
BONpPOCH! PAllHOHAJbHON KOMMOHOBKH cHcTeM, 5(peKTHBHOIO pacyerHo-
ro aHa/lu3a HX NPOYHOCTH H ONTHMANbHOrO I POEKTHPOBAHHUSA.

TlpoMmbliineHHBle TPYGONPOBOLLI, NPOK/IabIBaeMble N0 3aBOACKAM H
MEeXK3aBOACKHMM TEPPHUTOPUAM, NpeAHa3HaueHbl- IJis TPaHCIOPTHPOBaHUS
BO3JyXa, JIOMEHHOro, KOKCOBOTo, IIPMPOLHOrO W APYruX BHAOB [asos,
a TakXke ux cMecefl. TpyGonpoBoabl coeaHHSIOT MeKAy coBOH arperarhbl
€IMHOI'0 TEXHOJIOTHYECKOTO IHKJa, PACMoJ/iOXKeHHBle B pasHHIX lexax,
a TakXKe O0BEeAMHSAIOT TPYOONPOBOAHYIO CeTh MPEeANpUATHA B 3aMKHY-
Thle KO/blLieBble cHCTeMbl. Tak, Al ofecneueHdss paboThl LOMEHHON
neyy HeoOXOAMMO NOJATh HA arperatbl ee KOMIJIEKCa NPUPOAHBIH U JO-
MEHHBI rashl, XOJNOAHLIA H TOpAYH#A BO3AYyX, 00eCHeuuTb BHIXOA Ipss-
Horo JAoMeHHoro rasa. TpyGonpoBojkl COBMECTHO C OnopaMH, o6opyno-
BaHHeM, yCTpPOHCTBaMR /IS MX OOC/AYKHBaHMSH, JIECTHHLAMM, NJOMIAJ-
KaMH COCTaBJISIIOT TPYOONPOBOAHYIO CHCTEMY.

[pombiniennrie TPyGONpPOBOAHLIE CHCTEMBI NPEACTaBJAAIOT COGOM,
Kak NpaBuJO, COOPYKEeHHs, COBMEILAIOINE CTPOUTEbHbIE M TEXHOJO-
ruyeckve QyHKHUH, M 06MajaloT PAAOM OocOGeHHOCTeH, MO3BOJSAIIHUX
BBIAEIHTD HX B OTAEJAbHHIA KJacC KOHCTPYKLHH, KOTOPhLIM MNPUCYLIH
cnenuduueckue npuHuuns ¢GopmoobpasoBanusi. Pabora Takux cucrem
OTJHYHA OT CTPOHTE/bHLIX COOPYKEHHH H N0 CBOACTBaM NPHO/IHKAETCH
K paboTe TeXHOJIOTHYECKMX arperaros.

* MaTepnanm XXVII cpe3ia Kommynncruueckoit naptuu CoBeTcKoro Corosa —
M, : INosnruspar, 1986.— C. 309, 310.



Kax npaBusio, npomblll/IeHHble TPYGONPOBOABI HA 3aBOACKHX Tep-
puTOpUAX Haj3eMHble. ITO 3KOHOMHYHO, YAOGHO MPH SKCIJyaTauuH H
peMoHTe, MO3BOJISET MNPOKJIAJAbIBATh AOMNOJNHUTENbHbIE TPYGOMNPOBOIAbI
6e3 BHLIMOHEHHSA CYLeCTBEHHOH peKOHCTpyKuuu. Hepmocratku Hajazewm-
HOP NpPOKJAJKH: 3aTPOMOXKJEHHE TepPUTOPHH, 3aTpaThi Ha OpraHu3a-
IMI0 NOJNEePKUBAIOIIHX KOHCTPYKUMHA. OaHAKO HeOGXOAMMOCTh [OCTO-
SIHHOTO OGC/JYXKHBaHHS TPYGONPOBOJOB AENAeT 3TOT CHOCO6 MpPOK/IAAKH
€lHCTBEHHO BO3MOXKHBIM.

Ilpy nepexone yepes npensATcTBHS (BOAHbIE Mperpaibl, OBparu) u
HEOGXOLMMOCTH NEPEKPHITHsI GOJIBIIHX MPOJIETOB (1POMBILL/IEHHbIE TPY-
60onpoBOAB TaKXKe NPOKJNAALIBAIOT HAj 3eMJsell, ycTpauBasi BHcSUMe
nepexonel. Bce TpyGonpoBoibl, KaK NPaBHJIO, COCTaBJSIOT EAHUHYIO
Tpaccy. Dto HauboJjiee palUOHANbLHO IO PAcXOAy CTajH H 3arpyske
TEPPHTOPHUH.

[lpuBeseHHble B JaHHOH KHHUre CBeJEHHS [OMOTYT ChelHaJHCTaM
YHUOHUHPOBATh M CHCTEMATH3HPOBATH MPOEKTHbIE pPEILEHHS C LEeJbio
CHHXKEHHS! CTOHMOCTH CTPOUTENbCTBA. B Hee BK/OueHBl Takke crpa-
BOUHHIE JaHHBIE N0 HArpy3KaM, pacueTHHIM KO3(dHLHEHTaM H HEKOTO-
pbIM CrellYaJbHBIM BONpocaM ONpeleseHUsl YCHINM B 3l1eMeHTaX CHCTEM
U nopGopa MX ceueHMit; npejcraBieH psA rpaduKoB U HOMOrpamM, 06-
JIEryalomuX NPOeKTHPOBaHHE NOJOOHBIX KOHCTPYKLHI U COCTaBJIEHHBIX
Ha OCHOBE COBPEMEHHOH BHIUHCJHMTENbHOH TEXHHKH M UYHCJAEHHBIX Me-
TOJIOB aHanu3a. '

3a BpewMs#, Nnpoliejiiiee C BLIX0AA B CBET IEPBOTO M3JaHUs, NOJYYeHbI
HOBLIE pe3yJbTaThl HMCC/EN0BaHHH, pacCUIUPeH ONMBIT MPOEKTHPOBAHUSA
KOHCTPYKLHH; H3MEHHU/IHCh DPYKOBOIMI[NE U HOPMATHBHLIE MaTepHAJBI.
B Hacrosmem u3gaHuu MarepHan nepepaGotad u ponosued. Hexoropoie
pasjiesibl HanuedHel 3aHOBO. OcBellleHbl COBPEMEHHOe COCTOSTHUE BOIPO-
ca, feficTBYOUIME HOPMATHBHbLIE JOKYMEHTBl, & TaKKe YYTeHbl 3ameua-
HUS ¥ NpelsioXKeHus COelnalucToB, HOBEE pa3paGoTKH U BOMPOCH pa-
6otel TpyGonpoBonoB. OGoOIIEH ONBIT, HAKOM/IEHHBIH HHCTHTYTOM JlHe-
[IPMPOEKTCTAIbKOHCTPYKIUA, DAL HCCIeNOBaHUi H pa3paboOTOK aBTOPOB
¥ NaHbl nofpo0Hasi MH(pOpPMALUs O COBPEMEHHOM COCTOSIHMM BONpOCa,
BKJIIOYas NpPaKTHYECKHE HHXKEHEPHHIE DeKOMEHJAIMM M yKasaHus, a
Tak)Xe GONbIIOE KOJIHYECTBO CIPABOYHBIX AAHHBIX.

Beenenue u raasm I, II, III, VII, VIII, IX, X, XI nanucaus
A. E. Jwo6unsv, rnaBa VI — M. U. KasakesuueMm, rnaBsl [V u V —
cosmectHo A. E. Jlio6uneim u M. M. KasakeBuueM.



Paspgen nepsbii

KOHCTPYKUMM TPYBOMNMPOBO OB

I'nasa |. OBLLUME CBELREHUSA
YHUOUKALMA

Hpombiniennsle  TpyGoOnpoBoJHbIE CHCTEMBI XapaKTEPH3YIOTCS G6OJb-
KM pacxofloM MeTasila, MaJoH CepUIHOCTBIO M HACBILEHHOCTbIO 060-
PYyZOBaHHeEM, ONPEJeNsIONNM BO MHOTOM HX KOHCTPYKTHBHYIO (opmy.
OnuH H3 OCHOBHBIX MOKa3arteleil palMOHa/NbHOCTH KOHCTPYKTHBHBIX
pemeHUH — MaxkcHManbHad YHH(HKALHA KOHCTPYKTHBHBIX CXeM, Y3-
JIOB M OTJENbHBIX 3/EMEHTOB. ,

OcHOBHOU KOHCMPYKMUBHOL MeMEHMm CUCmeMbl — «BelyLlui» Tpy-
GonpoBoa. VIMeHHO ero reoMerpuueckue napamerpbl onpenensioT KOHCT-
PYKTUBHYIO (OpPMYy H paaMephl ONOp, Celes, LINAHTOYyTOB H JAPYrHX
CONYTCTBYIOIHUX 3/aeMeHTOB. [loatoMy pemlenue-3ajaun yHUOUKALAY
Tpy6OnpoBOLOB OTKPBLLIO 66 MyTH K YHH(HKAIHH TPYOONPOBOAHEIX CH-
CTeM B . LIEJIOM.

OcnosHole napamemps mpybonpoeo0a — €ro JuaMeTp H TOJIIUHA
crenku. [lpuuem, nociennsas He okas3biBaeT BJIUSIHHS Ha KOHCTPYKTHUB-
HbIE peIlleHHns], a TaKKe Ha TeXHOJIOTHIO U3TOTOB/NEHHS W MOHTa)Ka KOH-
CTPYKUMH,

OG6pa6oTKa W CTaTHCTHYECKHil aHanu3 GOJBIIOrO YHCJa NPOEKTOB
¥ HAaTYPHBIX KOHCTPYKLUNA TpyGONpOBOAHBIX CHCTEM MO3BOJNUJH CHe-
JlaTh C/AENYIOIHE BbIBOABI.

B crpoutenscTBe NpOMBIIIEHHBIX TPYGONPOBOIOB NPUMEHSIOT NOUTH
BCe AnaMeTphl TPy 6e3 yueTa yHM(pHKaLuH: HanMGOMNbLIYIO NJOTHOCThb
BEPOATHOCTH MMEIOT TPYGONPOROAbI C YETHBIMH JHaMeTpaMu; MOJa pac-
npenenenusa auamerpos 1000...2000 mm; WHPOKO pacnpocTpaHeHbl Tak-
xKe TpyGonpoBoast xuamerpoM 3020 mm.

[IpencraBisier MHTepec- MCCNEOBaHHE BO3MOXKHOCTH COKpalleHHs
yycla NpUMEeHSAeMBIX JMaMeTPOB M ONpele/ieHHs NpH 3TOM HX ONTH-
MaJlbHOro yHu(pHUUpoBaHHOro psaja. I[lepexon Ha npoekTupoBaHue CH-
CTeM C YHU(PHUUHPOBAHHBIMH JHaMeTPaMH IMO3BOJHT NPHMEHATb THIIO-
Bble Y3JIbl M 3JIeMEeHThl KOHCTPYKIMH, YTO, B CBOIO” OUEpeAb, MOMKET
NPHBECTH K CHUIKEHHIO CTOMMOCTH 3a CYET NOBBLIILEHHS CePHAHOCTH H
YMEHbIIEHHS B CBAI3W C 3THM TpyJoeMKocTH pabor. [IpumeHeHue yHu-
(HLIUPOBAHHOTO pPAjA JHaMETPOB MOXKET TaKkKe COKpaTHTb obliee yucno
THNOPa3MEPOB CONYTCTBYIOIIUX KOHCTPYKLHH: ONOpP, ONOPHHIX cejed,
ONOPHBIX W NPOMEXYTOUHEIX pebep »KecTKOCTH, GaHiaxkeH, uaHLeB
n 3araymwek. OjHaKo CHHIXKEHHE CTOMMOCTH NPH HHAYCTPHA/NbHOM H3ro-
TOBJIEHMH — JIHIIb CAENCTBHE THNU3auuH. Llenecoo6pasHocTsb nocaente i
cleAyeT MOHMMAaTb 3HAUHTEJbHO IIHPE M 3SKOHOMHYeckas S(pgeKTus-



HOCTb OXHJaeMa TaKXe OPH NPOEKTHPOBAHWM, HU3TOTOBJEHHH, CTPOHU-
Te/IbCTBE, dKCOAyaTauMH. KpuTepueM ONTHMAa/NbHOCTH C/eNyeT CUHTaTh
MHHHUMYM [pHBEJeHHHIX 3aTpaT, CBA3AHHBIX C HCOONb30BaHHEM YHHU-
GUUUPOBAHHBIX JUAMETPOB H CONYTCTBYIOMIMX KOHCTPYKLHH.

B nesom KpuTepuil ONTHMA/NbHOCTH HE NOAJaercsi TOYHOH OLEHKe
H3-3a CJIOXKHOCTH (opMasju3aliu HEKOTOPBIX €ro KOMIOHEHTOB. JT0
CBSI3aHO C MAaJION3YYeHHOCTHIO BJIHAHUA [OBTOPAEMOCTH 3JIEMEHTOB
TpyOONpPOBOJOB Ha CTaJMSX MOHTaXKa M IKCIJyaTaUHH, a CONMYTCTBYIO-
IIAX KOHCTPYKUMHA — 1 Ha cTrajuu usrotosneHus. [lostomy, eciu npu
yueTe ToJbKO (opmManu3yeMblX KOMIIOHEHTOB KPUTepUs OKaXeTcs Jae
HeKOTOpbLIit nepepacxoll NpUBeJeHHHIX 3aTPaT, TO MOXHO CUHTATh, YTO
oH 6yleT KOMIEHCHPOBaH 3a cyeT MajodopMaiusyemblx u HedopMmasu-
3yeMBIX KOMIOHEHTOB NPHBENeHHO! CTOUMOCTH. BO3MOXKHO TakiKe, uTo
B ONpelesieHHEIX CJAy4yasiX MOXHO MOAYYUTb HEKOTOPYIO 3KOHOMHIC,
IlpuBeneHHass CTOHMOCTD CEPUH KOHCTPYKIUH:

A+ BS, ecu S0
0, ecau S=0’

rie A — enuHoBpeMeHHble 3aTpathl; B — yaenbHeie satpathl (A u B
3aBHCAT OT pa3Mepa cepuu S).

dopmanuzyemMbie KOMIOHEHTbl PHBEAEHHOH CTOUMOCTH KOHCprK-
KA OPHHHMAIOT CAENYIOUIUM 06pa3oM: :

1. TIpn ycnoBHO! TO/IIMHE CTEHKH TPYGHI { = 10 MM uH AJUHE Of-
HO# oTnpaBouHOi Mapku | = 12 M, ee Macca G = nD§yl = 3,14D X
X 0,01 - 7,85 . 12 = 2,88D.

2. Cronmoctb paspaborku ueprexelt KM CKM = 6GS, = 190D,
rae S, = 10 (pa3mep 3akasa).

3. Croumoctb paspaGotku ueprekedi KM u noaroroBku npousBoA-
crBa [5] Ckmn = 2,6DS + 161,5D¢, rme S — dakraueckas cepuil-
HOCTb,

8, = 1, ec/iu gaHHBIE JUaMeTp COXPaHEH B YHH(PUIUPOBAHHOM psi-
Ry,

Y 8, =0, ecni OH 3aMeHeH APYTHM.
4. CrouMOCTh OCHOBHLIX MaTepuajoB :
Con = 1,15 . 100GS = 321,4DS,
rae 1,15 — koahbhuunent perrabeJpbHOCTH HPOU3BOACTBA.

5. Croumoctb oCHACTKH Cocy = 432D py6. 3a cepwio.

6. CTouMOCTb H3rOTOBJIEHHUSA:

TPYAOEMKOCTb H3rOTOB/IEHHS | T KOHCTPYKUM# TPYGONPOBOJOB OMHU-

CHIBAeTCH BBIPAXKEHHEM M = —g + 10, (uen./u)/r. C yuerom moBropsie-
MOCTH Ha Bcio cepuio |1] obiee BhipakeHHe TPYHOEMKOCTH
T = (0,673S + 3,57)m - 2,88D = (0,673S + 3,57) (15 4 10D) 2,88.
LY
B coorBerctsun ¢ [1], 3aBMCMMOCTD CTOMMOCTH H3rOTOBJEHHS | T
MEeTaNJIOKOHCTPYKIUHA OT TPYNOEMKOCTH BhIpamaercsi opmyJion

Cuar = a(l 'I' KH)T + Cm . (]~2)



rAe a — cpequedacoBass 3apa6orHass miata (@ = 56 kon/u); K, —
KoapuuueHT HakaagHBIX pacxomnoB (K, = 2,5); C, — nocrosHHas
YacTb HAaK/AaJHBIX PAaCXOMOB. )

INocne o6paGorku dopmynast (1.2), yuurhiBas 3aBucumoctb (I.1),

Cusr = (68D - 65) S - (360D + 364) sign S.

_ 3,88D2
~0,25D 40,1 °

8. Croumoctb MOHTaxKa Cyomy = 127DS.

9. KanuralbHble BJIOXEHHSI B H3TOTOBJEHHE METaNJOKOHCTDYKIHHA
[1] Cux = 378D 4 71,5DS.

10. KanuranbHble BJOXKeHHS B uepHyio Mertaianypruio [1]: Cou =
= 107DS.

11. dkcnnyarauuonnsie pacxonsl [1]: Cye = 53D.

Croumoctp 1o nn. 8 u 11 npuHEManach yc/lOBHO NOCTOSIHHOH He3a-
BHCHMO OT 3aMeHBl JHaMeTPOB NpPH HX YHU(HKaUUH. Y POBEHb BIHAHHSA
TNOMYyYEHHBIX KOMMNOHEHTOB HaA MPHUBEJACHHYIO CTOUMOCTL: .

7. Tpaucnopruposanue [5] Cp

Cmameu sampam A, p. B, p.
Paapa6oTka ueprexe KM — 190D
To e, KMl u TexHoMOTHYecKas NOA-
TOTOBKAa NPOH3BOACTBA . . . . . . . .. .161,5D 2,6D
Merann . ... .. .. — 321,0D
Harorosnenue e e e e e e 360D - 364 68D - 65
OCHaCTK2 .+ . . . « v v v v 0 v v v 432D —
TpancnopTHpOBAHHE . . . . . . . . . . — 3,88D%
0,25D - 0,1
Momrax ... ... ......... — 127D
KanwuranpHble BAOXKEHHS B NPOU3BOACTBO
MEeTaJMIOKOHCTPYKIHMH . . . . . . . . . 378D 71,5D
To JKe, B YEpHYI0O METALIYPTHIO . . . . . — 107D
OKcnayaTanHOHHBIE PACXOABI e e — 53D '
HUroro .. .. .. e e e e e 1331,5D + 364 935,7D - 65

TaxuMm oBpasoM, NpuBeAeHHAs CTOUMOCTb CepHUH TPYOOHPOBOAOB
C = [1331,5D - 364 -+ (935,7D + 65)] S.

Jlns ouneHKH ONTUMAaJbHOCTH YHUGMDHIHPOBAHHOTO PAfia AHAMETPOB
NpUBEJIEHHYI0O CTOUMOCTh 3aMEHSIIOT €€ MaTeMaTHYeCKHM OXXHAaHHEM.
[o uccnenoBanusm [1] Matemaruueckoe OXujgaHue OpHUBEJEHHOH CTOH-
MOCTH CepHH THMOBBIX METaJVIOKOHCTPYKIMU 3aJaHHOrO i{-r0 THIOpas-
Mepa He NPONOPIHOHANLHO BepOSITHOH noTpeGHOCTH Py B KOHCTPYKIHAX
3TOFO THUNOPa3Mepa U 3aBHUCHT TaKXKe OT NpejnosaraeMoro KoJHYecTBa
3aKa3oB Z, ONHOBPEMEHHO peajiM3yeMblX Ha 3aBOJie METa/lJIOKOHCTPYK-
M. B 3TOM clyyae MaTeMaTHYeCKOe OXHIaHUe

M(c) = A;[1 — (1 — P)*} + B/ZS,P..

Ilpu stoM npennosaraercsi, 4To CpefHHil pasMep OLHOro 3aKasa S,
TIOCTOSIHHEIH.

OnTtuManbHBI YHUGHUMPOBAHHBIA PSIA AMaMeTPOB HILYT, pelias
Sajiayy MaTeMaTH4YeCKOro CTOXacTHUYECKOro MpOorpaMMHpOBaHHsA, YTO
NO3BOJISieT ONpEeJeNUTh TaAKUE 3HAUEHUS AHAMETPOB, KOTOphIe 00pas3yloT
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ONTHMA/IbHEIH PAJ U MHHHMH3UPYIOT IIPH 3TOM MaTeMaTHYeCKOe OXH-
JaHde CyMMapHbIX NpPHBEJAEHHLIX 3arpat [1}*.

3ajauy pewaioT Ha DBM ¢ npumeHeHHeM alrOpHUTMa, B KOTOPOM
MareMaTHYecKoe OXKHJaHMe MHHMMyMa NpHBelleHHBIX 3arpaT onpefe-
Jislercl Kak KpaTyaHimuii nyTb Ha rpade, usoOpaxaiolllell 3aMeHsie-
MOCTb THIIOPA3MEPOB, MEXJYy ee KpallHUMH BepIUHHAMH. 3Jiech Kaxaan
BEPIUHHA rpadbl COOTBETCTBYET OJHOMY THHOpa3Mepy (auamerpy). 3a-
Jada pemaerca AJs CpelHe- W KPYNHOCEPUHHOTO NPOU3BOJCTB.

[lo npunsiToii MeToxuKe BLINOJHEH MOUCK ONTHMANbHOTO YHHQHUH-
POBAaHHOTO psija AMaMeTpoB TPyDO ANf CpefHecepHHHOH cHCTeMbl M3ro-

Ta6aunna 1.1, Yuuduuuposaunuiii paa auamerpor *

CucreMa OPOH3BOACTBA CucTema NMPOU3BOJCTBa
Huamerp,
MM KpyIHO- cpepue- Huaverp, M |« pynnocepi- cpeniecepuii-
cepuiinas ** | cepulinas *** Hast ** Has *
820 ® 2020 )
920 ) 2220 o
1020 [ ] 2420 ®
1120 ) 2520 o
1220 2620 ®
1320 ® () 2720 [
1420 2820 ¢
1520 ® 3020 o
1620 [ ] 3420 [ ]
1720 ) 3520 ® ®
1820 [ J

* 3a 100 9% mpHHATa CTOMMOCTb MPH HCIMOJL3OBAHHH [OJHOIO Psiia AHAMETPOB.
*#* CroumocTtb 95,5 %
#*% CTOUMOCTb 100 %.

TOB/IEHUs (UeTbipe 3aKasa) H KPYNHOCEPHHHOro (IecATh 3aKa3oB) cle-
112/ IM3HPOBAHHOTO NPOW3BOACTBA, Pe3yJbTaThl KOTOPOrO MpHUBEAEHH
B Tabn. 1.1.

OneHKa CTOUMOCTH MNOJYYEHHBIX YHH(MHIMPOBAHHBIX ONTHMaJbHBIX
PAIOB QuaMeTPoB TPyGONPOBOAOB NO3BOJMH/A CHeNaTh CAEAyIOLiUe Bbl-
BOJBL.

[Mpumenenne onrtuManbHOrO YHHQHUKPOBAHHOTO psAja AHAMETPOB
TPYGONpOBOAOB, COCTOSIMIETO H3 11 tunopasmepoB (Bmecto 21), npu
cpelHecepuiiHOM NpPON3BOACTBE M yueTe TOJNBKO (pOpMaiu3yeMblX KOM-
TIOHEHTOB, He BbI30BET yBENMYEHHSI €r0 CTOMMOCTH.

[lpu mepexoge K crielMaJi3MpOBaHHOMY NpPOHU3BOACTBY (Hampumep,
10 3aka3oB B cepuu) npUMeHeHHe ONTHMAa/JbLHOTO YHH(HIMPOBAaHHOTO
psla AuameTpoB TPyGOmpoBOAOB, cocrosimero u3 10 THmopasmepon
(Bmecro 21), NpUBOAMT K He3HAYUTEJIbHOH SKOHOMHUH CTOMMOCTH
(0,45 %). B cBsi3u ¢ 3TMM, NpH YBeAUUEHHUH pasMepa CepHHU U mepexoje
K TNOTOYHOMY IPOHM3BOJCTBY MOXKHO Npeafnosararh jJajbHelllee CHHUXKe-
HHE CTOMMOCTH ONTHMAJBHOro psiia TpyOGONpOBOLOB NPH OJHOBpEMEH-
HOM yMEHBIIeHUH KOJIHYeCTBa THNOPa3MePOB B CEPHH.

* [TocraHoBKa 3ajjauy M ee pelueHHe NPHHaiIexar xkand, mexn, Hayx B. b, Bap-
CKOMY.
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[MosyueHHble BHIBOALI MOATBEPKAAIOT BO3MOXKHOCTb COKpAIlleHUsl KO-
JIMUeCTBA NPHUMEHSIEMBIX THIIOpA3MepoB TPYOONpOBOJOB M CO3JaHHs Ha
OCHOBE ONTHMAJbHOTO psifila JUaMeTPOB YHH(HUUUPOBAHHBIX KOHCTPYK-
uuit. [Ipu ykasaHHO# Bhille noTpeGHOCTH B TPYOONPOBOAHBIX CHCTEMaX
OXUJlaeMbIii S5KOHOMHYECKUT 3dheKT 3a cueT YHH(HKAIUK MOXKET cocTa-
Buth 0 150 TeIC. p. B roOf.

SKCIUIYATALMA
Ilo npoMbimieHHBIM TPYGONPOBOAAM B OCHOBHOM TPaHCNOPTHPYIOT BO3-
AyX H rasel ¢ H36bITOYHBIM BHyTpeHHUM faBsenueM 10...500 xIla. I'asb

colepxkar Mesibuaifilide uaCTHLBl 0ObIJIH, OKasbiBawomue abpa3uBHOE

Ta6auna 1.2. Couepxannue KoJOWHHKOBOH MLUIH B JOMEHHOM rase

CojnepxaHHe nuuik B 1 M? rasa, r, mpd BhIXoAe

Hs6uiTouHoe gaBiieHHe rasa
noj, KoJiowHukoM, Klla

HS JOMEHHON meuu K norpeGuTenio HoC/Ie OYHCTKR
70 50 0,01
250 15...16 0,004...0,005

BO3/efICTBHE Ha CTEHKH TPYGONPOBOAOB H €O3JAlOLIHE JOMOJHUTENbHYIO
Harpysky. KosinuecTBO NBIIM 3aBHCHT OT THUNA annaparoB OYHCTKH,
CTEINEHH OYHCTKH W pacno/oXeHus Tpybonposoia B oOwieH TeXHONOTH-
Yyecko#i cxeMe, oT JapJjenus rasa. ColepxRaHue NbUIM B JOMEHHOM rase
noxasaHo B ta6a. 1.2. Ins psima rasoBO3fyXONpPOBOXOB XapaKTepHO
Gosee BHICOKOE BHyTpeHHee aaBjeHue rasa (400...500 xIla). dro or-
HOCHTCH K HHCXOJSILIMM rasonpoBOjaM I'PSA3HOrO rasa JOMEHHOH neuw,
rasonpoBoOjy MeXAy MBIIEYJIOBHTENEM H Fa3004HCTKOH, BO3LYXONPOBO-
JaM TopsiYero M XOJIOZHOTO AyThbsl, HEKOTOPHIM ra30NpOBOAAM YyCTaHO-
BOK TasoouyuMCTKH M Ap. Bo Bpems skcmayarauuu B TpyGompoBojax
MOT'YT NPOUCXOIUTH ClielH(pHUeCKHe NPOLECCH, 3ayacTylo CBSI3aHHBIE C
HapyLIeHHeM NpaBuJ SKCIJIyaTaluuH, NPUBOASAIIHE K [0SIBJIEHHIO JONO0J-
HHTE/NIbHBIX HArPY30K: BBHINANEHHIO KOHAEHCATAa, CKOIVIEHHIO OTJIOXKEHU#
neliM, 0o6pa3oBaHMIO BaKyyma H T. . B saBucumoctu oT ycioBuil u
peXuMa 3KCITyaTalud HEKOTOpble TPYGONPOBOAbl H30JUPYIOT H3HYTPH
(dyTepoBKoli, npejHa3HAYEHHOH IJifl 3alUThI MeTakjla TPYGONPOBOAOB
OT BHYTPEHHHX TEPMHYECKHX BO3JEHCTBHH, HCTHPAHHIO NBIILIO, @ TAKXKe
I/ NPEeNOTBpAlIEHUs NOTEPb TenJsa.
* MHorue npombilieHHble TPYGONPOBOAB B 3aBHCHMOCTH OT HasHa-
YeHHs, HaNMYHs H THNA QyTePOBKH MMEIOT MOBLILIEHHYIO TEMNEpaTypy
creHkn — 10 150 °C, a B Hekoropbix caydasx — mo 200 °C. B casw
G OCOOBIMH YCJIOBHSIMH SKCIJIyaTalMHd NPU TMPOEKTUPOBAHMH MPOMBILI-
JIEHHBIX TPYOONpOBONOB HEOOXOAHMO YUHTLIBATB:

BO3MOXKHOCTb 06Pa30BaHHs 3ara3oBaHHOl 30HBI (H3-32 HEMJIOTHOCTH
COEJMHEeHHI), TpeACTaBSAIOmEeH ONacHOCTb, OCOOEHHO NpPH INpPOKJajKe
rasonpoBOJOB BHYTPH MOMEIIEHHUH;



KOPPOAHpYIOIee BO3JEHCTBHE KaK HapYXKHOH, TaK W BHYTpPeHHeR
cpeli, 0coOGeHHO NPH Ha/MHYHMH B HHUX CEPbl H APYTHX arpeCcCHBHHIX NpPH-
Meceii;

a6pa3nBHoe Bosneucmne NOTOKa B3BELIEHHBIX B Trase TBepABIX
yacTul,

BIHSIHHE Ha coopy}xerme TeMIepaTypHOro pexuma (KaKk TeXHOJNOTH-
yeckoro, Tak H armocdepHOro).

MATEPHASDI

Tpy6onpoBoarl, Kak NpaBHIO, H3TOTABJAHMBAIOT H3 MaJOYIVIEpOAUCTOMH
cranu no I'OCT 380—71*. Oas TpyGonpoBoAoB ¢ BHYTPEHHHM JaBJe-
auem 10 100 klla npuMensior craib Mapku BCt31nc6, a 6osee 100 kl1a —
mapok BCr3cn5 m BCt3ITIc5. Crany nOBBLILIEHHO TPOYHOCTH THNA
09I"2C, 14I'2, 14I'2A®[nc uenecoo6pasHO NPUMEHATb TONBKO TPH
SKOHOMHYECKOM 060CHOBaHHH. S(PeKTHBHO NpHMeHeHHe L5 Tpy6onpo-
BOJIOB, paboTaloluX B Koppojupyioueld atMochepHOH cpefie MeTanayp-
ruyecKux npeanpusituit, cranu Mapku 10XHJITI, crolikoli npoTtus at-
MochepHBIX BO3[EHCTBHE.

Marepuan KOHCTpYKIHi onop Tpy6OnpoBoAOB BHIGHPAIOT B COOTBET-
CTBHH C TeXHHYECKHMH UpPaBHJaMH 1O 5KOHOMHOMY pacXOROBaHHIO
OCHOBHBIX CTPOMTEJIbHBIX MAaT€PUaJOB H JIPYTUMH HHCTPYKTHBHBIMH JO-
kymenramu locerpos CCCP.

* Bribuparor MapKy cTa/y A5 KOHCTPYKIMH TPYGONPOBOAHBIX CHCTEM
fio CHull 11-23-81* B cooTBercTBHH CO CcleayoOmel KiaccHpUKaLHeR
KOHCTPYKIHA [0 rpynmnam:

I'pynna no CHul'f‘

11-23-81 *

['a30B03yX0NPOBOAE! C BHYTPEHHUM JaBJIEHHEM Tpch-
noprupyemoii cpegpl 70 kIla v Boume . . . . . L ., 1
To xe, 20..70 kIla . . . . . . II
TasonpoBoasr pasienueM o 20 xlla Bosnyxonposo-

Ibl Aasienuem 10...20 kITa . . . e e e e 111
BosayxonpoBoznt AasieHuem o 10 kMa . . . . I\Y
Onopsl TpY6GONPOBOJHBIX CHCTEM BHICOTOH Gojee 15 11
Toxe, o 165M . .. .. ... o 0. 111
IlponeTHele CTPOeHHS 3CTaKal . . . . Ce e I1
Cps3H, OOCHYIKMBAIOIHE IJIOMIAAKH, .uecmuum e oo IV

Kosbuesble pe6pa XKecTKOCTH, 3arvyIIKH . 111

Oco6oe BHUMaHHE CJleAyeT yAenAaTb BbIOOpPY MaTepuana Jjis Tpy6o-
fIpPOBOJOB, pabOTAIOUIUX NOJ BO3AEHCTBHEM BBICOKOH TeMIEpaTyphl, UTO
OKa3blBaeT BJMAHHE Ha HAJEXKHOCTb W JOJITOBEYHOCTb KOHCTPYKIUH,
B CBA3H C TeM, YTO MEHSIOTCS MeXaHHWUeCKHe CBOMCTBa CTaJjy; NpPH J0-
KalbHBIX BHe3alHBIX HarpeBax (TEMJIOBHIX yAapax) MNOSBAAIOTCA YCH-
Jsl, Pe3KO BJHSIOMUE HA XapaKTep MECTHOro M OOLIEro HampsizKeHHBIX
COCTOSIHHY; MOBBILIEHHBIE JAeopMalul TPyGONPOBOLOB MOTYT NPHUBECTH
K HU3MEHEHHIO PAacueTHOH CXeMbl CHCTeMBI.

Xots cranu BenyT ceOs He OAMHAKOBO NPM BHICOKOH TeMnepartype,
OJIHAKO Yy BCEX MEHAIOTCSl MeXaHHYeCKHe XapaKTePHUCTHKH NPH TeMmnepa-
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Type = 150 °C, korga npegen TeKydyecTH HauHWHaeT cHuxKartbes. as
MaJIoyTJIePOAUCTBIX CTasell PH 3TOM XapaKTepHO HEKOTOPOE MOBLILIEHHE
fipefiela NpOYHOCTH C JOCTHXKeHHeM Makcumyma npu 200...300 °C wu
Pe3KMM MOHWXKEHHEM €ro NpH JajbHefIlleM MOBHILEHUH TeMNEpaTyphl.
[Tpu temneparype 200 °C pe3ko yXyAlIAlOTCs NMOKA3aTeNd OTHOCHTE/b-
Horo yaauHenus cranu. Tak, npu Harpepanuu jJo 200 °C orHocuTe/ib-
Hoe yJJuHeHHe cHHXaercs Ha 50 %. :
Ha puc. 1.1 nokasana 3aBUCUMOCTb MeXaHHYeCKHX CBOHCTB MaJo-
yrJI€POAUCTOR CTald OT TemnepaTypbl. DoJiblioe BIHSiHHE OKa3biBaer
TeMneparypa Ha YHapHYIO Bs3-
% KocTh — HauuHas co 100 °C ee no-
130 5| KasaTeJu NOCTENeHHO CHHXKAIOTCA
/ (puc. 1.2) T1pu remneparype 300 °C
CHHJKAIOTCS BpEMEHHOe COMNPOTHB-

g 0-100 0 100 200 300 400 500 600 ¢

P / JleHHe H Npefes] TEeKYYecTH MaJjio-
f | ! yrieponucteix crajed. Ilpu Tem-
UUNE " N7 neparype 600 °C BpeMeHHOe com-
N e ‘ pOTHBJIEHHE CTAHOBHTCH OJH3KHM
\ \YZ N HyJiO, T. €. Hecyllas COCOOHOCTH
Y AN L CTa/li VCYEePMBIBAETCS.
N7 X,
50 R 'S
AN = 3
\\ ° § 20 \\
S 3w B SN
s |/ v
3
§
R

00 200 300 400 500 600tr

Puc. 1.1. 3aBucaMoctb mpegena Tekyuec-  Puc. 1.2. 3aBucumocts ygapHo# BA3KO-
TH Op, BPEMEHHOTO CONIPOTHBJeEHHst Oy  crH crann BCr3cnh or temmeparyphi f. -
H OTHOCHTE/IbHOTO YAauHeHust 6 past cra- :

an BCr3cn or teMneparypsi £,

-

Munaue Begyr ce6s Hu3Ko/ernpoBaHHble cTaqu. M3 cTpourenbHbIX
craneil HauGonee npucnocob/eHa s paGoOTHl NPH BHICOKOH TeMIiepa-
Type 15XCHJ. OHa xapakTepHa CTaGU/IbHOCTbIO MPOYHOCTHHIX H MJa-
CTHYECKMX XapaKTepHCTHK B TeMnepatypHoM uHTepBase 200...400 °C.
OTHoOCHTe/NIbHOE YATHHEHHE H YAapHas BSI3KOCTb MaJlo H3MEHAIOTCA faxe
npu temneparype 400...600 °C.

OTMmeyeHHble H3MeHeHHsl CBOHCTB CTa/H CB3aHBl C Z6GCOJIOTHBIMH
BHAYEHMsIMH TeMIepaTyphbl, Bo3leHcTByIOmeld Ha TpyGonposon. Cye-
CTBEHHOE BJIHSIHHE OKa3blBaeT TaKKe POAOJIKHUTENbHOCTb TEMIEpaTyp-
HOro BO3JefICTBHA — NpU JOCTATOYHO JIHMTENBLHOM BO3MOXKHO MOsIBJe-
HHE TeNJOBOH MOJ3yuYecTH, CBA3aHHOH C TeM, YTo B mpolecce paGoThl
[IDH onpelleleHHEIX Harpy3kax M TeMmepaType BO3HHKAIOT IJlacTHuec-
Kue JepopMaliuH, KOTOphle ¢ TeYeHHeM BpPEeMeHH OKa3blBalOT pa3ynpou-
HslOllee BJAMSHHE Ha cTaib. Hapacranue hedopmaunii nonsyuectd mo-
XKeT OrpaHHYuTh PaGoTy KOHCTpYKuUMH. TaxkHe ciyyaw MOT'YT HMETb
MECTO NpU paspylweHHd GyTepOBKH U Aeperpese TpyOONpPOBOLOB, TpaHc-
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NOPTHPYIOINX TOPAUHN ra3 WAM TNPH aBapHHHOM MNOBLILUEHWM TeMIle-
paTypbl rasa.

[Tonsyuects nosBasierca Npu Temnepatrype, XapaKTepHOH 1Jf JaH-
HOH cTanu: g Majoyraepoavcroit — npu 300 °C, 1is HH3KOJETHpo-
BaHHO# — npu 400.

IlepemenHoe niu BHe3anHoe BO3JefiCTBHE TeMNepaTypbl Ha KOHCT-
PYKUHIO NPHBOAHT K BO3HMKHOBEHHIO, IOMHMO YKa3aHHBIX Bbllle Ha-
npsxKeHuil, TeNJOBOH ycTaJoCTH HJH TenJsoBoro yaapa. [1pu stom pe3ko
CHH2KAIOTCA NJIACTHYECKHE CBOHMCTBA CTald, YTO MOXET BhI3BAaTh Xpyli-
Koe paspylieHue.

YcTanocTHBIE Da3pyIieHHsl NPOHCXOAAT MNO-Pa3HOMY B KOHCTPYK-
IMAX, Harpy»KeHHBIX TOJbKO TEPMUYECKHMH HaNpPSIKEHUSMH, H B MOJ-
BepraeMblX Takxe MeXaHHUYeCKOMY Harpyeuuio. UeM Bhillle POYHOCT-
Hble XapaKTepUCTHKH MaTepHa/ja, TeM MeHbIlle BAHSHHE Ha YyCTalOoCT-
HYI0 [POYHOCTL OKa3blBaeT MeXaHHYeckass Harpyska. MasoxenHoe
CBHJETeNbCTBYET O TOM, HAacKO/IbKO Ba’KHO YCTAaHOBUTb BO3MOXKHYIO
TeMnepaTypy Tpy6oIpOBOLOB B MEPHOA HX 3IKCIJyaTaluy.

s OlleHKH NPOYHOCTH KOHCTPYKLUHH CHCTEM, HAXOASIIUXCA [OL,
TeMnepaTypHbIM BO3JleficTBHeM, OPHUBOAMM 3HaueHUs PacUeTHBIX COMpo-
THBJEHHH MasoyrJiepofHCTOH M HH3KOJErHDOBaHHOH craflel:

HC ... 20 200 250 300 350 380 400 420 450
Pacuertsble compoTHBJIe-
Husi, MIla, craneii:

BCr3ecm ., . .. 225 187 171 154 — — — — —
ra2c . .... 330 28 280 246 228 217 207 169 120

JI151 pyTepoBKH NPUMEHSIOT IIAMOTHBIH KUPHUY,.a B MOC/JeJHee Bpe-
Msi—TOPKpPETHPOBaHNe BHYTPeHHeH NOBepXHOCTH XKAPOIPOUHEIM GETOHOM
WIM UCNOJIb30BaHUE KaMeHHOro JHTbs. Ha HaK/OHHBIX ydYacTKax H B
yrJlax MOBOPOTOB A/IS YAEp:KaHHS WIaMOTHBIX KHPNHYel OT BbiNAaAanHs
NpenycMaTpHBAIOT BHYTPEHHHE KOJblLieBble peGpa »kecTKocTH. Paccros-
HUEe MeXJy HUMHM NpHHHMAIOT KpaTHOe pa3MepaM KHpIHYa, HO He Gosee
1650 mm. Omnpegesnsitotr ero no gopmyne [ = n (230 + 2) + 10 + A,
rje 7 — 4ucjao pAZOB Kupnuya miuHo# 230 mMM; 2 MM — TOMIIMHA
wBa Mexay kupnuuamu; 10 MM — TonmuHa pe6pa; A = 10...15 mm —
3as30p.

IIpu TopkperupoBaHuU BHYTPEHHeH NOBepXHOCTH pebpa HE ycTaHaBs-
JIMBAIOT, a MPUHMMAIOT KOHCTPYKTHBHEIE MEPH! /151 yIep:KaHUS TOPKpe-
Ta Ha MOBEPXHOCTH MeTa//la — [PHBAPHBAIOT IUTHIPH, CETKH M T. I
JliA H3roToBJIeHHS! (BYTEPOBOYHBIX JHCTOB (GPOHU), yCTaHAaBJIHUBAEMBIX
Ha yrjax NOBOPOTOB Ta30NPOBOJOB TIPA3SHOrO JOMEHHOTO M APYrHX
3anbl/IEHHBIX T'a30B, BO H30exXaHue X ObICTPOrO HCTHpaHHA, Lenecoob-
pasHO MNPHMEeHATb MapraHIOBHCTYIO cTanb Mapok 1412, 30I'2, 4002
no 'OCT 4543—71*. [Ins u3rotoB/jeHUs Ba/jbLOBAHHOH GPOHH JIHCTHI
NPEJBApUTE/NBHO MOLBEPTAIOT TepMHuUecKoH obpaboTke. [lomyckaercs
npuMeHeHue JUTOH OGpOHM OOJbILEH TOJIIMHBI, K3roTaBJAMBAaeMO MO
CIIENHA/IbHBIM TeXHHUECKHM YCJIOBHSM, a Takxke GpoHy H3 crtaiau BCr4d
no 'OCT 380—71%*.

KoHcTpykuuu TpyGONpPOBOJOB COEHHSAIOT C NOMOLIBIO CBapHBIX
mBoB. Marepuanbl a/s cBapKu BeIGHpalOT B cooTBercFBuy ¢ [37] B 3a-
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BHCHMOCTH OT NpHUMEHAEeMHBIX MapoK cTajeli. Mera//inueckue KOHCTPYK-
LMK TPYGONPOBOAOB 3alllMIIAIOT OT KOPPO3HH, HAHOCS pasjHuHble MO-
KDBITHS,, COCTaB KOTOPBIX NOAOUPAIOT MCXOAA W3 BHUAA U TeMIepaTypHl
TPAHCNOPTUPYEMBIX NDOAYKTOB, COCTABa OKpY2Kalollel cpejpl.

Jins NOBBILIEHHS HHAYCTPHANH3AaLHU CTPOHTENLCTBA CJeAyeT MakK-
CHMaJIbHHIN 0GbeM KOHCTPYKIMH MoiBepraTh aHTHKOPPO3HOHHOMH 3aliu-
Te Ha 3aBOJe-M3rOTOBUTENE H MOCTaBJAATH Ha MOHTAaX B rOTOBOM BHIE.
Jns TpyGonpoBoaoB ¢ TemnepaTypoil Metaina creHkHu Jo 60 °C u npy-
THX KOHCTPYKLHH MOXKHO B 3TOM C/yYyae NPUMEHHUTh MOKDBITHS BapuaH-
Ta 1 (ra6a. 1.3).

Ecsiy HeBO3MOXKHO MOCTaBHTb KOHCTPYKIIMH MOJHOH 3aBOACKOH ro-
TOBHOCTH WJIM OTCYTCTBYIOT MOKpDHITHA BapuaHta I, MOXHO, B BHJe

Ta6anua 1,3, Bapnantel aHTHKOPPO3HOHHBIX MOKPHITHH *

BapuaHT I Bapuanr 11
Yenosust skenay- |CTenedb arpec- .8
aTauul CHBHOCTH Cpe- | yapka 23 TeXHHYeCKHe Mapka KOJIH-
Ab! nokpuraa [ §o ycaoBust nokphitust | 9€CTRO
38 caoes
ERINT)
I'asn rpynner A Cna6oarpec- Mo-1189 2 TV 6-10-1710-79 I'd-021 1
14 MaJJoOpacTBOPU- CHBHAs ne-115 2
Mnle codiw u nblib  Cpepuearpec- IP-1219 2 Ty 6-10-1727-79 Iro-021 2
CHBHas XB-124 4
I'agel rpymn B, B, aGoarpec- INe-1189 2 TV 6-10-1710-79 ro-021 2
I" nnm xopoiuo pa- cuBHas XB-124 2
cTBopuMble cosmd, Cpepanearpec- OP-1218 2 TY 6-10-1727-79 XC-010 2
(19P030JH, MblIb CHBHas! (I'd-021)
XB-124 4
Cuupzoarpec- OI1-7105 2 TY 6-10-11-334-6-79  XC-010 2
CHBHas XB-785 6

* Pexomenganuu [THUUTICK <

HCKAIOYEHHs, NPUMEHUTb NOKphITHs BapuaHTa II, ogHako, npu 3ToM
PYHT HAHOCHAT Ha 3aBOJe-M3TOTOBHTeNe. BHYTPEHHIOIO NOBEpXHOCTh
TPpy6GONpPOBOJIOB 3alHINAIOT HOKPHITHEM H3 OAHOrO c/os rpyHTa. Mecra
MOHT&XKHBIX CTBIKOB MOKPLIBAIOT Ha 3aBOJE-M3TOTOBHTE/E OJHHM CJIOEM
I'PYHTa, KOHCEPBHPYIOMIUM HX BO BpeMsl TPAHCMNOPTHPOBAHHS H MOH-
Taxka. [Toc/ie BHINOMHEHHS! MOHTAXKHLIX CTHIKOB aHTHKOPPO3HOHHOE MO-
KpbITHE 3TUX YYaCTKOB BLINMOJHSIOT B MOJHOM O0BeME.

Fnaesa ll. CXEMb! TPYGOMNPOBOAHLIX CUCTEM
NIPUHLKNBI KOMITOHOBKM CUCTEM

[Npouecc npoekTHpoBaHusi TPYGONPOBOAHBIX CHCTEM COCTOMT H3 ABYX
3TaNoB: epBblil — KOMIIOHOBKA U BEIGODP CXeMbl COOPY2KEHHS], BTOPOi —
paspaboTka paboyero mpoeKTa KOHCTPYKLHH.

[Ipouecc npoekTupoBaHHs Ha NepBOH CTaluH, cocTosillell B BeIGOpe
U HasHaueHUH CXeMbl COOPYIKEHHSl, PAa3HOCTOPOHeH H TpeGyer yuera
MHOTHX TeXHHYeCKHX, SKOHOMHUECKHX M IKCIJyaTaUHOHHHEIX (PaKTOPOB,
B CBfI3H C 4eM paspaboTKa OOLIMX peKOMeHJalHui Ha 3TOH CTaiuHu 3Ha-
YyuTeNbHO 3aTpynHeHa. [IpoeKTHpOBaHWe 31eCh CBOLUTCSH K PEUICHHIO
IBYX 3ajady: BbISIBI€HMIO OCHOBHBIX XapaKTEPHCTHK CHCTEMB H BHIGOPY
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ONTHMa/JbHOTO BapuaHTa cXeMmbl coopyxkenusi. IlepBas 3anaua oGycnas-
JiyBaeT HeoOXOAMMOCTb YCTaHOBJIEHHS! TPeOOBaHHIl, KOTOPHIM JNOJIKHO
YIOBJIETBOPATh COOpyXKeHHue B LesoM. OfHN U3 OCHOBHHIX TpeGoBaHHH —
3KCNJyaTauuoOHHbIe, MNpeAnosaraloliue OGesaBapuiinylo paGoTy Bcex
3BEHbEB CHCTEMBI. BBIXOZ M3 CcTpOs Jake OJXHOTO yuyacTka OrpaHHYeHHOM
NPpOTAXKEHHOCTH npekpailaer paGoTy BCEH TPacChl H MOMKET NPUBECTH
K OCTaHOBKE MPEANPHATHSA, T. €. IKCIJyaTallHOHHble TPeGOBaHHA CO-
CTOAIT B TOM, YTOOBI NPH HENpPEePLIBHOM TPAHCNOPTHPOBAHHH NPOAYKTOB
no Tpy6onpoBony Obl1H oGecneueHbl 6e3aBapHAHOCTb ero paboThl mpu
BCEX peXHMaxX SKCIVyaTalMu H 6e30MmacHoCThb JIOAef.

PacuerHO-KOHCTpYKTHBHBIE TpPeGOBaHHS B3aKJIOYAIOTC B YHOBAET-
BOPEHHH YCJOBMH NPOYHOCTH, YCTOHUMBOCTH M MECTKOCTH BCETrO COOpY-
KEeHHA U OTJE/bHBEIX €r0 3/1eMEHTOB, KOTOPble NOJ/IKHb GHITh PACCUMTAHBL
Ha caMoe HeBHITOAHOE cOYeTaHHe Harpysok.

OKOHOMHYecKHe TPe6OBaHHS COCTOST B ONTUMAJBHOCTH NPUHATBHIX
TeXHHUECKHX pelleHud, yMEeHbILAIOUWHX CTOUMOCTb COOPYXXeHHS [0 MH-
HUMaJIbHOH.

M3 nepeuncneHHBIX TpeOOBaHHH TPYAHO BBHIIENHTb OCHOBHBHIE, TaK
KaK CcTeneHb HX Ba)KHOCTH B KaxIoM ciyuae pasnnuda. [lopo#t ouun
BCTYMalOT MEXAY co6od B MpoTHBOpeuYHe, H A1 KOHKPETHOH CHCTEMBbL
OHO MOXeT OBITb HeoJHO3HauHo. Tak MOCTOSIHHO NPOTHBOpEUHe B TPY-
6GONpPOBOIHBIX CHCTEMAX MeXAy TpeGOBaHMAMH MaKCHMaJbHOTO COKpa-
IEeHHA [JIMHBI TPACCHl JJIS1 YMEHbIIEHHUSI ee CTOUMOCTH H B TO Ke Bpemst
CO3/@aHHsl TpPacChl MEpeMeHHBIX HaNpaB/JeHHH NJA yMeHbIIEHUS YCHIHUN
OT TeMNepaTypHHIX Aedopmanui Ha ONOPH W NPHMbIKaolee 06opynro-
BaHue. '

B 3aBucHMOCTH OT TOro, Kakue paboune (HDYHKUHH BEINIOJHAIOTCH
HeCYIIHMH 3/1eMeHTaMH WM clellHalbHBIM 000Dy JOBaHHEM, YCTaHOBJIEH-
HbIM Ha COOPYKEHHH, TPYGONPOBOLHBIE CHCTEMBl MOXHO Pasie/NHThb Ha
IBe rpynnel. K nepBofi oTHocATCS TPyGONPOBOAHBIE CHCTEMBI TaK Hasbl-
BaeMoil «6alloOUHOMN» MPOKJIAJKH, B KOTOPHIX HecyllHe 3JeMeHTHl BhINOJ-
HAIOT TakKe paGoune ¢pyHKuuMH. Ko Bropoli — cucTeMBl, B KOTOPHIX He-
CyllHe KOHCTPYKIMH CJy2KaT TOJbKO ONOpaMH A5 TeXHOJNOrMYecKHX
3/IEMEHTOB, BBINOJIHSIOMUX paboune ¢pynkuuu. IIpumepom cucrem BrO-
poli rpynmel MOT'YT CJYXKHTb TPYOONPOBOJB 3CTaKafHONW MNPOKJAAKH,
a TaKXKe BHUCSYHE NEepPeXONH!.

ITpu npoekrupoBaHHH cucTeM NepBofl rpynnsl HEOOXOAHUMO YYHTHI-
BaThb, UTO B CBSI3H C BHINOJHEHHEM pabouuXx GYHKUMH HecyllHe 3/1eMEHTH
NO/KHBEI 06GJafaTh JONOJHUTENbHBIMH KaueCTBaMH — IUIOTHOCTBIO CO-
equHeHH!, TEXHOJOrHYEeCKHM YKJOHOM H T. n. OJQHO M3 BaKHEHIIHX
TpeGoBaHH# — HeoGXOAUMOCTb obecleyeHHsl HaWAyuyllnX YyCIOBHH pa-
GoTel oGopynoBanusi. TpyGonpoBoiHasi cHcTeMa BMecTe ¢ 06OpyHoBa-
HueM (3aJBHXKKH, KOMIEHCATOPHI, YCTPOHCTBA A1 CHUKEHUS NaBJIeHH ],
3aryLIIKH) NPENCTaBJAIT co0oi elHHYI0 KOHCTpyKuHio. [losTomy dop-
MBI COOpY2KEHHS! B HEKOTOPBIX CJy4asX MOTYT BhI3BaThb HEOOXOLMMOCTH
B H3MEeHEHHM caMoro o6opynoBaHuS.

IMporsizkeHHOCTb TPYGONPOBOAHBIX CHCTEM JOJKHA OBITh ONTHMAab-
Hoft. Bce TpyGompoBoZE!, BKJIOYas TENJIOCHJIOBBHIE, a TaKXKe [poyne
CeTH, C/ellyeT MPOBOIUTb €NHHbIM KOMNAKTHBIM KOpuaopom. BriGpaH-
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HBIfl TJ1aH Tpacchl He NOJKEH NpensiTcTBOBaTh ee nanbHefIieMy pac-
LIHPEHHIO.

[NpunsaTas TexHosOrnuecKasi cxema TpyOONPOBOAHOM CHCTEMBI JOJIXK-
Ha obecneynBaTh Nepefayy MUHUMAaJbHBIX YCHJHMH Ha ONODH H NMPHMbI-
Karoliee o0opyloBaHue, a YCTaHOBJIHBaeMoe 060pyAOBaHHe H KOHCTPYK-
IHH — BO3MOXKHOCTb yBeJlHueHUs] o0beMa OOGC/YyKHBAWOIKUX arperaToB
M HHTeHCHOMKALUY TeXHOJIOTMYeCKHX MPOIECCOB, a TaKXKe mpepycMar-
pPUBaTh BO3MOXXHOCTb OTKJIIOUEHHS OTAE/IbHBIX arperaToB pH HOPMaJib-
HOl paGoTe ocTa/jbHBIX.

OCHOBHLIE CXEMbI MPOKJNIAQKH

Banoynasa npok/ajaka, HanGonee SKOHOMHYHAs, NpennoJaraer HCNo/b-
80BaHHE U3THOHOH XKEeCTKOCTH TPYyOONpPOBOJa MaKCHMAa/ILHOIO AMaMETpa
H3 BCero nyuka Tpy6. ToT Tpy6OnpoBoA OOBIYHO MMEHYeTCs! BeAYIIHM.
Ananu3 nocTpoeHHs TNOAOGHBIX CHCTEM [0Kasaj, YTO BO3MOXHOCTH
OCYILIECTBJIeHUs1 0a/JouHOH MPOKJNaAKH onpejensercsa .COBOKYMHOCTBIO
C/IeyIOINX YCIAOBH:

B NONepeyHoM CeueHHH Nyuyka TPy6 A0/XKHa ObITh TpyOa, cnocoOHas
CaMOCTOAATENIbHO BOCIPUHUMATh YCHJIHS B [OpoOJieTe MEXAy ONopaMu;

ConyTCTBYIoUIMe TPYOGbl AOMKHBI OBITh DPacHofiOXKeHH TakK, YTOOH!
MOXHO ObLJIO 3aKPeNUThb HX K OCHOBHOH TpyGe;

dKCIJyaTauus TPpyO MoXKeT OCYIIECTBJAThCA 6e3 ycrponcma npo-
XOAHBIX IJIOIIAZI0OK B Pa3HbIX YPOBHAX;

reHepajibHBId MJaH ¥ MOA3EMHBIE KOMMYHHKaUMH [OJXKHBE paspe-
1WaTh YCTAHOBKY ONOP Ha PacCTOSIHUM, ONMpefeNnsieMOoM Hecylieil crnocoG-
HOCTbIO BepymieH TPYyOH.

Bcsikas TpyGonpoBOAHas cucTeMa ¢ KOHCTPYKTHBHOH TOYKH 3peHHS
npexcTaBasier coboll JMHeAHOe COOpYKeHHe GOMbIIOHA MPOTAXKEHHOCTH,.
B KOTOPOM HamnpasJ/eHHe TeMnepaTypHHIX AehopMauuii H NPOAOJbHBIX
yCH/IMH COBIajaer ¢ HampaB/leHHeM OCH Tpacchl. Takue coopyKeHHs
NPUHUMIHAIBHO OTJIMYAIOTCA OT APYTHX OO0BEKTOB NPOH3BOACTBEHHOTO:
Ha3HayeHHsl, TaK KaK OfHA U3 OCHOBHBIX 3aJlay KOMIOHOBKH COCTOHT
B pacnpejie/leHUH H BOCNPHUATHH YCHUNHH, BBI3BAaHHBIX TeMIepaTypHEIMH
nepemelIeHUAMH JeMEHTOB cHcTeMbl. OnpenensiouldM 3/iech SBASETCS.
YyeTKOe WieHeHHe Tpacchl Ha TeMnepaTypHble GJOKH, BHYTPH KOTOPBIX
IPOUCXOAMT 3aMBIKaHMe TeMNlepaTypHBIX Aedopmanuit. Hopmamu ne pe-
rJ1IaMeHTHPOBaHBI PasMephl TAKHX TeMNepaTypHBIX 6/J10KOB H Ha3HauailoT-
CSl OHM Ha OCHOBAHHH OMNBITHBIX JAAHHBIX.

OcHoBHOI Kputepu#i (MCK/IO4as TpPeGOBAaHUA TIeHepaJbHOro mJja-
Ha) — BO3MOXKHOCTb TallleHusl TeMNlepaTypHIX Aedbopmauuil 3a cuer no-
CTAHOBKH KOMMEHCaTopOB MJH caMokoMmneHncauud. [lostomy 1nauHa
TeMIepaTypHoro 6JiI0Ka Ha yyacTKaxX CHCTEM C KOMIleHcaTtopaMH ompee-
JseTCi UX KOMIIEHCHPYIOIIEH CNOCOGHOCTBIO, a Ha Yy4acTKaX CaMOKOM-
NeHCalluu peryiaMeHTHPYeTCs YCHIMSIMH Ha onopel. Mcxoas u3 xapak-
TEPHCTHKH YCTaHABIHBAEMBIX KOMIEHCATOPOB MOXHO PEKOMEHJOBaTh.
crefyoutyio dopmy.ay Ans onpejeleHus ANKHb TemnepatypHoro 6/10Ka:

An
L=<ar»
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Tle A — noje3Has KOMIEHCHPYIOWAsi CMOCOGHOCTb OJAHOH BOJIHBI JH-
CKOBOro Komnescaropa (cM..ra. 1X), cM; # — uyuc/I0 BOJMH KOMMeHca-
Topa; Af — pacueTHBIl TemmepaTrypHbHIl nepemaj, rpal; o — Kosddu-
1MEeHT JIMHEeAHOTro pacIlMpeHHs MaTepua/la Belyliero TpyGompoBoja.

BaxHo takxXe palHOHa/JbHO HCNOJb30BAaTh YYacCTKH ¢ NOBOPOTAMH
Tpaccel, KOTOPbIE MOFYT JIMGO BKAOYaThesi B paGoTy Ha CaMOKOMIEH-
caluio, J160 OTAe/ATbCA OT OCHOBHOH Tpacchl. [I/ii KaxAOH CHCTEMBI
STOT BONPOC pellaoT HHANBHAYaNbHO. B 1enoM npu KOMNOHOBKE TPAaCCHI
8 N/JaHe MOXKHO PEKOMEeHJOBaTh CJeAYIOIHe OCHOBHEIE MOJIOKEHHS!

BCs 'Tpacca pacu/IeHsIeTCA OllopaMH Ha TeMIepaTypHbie GJOKH AJH-
Ho#i He GoJee L;

y4YacTKH G TNOBOPOTAaMH, KaK (1PaBHJO, HCMOJAB3YIOT [J51 CaMOKOM-
flIeHCalluH, B CBfI3H G YeM MX BBIJENAIOT KOHIIEBBIMU ONOPaMH;

NPHUMBIKAIOIHE K OCHOBHOH Tpacce BHe MeCT pacnoJIOKEHHS KOHIle-
BBIX ONOP y4YacTKH (Kak NepneHAHKYJsfPHO, TaK U MOA YIJIOM) AOJIKHEI
OTIENATbCA OT OCHOBHOH TPacChl COGCTBEHHBIMH KOHLIEBEIMH OIOpaMHu.
HckmouenneM Moryt OBITBH ClyuyaH, KOrja NpPOAOJILHOE OCEBOe YCHJHE
fAIpUMBIKaIOIeA Tpaccel HEBETHKO.

Ipu scrakamHo# MpokJaajake cHCTeMy TPyGOMpPOBOLOB YKJaALIBAIOT
#Ha creldajbHbIe HeCyllue NpoJeTHble CTPOEHUS, NpecTaB/siouiHe
«€0Gofi OpocThble MHXKEHEPHbIe COOpYXKeHHsi. Takue CHCTEMBI [OYUYHJIH
{IHPOKOE pacnpocTpaHeHHe Ha NpPeANpUATUAX XHMUYECKO#, SHepreTu-
yecKo#, HeTAHON U APYTrUX OTpac/ell MPOMBIIIEHHOCTH, T1e OHH BKJIO-
qaoT B cebst 6osblIoe KOJMuecTBO TPyO pasHeix AuaMerpoB (oT 50...
100 MM 10 2...3 ™).

[IponerHbie CTPOEHHS — SCTaKalbl — BHINOJIHAIOT, KaK NPaBHIO, B
BUJle NPOCTPAHCTBEHHBIX CTEPXKHEBbIX KOHCTPYKLMH, rabaputhl KOTO-
PHIX 3aBHCAT OT [MONEPEUYHOr0 CeyeHHsi TPYOONpPOBOLHON CHUCTEMBI.
B GonbmpHcTBE caydyaeB 3To epMBI ¢ MapanJienbHBIMH MOSICAMH, CBSl-
:8aHHbIe MEXIY COOOH B MpPOCTPAHCTBEHHBIH GJIOK ¢ omupaHHeM Tpy6o-
MpoBoJia Ha J060M ero ypoBHe. [IpuMeHSAIOT TaKke HeCymue NpoJeTHbe
CTPOEHHA B BUJE XKeJe300eTOHHHIX WJIH MeTa/JIHueCKHX 6asloK, mnpeH-
renbHbXx cucreM. Ilpu TeXHHUKO-9KOHOMHYECKOM OGOCHOBaHHMM B Kaue-
CTBe HeCylledl KOHCTPYKLIHMH MOXHO HCNO/Nb30BaTh GajlkKi NONEpEeYHbIM
CeueHHeM B BHJIE Kpyra — LHJIHHIPUUECKHME KPYroBble 06070YKHU.

Banounas NpokJ/MagkKa 3HadYUuTEJbHO GoJtee 3KOHOMHUYHA, TaK Kak
-TpyGonpoBo Go/bLIOTO AuaMmeTpa (BeAyliHil) OAHOBPEMEHHO HCMOJIb-
3YI0T KaK HeCYyIIyI0 KOHCTPYKUHIO, HA KOTOPYIO OMUPAIOTCA BCe COMYT-'
CTByIOIHe TpyGonpoBoasl. B 3TOoM ciyuae HecylllHe W T€XHOJIOTHUECKHE
«pyHKI MY Bepyllero Tpy6onpoBosa COBMEIAIOTCS, MpeBpaias OTAe/b-
Hble KOHCTPYKUIMH B euHyl0 cucreMy. KOMMNOHOBKa M MOCTpPOeHHE Ta-
KHX cHCTeM 0oJjiee CNOXKHBI, UeM CHCTeMbl 3CTaKaAHOH MPOKMAAKH, Tak
KaK HeCylas KOHCTPYKIHA — TPYOONpOBOA — MOABEPXKEHA TaKHM Xe
BO3/IeiCTBUSAM, KaK TeXHOJOTWYeCKHU# arperar, B T. Y. W TeMmleparyp-
#biM. Pacnosioxenne Ha Hell BceX OCTa/lbHBIX TPYGONPOBOJAOB JOJKHO
.06eCreynTb HX COBMECTHYIO pPaboTy U BO3MOXKHOCTb GecnpensTCTBeHHOro
yITHHEHHs BCeX 3/IEMEHTOB CHCTeMBl, BBISBAHHOIO TeMNepaTypPHLIM BO3-
JieiicTBHeM. DTH OOGCTOATENbCTBA TpeJyIOT TIHIATENbHOTO BeIOOpPA MeECT
PAacno/oXKeHHs1 ONOPHBIX KOHCTPYKUMH H KOMNEHCALMOHHBIX yCTPOHCTB
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Kax Aaf BeyLIero, Tak W L5 COMYTCTBYIOMIUX TPYOONPOBOLOB, a TaKKe
ofecneyeHHs BO3MOXKHOCTH HX TeMmlepaTypHoro yanuHeHus. Heypau-
HOe KOMIIOHOBOYHOE pellleHHe MOXKeT NPHUBeCTH K HEBO3MOXKHOCTH TeM-
tiepaTypHBIX AedopMaliuii CHCTEMBI H Nepejiaue Ha ONOPHBIE KOHCTPYK-
UMK 4pe3MepHO OOoJbUINX YCHJHUH.

Oco6oe MecTO 3aHHMaeT NPOKJafKa TPyGONPOBOZOB Ha BUCAYHX
cucremax. TakHe ciydan BCTpedyaloTcs B MPaKTHKE HE 4acTo, OfHAKO
BHCAYHE cHCTeMbl 06/MafaioT GeccHOpHBLIM MPEeHUMYINECTBOM, TaK Kak
MOTYT nNepeKpbiBaTh GOJbIIHE MpO-
Jetbl. OHY OpefcTaBaAlOT co6oit pas-
HOBHAHOCTb CHCTEM 3CTaKagHOH Npo-
KJAaJKi, rle B KauecTBe HECYI[HX
KOHCTPYKUUH HCHOONB3YIOT BHCAYME
cHCTeMBl, HEKOTODble U3 HHX MOKa3sa-
#pl Ha puc. II.1.

Yacto npu MoJepHH3aUUH HJIH
COOpYKEeHHH HOBBIX TEXHOJOTHUECKHX
arperaToB B yCJIOBHAX NeHCTBYIOIIErO
nNpefnpusATHA BO3HUKaeT HeoOGXonu-
MOCTb NpPOK/NaiKH OJHOTO WJH Hec-
KOJIbKUX TPYGONpPOBOJOB MO CYLIECT-
BYIOIIMM 3CTaKajaM, 3JaHHAM HJIH
coopyxenusam. Ilpu stom Kpome Bo- = =
[IPOCOB MPOYHOCTH M YCTOHYHBOCTH l |
KOHCTPYKLMH, NOANEPIKUBAIOIIHNX TPY- ' '
6ONpPOBOALI, BO3HHKAET DAL JOTNOJHH-
TeJAbHEIX NpoGieM, CBA3aHHEIX C He- e
0GXOAHMOCTBIO o6ecneyeHrst HOpMaJib-

Holl paGotl TpyGoOnpoBOIOB B Hpo- _J — ——
gecce  skcmiyaTtanmu.  HauGonee L ( {
CYIIECTBEHHO B 3TOM cJlyuae TpeGoBa- !

HUE [0 BOCHPHUSITHIO TeMNepaTypHBIX Puc. I1.1. CxeMbl BHCAYHX CHCTEM.
YAJIMHEHHH H CHUXEHUIO YCUJIHH, ne-

pefaBaeMbIX OT HHMX Ha CyllecTByIollue KOHCTpykuHMH. [lpu »scra-
KaJHOH MpOKJ/afKe TPyGONpPOBOXOB YCTPOHCTBO JAOMNONHHUTEIbHHX ONH-
paHuii He BbI3bIBaeT 3aTpyLHeHHH, TaK KaK OHH NpUHALIEXAT TOJBKO
HOBOH TpyGonpoBonHofi cucreme. [lostomy 3iech npok/aalKka Kax-
JIOF0 OTAENBLHOro TpyGonpoBojia KOHCTPYKTHBHO pellaeTcsl OTAeAbHO OT
CYIIECTBYIOIIE# KOHCTPYKIHH.

Croco6sl OonupaHuil IONOJHUTENBHBIX TPYOONPOBOAOB MOTYT ObITh
pas/nyHBEl, HO pellleHHe HX CBOAMTCH K OJHOH 3ajaue — CHUKEHHIO
TOPH3OHTA/IbHEIX Harpy30K Ha CYIIeCTBYIOIIHE KOHCTPYKIIMM 3CTaKajbl.
Tlpu npox/aajke TpyGONpOBONOB MO CYIIECTBYIOMMM 3JaHHSIM H COODY-
KeHHAM OfHOf U3 NIaBHEIX 3a]au fBJseTcs: HeoOX0AMMOCTb obecreyeHust
TpeGyeMoll NOABHAKHOCTH TPYOONpPOBOJAOB NpH TeMIepaTypHBIX Aedop-
Maiusax.

Kaxk npaBuio, onopHele KOHCTPYKUHH 3JaHHH, K KOTOPBIM KpensT
TpyGONpPOBOJE!, HE CNOCOGHEI 0GECeYHTh HYXKHYIO NMOABHXKHOCTb. Kpo-
Me TOro, B psjie cillyyaeB OHM He MOTYT BOCNPHHHMAarh 3HauHuTelbHbE

-
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JOMOJIHHTeIbHBlE TOPU30HTANbHEIE HArpy3KH. I103TOMY B TakKuX CHTya-
LUAX I[IMPOKO IPHUMEHAIOT MOABECKH TPYyOONpPOBOJOB, YCTPaMBalOT
CKOJIb34Illie ONOPHBIE YacTH M Jpyrue NOABHIKHLIE ONOPEHL
Heckonbko Gostee c10XXKHA 3ajiaua onupaHus TPyOONPOBOLOB Ha Cy-
IeCTBYIOILYIO TPYGONMPOBOAHYIO cucTeMy 6aJlouHOi NPoKJaajkd. B stom
c/llyyae OIHO H3 OCHOBHBIX TpeGoBaHMH — cOXpaHEHHE MOABHKHOCTH
H KOMIIEHCAlMOHHOH CNOCOGHOCTH TPYGONPOBONOB, BXO[AIIUX B CH-
cTeMmy. Mecra pacnosioXeHHs ONOP M MX KOHCTPYKTHBHBIE . pelIeHHUs
NPHHUMAIOT HMCXOAS HMMEHHO H3 3THX YCJOBHUH — uyTOOBl He cO34aTh
npenarcTBuil AJs TeMOepaTypHBIX Aepopmanuit Tpy6onpoBooB. ¥ uu-
ThIBasd TaKxKe HeoGXONUMOCTb CHHXKEHMS HarpysokK Ha CyllecTBYyollue
OIOPBI, KOHCTPYKTHUBHBIE CXEMbI ONOP AOMOJHHUTENbHLIX TPYOONPOBOAOB
cilenyer BbIOMpaTh HauboJee NMOABMKHBIMM, HE NepelalollUMH Ha CH-
cTeMy 8HauMTeJbHBIX ycuaufi. Tak Xe, Kak U B NPEALAYLIEM cilyuae,
3lleChb . HPOKO NPUMEHSAIOT NOABECHBIE M CKOJIb3SALIHE OIOPHI.

YMEHbBIUEHME BAIMAHUA TEMMNEPATYPHbIX BEOPMALIMA

OnHO M3 OCHOBHBIX TpeGOBaHHi, NpefbABASEeMbIX K TPyGONPOBOAHBIM
CHCTEMaM, COCTOMT B OrpaHM4eHHMH yCH/IuH, AeHCTBYIOIUX Ha ONOPHbIE
KOHCTPYKUMH M IpUMBIKawollee K HUM oGopyfoBaHHe. B pauuoHanbHO
3aNpPOEKTHPOBAHHOH CHCTEME YCW/HfA, NepelaBaeMmble TPYOONPOBOAOM
Ha ofopyloBaHHWe, He JOJIKHBI NPEBOCXOAHTbL 3HAYEHMH, Onpejense-
MBIX ero TeXHUYECKHMH JaHHBIMH, a YCHJHS, NepefaBaemble Ha (yHaa-
MEHTBbI ONOp,— 3HauYeHHH, HAIMMX BO3MOXKHOCTb BBINOJHEHUA (YHAA-
MEHTOB.

Hanpsixxenuss u ycunus, BbI3BaHHble BHELIHHMH Harpyskamu, 3¢-
(EeKTHBHO perJaMeHTHPYIOTCA NyTeM pallMOHaJbHO CKOHCTPYHpOBaH-
HBIX U pacCTaBJeHHBIX ONOp. Y CHJIUS, BEI3BAHHEIE TEMNEPATYPHBIM BO3-
JeHCTBUEM, KpOMe TOro, B 8HaUUTe/JIbHOH CTelleHH 3aBHCAT OT BO3MOXK-
HOCTell CUCTeMBI COMPOTHBIATLCA TeMneparypHeM dedopmanunam. Takas
BO3MOXXHOCTb XapaKTepU3yeTcs CTeleHbl0 KecTKOCTH cucreMbl. [losto-
My, OJHH M3 CNOCOOOB yMEHBbIIEHHMS YCHIMH M TeMIepaTypHbIX Aedop-
Manu# — CO3faHHe CXeMbl, cocTosmel H3 OTHeNbHBIX YYacTKOB TPyOoO-
NpoBoja pasHbIX HampaBlieHHH ¥ HMelomeHd Majlylo XKecTKocTb. Takue
CHCTEMBl MOTYT MOJHOCTBIO WM B Gosblledl CTeneHH KOMIEHCHPOBATb
TeMIepaTypHble YyIJHHEeHHs, He nepefaBast IPH 3TOM 3HAUMUTENbHBIX
ycunufi Ha onopel. OfHAKO NPH NPOEKTHPOBAHUH TPacc GOMBLIOA Mpo-
TAXKEHHOCTH, HACBHILEHHBIX TEXHOJOrMYeCKuM OGOpYJOBaHHEM, CO3AATh
NOJHOCTbIO CaMOKOMIEHCHPYIOILYIOCS CXeMy CJIOXKHO. B GOJblIMHCTBe
CllyuaeB 3TOMY NPENATCTBYIOT YC/IOBHSA reHepasbHOro N1aHa, 4To MMeEeT
ocofoe 3HayeHHe MPHU MPOKJALKe TPacC MO 3aBOACKUM TepPHTOPHSM,
H HeoOX0oANUMOCTb JONOJHHUTENBHEIX 3aTPaT, CBA3aHHHIX C yBeJlHYEHHEM
IJIUHB TPacchl. _

Ecnn HeBO3MOXHO CO3JaTh CXeMBl, HMelOHIMe HH3KYIO XKeCTKOCTb
H KOMIIEHCHpYVIOIHe TeMaepaTypHble YAIHHEHHs, OJHUM M3 crnoco6oB
YMeHbILEHUs YCHAHH MOXKeT OBITh HCKYCCTBEHHOE NOHHKEHHE XKecT-
KOCTH CHCTeM BBeJeHHEeM FMOKHX MJH NOABHKHBIX COeIHMHEHHH OT/elib-
HBIX y4acTKoB Tpy6onpoBoja. B KauecTBe TakuX coeluHeHMH cilyxkat



KOMIeHCaTOPHl — yCTPOHCTBa, CHUKAIOLINE OOLIYI0 XKEeCTKOCTb CHCTEMbE
A BOCIpUHHMalOIIHe ee AeopMmauuy 3a cueT H3MEHEHUs! CBOEH AJIMHBE
WIH 34 CYET NOBOPOTa. B HEKOTOPHIX c/ydyasX B CAMOKOMIEHCHPYIOMHUX
CHCTEMAX JONOJHUTENbHO C/EAyeT yCTaHaBJMBAaTb KOMIIEHCATOPHI AJIst
YMEHbILEHHs YCHJAMH Ha onopax HJH NPHMBIKAIOIEM OGOpPYIOBaHHU.
B menoM ycTaHOBKY KOMNEHCATOPOB C/l€iyeT PeKOMEHAOBATh B Cle/yio-
LIHX Cayugsax:

KOrjJla 110 YyCJOBHSIM FEHEpaJbHOro MNJaHa HEBO3MOXKHO CKOMIIOHO-
BaTh CHCTEMY C HH3KHM [OKasaTeseM XKEeCTKOCTH;

KOTJia pacyer CHCTeMbl Ha CaMOKOMIIEHCAlMIO MoKasa/J HaJduHe
upeaMepHo OOJIBIIMX YCWJIHH Ha olopax H HampsixkeHu#t B Tpybonpo-
BOJie;

€c/id MpHMEHEeHHe cHCTeMbl ¢ KomneHcatopaMy 3(deKTHBHO 3KOHO-
MHYeCKH;

NPH DPEKOHCTPYKLUMH HJIH U3MEHEHUH CXeMbl JEHCTBYIOLIUX CHCTEM.

B 3aBucHMOCTH OT BHIODAHHO!H CX€MBI, a TaKKe OT KOJHYecTBa KOM-
NIEHCATOPOB M MECT MX YCTaHOBKH TPYOONpOBOJHBIE CHCTEMLI MOLYT
o61ajath pa3Hoil XKecTKOCTbIO. [10 cTeneHu KeCTKOCTH X MOXKHO KJjac-
cHOULUPOBATh CJENYIOUMM 00pPa3oM.

I' 16 K ue— cucreMbl ¢ HU3KOH XKeCTKOCTbIO, CIOCOGHBIE CaMOCTOS~
TeNbHO MOJHOCTbIO KOMNEHCHPOBaTh TeMnepaTypHele YAJHHEHHA 3a
cyer u3ruba u nosopora. TeMmnepaTypHble HanpsXKEHHs 3AeCb MOTYT
6biTh yMeHbIIEHB! TOJNBKO 3a CUET pauyOHaNbHOH pacCcTaHOBKH OMmop,
CHHXKEHHS MX JKECTKOCTH, COKpallleHUsl OrpaHHYeHUH Ha KOHLEBHIX H
NpoMeXyTOYHBIX omopax. Takue cucreMbl He TPeOYIOT YCTaHOBKH KOM-
[IeHCaTOpOB.

IllapHuDpHB e — CHCTEMB, B KOTOPhIX yMeHbIIEHHE TeMliepa-
TYPHBIX HanpsikeHU# HAOCTUraercsi yCTaHOBKOH KOMIEHCATOPOB, pabo-
TAIOUUX Ha H3rHG.

[TpoaAONbHO-NOABYXHDI € — CHCTEMbl, B KOTOPHIX TeM-
nepaTtypHble YAJUHEHNs NOJHOCTBIO BOCHPHUHUMAIOTCS KOMIEHCATOpaMH,
CNOCOGHBIMH M3MEHSTb NJUHY N[O HalpaB/eHHIO nepeMelieHHs Tpyoo-
\mpoBoaa. HenopBu:KHrie ONOPH B TaKHX CHCTeMax M OpUMBIKaIOIee
000pyAOBaHVe BOCIPHHHMAIOT JHIIb YCHAHS pacnopa KomheHcaropa.

M3 tpyGonpoBoaHbIX cucTeM, paGoTalomiUX MpH HHU3KOM AaBJEHHH,
HauGosiee pacnpocTpaHeHbl 'MOKHE M [POJOJbHO-NOABHXKHbE, Hackl-
IeHHOCTb G/IM3KO Pacno/ioKeHHOro 060py/A0BaHUs, NPOCTbIE KOHCTPYK-
UHMH KOMIIEHCATOPOB HH3KOTO JiaBJeHHs COo3JatoT OsaronpusaTHule ycJo-
BuSl AN UX npumenenus. [IporosbHO-NOABHKHBIE CHCTEMbl LIHPOKO
NPUMEHAIOT TaKXke NPH PeKOHCTPYKUHUH U YAJIUHEHHH TPyOONnpoBOAHBIX
CHCTEM.

B pane cnyuaeB 3deKTHBHO NpUMeHEHHE CXeM C LIapHUPHBIMH yCT-
poficTBaMi — 1IAapHUPHBLIMH KoMINeHcatopamu. [lpenMyiuiecTBO TaKHX
KOMIEHCATOPOB — MaJnble YCWINs, [epefaBaeMble Ha HEMNOABUXKHBIE
ONOpHL. ¥ CHJNA, BEI3BIBAEMbIE PACOPOM OT BHYTPEHHEro JaBJ/€HHS,
NOJIHOCTbIO BOCMPHHMMAIOTCS COENMHHTENBHBIMH CBA3AMH. KomneHcH-
pyomias cnocoOGHOCTb CHCTEMBI B 3TOM CJydae 3aBHCHT OT AONYCTHMOrO
'yrJa pacKphITHfl JIMH3bI KoMnencaropa. [lo cuX mop, OAHaKO, CXeMbl
Tpy6ONpOBOJOB C LIADHUPHBIMUH KOMIIEHCATOpaMH He HAlWIH INUPOKOro
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NpUMEHeHHUss B CHCTEMaX MNPOMBIULIEHHBIX TPyGOMNPOBOAOB GOJBIIOrO
nuaMerpa. B 3HauuTenbHOH CcTeneHH 3T0 OOBACHAETCA, Kak [paBulo,
MPOCTPAHCTBEHHOH KOHQHIypauued cHCTeM, 4TO Tpe6Gyer GOJIBIIOTO
KOJIHYECTBA [IAPHHUPOB W 3HAYHTE/NBHO YCJIOKHSAET UX YCTaHOBKY.

ML) CNOP

OCHOBHBEIM BONPOCOM NpPH KOMIIOHOBKE TPYOONPOBOIHBIX CHCTEM Cilie-

AyeT CUMTaTh BbHIOOpP THNA M CXE€Mbl PaCCTAaHOBKM ONOP, KOTOpbIe oGec-

MeuMBaIOT YCTOHYHBOCTbL M HEHU3MEHAEMOCTb Bcell cucrembl. [ls kijac-

cuHUKalUy ONOp B KauecTBe OCHOBHBLIX MPHHATBI TaKHE KPUTEPHH:
KOAU4ECMB0 HAKAQObISAEMbLX HQ cucmemy ceased::

Ta6awnuga L], Knaccudukauus onop tpydonposonos

KnaccuduuupyeMot npusHak

no KOJMYeCTBY Ha-
KNafAbiBaeMblX CBsized

0 KOHCTPYKTHB- M0 PACMOJIONKEHHIO

cxema HOMY pelleHHIo B CcHCTeMe

Howmep
MyHKTa

a. MastauxoBoie  ITpoMexyTounbie
6. ToasecHbie

1 OpnHoCBA3HBIE

2  JIByxcs3Hbie - 1 Inockue »

8  Tpexcea3Hbe Mpocrpancteenssie KoHuessie

4  Tpexcesi3Hbie ¢ Or- TpomexyTouHbIE
paHUYeHHOR peak-
nuei
Npumeuvanuas: Ton | — oropa BOCHPAHAMAET TOJIbKO BEPTHKAJIbHYIO Harpysky, Ro-

nyCKas rnepeMenieHdsi TpyGonpoBofOB B ropuU3OHTANLHOR MJIOCKOCTH.
00 2 — Opu  cTaTMYecKod cxeme Mo THNy 4 Onopa BOCMPHHUMAET BEPTHKAILHYIO

H TOPH3OHTAaNbHYI0 HArPYSKH TOJbKO B CBOGH MUIOCKOCTH, ROMYCKas nepemeuierue Tpyodomposo-
A2 BAOJb OCH TPacChl.

Tlpu craTtHueckoii cxeme 10 TMNY 6 onopa JAONOJHUTENbHO BOCTPHUHHMAET YCHJIHUA, BOSHHKa-
fOlllHe 13-3a U3rHGa ee » HaNpaBJIEHHH OCH TPACChl.

ITo n. 3 — onopa BOCNPHHUMAET BEPTHKAJNLAYIO HATPY3KY H BCe Harpy3KH B TODU3OHTAJb-
40/ maiocKkoctH [lepemewenus TpyGOnpoBoja He JOMYCKAIOTCH.

o u. 4 — onopa BOCIpHHHMAET BepTHKaJbHYI0 HArPy3Ky H BCE HarPY3KH B FOPHSOHTA/b-
HO0A NJIOCKOCTH C Yy9eTOM BO3MOXKHOTO CKOJIBXKEHHS.
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CMamu4ecKas cxema;

KOHCMPYKMuUeHoe pewlerue;

MECIO PACNONOJNCEHUR 8 cucmeMe.

B ocHoBy knaccuduKalyM{ NONOXKEHBI CleAyIOle AOMNyLIeHus:

YUYHTHIBAIOTCA JIMIIb OCHOBHBIE JIMHEHHbIe CBfI3H, HaKJ/aJblBaeMble
ONOpoll Ha OCHOBHOHN TPYGONPOBOA, K KOTOPHIM OTHOCHATCS OJHA CBf3b
B BEPTHKANbHQH H [iBé — B rOPH30HTA/JbHOH MJI0CKOCTAX. PeakTuBHEIE
KpyTallue MOMEHTH Ha ONOpaX He3HAUHTeNbHbl U NOTOMY He YUUTHIBA-
Iores;

ycaoBHO (maA Kiaaccudukanuu) npuHuMaercs abCOMIOTHAsA IKecT-
KOCTb ONOpbI B HampapBJ/leHHH HaKJAaJblBaeMOH CBfi3H;

=

0 [\ I 0 L . Q
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Puc. 11.2. Tunn onop Tpy6onpoBOAOB: -

J/ — TpexcBsSHas onopa C OrPaHWYEHHO} peaKnHell; 2 — TPEXCBsI3HAsl KOHILEBasi ONopa; 3 —
ABYXCBsSHasi WapHUPHas onopa; 4 — JABYXCBs3Has 3alleMJeHHasi omopa: 5 — ARVXCBSA3HAA
onopa ¢ orpaHHuYeHHON peaxnuel.

=

CTATUYECKH KaXKIO! ONOPHO# CBfi3H COOTBETCTBYET LIAPHUPHBIN
cTep:KeHb, BOCOPHUHUMAIOWINI JUHEHHble peaklMd H YCJIOBHO HUMeHye-
MBIl IApHHPOM;

ONOPHl CKOJIb3AIIEr0 THNA CYUTAIOTCS] B HanpaBJeHHH CKOJBbKEHHSA
HENOIBWXHBIMM IO pPeaKLUHM, COOTBETCTBYIOLIEH BO3HUKaIOMeH cHie
TPEHHUS.

B rta6a. II.1 nmpuBeneHa kaaccudukauus onop, MOCTPOeHHas Ha
OCHOBe NPHHATBIX KpuTepueB, a Ha puc. I1.2 noxasaHel Tunel onop
¢ 0603HaueHUsIMH MO 3TOH KnaccHpuKanuu.

KOHCTPYKTUBHBIE ®OPMbl CUCTEM

Hanpsaxenus ¥ ycuausa, HasBaHHble BHEIUHHMH BO3JeHCTBHUAMH, 3aBH-
CAT OT KOMNOHOBKH H BHJA ONOPHHIX KOHCTpykumil. [Js yMmenblueHus
yCHJANH OT TemMmeparypHbIX BO3NeHCTBHH, 1leieco0GpasHO MOHHKATh
OCLIYIO JKeCTKOCTb CHCTEMBbI, YTO MOXeT OBbITh NOCTHIHYTO CO3JaHUEM
IJIOCKHX M NPOCTPAHCTBEHHBIX M3JIOMOB TpacChl, o0ecneyHBalOUUX He-
o6xonuMy10 fedopMaTHBHOCTb YYacTKOB (CaMOKOMIEHCHPYIOImas CHCTe-
Ma); YCTaHOBKOH KOMIIEHCATOPOB, IOIVIOLIAIOMINX TeMNepaTypHbie Me-
peMeleHHs CHCTEMBI.

KoMnencaropbl peKoMeHLyercsi ycTaHaB/AHWBAaTh B CAYYasiXi

KOrjia no yc/loBHSM IeHepaJibHOro nJjaHa HeBO3MOXHO co3jaTh CH-
CTeEMY HOCTaTOYHO MaJoil 2KEeCTKOCTH;

KOrZia pacyer CHCTEMbl Ha CaMOKOMIEHCALMI0 [OKasal Haluyue
ypeamMepHo GO/BIIMX YCHANN Ha ONOPH! ¥ HanpsKeHUH B TPyGONpPOBOAE;
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ec/Tu npUMeHeHHe CHCTEMBI C KOMITEHCATOPaMH SKOHOMUYECKH S(bhek-
THBHO W NPH 3TOM HE BO3HHKAIOT 3HAUMTE/NbHbIE HEYDaBHOBEILEHHbIE
yCHAMsl OT BHYTPEHHEro NaBJECHHUS;

NpY PEKOHCTPYKLUM HJH M3MEHEHHH CXeMbl ACACTBYIOLIHX CHCTEM.

KomnoHoBouHylo cxemy Tpaccw BHIGHDAIOT MCXOASl M3 C/EAYIOMHUX
TIOJIOXKEH . '

Mecra u3MeHeHHs! HanpaBJeHUs] TPACChl PallHOHAIBHO HCIONb30BATh
AJis CaMOKOMIeEHCallHH.

' TpsiMonuHefiHble yYacTKH Pa3bHBAIOT HEMOABHMKHBIMU ONOpaMH Ha
TemnepatypHeie GJIOKH, AJHHY KOTOpPhIX L, OMpenefsor HCXOAs W8

Ta6nuna I1.2. MunumambHbie paccTouHun MEKAY HENoABHXKHBLIMH ONOpaMH
Ha NpAMOJHMHEHHBIX Y4acTKax

Paccrosidie, M, MpU KOAWYECTBE BOJIH KOMIIEHCATOPOB

Tisa- t | b B 3

MeTp ¥ TOJILHHE CTeHKH KommeHdcaropa, MM
TpYO. 4

MM

) 5 ' 6 ‘ 4 ‘ 5 l 6 4 5 6

630 34 26 22 68 52 44 102 78 66
720 33 26 21 66 52 - 42 99 78 63
820 32 26 21 64 52 42 96 78 63
920 32 26 21 64 52 42 90 78 63 -
1020 32 25 21 64 50 42 96 75 63
1120 46 37 31 92 74 62 138 111 93
1220 46 36 31 92 - 72 Lo 62 138 108 93
1320 46 36 31 92 72 62 138 108 93
1420 45 36 30 90 72 60 135 '108 90
1520 45 36 30 90 T2 60 135 108 90
1620 44 35 29 88 70 - b8 - 132 105 87
1720 44 35 29 88 70 58 132 105 87
1820 44 34 29 88 68 58 132 102 87
2020 44 34 29 88 68 58 132 102 87
2220 42 34 28 84 68 56 126 102 84
2420 42 33 28 84 66 56 126 99 84 -
2520 42 33 28 84 66 - 56 126 99 84
2620 42 33 28 84 66 56 126 99 84
2820 40 32 27 80 64 54 120 96 81
3020 40 32 27 80 64 54 120 96 8t
3220 40 32 27 80 64 64 120 96 81
3520 40 32 27 80 64 54 120 96 81

KOMNEHCHPYIOIEH CNoCOGHOCTH YCTAHOBJEGHHBIX KOMIIEHCAaTOPOB [0
tabn. [1.2 ¢ yuerom kosuuecTBa BOJIH n. ¥ C/JOBHEIA nepenaj Temiepa-
TypHl 3aeck npuHAT Af = 100 °C. [1pu uxom nepenage A¢, MakcumaJib-
Hble PacCTOsiHUA MeXK/Ay KOHLEBBIMH ONOpPaMH OMNPENe/sOTCA YMHOXe-

ts
HueM JaHHHX Ta6ua. [1.2 #a koapduuuent K = %—t—‘-. Inuny Temnepa-

TypHoro G6Jioka onpenensioT no ¢opmyie L = LyKn.

Buyrpu TemneparypHoro G/0Ka yCTAHAaB/IMBAIOT NPOMEXKYTOUHbIE
Onophl, paccrosiHie MeXAy KOTOPbIMH OnpefensieTcsi Hecyuieii croco6-
HOCTBIO BeAyIlero TPYGONpPOBOAA, THUNOM ONOP M HX CHOCOGHOCTBIO
ofecrneuuth BOCIpHATHE TeMnepaTypHeix mnepemewenuit. Ha puc.
[1.3, a...0, npuBeneHbl MpUMEPH KOMIOHOBOYHBIX CX€M Pa3HBIX Tpacc.
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Puc. 11.3. KoMmmnonoBouHble cXeMbl Tpace:
l — nJjockas onopa; 2 — HENOABHXKHasA onopa; 3 = CKOJIb3filllas oriopa; ¢ =—- MaATHHKOBAas

onopa; 5§ — KOMneHcaTop.



Bonbiioe pasHooGpasne KOHCTPYKTHBHBEIX pelneHu#l TpyGompoBoz-
HBIX CHCTEM BBI3BAaHO, Mpex[e BCEero, OTJAHYHEM TeXHOJOrHuecKHX Tpe-
6oBaHufl H yc/0BMHl HOpMa/JlbHOH 3Kch/yaTaluu obGopynpoBaHusa. Cpsa-
3aHHaf C 3THM pelxas MOBTOPSEMOCTb NONEPEUHBIX ceueHHH TPyOompo-
BOAHBIX CHCTEM M OTCYTCTBHE CepHHHOCTM KOHCTPYKLHH 3aTpylHser
CO3JaHHe CTaHJAPTHHIX THHOBBIX cxeM. OMNbIT NPOEKTHPOBAHHUA H U3Y-
YeHHe psAja HAaTypHBIX TPYGOIPOBOJHEIX CHCTEM MOATBEPKAAET 3TO
N0JI0XKEeHHe ¥ NPHUBOAMT K BBIBOLY, YTO TeXHOJOTHYECKHe TpeOOBaHHsA
TPYAHO MNOAUMHHUTb YHMGUKALNH. B TO Ke BpeMs, MOXKHO BBbIAGAHTHL
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Puc,. [1.4, Tunm (1.,.VII) nonepeunbix ceyenuit TpyGonpoBoa-

~

HEKOTOphle XapaKTepHble NPU3HAKH NONepeyHbX CeyeHHH, OKa3blBalo-
mye 6OJIbILIOE BJUSAHHE Ha NOCTPOEHHE CXeMbl Bcero coopyxenus. K oc-
HOBHBIM NPH3HAKaM CJeLyeT OTHeCTH KOJHYeCTBO H B3aHMHOe paclio-
JloKeHUe TPyGonpoBonoB GOJBILOrO JHaMeTpa, a TaKxKe sApycoB CONMYyT-
CTBYIOLIHX TPyGONpPOBOIOB.

Jlna nojaBnsOLIero 4Wcja pPacCMOTPEHHBIX COOPYKeHWH yKas3aH-
Hble NPHU3HAKHK OKasblBAIOT pelualoliee 3HaueHHe Ha BHIGOp CXeMBI U ee
KOHCTPYKTHBHOe pemieHne. OTiauune TOro WJIH HHOrO M3 HHUX [OYTH
Bcerja NPHUBOJAUT K MOSBJEHHIO HOBBIX KOHCTPYKTHUBHHIX 3JIEMEHTOB,
a B HEKOTODPBIX CJAyyasiX TakXke H K MHOMY KOHCTPYKTHBHOMY oOdopM-
JeHulo cucrembl. Ha ocHoBaHUH 3TOro nomepeunsle ceueHHs TPyGonpo-
BOJHBIX CHCTEM MOXKHO pa3/Je/uTh Ha ceMb YCJAOBHBIX THNOB (pHc. 11.4),
KOTOphle B JajibHelIlleM NpPHHATH B KauecTBe OCHOBHOTO OT/IMUHTE/b-

24



HOTO MPHU3HAaKa NOCTPoeHHs Bcedd cucreMel. [l Kaxuoro 3 npenno-
JlaraeMblX YCJOBHBIX THNOB CeUYeHHH NPHBOIUM C/efyioliHe 3KOHOMHY-
Hble H KOHCTPYKTHUBHO I1e/1ecoo0pa3Hble NOCTPOEHHS CHCTEM.

Tun 1. [Ipu GnaronpuATHEIX YCAOBHAX reHepasbHOTO N1aHa CUCTEMa
peiuaercs crnoco6oM 0ajlouHOH MPOKJAAKH C YCTAHOBKOM KOMINEH-
CaToOpoB Ha NpsAMONMHeHHBIX yuactkax (puc. I1.5, a). KomneHcaTophbt
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Puc. 11.5. KoHeTpyKTHBHas cxeMa npm
TNIONepPeYHOM CeueHHM THRa I:

g—--~ e a) 1 — conyTcTeylomue Tpy6Gonposoan; 2 —
TpyGOTIPOBOA BepXHero spyca (Begyuiuit);
2 J — TpyOOnpoBOA HuXHero spyca; 4 —
IJIOCKKe Onophl CONyTCTBYIOHX Tpy6Gonpo-
BOJZOB; § — HeNOABHXXHaf ONopa CONYTCTBY-
T I0IHX TPY6ONpoBOROB; 6, 7 — COOTBETCTBEH-
"\ . HO HEMOZBHXXHasi M NPOMEXYTOYHbIE ONOpbH

\ CHCTEMBI; 8 — OoCb KOMIeHcaTopa;
G J / 6) I — pepymui#t TpyGomposop; 2 — TpyGo-
g lfw;o» N ,,«Ly NPOBOALI HHXXHEro sipyca; 8 — HENOABHXHash
J _ omnopa; 4 — NJOCKHE ONOph; § — pacnopka;

0 6 — FOABECKH.

pacnosiarailor, Kak NpPaBHJO, MEXAY ABYMs GJIH3KO pPacloJOxKeHHBIMH
IPOMEXKYTOUHBIMA [JIOCKMMH onopamiu. [lonyckaercsi ycTaHOBKAa KOM-
[IeHCaTopa Mo OCH NPOCTpaHCTBEeHHOH onopkl. Ilpu sTom onupaHue Tpy-
GonpoBojia Ha OLHY BETBb JOJ/IXKHO ObIThb HEMOABHKHBEIM, a Ha JPYTryl0 —
loABHXHbIM. Paccrosinue MeXJy NpOMeXyTOUHBEIMH ONOPaMH Olpeje-
JieTcsl HecyileHd CcHoCcOGHOCTbIO Bepyinero TpyGompoBoja. Ecau stor
1POJIeT OKa3blBAeTCs HeNONYCTHMEIM ISl BTOPO# TPYGHI, TO NPHMEHSIOT
JOTO/IHHTENbHEIE NOABeCKH. BepxHu#i paAx TexHojlornueckux Ttpyoco-
IPOBOJIOB OMHUpAeTCs Ha CHCTeMY KPOHIUTEHHOB, NPHKPEIJIEHHYIO K
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Benyuemy TpyGonposony. Onupanue Tpy6 Ha KPOHLITEHHE! GhIBaeT mo-
JBUXHBIM (CKOJIB3SIIIMM WJIM Ha KaTKaX) WJIH HEMOJEHXKHBIM.
CucreMa MOXKeT ObITb Takxke pemena Ha puc. I1.5, 6*. B stom cay-
yae CHHKAIOTCi TOPHU3OHTAJbHble HATPY3KH HAa HENOJABIKHBIE OMOPHI
OT CONYTCTBYIOMHUX TPyGONPOBOLOB.
Tun II. Cucrema pemaercs (kak u aas tuna I) no 6anouHoit cxeme
C YCTPOHCTBOM IONOJNHUTENbHbIX ONOP NS TPYGONPOBOAOB HUKHEIO
Apyca. DTH ONOPHI BHINOJIHAIOT B BHJE NVIOCKHUX KayaloOMUXCA paM NpH
OJlHOM sipyce TPYG M NPOCTPAHCTBEHHBIX W/IH MJIOCKHX 3aKpenJeHHBX
paM npu uucye spycoB Gosee oxpuoro (puc. I1.6). B cBszu ¢ Bo3moxk-
II
I a YOV

M

NI
NI
=5
1
al

S
N
b
N
L
R

&L A7

L 6

Puc. I1.6. KoncrpykrusHasi cxeMa npH nomepeyHoM ceuenun Tuna II:

1, 7, 8 — conyTCTBYIOLHE prﬁonposogxu. 2 — BenywHit Tpy6GonpoBon; 3 — HENOABH K-
‘Hasi IJIOCKasi mofBecka; 4, 5 —!COOTBETCTBEHHO HENMORABHXKHbLIE H npomex(yroqnue ONopH
CHCTEMBI; 6 — MOABECKA B BHAE DAMbl, @ — OCb KOMIIGHCATODA.

HOCTBIO OJHOCTOPOHHEH NeperpysKM paM HX BepTHKaJbHbIE 3JeMEeHThI
BHITIONHAIOT XKECTKHMH.

Tun III. 3xech cnepyer pasnuuarh ABa ciyuasi: Bce TPYGH 3Kcmya-
THPYIOTCH TO/IBKO OJZHOBPEMEHHO H HMEIOT OAHHAKOBLI TeMneparypHbIi
PEXKHM; TPYOBl MOT'YT 3KCIJyaTHPOBAThCS HEOJHOBPEMEHHO MJIH HMEIOT
pasHble TeMIepaTypHble peXHMbl. B mepBoM ciyuae CHCTeMy pellaioT
aHa/MOrMYHO momepeyHoMy ceueHuio tTuna I. Bo BTopom ciyuae Takoe
pelleHHe MOXET NPUBECTH K NepeKkocaM, 3aKpy4YHBAIOLIMM NPOMEXYTOU-
Hble onophl. Bo u3bexaHue 3TOro MOXHO PEKOMEHAOBaTb HECKOJBKO
pewennii. IlepBoe — nocranoBKa mo Bcell Tpacce NPOCTPAHCTBEHHBIX
onop c NOABHKHBIM onupaHueMm Tpy6. Takas cxeMa B CBfI3H CO 3HAuM-
TeJIbHBIMH FOPH30HTa/IbHBIMH HAarpy3kaMi OT TPeHHS NPUBOAUT K yTH-
JKeJleHHI0 omop H (yHAameHTOB. BTopoe — ucmosb3oBaHHe OfHOU
TpyObl ANfA 3aKpelVieHHs ee 32 NPOMEXKYTOYHHIE IJVIOCKHE ONOpHI **.
OcranbHble TPYyORl MOABEMIMBAIOT K  CHelHalbHOH  HajACTpoiike
(puc. I1.7, a) nuGo onnparoT yepe3 noABUKHbIE ONOpHHIE 4acTu. [lpu

* A. C. 1151753 CCCP, MKU® F16 L 3/22. dcrakazna tpy6onposozos / JI. H. Be-
peaosuy, A, E. Jlwbun, B. @, Cagponros.— Ony6i, 15.04.85. Broar. Ne 15,

** A, C. 400767 CCCP, MKV3 F 15 L 2/33. YcTpo#icTBo A5t 3aKpenJiennst Tpy6o-
fIpOBOJIOB / .ZI H. Bepe/toauu, A. E, JIv6un, B, ®. Cagpponkos,— Ony6a. 15.08.73,
Bror. Ne 4
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Puc. I1.7. KorcrpykTusuaa cxema npu nonepeuom ceuenud tuna III:

Q@ — TIPH OCEBOM TMOJOXEHHH «BeAyuled> TPyObl; 6 — (pH GOKOBOM; I — TPyGONpPOBOK-pac-
nopka; 2 = moakoc; 8, 4 =- COOTBETCTB@HHO MIPOM@XKYTOYHBIC H HEIOABHUIKHAS OMNOPBI



NpoKJajKke IBYX TpyO MOXKHO INpPHHSITh CXeMy, [OKa3aHHYIO Ha
puc. 1.7, 6. Onny TpyOy HCNONB3YIOT ANS 3aKpenJieHus BeTBeH orop,
BTOPas ONHMpaercss NOJBHMKHO. ‘

Tun' IV ornuuaercs or tunma III Hanuuuem BTOporo spyca tpy6
6osbworo auamerpa. CHcTeMbl G OJMHAKOBBLIMH TeMIEpaTypHBLIMH pe-
XuMaMH BceX TPyO BcTpeualotcsi pefko. Ilostomy no Bceil Tpacce ne-
Jlecoo6pasHo NPUMEHATb NPOCTPAHCTBEHHLIE ONOPHI C MOABHKHLIM OMH-
panueM Tpy6. BO3MOXKHO TaKKe aHaJOTHYHOE NPUHSITOMY pelleHHe
ans tuna II1 ¢ nomBeckamu.

Tun V. IlonepeuHoe ceueHue ¢ GOJIBIIKUM YHUCAOM TPYG HEGOJbLUIOrO
AuaMerpa MpeAno/araer NpUMeHeHHe 3CTaKafHOH NpPOKJAaJKH C YCT-
POMCTBOM CleLHaNbHBIX NPOJIETHBLIX CTPOEHHH U MOABHXKHBIX ONHPAHHI
TpYO. )

Tun VI. KoHCTpyKTHBHasi CJIOXKHOCTb 3aKpEMNJIEHHS BCEX CONYTCT-
BYIOIIMX TPyOONpPOBOJOB K OCHOBHOH TPyOe BhI3bIBAE€T HEOOXOAHMOCTb
ycTpoiicTBa NpOJIETHBIX CTPOEHHH C pacnoJoXeHHeM MO BepXy HX TPy-
60npOBOJIOB GOJBIIOrO AHaMeTpa.

Tun VIL. HeGonbiune puamerpsl TpyGonpoBOLOB NMpPEANoNaraioT ycr-
pOHCTBO 0GJIErYeHHbIX MPOJIETHBIX CTPOEHHH, OCHOBHBHIM Ha3HaueHHEM
KOTOPBIX SIBJIIETCS OrpaHUYeHHe NporuGoB /15 CO3ZaHUS HENpephIBHOrO
OJIHOCTOPOHHEr0 YKJOHA.

Fnasa lll. 9NEMEHTbl TPYBOMPOBOAHLIX CUCTEM

TPYBOMNPOBOADLI

Tpy6GonpoBozLl, B 3aBHCHMOCTH OT TPeOyeMbIX IUaMETPOB U TOJIIMHBL
CTEHOK, MOTYT OBITb BEINOJIHEHHl KaK M3 FOTOBBIX (KaTaHBIX WIH CBap-
HbIX) TpYyG 3aBOACKOrO H3rOTOBJEHHSA, TaK M M3 TPyO, CBa/JbLOBAaHHBLIX
H3 OTAE/bHBIX O0€yaex.

MunnmanbHas pekoMeHAyeMmas TOJMIMHA CTEHKH Ia3onpoBoja 5 mu,
BEHTH/ISIIHOHHBIX BO31yxoBoioB — 3. [Ipu HazexHoli 3amuTe OT KOp-

) [ A
I w y me i T
| d
30 6x1990=11940 30

Puc. III.1. Monraxuas Mapka TpyGomnposoza.

PO3HH TOJILIHHA CTEHKH Ia3oNPOBOJOB MOXET ObIThb yMeHbIeHa 10 4 MM,
a Jyisi MPUTOYHEIX BEHTHJISIMOHHBIX BO34yX0BojoB — 10 2. 'aszoBozay-
XoBoAbl JuamerpoM o 1420 MM, Kak NpaBHIO, HArOTABAMBAIOT U3
Le/IbHOCBapHHIX TPYOG.

" Lapru tpy6 nuamerpom 630...820 MM pekomeHAyeTcsi M3rOTOBJATH
M3 OJHOro Jucrta ajnuHol 6000 MM C OJHUM NPOJONbHBEIM LIBOM, a Lapru
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Tpy6 GosblLlero Juamerpa — M3 ABYX JHCTOB C ABYMS NPOJAOJBHBIMU
mwBamu (puc. I11.1). O6Geualixy KpHBONHHEHRHBIX yacTeli TPYOGONpPOBOAOB
BLIPE3AIOT U3 LEMbHOCBAPHOR WM paHee CBAJbLOBAHHOH H CBapeHHOH
Tpy6hl (pHc. I11. 2) He3aBHCHMO OT pacmoJiOXeHUS ee LIBOB.
CTbIKOBbIe BBl TPYG C/leLyeT BHINOMHSATh C MOJHBLIM [POBApOM,
PaBHONPOUHLIMH OCHOBHOMY MeT VLY H OGeCcHeuyHBAlOLIUMU [JIOTHOCTD

H K, H

K| H K

Puc. II1.2, Packpofl yraioBeIX 3JeMeHTOB Tpyo.

coennHeHHH. MakcuMasibHyIO JVIMHY OTIPaBOYHOH MapKu TPy6onpoBoAa
(IpHHUMAIOT HCXOAS U3 YCIOBUH TPAHCIOPTHPOBKH M JIJIHHBI M1aTHOPMbI
(ne Gonee 12 m).

CoGupaioT TpyGONpPOBOALL C MOMOILbIO NonyGaHLaxeil, 3apaHee NpH-
BapeHHBIX Ha 3aBoje K KOHLAM OTNpaBoyHbIX Mapok (puc. III. 3). 3to
No3BOJIeT KOHTPOJMPOBATh M YC- 90 9
TPaHATh HETOUHOCTH H3TOTOBJIEHH
KOHCTPYKLHMH, pas6uBku onop. Ilpn ~ 7-7 7 Jo 36 2
YCTPOHCTBE CTHIKOB Ha KPHBOJIH- \
HefiHBIX yyacTKaxX, NpH HaJHuYuH X e
natpyOokoB H B JPYrHUX clyuasx, Ml
TpeOyIOWMX  [POCTPAaHCTBEHHOM I
PHXTOBKH y4acTKOB Ta30BO3AYXO- oz |
npoBofa, BepxHuH noayGanaax 7 S) i
clefyer MNpUBapUBaTh TOJbKO Ha I
MOHTa)Ke K 00eHM OTHPaBOYHBIM - |
MapkaMm. DaHJaxu npHBapHBaroOT J‘T"
YTIOBEIMH LIBAMH CHapyXH H H3- a ‘
nyrpu. Tonuguny GaHpaxka M BhI- Puc. 11L3. M .

COTY YIJIOBOTO I[IBA UPHHHMAIOT n;‘g}-}oﬂa:- + Montaxupiit creik  TpyGo-
PABHBIMH TOJILAHE CTEHKH TPYOBL. " o6 nnonon 2 — nony6anganm: a —
B prﬁax MaJIoro  AUMaMeTpa otk MOHTaXHOro CThKa. i
(zo 800 mm) mpH pacno/ioXeHHH

CTBIKOB B MecTax, B KOTOPuiX M << 0,5 Myake, ZONyCKaercss opu obec-
lleueHny HeoGXOoAMMOH MpOYHOCTH NpHUBapHBaTh GAHIAXKH TOJNBKO CHa-
pyxu. [Ipu stoM ToJNIMHA GaHRa)Ka ¥ BHICOTA YIVIOBOTO LIBA JOJKHEI
NMPUHUMATBCA PaBHBIMH 1,2 TOJIIIHHLL CTEHKH.

MoHnTaxHbe CThIKM TPYOONPOBONOB pacrofararlot, Kak [npaBHIO, B
MecTax HauMeHbUIMX YCHJIHH, BO3MOXHO O/IMKe K onopaM H C ydYeTom
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Mbl CBAapHBIX KOJIEH:
a— npn D < 3200 MM; 6 = mpu x
D > 3200 mm; X
] = ocb MQHTaXHOr@ CTHKA. N\
J0




TpeGoBaHU# MOHTaXka. B Toukax W3MeHeHHs HanpaB/leHHs, NpPH CO3.a-
HUH TE€XHOJIOTHUECKOTO YKJIOHA, TaKKe YCTPaHBAlOT MOHTAXKHBIE CTBHIKH
Ha OaHfaxax. [Ipu HaaWuuH COOTBETCTBYIOIHX TIPY30NOLBEMHBIX
cpelcTB ¥ cOOPOYHBIX CTEHJOB lieJ1ecoo0pasHo YKPYMNHATH mepel Noabe-
MOM JiB€ OTNIPABOYHBIE MAPKH C NMOMOIIBIO CBAapPKH BCTHIK.
I'eomerpHueckHe pasMmepbl CBapHBIX KOJNEH HA3HAYAIOT HCXOAs H3
MUHHMaNbHOH mupHHE geranu K > 200 mM (cm. puc. III. 2) u pasme-
eHus GaHZaxka Ha KoHLE KojleHa. Panuyc KpHBH3HB CBapHOIO KoJe-

D Dy

T =

Sum— —._...l i Sp—

Puc. I11.5. CxeMbl mepeceueHHil W nepexofoB TPYGONPOBOLOB:

a — TpyG6Ll ORHOTO fUaMeTpa MOJ NPSMbIM yrjoM; 6 — TPYOH PasHBIX AHAMETPOB IOA

NPsIMBIM YIJIOM; 8 — Tepexoj TPyO pasHbIX AHAMeTPOB; & — TPOHHHK; 0 — NPUMBI-

KaHHe NOoA YIJIOM; / — peKOMeHAyeMblii yroa o = 10°
Ha, KaK NpaBuo, IPUHUMAIOT HE MeHee naMeTpa Tpybonposoaa. B tpy-
GonpoBofax AnameTpoM MeHee 1220 MM 1151 obecneueHHs] LIMPUHH Je-
raan K = 200 MM paguyc usru6a ocu oObIYHO GOJIbIIE AHaMeTpa Tpy-
66i. Ha puc. I11.4 nokasanbl reomeTpuuecKHe CX€MBl CBapHHIX KOJEH
TpyGONpPOBOJOB NpPHUMEHHTEJIBHO K PEeKOMEeHAyeMEIM pajuycaM H3ruba
HX OCH.

Ecnn Bo3aMokHO 06pa3oBaHue KOHJeHCaTa, ra30BO3LyXONPOBOAH Bhl--
NOJHAIOT C YKJOHOM. ¥ JajfloT KOHIEHcaT uepe3 BONOOTBOAYHKH,
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PACCTOSTHHE MeXy KOTOPBIMH, KaK U YKJIOH, ONPeeNsIOT B 3aBHCHMOCTH
OT KOHKPETHbIX ycJoBUil npokaajku. s obecrieueHust HeH3MeHseMOC-
TH KOHTypa MONEePEeYHOro KOJIbLIEBOIO CeyeHus TPyOOompoBoAa MO €ro
JUIMHE, HaJl OOPaMH U B MeCTax NPU/IOXKEHUS COCPeNOTOUEHHBIX Harpy-
30K YCTaHaBJMBAIOT KOJBLEBbie pe6pa »KECTKOCTH (IUMAaHTOYTHI), KOTO-
pHe PUBApUBAIOT HA 3aBOJE METANJIOKOHCTPYKLUMH CIVIOWHBIM YIJIO-
BBIM IUBOM C 00€HMX CTOPOH.

TpyGonpoBoabl HapyKHEIM AuaMeTpoM Gosee 3250 MM He/b3st TpaHc-
fIOPTHPOBATL MO JKeJe3HOH Jopore, a npu Audmerpe jgo 3600 MM oHH
CTaHOBSITCS HeraGapUTHBIMM U 1JIS aBTOTPAHCOOPTA W MOT'YT GBITH OT-
fipaBJ/IeHbl B BHJE PYJIOHHO! 3arOTOBKH C MOC/EAYIOMINM Pa3BOPOTOM ee
apu MOHTaxke H CBapKofi npofoabHoro mwea. KojeHna takux Tpy6 Hsro-
TOBASIOT 1o cxeMe (cM. puc. II1.2) nocne pasBopora u cBapKH pyJoOHa.
Ha saBoje-usrorosuTese pyJOHHYIO 3aTOTOBKY NMpeIBapHTENbHO pasMme-
gaior. Hapuc. III. 5 noxasanel HauGosee yacTo BCTpeyatomuecs nepe-
ceueHUs] U nepexonbl TPyGONPOBOLOB.

ONOPbl OCHOBHbLIX TPYBOMPOBO OB

B coorBercTBHM C KJaccupuKkauue#d onop, mpuBemeHHo#t B Tabn. I1.1,
Ha puc. I11.6 nokasaHsl npuHIMNHANBHEIE CXEMbl KaX/JIOr0 THIA ONOp.
Pemwerky omnop, Kak NpaBujlo, NPOSKTHPYIOT TPEYyroJbHOH WJIH TMONY-
PACKOCHOH ¢ COBMEIEHHbIMU (B NPOCTPAHCTBEHHBIX ONOPax) MO rpaHsIM
yanamu. [Ipu Gonbwux pasMepax onmopsl B IyiaHe H GOJNBHIKX MOmepey-
HBIX CW/JIaX MOXHO NPUMEHATH KDPECTOBYIO peIleTKY, 3/7eMEHThl KOTO-
Ppoit noaGupaioT oObIYHO U3 pacuera paboTHl HX TOJBKO Ha pacTsKeHue.
Ecnu Henb3s BOCIPHUHATH yCHJME OJHHM pPacTAHYTHIM 3J1€MEHTOM, a
“TaKXKe MPU IKOHOMHUUECKOM OOCOCHOBAaHHU 3/IEMEHTHl MOXKHO TNPHHSTH
CXKAaTBIMH.

IIpu MHOroTpyGHOH NpokJaiKe CXeMa pelIeTKH oOnpenessiercss He-
©03X0JIUMOCTBIO MPOMYCTHTh TPyGONpoBoabl cKBO3b onopy. Ilpu HeBo3-
MOXKHOCTH YCTDOHCTBAa peIIeTKH BO BCeX NaHe/siX NPHHUMAIOT KOHCT-
‘PYKTHBHBIE Mepbl MO OOECMeueHHIO BOCHPHUSATHA OMNOPOH mNonepeyHoH
.CHJIBI, HallpUMep CO3JaI0T pPaMHbIe yYacTKH.

B cBfi3H ¢ TEXHOJIOTHYECKHM YKJIOHOM TPyGONpPOBOLA, a TaKkKe yuHu-
ThIBAasi PasjiHuHbIE IJIAHHPOBOYHBIE OTMETKH pailoHa MPOKJARKHU TPACCHI,
©OIOPHI NIONYHYAIOT Pa3HOH BBICOTH. MaKCHMANbHO YBEMYHUTh KOJHUECTBO
OIOp OJHOH BHICOTHI MOXKHO, HU3MEHSI1 OTMETKH Bepxa (yHZAMEHTOB H
pasMepnl cefsia Uil ofHof naHenu. Hu3 onopHLIX miaut GallMakoB KO-
JIOHH JOJ2KeH BO3BBIIATBCA HAJ [OBEPXHOCTBIO 3eMJIM HE MeHee ueM
#a 200 MM u He Gosee yeM Ha 400...500. B HekoTOpHIX cllyyasix npu
OTHOCHTETbHO KOPOTKHX ONOpax, KOTOpHIE 3a CUeT 3alleMJIeHUsT aHKep-
HbIMH GOJTaMH NpH YAMMHEHHsX TPyOonpoBoia He OGECNEYHBAIOT JO-
CTaTOYHYIO NOJATJIUBOCTb, BETBH ONOp ONMHpalOT Ha ¢yHAaMEHT uepes
{IeHTpHpYIOLIYe NOAKIAaAKH, NpubanKalomue y3en K mapuiupaomy. Ipu
Heo6X0JMMOCTH CO3JjaHust Gosee THOKOH CXeMBl ONOPHl MOKHO MPOEKTHU-
POBaTh paMHOH KOHCTPYKUMH — MOAATIHBOCTb MX GoJibille, YeM peLieT-
YaThIX.
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Tpu npoknagKe COMyTCTBYIOLIMX TPyOGONpPOBONOB HEOGXOAMMA CBOS
He3aBUCHMAsl CHCTEMA OTOp, YCTaHABIHBaeMbIX Ha Hecyixe Tpy6ornpo-
Boibl. ONOpHBIE KOHCTPYKLMH [OC/TEIHUX He JOJKHBI MPEnATCTBOBATh
TeMNepaTypPHLIM pacIIMPeHUsIM OCHOBHOH Hecyllell CHUCTEeMEBI, A/ 4ero
PMHUMAIOT COOTBETCTBYIOL[ME Mephl — YCTPAUBAIOT HE3aBUCHMBIE OIO-
pBl, CKOJIB3SIIlHE CTONHUKH, OBalbHbE JBIPHl M Ap.

Onupatorcss TpyGonpoBoAbl uepe3 cCrelHalbHEle ONOPHEIE YaCTH.
[lpuHaB 32 OCHOBY KJaccH(UKALWIO, MPUBENEHHYIO BHIllE, OMOPHLIE
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Puc. I111.6. Cxembl omnop Tpy6ONpPOBOLOB:

a — MassiTHUKOBaf, 6, 2 = [JIOCKasa OpoMexKyTO4YHasi; 6 # IPOCTPAHCTB&HHAsI HeMNo-
ABUKHAs

YacTH MOXHO Pa3Jie/IuTh Ha NOABHKHBIE W HenoABWXKHbE. [1pu nomouiu
HeNOJABHXKHBEIX TPYGONPOBOABI KPensTCA HEMNOABHKHO K MasTHHKOBBIM,
INIOCKMM H TIPOCTPaHCTBEHHEIM ollopaM uepe3 onopHoe ceo (puc. I111.7).
[lpu nomouy NOABHIKHBIX OMOPHBEIX YacTell TPYGONpPOBOABI OMUPAIOTCS
Ha NpPOCTPAHCTBEHHbIE ONOphI, YeM OGecreuuBaercsi BO3MOMKHOCTb HX
cBoGOAHBIX mnepemernenuil. [logBHXKHbIE ONOpPHLEIE 4YacTH OGHIBAIOT:
8) CKoab3Awue, B KOTOPBHIX CKOJIbXKEHHE [POHUCXOAMT MO MJIOCKOCTH
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Puc. I11.7. Tpumepn xon-
lv \ : CTPYKTHBHBIX CXeM Heroj-

BHXKHBIX OMNOPHBIX yacreii:
1 | ‘ 2 Q — NoCajiKa Ha MaATHHKO-
NS = Byl omnopy; 6 — mocagka Ha
NJIOCKYIO OTIOPY; 6 — NOCajAKa
A\ Ha NPOCTPaHCTBEHHYIO ONODY;
1 y 1 — ocb Ofnophl; 2 — OCb TPY=
Gornpoeoaa.

CONPHKOCHOBEHUs1 (KOHTaKTa) onopHoi uactu ¢ onopoi (puc. I111.8), (ans
CHHXKEHHs1 KoahhHUMEHTa TPEeHUs 3/lech MOTYT yCTaHaBIHMBaTbCs MPO-
KJaJKH M3 aHTH)PUKLHOHHEIX MaTepHa/oB, HanpuMep u3 ¢roponaacra,
ob6ecneunaromue Kospbuuuent rpensa 0,05...0,1); 6) xamxosoe, B KO-
TOPBLIX MOABHXXHOCTb B OAHOM HJIH BO BCeX Hanpas/eHHsAX obecneuunBaer-
€l KayeHHeM KaTKOB (B NOC/efHeM clydyae KaTKH CTaBAT B3aHMHO nep-
NeHANKYyAAPHO B ABYX Ipycax); B) iAPUKOSble, B KOTOPHIX NOJBHXKHOCTD
B /06OM HanpaBJieHHHn 06ecneynBaeTcsl KaueHHeM LWapHKOB.

[NonsecHrie onophl, OTHOCAMKHECH K KJACCy NOIBUMKHBIX, UIUPOKO
pacnpocTpaHeHbl, TaK KaK He NPenATCTBYIOT nepemelleHuo Tpybonpo-
BOJa B FOPH30HTaNbHON IWIOCKOCTH B HampaBjieHHH ero ocd. KoHceTpyk-
THBHO MOJBECHEIE OTIOPBI OPOPMIAIOTCSA M0-Pa3HOMY, OIHAKO BCE CO3AAIOT
ONOPHOE YCTPOHCTBO MaJIOH EeCTKOCTH H 00ecneuuBaloT nepemelleHye
3aKkpensisemoro TpyGonpoeoaa.

HaunGonee npocras koHcTpykTHBHas ¢opMa NOJBECHOH oOmopbi —
MOJABECKH B BHAE KPYyrJ/BIX Tskell. Bepxune KoHUB 3aKpemsiiorcss Ha
HecyllleM TPy6onpoBoAe WM ONOPHOH KOHCTPYKUHMH, 8 HHKHHE NOR-
IepXKHBAIOT NOABEIIEHHBI Tpy6onporoA. Kak npasuso, TpyGompo-
BOJl NIOJBEIINBAIOT 32 ONIOPHOE KoJbleBoe peGpo, a B HEKOTOPHIX Ciyya-
AX — 6e3 Hero, NPy NOMOLIH NOJOCOBOTO 3JIEMEHTa, TaK Ha3biBAEMOTIO
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*x.

min 40

J5o

Puc. I11.8. [lpumeprl KoHCT-
PYKTHBHBIX CXeM MOABUKHbIX
OMOPHBIX yacrei:

a — [0CafKa Ha CKONBIAMYIO
onopy; 6 — mocajka Ha KaTKo-
BYI0 OJAHOSIDYCHYIO oIlOpYy; 6 —
fnocdfKa HA KATKOBYIO NBYXb-
APYCHYI0 onlopy;

| — karku; 2 — duKcupyouias
IaHKa; 3 — IVIOCKOCTH Kavye-
Hus;, 4 — SalUTHBIA KOXYX; § —
ymop;

[ — MmI0CKOCTb CKOJIbXKEeHHA;
Il — ocb TpyGomposopa; [[I —
ocb onoput: [V — sjieMeHT onopst
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uonorenua. IlpegnoururenbHee noapecka 3a peGpo, Tak KaK Takoe peile-
e obecneynBaeT YeTKYIO Nepefavy yCUAUH H BOCHPUSATHE NONEpPEeyHBIX
CWJ, a TaKXe IMO03BOJSAET COXPAHWTh HEH3MEHHBIM KOHTYp MoNepey-
1I0TO CeyeHust.

ITpurogHocts K pa6oTe MoJBeCHEIX OMOp Ompejensiercs WX THOKOC-
TbI0, 3aBHcSIleH, B OCHOBHOM, OT AJMHBI NojBecoK. K3yueHue pabGoThi
1IOABECHEIX ONOP M ONBIT MX NPOEKTHPOBAHHUS NO3BOJAIOT PEKOMEHJIO-
BaTh ONTHMAbHYIO AJIMHY NOABECOK, paBHYIO 1,5...2 66bIero auamer-
pa tpy6onpoBoza. Ilpn Gosiee KOPOTKHX NOABECKAX HEOOXOAHMO NpPH-
IMMath MepH /s obecrneyeHusi nepeMmelieHus Tpy6ompoBopa. 3jech
MOXKHO PEKOMEHNOBAaTh COCTaBHbIe NOABECKH, OMMpaHHE NOJBECOK ue-
pe3 oceBOH 3JieMEHT WJIM NpPH NOMOLIM NEpelBHKHONH KapeTKH.

ITpuMeHnsIOT TaKKe NOABECHbIE ONOPHI B BHAE ONOPHBIX GaNOK, MpPH-
KpelJyieHHBIX uepe3 INOJBECKH, C pacnojoxeHueM Ha Oankax OLHOTO
WM HECKOJBKHX TPy6onpoBojoB. B nocienneM ciyuae KOMIOHOBKA pA-
Jla Tpy6onmpoBOIOB Ha OJHOH omope HONyCKaercs TOJBKO A1s TpyGo-
NIPOBOJIOB ¢ ofmiefl cucTeMOl omop ¥ paGoTarOUMX MOCTOSIHHO B OXHOM
TEMIIEPAaTYPHOM peXKHMe.

IIpu mpoksagke TpyGONPOBOZOB 1O ONOpaM pa3HOH KECTKOCTH, B
COCTaB KOTOPHIX BXOAAT M NOABECKH, A5l 00ecrneyeHHsl NPOeKTHOro Mno-
JIoXXeHHsi TPy6onpoBoaa B poliecce SKCIJyaTally yCnemHo NpUMeHA0T
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NpYXKHUHbI, HanpuMep, Tapesibuarble, BKJ/OYaeMble B OMOPHBIN y3en
noaseckd. OcoGeHHO GaronpUsTHO Takoe pelleHHe CKasbiBAaeTCs Ha
IOABECKAX BO31YXONPOBOAOB ropsA4ero AyThA [IOMEHHBIX [eued K He-
cymum 6ankam. IIpn uaMeHeHHH nosokeHHs onop 6ajoK HajsuuHe
TapenbyaThiX NPyXKuUH obecneyuBaeT paBHOMEPHOE BKJ/OYEHHE B PAGOTY
BCEX MOJBECHBIX OMNOp.

Onoprobie wacmu TPyGONpOBOAOB KOHCTPYKTUBHO O(GOPMJSAIOTCA B
B/ ONIOPHOTO Ce/L/1a, KOTOPOE BXOAHUT B COCTAB ONOPHOro pedpa (wmnam-
royta). OnopHsie pe6pa — OTBETCTBEHHBIE SJEMEHTbI CHCTEMbI, TaK KaK
oﬁecnethaloT nepeaauy BCeX BUIOB HAarpy3Ku ¢ TPyGONpPOBO/a Ha ONOPHI
HTIO3BOJISIOT COXPAHHUTb B ONOPHOM CEYEHUH KPyroBoii KOHTyp fornepe-
YHOrO ceueHnus TpybGonpoeona 6e3 uamenenuil. B 3aBucumocTH oOT
ONOpHON peaKkUHH ONOpHHIE pefpa MOTYT OBITh MJIOCKMMH, OLHO- H JBY-
creHuarbiMH. OJHO U3 OTBETCTBEHHBIX MECT — Y3e/] CONpsiKEeHHs Onop-
HOro pe6pa ¢ cefnoM. 31ech JOJNMKHO ObITh OGecrneueHo paBHONPOYHOE
HX CONpSXEHHe [PH MOMOLIM CBAPHBIX LHBOB.

Ilpn npoekTHpoBaHHH TPyOGONPOBOAOB IIKUPOKO NPUMEHSIIOT MpOMe-
KYTOYHBIE Koabyesvle' pebpa secmixocmy (IUMAHTOYTH), KOTOpBIE Mpex-
HasHaueHs! MO0 ANA nepejaun Ha TPyGOMPOBOA COCPEJOTOUEHHBIX
Harpysok, Jn6o 128 cOXpaHeHHs KOHTYpa MONepeyHoro ceyeHus Tpy6o-
npoBojJia MOA BO3JEHCTBUEM HeoceCHMMeTpUUHOH Harpysku. Kosbuesbie
pepa, nepejamoilHe COCPELOTOUEHHBIE HArPy3KH, BbIIOJNHAIOT, Kak
NPaBHJIO, OJHOCTEHYATHIMH H KOMIIOHYIOT M3 OTAE/bHBIX KOJBIEBBIX
3JIEMEHTOB, COeJHHAEMBEIX PaBHONPOUYHLIMH CTHIKAMH. DdeMeHThl pebep
BBIPE3alOT W3 JIKCTOBOrO MeTaJs1a PasHbIMH Merofamu packpos. C yue-
TOM CHHUXKEHHMA pacXofa MaTepHala NpeanouTeHHE CliefyeT OTAaBaTh
TaK HasbiBaeMOMY 3KOHOMHUYHOMY .packpoio. [IpuBapusator sTH pebpa
K Tpy6onpoBojaM pacueTHbIMH IIBaMHU C ABYX CTOPOH.

K xonbuesblM pe6pam, ciyKalluM TOJbKO AJifi COXPAHEHHS KOHTYpa
NONEPEYHOro CeueHus, NPeXbsBJAAIOT HECKOMbKO MEHee KeCTKHe Tpe6o-
BaHHA. B 11eJJ0M HX KOHCTPYKIHA HE OT/IHYAETCSH OT KOHCTPYKIHHU pebep,
nepefaromux Harpysky. OfHaKo 3fiechb MOr'YT ObITh AONYIUEHBI CTHIKH
3/1eMeNTOB pefep BHAXJECTKY, a TakxKe (IPH ONpejeseHHbIX YCAOBHAX)
OJIHOCTOPOHHHE WJIH NPEPLIBUCTLIE LIBH, KOTOPHIMH ﬂpHBapHBaIOT pe6pa
K TpyGonpoBoay.

Konbuesrle peGpa, ofecneqyuBaroiie HeU3MeHAEMOCTb (OPMBI MO-
NepeyHoro CevyeHusl, Kak NPaBUIO, YCTaHABIHBAIOT HA TPYyOONPOBOAAX
nuamerpoM 6oee 1000 MM, HaxXoASIIUXCA MOJ HEOCECHMMETPHUHOH Ha-
rpyskofi. Pekoménjaunu no uXx paccraHOBKe JaHel B rjaBax V, X.

OMOPbLI CONYTCTBYIOLWMUX TPYEONPOBOAOB

B TpyGonpoBoaHoit cucreMe napajjenbHO C OCHOBHBIMH TpyGONpoBoO-
JNaMu GOJIbIUMX IMAMETPOB, NMPOKJALHIBAIOT TaK HashlBaeMble CONYTCT-
ByIOL{HE TPYGONPOBOJbI, KOJIMYECTBO U JHAMETPE KOTOPBIX Pa3JIHUHEL
[Ipu GanouHo#i npokJajKe Bce OHU OMUPAIOTCS HA BeAYIIHH TPy6ompo-
BOJ U KOMIIOHYIOTCS B OGILYIO HE3aBHCHMYIO cucTeMy. ONopsl TaKUX TPY-
GONpOBOJIOB CTaHAAPTH3HPOBAHEI OpHIMANBHEIMH AOKYMEHTAMH — MeX-
BejioMcTBeHHBIME HOpMansamu (MH) u Moryr ObITh pasHbIMH [0 Xapak-
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Tepy. Ilo knaccudbukauun, npusesensoft B [21], oHu paspensiiores Ha
geThipe Kareropuu (ta6a. 111.1): onopbl HenmoxBHKHBIE C 3alEM/IEHHEM
u 6e3 Hero; HanpapJsiOlUle; IOABUKHEIE, 06eCcreuuBalOIIHe CBOGOY Tie-
peMellleHUuil B TOPU30HTANBHON NJIOCKOCTH; MOABHKHBIE JJIsi epeMele-
Husi Tpy6onpoBOa OJHOBPEMEHHO B FOPH3OHTANBHOM M BepTHKAabHOM
NJIOCKOCTAX.

Henoapnxuble 3ameMisiiomne onopsl HCK/IIOUAOT BO3MOKHOCTD JTi0-
ObIX nepememieHuii TpyOGompoBoJa, a HeNoABHXKHas onopa 6e3 3alieM-

Ta6auna IILI. Xapaktep paGoTsl ONMOp COMYTCTBYIOWHX TPYGONPOBOAOB

5;;;,; Tun XapakTep paGoTel Hopmans
. ornopst
1 Henonsuxnas Ipenstctayer n0GHIM nepe- MH 4008-62
3ameMasonas MelleHHsIM TPYOONnpOBOAa. MH 4010-62
(MepTBas)
Hlects XecTKHX cBsizeit MH 4013-62
Henozneuxuas Gea Ilpenstcteyer moGomy MH 4016-62
saleMaeHus JIMHE HOMY TNepeMelIeHHI0,
Tpu xecTkue CBS3H
I Hanpasnsomas  IlpensTcTByeT JIMHEHHHIM MH 4016-16
nepeMelleHHsIM B IJIOCKOCTH,
_TepNeHJUKYNAPHOH OCH TPYOHI.
"Jlpe JecTKHe JIHHEeHHbE CBA3H
111 Cronpssmas of-  3anpemaer JuHeiiHoe MH 4008-62
HOCTOPOHHSAA nepemelleHre TPYGONPOBOAOB MH 4009-62
BHH3. MH 4011-62
Opnua xecTkasi JuHeiiHas oxwo- MH 4012-62
CTODOHHSISL CBA3b MH 4014-62
MH 4015-62
VI  Tlogeecka 3anpemaer JuHefiHOe nepeve- MH 3941-62
meHHe TPyOONpPOBOJOB BHH3. MH 3966-62

INpyxuHHas noA-
BecKa

Jlaer BO3MOXKHOCTb YNPYroro
CMelLieHHs] 3aKPeIJIEHHOH TOUKH

N0 BEPTHKAAH.
Onna ynpyronoaTaupasi OHO-
CTODOHHSIA JIWHeHHas cBSI3b

JieHHsl JONycKaeT YIVIOBBle NepeMemeHus. Hanpapismwoliue Omnophut
(cxonb3smye 160 KaTKOBEHIE) UeTKO (UKCHPYIOT HampaBjleHHe nepe-
MelleHHa TpybonpoBopa. JIMKBHAALWA OTPaHMUUTENBHBEIX 3JEMEHTOB
npeBpamaeT Onopy B NOABHXKHYIO, IAIONIYI0 BO3MOXHOCTb TpyGomnpo-
BOJY nepeMemaThcsi BO BceX HanpaBJeHHAX, KpoMe BepTUKANTbHO BHH3.
K sroil Xe rpynme OTHOCATCH W NOJBECHHIE ONOPH, O6eCHeuHBAIONIHE
nepeMellleHue TPyGonpoBoja B TOPU3OHTANbHOH maockocTH. OfHa u3
cepbe3HHIX 3ajau NPOEKTHPOBaHUA TPyGONpPOBOJOB — CO3JAAHHE CHCTE-
Mbl KOHCTPYKLHH ONOP CONMyTCTBYIOHMX TpybGonpoBonoB. TakHe KOH-
CTPYKUMHM NpPHUHATO HasbiBaTh nogonopHeiMH. Hawubosiee mpocras u3
HHX — KDOHIUTeHHH Ha BeaymeM TpyGomposoje. 31ech HeoOXOAMMO,
KpoMe Iepeadd BepTUKa/IbHOH Harpyskd, oOGECHeuHuTb BOCHpHSITHE
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FOpPU3OHTANbHONH Harpysku, BbI3BAHHO!N TeMIepaTypHHIM YAJHHEHHEM
TpyGonpososa. [Ipn HesHauMTENbHBIX TOPH30OHTANBHBIX YCHJIHSIX OHH
MOTYT GBITh BOCHPHHSATH! CNELHANbHO MOKOGPAHHBIM CEUYEHHEM BEPXHEro
nosica KpoHuTefiHa nocratoyHo#l KectkocTH. [Ipu GonbLIMX YCHAHSAX
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Puc. 111.9. SDseMeHTH NOJONOPHLIX KOHCTPYKIHI:

a — nojKocHasi cHcTeMa; 6 — CBsideBasi cHcTeMa; / — KPOHWTEHHBI;
2 — mnoaxoch: 3 — CBfA3M
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Puc. I11.10. INoxBecka comyTCTBYIOIUX TPyGONPOBOAOB:

a — CHCTeMa ¢ MOAKocaMH; 6 — CHCTEéMa C Pa3BHTBIMH MOABECKaMH: / — IJIOCKHEe MOJABECKH;
2 —~ MOAKOCH!: 3§ ~ pasBHThie MpPOCTPaHCTBEHHbIE MOABECKH.

N
N

)

T
~

7 A
’

10 _ . N . ()L
i} S N
1 2 2 1

Puc, I111.11. ITpumep cBsi3eBOH cHCTEeMBI A1 MOABECKH TPYyGONPOBOLOB:
1 — nyockKue NOABECKH; 2 — CBf3eBas MaHesab

HeO6XOAMMEl ClellHaNbHble MEpONPHATHA — YCTPOHCTBO MOLKOCOB K
KaXJoMy KPOHIITeHHy WJIH co3[aHue cBfi3eBoH cucrems! (puc. III. 9).
" B pAgme cnyuaeB OfHMHOUHBIE CONYTCTBYIOI[HE TPYGONPOBOABI MOT'YT
onupaThcsl Ha OTAENBbHBIE CTOJNHKH, PACHOJOXKEHHbIe Ha BeAyLIEM TPY-
Gonposoge. PacnpocTpaneHo ycTpoHcTBO NOLONIOPHHIX 3/1EMEHTOB B BHJ@
NQABECHBIX KOHCTPYKIHHA. AHAJOTHYHO KPOHIUTEHHAM, B 3aBHCHMOCTH
OT 3HaueHHsl U MecTa NPUIONKEHHS NPUXOAAILMXCS HA HUX TOPHU30H-
TaJbHBIX CHJI, HX MOXKHO BBINOJHATb IJIOCKUMH C NOAKOCaMH WJH CH-
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creMo# cBsidefi, a TaKXKe MPOCTPAHCTBEHHBIMH — Pa3BUTHIMH B Hamnpas-
Jgenun fedicrBusi cun (puc. I11.10).

[Ipu ycrpoficTBe NpoaOIbHON CBA3EBOH CHCTEMBbI clefyeT obpaliaTbh
oco60e BHHMaHME Ha TO, YTOOBl He CO3aTh NPENATCTBHH IJjs TeMmepa-
TYPHLIX MepemelleHn# Benymero TpyGonposoaa. Jljis 3T0ro cBsi3eBbIMH
CHCTEMaMH HEe MepeceKaloT KOMIIeHCATOPRl, a pacrnosarailT HX Ha ydacr-
kax mexny nociensumu (puc. IT1.11). JIna Kpensenus conyTCTBYOMIUX
TPyGONpOBOAOB MKPOKO NPUMEHSAIOT Pa3JTHYHOrO POJa NOABECHbIE OMOPH!
Kak IUis OQMHOYHBIX TPy6, TaK ¥ I/ HECKOJbKHX Ha OLHOH omope.

KOMNEHCHUPYIOLLUE YCTPOMCTBA

KoMneHncatopsl, npumeHsiembie B TPy6ONPOBOAHBIX CHCTEMAX, MOXKHO
KJaccHPUUUPOBaTh CJEAYIOMUM 06pa3oM:

obpasyembie nymem UCKYCCMBEHHbIX MECMHbLX MOBOPOMO8 TPACCH —
[1-, Z- u T'-o6pasubie;

Oeghopmuposarus — BONHOBLHIE (JMH30BBHIE HJHM JHUCKOBLIE);

0Ce80e0 nepemelieruss — CaJlbHUKOBBIE;

WapHupHble.

Komnencamopoi, 06pasyemole uamenernuem HanpagreLus mpaccot, CHU-
XKalOT KECTKOCTb CHUCTEMBLI M XOpPOWIO KOMIEHCHDYIOT TeMIeparypHbe
yaauHenusi. OHH rPOMO3JIKM, 3aHHMAlOT MHOTO MecTa M TpeOyloT cIie-
IIMaJbHBIX ONOPHBIX KOHCTPYKUMiH. I103TOMy NPUMEHSTb HX PEeKOMeH-
Ayercsi Ajg Tpy6GonpoBofoB auameTpoM Ao 700 M.

Boanoseie komnercamopot, oOpazyeMble NyTeM T'MOKHX BCTAaBOK B TPY-
GonpoBoAbl, HanGosee IMHUPOKO NPHUMEHSIOT B TPYGONPOBOAAX HHU3KOTO
naBnenusi. IlpoctoTa KOHCTPYKLMH, BO3MOXHOCTb H3rOTOBJIEHHS! Ha 3a-
BoJax MeTaJVIOKOHCTPYKLHH 6e3 crennalbHON MeXaHH4ecKol 06paboTKu
NOBBINEHHOH TOYHOCTH — BCE 3TO CNOCOOCTBYET MX IIHPOKOMY pacnpo-
CTPaHEHHIO U NOCTaBKe Ha MOHTAaXK COBMECTHO ¢ TpyGonpoBofaMu. B Tpy-
GompoBonax Hu3koro jgaBineHus (no 30 klla) mpuMeHsIOT B OCHOBHOM
BOJIHOBBbIE KOMIIEHCATOPHl C¢ KOHGHIrypaLyeii BoJH B BUJe CBapHHIX MJIO-
ckux_auckoB (pue. IIT. 12).

B TtpyGonpoBopax, paGorarouux nop nasjenneM Gonee 30 klla, npu-
MEHAIOT KOMIIEHCATOphl C KOHGHIypanueil BOJH B BUAE JIHH3 — CHJIb-
(poHbl. JIMH3BI M3rOTABIHBAIOT W3 IUTAMIIOBAHHBLIX 3JIEMEHTOB HJH TPYO.

Bce THIIBI BOJHOBBIX KOMIIEHCATOPOB OGECIEYUBAIOT HAJEKHYIO [JIOT-
nocth y3na coenuHeHusi. OCHOBHOM MX HEJOCTaTOK — HECNOCOGHOCTH
BOCIIPHHMMATh HeypaBHOBELIEeHHblE YCH/INSI, BOHUKAIOINE OT 1aBJeHHs!
Ira3oBOH CpeAbl Ha NOCJEAHHH QMCK BOJIHBI (JaB/eHHs HA CPefHHE AHCKH
Bcerja ypaBHoBemreHbl). Cepbe3Hoe 3HaueHHe 3TOT (akTop NpHOGpeTaer
IpH yCTAaHOBKE KOMIIEHCAaTOPOB Ha TPYOONPOBOKAX ¢ JaBJieHHeM GoJee
30 klla. HeypaBHoBemeHHble yCcHIUS 3[€Ch 3HAYMTENbHBI, YTO 3aTPY-
HAeT nepefauy X Ha onopbl W ¢ynaameHTel. Kpome Toro, Hecymas
CNOCOGHOCTb TaKHX KOMIIEHCATOPOB OT'pPAaHNYeHa, TaK Kak JJisl NMOBbIILe-
Mg AepopMaTHBHOCTH HX OOBIYHO BBHINOJHSIOT M3 TOHKHX MeTajjnue-
CKHX JIMCTOB, H IPH BBICOKOM JaBJIEHHH OIpefe/siounee KauecTBo X —
POYHOCTD.

KoMneHcaTopel BceX THUIOB YCTaHaBAMBAlOT Ha NPSAMBIX ydyacTKax
TPy6ONpPOBOLOB, MMEIOWMX Pa3HOe MCJIOXKEeHHe B MpoctpaHcTee. Bos-
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Puc. I11.12. CpapHoit AHCKOBBIi KOMIEHCATOP:
— COOTBETCTBEHHO TOJILHHA CTEHKH TPYOB U KOMIEHcaTopa.

8, 6,
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Puc, II1.13. 3amkuyTsiit KoMmnencarop:
1/ — KOMIEHCATOP} 2 ws TATH; & == ONOPHBLIE 3JEMEHTH TAP.




HOBBIE KOMIEHCATOPHl — HAa BCeX 3aBOACKHX HedyTepoBaHHHIX Tpy6O-
nposojax. Mx cienyer pacnosaraTb Ha yyacTKaX, OrpaHHYEHHBIX KOH-
LleBBIMH ONOpaMH, BOCIPHHMMAIOIIMMH YCHJIHS OT JaBJI€HHS Ha BOJHY
KOMIeHcaTopa U OT TemneparypHbix Aedopmauuii. Mives B Buny HeGoisib-
LIYI0 NONEepeyHyIo XKeCTKOCTb KOMIEHCATOPOB, DEKOMEHAYyeTcsl yCTaHaB-
JuBaTh HX BOH3H onop. Ecim no cxeme omopel B 3THX MecTaX OTCYT-
CTBYIOT, TO ¢ ABYX CTOPOH KOMIIEHCATOpa MpefycMaTPHBAIOT ClelHallb-
Hble ONOPHI.

MHorpa ans pasrpysku ycTaHaB/JIHBaeMOro OOOPYIOBaHHS OT TEM-
nepaTypHbIX AepopMaluil HCIONb3YIOT BOJHOBBIE KOMIEHCATOPHI, MO-
clefnne pacnosaraloT BG/AH3H Hero. Hekoropble BHIBI TeXHOJOTHYEC-

Ta6muna II12. Pacyer KoauyecTsa komnescaTopos U onop Ha 1000 m Tpacc

KosiuuecTso, wrT.

onop

Tun KommeHcaTopa
KOMTeHCcaTopor noanepRUBaIOLUX
HENOABH2KHBIX KOMINEHCATOPb
ONHOBOMHOBOI 33 33 66
JByXBOMHOBOK 17 17 34
TpexponnoBoit 11 11 22

Koro o6opyloBaHHs (Hampumep, TepMHUYECKHe 3aJBHXKKH) 0653aTeJbHO
MOCTaBJ/ISIOT B KOMILJIEKTE C KOMIIEHCATOPOM. KoJHuecTBO BOJIH 3aBHCHT
OT TeMIIepaTyPHOro yAJHHEHHs cHcTeMbl. [IpH HEOOGXOAMMOCTH KOMIeH-
cupoBathb GoJbllKe JHHelHbIe JedopMalii SKOHOMUYECKH Iiesiecoobpas-
_HO YyCTaHaBJMBAaThb MHOTOBOJIHOBEIE KOMNeHcaTophl. [locTuraemeii npu
3TOM pe3yJbTar nokasad B ta6a. I111.2. Oxnako, B cBsA3M ¢ uX HeGOJb-
LIOH TIONEepPeyHON KEeCTKOCThbio, NMpH pabore Ha uU3ru6 UYKUCIO BOJH He
peKoMeHAyeTcsi NMPUHUMaTh Gosiee yeThIpex.

CanbHukosble KoMneHcamopsl, UCKJIOYAIOMIHE BO3MOXKHOCTb MOBOPO-
Ta, YCTaHABJHBAIOT TOJBKO Ha NPSIMOJHHEHHBIX Y4acTKaX JOCTaTOYHOH
NPOTAXKEHHOCTH MeXAY KOHLEBHIMH omopaMu. [Ipn Heco6/oneHUH 3TOTOo
npaBHJa B KOMIeHcaTope oGpasyercsi Nepekoc, MPUBOASAIMMNH K ero
3aKJIHHHBAHHUIO.

Hlapruphole Komnercamopb. YCTAHABIHBAIOT B Pa3HBIX MecTraX, OA-
HaKO HauGOMbIINH S(PEKT JOCTHTAeTCs NPH yCTaHOBKE HX BOJH3H MecT
M3MEHEeHHsl HanpaBJIeHU# OCH Tpacchl, MO0 B TOUKaX H3MeHEHHs 3HaKa
MoMeHTa (B 30He My = 0).

UTo6Bl UCKJ/IIOUUTL HEyPABHOBELIEHHBIE YCHJIMS, MOXHO NPUMEHSITH
TaK Ha3biBaeMble 3aMKHYThle KOMIIEHCATOphl. B HUX ycTaHaBIMBAIOT clle-
uuajbHEE CBfA3H, COEIMHSIONME YYacTKH TPYGONpPOBOAA, pa3pe3aHHbie
KOMIIEHCATOPOM, KOTOpPble 3aMBIKAIOT ero.

IIpn MHOroKpaTHBIX H3MEHEHHSIX TeMIepaTrypbl, BbI3BIBAIOIIMX [O-
CTOSIHHYIO NIOABUKHOCTb KOMIIEHCAaTOpa, AJIs1 CBSI3el MPUMEHSIOT CIJIOLI-
Hele TATH, COENUHSIOIIHE MeXAY COOOH CMexKHble HENOJBHKHEIE ONOPBI
(puc. III. 13) Takas cucreMa He TpeGyeT HONOJHHUTENbHBIX PEry/IHPOBOK
npy MoObIX H3MEHEHHSX TeMNepaTrypbl. YUMTbIBasi TPOMO3JKOCTb TST,
B CHCTEMaX C pa30oBbIM H3MEHEHHeM TeMIlepaTyphl, HallpHMep pasorpes
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Puc. I11.14. 3amkuyThi KoMIeHcatop:
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Puc. 111.15. CanbHHKOBBIH KOMIEHCAaToOp: .

1 — acGecTOBBIN YNJOTHHTENb, 2 — INPOBOJOYHOE KOJbLO; § — ofeyaiika; 4 ~ KOJAbLA; § —
BHYTPeHHSsl HanpasJasiomas Tpy6a; 6 — daaHubl.
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Puc. 111.16. YnpomeHHbli CaJlbHHKOBEIH KOMIEHCATOD:

1 — Ganpax 150 X 16; 2 — jgunun pesa TpyGonpoBoAa; 3 — BHewHas obGevailika; ¢4 — Kpy-
roBast nosnoca 100 X 10 ansi GuKcaUHM YIVIOTHEHHS; § — YIJIOTHHTEAbHAA HaGUBKA) 6 —
sanupalomui baanen,



IpYU TyCKe, KOMMEHCATOPH MOC/Ae CpabaThiBaHUS MOXKHO 3aMKHYTh CH-
creMoil Kopotkux GoatoB (puc, III. 14).

[Mpy GonbLIMX U3MEHEHHAX TemIeparypsl (HalpHMep, OCTaHOBKa Ha
PEMOHT) GOJITHI JOJKHBI ObITb ocnabneHsl. CyTOUHEIE M CE30HHBIE Iepe-
nagsl TeMnepaTypbl MOTYT OBITb BOCIPHHATH CHCTEMOH MDPYXHHHBIX
a6, yCTaHOBJEHHBIX MOJ rafkamu GOJITOB.

KOHCTPYKIHSA KOMNEHCAMOpO8 0Ce6020 nepemeljeriis OCHOBaHa Ha IPHH-
IMne TeJecKomnuecko# nopsixkHocTH. HamnGosee mpocteie u pacnpo-
CTPAHEHHbIE KOMIIEHCATOPhl TaKOI'O THIA — CKOJb3fIIHe C CaJTbHHKO-
BhIMM  YOJIOTHHTEdsIMH —caJbHHKoBb e (puc. III.15). Omnu
MOTYT BOCTpHHHMaTh GoJbuine mepememnenus. Kommencarophl TpeSyror
IIOCTOSIHHOTO YXOJa — HeOOXOAHMO MeHATb OTpaboTaHHbIE YILIOTHH-
TeNbHBIE JeTald, NPOBEPSTh UX 3aTSKKY M T. 4. [IpuMeHeHHe casibHu-
KOBBIX KOMIIEHCATOPOB B CBfI3H C HEJOCTATOYHOM HX MJOTHOCTBIO Orpa-
IIMY4eHO U JoNyCKaeTcs TOJNBKO BHe MOMEIeHHH.

Ha neraGapuTHbix TpyGONpoBoAax GOJBIIMX JHAMETPOB JaBJieHHEM
Jo 10 k[Ta MOXHO yCTaHABIHBATH CAJLHHKOBBIE KOMIIEHCATOPH! YIpO-
wenHoro tuna (puc. 111.16), 3HaunTesbHO obJervaromue MoHTax. Kowm-
lieHcaTop COGHpaloT Ha JIoGOM 3JeMeHTe TpyGONpoBOJa A0 €ro Moiabema.
ITpexkze BCero NOJHOCTHIO Pa3MeualoT KOMIIEHCATOpP M [PHUBapHBaiOT
Ganpax 100 X 10 u 150 X 16. [Tocse sTOro ycTaHABJIHBAIOT BHEMIHIOW
o0euaifKy (3apaHee CBaJblOBAHHOE W CBapeHHOE KOJIbLO), 3a6HBAIOT
YIJIOTHEHHE M3 CMOJISIHBIX KAaHATOB JO TepMETH3alHM H YCTAHABJIHBAIOT
sanupatomuil ¢aneln. B TakoM Buje MOHTaXXHHIH 3JIEMEHT C NOJHOCTHIO
co6paHHEIM KOMIIEHCATOPOM YCTaHABJHBAIOT B [POEKTHOE [MOJIOKEHHE.
llocne sakpensiennsi TpyGONpoBOAa Ha ONOPAx BLIPE3AIOT MOJOCY IIH-

_pusolt 300 MM H3HYTpH TPYOHI.

TEXHONIOTMYECKOE OBOPYJOBAHME

Tpy6onpoBofHEE CHCTEMEl CHAGKEHH GOMBIIAM KOJHUYECTBOM TEXHOJO-
ri4ecKoro o60OpPYAOBaHHsA, MpPEAHA3HAYEHHOIO AJSi U3MEepeHHsI W pery-
JIIDOBaHHsl TapaMeTpoB Ta3oBOH Cpelbl — TeMIeparyphi, HaBJEHHS,
BJAXHOCTH M Ip., 4 TakXe AJg oOecleueHNsi HAJEXKHOH M 0e30macHon
SKCMJyaTalud. DTo 3aJBUKKH, H3MEpUTEJbHble AHapparMel, APOCCENb-
lible KJanaHel, TPyObnl BeHTypu, KoMneHcaTopsl u T. 1. PaccranoBka
TEXHOJIOTHYECKOr0 00OpYIOBaHHs ONpPENesieTCs SKCIJIyaTalHOHHBIMH
Tpe6OBaHHSIMH K TPYOOlIIPOBOAHON CHCTEME H YBSI3BIBAETCS C OGLIMMH
KOHCTPYKTHBHBIMH peuleHnsiMi. OGopylnoBaHHe JOMKHO paGoraTb Ges-
orkasHo. [losroMy 3auacTylo HekoTopble BHABl ero ay6aupyior. Tak,
Ha TasompoBOJAX-OTBOZAX OT OCHOBHBIX MarHCTpasieHl yCTaHaBJIHBAIOT
LINKMHLENBHYIO 3/1eKTPH(HIMPOBAHHYIO 3aIBHXKKY, 32 KOTOPO# pacro-
JATaloT JIMCTOBYIO 3aJIBUXKKY, O0€CTIeUHBAIONLYIO IUIOTHOE HAaJeXHOe OT-
KJ/IIOUEHHE Ta30NPOBOAA.

IlpuMeHsieMOe B ra3oBoM XO3fHCTBe OTKJIOYaomee o6opyroBaHHe
110 NJTOTHOCTH TNepeKphiTHs ra3a GbiBaer HalexkHOe H HeHajexuoe [34],
Hazne:KHBIMH OTKJIIOYAIONTMH YCTPOHCTBAMHM, [PHMEHsIeMBIMH JJIa ra-
30IPOBOZOB HHU3KOTO JAaBJIEHHS, AABJSIOTCS 3aJBHKKH BCEX THIOB: CEK-
TOpHBIE, JIUCTOBHIE, NMOBOPOTHBIE, Tepmuueckue, Kmunra u ap. Hanex-
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Puc. I11.17. Cxema ycTaHOBKH 3arjyllek:

1 — tpy6onpoBoa; 2 — daannm; 3 — saraymka: 4 — pebpa JKECTKOCTH (K 3arjJyuikaM He
npuBapeHn); 5§ — pebpa A5l Pa3xKUMHHX JOMKDPaTOB;
a — TOJYKOAbNO; 6 — JONOJHHTENbHOE MOJYKOJBbLO; 6 ~— HPOKJaAKH; & — pebpa mo taGan-

ne.



HOe OTKJIoYeHHe ofecreyHBaeTcsl TaKKe NOJNHBIM NepeKPhITHEM CeueHHS
ra3onpoBojia MeTa/lVIMYeCKHM JHCTOM — 3arjyLIKOf, YTO TapaHTHpYyer
OT NPOHHKAHHs Fa3a B OTK/IOYEHHBIH YYacTOK rasanpoBofa. Takue 3a-

Ta6auua II1.3. Pasmepnl 3sarjymiek ¥ COEAMHHTENbHBIX 3/EMEHTOB (NpH
Rasnennn” ao 20 klla)

Boatn

3arayuku dnasusl
MaMer; Pasme,
a’rpyﬁup Dy R D, D, Tuamerp Konzgec'r- peGep, rm
MM
630 730 343 770 850 M22 20 120X 8
820 940 443 980 1070 M27 24 120X 8
1020 1140 543 1180 1270 M27 28 120X 8
1220 1340 643 1380 1470 M27 32 120X 8
1420 1540 743 1580 1670 M27 36 200X 16
1620 1740 843 1780 1870 M27 40 200X 16
1820 1940 943 1980 2070 M27 44 200X 16
2020 2140 1043 2180 2270 M27 48 200X 16-
2220 2340 1143 2390 2490° M30 52 200X 16
2420 2540 1243 2590 2690 M30 56 200X 16
2620 2740 1343 2790 2890 M30 60 200X 16
2820 2940 1443 2990 3090 M30 64 200X 16-
3020 3140 1543 3190 3290 M30 64 240X 16
3220 3340 1643 3390 3490 M30 72 240X 16
3420 3540 1743 3590 3690 M30 80 250X 20
3520 3640 1743 3690 3790 M30 80 250X 20

IJIYIIKA MOTYT ObITh MOCTOSIHHBIMH H BpeMeHHbIMH. [locTosiHHEIE ycTa-
HaBJHMBAIOT Ha KOHUAX TPYO, €C/IH M3BECTHO, YTO K 3TOMY KOHILy B JaJib-
HefllueM npucoequHeHH TPy6 He Oyner. BpemeHHBle ycTaHABJIHBAOT

IJIsl OTCEKaHHSI YYacTKOB rasoBO3- 3 P
AYXOBOJAOB AJfi HUX DEBU3HH, MpO- 2
NnapKv, peMOHTa H HCIBITAHHA, a /
TakXkeé B MecTax MpeanosaraemMo- . 7@ 1 v
IO MEepCHeKTHBHOrO  YAJHHEHHS . ¥

'n

(puc. II1.17, ra6n. II1.3).
TexHosornueckoe oGopynoBa-
HHe COENHHSAIOT ¢ TPYyGONpOBOAaMH
apu noMomyu (anHueB U GaHAaKeH
(puc. 111.18) nnu npuBapKo# BCTHK.
®yaHubl TPUKPENJAIOT K ra3oBo3-

& ]/L
300500, 1

AYyXONpOBOJaM ABYMSI YIJIOBBIMH
mwBamu. CoryiacHO CylIecTByIoOLIe-
My MOJIOXKEHHIO Bce BHJBI 3amnop-
HOH apmatypbl U 060pYAOBaHHS,

Puc. II1.18. ¥Ycranoska TexHOJOTHuYeC-
Koro 06OpyAOBaHHS:

1 — oGogonaaHue; 2 — TpyGonposoa; 3 —
OTBETHHIA ¢unaHew; 4 — narpy6ok; 5 — no-
ny6Ganpax.

HMeIoIHMe IUTYIEephl ¢ (JaHLAMH

IJIS NPUCOEAUHEHUS] TPy6ONpOBOJIOB, NMOCTABJSIOT C OTBETHBIMH diaHma-
My, HckaoueHHe COCTaBJSIOT JIMCTOBble (VIAHUB! AJSI NPHCOENHHEHHS
JIMCTOBBIX 3aryylleK, M3roTaBIMBaeMble COBMECTHO ¢ Tpy6onpoBoja-
mu. B Mecrax ycraHOBKHM 060pyAOBaHHS, NPHCOENHHAEMOr0O Ha (iaHNax,
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TIpelyCMaTPHBAIOT NONOJHHTE/IbHbIE MOHTaXXHBI® CTHIKH Ha OaHa)ax Ha
paccrosiuny 300...500 MM ot duianna. Yuactku narpy6kos aaunoi 300...
500 MM H3roTaBJMBAlOT Ha 3aBOJE METaVIOKOHCTPYKLHH C He3aBa-
PEHHbLIM NpPOXONbHEIM WBOM. [IpH MOHTaXKe He3aMKHYTBIH NaTpyGoK
BCTaBJSAIOT BO (haHel, BHIBEPSIOT U npuBapuBaloT K Hemy. ITocse sto-
ro 3aBapHBalOT MPOAOJIbHHIA OB NaTpyOKa M CTHIK Ha nosnybaHlaxkax.

HamepurennHple nuadparmbl, NpencTabiasiolye co6of MJIOCKHE Juc-
KM, BXOZAT B KommJekT cpeacts KUII u aBromaTnku. B pane cayuaes
HX TOCTABJ/SIOT COBMECTHO C NMPHMBIKAIOIMMM OTpe3KaMu TPy6onpoBo-
Ja, AJHHA KOTOPBIX CTPOrO persiaMeHTHpYeTcsl, HCXOAA H3 PacCTOSTHHS
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Puc. II1.19. ¥YcraHoBKa pasKHMHBIX IOMKpaToB:
1 — poMKpar; 2 — ymophi: 8 — o6OpyjfoBaHHe; 4 — paclpefe/dTe/bHble pebpa.

80

oT GaMKafIero nonepeyHoro cBapHoOro wBa A0 Auadparmel. [Js cMeHb
TEXHOJIOTHYECKOro o0OpyNOBaHHS Ha Ta30BO3AYXOMNpPOBOAE YCTaHABJIH-
BAIOT YNOPHI /151 IOMKDPATOB, C OMOLIBIO KOTOPLIX a30BO3LYXONPOBOA
pazxumaior (puc. I11.19).

OGenyXUBAIOT U OCMAaTPHBAIOT TPYOONPOBOA BHYTPH Yepes clielHalb-
HO YCTaHOBJIEHHbIE CBapHLIE W/ JIHUTHIE Ja3bl.

NAOWAAKU U NECTHULLDI

Jlas ofcayknBaHusi 000OPYAOBaHHS, NPO(PHIAKTHYECKHX OCMOTPOB, BHI-
NOJIHEHHS! AHTHKOPPO3HOHHBIX, PEMOHTHBIX H JAPYTHX paboT ycTpaH-
BalOT clielfanbHble MIOMWAJKH U [epeXOiHble JECTHHIIbI, KOTOPHIE JOJIK-
HbI 06ecreudTb BO3MOXKHOCTb GBICTPOH 3aMeHBl 060pyAOBaHUA H AOCTYI
Ko BceM ero sjeMeHTaM. Kak npaBuJio, no Bcefl AJHHe Tpacchl pacro-
Jlaraetcsi CIJIOIIHAA NpoXoaHas miomanka. [Ipm nuamerpe TpyOnl 2 M
n Gojiee M HEBLICOKOH TemIepaType ee CTEHKH MOXKHO NpelycMaTpHBaTb
Npoxoj NpaMo o TpyGe ¢ IBYCTOPOHHHM orpaxjeHueM. B mecrax pac-
T10/I02KEHHS] KOMIIEHCAaTOPOB H KOJbUEBHIX pefep BhicoToH Gosee 200 MM
ycTpaunsalor fepexo (oObIYHO [aHAYC).

IIpn nnamerpe TpyGHl MeHee 2 M, a TakKe HpPH TOpSYUX TPyGax
JJIsi NpOXoJa JenaloT ClelHalbHYI0 MJOMAAKY ¢ orpaxiaenneM. Ha-
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CTHJ1 Ha HeH, Kak NMpaBHJIO, PUHHUMAETC NMPOCEeUHO-BHITSMKHBIM, peGpH-
CTHIM (M3 NOJIOC HJIH 5JEeMEHTOB KBaJpaTHOrO CeueHHs), YTO Mpefoxpa-
HSAET OT CKOJIbXKEHHUS U HCKJIoUaeT cKolvleHue nbuiu. KoHerpykuus mio-
IAZKH He JOJKHA HapyliaTbh ofIiefi cTaTHYeCKOH CXeMbl COOPYXKEHHS.
Sto umeer ocoboe 3HaUEHHE NPH PEIIEHHH [JIOMAJ0K B paifioHe KOMIeH-
caTopOB, I'Jie UX 3JIEMEHTHl He JOJ/IKHH [PENsATCTBOBATb TEMIEpPaTypPHBIM
nepeMeleHHsiM TpyGonpoBOJOB M omop. Bronbp Bcex NpoOXopHHIX MJO-
IIAJ0K YCTPaHBAlOT OrpaxKJeHue M3 MNepuJa BbICOTOH He MeHee 1,2 M
CO CNJIOHIHOM OGIIMBKON MX B HIXKHEH uacTu BhicoToil He MeHee 0,14 M.
3a30p MexX1y ra3onpoBOAOM HJ/HI HACTHJIOM ILIONUIAJKH W HHXKHEH KpOM-
KoH OOMMBKM JOJKeH GuiTh 40 mMM.

[Iupuua niomanok He MeHee 1 M OT BBICTYMAOIIUX YacTell oGopyno-
Banus. HacTmnm niomajgku JOMKEH HCKIIOYAThb CKOJIbXKEHHE, a TaKkKe
CKOIJIeHHe BOAbI M cHera. JIjisi BHOBbL COOPYKaeMbIX H PEKOHCTPYHpYye-
MBIX 00BEKTOB Ia30BOTO XO35IHCTBA JIECTHUIIBI K MJIOMAAKaM [OCTOSTHHOTO
obcyKuBaHusE 0GOpYNOBaHUsl JOMKHbI HMETh YKJOH He Gosee 45°, a
K IJIOIAJKaM MePUOAHUYECKOTO 06C/ay:KuBaHHs — He GoJjiee 60°. Iupu-
Ha ux He Mmenee 0,8 M. [Ipu Bbicote JiecTHHL GoJjiee 18 M ycrpauBaioT
MJIOIAAKH uepe3 Kaxzbie 4...6 M.

Jlna moctyna K IIIOMIafKaM NepHOAMYECKOro OOCTyXKUBaHHS, pac-
[IOJIOKEHHBIM B 3laHUSX LEXOB Ha BhicOTe He Gojiee 3 M Hal YPOBHEM
foJla, JONyCKaeTcsi YCTPOHUCTBO BEPTHKAJbHLIX JIECTHHL LIMPHHOH He
menee 0,6 M. I[Ipu BrIGOpe reoMETPHUYECKHX Pa3MePOB H KOMIOHOBOYHEIX
pemeHnii JeCTHUI H MJIOMANOK OOC/TYKHBaHHSI HEOOGXOAMMO COOJIOAATH
TpeGoBaHHsA TPaBHJ TeXHHKH O6e30NacHOCTH, AEHCTBYIOIIMX B JaHHOM
OTpPacJy IPOMBILIIEHHOCTH.

Pazpen Bropoi#

PACYET TPYEOMPOBOJ,OB

Tnasa IV. HATPY3KM U BO3[AEMCTBUA
BMA1bl HATPY3OK U BO3AENCTBHH

BuyTtpennne ycunus B Beayuiem TpyGONpPOBOZE H BO BCEX HECYLIHX dJie-
MeHTaxX TPYOONpOBOAHOH CHCTEMBI, BKJIOYas OMOPH M (YHAAMEHTHI,
[OSABAAIOTCSA OT BHEMHHX H BHYTPEHHHX HAarpys3oK, KOTOpLle 3aBHCAT
OT BHJA NPOXOAAIIUX uepe3 TPyOONPOBOALI ra3oB WM KHAKOCTEH, HX
TeMneparyphl, XapaKTePHCTHKH OKpY#KalolmeH cpeipl, YCJIOBHH HpOBe-
Jenns ucnbitanuii. Ha TpyGonpoBoj MOXKeT OXHOBPEMEHHO JeHCTBOBATb
6o/1b1lIOe KOJIMYECTBO Pa3HbIX Harpy3oK: COGCTBEHHBIH BecC, OTJIOMEHHe
KOHJleHCaTa BHYTpPH TPyOONnpoBoia, OT/JIOXKEHHE NMBUIM HAa €ro MoBepx-
HOCTH, BHYTpEHHee [aBJieHue Tra3oB, AelictBue Berpa. Hapsmy c Hop-
MaJIbHBIMH YCJIOBHSIMH 3KCIIJlyaTauud OBIBAIOT c/ly4ad DE3KOro MOBLI-
IUEHUS JIaBJIEHHsI, TeMIepaTyphl, OTVIOXKEHHS OCaJKOB M KOHJeHcara

4 8—1708 49



H3-3a HapyIUIeHHs TexHosoruueckoro mnpouecca. OcobGeHHOCT yuera
HArpy3ok Ha TpyGONpPOBOXHEIE CHCTEME! COCTOUT B TOM, UYTO BCe 3JIeMEH-
Thl, BXOAslIlMe B CHCTeMY, PaGOTalOT COBMECTHO, HMesi HeoIWHaKOBbie
XKECTKOCTb, OCajKy, pexuM paboter. [Tostomy TPYAHO BEUIENHTH Ompe-
JeJISIOMUA BHJ Harpy3KH MpH NPOBEpKe HecylueHd crnocoOHOCTH Coopy-

Ta6aumna IV.l. Harpysku n so3meiicTBusi Ha TpyGONpOBOAbLI

Kaaceundukanus Coc1asasiolniye ’ Kosdduusmenr
Ha/Le KHOCTH
o Harpyske
Harpysok .
TlocTosiHHBIE Co6CTBEHHBIH BEC OTAENBHO CTOSIIIHX onop H

3CTaKaj ¢ OrpaXKJalolMMH KOHCTPYKUHUSAMH H
o6cayKHBaOMMMH IIowakaMH. Bec TpyGonpo-
BOJOB C TE€XHOJIOTHUECKOH apMaTypoi M omop-

HBIMH YacTAMH 1,1 (0,95)
Bec usossuun u GyTepoBKH 1,2
BpemenHele AaH- Bec TpaHcnopTHpyeMo#l XKHAKOH cpefnl NpH
TeJIbHble 9KCIJTyaTallHU 1* (0,95)
Bec oriioxkenufi BHyTpH TpyOONmpoBOAa HpH .
3KCNJyaTalHu 1,1
TemneparypHble TeXHOJOTHYECKHe BO3LEHCTBHA
(pa3HoOCTb TeMIepartyp) 1,1
BuyTpeHHee [aB/ieHHe TPaHCHOPTHPYEMOH cpe-
AbI:
ra3oo6pasHoil . 1,1%*
WKHAKOH 1,15

KparkoBpeMeHHble  Bec Jofiell W peMOHTHBIX MaTepHaJsoB Ha
N IJIOIaAKaX M MOCTHKaXx 1,2

Bec npox3BoAcTBeHHOH NBUIH 1,2
CueroBass Harpyska 1,4
BerpoBas » 1,4
Tononennas » 1
TemneparypHeie KIHMaTHUeCKHe BO3JeficTBHA
(pasHOCTb TeMnepartyp) 1
Bec BoAbl npH FHAPABJIHYECKHX HCIBITAHHIX 1
BHyTpeHHee naBleHHe NPH HCHBITAHUSAX 1

Ocobuie CelicMuuecKoe BO3MelicTBHE 1
Bec orsioxenunit BHyTpH TpybompoBoga npH
pe3KOM HapyIIeHHH DeXHMa 3KCINIyaTalHH 1
TemneparypHele TeXHOJOTHYECKHE BO3AEHCTBHS
(pa3HocTb TemmepaTryp) NpH Pe3KOM HapyLIeHHH
pexHMa 3KCIJIyaTauHH

* Ias soipl. Jasi APYTHX XKUAKOCTEH H OTVIOKEHHH KOSQGHIUEHT ycTaHaBau-
Baercsl CNENHaJbHEIMH JOKYMEeHTaMH.
** Iasi TpyGONpOBOLOB NpeAnpHATHH uepHO#i Meramnyprau 1,15,

xeHns. Cneundnyeckyue yc/I0BHS SKCIJyaTaluHH TPYGONPOBOAOB MHO3BO-
JISIOT KJ1aCCH(HUMPOBATh HArpPy3KH MO HampaB/eHHI0 AeHCTBHs Ha Bep-
THKa/JbHble H TOPU3OHTA/bHBE, BJOJb M MONEPEK TPaccChl.

K eepmurasoroim otHOCSITCS COGCTBEHHBIN BeC KOHCTPYKIWUH, Tpy6;
BeC H30/IALMH, TEXHOJOTHYecKoro o0OpyAOBaHUsI, OOGC/YKHBAIGIIUX
IJIONAJIOK, OCAaJKOB M OTJIOXKEHHH BHYTPH M CHapyxH TpYG; NoJe3Has
Harpyska Ha IJIOIaJKaX W JIECTHHIAX.
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K 2opusornmanvrbim narpyskaM OTHOCATCS JeHCTBHE BeTpa, Temiie-
patypHoe palluupeHHe KOHCTPYKUHH, CHJILI TPEHHSI B MECTaX yCTaHOBKH
CaJbHUKOBBIX KOMIEHCATOPOB Ha HONBHXKHBIX ONOPHBIX YacTaX, Ha-
TPY3KH OT AaBJIEHHS] Ta30B M JKUAKOCTEH.

B coorsercrBun ¢ [37] sty Harpysku KiaaccHuUHEPYIOTCS [0 Bpe-
MeHH JEeHCTBHSI Ha MOCTOsSIHHblE, BpEMEHHbIE AJMHTe/]bHbIEe, KPAaTKOBpe-
MeHHbIe H ocobble. [1pn 5ToM OAHM M Te XKe Harpy3KH MOTYT GbITb pasHOR
MHTEHCHBHOCTH M OTHOCHTbCSI K pasHBIM KareropusM. Tak Hampumep,
BHYTpeHHee JaB/eHHe Tra3oBoll cpelbl MNPH 3KCIyaTalMd — 3T0 Bpe-
MeHHasi Harpyska, JlaBjieHue Ke NPH HCIBLITAHHH — KPAaTKOBPEMEHHas.

B Ta6n. IV.1 npusenena knaccudukalusi HarpysoK MO IJIMTENb-
HOCTH BO3JeficTBH B cooTBercTBUH C [37], a TakXke ykasaHsl Ko3(du-
IMEHTH HalIEXKHOCTH .10 HarpyskKe. -

Ecau onpemesnnth BepTHKaNbHBIE HATPY3KH He OdYeHb TPYIHO, TaK
KaK OHM He 3aBHCSAT OT KOHCTPYKTHBHOH (DOPMEI COOPYKEHHsS, TO Ofl-
pelle/ieHHe NOPU3OHTANbHBIX Harpy3ok TpeOyeT IOMONHHTENbHBIX pac-
YEeTOB, YUHTHIBAIOIIMX TIeOMeTpHUecKue MapaMeTpel COOPYXKeHus, pac-
NoJIOKeHHE 3JIeMeHTOB B cucreme. [Ipexkne Bcero sto oTHOCHTCH K Ber-
POBEIM U TEMNEPaTYPHBIM BO3JAEHCTBHAM. YUET BETPOBHIX BO31eHCTBUR
CBfI3aH C OMpEleNeHUeM JaB/leHHsl BeTPa, 3aBHCAIIETO HE TOJIbKO OT
MeCTa pacroJ/iOKEeHHsI COOPYMEHHs, HO U OT €ro AHHAMHYECKHX Xapak-
TEPHUCTHK, TNeOMETPUYECKHX Pa3MepoB TPyGONpPOBONOB, HX B3aMMHOIO
pacnosIoxKeHus.

Temnepatypusie JepOpPMaliy BOHHKAIOT B CBA3H ¢ KJIMMATHUECKHM
nepenajoM TeMIepaTyp MW HarpeBoM TPYGONpPOBOJOB NPH HPOXOXKJe-
HUH uepe3 HHX NPoAyKToB. Ilpy nepenaje TeMmeparypsl TPyGomposoja
Ha 100 °C ero pnuHa namensiercs Ha 1,2...1,4 MM Ha 1 M aiunel. Kom-
NeHcalus TeMNepaTypHHIX YJJIMHeHHH TONBKO 3a CYeT HMX YIpPYyroro
CHATHsl BO3MOXKHA JIMIUb NPH H3MeHeHHH Temnepatypel 1o 30 °C.

OCOBEHHOCTH BETPOBbLIX BO3JAEMCTBUA

OcHoBHBIE NapameTphl BeTpa — HanpasjaeHHe 1 CKOpocTb, M/c,— ompe-
JAENAI0T HHOTAA B Gamnax MexayHaponHo#t mkasabsl. COBOKYMHOCTh
NOBTOPSIEMOCTH HanpapJieHWil BeTpa B 3a/JaHHOM palioHe 3eMHOl MoBepX-
HOCTH B TeueHHe rofa, OTKJIaAbIBAEMEIX MO pyMGaM B ONMHAKOBOM Mac-
wTabe, onpesenser BaXXHYI0 XapaKTepHUCTHKY BETPOBOIO NOTOKA, HasbiBae-
Mylo posoii BetpoB. Po3a BeTpoB 1103BOJ/IsIET YCTAHOBUTD NpeobJiajiaiolnye
HanpaBJ/IeHHsi BETPOBOIO NOTOKA, YTO HENPEMEHHO YYHTHIBAIOT MPH -BbI-
Gope MecTa pacloJIOKEHUs] COOPYIKeHHH.

Eme onuH napamerp, XapaKTepHU3YIOUIHH CTeNneHb PaBHOMEPHOCTH
JBHXKEHHUs [OTOKa BO BpeMeHH,— nopeiBUCTOCTb. OHa 06yc/ioBJEeHa
atMocdepHOHl TypOy/EeHTHOCTbIO, MPH KOTOPOH MPOHUCXOAUT HHTEHCHB-
HOe NepeMelIHBaHUe YacTHL, BO3JyXa B MONEPEYHOM HaNpaBJeHHd ¢ I10-
CEAYIOIMMH GeCropsIoYHbIMI 3aBUXpeHUsMU. [lopriBbI BeTpa BO3HH-
KalOT BCJIEJCTBYE TOPMOMKEHHS YacTULl BO3AYXa O 3eMHYIO [IOBEPXHOCTb,
KOHBEKIIHOHHOTO QGMeHa MEXAY CI0IMH BO3LYLIHEIX MacC, TPEHHS MEXK-
Ay IBHKYLUIMMHCS C Pa3HOil CKOPOCTBIO ca0siMH. [lopeIBHCTOCTBH Berpa
OLIEHHUBAIOT C NMOMOIBIO CTATHCTHYECKHX CKOpOCTe#l NMyJbCalluk Berpo-
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BOTO MOTOKA: MATEMAaTHYECKOrO OXHUIAaHUSA, CPENHero KBaJpaTHUecKoro
OTKJIOHEHHsl, 3aKOHA paclpeliefieHds] MyJbCallid IOTOKAa BO BPEMEHH
KaK HelpepbIBHO! cayuafiHofl BenuuuHbl. Pe3skoe KpaTKoBpeMeHHOe ycu-
Jenue Berpa o 20 m/c u Gojiee Ha3bIBAeTCA UWIKBAJIOM.

Baxnasi xapakTtepucTHKa NMOPHIBOB BeTpa — MX pasmepsl. Hecmor-
ps Ha TO, YTO OHM MO BLICOTE M LIMPHHE HOCAT Cay4aHHBI Xapakrep,
BCe K€ CYHIECTBYIOT HauGoJiee BEPOSATHBIE MX 3HAYEHHS: BEICOTA NOPHI-
BOB cocTaBJisier npumepHo L/4, a wmpuHa — L/15. Iro oGcrositenbeTso
HeOOXOIMMO YUYHTHIBATH NPH pacuere BEICOTHBIX U [POTSKEHHBIX B
[J1aHe COOPYXKEeHUH.

Hns teppuropun CoBerckoro Corosa cocraBieHa Kapra pafOHHpO-
BaHHsl M0 CTeneHd uHTeHcHBHOCTH Betpa. Ha Heit [37] Bes tepputopus
CTpaHH pa3buTa Ha ceMb BETPOBHIX paiioHOB. OTHENbHO BBIENEHEI TOp-
Hele MaccuBbl. Kaxomy pafioHy COOTBETCTBYeT CKOPOCTb BeTpa, Haliiio-
IaeMasi pa3 B [5ITb JIeT U u3mepsiemasi Ha BeicoTe 10 M Haj NOBEPXHOCTHIO
semau. Boabwas uacts teppuropuu CCCP (65 %) oruocures k I...I11
BETPOBEIM pa#ioHam H Toibko 8 % — x V...VII pailonam ¢ ocoGo
cunbHbIMU Betpamu; 20 % TeppHTOpPHMM NPHXOAUTCS HAa TOPHBIE MeCT-
HocTH. Penbed MeCTHOCTH Hrpaer OYeHb BAXKHYIO pOJIb B H3MeHEHHH
CTPYKTYpHl BeTpa. D10 0cOGEHHO 3aMEeTHO NpPH CPaBHEHUH JAHHBIX O
CTPYKType BeTpa B uepTe ropoja M B NPHUTrOpoje, B JIECHO! 30He M OT-
KPHITOM [0J1e, B PE3KO MepecedyeHHOH MECTHOCTH, H306HymoLiell oBpa-
ramu, Xo/IMamH, 4 Ha PaBHHHe, B TOPHOH MECTHOCTH, HACHILEHHOH MU~
KaMH W BepUIMHAMH, H B 3allMIIEHHBIX JOJNHHAX.

MaveHenne CTpPyKTypBl BETPOBOIO M[OTOKA C YBEJHUEHHEM BBICOTHI
OT [IOBEDPXHOCTH 3eMJIH B [peJiesiaX HHXKHEro cJosi atMochephl HAaXORHT
OTpaxkeHHe B BePTHKA/JbHBIX NpodUIAX CPEAHHMX cKopocTefl Berpa.
OG6BLIYHO HCMOJIb3YeTCs1 CTENeHHast 3aBUCHMOCTB CKOPOCTH Berpa ot
BBICOTHI

V() = Vi (—f-o—)“ | (IV.1)

WM JiorapHpMuyecKas
In 2/2
Vo="Vy In lO/z0 ! (v.2)

rae V (2) u Vyy — cKopocTh BeTpa Ha YPOBHSIX COOTBETCTBEHHO z 1 10 M;
2p — napaMmerp [LEPOXOBATOCTU (BHICOTA, HA KOTOPO# CKOPOCTb Berpa
paBHa HYJIO); 0. — [apameTp, CBSA3aHHbI C TYPOY/MEHTHOCTBIO MPH3EM-
HOTO €J1011.:

DT 3aBHCHMOCTH OTPAXKalOT 3aKOH U3MEHEHHS] MOrPAHHYHOTO CJIOS
B HENOCPEACTBeHHOH OJIM30CTH OT 3eMJIH, BBI3BAHHOTO TPEHHEM TypOy-
JIEHTHOTO MOTOKA O e MOBepXHocTb. Takum o6GpasoM, (opMHpOBaHHE
npou/isi CKOPOCTH BeTpa B [OTPAHUYHOM CJIOE aTMOCKHEpPHI MOJHOCTBIO
06YC/IOBINBAeTCs LIEPOXOBATOCTBIO MOACTH/IAIONUIEH NOBEPXHOCTH 3€M-
Jau. B oreuectBeHHOM HayuHOH JuTeparype MpPEeANOYTEHHE OTAAETCH
dopmyie (IV.1), B To Bpems Kak 3apyOeiKHbIE HCCIENOBATENH TOIb3YIOT-
csa dopmynoit (IV.2).

ITokasatesip cTeneHH o BO MHOTOM 3aBHCHT OT LIEPOXOBATOCTH MeECT-
goctd. Tak, A/si paBHHH 3HAaueHUE O MEHbIIE, UeM JJIsi MECTHOCTH, Ha-
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CHIIIEHHON Pa3HEIMK 3JIEMEHTAMM IepoXoBaTOCTH. Iy oTKpHITOH MecT-
HOCTH C HEGOJbUINMY TIPENsATCTBUAMY (CTenu, Gepera W HU3KHe OCTPOBA
BHYTpPEHHUX Bof) npunumawot o = 0,16. las MecTHOCTH, paBHOMEPHO
NOKpPHITOM npenstcTBusiMu BhicoTo# 10...15 M (Ku/ble OKpayHbl TOPOJOB,
JlecHsle MaccuBhl), o = 0,22, JIas MECTHOCTH C KPYNHBIMH 3JIeMeHTaMH
11epOXOBaTOCTH (HEHTPHl GOJBLIMX TOPOAOB, 3aCTPOEHHBIE MHOT'O3TAXK-
HEIMH 31aHusMH) o = (,33.

BeTpoBoe BO3zeHCTBHE Ha MHOTHE COOPYIKEHHSI CTOJb CYLLECTBEHHO,
YTO BETPOBasi HArPY3Ka YacToO UrpaeT ONpee/siollyio posib B CO3JaHUU
HaNpsZKEHHOTo CcocTosiHua coopyxenuil. Ilosromy wn3yuyeHue ee geit-
CTBUSl Ha TejJa pa3Holl (opMbl HMeeT NEPBOCTENEHHOE 3HAYEHHE 711
ofecnieyeHnsi NPOYHOCTH M YCTOMYMBOCTH coopyxkenuii [29].

BerpoByio Harpysky OHpeAensioT 1O YpaBHEHHIO KHHETHYECKOH
SHEPruH BETPOBOIO IOTOKA, COTJIACHO KOTOPOMY AaBjeHHe Berpa (CKo-
POCTHOH Hanop) NpoNOpLUOHANbHO KBalpary CKOPOCTH NOTOKa V

1
. 9= —5pV3

rie p — MaccoBasi NJIOTHOCTb BO3AyXa.

B stoit dopmyJsie 3a pacuernylo cKkopocTh V MOXKHO NPHHATH MaKCH-
MaJIbHYI0 CKOPOCTb BeTpa, HalJIOJABIIYIOCH OZHaXIbl 32 OYeHb G0JIb-
wo# orpe3ok Bpemenn (50...100 jer). Oxnako pacuer BeTpoBoil Harpys-
KH N0 a6COMIOTHOMY MaKCHMyMy HesKoHoMHYeH. C Ipyroil CTOPOHHI,
€C/I BETPOBYIO HarpysKy pacCuMTaTh [0 CPeIHEeH CKOpOCcTH BETpa, TO
OHA OKaXeTCs HE3HAuMTeJbHOM, a COOpYXeHWsi, pacCuHTaHHBIE IO
cpenneii ckopoctH, 6yayt HenpouynsiMu. HaunGodee nenecooGpasmo B Kaue-
CTBE pacyeTHOH NPHHHMATh MAaKCHMaJbHYIO CKOPOCTb 3aJiaHHOH ofec-
NeYeHHOCTH. B 3aBUCHMOCTH OT THNA COOpPYXKEHHs H CpPoKa ero npea-
10/1araeMoi SKCIVIyaTallH HUCNOJb3yeTcs CKOPOCTb BETpa COOTBETCTBY-
olefi obecrneyeHHOCTH, NOA KOTOPOH 3jlech MOHHMAIOT HHTErPAIbHYIO
NOBTOPAEMOCTb (HJIH BEPOSITHOCTb) CKOPOCTH BeTpa GoJiee OlpefeseH-
Horo sHauenus. IIpu pacuere coopyxeHHs Ha BETPOBYIO Harpysky 3a-
JlaeTcsl cTeneHb JONYCKaeMoro pHcka R, T. €. BEpOATHOCTb TOrO, 4TQ
Harpyaka npeB3oiiieT HOPMATHBHYIO XOTA Obl OIUH pa3 3a A JeT

‘ R=1——(1——T‘—)", (1V.3)

rae T — nepuox nopropeHus Hopmatupa, T = 1/{; Y — BepOATHOCTD
TOrO, YTO HAarpyska NpeB30OHIeT HOPMATHBHYIO OAHH pas B TOAy.

Csi3b MeXAy 006eCneveHHOCTBIO M CTeNeHblo pucka [8]

BepositTHOCTh (0GecneueHHOCTh)
nopmatiea P, % . . . . . .

.. B0 20 20 10 ) 2 1
Ilepuon moeropennust Hopmatupa T,

TOABL o . v v v v e e e e 2 5 5 10 20 50 100
JnuTenpHOCT SKCIVIyaTallHH C€O-
ODYXEHHSI 1, TORBl . . . « . . « 2 5 10 10 20 50 100
BeposiTHOCTL NpeBHIIEHHS HOpMa-
THBa (cremeHb pucka) R, % . . 75,0 67,2 89,3 65,2 64,2 63,6 63,4

@opmysa (IV. 3) nossossier no 3afaHHON AJIUTENBHOCTH IKCIJIya-
TalUMU COOPYKEHHs! (JOrOBEYHOCTH) 7 H NEPHOAY NOBTOPEHHS] HOPMa-
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THBHOW Harpysku T ompeienuTh cTeneHb pucka R usau, HAoGOpOT, 10
3a/laHHBIM 3HAYeHHSIM K W n BHIUHCANTH NEPHOA UOBTOPEHHS] HOpMa-
tupa T.

BeTpoByio Harpysky onpeiesisiioT ¢ MOMOIIBIO CHENUaNbHBIX HOPM.
Bo wmHOrux crpanax peficTByloT cBOM peruoHanbHble HopMmbel. B Co-
BerckoM Cotose 310 «CTpouTENbHBIE HOPMBI u upaBua. Harpyske u
BO3/EICTBH Y.

'

CropocTHble HANoOpbl BeTpa Ha BbicoTe 10 M Hajg nOBEePXHOCThio 3emam [37]

Betposbie pauonu CCCP Ia 1 imom  iv v vVl vt
wy, Klla . . . . ... 0,17 0,23 03 0,38 048 06 0,73 0,85

IIpunsaTtoe B Hawe#l cTpaHe pafiOHHPOBAHME TEPPUTOPUH 11O CKOPOCT-
HBIM HalopaMm BeTpa CBI3aHO C Ha3HaueHWeM HOPMAaTHBHOTO MOKa3arens
CKOPOCTHOTO Hamopa, COOTBETCTBYIOMIEro 3HAYeHHIO CKOPOCTH BeTpa
Ha BecoTe 10 M Haj NOBEPXHOCTHIO 3eMU (APH JECATHMHHYTHOM HHTEp-
Bajle OCPeNHEHHs), NpPeBHIIAeMOro B CpeJHeM OAHH pa3 B OfTb Jer
(T = 5). Kpome TOro, HEHCTBYIOT CTpOMTEeAbHBIE HOPMBI H MpaBHJA
«CrpoutenbHas KauMarogorus u reodusuka» {36], rae B pasnene o serpe
cozepKaTcsl NOAPOGHEE [AHHBIE O €ro MOBTOPSAEGMOCTH U CpelHed CKOo-
pocTi MO HanpaBJeHUsAM, HauGonbuiefl ckopoctu 3a 1, 5, lO, 15 u
20 ner B pa3HbIX pafioHaX CTPaHBL. ,

Ecnu uudopMaius o CTpyKType Betpa ans npeanoJaraeMoro pau-
OHa CTPOHTEJbCTBA B CTPOHTEJbHBIX HOPMAX OTCYTCTBYeT WJIH HejocTa-
TOYHA, MPHUXOAUTCA HCIOJb30BaTh JaHHbe HAOMOJEHMH MECTHBIX TI'HA-
POMETEOPOJIOTHYECKHX CJIYXKO6 O CKOPOCTH BeTpa C [OBTOPSEMOCTBIG
ofiuH pa3 B nATh Jer. [Ipu aTtoM HabGmofeHun NPOBOAAT Ha BuicoTe 10 M
Hall YypPOBHEM 3eMIN C [MOCJAeNYIOmUM ABYXMHHYTHBIM OCPEIHEHUeM
MIHOBEHHBIX 3HayeHu# ckopocTd Berpa. HopMaTuBHBEIA CKOpoCTHOH .Ha-
nop yTOYHSIOT MO (hopMyiie

w, = 0,610, (1V.4)

T. €. BBOAAT NONPaBOYHBIA KOIPPUUUEHT K -cKopocTH Berpa V,, momy-
YeHHOH MNO pe3y/abTaTaM HaGmiofeHu#t no Quorepy.

IMonpaBky K pacuerHbiM cKopocTsiM Berpa no ¢opmysae (IV.4) sso-
IST A5 TeX pailoHOB, rie oHa npesbimaer 20 M/c Ha OCHOBaHHU TOrO,
YFO pacueTHbIE CKODOCTH Berpa, NpuBeigeHHble B CIpaBOUYHUKE MO KJu-
mary CCCP, mosiyueHbl no JaHHBIM HaG/IOJEHUH 32 BETPOM C [OMOLIBIO
(dmorepa, KOTOpbIfl, KakK MpaBHJIO, 3aBbIIAET CKOPOCTH CHJBLHBIX BET-
POB MO CPAaBHEHHIO C HX MCTHHHBIMH 3HAYEHHSMH.

HanoxenHble JaHHBIe PACHPOCTPAHSIOTCS U Ha 0COGO OTBETCTBEHHEIE
H YHHKaJbHEIE COOPY’KEHHs THIA MarUCTPaJNbHBIX Ta30lMpOBOAOB, BHCH-
YHX NEPEeXOfloB, a TaKkKe COOPYKEHHH, CTPOALIMXCA B TOPHEIX pailoHaXx,
Korjaa paiionupoBaune no CHull [37] nenoctatouno u Tpebyercss MUKPO-
palioHHpOBaHUE 30HBI CTPOUTENBCTBA.

ITnorHOCTh aTMOC(epHOTO BO3JyXa O 3aBHCHT OT AaBJIeHHA, TeMile-
paTypbl H BI2)KHOETH OKpYKarollell cpefpl. Ec/u Temmeparypa H BJlIaxX-
HOCTb BO3JyXa MOI'YT 3HAuUWTeNbHO (WIYKTYHpOBaTh B TEYEHHe CYTOK,
mecsina, roja, TO JaB/JeHHe, B OCHOBHOM, 3aBHMCHUT OT aGCOMIOTHBIX OT-
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METOK cTpouTtenbHoH miomanku. [TonuxkeHue ero, cBsi3aHHOE C yBeJH-
YeHMEM BBICOTHI MECTHOCTH OTHOCHTEJIBHO YPOBHS MOpPsi, NMPHUBOAMT K
YMEHBIIEHHIO MJIOTHOCTH BO3AyXa. B TO ke BpeMms, Mpu MPOYHX PABHBIX
YCJIOBHSX, MOBHILEHHE TEMIEPATypPhl OKPYKalomiell CpemEl TaKKe CHH-
JKaeT NJOTHOCTh Bo3Ayxa. C 3TUMHM OGCTOATENLCTBAMH HHOTHA HEOG-
XOZUMO cuHTaThcsi. B OosbliuHCTBe ciayyaeB mnpuHuMaloT p = 1,225
¥, COOTBETCTBEHHO, W, = 0,61¢3, Ma.

ITpu onpepenenun BeTPOBOH HarpyskH Ha 3JIEMEHTHl KOHCTPYKLUH,
pacnoJioKeHHble Haj NOBEPXHOCTHIO 3eMaH Bhiiie 10 M, BBOAST Hompa-
BouyHble Ko3dpuuuents! (taba. IV.2), sa ucK/oueHHEM TFOpPHBIX MeCT-

Tab6banuna IV.2. MNonpaBounsie KoapdHUHEHTH!, YYHTHIBAIOIHE BO3pACTaAHHE
CKOPOCTHOTO Hamopa BeTpa C YBeJH4YeHHEeM BbicOTH [37]

3nauenuss KoabOUIHUEHTOB A 3uaueHus kKoddbdHUHEHTOB ANS
Bricora THNOB MECTHOCTH BricoTa THIIOB MECTHOCTH

Z, M . Z, M

| a | 8 | ¢ - a | B | e
<5 0,75 0,5 0,4 150 2,25 1,9 1,58
10 1,0 . 0,65 0,4 200 2,45 2,1 1,8
20 1,25 0,85 0,55 250 2,65 2,3 2,0
40 1,5 1,1 0,8 300 2,75 2,5 2,2
60 1,7 1,3 1,0 350 2,75 2,75 2,35
80 1,85 1,45 1,15 =480 2,75 2,75 2,75
100 2,0 1,6 1,25

Npumeuanue. Ilpu onpexeneHnn BETPOBON HArpy3KH THIH MECTHOCTH MOTyT OHITHL
Pas/uUHBIMH [JIs1 PasHBIX PACUETHBIX HANpaBJCHHH BeTpa

HocTe#l, 1] KOTOPBIX 3TH KO3(ppHUHUEHTH NPHHUMAIOT HA OCHOBE AaH-
_HBIX CllelHaNbHBIX o6cyenoBanuil U usbickanuii. s coopyxenuft, pac-
T0JIOXKEHHBIX Ha BHICOTE J0 O M OT NMOBEPXHOCTH 3eMJIH, IOMyCKaercs
CHMKEHHE CKOPOCTHOTO Hamopa Berpa Ha 25 %.

PACHETHBIE HATPY3KU M COYETAHMS

IIpu pacuere TPyGONPOBOAHBIX CHCTEM HOPMATHBHBIE 3HAYEHHS HArpy-
30K CJIEAyeT MPUHUMATH N0 JAHHBIM TEXHOJNIOTHYECKUX 3aJaHHHl ¥ HOP-
MaTUBHBIX JOKYMEHTOB. [IpH OTCYTCTBHH 3THX WMaTepHaJoB UX MOMHO
NPHHUMATL [0 JAHHBIM, MPHUBENIEHHHIM HHXe W B Tabn. IV.3 [28].

‘ NaotHocTs Ma»
Martepunan ornoxennft B TpyGonpososax TepHasa,

Kr/m

IMaie KOMOMIHKHKOBAs: OTJIOMKEHMS] TPA3HOrO H MOJYUHCTOTrO ra-

30B B TPYGONpOBOJAX Ha CIJIOMHBIX ITVIOMAJKAaX W Ha MOBEPX-

HocTR TPY6 . . . . . . . 2000
Konpencar B prﬁonpoaonax ‘WHCTOTO Tasa U B Bosnyxonpoao,uax

KOJMOAHOTO AYTBA & v w4 o v v o o o o o s o v v v v v s 1000
Hanenn e e e e e e e e e e e e s e e e e e 900
Tloneanas HopmaTuzHas HATPY3Ka HA™ IVIOIAJAKAX M JECTHULAX

IlepexoHEle MOWAAKH W JIECTHHIbL e e e e e e e e e 2 klla
Inomankn obcnykuBaHus OGOPYHOBAHHA v « « « o + « o o 3>
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Ta6nuua IV.3. Hopmatusuas warpyska Ha 1 M JJHHB OT Beca OTJOKEHUS
BHYTpH TpPyGonpoBoja Ha cTajguu skcnayaraumn [28]

HopmarusHasi Harpy3ska, H, or rasa
cyxoro
BJIaXXHOrO OYHIEHHOTO | OWHILEH- rPASHOTO JOMEHHOrO
HOTO
Hua- -
MeTp Ha COPH3OH-
rago- Ha MeoT- TaJbHbIe
npoBo- Ha ropu- | Bwie momu- [ Ha ropm- | rasomposo- Ha HAaKJOH- | ga ragonpoBo-
Ra, MM 30HTAJIb- JKeHHEle | SOHTasb- Zbl U HAK- HBle raso- | np; ge6aaro-
Hble T830- | y4acTKH | Hble raso- JIOHHBIE OPOBOAEL | nopaTHOH KOH-
OpOBOAB rasonpo- | MPOBOZHI (mog yrJom (MoR yraom | “gurypanun
BOAA He Gosiee Goznee 40 )
30 °)
620 750 800 150
720 900 - 1000 200
820 1050 1250 220
920 1200 1500 250
1020 1350 1750 270
1120 1500 2000 300
1220 1600 2200 350 2400 700 6000
1320 1770 2470 380 2200 870 7250
1420 1940 2740 420 3500 1040 8600
1520 2100 3000 450 4000 1200 10 000
1620 2260 3260 480 5000 1500 12 500
1720 2420 3520 510 6000 1800 15 000
1820 2580 3780 540 7000 2100 17 500
2020 2900 4300 600 8000 2400 20 000
2220 3220 4960 660 10 500 3300 26 000
2420 3540 5600 720 13 000 4200 33 000
2620 3860 6420 780 16 000 5000 40 000
2820 4180 7460 840 19 000 5800 48 000
3220 4500 8500 900 22 500 . 6500 55 000
3520 5400 12 000 1100 27 000 8000 67 000

MMpameuanus 1. Jas rasonpoBOJOB BJAXKHOLO H CYXOI'O OUMINEHHOro rasa, HaxXOf#sd-
muxca nop yryiom 10°, HarpysKd npuHMMaoy B pasmepe 50 9, OT COOTBETCTBYIOUIMX 3HAaYeHHUR
rOpU3OHTAJIbHBIX ra3onpoBomoB. [pu yraax Hakjona 0...10 ° HarpyskH NpHHAMAIOT 1O JHHEHRHOA
BHTEPMNOJSAUMH .

2 Jlns ra3onpoBOAOB I'PASHOTO JOMEHHOro rasa mpH yrJax HakJoxa 30...40° Harpysky (pH-
HHMaIOT MO JIMHeHHOH mHTepnossnuu JiJIa Fa3’onpoBOAOB MOJYUYHCTOrO AOMEHHOrO rasa HarpyskHn
NpAHHMAIOT B pa3Mepe 50 % COOTBETCTBYIOLHX SHA4EHHH NS IDA3HOIO JOMEHHOro rasa

3 HopmaTtuBHAsi Harpyska oT Beca OTJIOXKEHWH BHYTPH TPyGONpOBOJOB npu pe3koM Hapy-

€HHH DeXHMa SKCIUIyaTanuH npuHuMaeTcs B 2,6 pasa GoJblle COOTBETCTBYIOLLeH HarPYy3KH Ha
Talul SKCIWIyaTalHH, HO He GoJjiee Beca OTJIOXKEHHH, 3aHHMAOIHX 70 % BHyTpeHHel BMecTHMOC-
T TpyGONMpOBOROB.

3HaueHusi YIJIOB, COOTBETCTBYIOLIME 3allOJIHEHHSIM NPH HOPMaJibe
HOM peXHMe 3KCIUIyaTallud U PE3KOM ero HapyIUEHWH, [pHBEIeHH B
taba. 1V.4. ’

HopmaTuBHYI0 Harpysky OT MacChl BHELIHHX OT/IOKEeHHH NPOU3BOA-
CTBEHHOH IMBUIH ONPENEeNSIOT ANS1 TPYGONPOBOAOB M OGC/TYKHBAIOUIMX
IJIOIMALOK, Paclo/oXKeHHLIX Ha paccrosHun He Goaee 100 M or ucrou-
HHKa BbIIeJICHHS [bLIK ¥ HMEIOLIMX HakJoH He 6osee 30°. HopmarusHyio
Harpysky OpHHHUMAIOT PaBHOH: 1/ OGC]YKHUBAIOWKUX NJIOMANOK U 3Je-
MeHToB npoJjierHoro crpoennsi — 1 Klla, mna tpyGonposozoB — 450 H
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Ta6nuna IV.4, 3sauesus yrjaos SanojHEHHS
TpyGONpPOBOAOB OTJIOKEHHAMH

[Mpy OGBIYHOM TEXHOJOrHYECKOM [Mpu peakoM HapyHIEHHH TEXHOJOIHYECKOs-
npouecce ro mpouecca

D, mm *
o, pan o, rpaa a, pan a, rpag
630 1,959 112°1%/ 1,306 74°50’
820 2,068 118°29’ 1,537 88°04'
1020 2,146 122°57’ 1,681 96°19”
1220 2,217 127°01’ 1,805 103°25’
1420 2,257 129°19’ 1,873 107°19’
1620 2,297 131°36’ 1,931 110°38’
1820 2,325 133°13’ 1,980 113°27’
2020 2,352 134°46’ 2,024 115°58’
2220 2,377 136°12’ 2,061 118°05’
2420 2,398 137°24' 2,094 120°00’
2620 2,421 138°43’ 2,128 121°56’
2820 2,436 139°34’ 2,150 123°11°
3020 2,451 140°26' 2,175 124°37"
3220 2,463 141°07’ 2,193 125°39
3420 2,478 141°59’ 2,214 126°51"
3620 2,488 142°33' 2,227 127°36’

Harpy3ska otnoxenuii nbiau Ha TpyGompoBojax (mpH HOPMATHBHOH Harpyske
B cooTBeTCTBHH ¢ [28])
Ha- Ha-

D, mm rpyska, D, mm rpysKa;.

H/m H/m
7200 ... ..o ... 320 1820 . ... ..... 810
820 ... .. .. .. 360 2020 . ... ... .. 900
920 ... ... .. . 410 2220 .. ... ... 990:
1020 . ... .. ... 450 2420 . ... ... .. 1080
120 . ... .. ... 500 2620 ... L L L. L. 1170
1220 .. ... ..., 540 2820 ... ... ... 1260
1320 e e e e e e 590 3020 ... ... ... 1350°
1420 . ... .. ... 630 3220 .. ... ... 1440~
1520 e e e e e e e 680 3520 .. ... ... 1580
1620 . .. ... ... 720

Ha 1 M® ux ropusoHTanbHOH npoekuun. s pemeryathix NJIOUANOK
Harpysky oOT IBLIM He YYHTHIBAIOT.
Macca 1 M piuHBl TpyGonmpoBoia mpuBefieHa B Tta6a. IV.5.
HopmatuBHyI0 pasHocTh Temneparyp IVl ONpefeieHusl TeMrneparyp-
HBIX JepopMauuil M YCHJAMH BBIUHCJISIOT MO (opmyJe

A = tyane — Lzam WU A = tsam — tyun,
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Ta6awuma IV.5. Macca 1 M amHb TPYO

Macca, Kr, npd ToniuHe f, MM

D, um

4 5 6 7 8 9 10 1 12
630 61,7 71,1 92,4 107,5 122,7 137,8 152,9 167,9 182,9
720 70,1 88,2 1056 123,1 140,5 157,8 175,1 192,3 209,56
820 80,5 100,5 120,4 140,3 160,2 180 199,7 219,4 239,1
920 90,4 1128 1352 157,6 179,9 202,2 224,2 246,6 268,7
1020 100,2 125,01 150 174 9 199,6 224,4 249,1 273,7 298,3
1120 1to,1  137,5 164,88 192,1 2194 246,6 273,7 300,8 327,9
1220 119,9 149,8 179,6 209,4 239,1 268,8 298,4 328 357,56
1320 129,8 162,1 1944 226, 7 258,8 291 328 355,1 387,1
1420 139,7 174,56 209,2 2439 278,6 313,2 347,7 382,2 416,7
1520 1495 186,8 224 261,2 298,3 335,3 372,4 409,3 446,2
1620 159,4 199,1 238,8 2784 318 357,65 397 436,65 475,8
1720 169,3 211,56 2536 295,7 337,7 379,8 421,7 463,6 505,4

1820 179,1 223,8 268,1 313 357,5 401,9 446,3 490,7 535
1920 189 235,1 283 330,2 377, 2 424,1 471 517,8 564,6
2020 198,99 2484 298 ' 347,5 396,9 446,3 495,7 545 594,2
2120 208,7 260,8 312,8 364,7 416, 7 468,5 520,3 572,1 623,8
2220 218 6 273,1 327,6 382 436,4 490,7 545 599,2 653,4

2320 228,4 285,4 342,4 399,3 456,1 512,9 569,6 - 626,3 683
2420 238,3 297,8 357,2 416,56 475, '8 535,1 594,3 653,5 112,6
2520 248,2 310,1 372 433,8 495, 6 557 3 619 680,6 742,2
2620 258 322,4 386,8 451,1 515,3 579,5 643,6 707,7 771,
2720 2679 334,8 4016 468,3 535 601,7 668,3 734,8 801,4
2820 277,8 347,1 41644 4856 554,8 6239 692,9 762 8309
2920 287,6 359,4 431,2 502,8 5745 646,1 717,6 789,1 860,5
3020 297,5 371,7 446 520,1 594,2 668,3 742,3 816,2 890,1
3120 307,4 384,1 460,7 537,4 613,99 690,5 766,9 843,3 919,7
3220 317,2 3964 4754 554,6 633,7 712,6 791,6 870,5 949,3
3320 327,1 408,7 490,3 5719 653,4 734,8 816,2 897,6 9789
3420 337 421,1  505,1 589,2 673,1 757 840,9 924,7 1008,5
3520 346,8 4334 5199 606,4 692,8 779,2 865,6 951,9 1038,1
3620 356,7 445,8 534,7 623,7 712,6 801,4 890,2 979 1067,7
Tab6nanuuaa IV.6. Temneparypa crenok TpyGonposonos, °C, npuuumaemas npu

OTCYTCTBHH CNEUHANBHOTO 3ajaHus

PexuM sKCIJIyaTauud

KoucTpykuus HOpMaJTb-
HbI HApyLIEHHbIA
TYasonpoBoj 4NCTOro IOMEHHOTo rasa 50 80
To Xe, KOKCOBOIrO rasa 75 90
Bo3ayxonpoBoX XOJOXHOTO AYThbS 150 200
100 150

DyTepoBaHHBIE ra30BO3LYXONPOBOARI

A€ fyawe U lyus — HauboJblllass W HaHWMEHbILAS TeMIepaTypa KOH-
fsaw — TEMIEPATYpPAa KOHCTPYKLMH B

CTPYKLMH [pH 3SKCM/IyaTaluy,
MOMEHT 3aMbIKaHHSl CHCTEMBI.

HopmaruBHyto Temneparypy fuaxe MeTalja Als TPyGONpPOBOLOB,

TPAaHCHOPTHPYIOIMHX ra3 MOBLILIEHHOR TeMmeparypHl,

NPHHUMAIOT MO

TEXHOJMIOTHYECKOMY 3aJaHHI0O MJM OpPH ero OTCYTCTBHH mo Ttabu. IV.6.
MakcumanpHyI0 H MHHHMaJbHYIO TeMNEpPaTypy AJsi ONOp, a Takke Tpy-



GONpPOBOAOB, TPaHCMOPTHUPYIOMIMX a3 ¢ TeMIeparypoll HapyXKHOTo
BO3/yXa, MPUHUMAIOT IPH PaCUeTHO! TeMIepaType Hapy»KHOro BO3AyXa,
onpenensiemoit mo [36]. Temneparypy 3amblKaHUS fsaw, €CJH HEH3BECT-
HO (aKTHUECKOe BpeMsi OKOHYaHHs MOHTaXka, ompeienstor no [37].

KosthhuunenTsl TpeHHs «CTajb [0 CTajqd» [PUHHMAIOT PAaBHBIMH
{281

B cKONIB3AUIMX ONOPHBIX YACTSX:

.

MAaKCHMAJBHBIE . . v v v 4 o o & o o & o o & 0,3
MHHHMAJIBHBIE . . . .« o v v v o 0 v ... 0,15
B kaTKOBBIX BHOJAIL OCH KaueHus . . . . . . . . 0,1
B nepneHauMKyJNsipHOM HampaBJeHHH . . . . . . . Kak ansi CKOMB3ALIHX
orop
B mapukoBHX . . . . . . ... . e e 0,1

BerpoByio Harpysky YYHTHIBAIOT TOJBKO B HalpAaBJEHHH [OIePeK
TPYOONPOBOAHON CHUCTEMBI H ONPEAE/SAOT B COOTBETCTBHH C TpeGoBaHUs-
mu [37] no mauueiM, npuBeneHusiM B . IV. Kosabduuuents: 1o6oBoro

Ta6avma IV.7, CueroBas Hnarpyska Ha TpyGomposoani, H/m (npm
sopMarueHoll Harpyske B cootsercTeun c [37])

JAns cHerosbiX paloHOB

D, mM
1 . 11 8t v \% vi

630 90 126 180 270 360 450
720 105 147 210 315 420 525
820 120 168 240 360 480 600
920 135 189 270 405 540 675
1020 150 210 300 450 600 750
1120 165 231 330 495 660 825
1220 180 252 360 540 720 900
1320 195 273 390 585 780 975
1420 210 294 420 630 840 1050
-1520 225 315 450 675 900 1125
1620 240 336 480 ‘720 960 1200
1720 255 357 510 765 1020 1275
1820 270 378 540 810 1080 1350
2020 300 420 600 900 1200 1500
2220 330 462 660 990 1320 1650
2420 360 504 720 1080 1440 1800
2520 375 525 750 1125 1500 1875
2620 390 546 780 1170 1560 1950
2820 420 588 840 1260 1680 2100
3020 450 630 900 1350 1800 2250
3220 480 672 960 1440 1920 2400

3520 525 735 1050 1575 2100 2625

COMNPOTHBIIEHHS], 3aBUCSIIUE OT B3AMMHOTO PacroJioXeHns Tpy6, ompe-
nenstor no [13] u pamuwm ra. IX.

CHEroBy10 HarpysKy YYHTHIBAIOT TOJBKO /IS Ta30MPOBOJOB OXJaX-
JIEHHOTO rasa, TeMIlepatypa CTeHKH Kotopeix Hixke 0 °C; mis rasompo-
BOJIOB TOPSIYErO [asa ee He YUHTHIBAIOT. EC/IM HENocpe[CTBEHHO Haj ra-
30MPOBOJAOM DACIONOKEH APYrof rasolmpoBOA HJH OOCHYXKUBaIOIAs
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IJoajKa CO CIUIOMIHLIM HAacTWIOM, [pefoTBpauiamolias nonajaHue
CHErOBOrO MOKPOBA, CHETOBYI0 HarpysKy TaKxXe He YUYHTHIBAIOT.

B Ttabn. IV.7 npuseneHsl 3HaueHHs] CHETOBOH Harpysku Ajas Tpyo6o-
TIPOBOJOB Pa3HBIX JUaMeTpPOB, ONPENeNeHHBX 00 dopMyse

i =PocD,

rae P, — HOpMaTHBHasi CHeroBasi Harpyska JJsi JaHHOTO CHETGBOrO
paitona mo [37]; ¢ — rosdpuument nepexona aas tpy6 (pasen 0,3);
D — nuamerp Tpy6ompoBoza.

Ta6awnalV.8. KomMbunauum wnarpysok [37]

OcoGoe
OcHOBHOE CoueTaHue coueraHue

Kosdduunentsl coueTannit npy BapHaHTax

Harpysku KOMGHHaumi
1 } 1 1t !
Iocrosiinble 1 1 1 0,9
Onna KparkoBpeMeHHas 0,9 — — 0,8 **
JlBe KpaTKOBpPeMEeHHBIX —_ 0,9 * — —
BpeMeHHEIe JiiHTeNbHEIE 0,95 0,95 1

0,95
OnHa H3 0cOGBIX — — — 1

* Ilpu yyere Tpex H 6oJlee KPATKOBPEMEHHHIX Harpy3oK HX pacyeTHHIE COUETAaHHSl yMHOXKa-
10T Ha | nns nepBoft HarpyskH, Ha 0,8— pasist BTOopo#, Ha 0,6— nJisi OCTaJIbLHBLIX.
** Kpome cjyuaes, OrOBODEHHHIX B HOpDMaX NPOGKTHPOBAHHS COOPYKEHHH sl ceHCMUMECKHX
pafioHOB H JPYrHX HOPMax NPOEKTHPOBAHHS KOHCTPYKUMH M CoopyxeHu#l. TIpu sToM ocoGyio Ha-
IrPY3Ky CJefyeT NMPHHHUMATb Ge3 CHHXKEHHS.

Tononegnple Harpysku onpenensiior B coorserctBHM co CHull
2.04. 12—86 u [371.

B coorserctBun ¢ ykasauuamu [37] npu onHoBpeMeHHOM AeHCTBHH
Ha TpyOONpOBOJ HATPY30K HECKOJNBKHX Kareropuil cjelyer yuHTHIBaTh
Koa(uienTsl uX coderanui. OCHOBHIBasich Ha KiaccHUKaLHH Ha-
TPy30K, NpuBeneHHoil B TabJ. IV.1, u pyxoBoacTBysick Koadpunenramu
ux coueranu#t (raGa. 1V.8), ompenenensl BO3MOMKHHIE BapHaHTH KOM-
OMHAIMA HarpysoK Iji OCHOBHOIO M 0COGOrO COYeTaHHH.

HOPMATUBHBIE KOO ®ULLUEHTDI ¢

Koadduuuent ycnosuit paGotsl y, npurumaior mno [32]:

HaumeHoBaHue KOHCTpyKnuf Koadduumen
TpyGonpoBozsl MPH pacuere Ha MPOYHOCTD . . « o o & « o « « & 0,9
TpyGonpoBoiiEl B MecTax BO3MOXXHOIO MOSIBJICHHsT KpaeBbIX 3(peKToB:
NpH yyeTeé KOHOEHTPALMH MECTHBHIX HaNpSKEeHHH, . . . . . . 1,25
Ge3 yuera » » » e e e e e 0,85

Ipenenphbie nporu6el TpyGONPOBOLOB, NPOKJIALBIBAEMEIX [0 Gasiod-
HOl cxeMe, MPUHUMAIOT UCXOAS U3 UX JKCMJIYaTAIlMOHHOTO Ha3HAYeHHs,
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Jns TpyGonpoBoJOB, KOTOpbIE PaCCUMTHLIBAIOT TOJBKO MO MEPBOH
rpynne npeielbHbIX COCTOSIHMH, nporu6 orpanuuuBaior 1/200 unpose-
Ta. TpyGonmpoBOABl, B KOTOPLIX MOXET CKal/JMBaTbCci KOHJEHCAT, Mpo-
BepSAIOT MO BTOPOH FpynMe NpeAeibHbIX COCTOAHMHA. MX KOHCTPYKTHB-
Hble XapaKTePUCTHKH JOJKHBI ObecreydTh Nporud, He APensTCTBYIO-
Myl 06pa3oBAHHIO HENPEPHLIBHONO OJHOCTOPOHHErO YKJOHA AJIA CTOKa
KOHJEHCaTa, [PELYCMOTPEHHOI'0 TEXHOJOrHYecKuM 3ajsanueM. C yBe-
JMYEHHEM YKJOHA TPyGOMpoBoja 3HAueHHE KPHUTEpPHUS TMPOYHOCTH [0
BTOpO#l rpylme NpefeNbHBIX COCTOSTHHUH YMEHbIIAeTCs.

Jns tpyGonpoBojoB, NPOK/IaibIBaeMbIX [0 3CTAKajaM HJIH APYIHM
HeCyLUM KOHCTPYKIHAM, MPOrHObl JUMHUTHPYIOTCS HONYCKaeMbIMH Ile-
PEeMeIEHUSIMH 3THX KOHCTPYKIHM.

Tnasa V. CTATHHECKMA PACYET TPYEOMNPOBOAOB
OCOBEHHOCTH PACHETHBIX MOJIOMEHHA

Tpy6GonpoBoiel KOHCTPYKIHOHHO MPEACTABJAIOT CO00H CTPOMTE/NbHbIE
COOPYIKEHHS, [0 CYIIECTBY 3aHMMAIOT MeCTO, GJH3KOe K TEXHOJOrHue-
CKMM arperataM, 4eM H o0YCJIOBJIEHb OCHOBHblE OCOGEHHOCTH HX pac-
yera M IpoekTHpoBaHus. IIpomecc ux dopmoob6pasoBaHHs BO MHOI'OM
COBNAJaET C AHAJIOTHYHLIM MPOLECCOM B CTPOUTE/NBHBIX METa/lJIOKOH-
CTPYKUMAAX, OIHAKO paboTa CHCTeM B LIEJIOM CYIIECTBEHHO OT/IHYaeTcs
OT paGoOThI CTPOHTEJIBHBIX COOPY2KEHHH.

TpyGonpoBOAHblE CHCTEMBI KOMIOHYIOT B BHAE pasBeTBJEHHBIX CO-
OPYIKE€HHI, ¥ KOTOPBIX JUIMHA NMPEBAIHPYyeT Haj OCTANbHBIMH EOMEeTpPH-
_yecKMMHM mnapameTpaMu. Ha Bcem mporskeHHH CHCTEMBI COCTOAT H3
psila KOHCTPYKTHBHBIX 3J/IEMEHTOB, Pa3/JMYHBIX [0 TeOMETPHH, XKeCT-
KOCTH, cXxeMme paboThl, KOHCTPYKTHBHOMY HcHOJHeHHo. [l takux
cHCTeM XapaKTepHbl TPYAHOCTH B (OpMa/M3alli¥ PacueTHOH CXeMbl H
YCJIOBHOE COOTBETCTBHE €€ NPHUHATBIM KOHLEBBIM 3akpensieHusiM. Onopsl
MpeACTaBAsiOT COOOH CTepXKHEBBIE - KOHCTPYKLUHH, KOTOphIe, KaK [pa-
BHJIO, JIHUIL NPUGIH3HTENLHO COOTBETCTBYIOT HX HasHauenuio. Hampu-
Mep, KOHILEBBIE OMOPbHI, NMpefHa3HAUeHHbIe VA JKECTKOIO BOCHPHUATHSA
ycHaHH BO BceX HANpaB/leHHAX, HA caMoM Je/e OGJMajaloT onpelesieH-
HOM CTeneHbiO MOAATIHBOCTH Ha M3ru6 M KpydeHHe, KOTOpasi NposiBJisi-
€TCsl CHJIbHEE C YBeNHUEHHEM 2KeCcTKOCTH TpybornpoBoja. B to xe Bpems
ONopbI, NpeJHa3HaUeHHble LIS obecrneyeHuss CBOOOIHBIX MepeMeleHH
Tpy6onpoBoja B ONpEAENEeHHBIX HamnpaBleHHAX (CKO/b3siiHe, KarTKo-
Bble), B pasHOH CTemeHH MPENATCTBYIOT STOMY H3-32 Ha/MM4Ms CHJ Tpe-
1A, KOTOphlE He MNOAJAIOTCA TOYHOH ouenke, ONOPHBIE 3aKpelJeHHs
TpYGONpPOBOZOB OTIHYAIOTCS GOJBIION PA3HOTHIIHOCTBIO M OJlHA CHCTeMa
MOMKeT BKJ/IOYaTb JO MATH-UIECTH HX BHJAOB C pasHbIM XapaKTepoMm pa-
60ThbI, OKA3BIBAIOIIMM 3HAUHTENbHOE BJIHSIHHE Ha KOMIOHOBKY PAcUeTHOH
CXeMBl. :

OcHoBHO# cTepKeHb CHCTeMBl — Hecymuil TpyGonpoBox — paboraer
KaK TOHKOCTEHHAsl LWMJIHHAPHUECKas 060/I0uKa, MONUHHAILIASACH 3aKO-
11aM paboThl NPOCTPAHCTBEHHEIX KOHCTPYKUMHA. OHa BOCIPHHHUMAET yCH-
Jus1, TPUCYIIHE el KaK CTEPXKHIO CHCTEMBI, Hampumep, OT Temmepartyp-
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HHIX JebopMauuit, H, BMECTe C TeM, B Hell BO3HHKAIOT HampsKeHHs OT
HeNoCpeJCTBEHHOTO JeHCTBHA pPsiia HarpysoK — BHYTPEHHEro jasie-
HMsi, Macchl 3allOJIHEHHs H T. M. .

Hecyuuit Tpy6onpoBoj,, onopel, CONYTCTBYIOLUIHMe TPYOsl H ApYrue
SJIEMEHTBI CHCTEMBI IIPH AEHCTBHHM IKCILIyaTalHOHHBIX HarpysoK BeayT
ce0s1 MHAMBUIYAJbHO, UTO JeaeT Heonpele/eHHBIM MpeACTaB/leHHE O
AedopMalMOHHOH cXeMe coopyxeHHsi. Tak, pasHble TeMIepaTypHbe Me-
penajbl, HEOJHOBPEMEHHOCTb HX BO3HHKHOBEHNs, Pa3/IMYHBIH XapaKrep
ONOPHBIX 3aKPEIVIEHHH HE JAOT BO3MOMXKHOCTH TOYHO OIPENENHUTb Jei-
cTeyfomye ycuiaHs. Hekoropble sarpyqHeHHs B HX OlEHKe CO3Jaer
TAKXKe CJIO0XKHOCTb MOHTaXa C MHUHHMMAJ/bHBIMH OTKJIOHEHHSIMH OT IpO-
€KTHbIX pa3MepoB, BhI3biBaeMass OOJbLIOH MJHHOH COOpYMXEeHHH.

Crepyer Tak:Ke HMETb B BUAY pal CllelHpUUECKUX YCIOBHH SKCIya-
TauHy TPYyOONPOBOJOB, OOYCHOBIHBAOIIUX OCOOEHHOCTH IIPU NPOEK-:
THpOBaHHH cucTeM. Huskoe naBieHHe rasa B IPOMBILLIEHHBIX TOHKO-
CTEHHBIX TPYOONpOBOJAX M 3HAUHTE/bHble [ONEPEYHble HATPY3KH, MpH-
BOJsilHe K H3ruGy, B OCHOBHOM H OT/JIMYAIOT HX OT MAarucTpalbHbLIX
Tpy6ornpoBoZoB. CI0XKHOCTb yC/MOBHH PaGOTHl M HEOJXHOTHIHOCTb KOH-
CTPYKIUH NPOMBILVIEHHBIX TPYGONPOBONOB 3aTPYAHAIOT HX pacueT H
OpOEKTHPOBaHHE B GoJibIlel CTeleHH, YeM MarucTpasbHBIX.

HecmoTps Ha 6oJbLIOe KOJHYECTBO TEOPETHUECKHX paspaGoTok, pac-
yer TPYGONPOBOAOB KaK TOHKOCTEHHBIX UW/IHHIADHYECKHX 000JI0YeK
rpomo3akuil. Ilonepeynas Harpyska H HeGOJ/bIIOE BHYyTPeHHeE JaBJeHHE
NPHBOAAT K HX M3ruby M JAedopManyi KOHTypa IONePeyHOro CeueHHs.

Bosbline 3HaueHHst oTHOLIEHHs pafuyca Tpy6ompoBoia R K TOJ-
MMHe CTeHKH ! JealoT BO3MOXKHOH IOTEPI0 UM YCTOHYHBOCTH.

Yuer orMeueHHBIX NPUHUHUIHAIBHEIX ocobeHHOcTell B pabore TpyGO-
NpPOBOAHBIX CHCTEM II03BOJIAET C JOCTATOYHOH MAJIS1 HHIKEHEPHBIX pac-
YeToB TOUHOCTBHIO OLEHHTH HaNpSXKeHHOe COCTOsIHHEe TPYOONpOBOJAOB K
JPYTHX 3/JeMEHTOB TPYOONDOBOAHBIX CHCTEM.

NPEAENLHOE COCTOSIHUE U3TMBAEMbLIX TPYBONPOBOJ OB
HU3KOTO AABNEHMS

OcHoBHBIE CHJIOBBIE (JAKTOPLI, ONpENeNsioliHe HaNnpsxKeHHOe COCTOf-
Hye TPyOOIPOBOJIOB — 3TO BHYTPEHHee jAaBieHHe B TPyOe, ee coGCTBEH-
HHI BeC ¥ Harpy3ka c y4yeToM 3alO/HEHH NPOAYKTaMH HJIH OTJIOXKe-
HUSIMH H CONYTCTBYIOIIMX KOHCTPYKUHH. DTH (akTopsl MOIyT GBITh
MEXIy CcO60H B pasHbIX COOTHOLUEHHSX.

Ilpn u3yueHHH XapaKTepa HalpSKEeHHOTO COCTOSHHUS TPYGOHPOBOIa
OUeBH[IHO BO3HHKHOBEHHE OT BHYTPEHHEro AaBJEHHS KOJbLEBHIX pac-
TATMBAIOWUX O, W NPONONbHBIX HaNPsKEHUH Opp (MPH 3aKPHITHIX
saraymkax). Kpome Toro, nomepeyHass Harpy3ka BBISbIBA€T MPOJAOJIb-
Hble HaNpsKEeHUS H3rnba Oy — CKUMAlOUHe JJIs BepXHeH yacTd no-
NEPEYHOro CeUeHHs] W PAaCTATHUBAIOLIME JJIs HUKHEH, a TaKXKe KOJIblie-
Bble HanpsokeHus. Takum o6pasoM, TPyGONPOBOJA HAXOIMTCA B YCJjo-
BHSIX CJIOKHOTPO HalPSXKEHHOTO cocrosiHMs. [lpeHeGperas, BelefcTBHe
MX He3HAUUTeJbHOCTH, palHa/lbHBIMU HANPsKEHUAMH, MOXHO Orpa-
HHYHTbCS PACCMOTPEHHEM IJIOCKOTO HaNPsKEHHOI'0 COCTOSIHHS.
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Ecau npunate ycioBue Tekydectd Cen-Benana, 10 Hecymylo cmo-
cobHOCTh TPy6ONpPOBOJA MOXKHO UPOBEPATh HO (opMyJaMm

|oy—o0,|< o |oy|<Or; 0y=0T1. (V.1)
[To ycnoBmio Tekyuyect Museca NpPOBEPKY MOMKHO BBINOJHATb MO
topmyJie

VO'% — 0,0, + % < oT,
Tle 0, U O, — IVIaBHble HOpMasibHble HAMpsIKEHHS; 01 — Npeaen Te-
KY4eCTH.

YuuTelBas, 4TO AJIs1 MaJOYT/IePORUCTOH CTalH, KOTOPYIO B OCHOBHOM
NPUMEHSIOT AJSl TPYOONpPOBOJAOB, TEKYuecTb HACTymaer MexAy YCJo-
pusiMi CeH-Benana u Museca, tsarores K ycaoeuio Cen-Benana, MoxHO
paccMoTpeTh ToJbKO ycioBHe (V.1) MPHMEHHTENBHO K TOUKE C pasHo-
BHAUHBIMH TJIABHBIMH HANPSIKEHUSIMH. TaK Kak KOJIbLEBblE HampsiKeHHst
OT MONepeyHoll HArPY3KH B HauboJjiee HaNpsiKEHHBIX TOYKaxX MoNepey-
HOTO CeYeHH$s COBMAJAIOT MO 3HAKY C NPOAOJBHBIMH, TO IPH OLIEHKE Ha-
NpSIKEHHOIO COCTOSIHHSI HX He YUYMTHIBAIOT. KoJIbLEBHE HANpsKeHHst
OT BHYTPEHHEro JaB/eHHs B NPOMBIIIEHHOM TPYGONPOBOJE NPH MaKCH-
MaJIbHBIX Harpyskax cocraBiasioT MeHee 10 % NpoORONBHEIX HaNpsiKEHU
¥ He npesbimaior 5 % npenena tekyuectH. [lsi TOUKH KOHTYypa nmonepey-
HOTO CeYeHHsl C DA3HOBHAYHBLIMH HANpsIKEHHsMH (Kak NPaBHJIO, TaKas
TOYKa OpUHANJIEKUT BepxHefl oGpasyiolied) yc/ioBHe Cen-Benana B
3TOM CJIyyae

Ogp — O, = Opp + 0,050 < o7,
CJIEI0BATE/TBHO
Onp << 0,9507. (V.2)

B o6memM BHfe, ¢ yyeTtoM Kos(duuueHTa HaJEXKHOCTH [0 MaTepHalIy
Tpy6bl, MOXKHO PEKOMEHJOBaTh CJENYyIOllee YCIOBHE MPOYHOCTH:

Onp << VK1 Ry,

rie R, — pacueTHOe CONpPOTHBJ/ICHHE MarepHaia TPYG; ¥, — KOIDDH-
LIHEHT YCAOBHE paborsl; K; — Ko3(dHIMEHT npuBefeHus K nnnenﬂomy
HalNpAXKEHHOMY COCTOAHHIO.
. aa paccMaTpuBaeMbiX TPYGONPOBOAOB HU3KOI'O nasnemm, HCXOJst
u3 Beipaxenusi (V.2), crepyer pekomenpoBath K; = 0,95. 1o noseo-
JiseT CIeJaTh BBIBOJ O TOM, 4TO H3rHbGaeMble TPYOONpPOBOALI HU3KOTO
JaBlIeHUs MOXHO pacCMaTpHBaTh B YCJIOBHSX JIMHEHHOTO HaMNpsiXkKeH:
HOTO COCTOSIHMSI MOJ HeHCTBHEM [POJOJBHLIX HaNpPsKEHHH.

DkcrepuMeHTaJIbHbIE HCC/AEIOBAaHHS TAKHMX TPYOOMPOBOLOB MOATBEP-
XKJAAI0T NpeBaNUpylollee BIHAHHE Ha HX HECYLIYI0O CNOCOGHOCTb UpO-
JIO/IbHBIX HANpKEHHH M MOKa3bIBAlOT, YTO MOC/e JOCTHXKEHHS! HMH Ipe-
Ae1a TEKYYeCTH Aa/ibHeillllee yBeJIHYEHHe HATPYSKH NIPHBOIUT K PE3KOMY
HapacTaHHIO MPOTrHOOB.

BosHuKHOBeHHE HOPMa/bHBIX CKUMAOWMX HAaNpsiKeHHH BLI3BIBAET
HEeOGXOAUMOCTh yuyera BO3MOXKHOH MOTEPH YCTOHYMBOCTH, BaHsioIeH
Ha HEeCYILYI0 CIOCOGHOCTb TPYGONpoBOAA.
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Kpurtuueckne HanpsKeHHs NMOTEPH YCTOHUMBOCTH MpPH M3rHGe HOp-
wmupytoresi. Tak, [37] npenycmorpena oGsizatenbHasi npoBepKa Ha yc-
TOUYHBOCTb 3aMKHYTBIX KPYTOBBIX LMJIMHIPHUECKHX 00O0/JIOUEK B CJIy-
yae BHELEHTPEHHOro cxkatusa. [Ipu 3TOM yc/ioBHe yCTOHYMBOCTH

<< ch;'rly (V3)

TJe 0;— DacyeTHoe 0CeBOe HampskKeHHe B 060/0UKe; Oy1— KPHTHUECKOE
HaNpsXeHHe MOTepU YCTOHYMBOCTH NpPH MONEPEeYHOM H3rube.

Ocri = QOcr1y

Tle O.r1 — KPUTHYECKO® HalpsiKeHHe MOTEPH YCTOHYHBOCTH MPH PaB-

HOMEpDHOM CXKaTHH NapaJ/iejbHO 00pa3yoluM; o — Ko3dbHulIHeAT no-

BBIILIEHHS] 'KPUTHYECKOTO HaMpsXKeHWsl I[PH BHELEHTPEHHOM CXKAaTuH.
o

=1+0,1[1—0—‘_],

1

Tle 0; — PacueTHoe OCeBOE HANPSKEHHE B OGONOUKE; Gy — HAHGOMb-
mee HanpsKeHHe Y [POTHBOMNONOKHOIO KOHIA nuaMeTpa C yueToM
3HaKa.

Jlnst ucnonv3oBanyss OBM npH BHINOJHEHHH PacueTOB NPHBeNEHHBIE
{34] nuckperHble 3HAUEHHS Oy, 3aBUCALIHE OT TAGJHUHBIX JaHHBIX,
yAaJsoch 3aMeHHTh HeNpephIBHBIMH (yHKuHAMH. OKa3ajoch BO3MOMXKHBIM
annpoKCHMHPOBaTh TaKHe (QYHKIHHM B TpeX HHTepBasax:

L 0<—+<<250
Gort = 0,011192 (—;-)’— 7,2318(—:—) +2100,8.
2. 250 < -+ << 500
Gert = 0,00511 13(-';-)’- 5,7362 (—;)>+ 2103,2.
3. 460 << — < 800
Ot = 0,000866211 (- ' — 1,9624(—F-) + 1273,4
Tlocne necioxHBIX MpeoOpa3oBaHHi BbBIpaXKeHHE MAAA o

oa—-OG-I-l/ ,

TJle Oy — OCeBble HANPSKEHHs B prﬁonposozxe OT TEMIIEpPATYpHBIX Je-
<dopManuil CHCTEMBL.

[TonyueHHble 3HAYEHHSI Ogy M O TIO3BOJMJIH MO METOAHMKE, PEKOMEH=
JoBaHHOH [34], BBIMMCJIHTL KPUTHYECKHE HAMpPSIXKEHHS MOTEPH YCTOH-
YUBOCTH, 3aBHCHMOCTb KOTOPHIX OT TOJIIMHEI CTEHKH [OKasaHa Ha
puc. V.1 mias pasHeix auamerpoB Tpy6. ['paduk HarsispHo noxtsep-
JKJaet, YTo A5 GOMBLUIMACTBA TPYy6 3HAUeHHs KPHTHUECKHUX HalpsiKeHHH
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NOTEPU YCTOMUHBOCTH HMXKe, YeM pacueTHOe CONPOTHB/IEHHE CTRIH
BCr3cn. JIumpe He3HAUHTENBHOE KOJNHUECTBO TPYO MOXKHO pacCUHTaTh
Mo NMPOYHOCTH 6e3 yuera BO3MOXKHOH MOTEPH YCTOHYMBOCTH.

Ha puc. V.2 nokasanel oGnacti pasvepoB TpyGONpOBOLOB, mpe-
JleJIbHOe COCTOSTHHE KOTOPLIX ONpefensieTcss MPOYHOCTHIO M YCTOHUHBO-
etbio. [lpunar marepuan tpy6 BCr3cn npenenom TekyuectH or =
= 225 MIla. TTonyuenHble faHHbIE CBUAETEIBLCTBYIOT O HANPSKEHHOM
COCTOSIHMH, NPH KOTOPOM HalpsXKEeHHs, BEI3BaHHbIE H3THOOM TpPyGONpo-
BOJa, AaBJeHHEM Ha 3arJy[IKy H NMPONOJbHBIMH CHJIaMu OT TeMIepaTyp-
HBIX JepopMalyil TOCTUTAIOT 3HAUEHHH Gpy M CTEHKa TPYObl pas3pyLiaercs

/?,Mna D,em
220 = i 2, en
204'0 — ?gg 17450 80120160200 240280 320360
> { &
1800 | LTl 200 051\
1600 |47 ATAD—T 580
A 320 g6
1400 /A/ = <= 360 07
1200 |02 /'1/ L~ E ' \ Jii
[ A r 08
1000 | A" @ Ty
600 10 \
0505 05 07 08 09 10 4f 12 ¥ \
t’ oM /,2
Puc. V.1. Kputnyeckue HanpsKeHHs Puc. V.2. O6nactu pacuera Tpy-
fl0TepH YCTOHIHBOCTH TPYGOIPOBOJOB: 60rpOBOJIOB:
D — Auéme'rp TpYyG; ¢ = TOJILHHA CTEH- I — no npouHocTH; /I == no ycrofi-

KH YHBOETH.

B pe3yJbTaTeé NOTEPH YCTOMUMBOCTH mpHu u3rute. IlpenenvHoe cocros-
HUE B 3TOM cC/Iydae

0y << Y Oert. (V.4)

[puBeneHHble NaHHBIE MO3BOJSIOT CHENATh CJELYIONIHE BHIBOABL.

HanpsikernHoe cocrosiHue H3rH6aemMbIX TPYGONpPOBOJOB HH3KOTO JaB-
JIeHHSi MOXKHO paccMaTpHBaTh KaK JIHHEHHOe W pacCUMThIBaTh HX Clle-
IyeT N0 TeOpHH HaHGOMBIIMX HOPMAJbHBIX HAIpPSKEHHH.

ITpenenbHEIM coCTOSTHHEM H3ruOaeMblX TPYGONpPOBOLOB HHU3KOTO JaB-
JIEHHS CJIELYeT CUMTATh TaKoe, PH KOTOPOM MPOAOJIbHbIE HANpPSKEHHs,
BbI3BaHHbIE [ONEPEUHbIM H3rHOOM, AaB/ieHHeM Ha 3arVIyIIKH ¥ NpOAOJb-
HbIMH CHJIAMH OT TeMIepaTypHbIX Aedopmanufft JOCTUraioT NMpegena Te-
KYYeCTH, BCJIEICTBHE Yero Marepuasn TpyObl HauWHAeT paboTaTh B yNpy-
rO-NJIaCTHYECKOH CTalMH C Pe3KUM HapacTaHueM NpOruGoB.

Jns GosbluvHeTBa HAJ3€MHBIX TOHKOCTEHHBIX H3ruGaeMblx TpyGo-
fIDOBOIOB HH3KOTO JABJNEHHS CYIIECTBYeT [peJeNbHOe COCTOSIHHE,
KOTOPOE XapaKTepH3yeTCsi JOCTHKEHHEM HAaHGONbLIIHMH HOPMaTbHBIMH Ha-
MPSKEHUSAMH 3HAUEHWH KPUTHUECKHX HaNpsKeHHH NOTepH YCTOHUH-
BOCTH CTEHKH TPYObl NPH BHELEHTPEHHOM C2KAaTHH.
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PACHET TPYEOMPOBOAOB
HA NMONEPEYHYIO BEPTUKAJIbHYIO HATPY3KY

TpyGonpoBoapl pacCYUTLIBAIOT MO NPENEbHBIM COCTOSIHHAM: a) HO mep-
BOA rpymnne npelejbHbIX COCTOSHHH (M0 MPOYHOCTH H YCTOHYHUBOCTH);
6) mo BTOpPOH Tpynne NpefeqbHBIX COCTOSIHUH — LJIs1 TPyGOHnpOBO-
J0B, JedopMaiys KOTOPBIX MOMKET 3aTPyJHHTb HOPMaJbHYIO 3KCHJlya-
TalMi0 U OTPAaHHYUTb BO3MOXKHOCTb HMX MPHMEHEHHS.
[Ipu pacuere TpyGONpPOBOJOB U ONpeleNeHHH Hanpmxemm HpuHﬂTbl
cjlegyoliue ycaoBHble 06003HaUeHHA: r — pajHyC CpelHell MOBePKHOCTH

l
CTeHKH 060JIOYKH; A, = — — OTHOCHTe/bHAst A/IHHA 060/ouKH; | —

NeJYAJHHA ee;, X — paccrosiHHe BIOJb o6pasywooiled OT HayajbHOro
NOTEPEYHOro CeueHHs A0 NMPOM3BOJBLHOH TOYKM HA CPENHHHOM NOBepX-

x t
HOCTH;, A = - = i OTHOCHTEJIbHEIE BeIHUHMHBI, S — paccrosinyie

No Ayre OKPYXHOCTH CPEIHHHON IMOBEPXHOCTH OT HEKOTOPOH Haya/bHO%
o S
TOUKU O MPOH3BOJIbHOM TOUKM Ha STOH MoBepxHocTH; f = — — or-

HOCHTE/IbHAs BEJHUMHA, LEHTPATbHBIA Yro; | — MOMEHT HHepLUH ce-
uyeHHs 060JIOUKH (mycToTesof GalKH) OTHOCHTEJNbHO HEHTPa/JbHON OCH;
t — TOJIIHHA CTEHKH 0GOJIOUKH; O, — HOpMa/bHble HaNpsKeHUs, Aei-
CTBYIOIME B NPOJOJbHOM HanpasJesuH; o, Ng Q,, Mg — coorser-
CTBEHHO HOpMaJIbHble HANpSIXMKEHHA; HOpPMaJjbHas W MONlepedyHas CHJIBI;
U3rubaommii MOMeHT, AEHCTBYIOIIMA B KOJBLEBOM HallpaB/AeHHH; T —

KacaTe/bHble HANpsKeHus; My, MY — usruGaiomue MOMeHTbI ﬂycro-
Tesloft Ga/IKi B JABYX B3aHMHO epIen WMKYJIAPHLX MIOCKOCTAX; MR —

KPYTAILIUA MOMEHT B NyCTOTeIOH 6alke; Q’, Qy — [OnNepeyHble CHJbE
B nycrorenoll 6anke; N° — HopMaJibHasi cHJla B ycTotesnoi 6anke; £ —
Moaysnb ynpyroctd; G — monyab ciBura; p — Koapduuuent Ilyac-
COHAa; N — YHCJO YAEpIKHBAEMbIX YJIEHOB psja.

* Pacyer Tpy6onpoBoJIOB Ha BEePTHKA/bHbIE HArPY3KH, BBHAY BO3MOXK-
HOrO yBeJHUeHHsl HU3ruGAIOIMX MOMEHTOB BCJIEACTBHE HEPaBHOMEPHOH
OCaJKH OINOp, BHINOJHSIOT 10 CXeMe ORHONPOJIeTHOH GalKH ¢ MpoJeroM,
PaBHBIM PACCTOSIHHIO MEXIY ONOpaMH.

[1pu nonepeuxHoMm uaruGe B TPyGONpOBOAE AehOpMHUPYIOTCA Momepey-
Hble CEUeHHS W MOSBISAIOTCH JenyaHanud. [lepopManuu ceueHuit cBs-
88aHBI C U3THGOM CTEHKH, UTO NPHUBOAHUT K HAPYLIEHUIO KPYroBoi (opmbr
ceyenus. Takaa cnemupuka B pabore KOHCTPYKLUHHM OOYC/IOBJIHBAET
pesKoe OTJIHUHE HAMPSKEHHOTO COCTOAHHS TPYGOnpoBoaa or TOHKOCTeH-
HOH Ganku ¢ HeneopMHpyeMbIM KOHTYPOM CedeHHS.

Harpysku, npunoxeHHble Ha TPyOGONpPOBOA, IO xapamepy BO3Jei-
CTBHSI MOXKHO pasJeNuTbh Ha ABa THIA: Bh3bBaiolliHe JepopMHpPOBaHHE
KOHTYypa MOIepedyHoro ceyeHus TPyOONpoBoa U He BbI3bIBAIOLIHE 3TOTO
JepopmupoBanusi. Jledopmauus KOHTypa NMOMNEPEYHOTro CeueHHsl BO3HH-
Kaer B TPyOonpoBoJax TaM, rjie Harpyska HecuMMmeTrpuuHa. K cummer-
PHYHON OTHOCHTETBHO NPOAOJLHON OCH MOXHO OTHECTH TOJBKO Harpys-
Ky THOA <«BHYTpEHHee JaBJeHHe» WM «COOCTBEHHBIH BeC».

IIpu pacuere Ha MPOYHOCTb OT JEHCTBHS TAKUX Harpy3oK, HE BbI3bl-
BAIOIHX H3MeHEeHHs (OpPMbI NonepeyHoro ceueHus (coOCcTBeHHas Macca,
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Macca H30J1ALMH ¥ (YTepOBKM, NOJHOE 3allo/IHeHHe XXHIKOCTHIO), TPY-
6onpoBOAL!I PACCUMTBHIBAIOT 1O 6ANOYHON €xeMe. YCHJIHAM W Hampsoke-
HUSAM 3]leCb NPUCBOeH nyJeBoi uniekc. Hanpsixenus B MmoGoM ceueHHH
TpYOHl H B /OGO TOUKE NONEPEYHOro CeueHHs ONPENEsoT Kak B My-
croTeNlol Ganke:

'Mf’ M°

o) = —a CosP + —g- sinf + th ; (V.5)
Qo Ql) MO h

Ty = =7 - cosf + 2m2t . (V.6)

Pacuer TpyGonpeBonoB Kak 6a/iki KOJIBLEBOrO CeYeHHS Ha Heoce-
CHMMETPHYHEIE HAFPY3KH HE OTBedaeT AefCTBHTEIbHOMY HAamMpsKEHHOMY
COCTOSIHHI® TPYGONPOBOJOB, TaK Kak NpH LeHCTBHH Ha TPyOONpOBOL
HeoCeCHMMETPHYHOA HArpysKu 3aKkoH IJIOCKHX CEYeHHH Tepsier cuny.
Tlpu neficTBHM HeOCECHMMETPHUHBIX HATPY30K (BHYTPEHHHP OTJIONKEHHS
nbl/H, KOHJEHCaTa, BETPOBas Harpyska, obJefieHeHHe) TPyGOnpoBoAbl,
uMelolye OoObIYHO BHJA TOHKHX 000J0YeKk, paboTaloT He Kak MJIOCcKHe
KOHCTPYKILIMM, 2 KaK NPOCTPaHCTBEHHbIE CHCTEMBbI (060/I0YKa C IKECT-
KHMH ONIOPHBIMH KOJIbIIaMH), HaXOJASILIHecs B YC/JIOBHAX ABYXOCHOrO Ha-
ApsXKeHHOro cocrosHus. Ha peiicTBHe TakuxX Harpys3ok TpyGOnpoBOALI
PacCUNTBIBAIOT KaK 0GOJIOUKH Ha OCHOBE TUINOTE3 TEeXHHYecKoi (mosy-
6Ge3MoMeHTHO#) Teopun 060/IOUeK.

HanpsixenHoe coctosinue 060JOUKH CIAaraeTcsi U3 OCHOBHOTO Harpsi-
JKEHHOTO COCTOSIHMS NyCTOTesoN 0aJjlki, KOoTopasi fIBAsieTCs B JAaHHOM
@Jlyyae OCHOBHOH CHCTEMOMH, U JONOJHUTEIbHOTO HaNpSXKEHHOTro COCTOA-
HMSl, OTPAXKAIOIIEr0 CTATHUECKYIO HEONpeaeTuMOCTh OOOJIOUKH H Xapak-
TEPH3YIOIEro B COUETAaHHH C NEPBHIM JEHCTBHUTENbHYIO ee paboTy.

VsruGaomue Movents M), nopMaibibie cuisl No W Momepeunbie

0
CHJIH Q; B KOJBUEBOM HamnpaB/EHHH ONPENENSIOT Kak B KOJble OT 3a-
JMaHHOH Harpy3Kd, ypaBHOBELIEHHOM NOBEPXHOCTHBIMH CHJaMU

q.: ._P_. Sin f)’

rae P — paBHoueucmyxomaﬂ BHELIHEl HarpysKH Ha oﬁonormy B NaH-
HOM CeyeHMH.

3sauenuss M) 15 pasHLIX AHaMeTPOB TPYO NPH HATOJHEHHH HX
upKocThio ¢ Y = 1 + 10® Kr/M® Ko ypoBHS, COOTBETCTBYIOIIErO Hapy-
IIEHHI0 PEXHMa SKCIMIyaTauuu, npusefeHsl B Ttabi. V.l.

VYcuans HONONHUTENBHOrO HaNpSKEHHOro COCTOsHHMA (0003HAYEHBI
GyKBaMH C YepTOil CBEpXY) ONpPEREsIOT [0 CJAEAYIOHNM (popMyaam:

- n n o —_— no . — n __
Ox = zoxn; T= E Tns M, = 2 Msn; Q= 2 an,
Tlie BCe BeJIUYMHBLI, CTOALIME MOJ 3HAKAMH CYMMBI, BBIUHCJASIOT MO Qop-
MyJsiaM
- I, V= n
0., = 2,205 5 @K, cosnf; 1y, = 0,838 ] ©,K,sinnf;
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/_VL,‘ == 0’318®"K3 cos nB; an = ~ 0'3187’1‘ (DnKz sin I’IB;

N, =—0,318

n2
r

(V.7)

@, K5 cos n.

3a HayaJibHYIO TOUYKY OTCUera JyroBo# KoopAuHatel f (puc. V.3)
npuauMator Touky O,, nexaimyio Ha auamerpe O0O0JIOUKH, OTHOCHTENbHA
KOTOPOro pacCMaTpHBaeMasi Harpyska CUMMeTpHUYHa. 3a Haya/o OTCYeTOo

Tab6anuma V.l. 3nauennn @ * y Mg

3uauenus Mg. Hwm/cum, anst ceuenust f§, rpan

A, vmm B *
0 30 | 60 | e | 10 | s 180

630 —-0,2 - —18 —9 10 17 5 —9 —15

820 —0,22 —45 —24 22 48 21 —22 —44
1020 —0,22 —81 —44 38 91 45 —45 —87
1220 —0,21 —127 —T71 55 145 81 —73 —148
1420 —0,19 —196 —113 T4 213 132 —103 —220
1620 —0,18 —256 —145 109 300 191 —153 —328
1820 —0,17 —349 —201 136 396 268 —201 —443
2020 —0,16 —437 —251 175 507 354 —265 —590
2220 —0,15 —538 —309 213 638 462 —326 —751
2420 —0,15 —654 —385 261 774 574 —406 —942
2620 —0,14 —787 —455 308 911 696 —481 —1147
2820 —0,13 —939 —546 362 1095 845 —b74 —1383
3020 —0,12 —1091 .—635 419 1276 942 —668 —1644
3220 —0,12 —1270 —742 483 1487 1184 —770 —1925
3420 —0,11 —1149 —848 548 1695 1356 —870 —2231
3620 —0,11 —1652 —974 630 1948 1581 —1003 —2595

1PONONbHOA KOODIAMHATHL X
ILJIAHBI 000JI0UKH.

Kosppuuuenta K,;, K,

K, _—_(

rne

ALy —CA,
A2+ 4C?

K3=

[NPpUHUMAIOT CEYEeHHUE, JIexallee Ha cepeaunHe

H K3 HUMEIT C/aeAyIoliue 3HAUeHHs:

) . K_(A,B,,—{—M,Dx) _
’ 2 — R )

n A4t ),

A Ay —4C,Cy
A2+ 4c? >,, ’

. =ch{,xcospx; B,= % (ch px sin Ypx 4~ sh,x cos P,x);
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1 .
Cy = - chp,xsin,x;

D, = —}1— (ch p,x sin P,x — sh P,x cos P,x);

'lpn = 2,6’;32[ V(fl2— 1) M.

3navenus A,, B,, C, u D, Tabyauposaus B [33]. I'py3osbie ko3¢-

¢uuventer @, onpenensor no opmyne
- @, = § M’ cos npdp.
TlonHble HanpsKEHHS W yCHUS:
O, =0y 40y T,=T 41,
MS=M(S)+-MS; Qs = Q;‘I‘Qs» Ne=N; "I‘]—v-s-
B KkonbueBoM HanpaB/eHHM AEACTBYIOT HaMpsiKeHHA

6M°
—Nﬁ—-l-——s- 5 T=1,5%.

Os=—7 =77

Jocratounass TOYHOCTb NPAKTHUECKOrO pacuera OOOJIOYKH Ha pac-
npefe/ieHHble Harpy3kd OOBIMHO obecneunBaeTcs INPH YAEp:KaHUH B
Bbipaxkenusx (V.3) ronpko oaxoro unena ¢ n = 2. Toraa

W = 2318 Y e = 1,3160V i

14
D, = — %ws sino = yr3@;.

3unauenns @, A1 HATPYSKH, COOTBETCTBYIOWIEH YDOBHIO 3aro-
HEeHHs1 NpPH PE3KOM HapyLIEHWH TEXHOJIOTHUYEeCKOro mpoiecca, CM. B
Taba. V.1,

[lpuBeneHHbI Bbllle METOJ pacuera CJeyeT MCNOoJAb30BaTh JHIUIb
TOrAa, KOTAA HEBO3MOMXHO COXPaHUTh (HOPMY MONEPEUHOro CeueHHs
KOHCTPYKTHBHBIMH MEpONpHATHS- X
MM, HanpuMep NOCTaHOBKOH KOJb-
neBbiX peGep KecTKOCTH (LilaH-
royToB). [TocraHoBKa ux B mpoJiere
1...2 wmaHroyToB pe3ko npu6u-
Kaer pabory o6oJioukd K pabore
NyCTOTEN0H Oa/llKH KOJbIIEBOTO Ce- '
yenus. B atom ciyuae ¢ jocrarou- P
HOH JJifi OpaKkTHYECKHX pacueToB ( {

Puc. V.3. PacuerHass cxema TpyGonpo- L
BOZA.

TOYHOCTBIO ONpefie/ieHHe HanpsKeHHH MOXHO, Kak MpaBu/o, Orpa-
HuuuTh popmynamu (V.3), (V.4). B riagkux HenoAkpemeHHHX TpyG6o-
NPOBOAAX AHAMETPOM A0 2 M HampsiKeHHsT MOXKHO ONpelesaTb TaK Ke,
Kak B 6a/lKe KOJMbLEBOIO CEUEHHs.
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YuutbiBasi rpoOMO3XKOCTb H JTHTENbHOCTb BBIYMCAeHUfi Mo ompene-
JIEHWIO 3JIEMEHTOB JIONOJHUTENBHOTO HANPSMKEHHOr0 COCTOAHMSA, IJA
OlEHKH Oy , MMelouleli OCHOBHOE BJHMfHKE Ha OOUIMH ypoBeHb Hampsi-

KeHUH, MOXXHO PEKOMEHI0BATh 3aBHCHUMOCTh
B
0, = A exp (— Vb—.-) ’ (V.B)

rae A v B — Ge3pasmeprble Ko3(hhUIHEHTH, TPHHUMaeMEie o Taba. V.2;
D — pnaverp TtpyGompoBopma, CM.
HauGonpuine HopManbHbie HaNpsiXKeHHs, BLHI3BaHHHIE H3MEHEHHEM

(opMmbl NONMEpeyHOro ceyeHusi, Hactymawt npu A = 0,82 ‘/—: [pu

T
3HaueHuu A = 2,38 l/—t pa6oTa TakuX 060/I0ueK onuckBaercs paGotoli
nycroreaoil Gaskd KOJDbILEBOTO CEUeHHS.

Ta6anua V.2, KoshppuuuenTsl s onpefeneHus HanpsmeHui

TIpn oTHOCUTENBHOA fJuHe 06ON0UKH

4 8 10 12 6 20
{, MM 1
2 2 2 2 ‘ 2 I
A.108 B - B - B - B - B - B
Lo L4 L < £
4 2929 128 12,3 146 56,89 196 28,18 168 204,2 256 309,0 285
6 1,38 128 12,3 172 57,74 232 28,18 203 186,2 298 309,0 352
8 1,20 128 12,3 193 57,54 266 28,18 229 182,0 338 309,0 396 |
10 9.3 128 12.3 214 60,26 204 28,18 248 186.2 378 309.0 436
12 0,89 139 1233 226 56,23 315 28,18 270 169,8 403 309,0 500

KonTyp nonepeunoro ceueHusi Tpy6onpoBofoB AuaMerpom Gosee 4 M
MOMKHO CUMTaTh HeH3MeHseMbIM NPH YCTaHOBKE ILMAHTOYTOB Ha pac-
crosguun  2,5D, Ho He Gosee, uem uepe3 5 M. B mponere TpyGonpoBoxa
yCTaHAB/IHBAIOT HE MEHee OJHOIo pedpa MKEeCTKOCTH MHUHHMAJIBHBIM ce-
yenueM 120 X 8. B mecrax NpH/IOKEHHSI COCPEAOTOYEHHBIX HArpy3oK
HeoOXOAMMO TaKXXe YCTaHaBJIMBaTb KOJbLEBbie pebpa MKECTKOCTH.

flpumep pacuera tpySonposoma. OmnpelequTh HOPMaJIbHBIE HAMNPSIKEHHA O, H
Os B CeYeHUsIX 060JI04KM TPYGOMPOBOZA C OTHOCHTENBHBIMHM KoopjauHataMu A = 0 u
=59 x=0mnx=7,1wm. Tpy6a D = 2420 mm; { = 6 mm; npoJer L = 28,4 m.
Harpyska — 3anojinenie 4O YPOBHSI, COOTBETCTBYIOLIEr0 Pe3KOMY HApYIUEHHIO pe-
JKHMMa 3KCILIyaTauMy KOHIEHCAaToM moTHocTH Y = 1 « 103 kr/m® (warpyska Ha | M
Jurab — g = 8850 H/m). CobcTBennbiii BeC TPYOH! HE YUMTBIBAETCS H3-332 He3HAuH-
TEJBHOCTH.
BcnomorartesibHEE JaHHBIE:
1 1420 i
A= r 120 - 1.8

=—0,147; © = —0,147yr3.
1.OcHoBHOe cocTosHue. MHarubaoume MOMEHTH! B KOJBUEBOM Ha-
npaBJieHud Mg B OCHOBHOM COCTOSIHHH HE 3aBHCSIT OT Koopauuartsl A. Ha puc. V.4

NpHUBeJieHa 3Mopa Mg, OPAMHATHE KOTOPOH B3ATH MO Tabi. V.1. Dtu u mocienyiomue

9 NIOPH! NOCTPOEHH! CO CTOPOHB! PACTAHYTHIX BOJNOKOH. [TosioxuTe/IbHBIH MOMEKT YMeHb=
uraeT KPHBH3HY OGOJIOUKH.
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-332 (\=0)

N e

+332 (\=0)
+244 (1=05)

0

46,5

e

Puc. V.4, Smiopsr yeuanlt ¥ HAaNpsKeHUH B KOJBLEBbIX CeueHHSIX TPyGompo-
BOJOB:

‘@ — amiopa M 6 — smiopa 02; 8 — 3miopa Ms (A = 0); 2 — amiopa ax (A = 0);
, 0 — smopa M (A =0,5); ¢ — smopa 0, (A = 0,5).

npOﬂOJleHe HOpMaJ/IbHble HaNpsXKEeHUsT OCHOBHOI'O COCTOSIHHS OMPEACNAI0T KaK B
OllHOﬂpo.Ile’l'HOﬁ 6ajIKe KOJIbLIEBOTO CEeueHHs.

2
Npn A=0 M,= q’é =9.10° Hw,

o) = ‘%4;22? cos B = - 33,28 MIla,

2 2
Mpu A =5,9 M,:ﬁ’g_——q?%—=6,7. 10° Hu,

o) =M cosp= 2448 Ma,

4



2. lononHuTeabHOEe cocTosHuUe Kosbpuuuentn A, By,

¥ D, onpenensior no [67] B saBucHMOCTH OT aprymeHta

E = ppx = 1,316A V.
CyMMapHble HampsiXKeHHs:
A. TlpononbHble HOPMaJbHEE HampsKeHHs
Ipua A=0: B Touke =0 0y=— 33,2 46,5= 13,3 MIla;
B TouKe B = -’21 0y = 0+ 46,5 = 46,5 MIIa;

B Touke f=mn 0y =-33,2446,5=79,7 Mlla;
npu A=25,9: B Touke P=0 o0,=— 24,4 36,8 = 12,4 Mlla;
n

B TOUKe P = 5 gy = 0 36,8 = 36,8 MIla;

B Touke f=a Oy = - 24,4} 36,8 = 61,2 MIla,

B. HopmanbHble HampsixeHHS OT H3ruba OGOJIOYKH B KOJBLEBOM HaNpaBjieHUH

6 (— 664 - 307)

NNpu A=0: B TouRe =0 05= 0.36
we fo L g, — B(TT4— 307
prole b= 0= 0,36
B TOUKe p=q Og= —6(—9(‘)123—2-—307)— = + 106 MIla.

Mpn A =5,9: B Touke f =0 05= = 6 (— 664 4 450) = == 35,7 MIla;
B TOUKe f = 2 0s = = 6 (774 — 450) 0,36 = =+ 54 MIla;

2

B Touke f=a 0= =+ (— 942 - 450) 0,36 = -+ 82 MIla,

lpr A=0 (x=0); nmpu A, = 11,8

0,6 ’
¢2x=0; ’q)zl=l,316'1l,8 .—156'=1'1;
Ac=1 A,=07568 C,=0; C,=0,5952
. 0,7568 o
Ks =—S7ser 1205052 — %38%
K — 0,5952 0209

0,7568% F 4 - 0,5952
Mg = 3,07 . 10%cos 28 Hm; 0, = 46,5 cos 2B MITa.
Mpu A =5,9 (x =710 cm):

0,6
px = 1,316 59 |/ G5 =055 gl =1,1;

Ay =0,9847; A, =0,7568; Cyx=0,1511; C,=0,5952;

0,7568 - 0,1511 — 0,5952 . 0,9847
0,75682 + 4 - 0,5952

_0,7568 - 0,9847 -4 - 0,1511 - 0,5952 .
Ko= 0,7568% 14 - 0,5050 = 0,5553;

Mg =4,50  104cos 2B Hm; o := 36,8 cos 28 MIla.
SmepH FeHCTBYIOIMUX YCHJIHA cM. Ha pHC, V.4,

2

Ky= = —0,237;

— 59,56 MIla;

= 4 77,8 Mla;



T a6anuua V.3, FeomeTpuueckas XapakTePUCTHKA NONEPEUHOTO CEUEHMS

MoMeHTb HHepuun / X 105, cM%, npH TOJILIMHE CTEHKH I, MM

D, um
s s ] e | 7] s ] e |0 | u | e
630 0,38 0,48 0,57 0,66 0,76 0,85 0,94 1,02 1,11
720 0,56 0,72 0,86 0,99 1,13 1,27 1,40 1,54 1,67
820 0,8 1,056 1,27 1,48 1,68 1,88 2,00 2,29 248
920 1,21 1,50 1,79 2,02 2,38 2,67 2,96 3,24 3,52
1020 1,656 2,05 2,46 2,96 3,25 3,65 4,04 4,43 4,82
1120 2,18 2,72 3,26 3,79 4,32 4,84 5,37 5,89 6,40
1220 2,82 3,52 4,21 4,90 5,59 6,27 6,95 7,63 8,30
1320 3,58 4,46 5,34 6,22 7,09 7,96 8,83 9,69 10,54
1420 4,46 5,56 6,66 7,75 8,84 9,93 11,00 12,08 13,15
1520 5,47 6,83 8,17 9,51 10,86 12,19 13,52 14,84 16,15
1620 6,63 8,27 9,90 11,563 13,16 14,77 16,38 17,99 19,59
1720 793 9,90 11,86 13,81 15,76 17,69 19,63 21,56 23,47
1820 9,40 11,74 14,06 16,38 18,69 20,99 23,28 25,57 27,84
1920 11,05 13,77 16,68 19,24 21,95 24,66 27,36 30,04 32,72
2020 12,87 16,06 19,24 22,42 25,58 28,74 31,88 35,02 38,14
2120 14,88 18,57 22,25 25,93 25,69 33,24 36,88 40,51 44,13
2220 17,09 21,33 25,56 29,78 33,99 38,19 42,35 46,55 50,71
2320 19,51 24,35 29,19 34,00 38,81 43,61 48,39 53,16 57,92
2420 22,15 27,65 33,14 38,61 44,07 49,52 54,95 60,37 65,78
2520 25,01 31,23 37,43 43,61 49,78 55,94 62,08 68,21 74,32
2620 28,05 35,10 42,07 49,03 55,97 62,89 69,80 76,69 83,57
2720 31,46 39,28 47,09 54,88 62,64 70,40 78,13 85,85 93,55
2820 35,06 43,79 52,49 61,17 69,83 78,41 87,11 95,71 104,30
2920 39,04 4862 58,29 67,93 77,55 87,16 96,74 106,31 115,85
3020 43,08 53,80 64,49 75,17 85,82 96,45 107,06 117,06 128,22
3120 47,51 59,33 71,13 82,91 94,65 106,38 118,09 129,77 141,44
3220 52,23 65,23 78,21 91,15 104,08 116,98 129,85 142,70 155,53
3320 67,26 71,51 85,73 99,93 114,10 128,25 142,37 156,47 170,54
3420 62,59 78,18 93,73 109,26 124,75 140,22 155,67 171,09 186,47
3520 68,26 85,25 102,21 119,15 136,056 152,92 169,77 186,59 203,38
3620 74,25 92,73 111,19 129,61 148,00 166,37 184,70 203,00 221,27
Ta6auna V.4, FeomeTpuyeckas XapakTepHCTHKA MNONEPEUHOr0 CEUYeHHs
MoOMEHTH! COTIPOTHBJIGHHS Wx‘ 102, cM®, NpH TOJNIMHE CTEHKH f, MM
§ . .
g 4 5 6 | 7| s | o | w0 | n | w
630 1,23 1,63 1,83 2,13 2,43 2,72 3,01 3,31 3,59
720 1,61 2,00 2,40 2,79 3,18 3,57 3,96 4,34 4,72
820 2,09 2,61 3,12 3,63 4,14 4,65 5,15 5,65 6,15
920 2,63 0,28 3,94 4,58 5,22 5,87 6,60 7,13 7,77
1020 3,24 4,04 4,84 5,64 6,43 7,22 8,01 8,79 9,59
1120 3,91 4,88 5,85 6,81 7,77 8,72 9,68 10,62 11,57
1220 4,64 5,79 6,94 8,09 9,23 10,36 11,49 12,62 13,75
1320 5,44 6,79 8,13 9,48 10,81 12,15 13,48 14,80 16,12
1420 6,29 7,86 9,42 10,97 12,62 14,07 15,61 17,15 18,68
1520 7,21 9,01 10,80 12,58 14,36 16,14 17,91 19,67 21,43
1620 8,20 10,24 12,27 14,30 16,32 18,34 20,36 22,36 24,37
1720 9,25 11,65 13,84 16,13 18,41 20,86 22,96 25,23 27,49
1820 10,35 12,93 15,60 18,06 20,62 23,18 25,72 28,26 30,80
1920 11,53 14,39 17,26 20,11 22,97 25,81 28,64 31,48 34,30
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Mpononxenue Ta6an. V.4

MowmenTos conporusaenuss W . -10% cM®, npd TONILHHE CTEHKHM f, MM

E
q

' 5 6]7]8[9[10|n|12

2020 12,76 15,94 19,11 22,27 25,43 25,58 31,72 34,86 37,99
2120 14,06 17,56 21,06 24,54 28,02 31,49 34,96 38,42 41,87
2220 15,42 19,26 23,09 26,92 30,73 34,55 38,35 42,15 45,94
2320 16,85 21,04 25,23 29,40 33,58 37,75 41,90 46,05 50,19
2420 18,33 22,90 27,46 32,00 36,54 41,08 45,61 50,13 54,64
2620 19,88 24,84 29,78 34,71 39,64 44,56 49,47 54,37 59,27
2620 21,49 26,85 32,19 37,53 42,86 48,18 53,49 58,80 64,09
2720 23,17 28,94 34,70 40,46 46,20 51,94 57,67 63,39 69,10
2820 24,90 31,11 37,31 43,49 49,68 55,85 62,00 68,16 74,30
2920 26,71 33,36 40,01 46,65 53,27 59,89 66,50 73,10 79,69
3020 28,67 35,69 42,86 50,10 56,99 64,07 71,11 78,21 85,26
3120 30,49 38,10 45,69 53,27 60,84 68,40 75,95 83,49 91,02
3220 32,49 40,58 48,67 56,75 64,81 72,87 80,91 88,95 96,98
3320 34,54 43,19 51,74 60,33 68,91 77,48 86,03 94,58 103,12
3420 36,66 45,79 54,94 64,03 73,13 82,23 91,31 100,39 109,45
3520 38,83 48,51 58,18 67,84 77,49 87,12 96,75 106,35 115,97
3620 41,07 51,31 61,54 71,75 81,96 92,15 102,34 112,51 122,67

Teomerprueckue xapakrepucTukd / © W nonepeuHsIx ceueHHdl Tpy-
OONpPOBOAOB JJIA PA3JMHYHBIX TEOMETPUUECKHX [apaMeTpoB NpHBEIEHb
B tabn. V.3 u V4.

PACYET TPYEOMPOBOAOB HA BETPOBYIO HATPY3KY

BetpoBo#t MOTOK HOCHT C/yYafiHBId XapaKTep H COCTOMT U3 NOCTOSIHHOH
WacTH, XapaKTepu3yeMOH HeKOTOPhIM CpeIHMM 3HaueHHeM B IMOpbIBE
Berpa (npeBbllIaeMbIM OJUH pa3 B MATh JeT), U (JyKTyallHOHHOR 4acTH,
+w00YCJIOBNEHHON MOPBIBUCTOCTBIO (MyJnbcauusiMu) Berpa. I[loatomy cko-
POCTHON HAMOP, COCTABJSIOMIMA CPEJHIOI0 YacTh, OMNpEREeNsier cTaTHye-
CKMIl pacuer KOHCTPYKUH Ha NeACTBHEe BETPOBOH HArpysKH, B TO BpeMs
KaK JAUHAMUYECKYIO COCTAB/SIOLIYI0 BeTPOBOH HArpy3KH YUYHTHIBAIOT
TOJNIbKO B 3aBHCHMOCTH OT AMHAMHMYECKHX CBOHCTB KOHCTpyKuuih. Tak,
JAJst TpyOONpPOBOJOB, HMEIOMKHX NepHoA COOCTBEHHBIX KoJsiebanuii T >
= 0,25¢c, a Takxke ;An51 3JIEeMEHTOB KOHCTPYKLHI BbIcOTOH Gosiee 30 M,
NPOEKTHPOBAHHE He AONYCKaeTcs 0e3 yuera AMHAMHYECKOH COCTaBJISIIO~
dnefl BeTPOBOH HAarpysKH.

Pacyer Ha cTaTHUECKYIO COCTaBJISIOMLYIO Berposon Harpysku nogpo6-
#o uasnoxkeH B [37]. Pacuernoe 3HaueHue BeTPOBOfi HArpysKH MpH cra-
“THYECKOM BO3JIEHCTBHH BeTpa:

W, = wykcyy, (V.9

THe W, — HOPMaTHBHOE 3HaueHHe BeTposoro jAamnenus [37]; V¢ — Ko-
auieHT HANEXKHOCTH MO BeTPOBOH Harpyske, MNpHHHMaeMelii. 1,43
«€ — a3pOJAUHAMHYECKHH KOI(DPHULUHEHT JI0OOBOrO COMPOTHBAEHHA; R —
TIONPaBOYHBIA KO3DGhUIHEHT, YYHTHIBAIOMMH H3MEeHEHHe BEeTPOBOTO AaB-
.JIEHHS] B 3aBHCUMOCTH OT BLICOTHI M THIA MECTHOCTH.
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Kosdduunent HanexHOCTH Mo Harpyske Yy, BBOLHMBIH NpH pacuere
_COOPYKEHHH M0 pefie/IbHBIM COCTOSIHHAM, OTPaKaeT BO3MOKHOCTb (ipe-
BbillleHHs] IIPHHATOrO HOPMATHBHOIO 3HAUEHHs CKOPOCTHOrO Hamopa.
TlockonbKy He Bcerga HMeloTcsi HaGMIOJEHHS JOCTATOYHOH AJIHTE/b-
HOCTH, MO3BOJISIOMINE HANEeXKHO ONpPENeNHTb pacueTHble 3HAYeHHs CKO-
POCTHOTO Hanopa, KOTOpeIil HaGJojaeTcd OfHH pa3, Hanpumep B 50 HiH
100 net, To B pacuers (B 3aBUCHMOCTH OT NPeANOJaraeMoil JIHTe]bHOC-
TH SKCILTyaTalHH) BBOAAT KO3(pGhHULHEHTH HaJeXHOCTH [0 Harpyske
WM KOS(DGDULMEHThl HaJle?XKHOCTH, 06YC/IOBNHBAIOIIHE ONpeNeseHHbIH 3a-
nac npouyHoctd. Beefenue B pacuer kosdpHIMEHTAa HAJEXKHOCTH [0 Ha-
rpy3Ke COOTBETCTBYET YBeNMYEHHIO AJIHUTENbHOCTH 3KCINYaTaluH (HOoJ-

[
12
10 ™

08
06 \ g
Ok i \ ,/
0t

g 7 3 k56769 7 3 456769 7 3 #55789’”"
, 108 10

104 107

Puc. V.5. AspoauHamuyeckuil KoadpHuIueHT JOGOBOIO CONPOTHBIEHHS LA KPYIJIOro
MIHHADPA.

TOBEYHOCTH) COOPYKeHHH N0 CPaBHEHHIO ¢ HOPMAaTHBHOH, MPUHATOH No
{37), paBHo#t 5 rogam. Hanpumep, snauenne koddouumnenra y; = 1,2
COOTBETCTBYET MOBBLILIEHHIO MJIUTENBHOCTH 3KcIayarauuu jo 10 axer,
v = 1,3 —no 20, a y; = 1,6— g0 50 user.

Aspopunamuueckuit Kosbduuent B dopmyse (V.9) npunumaior:

KaK KO3(pHUHEHT JaB/aeHusl A/l OTAEJIbHOH MOBEPXHOCTH MJIH TOYKH
Tpy6ONpPOBOAa, KOTOPBIA YYUTHIBAIOT NPH ONpeJeNeHHH BETPOBOH Ha-
I'Py3KH, HOPMa/NBHOH K paccMaTpHBaeMOH NOBEPXHOCTH M OTHOCHIIeHCs
K eiHHULE [IOMAaJAu 3TOH MOBEPXHOCTH;

Kak KO3(ppUIHEHT JO0GOBOrO CONPOTHBJEHHS, KOTOPHIH. YUHTHIBAIOT
NPH  ONpE/ieJIEHHH COCTABJIAIONIEH CONPOTHUBJIEHHA COOPYKEHHs HJIH
OTJeNbLHOI'O 3JIeMEeHTa, NEHCTBYIOIIEA MO HallpaBJeHHI0 BETPOBOTO MO-
TOKa M OTHOCSAIIefcsA K IJIOMANM NPOEKIHH COOPYKEHHS Ha [JIOCKOCTh,
NepHeHAHKYIAPHYIO TOTOKY.

AsposuHamuueckuil KOIQGhULHEHT ¢, OMpefeisieMblil, KaK MpaBuJo,
SKCIEPHMEHTATbHO, BO MHOT'OM 3aBHCHT OT (DOPMBI IONEPEYHOTO CeUeHH
JIMHENHBIX PasMepOB 3/IeMEHTOB KOHCTPYKLHH, HampaB/ieHHs H 3Haue-
HUSI CKOPOCTH BETPOBOrO [OTOKA, 8 TaKXKe OT MHOTHX JAPYTHX ¢akTo-
poB. AspopuHamudecKu#l, KO3DOUIHEHT ¢ A1 KPYIJIOoro LHIHHAPA Ha-
3HAYalOT B COOTBETCTBHH ¢ rpadukoMm Ha puc. V.5 [13]. Kak caexyer
U3 rpaduKa, KPyIJOUM/IUHIDHYECKHM TeslaM TIPHCYIL, KpH3uC obTeKa-
HHfl, T. €. yMeHbIEHHe CONPOTHBJEHHSI MPH YBeIHYEHHH CKOPOCTH
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BeTpoBoro notoka. Kpuruueckas obiactb uncen PefiHonbaca, coorser-
CTBYIOIIAs KPH3UCY OOTEKAaHHs, HAXONUTCS B HHTepBasle Re = (2,5 -
= 4,5) - 10%. Yucno Peiinonbica

Re = vovd ,
THe d — XapakTepHbIi pasMep [OMEPEYHOro cedeHHs Tena (LHaAMeTp
KPYIJIOTO UMJIHHAPA) — UTPaeT B a’pOfHHAMHKE OTPOMHYIO pOJb, Bbl-
paxasi B Ge3pasMepHOil (opme CBA3b MEXAy CHJIAMH MHEPUHH H BA3-
KocTH (Tpenus). B snemMeHTax KOHCTPYKUHH C OCTPEIMH KPOMKaMH (1po-
KaTHble OpoduIu, KOpoGuaTele KOHTYPH H JPYTHe NPOCThie H COCTABHBLIE
npodusn, B T. 4. (depMbl) Kpu3uC obrekaHusi He HaOmopaercss. Coot-
BETCTBYIOLIHE 3Ha4YeHHs Ko3(pHIHeHTa ¢, B 3aBHCHMOCTH OT yIJa aTa-
ki, npusefiens B [36]. Ilpusenenusie B [36] asponvHamHuecKne Kodd-
GULHEHTH YCTAHOBJEHbl Ha OCHOBE adpOAVHAaMH4ecKHX HcnbitaHuil [3].
3HaueHHs1 a3pOAHHAMHYECKOrO Ko3pbHUIUeHTa ¢ A/ HEKOTOPHX Hau-
GoJlee pacnpocTpaHeHHBIX THIIOB MOMEPeuYHLIX CeYeHHH U mpoduaeil
onop TPyGONpPOBOAHBIX CHCTEM MNPUHUMAIOT B cooTBercTBUH C [36].
AsponuHamuueckne Ko3(BDUIHEHTHI, KaK H a’>poAHHAMHUECKasi Ha-
rpy3Ka, OueHb YYBCTBHTENbHB K MaJefiieMy H3MeHeHHIO (OpMBI 110-
[epevyHoro ceyeHMs, LHIEPOXOBATOCTH MOBEDPXHOCTH Tesa, HaJHyuio 6/113-
KO paclo/IOXeHHHX TeJl Had npeaMeroB. [lostomy Tpebyercss oueHb
OCTOPOXKHBIH NOAXON K OLEeHKe 3THX (pakTopoB. HesHauuTenbHele Ha
NepBeifl B3MVIAJ A€TAIH Pe3KO MeHSIOT Xapakrep oOTeKaHUsi, 3HAYEHHS
a3pOfMHAMHYECKHX KO3((HLUHEHTOB M JaXe 3aBHCHMOCTH HX OT Ha-
NpaBJeHHsA U CKOPOCTH BeTpa. ’ )
KousnuecTBeHHbIE OLEHKH a’pofvHaMuueckoro KoaddunuenTta, npa-
BHJIbHOE ollpejiesieHre HeGnaronpuATHBIX HanpapaeHud NeACTBHH BeTpa
B 3HAUUTEJbHOH Mepe ONpee/siioT NPOYHOCTb U HAJEXKHOCTh COOpYyHe-
HHH, paboTaloWMX B YC/IOBHAX HHTEHCHBHBIX BETPOBBIX BO3JEHCTBHH.
Bosee ry6oKo BONPOCH OGTEKAHHSI BETPOBBIM IIOTOKOM 3JIEMEHTOB KOH-
CTPYKLHH, MMeIOIMX pasNUuHyio (OpMYy IONEpeYHOro CceueHus, Omnu-
caubl B padorax I'. A. Casuukoro [29], C. M. T'opauna [7].
HccnenoBanus BosfelcTBHS TypOyJ/IEHTHOTO BeTpa Ha BHICOTHBIE CO-
opyxeHdsi (MauThl, GalUHH, JBIMOBbie TPYOHI) [2, 3] mosBoauan paspa-
6oTaTh Hay4YHO OGOCHOBAHHYIO METOAMKY yuera NyJ/bCalMH BeTpa Kak
cayyafiHoro mnpouiecca. PayKryauHOHHBI XapakTep IOPLIBOB Berpa
CrOCOOCTBOBa/ pa3paloTKe TAaKOro MOAXOAa K pacueraM, Korja C/IoXK-
Hble AMHAMHY€CKHEe pacyeThl CBOASTCS K KBa3HCTATHUECKHM, T. €. olpe-
JeSIOT HHEePUHOHHBIE CHJIBI, PEAaKUHs COOPYXEeHHS Ha KOTOphle ajeK-
BaTHA peaKlMH Ha JefCTBUE peasbHOr0 NOpHBA. B jpajbpHefmeMm ju-
HaMHYeCKHe pacyeTbl CTAHOBATCHA aHAJOTHMYHBIMH CTATHUECKHM.
Cor/iacHO MeTOAMKe pacuera Ha myJbcauuu Betpa [3], muHamuue-
CKYIO COCTaBJISIIOINYIO, BLI3BAHHYIO MOCJEIHMMH, yYHTHIBAIOT Npd pac-
ueTe COOPYKEHHH C NepHOAOM COOCTBEHHBIX KosleGaHHHA B HalpaBJeHUH
neifictBust Berpa He MeHee 0,25 c. MHepuuoHHas cu/la nmpu KojeGaHHAX
CoOpyKeHUs1 Mo [-fi ¢opMe, NpPHJIOKEHHas B cepefHHe j-TO yHacTKa:

Qi = MmuEm,
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rae M;.— Macca j-ro y4actka, cocpelOTOYeHHAsl B ero cepeiuHe, Mpu
YCJOBHOM pacu/ieHeHHH COOPYXKEHHs Ha yuyacTKH; 1;; — NpHBeleHHOe
YCKOpeHHe CepefvHBl j-T0 yuyacTKa NPH KoJeOaHHAX COOpyXKEHHs [0
i-i ¢dopme; &; — KOIpPUUHEHT NUHAMHUHOCTH MyJbCALMOHHON 4YacTH
BETPOBOHA HArpy3k; v — KO03hOhHIHEHT KOppeslMH nyJbcalMl npo-
JIOJIbHOA KOMIIOHEHTBhl CKOPOCTH MOTOKA.

[puBenentoe yckopenue, Mm/c?,

r
o kzl o Qrrmy
nj =——F—"—,
2
Z aikMk
k=1

TJie Ol;; U Oyx — OTHOCHTEJIbHBIE OpAUHATHL {-H (popMbl KoJeOanull coopy-
3eHHs, COOTBETCTBYIOLIYME CepefiHe COOTBETCTBEHHO j-r0 H k-ro ydacT-

3

4

Y o

005 o1 o145 £

Puc. V.6. 3aBucuMOCTb KO3(ppHLHEHTA AHHAMAYHOCTH £ OT Ge3pa3MepHOro apamer-
pa e:

1 — ans XKene306eTOHHHX H KaMeHHHIX coopyxenuft (8 = 0,30); 2 — anda cTanbHbIX GalueHd,
maur, pyrepoBaHHBIX TPY6 (6 = 0,1

Ko3; j, R =1, 2, ..., (# — YMC/IO yYacTKOB NPH YCJIOBHOM Pacu/ieHeHHH
coopy:Kenus); @, — HODMATHBHOE 3HAaYeHHEe CTATHYECKOH COCTaBJSIO-
mel BerpoBoit Harpy3ku (V.9) (6e3 yuera KoauumeHTa HAAEKHOCTH
Mo Harpyske); m, — Ko3pduIueHT NyJbCalU#l, CKOPOCTHOrO Hamopa
JUld cepeuHBI k-TrO ydacTka.

Kospdunvenr puHamuunoctd § onpefensior no rpaduky Ha
puc. V.6 [37] B 3aBucumocTH OT Ge3pasMepHOCTH NapaMeTpa € H Jiora-
pu(MHUECKOTr0 HexpeMeHTa KoseGaHuil 8.

CorsiacHo HoBo#l MetofuKe [37], mysnbCalMOHHYIO COCTABJISIONLYIO
BETPOBOH HArpy3KH ONMpENeNsOT B 3aBUCHMOCTH OT THOKOCTH KOHCTPYK-
LMK, KOTOpasi H3MEpPsieTCsl COOTHOIUEHHEM MeXKAy pacueTHHIMH 3Haue-
HUSIMH YacTOT COOCTBEHHBIX KOJI€GaHUNl KOHCTPYKUHH f; B MJIOCKOCTH
IeACTBHA BETPOBOrO MOTOKA M MpPefeJbHBIM 3HAYEHHEM YacTOTHl f; AJIs
33]1aHHOTO BETPOBOTO paiioHa.
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BETPOBbIE HATPY3KM HA NAKETbI M3 TPYB

CyIecTByoIe HOPMAaTHBHBIE NOKYMEHTHl He IO3BOJSAIOT AOCTATOYHO
'TOYHO OMNpEAeNATh a3POAMHAMMYECKHE HAarpysKM Ha NAKETHl u3 Tpy6
Yaaumx AHaMeTPOB, PACMOJIOKEHHBIX B HECKOJBKO SIPYCOB (cMm. pwc.
1. 4). IIpoBeneHHbe N0 chenUalbHON NporpaMMe 3KClePUMenTabHHE
HCC/IEJIOBAHHS BOCHOJHSAIOT 3TOT NPoGest U JialoT BO3MOMHOCTL paccyum-
THIBATb HAarpy3KH Ha 3aBOACKHe TPYOONPOBOAHBIE MAFHCTPASH; [103BO-
JIIOT pellaTh 3aJaud ONTHMAJbHOH KOMIIOHOBKHM TPY6 B makernl. He-
C/I€IOBaHNsl BBINONHANN B a3poAHHaMUUECKOl TPYyOe 3aMkmyTtoro THna
C OTKPBLITOH pabouell uacTeio. HauGonbwimii auamerp TPy6 B mopensix
nakeroB D = 100 MM. DxcnepuMeHTH NPOBOAHJIH B AHana3oHe 4uces
Pefinonbaca Re = (1,33 < 4,67) - 105, Re = VD/v npH  CKOPOCTH
BeTpoBOro motoka fo 35 m/c. TpyObl M3 KecTH TOMIuHOH & = 4 Mm
NOKPHITHL HUTPOKPACKOH, YTO CO3AaJ0 LIEPOXOBATOCTb, COOTBETCTBYIO-
u1y!0 HaTypHHIM ycaoBuaM. Jlianna Tpy6 500, MM, pasMep koHueBbIx miafi6
400 X 500 mm. Hasnauenue noc/ieAHNX — HCKAIOUUTb KpaeBoi sheKT 06-
TeKaHHs TeJ MaJIoro yAVINHeHns . ASDOIMHAMAYECKHE CH/bl BO3JEICTBHS
BO3AYUIHOr'O MOTOKA Ha NakKeTbl U3 prﬁ 3aMepAJIf ¢ NOMOUIEIO CHelH-
aJpHO pa3paboTaHHBIX U H3rOTOBJIEHHBIX TPEXKOMIOHEHTHLIX TEH30BECOB.
BBuay-HebonbHX pasMepoB MoJeaH, OOYCNOBICHHBIX MaJbIMK pas-
Mepamu paGouell 4aCTH a3pojuMHaMHYecKoH TPyOHl, HCHBITAHHS B Hel
OGBLIYHO OCYLIECTBJIAIOT B AOKPHU3HCHOH 30He unces Pefinonbaca. las no-
JIyYeHHS! a3POAMHAMHYECKHX XapaKTePHCTHK, OJM3KHX K peajbHLIM yc-
JIOBHAIM, KpPU3HC OOTeKaHHS KPYIVIONMIMHIPHYSCKUX TeN Obll CMeleH
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Puc. V.8, Pacnpesenenye faBjieHHs 10 NOBEPXHOCTH OJMHOYHOrO LWJIHHADPA (@); ABY %
HHIUHIPOB, PACMONOXKEHHBIX APYT MOJA ApyroM (0, 6) M IIECTH LIHJIHHAPOB, Pacloo«
JKeHHBIX B JiBa sipyca (2):

@ ———  Re=4,67-105
—————— Re =2 108;
6, 6, 2— Re = 2,01 105,

B CTODOHY MeHbLIHX 3HaueHHH umncen Pelinonpaca typGynusanuedt
BO3LYLIHOrO MOTOKA B paboueii yactd TpyOH CrenuabHOH CTalbHOM
cetkoil ¢ siueiikamu 20 X 20 MM (quaMeTp eTaibHOHR NPOBOJIOKH 0,3 MMm).
Paccrosinne ot cerku 1o Momenu He mpeBbiano 350 mM. Baaropaps
3TOMy HadajbHasi TypOyJ/IeHTHOCTb MOTOKa Bo3pocsa B 10 pa3 u pocrtur-
Jia sHauenusi e = 4,5 %. DdbexruBHOE unci0 Pefinonbaca: Respo =



=k - Re, rie k — Ko3bOhHUHEHT, DaBHLIH OTHOLIEHHIO KPHTHYECKHX
uucen PeliHosbica 1J4 miapa B CNOKOHHOH atMmocdepe Repy u TypOy-
JIeHTHOM notoke Reyp. ITockonbky Repy = 385 000, a Rey = 110 000
mpu & = 4,5 %, 10 k= 3,56 (cM. [7]).
AspoauHaMuueckue KOS(P(PHUIMEHTH! BBIUUCASINCH [0 (opMyJ/aM
X Y

= —a . ¢ =0
— 2
2pVS

1 > Y
7 PVS

B NIOTOUHOH cHCTeMe KOOpPJAMHATHBIX Oce#, T. €. Korja och abCuucC COB-
Najaer c Hampap/jeHueM NMoTokKa. 3jech X — cusa JioGoBOro CONPOTHB-
JeHud; Y — noxbeMHas cuia; 8 — cymMMa milomajgeft MuiesneBhIX ce-
YeHUH NUJIMHIPOB B fepelHeM (OTHOCHTENBHO [10TOKA) PsALY.

3aBHCHUMOCTH a3poJiMHaMHYecKHX KodpduieHToB OT uucen Peii-
HosbZica M yraa ataku o (Re = 1,17 . 10%) nnsi pasnuunelx cXeMm Mo-
Jenell makeroB u3 Tpy6 npejcraBieHsl Ha puc. V.7 npu TypOyNeHTHOCTH
noroka & = 4,5 %. Bciogy ans cpaBHeHus nokasaH TpapuK ¢, =
= f (Re) (I) ans usonupoBanHoro uuauHgpa (H = oo).

Hapsny ¢ onpenenenueM cymmapHOfi BeTpoBOfi Harpys3kd Ha mna-
KeTh 13 TpyO H3yuasld paclpejiesieHue JaB/eHHs [0 IOBEPXHOCTH OIU-
HOYHOTrO LHWJIHHJPA W TPYNNB UMJIHHAPOB JJs TPeX pasHblx cxeM. [lo
NepBOH cXeMe ONpelelsH paclpele/leHHe NaBJeHHs 10 MOBEPXHOCTH
OJIMHOUHOTO LHJIHHAPA JJIsl CONOCTABJEHHs OOTEKaHHsI TPYINBI IUJIHH]-
pOB M opuHOuHOrO HMJAHHApa (puc. V.8, a). Pacnpenenenue naB/ieHus
CHUMMeTPHUYHO TOPH3OHTaJbHOH OCH, COBHAJAIOIEA ¢ HamnpaBieHHeM
MOTOKa, YTO CBHJETE/]bCTBYET O CHMMETPHYHOM OGTEKaHHH OJMHOYHOTO
mumaHgpa. Ilo BTopo#l cxeme u3yuasu pacnpejiesieHHe AaBJeHHs 1O TIO-
BEpXHOCTU JBYX LHJIHMHIPOB, PAacHOJOXKEHHbIX APYT Haj ZPYroM OTHO-
cuTesabHO notoka (puc. V. 8, 6). Kak BuaHO H3 guarpaMmebl pacrpele-
JIeHHs paBieHus (cM. puc. V. 8, 6) ofTekaHHe IBYX LUJIHHIPOB HECHM-
METPHYHO. YBeJHUYeHHe PACCTOSHHS MexIy Luaunppamu .(puc. V.8, 6)
yYMeHbILIaeT HeCHMMETPHYHO H oOTeKaHHe; IIPH pPacCTOSIHUH, PaBHOM
JnameTpy TpyObl, HECHMMeTPHS1 0OTeKaHHUsl HecyllecTBeHHa. Ilo Tperbeit
CXeMe M3yuasau paclpefesieHde JaBjieHHs [0 [OBEPXHOCTH UIeCTH LH-
JIMHAPOB, PACIOJIOKEHHBIX B J1Ba sipyca IO [Ba LHJAHHAPA B KaXIOM
(puc. V.8, 6, 2). I[Ipu paccTosiHun MeXny sipycaMH LHJIHHIPOB, PAaBHOM
D/2, necummerpusi OOGTEKaHHs CYLIECTBEHHO Mepepaclipelessier aspo-
JYHaMHYecKHe CHJIbI, AEHCTBYIOLIME Ha KaXKABIH LHJHHAD OTHENBHO.
YBenuueHHe pacCTOSHHA MeXAy LUJIMHIADAMH, KaK M B IpeAbLAyLIEM
clyyae, NPUBOAMT K YMEHBUIEHHIO HECHMMETPHH ofTekaHusi. Takum
o6pa3oM, IpH pacnoJioXeHHu TpyO B NakKeTe B HECKOJBKO SIPYCOB pac-
fipefiesieHne JABJEHHS [0 HMX I[IOBEPXHOCTH MOMKHO IIPUOJHKEHHO
GYHTATb CHMMETPHUHBIM OTHOCHTENIBLHO TOPH30HTAJNBHOM OCH, KOria
paccTosHHe MexIy spycamMu B CBeTy MpeBbIIaeT Juamerp TPyOhI.
B stoM ciyyae TPyORl, pacnoJiOKeHHHIE B pasHBIX spycax MaKera, He
B3aUMOJIEHCTBYIOT MeXAy cobod. Haubosbinee B3auMoneHcTBHE MEXIY
HUMHM Hal/iofaerci y Haubojee yianeHHOH NO HOTOKY Hapel TPYyo.
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BAUAHUE KOHCTPYKTUBHLIX SJIEMEHTOB HA BETPOBLIE HATIPY3KM

Ilpu Bo3AyWIHOH NpOK/anKe TPYOONPOBOAHBIX CHCTEM JJIsi OOecHe-
YeHHs] HOPMaJbHOH 3KCIJyaTalliyd YCTPauBAIOT HAKATOYHblE NYTH, Mpes-
HasHaueHHble [JIs [epeMelleHHH cMOTpoBoH Tenexku (puc. V. 9, a)
W COCTOSIIHE K3 MPONONBHBIX GalloOK ABYTaBPOBOIO WJH IIBE/NIEPHOTO
THIa, NapaJ/ieJibHbIX NPOLOJALHON OCH TpyGonpoBoja. Takue KOHCTPYyK-
THBHbIE 3JIeMEHTbl HCKaXKaloT XapaKTep OOTeKaHHs NMOTOKOM UMIHHADE
W NPHUBOAAT K H3MEHEHHIO aspojHHaMHUECKHX XapakTepucTHK. Jpyras
0COOEHHOCTb HaOMoAaeTCsl NPH HaA3EMHOH MNpOK/IajKe TPyOOIpPOBOLOB,
Korja HeGosbluasi BhICOT TPY6 Haj MOBEDXHOCTBIO 3eM/IH HJH YPOBHEM
“BBICOKHX BOJ MOKeT BJHSATb Ha HX a9pOAHHAMHYECKHEe XapaKTePUCTHKH.
Hasuune «KpaHa», KOTOPHIM B JAHHOM Cllydyae CHYXKHT [OBEPXHOCTb
8eMJIM UM BOJpl, HCKaXKaeT CHMMETPHYHOCTb OGTEeKaHHs1 BO3AYLIHBIM I10=
TOKOM TPyGOINPOBOJIOB, HMEIOLIMX B ONEPEUHOM CeUeHHH KPYTJIOLHU/IHH-
Apuueckyro dopmy. Ilpu stom aspopvHaMuueckHe XapakTePUCTHKU AJs
KPYIJIOTO M30JIHPOBAHHOTO LH/IHHAPA MOTYT 3HAYHTEJIbHO H3MEHAThCA B
BaBHUCHMOCTH OT GJIM30CTH «3KpaHa» [13].

Cy Eyln
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Puc. V.9. Cxema HapzemHoro TpyGomnpoBoja ¢ HAKAaTOUHBIMH {1YTSIMH — BO3MOXfibie

MOJIOKEHUS HX M300parkKeHsl CIVIOWHON — () = 0 U MITPHXOBBIMH JIHHHSIMU (a); 3aBHe:

cHMOCTH KOo3(dHunuenTa J1060BOro CONPOTHBIEHHs (6) W MOAbEMHOH CHJBL (6) OT YMCIa

Peiinonbaca WKW CKOPOCTH MOTOKA:

1 — usomaposaﬂnas MoAenb; 2 — @ = 0...30°% 3 ~— @ = 90°% 4 — @ = 60°% § — @ = 30%
6 — @ =0.

/ZM

Humke npuBefeHbl pes3y/ibTaThl SKCIEPUMEHTANbHOTO ONpENeTeHUs
a’poAMHAMHYECKHX XapaKTEPHCTHK Mojesell oTceka TpyOompoBoxa, o6-
JajlaliiX ONHCAHHBIMU BhIlEe OcOOeHHOCTSMH. KiceenoBany fga oTceKka
Kpyrjoro uuiaupapa puamerpoM d; = 0,5m u d, = 0,35 M u niunok

= | M, H3TOTOBJIEHHBLIX M3 TOHKOJHCTOBOro asmoMHuHs AMI-3n. s
CO3/laHHUA YCJIO0BHH, OJU3KHX K IVIOCKOMY OOTeKaHHIO, N0 TOpLAM MC=
JleJiell Kpenuau TOHKHe aiGel guamerpoM D = 1,5d, 6narogapsi Koro-
PBIM OTCEK MaJIoro YAJIHHEHHS] MOJENHPOBa/ B paMKax 9KCIepHMEHTAb-
HOH THJIPOa5pOMEXaHHKU peasbHBIl TPYOONPOBOA, HMEIOMHUE Gecko-
HEUHOe YJJIHHeHMe.

Jns" MonmenupoBaHMs HAKAaTOYHHIX MyTeHdl MCHOJBSOBANU [BYyTaB-
POBbIe MM LiBesIepHbIe Gasnku Beicotoll i = 0,88d, ycranaB/uBaemble
TONapHO B MOJIOXKEHHSAX, COOTBETCTBYIOUIMX LEHTPAIbHBIM YIiaMm ¢,
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paBHeiM 30 1 60°, a B nosoxennn ¢ = 90° ycTaHaBJHBaMH OIHY
6anky. .

Hcnritanns npoBoanan Ha BecoBoM npu6ope 4 KAT-1 B aspopunamu-
ueckoit Tpy6e T-1 LIAT'M um. npod. H. E. )KykoBckoro.Crenenb TypOy-
JIeHTHOCTH noTtoka B Tpy6e T-1 cocraBasier &€ = 1 %. BoitecHenue no-
TOKa B paboueil yacti TpyOnl

A=S/Sw=T %.

AHanua pe3ysbTaToOB ‘MCHbLITAHWH MNOKasa/J, YTO [PH OTCYTCTBHH
skpaHa (L = oo) BAMAHME KOHCTPYKTHBHBLIX 3/eMEHTOB THNA [BYTaB-
POBOH WJIH IIBedJepHOH GalKH CYIIeCTBEHHO NPH YCTAHOBOUHBIX yryiax
¢ = 60° u ¢ = 90° Bo BceM AManasoHe UcCAeJ0BaHHLIX uncen PefiHosba-
ca (0,15 - 10® << Re < 0,86 - 10%. MakcumaibHble 3HaueHusi Ko3d-
(puuneHTa A0GOBOrO CONPOTHBIEHHUS €, HA 3aKPHUSUCHEBIX peKUMax 06-
TEKAHHS| COOTBETCTBYIOT YCTaHOBOUHOMY yriay ¢ = 90° u npeBbllLaiOT
B JiBa pa3a 3HaueHHus KO3(pUIHEHTa ¢, AN U30JHUPOBAHHOTO UHAMHAPA
(puc. V.9, 6). Kpusuc o6rekaHua M30JHPOBAHHOIO WUJIMHAPA HAGIO-
Raercsi npu 4ncaax Peitnonbaca Re = 0,33 - 108 Ilpu ycranoBke KOH-
CTPYKTHBHEIX 3JIEMEHTOB B flo/i0XKkeHHe ¢ == 0 OH cMemajcs B CTOPOHY
MeHbiInX uncen Pefinonbaca (Re =~ 0,23 - 10°) B cBsAsu ¢ TypOynusa-
nuedl notoka. Ecnyn ycranoBounblli yroa ¢ = 90°, Kpusucy ob6rekaHus
COOTBETCTBYeT HanGoJbluee 3HaueHue yucna Pelinonpaca (Re = 0,4 X
X 10%) Gnaropapsi Ha/nMuMlO (PUKCHPOBAHHOM TOUKHM OTPHIBa (CM. pHC.
V.9, 6). Bmecte ¢ tem, Kak BUAHO U3 puc. V.9, 6, Haqnuue KOHCTPYK-
TUBHBIX 3/1EMEHTOB NPHUBOAUT K BO3HMKHOBEHHIO 3HAUHUTENBHOR NOABEM-
HOM CHJIBI IPH YCTaHOBOUHHIX yriax ¢ = 60° u ¢ = 90°. MuHuUMa/IbHOE
8HaueHHe KOXppHULHEHTa NOABEMHOH CH/BI ¢, Habmonaerca npu @ = 0
u ¢ = 30°, a makcumanbHoe — npu @ = 90°. HauGonbwuit asponn-
HaMHYeCKHHl NPOAOJIBHBIN MOMEHT BO3HHKaeT npu ¢ = 30°.

BiusHue «3kpaHa» Ha a’pOAWHAMHUYECKHE XapaKTEPUCTHKH MOZEH
oTceKka Tpy6ompoBoja ¢ pasHbIMH YCTAHOBOYHBIMHM YIJIaMH KOHCTPYK-
THBHBIX 3/€eMEHTOB NOKa3aHo Ha puc. V.10. Kak BuauMm, mNoloxeHue
«39KpaHa» MOXeT OKa3klBaTh CYLIECTBEHHOe BJHSIHHE Ha aspojuHaMmuye-
CKHe XapaKTEpUCTHKH KakK JJIsl U30JHPOBAaHHOIO NUJAUHADA, TaK H NPH
Ha/lUYUM KOHCTPYKTHBHBIX 3JeMEHTOB Npw 3Hauenusix L << 1 (LZ/d).
INpubnukenue «3KkpaHa» K MOJENM, HaunHas co 3HaueHus L = 0,5,
8HAUNTENbHO YBeJHYHBaeT KOPPHUHEHT JOOGOBOIO CONPOTHUBIEHHUS Cy
OpH YCTaHOBOYHHIX yriaax @ = 0 u ¢ = 30°, a Takxe /s W30/ UPOBAH-
Horo uuanuppa. Ilpu ¢ = 60° n ¢ = 90° nabmosnaerca cirenywiee
fBJeHue. MakcumanbHO 3HaueHne kospduuueHra ¢, npu L = 0,5.
C npuOnuKeHHEM HAW yHaJeHHeM «IKPaHa» OTHOCHTENbHO TaKOro
MOJIOKEHHs LUJINHAPA KOI(P(hHULUHEHT ¢, HeNPEMEHHO yMeHbINaeTcsd.

KpuBble u3MeHeHHs1 NOABEMHOM CHJIBI, B 3aBUCHMOCTH OT B3aUMHOTO
pacnonoxeHus TpyGoONpoBoAa W «9KpaHay, cM. Ha puc. V.10, 6. 3necn
ormeueH sgdekt, koraa npu L = 0,6...0,7, ¢, = 0, 1. e. noxbeMHas
CUJa paBHa HYJIO.

B 3ak/iouenne npuBeseM 3IMnupHYecKue GOPMYJBl, OTpaKaloliue
BIHAAHHE «3KpaHa» Ha Ko3(dHUHEHTH J1060BOrO CONPOTHBJIEHUA C, H
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TIO'LEMHON CHJBI ¢, B COOTBETCTBHHM ¢ KpuBbiMu Ha puc. V.10, a, 6

Cy=2¢ - ! _. c S —
.U 3410 " YT 1,254+35L
B npakrtuke TpyGONpPOBOJHLIX CHCTEM YaCTO BCTPEYaloTCA Clydan
6JIH3KOTO B3aHMHOTO PacnoJIoKeHUsl FOPU3OHTAbHOH (pasjiMyHbIe TPY-
6onpoBoabl) TpyOB U BepTHKalbHOH cTeHbl 3nanusi. [Ipu atom Tpyda
MOXeT OKasblBaThb BJIMSIHMe Ha paclpefeleHHe BETPOBOrO JAaBJEHHS
No NOBEPXHOCTH CTEHbI; OGHAPYKUBAETCH KaueCTBEHHO Pa3/IMYHbIA Xa-
pakTep pasjieleHHs! NOTOKa MO NOBEPXHOCTH CTEHbl mocje ofTeKaHus
TPyOBl B 3aBHCUMOCTH OT B3aHM- C
HOTO pAacro/okKeHus: TpyGonpoBo- y
Ja W 3JaHus.
Jlnsi M3y4yeHHsl STHX BOIPOCOB
ObI1H NPOBeJIeHbl IKCIIEp UMEHTAJ b- 10
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Puc. V.10. Bannuue «<3kpana» Ha K03(dHIHeHT J060BOro CONPOTHBICHHU (@) H NOKBEM=
Holt cuant (6) Re = (0,7 = 1,0) 108:

1 — u3onupoBaHHag monens;, 2 = Q@ =0; 3 — @ = 60% d =@ = 90°% § — @ = 30°% 6 —
@ = 0+ 30°

HBbI@ HCCeJOBaHNS B a3pOAHHAMHUUECKOU TpyGe cO CTeneHbio TypGyJIeHT-
Hocti nortoka € = 0,4 %. B kauecTBe MOJe/NHM HCIOJNB30BAIH TOPHU3OH-
Ta/bHO pacnosnoxeHHywo Tpyby nuamerpom D = 107,5 mm, AnuHOMK
750 MM ¥ BepTUKa/JbHYIO NJIACTHHKY BblcOTON A = 300 MM M IHpHUHOH
b = 260 mm (Tpyba pacnosnaranach Ha ypOBHE MOJIOBHHBI BEICOTHI Tia-
cTHHKH). B mpouecce ucnbiTaHuil M3MEHSIH PacCTOSIHHE X MEXKAY Ipo-
JONbHON Ochlo TPYOBI W mjacTHHKOH B mpefenax 1,04 <x <C6,8,
rae x = x/D.

Kak nokasanu Hcc/lenoBaHHsi, XapaKTep pacrpelesieHHs AaB/eHHs
MO MOBEPXHOCTH BePTHKaJbHOH MJIACTHHKH, PACHOJIOKEHHOM 3a KPyr-
JIBIM LIHJIMHPOM, ONpesensieTcs 3a30poM MeX1y UMIHHAPOM U IVIaCTHH-
.koi#i. Ilpy 3HauuTe/NbHOM yJaJleHHH LHJIHHAPA OT NJACTHHKH Habio-
IaeTcsl ONHOTOUeYHOe pasfeneHHe notoka (puc. V.11, a) mo moBepx-
Hoctu nocnepned. Touka C pasjesieHHsl NOTOKAa HAXOAUTCA HA JIHHHH
nepeceyeHus rOPU30OHTA/IbHOH MJIOCKOCTH CHMMETPHH LHJIHHIpPA U Bep-
THKa/JbHOH nnacTHHKH. C npubsuXKeHHEM LMIHHAPA K MJIACTHHKE 00-
TeKaHHe MNocleJHell XapaKTepH3yercsl ABYXTOUEYHLIM pas3fie/ieHHeM Mo-
Toka (puc. V. 11, 6). Toukn A u B pasjeneHus noroka pacrosioxeHsl
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CHMMETPHYHO OTHOCHTENbHO oc OX W ¢ JaibHEHIHM NpHO/HKEHHEM
IIKHApa K N/acTWHKe yHansioTcs or Hee. Takoe ynanenne HaGio-
Jaercsi BIJIOTh O KPHUTHUYECKOTO 3HayeHus 3asopa x £ 3. ITocnenyro-
uiee yMeHbIIEHHE ero CBs3aHO cO COJMKEHHeM TOUeK pasfielieHHs Mo-
toxa A n B. Tpu x = 0,5 Touku A u B HaxoAsTCA OfHA OT APYIoi Mp-
MepHO Ha paccrosiHud D.

ANTERIATTRRRTL LTINS RRY

Puc. V.11. Opuo- (o) u
JAByXTOueuHoe (0) pas-
JieleHre NOTOKa MO MO-
BepXHOCTH BepPTHKAMb-
HOH CTeHKHM OOTeKaHHs
BIIepe]iH PacroNOXKeHHA
ro Tpy6onpoBoja, a TaK-
JKe pacrnpefiesleHus AaB-
JIeHHSl [I0TOKa (8) 0O
stofi nmosepxHocTH:
] —x=104 2—x=
=2 8 — x= 2,04; 4 —
x=05; § — x = 6,82.

C ] — nHpKyJANHOHHAA 30

'YX  ma.

Pacnpenenenne naBjenysi NOTOKAa MO HOBEPXHOCTH IVIACTHHKH LJIs1
Pa3sHEIX PacCTOAHMI X MeXAY HIMIMHAPOM H MJAcTHHKOH H300pa’KeHo
Ha puc. V.11, 6. 3nech no ocu abeuuce OTJIOKEH KOd(pPHULHEHT AaBJe-
HuA p (1060BOrO CONPOTHBIEHHS Cy), @ 110 OCH OPIAHHAT — OTHOCHTE/Ib-
Hasi BbICOTA pAacloOJNIOKEHHS TOYKH Ha mJacTuHKe y == y/h. AHanus
rpagukoB (cM. puc. V.11, 6) p = f(y) noxasciBaer, 4ro OpH 3HauH-
TELHOM yAaJeHHH LUAHHJAPA OT IVIACTHHKH pacupejiesieHHe AaBJIeHHs
10 ee NOBepXHOCTH G/IH3KO K PaBHOMEDHOMY. Y MeHbILIEHHE PaCCTOSHU A
X OPHBOAUT K yMeHblUeHHIO Koa(dHUHeHTa HaBJeHHS B LEHTPaNbHOH
YacTH IJIaCTHHKH, HaGmrojaioumiemycsi BIJIOTh JO 3HaueHHs x = 3.
C nosiBneHneM JByX Touek pasjeneHusi notoka (cMm. puc. V. 11, 6) 3a-
MeTHa 30Ha [OBBHIIIEHHOTO JaBJeHHS B HX OKpecTHocTaX. [locienyomee
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cOMKeHre UHNUHAPA C TJIACTHHKOH [OBBILIAET JABJEHHE TaKXKe U B
LleHTpaNbHOH yacTu naacTuHKu. Kpusasn, nso6paxenHsas na puc. V.11, 6
NYHKTUPHON JHHMeH, mpeAcTaBasieT co0of reoMeTpuyeckoe MecTO TO-
ueK pasjeNeHus MOTOKA, T. €. 30H MOBbIIEHHOro AaBieHus. Kak BHAHO
#a puc. V.11, 6, npu x = 3 NpOUCXOAUT NEpectpodKa TEUEHUs, 4TO
IO3BOJISIET CYUHTATh 3TO COCTOAHHE KpuTHYecKUM. OHO XapaKTepusyercs
CAELYIOMMMH OCOGEHHOCTSAMH: MAKCHMA/AbHBIM YHA/J€HHeM TOYeK pas-
JIeJIeHHs1 MOTOKAa OT OCH 0X; CaMblM HHM3KUM 3HAueHHEeM [aBJIeHHA NO
CpepHell JIHHHH [JACTHHKHM; CaMblM HM3KMM 3HAuEHHEM NaBJEHHR B
TOYKaX pasfeneHusi noroka. XapakTep KPUBBIX » = f (y) npu 3nave-
HuAxX y, 6auskux Kk y = 0,5 (cm. puc. V.11, 6), oByc/iosnen KoHeu-
HbIMHM pa3MepaMy IJACTHHKH. :

KpuBbie pacnpeneseHus BeTPOBOrO [ABNEHUS MO [OBEPXHOCTH
fJaCTHHKH Ha puc. V.11, 8 N03BO/AOT JOCTOBEPHO ONpeae uTh BETPO-
BYIO HarpyskKy Ha CTeHBl COOpYXeHUI w/u 3faHu#l B ciydyanX, KOraa
BIEpeAN MO MOTOKY pachosioXeHO COOPYXKeHHe KpPYIJIOUMJINHApHIe-
cKoli ¢opmbl THOa TpyGONpoBoOa.

fnasa VI. AMHAMMYECKME U ADPOAMHAMMUUECKMUE
PACYETblI TPYBONPOBOAOCB

AMHAMMYECKME XAPAKTEPMCTUKU TPYSOMPOBOAOB

OCHOBHBIE JUHAMHYECKHE XapaKTEPHCTUKMA JIOGOr0 UHIKEHepHOro
COOpYKEeHHsl, B TOM YHcJie TPYOONPOBOAHBIX CHCTEM — YacToTa CBOGOA-
HBHIX He3aryxawuux kone6aHu# u norapu@muqecxuu JEeKpeMeHT KoJie-
Oaunil. OHKM OTpaxaloT CBOMICTBA pPaccMaTpuBaeMOfl KOHCTPYKIMH U
3aBHCAT OT MHOXKECTBa NapaMeTpoB: MAacChl, XKECTKOCTH, KOHCTPYKTHB-
HbHIX ocobeHHoctelt u Ap. Yacrora cBOGOAHBIX He3aTyXaroIUX KoJieGa-
Hufi (coOcTBeHHas yacToTa KoJeGaHuil) XapakTepH3yeT AHHAMHYECKYIO
2KEeCTKOCTb COOPYMeHHs U BIHSET HA NOBEJEHHE CUCTEMBI NPH ACHCTBUH
BO3MYLIAIOLINX Harpysok. [lekpemeHT Konebahuil onpegensier cnocoG-
HOCTb COOpYXKEHHS B LIEJIOM K MOIVIOLIEHHIO SHEPTHH, KOTOPOE BhI3bl-
BaeT 3aTyxaHue KosebGanuifl. Hirke npuBenenbl MeToAb omnpeneneHusi
cOOCTBEHHBIX 4acToT KosaebaHHil TpyOGONpOBOAOB M OMNOP, a TaKmKe OC-
HOBHbIe CBEleHUsl O neKpeMeHTax KoJieOaHHil.

JnHavmuyeckHe XapaKTePUCTHKH HaJ[3eMHEIX prﬁOﬂpOBOILOB omnpe-
JIeSII0TCA B COOTBETCTBUY C NPHHUMaeMoll pacueTHO# cxeMoii. B uHxe-
HepHOH MNpaKTHKe BCTPEUAIOTCH OXHO-, NBYX- U MHOTOMNPOJIETHbE (TpU
npoJera u 6osee) TpyGoNnpoBoALl GANOUYHOTO THIA, A TAKIKE MHOIONpo-
NeTHbIe TPYGONpOBOLHBIE CHCTEMBl C JomMaHO# (B muaHe) ocwbio. [Ipu-
MeHfleMble B PasHbIX CIy4asix ONOphl MOAPAa3feNsloTcs Ha KEeCTKHE U
ynpyro nojart/jusble B BepPTUKAJIbHOM HampaBJjeHuHd. B 3aBHCHMOCTH
OT NOABUXKHOCTH B MJaHe ONOpbl TPYOGONPOBOLOB YC/IOBHO MOApasje-
JINIOT Ha HElOABUIKHBIE, NIPOAONLHO NMOABHIKHBIE U TIOABUIKHEIE B JIIOGOM
Hanpas/eHHH. BepTHKajpHble B TOpU30OHTa/NbHBIE KOJleGaHus TpyGo-
IpoBOAOB 6a/IOYHOrO THINA ONpPEAE/SOT He3aBUCHUMO OAHO OT JApYroro,
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€Y iTas uX HecBA3aHHBIMH. COGCTBEHHbIE YACTOTHl U3TUGHBIX BEPTUKA/b-
HbIX KosneGaHWH HaJ3eMHBIX TPYOONPOBONOB C KOMIEHCALHUeH NPOLoJib-
HbIX Jedopmaluil MPY PaBHBEIX IIPOJeTaX ¢ NOCTOSHHOA M3THGHOH Kect-
KOCTBIO:

= 1/ B
Vo = T E m

, T,

rae | — pnuna nponeTa M; m — macca 1 M prﬁonposona KT - c?/m?;
E] — u3ruGHas XecTKOCTh TpyGompoBofa, Kr - M% on/2m — K03(0-

T a]6 auna VLl YacrorHbili KoahMUHEHT IJS ORHONPOJETHOrO TPYOGONPOBONA
13

3HayeHHs1 YaCTOTHOro Ko3dduuueHTa AJsi ¢OpPMBI

Venopust sakpenieHus KOHIOB
Tpy6onpoBoaa neppo#t BTOPOIt TpeTpelt

oc%/‘m ocg/Q:rt ag/Zn

§ 2,46 7,96 16,63

jE; 3,56 9,82 19,26

,,ﬁ; oy 1,57 6,28 14,13
. ,
a

2!

2

GhULHeHT, 3aBHCﬁmHﬁ OT YHCJa NPOJIETOB, YC/IOBHIA 3aKpenJieHus KOH-
1oB Tpy6ompoBoAa U q)oprl KosebaHui.

Hapsany c nunelinoit (TexHuuecko#) yacroro#t v, I';, oueHb 4acto
MOJIb3YIOTCS KPYroBO#l yacToToil @ == 2mv pa3mepHocThio 1/c. Bec 1 m
JJUHB TPYOOIPOBOJIA /M MOMET COCTOSITb M3 Beca 1 M AJHHBI TPaHC-
TIOPTHPYEMOro NpOAyKTa U NpH 00pa3oBaHHUH Ha TpyGoOHpoBoOfe obJie-
JeHeHus — Beca Hasnepu. IIpu 3ToM uyacrora GyjseT XapaKTepH30BaTh
COOTBETCTBYIOIEe ceueHHe TPYyGOIpPOBOIA.

PaccMoTpuM BOIpOC O HasHAaueHHH Koddduiuenta on/2m. s on-
HoMpoJleTHOro TpyGonpoBoia ero ompexensoT no Taba. VI.1 B sasu-
CHMOCTH OT (hopMbl KoseGanuil (n = 1, 2, ...) ¥ yclOBHil 3aKpeNn/eHns
KOHIOB. YactoTHble KO3(hGhHUIUEHTH J1S Hepaspe3HbIX paBHONPO-
JIETHBIX TpPyGOTNPOBOJOB ONpPENENSIOT B CjydYae JABYX TPOJETOB IO
Taba. V1.2, a opu Gonbmem wyxcie nposeros — mo Ttab6a. VI.3.

CoG6cTBeHHbBIE YaCTOTE MHOTONPOJIETHBIX CHCTEM 06pasyIoT 30HHI CTy-
IIeHMH, KaXkaasi N3 KOTOPbIX HMeeT CTO/IbKO 3HaueHUH, CKOJbKO mnpose-
TOB COJEepKHT HepaspesHass Ganka (tpyGonpoBon). Hauano kaxnoit
80HBLI MJIM ee HHXKHSSA I'DaHHLA B CBOOOJAHO ONEPTHIX 0aJOYHBIX CHCTe-
Max XapaKTepH3yeTCsl YAaCTOTHBIM KO3(ppHIHEHTOM, COBNAAIOLINM C Ya-
CTOTHBIM KO3(pUIIHEHTOM COOTBETCTBYIOIEH (opMbl KonebGaHHH ONHO-
npoJsieTHON cBOGOAHO omeptol 6anku. B tabn. VI.2 u VI.3 npusenenst
BHAYEHHS] YaCTOTHBIX KO3(pGhUIMEHTOB JJsl HIKHEH H BepXHeH IpaHHMLl
IIePBBIX ABYX 30H CTYILIECHHUS COGCTBEHHBIX YacToOT KosieGaHUH.
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@opmbl COGCTBEHHBIX KoJsieGaHHHM MHOTONPOJIETHHIX Hepa3pesHblX
6aJloK ¢ paBHBEIMH NpoJieramu npuBeneHs B [31]. i MHOrompoJieTHbIX
TPpy6ONpPOBOJOB C pPaBHEIMH NpoJieTaMH U YIPYro NOAATINBLIMH ONIOPaMH

Ta6aumna VI2. YacrorHuli koadduuueHT Aid HBYXNPOJETHOro
TpyGonposoga [13]

3Havendsi YaCTOTHOTO KO3(GMHIHEHTA LIS 30HBI CryUleHHUs

nepBoH BTOPOHA
VYcnoeHs 3aKpenieHHs KOHLOB P op

TpyConposoaa

*IH @*1B afgH 2o
o on on on

;;77 1,57 2,46 6,28 7,96
b7

1,88 3,24 6,81 9,17

wan \&\)%

{ 2,46 3,56 7,96 9,82

hr
Hr
A

Ta6aunuma VI3, YactrorHuill KosdpuuueHT Ais MHOrONpoJETHOro
TpyGonposona [13]

YacTOTHBI KO(GHIHMEHT AJIA 30HE! CLyILeHHUST
YcsoBHSI 3aKpenJieHHs1 KOHLOB Uncso nepaoft BTOpOA
TPyGONpOBOAOB npoJie- 2
woB %*1H %*18 %9H %op
I 2 20 o
3 1,57 2,94 6,28 8,78
4 1,57 3,17 6,28 9,17
% i ; i % 5 1,57 3,30 6,28 9,38
6 1,57 3,37 6,28 9,50
' oo 1,57 3,56 6,28 9,82
3 1,69 3,37 6,54 9,50
" g 1 ,63 3,45 6,43 9,63
a——-\‘r 1 1,6 3,49 6,38 9,70
77;/7 ’757 6 1,60 3,51 6,35 9,73
s 1,57 3,57 6,28 9,82
3 2,01 3,56 7,16 9,82
" . 13 4 1,83 3,56 6,82 9,82
a ir 17T E 5 1,74 3,56 6,64 9,82
/757 6 1,69 3,56 6,54 9,82
co 1,57 3,56 6,28 9,82

-

IpH KOMIEHCallMM NPOAOJbHHIX AedopMauMii 3HayeHUs KoapdHLHeHTa
045/27, COOTBETCTBYIONIME BepXHell TPaHHIe NepBOH 30HHI CTyHIEHHS,
MOXHO ompefenats [26] ¢ noMompio rpaduka, NOKasaHHOrO Ha
puc. VI.1, B 3aBHCHMOCTH OT OTHOCHTE/BHOH KeCTKOCTH OTOP

’ Col®

¢ =3
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2
F d{ﬂ o — &9,
27 2000

Mo sw  wor 00 © g
Puc. VI.1. 3aBucHMOCTb 4acTOTHOTO Ko03(-
dunuenTa AN MHOrompofeTHHX TpyGonpo- 140

BOIOB C paBHLIMH MpOJIETAMH H YNPYyro mno- :
JaTJHBLIMH  ONOpaMH  OT OTHOCHTEJIbHON 100
JKECTKOCTH omop c.

Puc. VI.2. I'papux-nomorpamma nasi omnpe-
Je/leHHSI YAaCTOTHEIX KO3(M®MHIHEHTOB, COOT-
BETCTBYIOIIMX BCEM 4aCTOTaM MepBOH 30HHI 50
CryIIeHHS. . -

rie ¢y — KO HIIHEHT ZKECTKOCTH
0

IPOMEXKYTOUHOH ONMOPHI OTHOCHTENb- 20

HO BEPTHKAJbHbHIX TMEpeMeleHns, .

T. €. BepTHKa/lbHasi Harpyska, BHI- 10

3bIBalOIasl efHHHYHOE NepeMeleHue. ‘

Ilpu sToM mpenmnonaraercs, YTo KOH- 15

LeBble ONOPH IIapHHPHHE, a Mpo-
MeXyTOYHbIE — YIPYro Iepemela-
‘lompecs B BEPTHKAIBHOM Hampas- ’
JICHHH. o

MHoXkecTBO K03(pulleHTOB, COOTBeTCTBYIOMIUX BCEM YacTOTaM nep-
BOH 30HLI CTyLIeHHf, BBIBOAAT no rpaduky-Homorpamme (puc. VI.2).
Paccrosinne Mexny BepTHKaNbHBIMH NpsIMBIMH (cM. pHc. VI.2) jensit
Ha 4YHcJIO yacTell, paBHOe KOJNHUYecTBY npoJseroB. Ha nepeceuennn rpa-
HMI| NPOJIETOB C KPHBOH, COOTBETCTBYIOUIEH 3aJaHHOMY 3HAUEHHIO OT-
HOCHTeJIbHOH 3KecTKOCTH ONOp ¢, -HAaXOJAT 3HaueHus KoshdhulueHTa
aZ/2n.

BiusHue ynpyroro 3aiieM/eHHs B FPyHTe yyacTKOB, NPHMbIKalO-
IHUX K OAHONIPOJETHOMY OeCKOMIIEHCAaTOpDHOMY Ilepexofy, Ha 4acToTy
KoneGaHUH yYHTHIBAIOT, BBOAS. NOHMWXKawoului Kosdduuuent [26)

_ B
=V TF 50+ 107 1208

rae { = —12- / ;% — GespasmepHbIi  napamerp; D — nnamerp Tpy-
Tp

GonpoBona, M; Ry, — KO3(GHLHEHT CONPOTHBJEHHS TPyHTa NoONepeu-
HBIM TepeMeIleHHUsIM.
B nepsoM npub/HKeHHH BMeCTO BHIYHMC/IeHHS Ko3dduuuenta A npu-

2
HuMamwT o /21 2 2,7. 3alem/leHHe B IPYHTe KOHLOB MHOTOIIPOJIETHOTO
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-Tpy6onpoBofa NMPH YHC/AE NPOJIETOB (oJiee NATH OKAa3blBaeT He3HAUM-
TIbHOE BJHSIHHE HAa COOCTBEHHBIE YACTOTHl M3THGHBIX BEPTHKAJIbHBIX
KosebaHuH. DTH 4acTOThl Y HaA3eMHBIX TPYOOIPOBOJOB ONpERESIOTCS
B COOTBETCTBUH C pacyeTHOH CXeMOH aHaJOrM4YHO YacTOTaM BEpPTHKa/b-
HBIX Kosie6anufl. JKecTKOCTb (NOAATJIMBOCTH) ONOP B TOPH3OHTAJBHOM
HanpaB/ieHHH BBIYHCJIAIOT Ha OCHOBE METOJOB CTPOMUTE/IbHOH MeXaHHKH.
IIpy Ha/lnuuy NpPONONBHBEIX CHJ, OOYC/NOB/IEHHBIX BHYTPEHHHM JaB-
JleHHeM, MNOBbIIIEHHeM TeMIepaTypbl H APYruMU (pakTopaMmu, coGCTBEH-
Hble 4acTOThl KoJeGaHHH TPyGONPOBOXOB ONpelessiioT No (dopmyJe

) T
YA S
Vn= T 72—1/7(‘— s

rae Skp — KpuTHYecKas DisiepoBa cuna, Sxp = n*m2EI/I, krt;, Sy —
-Pa3HOCTb CUJIB! JABJMEHUS] HA 3arymKy Py = pFuy, H NPOLOJBHOrO
yeunus N, (Sy = Ps — N,), [1a; p — BHyTpeHHee naBieHHe B TpyGo-
nposoge, I1a; Faq — mJIOmAAb NONEPEYHOrO CEUEHHSI BHYTPeHHEH mo-
JIOCTH TPYOBI, cM?;, N, — MpoJo/bHOe yCHIHe ([I0I0XKUTENbHO NP pac-
TSJKEHUH TPYOHI), K.

IIpononbHoe ycunue N, moxeT ObITb OGYCJOBJEHO NPOTEKaHHEM
npoaykra. B stom cnyuae N, = m,V?/g, rae m — Bec npefyxra, pacno-
JIOXKeHHOro Ha 1 M J/uHBI M mOporeKarouiero no tpy6omposony, Ila;
V — cpegHss no ceueHHIo Tpy6ONpoBoja CKOPOCTb HCTEYEHHs] NMPOAYK-
Ta, m/c. . . ’ .

XapaxTepHasi cxema HaJA3eMHOro TpyGoNpoBoja — MHOTOMPOJIETHAA
6anKa C JIOMaHOH B IJIaHE OCBbIO U KOJIBLEBBIM IONEPEYHBIM CEUYEHHEM.
[TepenoMbl ocu TpyGONpPOBOAa NpeONpeNeNsioTCs HaJWYHeM IPErsiT-
CTBHH BIOJb TPACCHl, YCTPOHCTBOM KOMIEHCATOPOB JIMOO TeXHOJOrHYe-
CKHMH TpeGoBaHHAMH. MecTa pacrno/ioxeHusi onop TpyGonposoaa MOryT
He COBHAJaTh C MeCTaMH INepesoMa OCH TPYOBI.

Jns Haj3eMHbIX TPyGONPOBOZOB BETPOBOE BO3JEACTBHE, a TaKke
Jpyrue THHAMHYECKHE H BbI3BAHHBIE 3THMH BO3IEHCTBHSIMH JHHaMuye-
.CKHEe YCHJ/IHS M NepeMelleHHs CYyIIeCTBEHHbl, YTO OOYC/OB/IHBAET He0O-
XOJMMOCTb Ompefie/ieHHs] NTHHAMHYECKHX XapaKTEDHUCTHK KOHCTPYKIHH
{COGCTBEHHBIX 4acCTOT U GopM KoJeGaHuH). ,

TpyGonpoBOZA UCHBITEIBAET [OMNepeyHble U3rHOHbIe KOJNeGaHus B Bep-
‘TUKAJbHOH M TFOPHU30HTA/NBHOH IJIOCKOCTAX, a TaKikKe KPYTHJbHBEE H
nponosbHble Kosnebanusi. KoneGaHus B mJOCKOCTH TPybONpoBoia H H3
TIJIOCKOCTH TPOHCXOAAT HE3aBHCHMO JPYr OT JpPyra ¥ ONHCHIBAIOTCH'
HeCBSI3aHHBIMH CHCTeMaMH ypaBHeHuil. HeoGxopumocTs yuera kak of-’
HUX, TaK H APYruX oOyCJOBJIEHa TeM, YTO JUHAMHUYECKOe BO3[elicTBHE
MozKeT OBITb HaNpaBJeHO NOJ NPOH3BOJBHBIM YIVIOM K INIOCKOCTH TPY-
©Bonposoja.

[Tpu puHamuyeckom pacuere TpyGONpPOBOJA C JOCTATOUHOH CTENEHBIO
"“TOYHOCTH MOMKHO INpPHHSATb, UTO XapPAKTEPUCTHKH €ro KeCcTKOCTH (Ha
usru6 £/, Ha KpyueHue G/, Ha pacrsKeHue — cxkarue EF) u pac-
npejiesieHHasi O JAJIMHE Macca /m NOCTOSIHHBL B NIpefieniaX KaXaoro y4acr-
Ka MeXIy y3namu (MectaMH NepejoMa OCH, PacloJIOXKeHHs omnop, Ie-
peceueHusi ¢ ApyruMu tpyGonpoBojamu). Ilpu ompeneneHun ycuiui,
COOTBETCTBYIOIUX M3rHOHBIM KoseGaHuAM, NPOAO/IbHYIO cHIy N MOXKHO
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cyuTaTh He 3aBUCHALIEH OT BpeMeHH, MOCKOJBKY rapMOHHuecKas 106aB-
Ka K Hell 3Ha4uTe/IbHO MEHbLIE TOH ee COCTaB/SAIOIIeH, KOTOpasi Bbi3BaHa
BHYTPEHHUM JaBJEHHEM, TeMIepaTyPHbLIMH BO3JeHCTBHAMH W ADYTHMH
{paxkTopamMH. B ¢BA3M c 3TUM U3rHOHBe KoJeGaHHUA CTEpPIKHS MOXKHO
onncatb AU(depeHnHaNbHBIM ypaBHEHHEM ¢ IOCTOSIHHBIMH KO3dxbHIHeH-
TaMH '

dYy N2 d?y met

et~ Y="0 (VLI
rhe y — nporu6 OcH CTepxKHs; § — OTHOCHUTeNbHAst KOOpAWHATA.

Y paBHeHHe cBOGOJHBIX KPYTH/IBHBIX KOoNeGaHHE CTEDIKHS C pacrnpe-

JeneHHOH Maccoil M ypaBHeHHe NPOJOJNBbHBIX KOJeGAaHHH COOTBETCTBEH-
HO:

A0 =0, (VI2) ¥ 4pe=0 (VL3
dg? ds?
rae a® = -%2—;2-; b = QSF 0, w— yros noBopoTa M JuHEHas Je-

¢opManus NONEPeyHOro ceyeHUss COOTBETCTBEHHO BOKPYI H BIOJb OCH
Tpy6onpoBoaa.

B ypaBHenusx (VI.1)...(V1.3) ® — uacrora cBoGoAHBIX KOJeOaHU#
{UM3TrHOHBIX, KPYTHIbHEIX, NPOLOJBHEIX).

Onpepenutb coGCTBEHHbIE YacTOTHl KoJeGaHHHl MHOTrOIpPOJETHBIX
TpyGONpPOBOJOB aHAJUTHYECKUM NMyTEM MareMaTHYeCKH TPYHZHO, OCOGEH-
HO Hepery/spHBIX U ¢ JoMaHOH ocbio. [IpeosiosieTb 3TH TPYLHOCTH MOXK-
HO TOJIbKO HCHOJb3ysi COBPEMEHHYIO BBIUHCJHUTENBHYIO TeXHHKY. Jns
onpeneseHus cHeKTpa COGCTBEHHBIX 4aCTOT KOHKPETHOro TpyGonpoBoja
¢ nomotbio IBM mosb3yloTes METOZOM NepeMellieHuH, YAauHO COUeTar-
UM NPOCTOTY aJropurmMa c obecneueHueM TpeOyeMOH TOYHOCTH Bbl-
YHC/IeHHA ¥ BO3MOXKHOCTSIMH KaueCTBEHHOTrO aHaJU3a pe3yabTaToB pac-
vyera. OCHOBHAs cxeMa MeTOJa NepeMelleHHus noJydyaercsi NpH BBeJeHNH
B y3/bl 3aJlaHHON cHCTeMbl (DUKTHBHBIX CBfi3eH, NPeNATCTBYIOLL X HX
JIMHEHHBIM M YIVIOBHIM TepeMenleHusiM. Peakunu u nepemerueHus puk-
THBHBIX CBfi3eH ONpeAessioT ¢ NOMOUbl0 GYyHKUUH BAMSHUA METOAA ne-
peMelleHHH A5 NPAMOJHHEHHOro 3allleMNeHHOTO CTEPXKHf C YUeToM
reoMeTPHUYECKUX COOTHOLIEHUH MeXIy YCHAHAMH (NepeMelleHHSIMH) B
yanax. CoGCTBeHHBIE YacTOTHl ®, OCHOBHOH CHCTEMBI fIBJISIIOTCH KOp-
HAMH cnenyxomnx ypaBHenuii [13]:

1) Ap =0 unu sin al = 0 — ana xoneGaHUH H3 NJOCKOCTH TPY-
60nposona

9) Ay = 0 unu sin bl = 0 — 18 KoneGaHuii B MIOCKOCTH TPyGo-
1poBoJa, : -
rae

Ay = 20y (1 — cos Xy chhy) + (A3 — A sinAysh Ay &y = idy;

A1, Ay — KODHH XapaKTepHCTHYECKOI'O ypaBHEHHS, COOTBETCTBYIOLIEro
mnddeperunansHomy (VI.1).

[lo BBIYMC/TIEHHBIM 3HAYEHHAM ©, M KOJMYECTBY OTpHIATEeNbHBIX
JMaroHaNbHBIX 3JIEMEHTOB B npeoGpasoBanHoli (no cxeme [aycca) K
TPeyrolbHOMY BHAY MarpHIile peakuuil JIerkO yCTaHOBUTb MeCTO ® B
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creKkTpe COOCTBEHHBIX YacToT cHcTeMbl. Iloc/iefoBaTesbHO YTOUHSSA
3HaueHHe ®, MOXHO HaHTH Jo6yio (10 HOMepy) COGCTBEHHYIO YACTOTY
M COOTBeTCTBylomYyIo ell Gopmy KoneGanuit. [lns wacto Berpeyarouieiics
B NpPaKTHKe NPOKJIajKu TPy6OnpoBoja, KOTa OH He 3aKpenjieH OT Kpy-
ueHUsl Ha onopax BOIM3M KOMNEHCATOPOB, Jaxe B HIXKHEH YacTH CIeKT-
pa coOCTBEHHBIX YaCTOT MOTYT MOSIBATBCH 4aCTOThHI, Ha KOTOPHIE OKa3hl-
BAIOT BJHAHHE KPYTUJbHble AeopMatuu. DTH YacTOThl U3MEHSIOT NMpH-
BBIYHBIl XapaKkrep cleKTpa cOOCTBEHHBIX YacTOT (PAcroJiaraloTcsi Mexay
30HAaMH CTYUIEHHS YacTOT, HiKe NepBOH COGCTBEHHOHM 4acTOTB! H3rHO-
HBIX KOoneDaHui U T. I.), YTO HEOOXOXUMO yUUTHIBATh NPH pacuere KOH-
KPEeTHBIX HaJ3eMHBIX TPyOONpPOBONOB Ha JMHAMHYeCKHe BO3JEHCTBHSA.

[Tpu npok/ajxe NPOMBILIVIEHHBIX TPYGONpPOBOJOB B BHJAE BHCAYEH
CHCTEMbl C BepTHUKaJbHBIMH MOJIBECKAMH YacTOThl COOCTBEHHBIX BEpPTH-
KalbHbIX H3THOHBIX KoJebGaHuH:

p nint  El ntn® H it 2

. BEpT 0
On =—7 m TR w T e T

rape

(l)“.%’l n—=1 3.5 .. .-
20:{ I L« ’ s ’ ’
0, n=2, 4,6, ...;

El — usrubHast }KecTKOCTb TPyGONpPOBOJa B BEPTHKAJIBHOH MJIOCKOCTH;
E,, F, — xecTKoCTb Hecylllero kabensi Ha pacrsikeHue; L, — nosnHas
JJIMHAa Hecymiero KaGeasi; f — crpena npoBeca KaGessi.

[Ipn panuanbHO¥ cucTeMe BaHT, Haubosiee pacnpocTpaHeHHOH npu
NoJBeCHbIX crocofax MPOKJAaiKH NPOMHIJIEHHBIX TPyGOnpoBOJOB, Yac-
TOTBl COGCTBEHHBLIX KO/MeOaHHH MepBOf 30HBI CTYIIeHUs OJHONPOJIETHHIX
BHeIlIHe PAacNOpHBIX TPYOONPOBOJOB MOKHO BBIYHC/SATH N0 NPHOIHKEH-
Ho# dopmyie

> % Bl | n

2 X )
0, = c— _Tzn‘_ _2g;‘— ;::'1 di(diys—dic), (VL4

4 m
dy

rie a, — uactoTHel Ko3dduuuent. OcranbHble 0GO3HAUEHUs NOKasa-
uel Ha puc. VI.3.

[TepBuiit unen aroil GopmyJinl oTpaxaer 3bdexT NOABEIINBAHASA TPY-
6onpoBoAa Ha BaHTaX B OTJEJNbHBIX TOUYKaX.

. Jna nonyueHusi BepxHelt u HUKHeH rpaHUIl 3HAYEHUH YaCTOT MOX-
HO BOCIOJIb30BAThCS rpadukom-HoMorpammoit (cM. puc. VI.2), pacemar-
pHBas CHCTEMY C OTTAXKKAaMH KaK MHOTONPOJIETHYIO HEpa3pesHYIo GanKky
C ynpyro mofar/iMBLHIMU ONOpaMH. JTOT rpaduKk nossBossier ObICTPO U
TOYHO ONpeJeNATh BCe YaCTOThl MepBOH 30HHI CI'YIIEHHUs ]IS MHOTOMNPO-
JIETHHIX 0a/IOK Ha yNpyrHUX Onopax, OTCTOSIIMX Ha OJMHAKOBOM pac-
CTOSIHHH JAPYr OT ApPYyra ¥ HMEIOMMX DaBHYIO JKeCTKOCTb (peryispHas
cucrema). BepxHssl rpaHuua 3HaueHUH YacTOT INOJYYUTCH, €CIH XKEeCT-
KOCTH BCEX ONOp NPHUHATb OJUHAKOBBIMH H PaBHBIMH JKECTKOCTH, COOT-
BETCTBYIOIIell caMOMy KOPOTKOMY BaHTy, a HHXKHASA IpaHHlla — CaMOMy
JJINHHOMY.
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HoOe no rpadHKaM 3HaYeHHe oyl 27T IpH ONpeJesieHuH KPYroBOH YacTOTH
no ¢opmyse (VI.4) ymuoxaior Ha 2n. Bropoil unen dopmynn (VI.4)
YUMTHIBA€T Ha/IHuMe B CHCTEMe paclopa, Mepefarollerocss OT BaHT Ha
TPyGOIIPOBOA JUCKPETHO.

Jas onpepeneHuss 4acToT cOOCTBEeHHBIX KoseGaHMi BHellHe Gespac-
NOPHBEIX MHOTONPOJIETHBIX Pafua/bHO-BAHTOBEIX CHCTEM TPyGONPOBOAOB
(cM. puc. I1.1) MoxHO Mosb30BaThCs NpUGTHKEHHOH HOPMYIOH

0% = o — n2n?
2
W
\\\\\ E ,F"K’l“‘
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¥

Puc. V1.3. PapuaibHO-BaHTOBast cxeMa CHCTeMbl TPYGOMPOBOAA.

rie ® — coGCTBEHHAsl UACTOTA BHELIHE PACNOPHHIX cucTeM (cM. puc. 11.1),
onpeneasieMas no dopmyse (VI.4); N — npogo/ibHas cKuMarouas cH-
Jla, paBHas OPH30HTANbHON MPOEKIHH YCUMHS B OTTSAKKE, 3aaHKEPEeH-
HOH Ha TpyGonpoBoje

K K
mg
N = ZI H; = o 2‘ d; (diy1 —di).
{= =

CoGCTBeHHBIE YaCTOThl TOPU3OHTANbHBIX KOJieGaHHH NOABECHBIX TPY-

60npOBOJIOB:
2 nint El g
On == """ + Y

rae h — paccrosinge oT TpyGonpoBoja 4O TOYKH KpemseHusi kabens
Ha nunoHe. Bropoit unen stoit popmynsl g/h yuurthiBaer 3hdexT Mast-
HHKa B BUCSIYMX CHCTEMaxX [PH FOPU30HTANBHBIX KojebaHusix. B camom
Jene, nonarasi, 4ro El = 0, nonyuum cucreMy, ABHKeHHs KOTOpOH aHa-
JIOTHYHBI KOJIeOaHMsAM MaTeMaTH4ecKoro MasiTHHKa. D{ekT MasTHHKA
BO3HHKaeT 06Jiarofiaps BOCCTAHABJIMBAIOUIMM TOPH30HTANbHBIM CHJaM,
CO31aBaeMbIM [POBUCAIOIIMM KabeneM WM BaHTaMHu. Dosee noipoGHO
pacyeTHble cXeMbl A/ BBIYHUCJEHUS COGCTBEHHRIX YACTOT H3THGHBIX Bep-
THKaJbHBIX U TOPH3OHTANbHBIX KoneGaHul onucadsl B [13].
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ITpyu konefaHusX Hai3eMHBIX W NOJIBECHBIX TPYGONPOBOAHBIX
cACTeM, BCJIEACTBHE BO3HUKHOBEHHUS Pa3/IMUHBIX HEyNPYyTHX CONpPOTHBI/IE-
Uuf, NPOUCXOAUT pacceMBaHHUe SHepruu, oOycCJOBAHBaIlee nemndu-
pymomue cBoicTBa coopyKeHui. PaccenBaemass npu KosneGaHUSIX 3Hep-
rHsd He TOJbKO NePeXORHT U3 OAHOrO BHAA B APYroi (U3 NOTeHLHasbHOH
B KHHETHYECKyl0O M o00paTHO), HO TaKxKe pacxojyercs Ha o6Gpa3so-
BaHHe MJacTHYecKHX Jedopmauuii, npespamaercs B Apyrue QopMmbi:
H3 MeXaHH4eCKOH -— B TelJIOBYIO, 3BYKOBYIO, pacCeHBaeTc B OKpY-
Xaiomed cpefie. [lostomy coGeTBeHHBle KoseGaHHsT HAaJ3eMHBIX H MOA-
BeCHEIX TPYOONPOBOAOB 3aTyXaloIHue.

ConporuBieHHe cpefibl YYUTHIBAIOT NPH COCTaBJeHHU Juddepen-
IMaNbHBIX ypaBHeHHH KoJleOaHHH COODYXKeHHH, paGoTalolWUX Ha BETPO-
Bylo HarpysKy. Bce ocranbHele $pakTOphl OTpaXkaloTcsl NpH HAa3HAYEHHH
JorapupMuyecKoro nexkpemenra KoseGanufi 0. JlekpemeHTOM Kose(a-
HUH 3aTyXarwlero npoluecca HasbiBaeTcsl HaTypajbHBHIA Jorapugm or-
HOIEHHS MNpEeABAYIeH aMIJHTYIAbl a@; K Nocleayomed a4 i 6 =
= In Iai/ai_H | .

Ananu3 GONBIIOrO KOIMYECTBA NMOCTPOEHHBIX HaJA3eMHBIX H TNOJABec-
HbHIX MAarucTpajbHbIX U MNPOMBIILJIEHHBIX TPYyGONPOBOAOB CBHAETENb-
cTBYeT 06 OueHb cJabblX AeMnUPYIOLIUX CBOHCTBAX 3TUX COOPYXKEHHUH,
MpeACTaB/AIOMHUX cOGOH LefAbHOCBapHbIE KOHCTPYKIUHH. Tak, SKcmoepu-
MeHTaJbHble 3HaueHHs JorapHdMHUYECKOro JekpeMeHTa KoJebaHHi, He-
CMOTPSl Ha 3HAuMTeNbHHIH pa3bpoc, Haxoxsrcs B uHTepBajte 0,004 <<
< 8 < 0,06.

METOAbl ASPOAUHAMMYECKOTO PACYETA TPYEOMPOBOAOB

Paccmorpum o6TeKanue KpyroBoro HUJIHHAPA MJIOCKONApa/LiebHEIM Nno-
TOKOM HJeaNbHOH (HeBsi3KOH) XKHUIKOCTH UMK rasa (Bospyxa). HaGeraio-
HIMH NOTOK XapaKTepH3yeTcs CKOPOCThIO V, U CTaTHYECKHUM JaBJ/ieHHeM
B GECKOHEUHO YAaJIeHHOH ToukKe p,. LlUpKy/asilHs cKOpOCTH BOKPYI LH-
JUHIpa, onpenensieMas no dopmyae I' = gﬁsvsds, paBHa HyJIo.

Bosnukaromiee npu o6TeKaHUH KPYroOBOTO LHIHHAPA HEBA3KOH XKHI-
KOCTBIO CHMMETPHUHOe paclipelle/leHHe AaBJieHHs MO ero NOBEPXHOCTH
yKa3biBaeT Ha OTCYTCTBHE CONpPOTHBJIEHUS ABHKEHUIO LUIUHIPA CO CTO-
pOHBI NOTOKA. B peanbHBIX YCI0BHUAX NpU OOTEKAaHHH KHAKOCTBIO WM
rasoM Ha UWJUHAP Bcerga OyZeT AeACTBOBATh CHJIa CONPOTHBIEHUS —
rUApoJUHAMHUUeCKas cu/ia. DT0 NPOTHBOpeune U3BECTHO NOJ HasBaHUEM
napagokca JanambGepa — Diisiepa, CymHOCTL KOTOPOTO B HeyueTe Bs3-
KOCTH peasbHOH KMIKOCTH WM rasa (Bo3iayxa).

B neficrBuTenbHOCTH, 6sarofaps BSI3KOCTH NMOTOKa, BO3HUKAET MO-
rpaHuuHbI CJI0H, MPUJINNAIKE Ha ONHUX ydYacTKaX NOBEPXHOCTH LH-
AWHApA ¥ OTpHIBalOLIMiCS Ha IPYrHX, KaK NpaBWJo, 3aiHux. Takoe
ob6TekaHue Tesl MOTOKOM Ha3biBaeTcsi OTPHIBHHIM. [lo3amu Tena BO3HH-
Kaer BUXpeoGpasHoe ABHKEHHe noToka. [lUpKynsuus cKopocTH BOKpYr
OWIMHIPA He paBHA HYJO, YTO OOYCJOBJIHBAET BO3HHWKHOBEHHE CHJIBI
no6oBOro conporuBaeHusa. TakuM o6pasoM, yueT BA3KOCTH peaslbHOrO
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[OTOKAa BHOCHT CyIIecTBEHHLIe KaueCTBeHHble H3MEHEHHS B XapakTep
ofTexaHUs Tel. X

Ilpn obrekaHun KpyroBoro LWJIHHIApPA 0GpasyloTCsi BUXPH MPaBOTO
U JIeBOTO BpalleHHf, KOTOpHe, BC/IENCTBHE OTPBLIBHOTO Xapakrtepa 06-
TeKaHUsi, CPHIBAIOTCA C MOBEPXHOCTH LHJHMHAPA H YHOCATCS MOTOKOM.
CHMMETPHYHO CpBIBAlOmUecs BHXpH — BUXpH (Penmisi — yCTOHYMBHL
npu sHaueHHsx uncen Pelfinonbaca Re << 100. Buxpn, nonepemeHHO
cpblBaiolecss B ImaxmaTtHoM mopsiake [13], ycrofumBbl npu uuciax
Peiinonbaca Re > 150 u naGnionatorcst jJaxke npu unciax PefiHosnbica
Re==1.10". '

CoBOKYNHOCTb OTPHIBAIOMIMXCA BUXPeH, NOCTENEeHHO paccenBalomyX-
csi Bja/im OT UMJIHHApA, obpa3yeT BHXpPeBylo JopoxKy KapmaHa ¢ yc-
TOMYMBBIM IIaroM BHXpell BHoab Hee. YacTora cphiBa BUXpeH, urparo-
mas OrPOMHYIO POJib B a3pOynpyrocTd, cessaHa c¢ uuciaom Crpyxans

Sh coorHowenunem n = Sh - Iy, T. e. onpegensiercss reoMerpueit Tena

H cKopocThio noroka. Uuesno Crpyxans mis Kpyrosoro uunusapa Sh =
= (0,2,

CpeiBatoliyiecsi BHXPH B NEPNeHAUKYJNSAPHOM NOTOKY HanpaBleHHH
CO3/AI0T NepeMeHHYI0 (MepHOJHUEeCKYIO) CHy, KOTOpasi CO3JlaeT Hauyalb-
HOe BO3MyLIeHHe YIPYroro KpyraonuJHHAPHYECKOro Tena, cMelas ero
OTHOCHTEJIbHO MOJIOXKEHHs paBHOBecusi. Korja uacrora cpeiBa BHXpeit
6sM3Ka HJIH paBHa OJHOH M3 COOCTBEHHHIX 4YACTOT yNpyroro tesa, 00-
TeKaeMOro NOTOKOM, HaGmiogaloTcst MHTeHCHBHbIE KoseGanus [13].

B Teopun KoseGaHUil NJ0X0 OOTeKaeMBbIX TeJl B BUXPEBOM IIOTOKe
CNOXKHUIUCh JB€ KOHIENUWU: BBIHYKIEHHHIX KoseGaHUi U aBTOKO/eba-
Hu#t. Haunbosbinee pacnpocTpanedue JJjisi 0O6bSACHEHHS] MeXaHU3Ma KoJe-
6aHufi LUIHHIDHYECKHX Tesll B MOTOKe rasa (BO3LyXxa) MNoayuuaa
KOHLeNIus aBToKosMe6ann. OHa HanGoJee MPaBHJIBLHO OTPaXKaeT JeHCTBHU-
TeJIbHBIH XapaKTep ABHXKeHHSA Tesia. MHOrouuc/eHHble HaOMIONEHUS yKa-
3bIBAIOT HA B3aMMOJIEACTBHe MeXy KOJeOaHHMH U MeXaHU3MOM BHXpe-
o0pa3oBaHHs, YTO HECOMHEHHO NOATBEPXKAaeT aBTOKoJeOaTeNbHEIH
XapakTtep npoiiecca.

[Ipu BHOpauuu Kpyr/iOUMINHADHUYECKHX TeN B TAMXEJNOH >XKHIKOCTH
(Bome) mpaBzonofo6eH MeXaHH3M BHIHYXKIEHHBIX KoneGaHu#. B To ke
BpeMsl, il LUIMHIPOB, KOJEGMOMHKXCS B [OTOKe BO3NyXa, BUOPALHH
6JU3KH N0 TUNY K aBTOKOJeOaHUAM.

Maremaruueckas MojeNb a3pOyNpyrux KoJeGaHH# KpyIrVIOUMIHHA-
pUUECKHX Tes B BeTpoBoM notoke [11], kak u Maremartnueckas Mozenb
I'. A. CaBuukoro [29], paccMarpuBaer KpyFJIOLMJIHHAPHUECKOE TeJO
KaK MEXaHHYeCKYIo CHCTEMY C OIHOH CTemneHbIO CBOGOAH!, HaJeJEHHYIO
BCeMH 'yNPYTHMH H HEYNPYTHMH CBOWCTBaMH, NPHCYIIHMH HCXOAHOM
cucreMe, T.e. paccMarpuBaemoMy Teay. EcrecTBeHHoe JAaibHelllee
pasBUTHE — pacCMOTPeHHe SKBHUBAJIEHTHOH MeXaHH4eCKOH CHCTeMHl C
JIBYMS CTeNeHsAMH CBOOOABLI U KOHTHHyalbHOH cucteMmbl. B nepeom ciy-
yae HauboJiee LenecooOpasHEIM NMpeCTaBisgercs COOOUNUTb BTOPYIO CTe-
neHb CBOGOJB!I OJHOMACCOBOH CHCTeMe B HampaB/jeHun nortoka. Ilpu
5TOM BO3MOXKHO MaTeMaTHuecKoe ONHCaHHe IPOCTPAHCTBEHHHIX (opm
JABHXEHHs KPYTJIOUWIMHAPHUUECKOTO TeNa, CBA3bIBAIOUMX Ko/ebare/ib-
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Hble JBUXKEHHS. BIOAb NOTOKA C aHAJOTHMYHEIMH [BHXKEHHSIMH Monepex
Hero.

Bo BTOpPOM cilyyae npy paccMOTPEHHHM KOHTHHYaJbHBIX CHCTeM He-
0GXOAUMBI HOBbIE THIOTE3bl O pacnpefes]eHyH MO JIHHe TeJa CHJ BHX-
PeBOH NPHUPOJEI, O BHYTPEHHEM TPEHHH B TAaKUX TesaX, a3poAHHaMuue-
CKOM JeMndupoBaHHH H Ap. :

Jsna HOpMaJbHOH 3KCI/yaTallMH COOPYIXKeHHH, pacnoJOXKeHHBIX B
BETPOBOM MOTOKe, HeOOXOAUMO OOeCleunTb aspoAMHaMUUECKYI0 YCTOH-
YUBOCTb B L[EJIOM, 4 TAKJKe OTIEe/bHLIX HX 3/71eMeHToB. [leficTBie BeTpa Ha
rubkue COOpyKeHUs KPYIVIONMJIHHIPHUYECKOH (OpMBI THNA HaJ3eMHBIX
H BHCSYHX TPyGONPOBOAOB HOCHT JBOHCTBeHHHIH Xapakrep. C ozHo#
CTODOHEI, BeTPOBOI NMOTOK BhI3BIBAeT M3rUG TpyGONpoBoja B HampaBie:
HUM JeHCTBHS MNOTOKa, T. €. B TOPU30HTaNbHOH mi1ockocTd. C gpyroi —
B BePTHKAIbHOH MJIOCKOCTH HAOMIORAOTCS KoseGaHUsl, OOYCJOBJIEH-
Hble aspopuHamuueckumu cuaamu [11, 13]. Ilostomy pmsisi aHanusa
a5pOAMHAMUYECKOH YCTOHYMBOCTH HaJ3eMHBIX M BHCSIYHX TPyOONpoOBO-
JIOB, MOMHUMO OGBLIYHOTO pacuera HX Ha BETPOBYIO HArpysKy C yueToM
MOPHIBUCTOCTH BeTpa (cM. 1. V.), BEIIOJHSIOT AOMOJHUTENbHBIH pacueT
Ha BETPOBOH pE30HAHC, NOCKOJIbKY pacCMaTPHUBaeMble COOPYXKeHHs
rubKue, H B HUX BO3MOXHO BO3HHKHOBEHHE HHTEHCHBHEIX KoJeOaHUN
B HanpaB/eHUH, NephNeHJUKYJAspHOM BEeTPOBOMY MOTOKY. BeTpoBbM
Pe30HAHCOM Ha3bIBaeTCsi HHTEHCHBHOE HapacTaHue aMILIUTYA KoJeba-
HHH B IJIOCKOCTH, NepNeHAMKYJsIPHOH MJIOCKOCTH BETPOBOrO MOTOKA,
BBI3BIBAEMOE COBIIaJlEHHEM 4YacTOTHI KoJleOaHMil Teja ¢ 4acTOTOH CPhIBA,
Buxpell KapmaHa u ¢ ofHOH U3 COGCTBEHHEIX yacToT coopyKeHuii. Enu-
HBEIM HOPMaTHBHBIM HOKYMEHTOM, COJEpIKalluM METOJ pacuera Ha BETpo-
BOH pe30HaHC THOKHX COOPYXKEHUH KPYTJONUIHHAPUUECKOH (HOPMEL,
B TOM uHc/e TpyGonpoBoxos, sBiasercsi [37]. B npakrtuke npoekrtupo-
BaHHUs HaJ3eMHBEIX U MOJABECHBIX TPYOONPOBONOB OGHIYHO HCMOJIb3YETCH
ra ke Meroguka pacuera [10, 13]. OcoGoro BHuMaHHs 3aC/yKHBaeT
BONPOC O Ha3HAUeHWH a3pPOAHHAMHUECKOro KO3(pHUHeHTa NOAbeMHOH
cusibl (corsacHo tepmuHonoruu [37]). Pas6poc sHauenuit sroro xosd-
¢dunveHTa BeNHK, OAHAKO B GOJBIIMHCTBE C/lyYaeB HaXOLHMTCS B mpeje-
sax 0,5...0,7 [4, 9.

AMnnuTynpl pe3oHaHCHBIX KoJeGaHHH 3/1eMEHTOB KOHCTPYKIHH mo-
nepek notoka -[37] cBsi3aHH ¢ JIOrapHPMHUYECKHM NEKPEMEHTOM KOJe-
6aHH{l COOTHOLIEHHEM

_ 14
a= TyCT’

pie a — aMIVIMTyAa KoJeGaHuil, M; 6 — jorapudpmuueckuit JeKpeMeHT
KoJieGaHu#; Yer — NPOrub OT CTAaTHUECKH MNPUJIOKEHHOH aspoJuHaMu-
YecKOH HAarpyskH BUXPEBOTO NPOUCXOXKACHHS, M.

PaccmarpuBas ciyuall I1apHHPHOTO OTIUpaHUs YNPYroro Kpyrosoro
UUAMHAPA TUNAa TpyOoNpoBOAa, NOAYUUM

S @ _ e 1
o= —= 08 " 5 (VL.5)

rae d — auamerp UUIMHIPA, M; ¢, — KO3(dHIHEHT NOXBEMHOH CHJIHI,
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p — NJIOTHOCTb Bo3AyxXa, [la; m — Macca eNUHHLB! JUIMHEL YIPYTOro
LWHIHHEPA.

3nech npennaraercs npuHuMath ¢, = 0,25. B [29] ana amnaurymst
ONy4YeHO BHIpAXKEHHE

VZ
a=—4 . _"w (V1.6)

70, g+ &V

rue 0)0—C06CTB6HH39{ 4aCTOTa MNONEPEUHbIX Kosie6aHuH HWJINHIpA,
KOJ!/C; &, — napawmerp, y‘-lPITbIBaIOIU.Hﬁ BA3KOE TpEHHE Cpenbl,;

_ cxpd __ Cypd
2T "4m ' YT T4m !
€, — KO3(pHLHEHT 060BOr0 CONpPOTIIBJIEHHUS.
37lecb KOHCTPYKTHBHOE JeMndupoBaHHE NPHHATO PAaBHBIM HYJIO,
103TOMY NpH NpeHeOpeKeHUH BA3KUM TpPeHHeM cpendl (¢, = () HOpMa-
JIN30BaHHAs aMIUIUTYAa KoJeGaHMi NPUHUMAET NOCTOSHHOE 3HaueHue
a = 0,4 c TOYHOCTBIO JI0 yC/NOBHOTrO coOTHOWeHUSA ¢, = 0,4c, [301.
[pepnoxennasi B [11] matemarnueckasi Monesib aspoynpyrux Kose-
6anunil (BeTpoBOro pe3oHaHca) ycTaHaB/HBaeT Gojiee CNOXKHYIO CBS3b

MeXJIy aMIVINTYIOH KosneGaHuH, AeMndHUpYIOIHMH CBOHCTBAMH M [PO-
YuMH mnapamMmerpamMu CHCTEMBI:

UQ

a®*—1,2(1— 1,l¢,)—5 a® +
D
3 5
4+ 96| 2" 5 (1-0,37c) 2 | 2 g g5 o (VLT
. @ @y g

Peayabprar cpaBHUTENBHOrO aHajH3a MNPHBELEHHBIX BLILIE METONOB
pacueTra aMIUIUTY], a3pOyNpYyrux KoneGaHnii npencrasied Ha puc. V1.4,
OH cBuzerenbCTBYET 0 Gojlee HUBKUX 3HAUEHUSX aMIVIUTYA KoJebaHui,
BeIUMCAeHHHIX 10 hopmynam (VI.5) u (VI.6), no cpaBHeHHI0 ¢ aHasorny-
HbIMH, ompenenenHeiMu no (VI.7). B kauectBe npumepa paccMOTpUM
OJHONPOJIETHBIH y4acTOK TPyOONpoBOAa Ha IIADHHUPHBIX omopax, Aua-
MeTp Kortoporo 2,5 M npu ToiumuHe cTeHKH TPyOel £ = 30 MM H, COOT-
BeTCTBeHHO, macca m = 200 kr . ¢. Mm%, ¢, = 0,7. Ha puc. VI.b

’
NYHKTHPOM BhileNeHa Kpuas @ = f (8), BbuuC/leHHas 10 (opMyJe
(V1.5), Ho npu ¢, = 1.

Conocraenenue (puc. VI.6) Teopernueckmx 3aBHCHMOCTEHl MaKcu-
MaJbHO HODMa/lM30BaHHBIX aMIVIMTYZL a’3pOyNpPYrHX KoJeGaHHH a ¢
JaHHBIMH 9KCNEDHMEHTOB Haj MOJEJSAMH YNPYIHX CTepxHeH Ha wap-
HHPHBIX ONOpaX, KOHCOJNBHO 3alleM/JEHHBIX KECTKHX LWIMBIPOB Ha
ynpyrux onopax u Tpocax [9] cBuzerenbctByer o ToM, uTO popMyJa
(VI.7) maer BepXHIOW TrpaHMIy BO3MOXHBIX aMIVIUTYN KoJeGaHHH U B
TO Ke Bpems NoATBepxkiaer, uro ¢gopmyna (VI.5) naer saHHKeHHYIO
OLleHKY aMnauTyx KoseGanuit. Ha puc. VI.6 npunATE chaenyomue
o003HaueHus: anp — NpHUBEJeHHAass HOpMa/M30BaHHAs aMIJIHTYAa KO-

7e6aHuil, anp = alYg; Yn — Ge3pasmepHbIil napaMerp GopMbl KoeGaHuil,
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BaBHCAIIUH OT cnoco6a ONMHPaHHUs SJEMEHTOB KOHCTPYKLMH, Aas cTep-
JKHS Ha IIAPHUPHEIX omopax y, = 1,155 (3HaueHus KospduuueHTa Vn
s JpYTHX cJayuyaeB npuBeneHsl B paGorte [9]); Onp — npusegeHHoe
nemnouposanue, Onp, =< 0,2md/pd?.

s noxasnsiomero 6oJbUIHHCTBa KOHCTPYKIUE 3HaueHUs Jorapug-
muyeckoro Aekpemenra § > 0,02 [13]. Kpome Toro, npegenbuas amniu-

TyAa MHAYUMPOBAHHBIX BHXPAMH KoneGaHuil a = 1. B cuay usnomen-
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Puc. V1.4, Bausnne HaBHBKH Ha KO3(- Puc. VI.5. 3asucumocts am-
¢uMeHT J060BOro CONPOTHBJECHHS: TVIATYA KosneGaHME oT Jjora-
1 — Ges racurens; 2, 8, 4 — ¢ racurenem d/D PHPMHUYECKOrO JeKpeMeHTa:
PaBHO cooTBercTBEHHO 3/80, 1/80, 1/160. 1 — no ¢opmyae (VL.5); 2 — mo

Q)omene( 1.6); 8 — no dopmyne
(VL.7).

Horo dopmyna (VI.7) moxer GeiThb ynpolleHa npu cOXpaHeHUH A0CTa-
TOYHOH TOYHOCTH B npexnosnoxexun & > 0,02
7= Cy

2 2 .
Qm—’;ifll-— §— 1,35 (1 — 0,37¢,) 2 Sh

Sra jopmyJsa cnpaBefsuBa Ais UMIMHIAPHYECKOTO CTEPIKHA C MpPO-
H3BOJBHOH (opMO# Nonepeunoro ceuenusi. B uacTHoM ciiyuae nomepey-
HOro ceueHus xpyroso#l ¢opmel npu Sh = 0,2 u ¢, = 0,7 3aBUCHMOCTB

G = [ (8) ONHCHIBAIOT BHIpaXKEHHEM

Q= —C4
a= 0,8m s 2'
pd® "

IIpu ofrekaHun TpyGONPOBOLOB BETPOBHIM MOTOKOM B Olpeje/eH-
HBIX YCJOBHAX BOSHHKAIOT UHTEHCHBHBIE KOJIeGaHHs, XapaKTepU3YIoiH-
ecsl 3HAYUTEJNbHBIMH aMILIUTYJaMHd, CINOCOGHBIMH paspyLIuTh TPy6O-
npoBoj. B MexaHuKe MonoGHEIA pexUM HasbiBaeTcsl aBTOKOJeGaHHAMH,
a CHCTeMbl, B KOTOPhIX OH BO3MOXEH — aBTOKoOJeGare/bHhIMH. KoH-
Uenuyus aBTOKoseGaHui, NOJOXKeHHass B OGOCHOBaHUSA fiBJIEHUH, BO3HH-
Kawomux Npu o6TeKaHuu TpyGonpoBoja BETPOBLIM [IOTOKOM, O3BOJSAET
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He TOJIbKO BCKPHITh MEXaHW3M Kosebanuii, Ho W HafiTh nytu obecneue-
HH$ a3DOJHHAMUYECKON YCTOHUMBOCTH Hal3eMHBIX TPyGONpPOBOIOB, T, €.
UX CNocOGHOCTH NPOTHBOCTOSITb BETPOBHIM HArpysKam.

3asucumoctb a = f (8), npeacraBiennas ¢opmynoi (V1.7), orpa-
JaeT HeJMHeHHble CBOWCTBAa aBTOKO/NEGATENbHBIX CHCTEM paccMaTpH-
BAEMOro THUNA W NOJHOCTBIO NOA-
TBEPKIaeTcsl IKCNepHMEHTaslb- 10
HBIMH JaHHbIMH (cM. puc. VI1.6),
B TO BpeMsi Kak ¢opmyaa (V1.5)
COOTBETCTBYET KOHIENUN#
KJIaCCHYECKOR MOZLEeNH BBIHYX-
JeHHBIX KoJe6aHn# JMHeNHBIX
cucreM. Tarum oGpa3om, npex-
JoXKeHHas B paGore [11] mare-
Maruyeckas Moieab aspoynpy-
TUX KoneGaHui 31eMEHTOB KOH-
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Puc. V1.6. ConocraBnesue 3Kkcnepu-
MEHTaJIbHLIX H TeOPeTHYeCKHX 3aBH-
CHUMOCTell HOPMaJIN30BaHHBIX aMIJiH-
TyA KoJie6aHuii OT TNpPUBEAEHHOrO

TTTTITT

JeMnpHpOBaHUs:
1 — no ¢opmyane (V1.5); 2 — no dopmy- 001 Lo
Jie (V1.6)— sKxcriepuMeHTallbHble 3Haue- 0,01 ot 1 )

Hus; 3 — no dopmyane (V1.7) np

CTPYKIMH KPYroBOW UWIMHAPHUYECKOH (OpMBI JaeT aMIIUTYAbl, XO-
pOILO corJjacyloluecs € SKENepHMeHTa/NbHBIMH JAaHHBIMH, H MOXKET
CNyXHUTb HaJeXXHOH OCHOBOH. ANl a3POJMHAMHUYECKHX pacueToB.

MEPb! BOPbEbLI C BUBPALLMSIMU TPYEONPOBO OB

Yacro nabmoaatorca BUOpanyun TPyOGONpOBOJOB, UMEIOIIUX BHCSYHE U
HaJ3eMHBle y4acTKu. [IpUYNHBI MX BO3HHKHOBEHHS DA3/JHUHBl ¥ MOTYT
6biTh 00yc/IOBJEHbl KaK MeXaHMKOH JBmKymierocsi npopykta (JBHKe-
HHE M NyJbCAalMH NaBJeHHSA JKHAKOTO WM ra3006pa3HOTO MPOAYKTa),
TaK H cBOMicTBaMM OKpyxatowel cpennl. IlocnenHue o6bsicHSIOTCS che-
nupHUeCKUM XapaKTepoM oOTeKaHus HaJ3eMHBIX M BHCAYUX TPyGompo-
BOJOB, HMeIOUX KPYIJIOUWIMHAPHUECKYIO (opMYy MONEpPeyHoro ceye-
HUSl, BO3NYIIHEIM NOTOKOM [27].

CnocoGs! 3alIMTEI COOPYIKEHHH OT BUGpaUil MOXKHO YCJIOBHO pasjie-
JHTb Ha JBa THNA: NAacCHBHLIA M akTuBHuA. [Ipn naccuBHOM myTem
M3MeHeHHs! OCHOBHBIX N1apaMeTPOB COOPYXKeHHs1 H3MEHSAIOT ero co6CTBeH-
HyI0 4acToTy, YTOOH NpPENOTBPATHTb pe3oHaHCHHE siBieHus. OnHaKo
TaKHM 06pasoM HOOHThCS 3(peKTUBHBIX pe3y/IbTaTOB HEBO3MOXKHO, TaK
KaK caMO SIBleHHe He yCTpaHfAeTcs, a NPOHCXOAHT CMelleHye 3HaueHHs
KPHTHYECKOH CKOPOCTH BETPa, COOTBETCTBYIOLIEH BETPOBOMY Pe30OHAHCY.
AxTuBHbBIE CnOCcOGH BHGPO3AUIMTH, YMEHbINAOLIME AaMIJIHTYRY KoJe:
6aHui, OCYIeCTBJASIOT NMyTeM YCTPOHCTBA MeXaHHUYECKHX WJH a3poiu-
HaMUYeCKUuX racurtenell KosneGanuil. IIpuHuunuanbuas pasHuna Mexay
MeXaHHYECKUMH M a3pOJAMHAMHUYECKHMM racuTeJNsIMH B TOM, 4TO MOCHe-
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HHe yCTPaHSIOT NPUYHHY BO3HHKHOBEHHSl BETPOBOTO pe30HaHca, Cylie-
CTBEHHO U3MEHAS XapaKTep o6TeKaHMs COOPYKEHHUs! BETPOBBIM IOTOKOM.
B npakTuke BUOpPO3alIUTHl JUHUH dJMeKTponepefauu, KaGeabHol U Bo3-
RYWHON CBA3KM M MarucTpaibHbIX Tpy6onposonos [24] wupoko pacnpo-
CTpaHeHbl MeXaHHUeCKHe racuTelH KOJeOaHUH THNA KOJOJLOYHOro JeMil-
depa [13].

3aryxanue KoneGaHHN 0GYC/IOBIEHO NOTEPSAMH SHEPIHH KoJebaTellb-
HOFi CHCTEMBbI, B T. Y. Ha BHYTPEHHEe TPeHHe. ¥YBeluueHHe AeKpeMeHTa
KoJiebaHu#, NPHBOJfAILee K CHIKEHHIO THHAMHUECKOro KO3PdHIMEHTa,
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Puc, V1.7. HaBuBka npoBOJIOKM Ha UMJIMHAP KaK CPEACTBO TralleHHs KoJeGaHHIH:

4 — CXeMa HaBHBKH (Q = 9 -~ 11°); 6 — BJMsiHHE YHCJa HaBHBAEMbIX NPOBOJIOK Ha spdek-
THUBHOCTb ralleHHus KonaeGaHuit (/ — Ge3 racurens; 2, 3, 4 — C racHTejleM COOTBETCTBEHHO
n=28 3u4; 0= 11° d/D = 1/200); ¢ — ocuuajorpaMmbl KoJeGaHUH LHJIUHAPA C MNPOBO~
JNIouHBIMHM racurenssMu_ (/) u 6es Hux ([1).

T. €. KoapduuueHra BospacraHusi aMIJIUTYJ [PH De30HAHCHBIX KoJje-
6anusix, MOXKeT ObIThb JOCTHI'HYTO YCTAHOBKOH THApaBIHYECKHX JeMI-
¢depoB BOIH3H OMOPHBIX uacTedl WJH (B cjlyyae BHCAYHX TPyGOmpoBo-
JIOB) B MecTaXx KpellJleHUus MoJBecOK K Tpybonposony. Hecmorps Ha To,
4TO MCKYCCTBEHHOE NOBHIIIEHHE 3aTyXaHUs KoJeOaHHH HaA3eMHBIX TPY-
GonpoBOIOB — OUeHb 3(pheKTHBHBIA CNOCO0 JHKBHIALUH BETPOBOTO pe-
30HaHCa, OHO, K COXKaJIeHHIO, 4acTo HUMeeT HHAUBHIYyaNbHBIH Xapakrep
1 GbiBaeT CBA3aHO C KOHKDPETHBIMH KOHCTPYKTOPCKHMH NPOpaGoTKamH.
AsponnHaMuueckoe raueHue KoneGaHuil, HIest KOTOPOro 3aKJIoYaeTcs
B HapyLIeHWH NPaBUJIBHOrO BUXpPeoGpa3oBaHUs NPH OGTEKaHHH COOPY-
JK€HHS BEeTPOBBLIM NOTOKOM, MO3BOJISI€T YCTPaHUTh OCHOBHYIO NMPUYHHY
BO3HHKHOBEHHSI BeTpPoBoro pesoHaHca. OnpefneneHHe ONTHMaNbHBIX
napameTpoB a3poAMHAMHUYECKHX TacHTeslell CB3aHO C 3KCHepHMEHTalb-
HBIMH HCC/IeJOBAHHAMH B a3pOJAMHAMHUYECKHX Tpybax.

st rawenyns xKoigeGaHUH Tes KpYrJOMUIHHAPHUecKo# Gopmbl (Tpy-
GOTPOBO/IbI, AbIMOBHIE TPYOBI, OallHM, 3/7eMEHThl KOHCTPYKIMH) Npel-
JIOXKeHbl ycTpoiicTBa u mpucnocobaenus [12, 13]. HauGonee sdpdexrus-
HBl Clefylollne U3 HUX.
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Has ramenus KosjeGaHuM l‘OpPISOHTa.TIbeIX TPyOONPOBOAHBIX CH-
creM npennioxens [13] cneunanbusie npucnoco6nex—mﬂ B BUjge TypoOy-
JIN3aTopa, NPHUKDPENJIIEMOro K Hapy>XHOH NOBEPXHOCTH TPYyOONpOBOsia
B rOPH30HTA/IBHON MJIOCKOCTH cuMMeTpuu. IlepefHuil OTHOCHTENBHO NO-
TOKa 3JieMeHT TypOyJ/u3aTopa pacceKaeT ero, (pUKCHpPys TOUKH OTPHIBA
NOrpaHUyHoOro CJliosl, a 3afHUi 3JIEMeHT HapyIlaeT MePHOAHYHOCTb BHX-
peoOpasoBaHusl U CYIIECTBEHHO yYMEHbIIAeT NEepPeMEeHHYI0 a’dpoiuHaMM-
YeCKyl0 IONepeyHylo CHJy, YTO 00yc/l1aB/UBaeT pE3KOe CHHKeHue
aMIIJINTYJ, ONepeyHbIX Kojiebanuil TpyGonpoBofoB. 310 YCTPOHCTBO, No-
JlyunBlUee Ha3BaHue TypOYJH3UPYIOIIUMX NaHesnefl WIH pacceKareed,
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Puc. VI.8. BuusiHne yria HaBHBKH PO-
BOJIOK @ Ha 3(ppeKTHBHOCTD rauwenHs Ko-
JnebaHni:

Puc. VI.9. Bausnne Jnamerpa npoBo-
JIOK Ha 3PheKTHBHOCTh TraileHHs KoJje-
GaHHH:

"1 — Ges racurens; 2,3, 4 — ¢ racuTeseM co- 1 — 6e3 racurens;; 2, 3, 4, 5 — ¢ racure-
OTBETCTBEHHO @ = 6,7, 11° ' n = 4; d/D = neM cooTBeTeTBeHHO d/D = 3/100. 1/100,
= 1/200. 1/500, 1/200; © = 11° m = 4.

IINPOKO [IPUMEHSIOT B NPAKTHKe BUGPOrallieHUsl HaJ3eMHBIX U BHCAUMX
TpyOONPOBOHBIX CHCTEM.

Iposenennnie B IIAI'M um. J)KyKoBCcKoro Hcc/e0BaHus, CBSI3aHHbBIE
C TIOHCKOM OIITHMaJIbHBIX MapaMeTPOB HABUBKH MPOBOJIOKH Ha KpPYTJoO-
unIHHApuYeckue tena (puc. V1.7, @), nosBonuay 1ath * pekomeHAanuH
no addexTHBHOMY raueHuro KoJje6GaHHH, BbI3BAHHLIX BETPOBLIM MOTO-
KOM, HafseMHHIX Tpy6onpoBofoB. OTtcyTcTBHE 0600IIEHMH H KOHKpeT-
HHIX pEKOMeHJauuii no BbIGOPY IapamMeTPOB HABHBKHM He MO03BOJAET
NPUMEHATb B INPAKTUKe BHOpOramleHHsi 3TOT JKOHOMHYHHIA cnocob.
Ilpu mpoBesenun uccnefoBaHuil MO ONpejie/eHHIO ONTHMAJIbHBIX Lapa-
METPOB HaBHBKH BapbHPOBAJU, KOJUUECTBOM [1POBOJIOK, HABHBAEMBIX MO
BUHTOBOH JuHuHU (puc. V1.7, 6), yroj HaBHBKH OTHOCHUTEJNBHO [POLOJb-
Ho#t ocu nuaunApa (puc. VI.8) u auamerp npososok (puc. VI.9). Onxo-
BpeMeHHO O0o0JiblIOe BHHMaHHe ObLIO yJeNeHO BJIUAHHIO HaBHBAaEMbiX
NPOBOJIOK Ha JI060BOe CONPOTHBJIEHHE LHJIHEIPA.

[lpu pexume BeTpOBOro pe3oHaHca aMIJIUTyJAa KoJieGaHMH yMeHb-
maerTcss B HECKOJbKO pa3. BO6su3n pe3oHaHca, Korja NPOUCXOAMT 3a-
XBaT 4YacCTOThl CPhiBa BUXpeH 4acTOTOH Ko/MeGaHWi NHJIHHAPA, aMIJH-
Tyla yMmeHbluaercsi Gosiee ueM B 5iThb pa3. Kpome Toro, npu Hanuuuy
NPOBOJIOYHBIX TacuTeneil obnactb yucen Crpyxansi, NpH KOTOPBHIX Ha-
6/110[al0TCST MHTEHCHUBHBIE KoJe6aHMusA MOJe/H, CYLIeCTBEHHO CyXaeTcs.

* A. c. 365524 CCCP, KMM3 F 16 L 55/00. YcrpoficTBo Ans raumeHust KoJeGa-
HHA HaJ3eMHBIX prﬁonponouon/ﬂ X. B/uo.uuua, B. H. I'pebennuros, M. H. Ka-
sarxesus.— ©ny6a. 15.09.73. Bion. Ne 6
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Ha puc. V1.7, ¢ npuBefens ocuuiiorpammbl KodebaHud LHIUHADA G
POBO/IOYHBIMH TacHTeNAMH U Ge3 HUX B peuMme, OJH3KOM K PexRHMY
BerpoBoro pesonanca (Sh = 0,17). [lpu -ucnosbsoBanum racurenel
aMniuTysa kKoseGaHufi ymenbluaercsi 6ojee uem 8 NATb pas.

HaBuBKa NpoOBOMIOK MOKeT CYIIECTBEHHO OOBBICUTH KO3(hpUIHEHT
J1060BOro conpoTuBNeHHs unnnagpa. C atum cieayer cUMTaTbCsl MOPH
BhIGOpe JuameTpa HaBuBaemoil npoBoJokd. Haubosee onTHManbHEE
C NO3ULHMH a3POAUHAMHUYECKOTO COMPOTHBJEHHA ¥ 3DPeKTHBHOCTH ra-
weHus KoJeGaHuii Kpyr/aoro UHAHHAPA Clelylonie UapameTpsl:

Konnuectso npoBoJsok 4
YroJ HABHBKH MPOBOJOK e e e e e e e e 9...12°
IlnamMerp HaBMBAGMBIX MPOBONOK . . . . . « v . « . . . . . . . dD=05%

IlpeumymecTBo 3TOr0 cnocoba rabieHus aspoynpyrux KosiedaHui
nepes HaBHBKOI KeCTKUX pebep — 3HAUUTENbHO MeHbllas KOHLEHTpa-
LMs HanpsikeHHH B MecTax NpUKpeNJeHusi OpUcnocobieHuil K nosepx-
HOCTH LMJMHApA, a fepell yCTaHOBKOHM paccekarteneft Bapna — orcyt-
CTBHE J[ONOJHHTENbHOIO HMCTOYHHKA TeMJOThl, TAKXKe OPHBOAALIErO K
NOBLILIEHUIO HANPSXKEHHH B MeCTax MpUKpenseHus paccekareneil K no-
BEPXHOCTH UH/NHADA.

Jna cHuKeHHs ypoBHS BHOPALMi MOMHO HCMOJb30BaTh AMHAMHYE-
CKHe racuTeld, NPUCOCAHHEHHE KOTOPHIX K KoJeDJiouemMyca Teny mo-
3BOJISIeT U3MEHUTh AMHAMUYECKHUe XapaKTepUCTHKH cucTembl. [Ipu sTom
CTaTHYeCKHe XapaKTEDUCTHKH ee He H3MEHSIOTCA, TAK KaK macca racu-
TeJliell OOBIUHO He3HaUHTe/bHA M0 CPABHEHHIO C MAaccoil KoJsebsrouleiics
KOHCTpYKuuH. B npakTuke BHOpOralieHuss HHMKEHEPHBIX COOPYKeHHH
OYeHb pacnpocTpaHeHbl AMHAMHYeCKHe yCTPOHCTBA, He BXOAALHE B CO-
CTaB HECYIIMX 3/71eMEHTOB KOHCTDYKIHH, a, KaK IpaBHJIO, BKJIOYaIOLHe-
¢t B paboTy TOJNIbKO NPH BO3LEACTBUH HA COOPYMKEHHA [AHMHAMHUYECKHUX
Harpy3ok. CyluecTByeT TPH THOA NOJOGHBIX YCTPOHCTB:

norJiotTuTenu KosnebaHu#, npeicTaBasioLIe COO0H Maccy, npucoenu-
HEHHYIO K OCHOBHOH CHCTeME MpH nomomu 3jiemMeHTa TpeHHs (amopTH-
3aTopa);

JMHaMMYeCKHe racuTelin KosebGaHuil, mpeacraBJsiompue coboil mac-
Cy, NPHCOeJHHEHHYIO K OCHOBHOH cHCTeme {IpH MOMOLLH YIpYroro sje-
MeHTa WU MO CXeMe MasiTHUKA,

JVHaM{yeCcKHe racuTenu KosaeGaHUil ¢ TpeHHEeM, B KOTOPBIX JOMOJ-
HHUTe/NbHAs Macca NpPHCOeHMHSETCS] K OCHOBHOHM CHCTEME MpH MOMOIILM
yOpYroro u BSI3KOFO 3JIEMEHTOB.

Ilpocreitiinit AuHaMuueckuit racutenb KoseGaHUH {IPEACTABJSET CO-
6ot Maccy, NpHUCOENUHEHHYIO K KOJEO/IOMmEMYCsl TeJly NPU MNOMOIIH yii-
pyro#i cBsiau. Ec/in 0OCHOBHasi KOHCTPYKIHS MOXKeET ObITh YC/JOBHO Mpej-
CTaB/JeHa B BHJe CHCTEMBI C OJHOH CTemeHbt0 CcBOGOAB! (C COGCTBEHHOM -
yactoToil ), To B pe3ysbTaTe NPHCOEAMHEHHS FacHTeNsi oGpasyercst
cucTeMa ¢ ABYMS cTeneHAMH cBobonpbl. JIBe HOBBIE ~ COGCTBEHHbIE Ya-
cTOTH Q) U Q, CHCTeMbI ONpPEeNIAIOTCA U3 BhIPAXKEHHS

() =1+ b Vet
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TJe P — OTHOLICHHE MacChl FacHTeNs K Macce OCHOBHOH KOHCTPYKILHH,
#3 KOTOPOTO MOXKHO C/e/1aTh BLIBOA, YTO Facutelb 0e3 AeMI(pUPOBaHUA
3(p(eKTHBEH UMb NPH BO3JEHCTBUAX C (DUKCHPOBAHHOH yacTOTOH WM
fIpM Y3KOMOJIOCHOM CIIEKTPe BO3JeHCTBHS.

BosbmnHCTBO AHHAMUYECKHX Bo3JeHCTBHH (BeTpoBOe, OT 3JIEKTpoO-
MOTOPOB H Ap.) — LIMPOKOINOJIOCHBIE MM HMEIOT HecTabGHJ/IbHYIO 4acTo-
Ty. [lpumenenne AHHaMUYeCKUX racureneii Ge3 AeMndHpoOBaHHS B MO-
JOOHBIX C/1y4YasiX He NPHUBOJUT K MOJIOXKHTENBHBIM pe3yJbraTaM, T. €.
130exarb pe3oHaHca HeBO3MOXHOo. HauGosiee JelicTBeHHOe CpEACTBO
BuOporaileHus Npu rapMOHHYECKOM BO3JEHCTBUM C HecTabGu/bHOH yac-
TOTOH — racute/lb ¢ ONTHMaJbHBIM JAeMIpupoBaHueM. [lHccHnaTHBHEIE
cBolicTBa ero Moryt OBITb 00yCJ/IOBJIEHEI HaJHUHeM BSI3KOTO jAeMmicdepa,
BHYTPEHHUM TPEHHUEM B YNPYroH CBsA3HM, KOHCTPYKLUHOHHBIM AeMndHpoO-
BaHMeM, CYXUM TpeHHEM B 3JeMeHTaXx.

Jng KoHCTpyKUuil ¢ MajJbiM BHYTPEHHUM CONDOTHBJIEHHEM (K KO-
TOPBIM MOXKHO OTHeCTH TPYOONPOBOALI) ONTUMAJbHEE NapameTphl ra-
cuTesell, nono6paHHeie 6e3 yuera BHYTPEHHErO CONpPOTUBJEHHS-B OC-
HOBHOH KOHCTpPyKUHH, OYAYT HE3HAUUTENBHO OT/IHYATbCs OT NOoJO6paH-
HBIX C YYeToM 3Toro conporuieHus. [loaroMy nuHamnueckue racurtesu
paccunThiBaloT cOLIUHO 6€3 yuyeTa CONPOTUB/IEHHS B OCHOBHOH KOHCTPYK-
unyn. OfiHaKo npu 3T0M pacyerHas 3(PdeKTHBHOCTb (OTHOIIEHUE aMiJiu-
TYA KosleGaHuH KOHCTPYKIHUH 63 racuTeNst K aMINIHTYAaM CHCTEMBI C ra-
CHTeNeM) OKashlBaeTCsi 3aBBIIIEHHOH M0 CpPaBHEHHMIO C (haKTHYECKOH.
Y BesnnueHue conpoTUBIEHNS] B OCHOBHOH KOHCTPYKIHH CHUXKAET 3pheK-.
THBHOCTb BHOporaileHus, a AJj1si KOHCTPYKIUHA 13 MaTrepuanoB ¢ 6oJib-
fIYM BHYTPEHHHM CONPOTHUBJIEHHEM HEBO3MOMKHO CO3/aTh JHHAaMUUECKH
racutesNb 6osbIIOi 3(PEKTUBHOCTH, TaK KaK Macca ero OKaxKercs He-
fIOMEepHO GOJbIIOH.

Kpowme pemndupoBanus, IS paclIipeHHsl AHana3oHa 4acToT, B KO-
TOPOM racurenb 3(ppeKTHBeH, HHOTAA BBOAAT 3JE€MEHTHl C HeJMHeHHBIMU
XapakTepucTHKaMH (HeJlMHeHHO-yIIpyrue cBs3H, MpeABapUTE]bHBIH Ha-
TAT, 3a30pbl, NPHUBOAALLME K BO3HMKHOBEHHIO YyAapoB, W Ap.). [lpu
60nbIIOM JUana3oHe YacTOT BO3AEHCTBUS NpUMEHEHHe NeMN(HPOBaHUA
JJISl yKasaHHOM Lied — HauboJiee npoctoe H 3(ppeKTUBHOE CPENCTBO.

B paGore [13] npeacraBiieHbl KOHCTPYKTHBHBIE U PACUETHHIE MOAEJH
HEKOTOPBIX THUINOB JHHAMHYECKUX racuTeneil koseGaHuil, KOTOphle MO-
~ TyT ObITh UCMOJb30BAHH /ISl CHHXKEHHUSA BUOpalMi CTPOMTENbHBIX KOH-

CTPYKUHH, B T. 4. TPy6ONPOBOJIOB.

Tnasa VI. ONPEAENEHUE MPEAENLHOIO
TIPOJIETA TPYBONPOBOA

AKTOPbHI, ONPEAENAIOWME NMPOJIET TPYBOMPOBOAA

Ecnu npu scrakajHo#l npoknaajke TpyGonpoBOIOB pasmep MpoJera
#He HMeeT CYIIECTBEHHOrO 3Ha4YeHHusA, TO NpH GalOyHOM cXeMe 3TOT dak-
TOP OKashlBaeT 3HAYMTE/JbHOE BJHMSIHHE HAa PAIHOHANBHOCTb PelieHHs.
C yBenHyeHHeM NPOJETOB TPYOONPOBOJOB H, CJENOBATENbHO, yMeHb-

103



LWIEHWEeM YHCla OMop, SHAYMUTEJIbHO COKDAIlAaeTcs pacXxol MaTepHasoB
H MOBLIIAIOTCA TEMIBI MPOM3BOACTBA paboT. Kpome Toro, mpu ymeHb-
LIEHUH 4YHCNa onop obJertarorcss NPOEKTHPOBAaHME H CTPOHTEIbCTBO
C/IOZKHOTO MOJ3eMHOr0 XO03HCTBa NpPOMBILIEHHBIX npeanpustuit. [lo-
3TOMY BONPOCH! palMOHAJBLHOH PacCTAHOBKH ONOP ¥ ONpeNeNeHUs fpe-
Je/bHBIX [POJIETOB TPYOONPOBONOB — B UYHCJE OCHOBHEIX NpPHU KOMIIO-
HOBKE CHCTEM.

TpeboBanusi, npenbsaBiaseMble K pa3MepaM NpelelbHBIX [POJETOB,
MOXHO pasje/iUTb Ha pacyeTHble, dKCIJyaTallHOHHblE H KOMIOHOBOY-
Hele. PacuerHeie cocToAT B He0GXOAUMOCTH OGecreyeHUs HaleXKHOCTH
KOHCTPYKIHH B LEJNOM, T. €. BEIOPAHHBIA Npefe/IbHBI NpOJeT AOJIXKEH
YAOBJIETBOPATh YCAOBHSAM NPOYHOCTH H YCTOMUHBOCTH C y4YeTOM BCeX
OJHOBDPEMEHHO JeHCTBYIOIMIHX Harpysok.

OKcmIyaTauUoHHEe TPeGOBaHUSA COCTOSIT B obecleueHHUu HeoGXOqH-
MBIX YCJOBHH 3KCnJyaTtauuu npu pabore Bce#t cucremsl. i Tpy6o-'
[POBOJOB, TPAHCIOPTHPYIOIIHX CPeAdy, B KOTOPOHl MOXKET BHINafaTh
KOHJieHCaT, TAKHM TpeGOBaHUEM, B YAaCTHOCTH, fIBJIsieTc HeOGXOAHUMOCTh
obecneueHusi 3aJaHHOTO HENPEPHLIBHOTO OLHOCTOPOHHEro YKJOHA IJif
€ro CToKa.

" KomnoHnoBouHble Tpe6oBaHHSI 0GECIEUHBAIOTCS BO3MOMKHOCTBIO pas-
MeilleHUs! Ha TeHepalbHOM IlJIaHe ONOp, COOTBETCTBYIOUIMX BHIGPAHHBIM
IpeJeJbHbLIM MpOJieTaM.

[Tpu onpenenennu npeaenbHOro Nposiera AOCTATOYHO YYeCTb OCHOB-
Hble CHJIOBbIE (haKTOphI, OKa3hiBaIOIlHe pelialoliee BAUSHHE Ha €ro pas-
Mep. B nepByio ouepelr K HUM OTHOCATCSA:

nonepeyHasi Harpyska, BKJIOYAlOasi COGCTBEHHYIO Maccy TPYOH!
¢ o6opyZoBaHHEM, MacCy H30JIALHH H TPaHCIOPTHPYEMOTO NPOAYKTa,
3aN0JHEH!S NBLIBIO WY BEINAJAIONIUM KOHAEHCATOM, Maccy CONyTCTBYIO-
LIMX TPYOONpPOBOAOB C ONOPHBLIMH KOHCTPYKIHSIMH;

BHYTpeHHee JaBJ/ieHHe ra3oBOW Cpenbl;

YCHIMAl OT TeMmnepatrypHHIX Aedopmauuii Tpy60npoBOJOB.

PACYET NO NEPBOW IPYMMNE NPEQENbHLIX COCTOAHUA

Ilepsas epynna npedesvroix cocmosrudl KOHCTPYKUMHA XapakrepHuayercs
npele/nbHOH Hecylleld CNOCOGHOCTBIO dJeMeHTa, HaXoJsllerocs Mnoj Bo3-
JeficTBHEM CUJIOBHIX (akTopoB. PasHoe TexHosoruyeckoe HasHaueHHe
onpeje/sieT HaJu4He TeX WIH MHBIX Harpysok Ha TpyGonpopoisl. B sa-
BHCHMOCTH-OT 3TOI'O MX MOXKHO Pasle/uThb Ha TPyOONpPOBOJL C HArpys-
KaMH, He BBISHIBAIOUIMMH JeopMUPOBaHUS KOHTYpa MONEPEYHOro ceye-
HHS, U BBI3BIBAIOMIUMHU €ro nehopMHpOBaHHeE.

" K nepBblM OTHOCATCS TPyGONPOBOAbI, HaXOAALIHECH MOJ BO3NeHCT-
BHEM BHYTPEHHEro JaBJeHHs ra30BOH CpelH W MOIepeuHoH Harpyskd,
CHMMETPUYHOH OTHOCHUTENbHO INpoXoJbHO# ocH. Ko BTOphIM — BCe,
B KOTODBHIX BO3HHMKaeT MonepeyHas Harpyska, HEOCeCHMMETpHYHas OfT-
HOCUTEIbHO NPOJOJBLHOH OCH (3alo/HEHUe ceueHHs — MblIb, KOHIeH-
cat u mp.).

[Ipocnenum moc/iefoBaTeNbHOCTb ONpefeneHUsl MpefeNbHBIX MNpoJe-
TOB IJI5l NepBO#l rpynnsl Tpy6onpoBofoB. [IpuHsB nosyuenHoe B ra. V
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BbIpaxKenue IJigd MpeAesbHOro COCTOSAHHSI TOHKOCTEHHOrO prﬁOﬂpOBO'
Aa, ycCJOoBHE NPOYHOCTH 3allMLIEM

Onp < YcKlRy, (VH 1)

rJie Opp — CyMMapHble NPOJOJbHBIE HANpSKeHWs, BO3HHKAIOLIHE MO
B/IMfHHEM BCeX JEHCTBYIOWMX CHJIOBHIX (akTopoB; R, — paeueTHoe
CONPOTHUBJIEHHE MaTepuaa Tpy6rl; y, — KoabhUIHeHT yCJI0BIH paGoTht;

COxema nonesobarus
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Puc. VIL.1. HoMorpamma jast pacyera TPyGONpPOBOAOB MO MEPBOH Ipynne npeaesb-
HEIX COCTOSIHMH, 1

K, — xoadpunvenT npuseneHus K JHHeHHOMY HanpsiKEHHOMY COCTO-
SHHUIO. .

C yueroM BO3MOXKHOH MOTEPH MECTHOH yCTOMYMBOCTH CTEHKH, BTO-
poe ycJoBHE NMPOYHOCTH

Onp << Oor, (VIL.2)

rjie Ocri — KPHTHYECKOE HANpsKEHHe MOTepPH YCTOAYMBOCTH MPH H3-
ru6e.
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C yueToM BO3MOXKHOCTH MOSIBJEHUS OCEBHIX HaNpsKeHHH OT TeMme-
paTypHBIX JepopMaluit CHCTEMBI, KOTOPLIE MOTYT CYMMHPOBATBLCSA C IIPO-
JIONbHBIMY HaNPAXKeHUAMH OT u3ruba, yc/loBHA NPOYHOCTH IPHHHUMAIOT
BHJ

Onp < YcKlRy —0n; (VH 3)
Onp << Ocrl — ON. )

BBojsi mosyuyeHHBI Ko3(DDUUMEHT NpUBEIEHUS NpH JUHEHHOM Ha-~
npsKeHHoM cocrosHuu K; = 0,95, moayumm ogpy < 0,95y.R, — o.
Kpome Toro, npunumaeM gy = 20 MIIa. CooTBercTByIOIWas 3TOMY Ha-

Ta6auua VILL. 3uausenus !’

!’ npu sHaueHusiX {, MM

D, mm l l I
; 4 6 8 10 12
600 11,2 14,0 16,2 18,1 19,8
800 14,2 19,2 21,6 24,1 27,2
1000 16,9 22,5 27,0 30,2 34,8
1200 . 19,5 26,1 31,7 36,4 39,8
1400 21,7 29,5 36,4 41,7 46,3
1600 23,9 32,8 40,3 46,8 52,6
1800 + 26,9 35,8 44 4 51,6 58,4
2000 28,0 38,6 48,0 56,4 63,7
2200 R 29,2 41,4 51,6 60,6 69,0
2400 30,4 43,7 55,1 65,0 74,0
2600 - 31,1 46,4 58,4 62,1 79,0
2800 31,8 48,9 61,5 73,8 83,6
3000 32,3 51,4 64,7 76,8 88,1
3200 32,9 52,7 67,5 80,5 92,2
3400 33,3 54,1 69,6 84,0 92,4
3600 33,9 55,6 73,2 87,6 102,1

TIPSIKEHHIO CXKHMAoWas CH/Ia 3aBefoMo GoJibllue CHJ, KOTOpble MOTYT
‘BO3HHKHYTb B PeasbHLIX TPYOONPOBOAHBIX CHCTEMAaX OT TEMIIEPATypPHHIX
Jegopmanuii. Otciona o < 0,957.R, — 20.

[Ipu R, = 225 MIla

Omp < 0,867,. (VIL4
Hcnonpsys sanucasHble YC/JIOBHS NPOYHOCTH H YUHTHIBas, YTO
; M qi®

- Omw =~ = D *
Jq10JTyYUM BHIpaXKeHue 1151 oNpeleseHus pasMepoB IpelesbHBIX [poJie-
“TOB 10 YC/JIOBHIO NMPQYHOCTHU

t=7901)/ Re_,

Pasmep mpeiesbHOrO mposieTa O YCNOBHMIO YCTOHUMBOCTH ONpelie-
JIITCA U3 BbIpaXKeHHs
/"t (0, —ay)
19N
= 790\;6]/ ——, (VIL5)
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Tie ¢ — pacuerHasi (WIH SKBUBaJeHTHas) Harpyska, H/M; D — pua-
merp TpyGonposoaa, M; ! — TOJIIMHA CTEHKH TpyOBl, M; Ocri — KpH-
THYECKOe HanpsieHde norepu ycroduusocru, Mlla; R, — pacuernoe
CONpOTHBJICHHE MaTepHala Tpy6e, MIla; oy — HOpMaJIbeIe Hanps-
JKeHHsl oT mpojonbHOH cuibl, MIla (CkaTue cuuTaeTCsi MOJOKHTENb-
HEIM).

[NoctpoerHas no pesyJbTaTaM pacyera HOMOrpaMMa J/Isi PHBEEH-
HOro pacuerHoro conporueienns R = y.R = 0,86R = 193 nokasana
Ha puc. VII.l. 3HaueHHs BcrnoMmorareJbHON BeJHYMHBI [° NPHBENEHHI
B rtabn. VII.1.

Mpuwmep. Hano: D = 2800 mm; t= 8 MmM; ¢ = 10 KH/M
Haxoaum:
1) mo Ta6n. VII.1 I’ = 61,5 m;
2) no uHomorpamme [ = 60 M.

PACYET NO BTOPOW IPYIIME NPEAEJIbHbLIX COCTOSHMA

Jns MHOrUX Haj3eMHBIX TPyGOIPOBOLOB, MPOK/aJblBaeMbIX 0 Gasoy-
HOI1 cXeme, pacyeTHBIM MOXET ObiITb BTOPOE MpefleIbHOe COCTOSHHE.
K HuM oTHOCSITCA ra3onpoBOAE, B KOTOPHIX NPH ONpele/leHHOM TeXHO-
JIOTHYECKOM pexkume MoxKeT oOpa3oBaTbcs KOHAeHcaT. B aroM cayuae
TpyGONpoOBONY NPHUIAIOT YKJIOH 3a CUET PA3HOCTH OTMETOK TPYG Ha CMeX-
#biX onopax. [TostoMy 0nHO M3 OCHOBHBIX 3KCMJyaTallHOHHBIX TpeGoBa-
HUQ, NpelbsiBNsieMOe K pasMepaM MpOJETOB, COCTOMT B oOOecreyeHHH
HenpephIBHOTO OJHOCTOPOHHErO YKJOHA TPyOONpOBOAA JJ/fl CTOKA KOH-
Jencata. Ecau atuMm TpefoBaHUeM npeHebpeub, TO HaKallJIUBaIOIMIUACS
- KoHJeHcaT ofpa3yeT «MeLIOK», YMeHbIIas TeM CaMbIM KHBOE CEeUYeHHe
Tpy6GONpPOBOJA U €ro MPONYCKHYIO CIOCOGHOCTh. DTO TPeGOBAHHE MOXKET
ObIThb OfecrneueHo COOTBETCTBYIOIMM OpOru6oM TpybonpoBoja, KOTO-
puIil NpU 3aJaHHOM YKJIOHE He BhI3bIBaeT 00pa3oBaHHs «MelKa». B cBa-
3W_C 3THM pa3Mep NpelesbHOro npoJiera TpyGonpoBoAa AOJKeH GHITh
CBSI3aH CO 3HayeHHeM nporuba, KOTOpoe, B CBOIO O4Yepelb, ONpefiesisercs
TpeGyeMbIM YKJOHOM. Y KJIOH [ 3aBUCHT OT COCTaBa M HalpaBJ/eHUS [BH-
JKeHUs rasa, KJHMaTHYeCKHUX YCJIOBHH, TEXHOJOTHYECKHX PeXHUMOB H

h
3ajaeTcsl OOBbIYHO OTHOLIEHHEM T HpH YCTAaHOBJIEHUH 3aBUCHUMOCTH

fpefiesbHOrO nporu6a oT 3aJJaHHOrO YKJ/OHA MPUMeM, 4YTO CKall/uBaHHe
KOHJeHcaTa wuckiioueHo, IlocrossHHOe Hajuuue KOHJAeHcata B Buje
«MeIlKa» MPUBOLUT K U3HOCY TPY6 M 3HAUMTEJNbHO COKPAlLaeT CPOK HX
cnyx0p1. CuntaloT BO3MOXHBIM 3anoJiHeHHe TPy6 KOHAEHCAaTOM Ha BBI-
coty 0,02 D [25].

Jna onpenenedus yKasaHHBIX 3aBHCHMOCTeH PacCMOTPHM OIHOINpO-
JIETHYIO pa3pe3Hylo 6ajKy C paBHOMEPHO pacnpefie/leHHOH HarpyskoH.
YpaBHeHHe M30THYTOH OCH GanKu:

ngx 242 %3 I
V== \I ==+ ) (VILE)
fy My

TZle ¢ — paBHOMEPHO pacnpejelieHHasi Harpyska Ha 1py6y, H/m; E —
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-MOAyJb YOPYrocTH Matepuana TpyGel, Ila; x — Tekyllas KoopauHara;
I — momeHT uHepuuH TpyGH, M%; L — mposer TpyOH, M.

Heob6xoauMmelii yk/I0H Gyjer obecredyeH, ecld yroj MOBOPOTa OCH
6aJjiku Ha HHXKHeH onope o, Oyner He Gosblue 3HaYeHHs 3aJaHHOTO yK-
JIoHa i, T. €.

g8
TUET TS

Tak xak yk/oH o6blyHO He npeBbimaer 0,01, ToO MOXHO NPHHATH
{ =1tg a. Ha ocHoBe 3T0i1 3aBUCHUMOCTM MOMKHO OHpPERENUTb MUHU-
MaNbHEIA YKJIOH TpyOonpoBoia, ofecneuuBaioNIUil HeNpephBHbIA CTOK
KOHJleHcaTa.

Hau6onpmuit nporu6 (B cepeiuHe mposera), BblpaXeHHLIH uyepes
yroJ NOBOPOTa ONOPHOrO CEUEHHs, ONpPeNeJIUTCS

5gl4
f MaKe = “384E]

Xy =

<i (VIL7)

= 0,3130,L,.

. f
Tak kaKk mnpefejbHoe sHadenue o, =i, 10 —— = 0,313L,

L 3,2
“—, NOMyYHM f = —r—.

O6o3uauus n =

fmaxc

M3 nonyuennoii ¢opMyJiel clefyeT, 4TO C yBe&JHYEHHeM YKJOHa
TpeGOBaHHSl K 2KeCTKOCTH TpyOOmpoBoJa CHHMIKAIOTCH M MOTYT GBITb
JonyuieHs! Gonpiine nporu6el. Ha

puc. VII.2 BujHO, 4TO IpH yKJO-
3000 _

2500 Hax Gosee 0,005...0,006 nomycru-

2000 Mble MpPOTHObI PE3KO BO3PACTAIOT.
g 00 N YBennuuBasi YKJIOH, MOMHO [0-
3 o0 L : BLICUTH HCMOJIb30BaHUE Hecyiedl
2 SNl crnoco6HOCTH  TPYGOMPOBOJAOB  H
= AW YBEJIUYUTb MPOJEThl, NPHOIH3UB

0 2 4% 6 06 Ml ¥uX K pa3MepaM, ONpeleseMbM

Puc. VIL.2. 3aBucamocts nporu6os tpy-  NCPBBIM NPEIETBHBIM COCTOSHHEM.
6onpoBOAOB OT HX YKJIOHOB: Hns [IoJIy4eHHs ¢hopMyJIbl nIpe-
{ — YKJOH B THICAYHBIX. JEJbHOro IpoJsieTa 1O BTOPOMY

npejlelbHOMY COCTOSHHIO PACCMOT-
pum Beipaxenue (VII.1). C yquOM 3HauUeHUs 1,

T3 e L _ i,
L — 384 1,15 ElI — 38,2 '™

[punnman I = 0,3926 D3t u E = 2,1 . 108, nonyuum

13 = iD3¢t . 384 -1,15. 2,1 108 . 0,3926
T g 3,2.5 ’

rae 1,15 — ycpenHeHHbIH KOPOhUIUEHT Nepexofa K HOpPMAaTHBHLIM Ha-
rpysKam.

\
Orciona L=132y LA (VIL.8)
D, m; t, M ¢, Hw
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Ha puc. VI1.3 npusesena HoMorpaMma Af ONpeleNeHHs Tpefeb-
HBEIX TPOJIETOB N0 BTOPOMY HPENENbHOMY COCTOSIHHIO.

Mpuamep. Hdano: D = 2800 m; {= 8 mm; ¢ = 10 kH/m; i = 0,001,
[To nomorpamme Haxomum I, = 34,2 M.

OMPEAENEHUE ONTUMAJIbLHOITO PA3BMEPA MNMPOJIETA

[pu npoekTupoBaHnU TPyGONPOBOAHBIX CHCTEM CYLIECTBEHHOE SHAUEHHE
HMeeT ONTHMAJbHOCTb MNPHHATHIX KOHCTPYKTUBHBIX peweHu#t. Hau6o-
Jiee OOIMA 3KOHOMHYECKHH KPHTEPHH ONTHMAaJbHOCTH KOHCTPYKLHH —
ux croumoctb. OTclola — OfHO U3 BaKHeHIIHX TPeGOBaHHil, NpeLbsiB-
JisleMbIX K TPYGONPOBOAHLIM cHCTeMaM,— MHHHMANbHOCTb HX CTOMMOC-
TH, 310 TpeGoBaHUe obecleuHBaeTcs PalHOHAJILHOH KOMMOHOBKOMH 3Je-
MEHTOB CHCTeMbl, BHIGOPOM ONTHMAJIbHEIX KOHCTPYKTHBHEIX (OPM U T. 1.
Oana 13 OCHOBHBIX 33124 IPOEKTHPOBaHUS — NOMCK SKOHOMUYHOH KOM-
NOHOBOYHOH CXeMBl — ONTHMAaJbHOrQ Miara NPOMeXKYTOYHEIX ONOp BHY-
TPH TemneparypHoro 6JoKa.

OcHoBHBIE NapaMeTphl, OKashbiBalollie peliaiolee BIUSHHE HA CTOH-
MOCTb TPYOONpPOBOAHOH CHCTEMBbI,— TOJILIMHA 000/04KH TpybGonposoaa
¥ paccrosiHHe MeXAy onopamu (nposer). Inamerp TpyGonpoBopa, Ko-
TOPHIHl BCeria 3apaHee 3afaH,— (YHKIHS TEXHOJOrHUecKUX TpeGoBa-
HU# (C yyeToM YHHOUKaLUM).

IIpn xomnoHoBke ¥ pacyeTe TPYGONPOBOAHBIX CHCTEM OAHHM H3
OCHOBHLIX OKa3blBaeTcsi BONPOC JONMYCKAaeMOro MpeAeNbHOro mpoJiera
TpyGonpoBoga. C ero yBejHueHHeM COKpAIlaeTcs YUCAO Omop u (yH-
JaMeHTOB, YTO, B CBOIO ouepellb, co3laeT GJIaronpUsTHBIE YC/IOBHS LIS
CoopyxKeHUsl nojseMHoro xossiicrea. C Apyro#f CTOpOHHI,- yBelHUYeHHE
NPOJIeTOB BBHI3bIBAT HEOOXOAUMOCTb IpPHUMeHEeHHs 60Jibluedl TOMIIUHBL
060J10uKH TPyOONPOBOJa, NPUBOAS K POCTY METAJIOEMKOCTH, 4TO CKa-
3bIBA€TCSi Ha CTOWMOCTH Bcero coopyxkenusi. Ilostomy nenecoofpaseH
NIONCK ONTHMAJbHOrO NpoJsiera TpyOONpoBOojAa, o6ecrneyuBaloEro MHu-
HUMAJIBHYIO CTOUMOCTb COOPY2KEHHSI.

3amaua nocrasieHa ciepyomuMm oGpasom. [asi paccmaTpuBaeMoit
CHCTEMBl M3BECTHHl Juamerp TpyGonpoBoia D, XxapaKkTepHCTHKH Marte-
pHana KOHCTPYKUHMH — MOAyab ynpyroctd E u pacuerHoe cOnpoOTHB-
nenue R, nAoTHOCTb (ynAaMeHTOB, MPOLEHT apMMPOBaHMsl, BHICOTA

o r
onop H ¥ XapaKTepDHUCTHKA CeYeHHH UX IMOSCOB P = i (r — paanyc

HHepUHH ceueHus; F — muomaib ceveHus). 3aJjaHbl TaKKe BepTHKA/b-
Hasl Harpyaka Ha TpyOONpOBOJ WHTEHCUBHOCTBIO ¢ U TPeGyeMblil TeXHO-
JIOTHYeCKU# YKJIOH i,

HyxHo HaliTh Takue 3HayeHHs pacCTOsiHuH MeX1y onopavu ! u
TOMIIKHEl 000JIOUKH TPyOONnpoBOAa f, NMpH KOTOPHIX CTOMMOCTbL BCEro
coopyKeHHsl Gbl1a 6bl MUHHMaAbHOH. OnucaHHasa 3ajaya Maremaruye-
CKH CBOJMTCS K HaXOXIeHUI0 MUHHMyMa ueseBoil ¢ynkumu C, on-
penensieMoll ofLiell 3aBHCUMOCTBIO CTOMMOCTH COOPYJXKEHHsI OT mapa-
MEeTPOB CHCTeMbI:

C=Cl +C2+C3,
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rae C, — croumoctb TpyGonposona; C, — croumoctsb onop; Cy — crou-
MoCTb (pyHAaMEHTOB.

OrpanHunBasi KOHCTPYKTHBHO MHHHMA/NbHYIO TOJIIMHY CTEHKH TPy-
GonpoBolla HEKOTOPHIM 3ajaHHEIM 3HaueHueM ¢ *, noayunm C B Bufe

C, = K,Dt* + KiD (I — %),

rae K; — xosppuuneHt, 3aBHCAMHANA OT NpeHCKypaHTHbIX IEH H reoMeT-
pHYECKUX XapaKTEPUCTHK.
Hana onperenenns C, Bbxpameﬂue IS TJIONIaZH CXKATOH BETBH

aH?
F‘"" Ry + ) ’
rjae N — NpoAoJIbHOE yCH/HE B BETBH;-G — BE€/INUNHa, annpoKCHMH~
pymomas KOSQ)(I)PIH.HQHT MpoAO0JAbHOro nsruba ¢ K onpepensieMass B 3a-
BHUCHUMOCTH OT MapKH cCTaJjid.

O6pem nosicoB Bcex OHOp MOXHO Hpe,IICTaBPITb B Buje

glH 2aH® ) 1 qH 2a.H3
V= (Ry + p?

T="Tr t o
YunurbiBasi yBelHYEHHE Macchl 8a CUeT PelIeTKH M APYTHX 3JeMeH-
ToB, noayuuM u3 (VII.3) croumocts onop

2,5a.H3
Cy =Ky 4 25),
rae K, — KosdduumeHr, SaBPlCﬂHmf/’] OT NPEeHCKYPaHTHBIX LEH.

Insi nentpanbHo cxaroro ¢yHaamenta C, onpejensiercss 3aBHUCH-
MocThio Cg3 = Kjq, rae Kz — KO3pdpuuHeHT, 3aBUCAIIUA OT pacueTHbIX
XapakKTepHCTHK IDYyHTa, MyOHMHEI 3ai0xXeHHs (yHAaMeHTa, o0BeMHOH
Maccel 6eToHa, npoleHTa apMHPOBaHUA U npencxypaﬂmmx eH. Tenepb

2,5a.H3
C =KD + KDt — )+ K (4 + 255 ) 1 Ky

Omnpeznesnenne MHHHUMaJbHOIO 3HAaYeHHSl OI'DAHHYEHO CJEAYIOMHUMH

yCJOBUSIMH

(VIL9)

[ — ) & fuaxc; byun I luaxe, (VII'IO)

Il AD -t—l;—”—,m; lgADl/fL‘;_fﬂ_,M;

3/
I<BD 1/-(‘—;- M. (VIL11)

Ycnosua (VII.10) orpaHHuMBalOT TreOMETPHYECKHE pasMephl, a
(VII.11) — TpeGoBaHNs KpuUTEpHUEB MNpENEeJbHBLIX COCTOAHUN, B KOTO-
prix A u B — Koa(xpuLUeHTD], 3aBHCAIINE OT NeOMETPHUECKUX XapaK-
TEPHUCTHK.

B sasucumocrsix (VIL.10) u (VII.11) R, — pacyernoe conporuse-
HHe MaTepHana; O, — KPHUTHUECKHe HanpsKEHHS MOTePH YCTOMYH-
BOCTH NpH M3rube; Oy — HOPMa/bHblE HANpPsKeHHs OT NPOJOJbHOMR
culbl B TpyGonpoBoje, BhI3BaHHbE TeMnepaTypHbIMH AedopManusMu.

\
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HMonyueHnas sagaua paccMarTpuBagach Kak 3ajaua HeJNHHEHHOro
OpOTPaMMHPOBAHNSA M PellleHa OAHHM H3 METOJOB MaTeMaTHYecKOH of-
THMH3allu¥ — METOLOM cayyaiiHoro noucka. [lo pesyabraram BbIYHC/IE-
HUl NONyYeHbl ONTHMAJbHBIE 1apaMeTPbl TPYGONPOBOIOB, NPUBELEHHbIE
B Tabn. VII.2. OHu obecneunBarOT MEHMMANbHYIO CTOMMOCTb COOPYKe-
HHA NPH yAOBJIETBOPEHHH TPeOOBAHHH MPENJbHEIX COCTOSIHHE.

Ipu pacuere NPUHATHI CJAEAYIONIME NaHHBIE: MaTepHaa TPyGonpoBo-
Za ¥ omop — crajb ¢ 6; = 225 MIla; MUHAMANbHBIA TEXHOJIOTHYECKHH

Ta6anuna VIL2, OntumansHbie mapameTpbl TPyGonposoios

IMapaMeTpu! 3nayeHns
D, m 1,01 1,62 2,02 2,42 3,02 3,62
H, M 8 12 18 8 12 18 8 12 18 8 12 18 8 12 18 8 12 18

[Ipu Harpyske 5 kH/m

, M 21 21 21 33 33 33 41 41 41 48 48 48 48 48 48 48 48 48
4 4 4 4 4 4 4 4 4 4 4 4 44 4 4 4 4

[pu narpyske 10 xkH/m

e~
£
2

I, ™ 16 16 16 26 26 26 31 31 31 34 34 34 36 36 36 36 36 36

¢, MM 4 44 444 444 444 444 444
[Ipn narpyske 30 kH/m

I, m 111111 151515 1818 18 191919 21 21 21 22 22 22

t, MM 4 45 555 444 4 4 4 4 4 4 4 4 4
* Tlpk warpyske 50 kH/m

I, M 81111 121214 141414 151516 16 16 16 17 17 17

t, MM 4 56 446 455 445 444 444

ykaoH i = 0,005; 6eron ana pyHaamentoB knacca M150; KOHCTPYKTHB-
HO MHHHMMaJIbHAA TOJIIMHA O0O0JOUYKH 4 MM.
AHanua pesyJabTaToB pacyera MO3BOJMJ CHeNaTh BEIBOL 00 3KOHO-
MHUECKOH uenecooﬁpasmocm, B GOJIBLIHHCTBE cnyqaeB npUMeHEeHUs
TPyGOIPOBONOB C TOJILIMHON CTEHKH, HaXOAAmelcss Ha HUXKHEM Npeje-
Jle, YTO BCErla YMEHbIIAeT CTOMMOCTb COOPYIKEHHS.

Fnasa VIIl. PACYET ONMOPHbLIX
KOJIbLEBbIX PEBEP YXECTKOCTH

PACYETHAS CXEMA M AEACTBYIOLLUE HATPY3KHU

OnopHele peGpa KeCTKOCTH TpyOONpPOBONOB MpeaHA3HAUEHH! IS
fnepefauy ONOPHHIX pPeakuuil 060JoukH. IIpu cymiecTBeHHBIX peakuHsix
B TOHKHX CT€HKaX TPyOONpOBOJAOB BO3HHKAIOT 3HAUHTEJbHbIE CIBHIai0-
LIHe CHJIbl, KOTOPhle MOTYT MPHUBECTH K HCKPHBJEHHIO KPYroBO# (hOpMbIL
ceyeHHs Ha ONOpe W BJABJUBAHUIO CTEHKH.

KOHCTPYKTHBHO OnmopHbIe pe6pa BEITIONHSAIOT B BHAE MOJOCH, 3Je-
MEeHTa TaBpPOBOTO CEUeHHA WM JABYX dJeMeHTOB. [Ipu 3tom, B cayyae
nocazky TpyOsl Ha CTa/lbHOE CelJlo, MoC/eNHee JOIKHO ObITh BKJIIOUEHO
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B paGoTy OonopHOro pe6pa W COOTBETCTBYIOWIUM 00pasoM C HHUM COENH-
HeHo. OnopHbie peGpa BCerAa BHINOJNHAIOT 3aMKHYTBIMH, NPHBapeHHLIMH
K 0060/10uKe ¢ JABYX CTOPOH HeNpephiBHLIMH LIBaMH. PaccuuThiBaloT HX
Ha BEPTHKAJbHYIO PeakIHIoO OT BceX Harpysok, AeHCTBYIOLIMX Ha Tpy-
6GonpoBoA. ['opH3OHTaNbHBIMH peakLUMSMH, BCAEACTBHE HE3HAYHTe/b-
HOCTH MX BJHAHHA Ha yCHJIHSA B peOpe, O0OBIYHO NpeHeOperaior.

BpiGOp pacueTHOH cXeMbl ONOPHOTO peGpa 3aBHCHT OT THUNA OMNOP-
HOH yacTH Tpy6ONpoBOAa, HazHauaeMoH NpH pelleHHH CTaTHYECKOH cXe-
Mbl Beelt cucrembl. [Tpu onupanun TpyGonpoBosa uepes cefo Ha CKBO3-
Hble [JIOCKHe (MJIM NPOCTPAHCTBEHHLIE) ONOPH pe6pPO paccMaTpuBaeTcs
ONepThIM Ha 1Be TOYKH (BETBH OMOPhHI) U HATPYXKEHHLIM BepPTHKaIbHON
Harpyskot.

Ilpu onupanuu TpyGompoBona uepe3 MOABHKHYIO ONOPHYIO YacTb
(kaTKu, WaAapuKH, CKOJbXeHHe) peGpo paccMaTpHBaeTcs OMEPTHIM Ha
CIVIOLIHYIO NMOBEPXHOCTh, KOTOpas CO3[aeT PaBHOMEPHO pacrnpejeseH-
Hylo peakuuio. )KecTKOCTb ONOpHBIX pebGep NpUHUMAeTCS NOCTOSIHHOH,
H3MEHEHHEM €€ 3a CUeT YBEeJHYEHHOH XKECTKOCTH cejsla MpeHeOperaior.

PaccuuthiBaioT onopHele peGpa-INaHrOyThl Ha TPYNNy BHEIIHHX
Harpysox, NpUNOXKEeHHHIX B HX IJIOCKOCTH. DTH Harpy3Ku ypaBHOBELIH-
BAalOTCA NOTOKOM KacaTeAbHBIX ycuauii o6osioukn q. OT mpousBosbHOH
CHCTeMBbl BHEIIHUX CHJ B CEYEHHM IUNAHroyTa JefCTBYIOT BHYTPEHHHE
ycunusa: usrubaroimui MoMeHT M, cXKuUMaloIas WM pacTATHBAIas
cuna N, nonepeuynas cuna Q. B kauecrBe pacuerHoii cxeMbl MmIIaHroyTa
NpHUHHUMaeTcsl 3aMKHYTOe KOJbLO, AHaMeTp KOTOPOro paBeH AUaMeTpy
HefiTpanbHo#t suHuu mnaHroyra D,. IlelficTBHe 000/I0UKH 3aMeHseTcA
NIOTOKOM KacaTelbHLIX YCUJIMH, KOTOpPbE ONpPefeNsiloTCs H3 ycnom«m
* PaBHOBECHUS CHCTEMBI.

HlnaHroyr, KaK 3aMKHYTO€ KOJIbLIO,— TPUXKIbl CTATHYECKH Heompe-
JenuMasi cucreMa. Pacprnaam* HeonpeeNuMOCTb B oémeM clydae ¢
YUeTOM CJIeAyIOMHUX AONYIeHHH:

MaJjias XKecTKOCTb O0O0JMIOYKH Ha H3THO NO CPaBHEHHIO C 2KeCTKOCThIO
fINaHroyTta NpUHUMAEeTcs paBHOH HYJIO;

He YUUTHIBAETCS BBICOTA CEUEHHH LIMNAHTOyTa, TaK KaK N0 CpaBHEHUIO
C paguycoM KpDHBH3HbI OHa He3HayHTe/bHa;

He YYHTHIBACTCS W3MEHeHHe KPYroBOA (opMbI IINAHTOyTa MO Ha-
IpY3KOH.

IIpu AeficTBUM Ha WINAHTOYT COCPENOTOUEHHBIX CHJl OCHOBHHIMU BHYT-
PEHHUMH YCHJIUSIMH, OKa3bIBAIOIMMH pellaioniee 3HaueHHe Ha HeCyILyio
CIOCOGHOCTb M Maccy, ABJSIOTCA u3rubaioniyie MoMeHTH. [lostomy 3d-
¢eKTHBHOH QopMoO#i INaHroyra ObIO Obl KOJBIO NEpeMeHHO! XKecT-
KOCTH, TaK KakK BJaJli OT MeCT PUJIOXKEHHs Harpy3Kd BHYTPEHHHE YCH--
JIMsl 3aTyXaloT OhICTPO ¥ CHHXKAIOTCS B TPH-UEThIpe pasa Mo CpaBHEHHIO
¢ MakcuMaiabHIMH. OfHAKO N0 KOHCTPYKTUBHBIM COOOpaXKeHUAM IINaH-
royThl NEPEMEHHOTO CEUeHUsi B CTPOMTEJbHOH MNpPaKTHKE He HaXOHAT
mupokoro npumeHenus. HanbGonee 3KOHOMHYHOE CeueHHe MINAHrOyTa
MOXHO MOJyYuTh NDH PACNIONOXKEHHH ONOPHBIX S/IEMEHTOB N0 WHPUHE
Ha PacCTOSIHHH, PaBHOM AHaMETPy HeliTpa/IbHOH OCH ILNAHTOyTa, T. €.
¢ onopHbIM yraom 2o = 180°
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ONPEAENEHME YCUNUA

OnopHoe peOpo HaXOAUTCA B PaBHOBECHH NOJ, AeHCTBHEM KacaTeJbHbIX
ycunuil (co cTopoHbl TPYOBI) U ABYX onopHuiX peakuuit P. Touku npu-
JIOXKEHHS peakuuu P onpenensiorTcs yrioM o, 3aBUCAIIUM OT KOHCTPYK-
uuu onopbl. CymmapHasi Harpyska Ha mmnasroytr A = 2P.

YuuTHIBasi CJOXKHOCTb MPSIMOTO peELIeHHs, T. €. PacKPhITHA CTATH-
UeCKOH HeONpeLeNUMOCTH, pacueTHble ycuiaua M, N u Q HaxXogdar Tak
Ha3bIBaeMbIM METOJIOM HaJloXKeHHs NpocTefillnX cXeM, NpPU KOTOPOM
3a/]aHHYIO OOILYI0 CXeMy HarpyxkeHHsl pas3fe/fioT Ha psJl OpOCTEUIIuX,
HMEIOIUX T[OTOBOE pellleHHe., B coorBercTBUH ¢ pacuerHoél CXeMoH
IINAHTOYTOB, MPUHATOH BHILIE, TAKUMH NPOCTEHIINMH CX€MaMU MABJAIOTs
sl ‘

a) 3aMKHYTOe KO/BLIO, Harpy:KeHHoe paBHOAefcTByioweil A, pas-
HOH cyMMe ONOpHHIX peaKLHuii, ypaBHOBELIEHHOe MOTOKOM Kacare/bHbIX
YCHJIHE; ! -

6) 3aMKHyTOe KOJBbLO, Harpy:XeHHOe BHEUIHHUMH CHJaMH.

Ycumusi, COOTBeTCTBYIOIMEe paGoTe KOJbIla MO CXeMe a, NPHBEAEHb
B Ta6n. VIII.1, a ycunus, cooTsercrByiollhe paboTe KoJblia 10 CXeme
6 — B Ta6n. VIII1.2. Pacuernnle ycunus M, N u Q B mnasroyTe onpe-
JeNfIoT B CJAEIYIOUEM TMOpsiaKe:

1. B 3aBucuMocTH OT XapakTepa AeHCTBYIOIIMX BHEIIHHX HarpysoK
BbIUMCIAIOT yeuausi My, No u Q, mo dopmynam taba. VIII.1.

2. B 3aBHCHMOCTH OT XapaKTepa H CXeMbl NMPHIOXKEHHS HArpy30K
BhluMCAAIOT yeuaus My, N, u Q, no dopmyaam taba. VIII.2.

3. OkoHuare/NbHbIE YCHJINS oOnpefeisior Kak cymmbl M = M, +
+ My, N = Ny + Np; Q = Qo + Qp. Ilpu cymmupoBauun 3Hak ycu-
JHA OT CABHTalOLMX CHJ CjefyeT NPHUHHMATh Tak, 4YToObl CymMma pas-
HOJEHCTBYIOIMX ONOPHBIX peakuuit Obla paBHA HYJIO.

Npumep 1. llnavroyr, HarpyxeHHBIA BepTHKAAbHOH cHIOH P, omupaetcs
Ha IVIOCKYIO OTMOPY C PAa3HOCOM BeTBell a. 3aflaHHYIO CXeMy pacK/aJblBaeM Ha jBe Ipo-
crefiiune, a1 Kotophix B Tabn. VIII.I u VIIL.2 npusenens roroBbie pemerus. [To
cxeMe | Ta6a. VIII.1 onpenensiem ycuausa My, No 1 Q,, no cxeme B taba. VIIL.2 —
ycunus Mp, Np n Qp.

HanpseHnus B IINaHIOyTe 3a4aHHOI'O CeUeHHS ONpPeAe]foT no popmysiam

M N -y, =
a" = + 5 = Oyt op)s

M N - =
B H
0" = — =+ = (=3 + 3y,
rie 0" u 6® — COOTBETCTBEHHO HAUpSKEHHS HapPYXKHOH M BHYTpeHHeEH TOueK KOJIbLa;
WH, W®, F — reoMeTpHuYecKHe XapaKTeDHCTHKH MONepeuHOro ceueHns peGpa; M,
N, Q, 0y H O — COOTBETCTBEHHO YCHJIHS H HANpSKEHHs OT eAHHHYHON Harpysku A =
= 10 xH yxasaHHBIX TeOMETPHUYECKUX NapaMeTpoB,

"HauGoubiias cymmapHas Harpyska Ha INAHTOYT 3aJaHHOrO CeueH s

A= R

GMaKG \

114



Ta6anua VII.1. BuyTpennne ycuius B Paspe3aHHOM KOJbIE OT BHEIIHHUX
narpysok [15]

CxeMa Harpy>XeHus PacueTtHblie GOpMyJn

1. Kouplo nop aeiitTeueM P
q= —TL‘F sina

panHaabRON CHJIbI

P 2R
Mp=——:-[——(l—-cosa)—asinoc]
25 r

P
Ny=— —asina
2n

P
= — —— (sina—acosa
Qp 2n ( )

2. Kosablo noa neficTeaeM Tr . T
i g = ——— — —— oS 0,
KacaTeJILHOH CHJIBI IRE 7R

Mp=_§nL[(LR+2—’R-—_l)sina——(l+cosa)oa]

N T (1 " )sin ¢ ]
= —— —— — | § 0S oL
P 21 R) @t

T . r
Qp=——2R- [ocsmcx.—}--—R—-(cosa—— 1)]

S. KoJbUO MOA ACHCTBUEM M,
MOMEeHTa q= TnRE
Mo M
—_— r .
(7 Mp=---—° a— —sina
2n R

7
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Ta6anuna VIN2. Yeuaus

PacyeTHas cxema PacyeTHbie yCHAHUSR

I<o<oa
l —
M=[ foeosa n—o sinacoscp] Pr
n k4
A Q<A
1+ cosa o
M=[——|;n_+_n- sinoccosq)—cosasinq?]P’
Y=2P cosa
I<¢9<a
T—
N=-—( )sinacoscpP

LA A

Q=—[%sinasin(p—l—coscpcosa]P

I<o<a
Pr .
M —_-—n..[l+cosa—(nf-a)snna+sin2acoscp]

e P R

p .
M-_—-?’-[l+cosoc+asinoa+sin”ozcosq)—nsin(p]

I<o<a

Psinzo
N=———cosq
1

A RS

p .
N=—TL—[51H2GCOS(P—WSIHCP]

I<¢o<a
Q=-——i»sin’o¢slncp
n
LA R e

P
Q=-—-n—(sin2ocsincp+ncoscp)
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Nponoaxenne ta6a VII.2

PacueTHas Ccxema PacuyeThnie ycuaus
T I<o<a
T Tr
" M=T(n—a—sina—[(n—a)cosa+
-} sin ] cos )
AR’
Tr i
R=2T sinet =——ﬂ-[sina+a+(sma-—acosoc)coscp—-

— nusin a sin @)

I<¢yp<a
N=-——u-[(n——a)cosa+sinoc]cosq>

T A B
= [n sin @ sin @ — (sin a— & cos @) cos @l

0<¢9<a
T . .
=—n—[(n—a)cosa+sma] sin @
a<LPpKn

T .
Q=—n—[(sino¢—acoso¢) sin ¢ - 7 sin @ cos @]

0<o<B
P13 | B i e
M_T[-?sm2ﬁ+—4—+smﬁ—(n—ﬁ) g T
siﬂzﬂ :rcsin“fp
+ 3 Cos ¢ — 2 ]
Q=XP~2Prsing P2 [ 3 = q)ﬁ\ il
_ [_4m%+——+m&+ﬁ +
g 4 ?
in2
_—'_smaﬂ_nsinﬂsm(ﬂ
0<o<8
.2 .
N=1%{mnﬁc“¢_nﬁmﬂ
n 3
<o
. .
1
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Mpoponmenue vra6a, VII.2

PacueTHan cxema Pacyerdpie ycusus
0<e<p
Pr [ sin?
Q=_n—r[=i?‘i-sin(p+nslnq>coscp]
f<o<n
Pr [ sin?
Q=.—T B sinqp+nsinﬁcoscp]
I<o<(@n—ph
Pr? .
M= (B — sinff 4 (B cos B — sin ) cos @] -

n
m—ph<o<n

Pr? i
4=2005inp M == [(p—sinp—m) + (Bcos p—sin p—

— qt cos {) cos @ + nusin f sin @]

<< (m—4P)
Pr .
N=—n~[ﬁcos{3—smﬂlcostp
(- <e<n
=i[(ﬁcosﬁ-——sin;‘}—-ncosf})cosﬁ+
M

-t q sin ff sin @ — m|

I<e<(n—hH
=-—%’—[ﬁcosﬁ-sinﬁ] sin @
n—p<o<n
Pr . .
Q = —— [nsin f cos ¢ — (3 cos § — sin §f —
n

— m cos ) sin @]

I<y9<(m—h)
Pr2 on H
M= T[sinﬁ-{—ﬁ-{— (B cos pp —sin B) cos p —

— musin @sin B]
—p<o<n

Pr?
M=

o [sin ff — (7w — B) (1 + cos f cos @) —

— sin § cos @]

18



ITpononxenue taba VII.2

PacueTHast cxema PacueTHble yCusust

I<o<(n—p)
N=-§L[(ﬂcos,8—-sin[3) cos @ — gz sin B sin @]
(=P <o<n

N=—I;L[(Bcosﬁ—sinﬁ—ncosB)eosrp—n]

0<o<(n—p)
=——I;C~[(ﬁcos[3—-sin B) sin @ 4 nsin B cos @]
(=P <o<n

Pr '
Q-_—_—ﬂ-[(n-—ﬂ)cosﬁ-[—sinﬁlsincp

0<o<B

Pr? Y
M = T[2sinﬂ+(n~—ﬁ)cos[3-]—ﬂ-——(n—-—2—) X
_sin 2B cos ¢
4

p<o<n
M=%’i{2smﬁ-3(cosﬂ—1—5’;i+

X cos ¢ — — 7iep sin cp]

+nsincp)——‘sm25msq)]
4
I<o<$
. sin2f \ cos @ .
N-Pr[(ﬁ——r)Tn——epsmcp]
p<o<n
sin 28 \ cos ¢
N=Pr[(ﬁ—-——2-—) 5o ——Bsinq)]
I<eo<p
Pr [ sin2fsin ¢ B,
Q_—:T[—__‘t —-—2—51n¢—ntpc05(p]
B<o<n
Q——}—:—[ sm2(ismq> —isincp—-mﬁcos‘(p]
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MNponoaxenue taba. VIIL2

PacueTHasn cxema

PacueTHnlie ycHansa

T=Tpsin¢ I<o<m
1 cos ¢ @sing
M=Ty?| — — —— —
0’[2 n 2 ]
N=T0r[—coscp—-cp 5“2”‘)]
ing cos @
Q=—T"'[ 7 D) ]
(R

2
0o
M=Ty,r _l__ cosg ¢ sin @
L D) 4 2
_ r 3 cos @
Q= =Tul(F- =) ine+e 0]
r 1 sin @
N=Ty||— ——]|cosqp—
’ [( e 4) BTy ]
NMpumeuanune P —Harpyska Ha €HHHIY AJHHBb, | — HefiTpa/ibHas ockb.

' y f
8

3

= X

K =

o

I

(N S—
I Ta6auma VIIL3., CopramenT omopHbix peGep *

PasMmepsl, MM

Hom Vs | W,

I L R e e
1 120 8 —3,34 20,4 349 316,9 33,9 97,1

2 120 10 —2,98 22,8 40,32 369,6 41,1 102,2

* Tlpu onpepejienus reOMETPHUCCKMX XapaKTEPHCTHK B CeYeHHe BKJIOHYAJH 4acTh CTEHKH
Tpy6bl nacmiafeio 10,8 cM2.
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INNpononxenue taba. VI3

Paameprl, MM

Homep v P .| s . I om w Xy w o
n He , CM » CM , CM B
pod h 8 1 B ® ’ ® cm? oM

3 150 10 —3,27 25,8 58 663,3 61,6 137,2
4 150 12 —2,92 28,8 65,14 748,2 71,8 144,6
5 150 14 —2,65 31,8 72,11 827,6 81,5 151,8
6 150 16 —2,42 34,8 78,77 903,2 91,0 159,0
7 180 12 —3,10 32,4 87,84 12059 99,7 185,5
8 180 14 —2,79 36,0 97,3 1334,3 113,2 195,2
9 180 16 —2,54 39,6 106,63 1456,9 126,3 206,2
10 180 20 —2,15 46,8 124,32 1690,5 151,7 226,8
11 200 20 —2,19 50,8 148,6 22355 183,3 265,8
12 200 22 —2,03 54,8 159,2 2386,7 198,4 2785
13 200 25 —1,83 60,8 174,95 2609,0 220,5 297,5
14 200 12 12 100 0,34 46,8 179,10 3288,6 302,8 300,6
15 200 12 16 100 1,21 50,8 199,80 3737,4 359,8 316,4
16 200 12 20 100 1,98 54,8 219,28 4149,9 414,4 329,8
17 200 12 25 100 2,04 59,8 268,27 4695,5 479,1 344,2
18 200 12 20 150 3,38 64,8 254,80 4837,3 560,9 346,1
19 200 12 25 150 4,30 72,3 280,11 5357,1 653,1 359,6
20 200 1220 200 4,40 74,8 282,8 5340,8 702,3 356,2
21 200 12 25 200 5,32 84,8 309,64 5873,0 818,1 368,9
22 200 12 25 250 6,08 97,3 332,34 6255,3 975,0 374,9
23 200 12 26 300 6,67 109,8 350,15 6551,0 1123,9 379,3
24 250 12 12 100 0,36 52,8 241,31 5384,5 403,6 400,1
25 260 12 16 100 1,31 56,8 265,73 6064,4 474,3 420,8
26 260 12 20 100 2,17 60,8 290,63 6691,56 542,6 438,3
27 250 12 25 100 3,12 65,8 318,54 7416,6 624,4 457,2
28 250 12 20 150 - 3,77 70,8 337,6 7794,4 726,3 462,1
29 250 12 © 25 150 4,82 78,3 370,27 8603,0 845,1 480,1
30 250 1220 200 4,97 80,8 375,22 8624,0 905,1 477,2
31 250 12 25 200 6,06 90,8 409,96 9463,0 1057,2 494,2
32 250 12 25 250 6,98 103,8 441,41 10115,0 1261,3 503,7
33 250 1226 300 7,71 115,8 466,76 10625,0 1457,9 510,5
34 300 12 12 100 0,38 58,8 310,8 8140,3 514,3 509,6
35 300 12 16 100 1,39 62,8 341,7 9100,4 598,5 535,5
36 300 1220 100 2,32 66,8 370,1 9989,0 680,3 557,5
37 300 12 25 100 3,36 71,8 403,5 11021,0 779,2 581,4
38 300 12 20 150 4,10 76,8 428,3 11618,0 900,6 589,8
39 300 12 25 150 5,27 84,3 468,6 12791,0 1045,8 612,9
40 300 12 20 200 5,47 86,8 475,7 12871,0 1116,3 610,9
41 300 1226 200 6,69 96,8 520,0 14104,0 1304,4 632,8
42 300 12 25 250 7,78 109,3 560,7 165116,0 1555,1 646,5
43 300 12 25 300 8,65 121,8 594,2 15921,0 1798,9 656,56

) TIpuMeuanue. ! — credga Tpyoh.

Tl€ Oyaxc — HaHboJblIee 1O aGCOMOTHOMY 3HAUEHHIO HaNpsDKeHHe
B LUNaHroyTe; R, — pacueTHoe CONPOTHB/IEHHE MaTepuasia WINaHroyTa.

B cBsA3H ¢ TeM, uTO pacuer no yKa3aHHOH MeTOAUKe I'DOMO3JKHIl U
CONpsAXeH C AJIMTEIbHBIMH BhiuucieHusMu, Ha puc. VIII.1 noxasaum
rpaguku Hecymed cnocoGHOCTM ONOPHHIX pefep AJs psla AHAMETPOB
Tpy6 u Harpysox ao 2500-kH. B ta6a. VIII.3 npusenen copramenT onop-
HbIX peGep *. Jlna pacueroB NMpUHST MaTepHasl IUNAaHTOyTOB — CTallb

* CopTaMeHT [INMAHrOyToB M IpadukH A mofGopa ceueHHH paspaboTaHbl UM,
B. ®. CapponxoBbiM.
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C pacueTHnM conpotusiennem R, = 225 MIla. Koadduuuenr ycrosuii
pabotel mpunat y, = 1. Ilpn HCXO,I[HbIX JAaHHbIX, OTVIMYHBIX OT 0pH-
HATHIX, CNEAYET JUHEHHO KOPPEeKTHpoBaTh ONpENeNsieMylo Mo rpacdH-
KaM HeCcylyi0 crnoco6HOCTb ONOPHOTO pedpa.

YeRy
A A 225
rie A — pecymas cnoco6HocTh mmnanroyta no rpaduky, H.
OnopHeie peGpa IPHBApHBAIOT K TpyOe ABYMS CIJIOIUHBIMH YTJIO-
BbIMH IIBaMH BEICOTOH, PaBHOH TOJIIMHE CTeHKH TPYOHl. IlosicHble 1LBbI
TaBpPOBBIX peGep HEOGXOAMMO MNMPHHUMATh B 3aBUCHMOCTH OT TOJILIHMHBI
BEPTHKaNbHOTO 3JieMeHTa pebpa:

Op MM ... .. ....... 8 10 12 14 16 20 2
hy,wy .. ......... 5 6 8 9 10 12 16

Fnasa IX. PACYET DJIEMEHTOB
TPYEONPOBOAHbIX CMCTEM

CNPEAENEHUE HATPY3OK, AEACTBYIOWMX HA OMNOPDHI

Jlns ompeleneHns BePTHKANbHBIX HATPy30K Ha ONOPHI NPH M3BECTHBIX
3HAUEHHAX KOJHUECTBa, AMAMETPOB, a TaKKe KOMIOHOBKH TpyGompo-
BOJIOB, 3a OCHOBHOE HCXOJHO€ 3HaueHHe NPHHUMAIOT HOPMATHBHYIO Bep-
THKaJbHYI0 Harpysky Ha 1 M jauHb Tpacchl. Harpyskm onpegensior
. Ha OCHOBE NPOEKTHBIX MAarTepHa/oB, a NPH UX OTCYTCTBUH — MO AaHHBIM
ra. IV uan [28]).

I‘opusomanbnbxe Harpysk# BJOJIb Tpacw Tpy6onpoBoAa nepejaoT-
€5, KaK NpaBUJiO, Ha KOHIEBblE HENOJBHKHbIE ONOPH H ONPENENSIOTCS
B 3aBHCHMOCTH OT NPHHSITOH CXeMbl KOMIIOHOBKH TPyGONpPOBOJLOB, BXO-
IAIMX B CHCTEMY, M XapaKrepa UX ONOPHBIX 3akpemenuit. [Ipn pemre-
HUH TPYGONPOBOAHOH CHCTEMHEI 1O 6a/OYHOH CXeMeé TIOpH30HTa/IbHbIE
Harpy3kH OINpee/siioTCs, Npexae BCEro, OT YCHJMH, BBI3BAHHLIX TeEM-
nepatypHbIMH JedopMmanusMH Bepywiero tpybonposona. Ilpu cxeme
C 'KOMIEHCATOpaMH 3TH YCHJMsl PaBHEI CyMMapHOMY 3HAaueHHIO ero oT-
nopa H YCHJIHIO OT HEyPaBHOBELIEHHOTO JaBJEHUS. ‘

[Ipn camokoMneHcupyolell cxemMe yCHAHS, BbI3BaHHLIE TeMIepaTyp-
HBIMH AehopMauusaMK BeAywiero TpyGonpoBojia, ONpENensioT KaK peak-
UMM KOHIEBHIX ONOP Ha e€ro yJHHeHHe. YuacTOK TpyGonpoBoja,
OrpaHHYEHHBIl KOHLEBLIMH OMNOPaMM, PACCUMTHIBAIOT Ha AeHCTBHE TeM-
nepatypul. IIpu aTom Bce omnophl, BXOHsiiye B Hero, NPHHUMAIOT KOH-
KPEeTHOH 3aJlaHHOH KeCTKOcTH (MONAT/IHBOCTH), ONpPENeeHHOM MO HX
reoMeTpHYECKUM CXeMaM ¥ NpellioaraeMbM CeyeHHsM. Takue onopol
HaK/J1aAbIBalOT Ha TPYGONPOBOJ YNPYyro-lnofaTAKuBLIE CBSI3H, XapakTep
KOTOPBIX NIOJKEH COOTBETCTBOBATh BhiGpaHHOMy THNy omop. IToxarim-
BOCTb onop &; ompezensiercss MeTOAaMH CTPOHTENbHOH MEXaHHKH Kak
cMellleHue ONOphl Ha YPOoBHE ocH TPyGONpoBoja OT €NMHUYHOH CHJIHI,
NpPUJIOKEHHOH Ha 3TOM XK€ yPOBHe.
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[Ipu onpeneneHyy ropu3oHTaNbHBIX HATPY30K BJOJb TPACCH Ha ONO-
pbl TPYGONPOBOAHO!N CHCTEMBI CyMMapHYIO HArpy3Ky ONpefesiioT Kak
Pa3HOCTh COOTBETCTBYIOIIMX YCHJHH TpyGONpPOBOAOB, JCHCTBYIOIMX B
{IPOTUBOIOJIOKHBIE CTOPOHBI ¢ 0GEUX CTOPOH HEMOABHMKHOM onopel. Menb-
(lee 3HaueHHe, BXOJsIee B PasloCTb, MNPUHUMAIOT C KO03(d HuUHeHTOM

Ta6anna [X.1. Koshdpuunentsl 1060B0ro CONPOTHBJICHHS NAKETOB TPYG

CxeMbl KOMIIOHOBKH ceyeHM#l v 3Hauenusi Cy

a24024424
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3 Ry
* W
1,0 1.1 0,8

pw = 0,8. [Ipn paBencTBe yKasaHHHIX yCHJHH HAarpysKy Ha ONOPY HpH-
HUMaroT pasHo# 0,2 opnoro u3 sTux 3Hauenuit. Ha nosmHoe ycuiue npo-
BEPAIOT TOJBKO 3/eMeHTH, NPHKpeNIsiolye TPyOGonpoBox.

Kpome onpenenenus Harpysok Ha OIOpBI OT TeMIEpaTypHBIX Aepop-
Mauu# BeAyLiero TpyGonpoBOAa HEOGXOAMMO YUYHUTHIBATH YCHAMS OT
TeMNepaTypHLIX nedopmauuit CONYTCTBYIOWIMX TPyOGONPOBOZOB, OTO-
pbie 3aKpenJieHs Ha BeaymieM. IIpy ux zedhopManusx B cHCTeMe BO3HH-
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KalT YCUJIHSA, KOTOpble NIPU pacueré omnop paccMaTPHBAIOT Kak Harpys-
Ku Ha HuX. CymMMapHoe ycH/Me OT 3THX JedopMauuil, nepejaromieecs
B BHJE HAarpy3kd Ha HENOABIKHYI omnopy cucremel: Q = P 4 T,
rje P — Harpyska Ha onopy OT HeypaBHOBELIEHHOTO pacnopa KOMIeH-
CaTOPOB CONYTCTBYIOLUIUX TPYOONpoBojoB; T — Harpyska Ha oOHOpYy OT
HeypaBHOBEILEHHbIX CHJ1 TPEHUs! CONYTCTBYIOLIMX TPYGONPOBOAOB.

I'opusonTa/nbHbIe HArpy3KH ' NOMEpeK Tpacchl MepefalnTcs Ha Bce
OMNOPHI, UMEIOIIe KECTKOCTb B HanpasjeHuu ux AefictBus. OHu BO3HH-
KaloT OT JaB/l€HHs1 BeTpa U COCTABIAOMIUX YCHJIUH OT TeMIepaTypHBIX
Jedopmanui  Bepyiiero TpyGonmpoBoja OPH  CaMOKOMIEHCHpYyOLIeh
cxeme.

BerpoByi0 Harpysaky Ha OMOpHI ONpefessioT KaK peakLHH OT BCeX
TpyGONpPOBOAOB, BXOASIIMX B CHcTeMy, OT HefictBus Berpa. [loAcuuThl-
BAalOT Harpysku B cooTBercTBMH ¢ [36] u AanubiMu ri1. IV,

Koadduuuents: 1060BOro conpoTHB/IEHHS MPUHUMAIOT B 3aBHCHMOC-
TH OT pacnosnoxenus Tpy6. [lelictBue BeTpOBOH Harpy3KM YUHTBHIBAIOT
TOJLKO B HaNpaBJeHWH Monepek TpyGonpoBoxHoi cuctembl. [lpu on-
pelleieHHH a3POAHHAMHUECKHX HarpysoK Ha MakeTbl TPYO KodhduuueH-
THI JIOGOBOrO CONpPOTHBJIEHHS MOXKHO npuHumarh mo taba. 1X.1. [lpu
3TOM CYMMapHYI0 BETPOBYIO Harpysky OMNpeIe/siioT M0 CyMMe [poek-
U QHaMeTpoOB TPYGONPOBOJAOB MepefHero (OTHOCHTENBHO BETPOBOTO
NOTOKa) pAlla Ha NJIOCKOCTh, HepHeHUKYASApHY0 3TOMy NOTOKy. Koag-
¢uLueHTH ¢,, NpuBeieHHBle B Tabsn. [X.1, ycpenHeHsl u OXBaTHIBAIOT
Pas/MYHBIE C/IyYaH pacnioomenusi TpyG B maKere.

[Ipu npoknianke TpyGONpPOBOAOB MO 3CTaKaaM MPHHLMI Ompeje-
JIeHHsI Harpy3ok He uaMeHsercsi. Pa3Huua COCTOMT JHIUIB B TOM, 4TO
TOPH3OHTaJ/bHEIE HArpy3KH BAOJbL TPAcChl BOCNPHUHHUMAIOTCSI CHCTEMOH
NPOZIO/IbHBIX cBA3eli BHyTpH TemnepaTypHoro 6/oka. IIpu MHororpy6-
HO#l 06aJIOUHOA W SCTAKajHON NPOKJaJKe MOACYET HArpysoK Ha OMNOPEI
MOXKET ObIThb BHINOJIHEH € YYETOM HX OJHOBpeMeHHoro peficreusi [28].

PACYETHBIE CXEMb! ONOP

PacuerHbie cxeMbl onop TpyGONpPOBOAHBIX CHCTeM MPUHHMAIOT B COOT-
BETCTBHH C KOHCTPYKTHBHLIMHM PEUIEHHSIMH Y3JI0B X KOHUEBHIX 3aKpell-
JIEHHH, UCXOAf M3 BO3MOXHBIX NepeMellleHHH 3THX ceueHHH B MPOAOJb-
HoM (BAOJIb Tpaccel TPYGONPOBOAA) M TOMEPeYHOM HanpaBlIeHHsX.
Beneacreue TemnepatypHbiX JAedopMaumii TpyOOonpoBoia BepxHUE ce-
YeHHs1 ONOp MHCNLITHIBAIOT BO3JEHCTBHSI B NPOAONLHOM HalpaBJeHUH,
BbI3BIBAIOIME HX NepeMellenys.

ITpocTpancTBeHHbIE ONMOPH, NpEAcTaBisgOmUe co6ol, KaK npaBuiIo,
YeThIPEXTPAaHHBIA COCTABHOH CTepIKeHb CKBO3HOI'O CEYEHHS, paccMaTpH-
BAlOTCSl KaK HECMeIllaeMble CTePXKHH, 3allleMJIEHHBIE B OCHOBAHHMH B JBYX
HanpabJ/ieHHaX. Pacuer uX BLINOJHAETCS B COOTBETCTBHH C YKa3aHMUSAMH
[37], oTHOCSIIMMUCH K pacuery pelueTyaThiX COCTABHBIX CTEpKHeH.

[Inockue omoprl B HampaB/JeHHH NONEPeK Tpacchl PaccMaTpPHBAIOT
BalIEMJIEHHBIMM B OCHOBAHHM M ISl 3TOTO CJjyuas NPHUHUMAIOT aHaso-
TMYHYIO NPOCTPAHCTBEHHOH OIOpe CXEMY COCTaBHOTO CTEPXKHS CKBO3-
HOro ceuesus.
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PaGora n/ocKHX Onop B NPOAOJLHOM HAMPaBACHHH 3aBHCHT OT
nepeMelieHti TpyoonpoBoAa BAOJAb CBOEH OCH # HX KOHCTPYKTHBHOE
pelleHye CYUeCTBeHHO BJUSET Ha ofllee HanpskeHHO-AepopMHpOBaH-
HOE COCTOSIHHE CHCTeMBl. B mpono/nibHOM HaflpaBJjieHMM Y3J/bl ONHPaHHusA
IJIOCKOH ONOpPHI Ha (pyHAAMeHT MOr'yT GbITh IMIAPHUPHBIMH JIHOO 3alleM-
JeHHBIMH. KOHCTPYKTMBHO HX pellaloT C MOMOIIBIO [JIOCKOH OMNOPHOMH
IVIATHL ¥ TPYINb aHKEPHBIX GOJTOB, COSJAIOMIMX 3alIEMJ/ICHHE OMNODHI.
B onpeneneHHBIX cIyuasiX, B 3aBUCHMOCTH OT KOHCTPYKTHBHOTO O(OPM-
JIEHHA y3Ja U TEOMETPHUECKHUX Pa3MepoB, 3allleM/eHHE ONOPhbl MOXKET
ObITb HE3HAUUTENbHBIM, UTO [O3BOJISAGT CYUTATh 3aKpelJieHue Iuap-
HHUPHBIM. )

IIpu KoHCTpyHpOBaHMH y3/la OMMpaHdsi Ha (QYHAAMEHT C [IOMOIILBIO
LHEHTPHPYIOIIEA NPOKJAAKH HCKJIIOYaeTC BO3MOMXKHOCTH 3allEMJIEHHSA
M CO3JaeTcsl NOJHOE COOTBETCTBHE IUAPHUPHOMY 3aKpeleHHIo.

B BepxneM ceueHnu mJockas omopa (cM. tabu. II.1) umeer amHeh-
HYIO CBfi3b, JeHCTBYIOIYIO B MPOAO/BHOM HAMpPAaBJEHHUH U OTPaKaloILylo
BJMsHUE TPYOONpOBOAAa Ha CBOGOALY ee MepeMelieHus.

ITo orHOWEHHI0O K NMOBOPOTY [pH KOHCTPYKTMBHOM . HCNOJNB30BaHUH
ONOPHOTO CelJia B KaueCTBe PHUresisi ONOPHl 3TO CeYeHHe MOXKHO paccmar-
puBaTh 3allieMJIeHHbIM. PellleHne, Npy KOTOPOM CeLI0 OMHMpaercs Ha
pureJb ONOPH!, AONYCKAeT MOBOPOT CEYEHHUS M JAeT BO3MOXKHOCTb CUH-
TaTh 3aKpelljeHHe IIapHHPHBLIM.

Ilpu pacuere no neopMHUPOBAHHO!H CXeMe€ MOXKHO MPEINOJIOXKUTD
cBOGOAY NepeMeleH’s] BEPXHEro ceyeHusi COBMECTHO € TPYGONpPOBOAOM
HE3aBUCHMO OT YCJIOBHIl 3aKpensieHus cedeHusi OT MoBOpoTa. 10 ycio-
BHE 3aKpelVIeHUs] MOJENUDPYETCS «IOJI3YHOM».

Tak Kak B omopax KeCTKOCTb peIleTKH U3 CBOeH MJIOCKOCTH 3HauH-
TEJIbHO MEHbIE COOTBETCTBYIOLIEH KECTKOCTH BerBell, TO Aedopmarus
MJI0CKO# OMOPHI BOJIb OCH TPACCHI C NPHEMJIEMOH TOYHOCTBIO OMUCHIBAET-
cs ypaBHCHHeM H3ruba ee BeTBeil, pacCMarpHBaeMblX KaK H30JHPOBaH-
HbI€ CIJIOIIHOCTEHUYAThle CTEPXKHH, PAaCCMOTPEHHbIE HUIKE.

IlpencraBnennnie Ha puc. 1X.1 pacyeTHbie CXeMBl OOP COOTBETCTBY-
IOT NPUBEJECHHLIM MOJAENAM YCJOBHY 3aKDeN/eHHUs KOHLIEBBIX CEYeHWH.

Jist pacuera mJIOCKHMX ONOp W BHIGOpA pacyeTHol CXeMBl, B KOTOPOH
KapTHHa fepeMeliennii 6/1M3Ka K JeHCTBUTENbHOH paboTe, HEoOXOAUMBL
(opmanu3alus NpeicTaBaeHUss 06 YCJAOBHAX UX 3aKpemeHHs B QyH-
1ameHTe ¥ 00OCHOBaHHBIE KPUTEpHH AJAf BHIOOPA THIIA ONOPHOrO y3na.

OueBHHO, YTO NpPH AOCTATOYHO BHICOKMX ONOPaX H OTHOCHTE/NBHO
11€60/IbIINX NepeMelleHHAX TpyOGONpOBOAA YacTUYHOE 3auieM/IeHHe aH-
KepHBIMH 60/TaMH HMXKHErO KOHI[A He OKa3blBaeT MPH COOTBETCTBYIOUIEH
MECTKOCTH 3JIEMEHTOB ONOPH! CYLIECTBEHHOTO BJIMAHHA Ha ee HampA-
’KE€HHO-1epOPMHUPOBaHHOE COCTOSIHME, TaK KaK fepeMelieHHsi KOMIeH-
cupyloTcs JAehopMaTHBHOCTBIO OMOPBl. B STHX c/yuasx .3akpensenue
ONOPH K (pyHAAMEHTY C NMOMOLIbIO OMOPHOTO JINCTA U aHKEPHBIX 6ONTOB
MOXKET paccMaTpUBaTbCs KaK LIapHUPHOE,

Ilpn oTHOCHTENIBHO KOPOTKHUX M MECTKHX OHOpaX H 3HAUYUTE/]bHBIX
nepemelleHHaX TpyOonpoBoja 3alieM/eHHe ONOPHOrO y3/1a aHKepPHbIMH
foATaMH He MOMXKeT OOECNEYHTb JOCTATOYHON MOAATSIIUBOCTH OMOPHI, UTO
3aCTaB/JSI€T paccMaTpUBaTh y3eJq B 3TOM Cjyuae 3amemyeHHbM. [Ipu
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HeoOXOMMOCTH OOecneueHns] INaPHHPHOrO OMUPAHHS 31€Ch BO3MOXKHO
KOHCTPYKTHBHOE H3MEHEHHe NYyTeM YCTPOHCTBA OMOPHEIX LEHTPHPYIO-
WHX NPOKNAJOK, MPHOIMIKAOMKX y3el K IIapHHUPHOMY.

Kputepuu sl NPHHATHS PeIUeHHs N0 ONOPHOMY Y3JY: KEeCTKOCTb
€IMHANBl IJHHBI ONOPH H pacyeTHoe rnepemelneHne tpyGonposona. Mx
KOJIMYECTBEHHOE COOTHOILEHHE II03BOJISIET YCTAHOBHTb T'PAHHILBI BO3-
MOXHOFO NPHMEHEHHs! JKECTKHX WM WAaPHUPHBIX OMNOPHBIX y3/10B. s
pewenns 3Toro Bonpoca Gblia MpoaHantu3upoBaHa paboTa MIOCKUX ONOp
B COOTBETCTBHH C NPHUBEIEHHBIMH Bbillle PACUETHBIMH CXeMaMmHu *.

IN

=

L

N

a J f 2

Puc. 1X.1, PacyeTHble cxeMbl onop.

Ecan o6a KOHIla onophl HMEIOT apHupHoe onupanue (puc. [X.1, a),
_TO TaKasl oropa He OKasblBaeT CONPOTHUB/IEHUS TOPH30HTANbHOMY CMe-
[I2HMI0 (O M3BECTHOrO Npefena), U JJisi Hee B KauecTBe pacueTHOH cxe-
Mbl MOXKET GHITb NPUHSAT LEHTPAJbHO CXKaThlfi cTep:KeHb. PaccunThiBalOT
€ro UCXOAA M3 YCJOBHS OOecneyeHHst YCTOHUHBOCTH

N
EX < VCRw (IX' 1)

rone N —oceBasi cuia cxatus, T; A — IJIOUIAAh CEYEHHS CTEPKHS,
oM @ — Ko3(hULMEHT NPONOJIbHOrO u3ruba; R, — pacyerHoe comnpo-
TuBNeHne Marepuania, Mlla; y, — xoaddunuent ycaoBuii paGoThl KOH-
CTPYKIUHA. .

Ilpn 3amemneHHH HHXKHEro KOHLA ONOpa CONpPOTHBJSeTcsl FOPH30H-
Ta/lbHOMY CMELIEHUI0 BEPXHEro ceueHusl, I'ie AeHCTBYeT oceBast M MO-
NlepeuHasl BHeIIHHE CHJBL. PacuerHoll cxemoii ee BerBel C/IyKHT 3/€Ch
CTEpXEHb, 3allleM/IeHHEII B OCHOBAHHHM M HCIHITHIBAIOMMA MPOJONLHO-
nionepeyHbiff H3ru6. B Takux cTepKHAX H3rHOaroIie MOMEHTH, 00yCJ/I0B-
JIeHHble Hauda/bHBIMH HECOBEPLIEHCTBOBAHUAMH (OPMBI, KaK MpaBHJIO,
MaJibl IO CPaBHEHHIO C MOMEHTaMH, BHI3BAHHBIMH IepeMellieHHsIMH BepX-
Hero KOHIA, NO3TOMY BJIHSIHHEM HX MOXHO NpeHeOpeub.

ConocTaBiasl pesysnbTaThl pacuera LEHTPANbHO CKATOro MIApHHP-
HO-ONepTOro CTePXKHsI, B coorBeTcTBUH ¢ opMmyJoit (I1X.1), u pacuera

* MeronuKa BhIGOpa BapHaHTa 3aKpelyieHHs omop pa3paGoTaHa H peanH30Ba-
#a na OBM xawud, mexn. nayx A. T'. Pa3gonbckuMm,
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no AeopMHPOBaHHOM cXeMme, T. €. Ha IPOJAOJbHO-TONEpeyHril uarub
CTEPXKHA, 3alleM/JIEHHOTO B OCHOBAaHHU, MOXKHO YCTaHOBHTb O0JacTH
[PEANOUYTHTENBHOIO BhIOOpAa KOHCTPYKTHBHBIX peLIEHUH ONMOPHLIX Y3-
JIOB, COOTBETCTBYIOIIUX 3THM JBYM pPacyeTHBIM CXeMaM.

JlanbHeline paccy:KueHusi npeanoJarait paGoty MaTepuHana onop
B YOpyroi craiuu.

Paccvmorpum pedopmanuio crepKHs, 3allleMJIEHHOTO B OCHOBAHHH i
u3ru6aemoro noj AeficTBUeM oceBoi cuabl N 1 FOpH3OHTaIbHOH cuibl H,
NpUNOKEHHBIX K BepxHemy ceuenumio (puc. 1X.1,6). Bsemem cucremy
koopanHar XOY, nanpaeuB ocb OX BAOMb OcH cTepxkHs B Hefedopmu-
PYEMOM COCTOSIHHH C HayajJoM OTCYeTa Ha BEPXHEM KOHIE CTepIKHs.
Ilpumem cnenyromue oGosHauenus: [ — AjauHa crepxus; El — ero
u3rubHas KecTkocTb; © — yroj NOBOpPOTa NPOM3BOJNLHOTO CEUEHHS;

N o
a = ]/ £7 — Dapamerp cxKarus; M 1 Q — COOTBETCTBEHHO U3THOAIOLL i

MOMEHT M TNONepeyHas cujia, AHCTBYIOLINE B NPOU3BOJBLHOM CEYEeHHH
CTEpXKHS.

Jnsi onucaHHsi TpPONOJNBHO-NONEPEYHOro H3ruGa BOCHOJIb3yeMcs
dopMynaMH MeTofia HaualbHEIX NapaMeTpoB: '

_ sin ox My, 1—cosax H oax—sinax
y=htO—— == T =
0 = 0,cosax— % ————s”;ax —g—[ l _Z:;S =, (1X.2)
M=mﬂmmm+Mwma+Hﬂ%i;
Q=H+ N6,

rlie HyJ1eBOH MHAEKC HCMOJb30BaH JJIsi 0G03HAYeHHs Haua/bHBIX Napa-
MeTpoB H3rHba crepxHs npu x = 0.

PaccmorpyM JiBa BapuaHTa IPaHHUYHBIX YCJIOBHH Ha HHIKHEM KOHLE
CTepXXHsA, Npeanosaras, 4ro BepXHee CeueHHe 3allleMJIeHO OT NMOBOPOTa
M TOA JeHCTBHEM BHelIHefl IOPH3OHTa/NbHOH CHJbI [ mojyuaer cme-
meHue Ha O.

1. CrepxeHb WapHUPHO 3aKpenJied B ocHoBaHuu (cM. puc. 1X.1, 6).

I'panuunbie ycnosus:

B BepxHeM ceueHuu 0y, = 0; y, = §;
B HHIXHEM » y=0; M, =0.
Paspemas ux, nonyynM 3aBUCHMOCTb MeX1y BHeWHeH cuo# H u
cmeienuem O: )
ol
H=EIb Wl — o Tl (IX.3)
HMsrubatomuii MOMEHT B BepXHeM CEYeHHH ,
M, =— H &% (IX.4)

[¢2
ARanoruuHble COOTHOIIEHHS MMEIOT MeCTO W NpH 3alieMIeHHH HHXK-
HEro KOHLIA OMNOPHBI, a TaKMkKe LIAPHUPHOrO 3aKPEINJIEHHs BepXHero KOH-
ua npu ero cBoGoiHOM cmemienuu cuioit H ua 6 (ecM. puc. 1X.1, 6).
I'panuynble ycnoBus B 3TOM ciyudae:
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B BepxueM ceuenun M, = 0; y, = §;
B HHXKHEM » 0,=0; y =0.
YcTaHOB/EHHOE Bbillle 3HaueHHe W3rubalollero MOMEHTa B JaHHOM
c/ly4yae OTHOCHTCSI K HHXKHEMY OMOPHOMY CEUEHHIO.
2. Crep:keHb 3aIlleMI€H B OCHOBaHUH M B BEPXHEM CEYEHHH, KOTO-
poe cmemaerca na 6 (puc. 1X.1,e).
IpaHuuHble yCNOBHA Ha HHXKHEM KOHIE:
B BepxHeM ceuenun 0, = 0; y, = §;
B HHXXHEM » ¢, =0 0,=0.
3aBUCUMOCTb BHEIIHEH CHJIBLI N oT cMemeHus1 O Bhipaxaercs ¢op-
MyJI0H

H=EIS % T (IX.5)
al — sin al — 2 sin? —— tg —5
HsruGaomuit MOMEHT B BEpXHEM CEUEHHH
H 1
My=— —tg5—. (I1X.6)

Takol xe no 3HaueHHI0 M3TUGAOIMHA MOMEHT BO3HHKAaeT B OCHOBA-
HUH crepxkHA. HcnosabzoBanue 3aBucumoctefi (I1X.2) mnosBossier no-
CTPOMTb KpHBBIE H3MEHEHHS NapaMeTpoB H3rub6a No AJMHE CTEePXKHA.
JL1s 3TOrO C/leayer NMOACTAaBHUTL B 9TH BhIPAXKEHUS! HaliJieHHbIe 3HAUEeHHS
Haya/bHLIX MapaMeTpoB.

@OubGpoBbie HaNpPsIXKEHUS B CEUEHHSIX CTEPHHA

N M
O=T+-W— , (IX.?)

rie W — MOMEHT CONpOTHBJICHHs CeYeHHs, cM°.

Bcnencteue BnusiHUA OCEBOH CHJIBI HaHGOJbILeE SHANEHHE H3THGAI0-
IIero MOMeHTa, B OT/IHYME OT Caydasl IOrnepeyHoro usruba, MOMKeT
JOCTHUraTbCsl BHYTPHM BBHICOTHI ONOPHl M NpEBBILATh COOTBETCTBYIOIIEE
3HayeHHe B 3alleMJeHHOM ceueHnH. [IpuBeneHHble 3aBHCHMOCTH NO3BO-
JgI0T (bOpManu30BaTh CXeMy BbIGOpPAa MPEANOUTHTENLHOrO BapHaHTa
SaKpeIJIeHUs1 CTepXKHsS B OCHOBAHMH. :

CHayajla pacCMOTPHM CTep2KeHb C LIAPHUPHBIM ONMpaHHeM Ha (yH-
JameHT. [IpH M3BeCTHBIX €ro KeCTKOCTHBIX XapaKTepUCTHKaX, pacyer-
HOM CONpPOTHBJEHHH MartepHaja M KoaduuueHre ycaoBuil paboThl, B
cooTBeTcTBUH ¢ HepaBeHcTBoM (IX.1), MoxHO yCTaHOBHTb npelejbHyIo
JIONycKaeMylo OCEBYIO CHJy cKaTtus N.

ITepefineM K paccMOTPEHMIO CTEPXKHS, 3aleMJEHHOTO B OCHOBaHHH
H CKAaToro CHJIOH, 3HaueHHe KOTOpOH HalijleHo BhILe.

TpebGyercst onpenenuTb Takoe MpeleibHOe 3HaueHWe cMelleHus &
BEPXHEro KOHLA CTEPXKHA, OOYCJIOBJEHHOTO COOTBETCTBYIOLIEH TOpH-
30HTaNbHOM cumoft H, uto6bl MakKcuMa/ibHble HaNpsi:KeHHs B HauGosee
ONacCHOM CEYEHHH PaBHSJMCh PacyeTHOMY CONPOTHBJIEHHIO MarepHala,
YMHOXKEHHOMY Ha KO3((ULHEHT ycloBHH paGoThl. mes B BULY C/I10XK-
HOCTb AHAJINTHYECKHX NPEACTaBNeHHH, 11€71eco00pPa3HO OCYIIECTBUTb Ha-
npaBneHE bl NCUCK O, peannsoBaB ero Ha dBM,
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Ecnu meficTBUTe/NbHBIE CMeIeHNsl BEPXHETO ceueHusi OT TeMieparyp-
HbIX nedopMauuit 6ynyT MeHblue HafileHHOro 3HayeHusi 8, To npu 3a-
1I[EM/IEHHY HHIKHETO KOHIA CTepPXKHS HauboJbllie HanpskKeHHs OyAyT
MeHbllle, YeM NpHU WapHUpPHOM onupanuu. B sToM ciyuae Her Heo6GXxo-
JUMOCTY TPHHATHS CNENHaNbHBIX Mep M0 MHPUOIMKEHHI0O KOHCTPYKUHH
onopHoro yana k wapaupHoii. Ecnu daktnueckoe cmemenue Gosibiie
HafileHHoro 3HaueHHs O, c/lefyeT OTAATb NpPENNOYTEHHE IIADHUPHOMY
BapUaHTy 3aKpelJieHUs W pellUTh y3eJ, HanpuMep, C yCTPOHUCTBOM
LEHTPHPYIOWHNX NPOKAAJOK.

YKa3aHHasi cxema BbIOOpa ONOPHBIX 3aKpelJeHHil M pacueTHOH
CXeMBbl paclpoOCTpaHAercss TakkKe Ha MAasTHHKOBBIE OIOPBI, KOTOpbIe
OObIYHO KOHCTPYHPYIOT B BHJE CILJIOIIHOCTEHYATHIX CTEPKHEH MOCTOSIH-
HOTO CEYeHHs. .

PAUMKOHAIJIBHOE PA3MELLEHME ONOP U KOMMEHCATOPOB
CONYTCTIBYIOLLMUX TPYBONMPOBOAOB

TopusoHTanpHEle HArpy3KM Ha ONOPBI B GOJIBLIOH CTENEHH 3aBHUCAT OT
B3aVMHOTO DACIIOJIOKEHHSI KOMIEHCATOPOB H OMOP BEAYIIEero U COmyT-
CTBYIOLIMX TPy6GonpoBooB. [IpH 5TOM BO3MOMKHbBI TAKHE BAPHAHTHE 3TOrO
PaCNoJIOKeHHsI, NPH. KOTOPbIX 3HAUHTENbHO YMEHbBIIAIOTCH, & B psije

4 o I & I .
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Puc. IX.2. Cxembl pacnonoxeHus co-

a
oA
7‘
D OYTCTBYIOIIMX TPYOONpPOBOAOB:
‘&’ - . ) 1 — HenojBHXXHas omnopa; 2 — MJIOCKas
= / NpOMeXyTOUHas omnopa; 3 — TpyGompo-
3

BOJ; 4 — CONMYTCTBYIOI{HE TPYGONDOBOALI;
I — ocu KoMIleHCaTOpOB.

"

AN
NN

cly4aeB M MOJHOCTBIO HCKJIOYAIOTCS HeypaBHOBELIEHHbIE ycuiusi P
u T. Bo3MOXHBEI TPH Cllyyasi B3aUMHOI'O PaCMOJIOKEHHST HEMOABHMKHBIX
ONOp M KOMIEHCATOPOB, TEMJOCHJOBBIX M BEIyLIEro TPYGONpPOBOMOB.

1. Y4acToK Tpacchl TEMJOCH/IOBBHIX TPYGONPOBOAOB, OrpaHUYEHHBIA
JBYMsl HENOJBIKHBIMH OHOpaMM C KOMIEHCATOPOM MEX]Y HHMH, pac-
TOJIOKEH MEXAY HeMOABIKHOM OMOPOH M KOMIEHCATOpPOM BeAyLIero
Tpy6onposofa (puc. 1X.2, a). B sToM ciyyae HeypaBHOBELIEHHEIE YCH
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Jidsi He BOSHHKAIOT, OCTaBadACh BHy'TpeHHPIMl/I YCUIUSMH B Benymeﬂ

Tpy6e Kak pacriopke.

2. YuacTOK Tpacchl TEMJOCU/IOBHIX TPYGONPOBOAOB, OTpPaHHYEHHDI
JBYMsI HENOABIKHBIMH ONOpPaMH C KOMIIEHCATOPOM MEXIy HHUMH, pac-
nojoXeH no o6e CTOPOHB KOMIeHcaTopa Be,uymero pr6onposo;[a

N1 ! Vi
e NP T /t Pax //p.;x _
; T aiiad Tildidi il YO P AL L il ;
N - (
T _) 4] )
L — 3 e
s o~ -~ ~N
X b .\ ' 5] i) ‘ S
x x ‘ 2
| ! 1 T
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2 3 1 2 4 2 H 3
A A P / Pr \ A _ Bk A
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e = 3 TS T & I S
bag o~ -~
S g S SV
, x i B
a a
N3 4 4 3 2
o - / ,w'f /\ — L Puc. 1X.3. KoMnoHoBka COmyTCTBYIOMHKX
‘ Y iy I3 TpyGONpPOBOROB NpH GasIoYHON NPOKJIaj-
(() _ 1 . r'(l] ke
T7/'7T 7 ™ | — KOMIEHCATOp; 2 — HeNMOABHIKHASA ONOPa;
pay , o 3 — npoMmexyroyHas onopa; 4 — conyT-
= B cTBylolHe TpyOompoBoas.. NeNe 1...5 — Ho-
Mepa CXeM.
¥

Taoannwna IX.2. Onpeaenenne
fanounoii  MPOKNANKH

HArpy3oKk Ha HENOABHXKHbIE OMNOPLI CHCTEM

VYcunusa Ha HENOABHIKHBIE ONODLI

rlomep cxeMnl

no puc. 1X.3 Mapka onophi pacniop Kogneﬂcampa Tperie moBRNHBIX oriop T

1 HOl Py Ta
H02 ax T,

2 HO! 1K Tq
H02 1K Ta

3 HO1 Py Her ycunui
HG62 Py To xe

4 HOd Pk >y
HO02 2K » o

5 HOl 2K Ta
H02 2K Ta
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Puc. IX.4. KoMnonoBKa ConyTCTBYIOMIUX
Tpy6onpoBOLOB MNpPH 3CTaKajHOH Mpo-
KIajiKe:

1 — KoMmeHcaTop; 2 — HEMOABHXKHASA OIOs
pa; 3 — noaBuXKHas ornopa, 4 — CONMYTCTBY-
omue Tpy6onpoBoAn;; NeNe 1...7 — HoMepa
cxeM.

Ta6nunga IX.3. Onpenenenue Harpy3ok Ha HENOABHKHBIE ONMOpPHI CHCTEM
SCTaKafiHO# TNPOKJANKH

VCusust Ha HEMOABHIKHYIO ONOPY HJIM CBSI3eBYIO NaHEeJb

Homep cxemsl
mo puc. 1X.4 pacrmop KOMIEHCATOPOB TPeHHe MOABHIKHLIX OMOp
1 Py — 0,8Py mpu Py > Pyy Ycunuii mer
Py — 08Py Nput Py > Py
2 1K Ta
3 Pyx — 0,8P3, npu Py > Py Ycunuit Her
Pgx — 0,8P;¢ mpu Pgy > Py
4 Yeunni Her .
5 Pyx —0,8Py, ipit Pyy > Py Tg— 08T npn Ty > Ty
Pyoy — 0,8P ¢ mpu Pgy > Py Ta—0,8T, npu Tg> T,
6 Pix — 0,8Py mpn Py > Py Tq
Py — 0,8P npn Py > Pk .
7 PK Ta
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(puc. 1X.2, 6). IIpu stom ocu KommneHcaTopoB coBnagaior. HeypasHo-
BellleHHble YCHJ/IMS TPeHHs He BO3HHKaloT. Ha HenoaBukibie onopsl
nepejaercs JMLIb pacnop KOMIEHCaTopa.

3. To ke pacnoJioxeHue cO cMellleHHeM KOMNEHCAaTOPOB OTHOCHTE/Ib-
Ho Apyr zpyra (puc. 1X.2,6). B stom ciyyae Ha HenoABHXKHbLIE OMO-
pbl NEPealoTCs YCHJIUs OT pacrnopa KOMIEHCaTopa TeMJIOCHJIOBHIX TPY-
GONpPOBOLOB M HeypaBHOBEIUEHHble YCHJHMA TPEHHS C yyacTka o.

Ha puc. 1X.3 npuBesenbl Hanbosee XapakTepHble CXeMbl KOMIIOHOB-
KH TaKHX KOHCTPyKUuii, a B Tabs. 1X.2 ykasaHbl yCH/IHSI HA HEMOABUXK-
Hble ONOPH!.

OnpenesieHnde Harpy3ok Ha HENOJBHXKHBIE ONOPHI CHCTEM MPH 3CTa-
KaJHOH MpoKJajKke Mo cymecTBy Takoe xe. Ha puc. 1X.4 npusenens
XapakTepHble CXeMbl KOMIIOHOBKH TakKHX KOHCTPYKuu#A. B taba. 1X.3
JaHbl HarpysK# OT TeMnepaTypHuX JAedopmauuii TpyGOmpoBogoB Ha
CBf3BYI0 NaHeJb HJM HENOABMXHYIO OIOpYy TeMmepaTypHoro O6J0Ka
SCTaKafsl.

YYET TMBKOCTHU KOJIEH U MHTEHCHU®DUKALLMM HAMPXKEHUA

Tlpun pacuere TpPyGONPOBOAOB Ha CAMOKOMIIEHCALHMIO TeMIepaTypHbIX
JedbopMalMil U ONpefie/ieHHH HAarpy30K Ha HeENOJBIXHBIE ONOPH HEoG-
XOAHUMO YUYHTBIBAaTb H3MEHeHHe THOKOCTH TPyGONpOBOJOB B MECTax pac-
TI0/I0KEHUSA YIJIOB NMOBOPOTa — KOJIeH. DTO fABJIEHNe CBA3aHO ¢ 0GHapy-
JKEHHBIM SKCIEPHMEHTA/NbHO YBelHYeHHeM THOKOCTH KDPUBHIX OpyCbeB.

Teoperuueckoe HCCJAEIOBAHHE BONPOCA IO3BOIHIO OGBACHHUTb 3TO
- sIBJIEHHE KaK CJeACTBHE H3MeHeHHs (DOpMbI NMONEPEUHOTO ceueHHsi KPH-
Boil TpyGnl npu usruGe. OKasanoch, YTO THNOTE3a HEH3MEHSEMOCTH
(opMBbl TIONEPEYHOTO CeueHHs He-
nipuemyieMa K TOHKOCTEHHBIM TpY- O

$amM — KoJleHaM, HMeIOIUM 60Jb- g &
Wyl KpuBH3HY. I'MOKOCTb Takmx 7

Tpy6 NO CPaBHEHHIO C NPAMBIMH ’
3HAYHTENbHO GOJIbliie 32 CYET CIIO-

muBaHusA (OpMbl HX IIONEPEUHOro . 4 Q
ceuenusi. M3 reopun KapmaHa cie- :
Iyer :

, Musr mKMusr’ Puc. IX.5. Cxema yuacTka KoJieHa [MO-
e Mysr — HU3rHOGAIOIIME MOMEHT,  HHXEHHOH JKECTKOCTH.
omnpefie/leHHbIl C Y4eToM THIIOTe3hl
HEH3MEHSIEMOCTH (GOpPMbl M HeoOXONMMBIA /i1 H3MEHEHHMS HayalbHOTrO
yraa o Ha 3HaueHHe Ac; Musr — TOT XKe MOMEHT, ONpefeeHH bl ¢ yue-
TOM H3MeHeHHs (OpMbl IIONEPeYyHOro CeYeHMs; M, — Ko3(DDHUUEHT
yBeJHUEHUs HANpsiKeHWil H3ruba Ko/eH, 3aBHCSIIMA OT TaK HasblBae-
Moro koddouuuerra Tpyos A.

A, =2

K — 2
C]

Tep
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rie ! — TOJNIUHA CTEHKH TPYyObl; p — pamuyc uaruba TpYOHl, rco —
cpemHuit paguyc TpyOHL.

HccenoBannst KPUBEIX TPYO GOMIBILOA KPHBH3HBI C MaJIbIM 3HAYeHH-
eM A TO3BOJIU/H TOJNYYUTH
0,9

2
WA

Hamenenue ¢opMEl MonepeyHoro ceueHHs KPHUBEIX TPyO, mnpHOOpe-
TeHHe OBaJIbHOMH (OpMBbI, OJHOBPEMEHHO C 3(h(HeKTOM yBeJIHYeHUs Hampsi-
XeHHi, MIPUBOJUT TaKXKe K NOHHKEHHIO MKeCTKocTH KoseH. [Ipu A < 0,3
KO3(MpUIIMEHT TOHHXKEHUS KECTKOCTH (UM THOKOCTb KOJieHa) onpene-

astot no dopmyne K, =—1-7é—5-. CnpaBeiuBoCTb 3TOH (GOPMYJIBI [O1~

TBePXKIaeTcsl dKCnepuMeHTanbHBIMU HaHHBIMH. Kosdduuwmenr K, yuu-
THIBAIOT N0 BCcell J/JuHe KPHBOJIMHEHHOrO ydactka TpyGoONpoBOia
(puc. 1X.5) mexny Toukamu A u B. JlinHa KpHBOMHHEHHOro yyactka
MoxeT ObiTh I, = @R, Tle ¢ — yroj NOBOpOTa.

my =

PACYET KOMMEHCATOPOB

leomerpuueckne xapakTEepUCTHKH AUCKOBBIX KOMIEHCATOPOB: AHAMETP
nucka D, TonyHa ero cTeHKH § M OTHOIEeHHe AxuaMerpa TpyGonpoBona
D x puamerpy mucka D,.

OcHoBHBIE NapaMeTphl, XapaKTepH3ylollye JHCKOBbEE KOMIEHCATOPHI:
KOMIIEHCHPYIOIas CNOCOGHOCTh; YCHJIHE pacropa OT TeMIepaTypHbIX
JedbopMaluil; yCH/IMe pacnopa OT BHYTPEHHEro JaB/leHUs Ta30BOH Cpespl.
PacuerHoe 3HaueHHe CyMMapHOTO OTIOpa KOMIEHCATOpa CKJalblBaeTcs
U3 nokasaresefi TeMIepaTypHOro oTnopa P, u pacnopa or BHyTpeHHero
JaBJleHus TrasoBod cpempl Pp. Onpejenenue sTHX napaMeTpoB OCHOBAHO
Ha MeTofle pacuera Komneﬂca'ropoa npennoxendoM C. H. CoxosoBbiM.
[Ipoeenennbie Bo BHUMCTe skcnepuMeHTa/NbHbBIE HCCAENOBAHHS KOM-
IIEHCATOPOB MOKAa3a/i XOpolliee COBNaJeHHe pe3ysbTaToOB C PACYETHBIMK
NPEANOCHIIKAMH.

[Tox MakcumanbHO! KoMNeHCHpYtomeli CIOCOGHOCTBIO (0CafKOM) KOM-
neHcaTopa NOHUMAIOT JBYCTOPOHHEe H3MeHeHHe ero JIHHbI, ONMYyCTH-
MO€ MO YC/JOBHAM NPOYHOCTH KommeHcatopa (nox JICHCTBHEM CHKHMAIO-
MyX HIH PACTATHBAIOMMX CHJI) MO CPABHEHHIO C ero JVIHHOH B HeHanps-
JKEHHOM COCTOSIHHH. KoMNeHCHpYOIYI0 CnocoOHOCTe ONHOH BOJIHBL
JIMH30BOTO KOMIIEHCAaTopa ONpeelsiioT ’

A=075 B¢ ey,

rae R, — pacueTHoe conpoTuBJeHue Marepuana, [1a; E — Mopynb yn-
pyrocm Ila; & — rTomuuHa CreHKn KoMneHcaropa, eM; £ — koaddu-
IueHT, onpenenseMuiii no Tabn. IX.4 u 3aBucAmuUl OT OTHOWEHHS P =

=D£, rie D—auamerp TpyGonposoaa, cM; D —anamerp KoMIeHcaTopa.
R

KoMmnencupyromas cnocoGHOCTb MHOrOBOJIHOBOIO KOMIEHcaTopa om-
penensiercs Kak CyMMa KOMIEHCHDYIOIHX cMoco6HOCTeli BceX BOJH.
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JKecTKOCTb JIMH30BOTO KOMIIEHCATOPA WJIH €r0 PACTop, BhI3BAHHbIMH
TeMIepaTypHbIMH JedopManusiMH TPyOOIPOBOAa, ONpeAeasior mo ¢op-
MyJie

12,57R 6%
(I—1)

DkcnepuMeHTa/bHBIE HCCAEJOBAaHHS INO3BOJNUIH OLEHHTh AEHCTBU-

Te/lIbHYI0 Pab0Ty KOMIIEHCATOPOB H, KpOMe TOro, NOKasajH CYIleCTBeH-

Pt= ,H.

Ta6anuna 1X.4. landple jaas pacyera JAHCKOBOLO KOMIEHCATOPA

D, mm DK' MM ) ® PacueTHble GOPMYJIBI

620 1620 0,375 18,05 2,04

720 1720 0,412 12,17 1,65

820 1820 0,444 9,75 1,39

920 1920 0,474 7,57 1,19

1020 2020 0,500 6,04 1,05

1120 2120 0,524 4,92 0,93 D

1220 2220 0,545 4,09 0,84 P = ; E=
1320 2320 0,565 3,44 0,76 Dy

1420 2490 0,583 2,92 0,70 6,9 (1—y?
1520 2520 0,600 2,53 0,64 =—" (——— —
1620 2620 0,615 2,20 0,59 I—p\ ¢
1720 2720 0,630 1,94 © 0,55 41n2

1820 2820 0,643 ° 1,71 0,52 — -———2-) ;
3(2)20 3038 0,687 1,38 (0),46 11—

20 32 0,688 1,12 41 _

2420 3420 0706 093 03 o=—UZWUTI
2520 3520 0,714 0,86 0,36 12 P
2620 3620 0,722 0,79 0,34

2820 3820 0,737 0,66 0,31

3020 4020 0,750 0,59 0,29

3220 4220 0,762 0,51 0,25

3500 4500 0,778 0,43 0,24

HyIO pa3HHIY B NOBENEHMH MO HArpy3Koi BOJHOBBIX KOMIIEHCATOPOB.
¢ BOJIHAMH B BHJE JIHH3 M B BHJIE CBapHHIX AHUCKOB. B wactHoctH, ycra-
HOBJIEHO, YTO JONMyCKaeMas KOMIEHCHPYIOWas CHOCOGHOCTb JIMH3OBBLIX
KOMIIEHCATOPOB MOKeT ObiThb yBesinueHa B 1,5 pasa mpH cOXpaHeHHM
NPOYHOCTHHIX MNoKasaTenell. IIpum 3TOM XecTKOCTh HX BO3pacTaer He
TPOTIOPIHOHAJIBHO KOMIIEHCHPYIOMIEH CNocoOHOCTH, a Juub B 1,25 pasa
[28]. Takum o6pa3om, OKOHUATeNbHbIE (POPMYJILI A1 pacyeTa JHH30BBIX
KOMIIEHCaTOPOB .

R,P? ., _ 15,6nR8
A=1,1 —Za—g, CM, P;-— _(—I—L—\IT , H. (IX.8)

Jlyisi cBapHBIX JHMCKOBBIX KOMIEHCATOPOB yCTaHOBJIEHA MOBBILIEHHAsS
-B 1,5 pasa mo CpaBHEHHIO C JIMH30BBIMH 00Illas XKecTKocTb. HM3-3a or1-
CYTCTBUSI SKCIEPHUMEHTANbHBIX JAaHHBIX MO JONYCTHMOH HauGoJbuIed
OCafiKe CBapHbIX AHUCKOBBIX KOMIIEHCATOPOB, €e 3HaUeHHe PHUHHMAIOT N0
saBucumoctd (X.1). Takum oGpasoM, A/1s1 pacyeTa CBapHBIX JHCKOBBIX
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KOMMNEHCATOPOB MOTYT GHITh PEKOMEHIOBaHHBI Clefyiotiue GopMyJIbl:

RyP? 23,4nRO*
A= 0,75 Ey.a g, CM; (IX.Q) P; = —m-i— , H. (IX.IO)

JKecTkoCTb BOJIHBI CBapHOro AHCKOBOro KOMII€HCaTopa (OTHOP on-
HOH BOJIHEI [pyH H3MEHEHHH €€ NJIMHBI Ha I cm) onpenenserca Kak OTHO-

illeHue i;’-. Hcxona u3 sasucumoctei (1X.9) n (I1X.10),

© 93 4RSESE E?
Pr=—"pomrr =32 yp—por H

TemnepaTypHbIii paciop MHOTOBOJHOBOTO KOMIIEHCATOpa Onpenens-
10T N0 opmyne

. Al
P=Pi—

rAe v; — KO3DHUUEHT HAJEXKHOCTH NO HArpys3Ke; 7 — KOJHUYECTBO
BosH; Al = aLAt" — HauGosbliee NO YCJAOBHAM paGOTH H3MeHeHHe
JUIMHBI KOMIIEHCATOpa O CPaBHEHMIO C ero JJIMHOH B HeHanpsiKeHHOM
COCTOSIHHM B MOMEHT 3aMblKaHHA; L — paccTOsiHHE MeX]y HelOoABHXK-
HBIMH OMOpaMH Ha yYacTKe, [Jle YCTaHOBJEH KoMmmneHcatop; At” — Tem-
nepaTypHblil nepenay, onpenensieMbiii: a) A5 KOMIEHCAaTOPOB, YCTaHaB-
JiiBaeMbIx Ge3 mpegBapUTeIbHON pPacTsKKH (06:KaTHsi), KAK HOPMAaTUB-

Ta6anua IX.5. 3uauennn npegsapuTenbHOl nedopManuu
&omnencartopos [32]

Temnepatypa Temnepatypa
SaMbIKaHHA PacTsixeHue Cxarue SaMbIKAHUA | Pacrgikenne Cxatue
loam PR t3anr TPAR
—40 0,5 — 410 — 0,125
—30 0,375 — -+20 —_ 0,25
—20 0,25 —_ -+30 —_— -0,375
—10 0,125 — -+40 —_ 0,5

HbI TEXHONOTHYECKUH W/ Ce30HHBIH mnepenap temneparyp (cm. . V);
©6) AJ KOMIEHCATOPOB, YCTAaHABJIHBAEMbIX C NpeIBaPHTENbHOH PacTSXK-

MaKC — 'MuH

xoit (o0xatuem) mo dopmyne Af" =-——F—=, rhe fuac H fum

onpepensitor no ria. V. Kojuuectso BoiH KOMIEHCAaTOpa ONpPENENsioT
Al

N0 opmyse n = -+ ¢ OKpyIJeHHeM [0 LeNoro uucna. 3pech A’ =

= KA — nosiesHast KOMNEHCHpYIOLas CNOCOGHOCTb KoMmMneHcatopa, K =
1 1
_ '§‘ - ’g‘ .

IpenBapurenbuyio pactskky (+4) uin o6xarue (—) Komnescaropa,
B 3aBHCHMOCTH OT TeMIepaTyphl 3aMbIKaHHf, ONpPeNensioT

A = al (fsan — 1),

tace — t
TRe {, = —=—"" — TeMneparypa, UPu KOTOpoii He TpeGyercs pac-

“TAXKH KOMIIEHCaTopa.
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B rtabn. 1X.5 npuBenensl 3HaueHHs mpenBapuTenbHOl KedopManuu
KOMIIEHCaTOPOB B 3aBHCHMOCTH OT TeMIepaTyphl 3aMelkanus. Pacnop
KOMIIEHCAaTopa OT BHYTPEHHEro JaB/eHHsi ra3oBofl Cpelsl He 3aBHCHT
OT YMCJa ero BOJIH:

a,cm
PD = pD, o, 36

rie P — pacueTHoe AaBJieHue ra3oBoil cpe-  J4 \\
I, [1a; 0 — koadduunent, saBucsAmHUi oT 32 N\
P (cMm. Taba. 1X.4). N

ONUH W3 OCHOBHBLIX KDHTEpHEB pauuo- 7 NI
Ha/JbHO 3aNpOEKTHPOBAHHOH TPyGONmpoBox- 2854 X
HOW = cucreMbl — obecrieueHHe ee CXeMoit 26 [ — '_‘-\\(H\\
MHHUMAQJIbHBIX YCHJIUH Ha ONOpPBI H NPUMEI- —T \\\
Kaomee obopyroBaHue. QueBHAHO, UYTO 24 N
yBe/IMUeHHe BbUIETA KOMIEHCAaTopa MpPHBO- o N
INT K YMEHBIIEHHIO YCHUJHI TeMmmeparyp- 100 140 180 220 260 300 340
Horo ornopa P, u, B TO xe Bpems, yBe- J,cuM

JIMUUBAET yCH/MEe oTnopa P, OT BHYTpeH- Puc. IX.6. 3aBucumocts pas-
Hero AaBJIEHHS H, COOTBETCTBEHHO, TOJILIYHY  MEPOB ONTHMANLHOTO KOMIEH-
CTEHKH KoMIeHcaTopa. B cBsisu c tem uro [27OPa @ OF AHamerpa TpyGo-
OTIIOPHBIE YCHJHS OKa3biBalOT 3HAYMTENb- ,p_ Ofﬂom;(oabm @
HO€ BJIMSIHHE Ha 3KOHOMHUYECKHE I[10Ka3aTe- Il — opmopuckoBmit (A = 0, 5)
JIH CHCTeMBI, TIPeJICTAB/SET HHTEPEC BHIOOP 1 — n‘;‘;&’;ﬁ'&'ﬁ,ﬁ‘;’gﬂ( Ay
TaKHX ONTHUMAa/bHBIX NMapaMeTpoB KOMIIeH-
caropa, NPH KOTOPBIX CyMMapHBIE YCHJIHA Ha ONOpPHl OblIN Obl MHHH-
MaJIbHHI.

Ha puc. 1X.6 rpaduueckn nokasaHbl pe3y/bTaThl pelleHHs 3aaul

[IOHCKa ONTHMAaJBHOrO KOMII€HCATOpa — 32BHCHMOCTH BBIJIETA KOMIIEH=-

Ta6numna IX.6.; 3nauenus ¢ g
Koathdunuenta K 49 — g
- L~ I
gt e M B IR P~~~
Yucno sosH ’ / ,/§
A =1 A = 0,5 07 A/,/
oV
1 0,61 0,57 - 06
2 0.57 0,55 10 1% /,8 22 2,5 3,0 3% Iom
3 0,54 0,52 Puc. IX.7. 3aBucuMoCTb reoMerpuue-

CKOM XapaKTepHCTHKH KOMNeHcaTopa
QPong OT AHaMerpa TpyGompoBoja D:

caTtopa Mnpu MHUHHMaJbHOM CyMMap- ...IV = 10 xe, uro Ha puc. IX.6.

HOM pacrnope ot AHamerpa Tpybonpo-
Bofa. [lokasareneH Takke rpaduk (puc. 1X.7), Ha KoTOpOM BHIHA 3a-
D

BHCHMOCTb FeOMeTqueCKOﬁ XapaKTEepHCTHKH KOMHquaTopa ¢ =

D,
=-D—_€7a— or Auamerpa Tpy6ompoBoza. Xox KpuBbiX (cM. puc. 1X.7)

Jlal OCHOBAHHE MPENNONOKUTD CTENEeHHYIO 3aBHCHMOCTb MEXIY ONTH-
MH3HPOBAHHBIMH 3HAaUEHHSIMH @ ¥ JuamerpoM TpyGonposoaa D. [locae-
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Ayomas ofpabotka 3THX KPHBHIX TNO3BOJIMJA JOCTaTOYHO TOYHO af-
NPOKCHMHPOBAaTh MX 3aKOHOM

¢ =KD", (IX.11)
rae D — puamerp Tpy6onpoBofa, M.
Kospdpuuuentr K npunumaior nmo rta6n. I1X.6 B saBucmMocTH OT

YhCc/ia BOJMH M IOMYCKaeMOH KOMIEHCHpYIommeH crnoco6HOCTH A’ BOJHBI
KOMIIeHcaTopa. ‘

Ta6nuna IX.7. XapakTepucTHKa RHCKOBBIX KOMMEHCATOPOB (BHyTpPEHHee A
naBnenue 20 kfla) :

A, oM | Py kH
D, Mm NpH TOJINMHE CTEHKH, MM P, kH
o | s | 6 I | s 6

630 4,1 3,2 2,7 1,73 3,38 5,85 14,65
720 4,0 3,2 2,6 1,88 3,58 6,36 16,21

820 3.9 3,1 2,6 2,03 3,96 6,85 17,84
920 3,8 3,1 2,6 2,18 4,26 7,37 19,33
1020 3,8 3,0 2,5 2,33 4,55 7,87 20,94
1120 .5,5 4,5 3,7 2,48 4,85 8,38 24 48
1220 5,5 4,4 3,7 2,62 5,13 8,86 24,13
1320 5,5 4,4 3,7 2,79 5,44 9,62 25,69
1420 5,4 4,3 3,6 2,95 5,75 9,94 27,24
1520 5,4 4,3 3,6 3,09 6,03 10,42 28,80
1620 5,3 4,2 3,5 3,24 6,33 10,94 30,41
1720 5,3 4.2 3,5 3,40 6,63 11,46 31,85
1820 5,2 4,1 3,5 3,56 6,96 12,03 33,50
2020 5,2 4,1 3,5 3,84 7,51 12,97 36,56
2220 5,1 4,1 3,4 4,18 8,17 14,11 39,69
2420 5,0 4,0 3,4 4,46 8,72 15,07 42,85
2520 5,0 4,0 3,4 4,60 8,98 15,51 44,60
2620 5,0 4,0 3,4 4,75 9,27 16,02 46,10
2820 4,9 3,9 3,3 5,17 10,09 17,43 49,08
3020 4,9 3,9 3,3 5,32 10,39 | © 17,96 52,38
3220 49 3,9 3,3 5,65 11,04 19,07 55,50
3520 49 3,9 3,3 6,06 11,84 20,46 60,03

Jns cHMXeHUs TOPU3OHTAJNbHEIX HAarpy3oK Ha ONOpPH OT NEHCTBHSA
KOMIIGHCATOPOB MOXHO PEKOMeHJ0BaTh: .

a) C yMeHblUeHHeM [ONYCKaeMoil KOMIeEHCHpYIOLefl CNOCOGHOCTH
HJIH yBeJMYEeHHEM YHhc/ia BOJH BbUJIET KOMIIEHCATOpPA «a» CJIEfyeT YMEHb-
marb, ' ,

6) «a» J/1a KOMIIEHCATODOB ONTHMANbHEIX Pa3MepoB ONpeLesiTh
no sasucuMoctd (1X.4). .

Hnsa tpy6onposonos auamerpom 1000...3500 mm «a» chegyer npu-
HuMatb 350...450 MM, T. e. 415 KOMIeHcaropa MHHHMAJbHOTO CyMMap-
HOTO OTHopa

D,= D+ (0,7...0,9), m.

DKOHOMHYECKH 11€1eC006Pa3HO NPHMEeHeHHe KOMIMEHCATOpOB C TOJ-
IIMHOA CTEHKH; HAXOAsAlIeCs HA KOHCTPYKTHBHO HIDKHEM Npeiese, 410
BcerjJa NPHBOAMT K YMEHBILIEHHIO CyMMapHOro oTnopa. PacuerHble Xa-
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PaKTEPUCTHKH CBapHHIX JUCKOBEIX KOMIEHCATOPOB NpHBeLeHHb! B Talil.
1X.7, rae P, — ycunue JaBleHHS Ha JUCK BOJIHBI.

Pacuernoe 3HaueHHe OTNOpa CaJbHHKOBOTO KOMIEHcaropa Hpu ne-
pemelieHHaxX TpyOGoONpoBofia oNpenensiior No dopMyie

Py = FPyp,

rie F = nDc — njomanb NOBEPXHOCTH TpPeHHs, cM?, ¢ — IJIMHa calb-
HuKa, cM; P, — naBnenne B HabuBKke canbhuKa, Ila, onpenensemce
KaK cpelHee apH(MeTHYeCKOe MexJy BHYTPEHHHM JHaBJieHHeM rasoBoi
cpenbl H YCHJIMEM 3aTsXKKH P;, He mpepbiwaouM 3P, T. e. P, = 2P;
p — Kospduunest Tpenns (p = 0,1 npu HopmanbHOHR 3KCIIyaTaHnuH,
p =0,5 npy HapylleHWH peXuMa 3KCIJyaTallHd — MepeKoc CajlbHH-
Ka, obMmep3aHHe HaGHBKH M T. IL).

' 2

Tnasa X. YYET JAEMCTBMTENbHOW PABOTHI
TPYEONPOBOJIOB HA CTATMYECKYIO BEPTMKANBHYIO
HATPY3KY. OCOBEHHOCTH JENCTBMTEALHOM PABOTbI

INpowmbiiunenHEle TPYGONIPOBOAE C HM3KHM BHYTPEHHHM JaBJeHHeM U
GONBIINMY TIONePeyHLIME Harpy3KaMH pacCUHTRIBAaTh Kak TNpoctpas-
CTBEHHYIO KOHCTPYKUHIO — c/IOXKHas 3afava. [aa ee peweHus mu-
POKO HCHOMB3YIOT Pe3y/IbTaThl TEOPETHUECKHX HCC/IefoBaHHH B ob.1acTy
CTPOMTE/IbHOH MEXaHHKH ¥ TeopuM ynpyroctd. Teoperuueckue 3aBH-
CHMOCTH, HCNOJb3yeMble B pacuerax, CJIOXKHB M, Kak NpaBuJIO, cHpa-
BeJUIUBH JIHIb AJIs HAa/IbHHIX CXEM.

TlefictBurenbHas paGora TpyOGONpOBOAOB, KaK H MHOTHX APYTHX
KOHCTPYKLMH,; BO MHOI'OM ‘OT/IHYaeTcsl OT NpPEACTaBJeHHH, OCHOBaHHBIX
Ha JAHHBIX PacUETHHIX F'HNIOTE3 H NpeAnochlIok. CloXeH TeopeTHuecKHH
ananua JehopMUPOBaHMs MONEPEYHOro ceyeHus TPybGonpoBoia Mof, Ha-
rpy3Kodi BHYTPEeHHHM 3anoJiHeHHeM. CyIIeCTBEHHO MEHSIIOT KapTHHY
HanpsiZKeHHOr0 COCTOSIHMSl KOJIbHeBble pefpa KecTKOCTH (IINaHTOYTHI),
OIHaKO' YUUTHIBaTh 3TO BJIMSIHHE CJOXKRO. TeopeTHueckue MeTOIH pe-
WeHHsA THX 3alau He MO3BOJAIOT YCTAHOBHTb MOJIHYIO KapTHHY Hanps-
JKEHHO-1ehOPMIPOBAHHOIO COCTOSIHHS H NPUHATb OOOCHOBAHHbBIE IPOEKT-
Hble pelleHHs .

OtcyTcTBHE CHCTEMATHUeCKHX CBEIEHHH, OTpaKalollMX pe3y./bTaTbk
SKCNePHMEHTA/IbHBIX HCCAEe0BaHUH M OCOGEHHOCTH TOBeldeHHS KOHCT-
PYKUMH MNOA Harpyskoil, 3arpyAHAeT NpakKTHYeCcKoe HCIOJNb30BaHHe
TEOpeTHYEeCKHX METOJN0B OLIEHKH HallpsiKeHHO-1epopMIPOBAHHOTO COCTOS -
HHSl KOHCTDYKLHH. B To ke BpeMsi, 3HaHHe HCTHHHOH KapTHHH Aedop-
MHpPOBaHHsS TPyGONPOBOAA NOJL HArPy3KOH M- pacnpefesieHHs Halpse-
HMH JaeT BO3MOXKHOCTb GoJiee MOJHO aHaJU3HpPOBaTh PabOTy KOHCTPYK-
nuii. [IpoBeneHHble ¢ 3TOH LeENBIO SKCIEPHMEHTaJbHbBlE HCCJEAOBaHUS
TpyGONPOBOOB OOJIBLINX [IHAMETPOB . OTHOCHTENBbHOH JIHHONH A = 1
n A = 20 npu cooTHoweHnH 7/t = 125 ¢ pa3INYHBIMU BapHaHTaMH NOX-
KpenJieHHsl KOJIbLEBLIMH pebpaMH KeCTKOCTH (IINaHroyTaM#) MO3BOJH-
Jv BHIpaboTaTh PAA PeKOMEHAauMii A NPOEKTHPOBAHHSA.
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Harpyska cosnaBanach BHyTpeHHHM 3aNoHEHHEM BOJOH, YTO MOYTH
COOTBETCTBYET Harpyske OT OTJIOKEHHs KOHAeHcaTa u mbum. [lpunarvie
Ul MCNIBITAHWEA Harpysku npuBenenbi B Tabna. X.1.

Boicote 3anonnennss H = 446 MM COOTBeTCTBYeT Harpyska, BO3HH-
Kalollas NP Pe3KOM HAPYLIEHHH TeXHOJOTHUYECKOro mpolecca Mo Kjac-

Ta6anwnuaX.l. Harpysku npm ncnbita HESAX

o -
Cxema Ha;’f_‘)};’{a' Q A’Hﬁ,‘:&" H, MM
rpax pax
1,96 113 1,98 134 25,5 302
3,31 97 1,68 168 40 446
3,92 89 1,56 182 50 500
5,88 62 1,08 248 83,5 779
7,69 0 0 360 100 1000

cuduxauun, npunstoii B [28]. Paccmorpeﬂue pe3yJIbTaToB MO3BOJHJIO
NpOC/TeIUTb XapakTep paGoThl Koncrpyxunn ¥ BblpaboTtaTbh DA NpaK-
'mqecxux peKoMeHaauuii.

HANPSYEHHOE COCTOSHME U REDOPMATHMBHOCTDb
NOMNEPEYHLIX CEYEHMHA

JleficTBUTENbHBIH YPOBEHb HANpPSKEHHONO COCTOSIHMS B LIEJIOM COOT-
BETCTBYeT MpeAnoJaraeMblM pacyeToM NPOJONBHBIM M KOJMbLEBbIM Ha-
npsokeHnsaM. Hexoropble HaGmonaemMbie KOMMYECTBEHHBIE DPACXOXKACHHSA
OIBLITHHIX PE3Y/IbTaTOB C PACYETHHIMH JAHHBIMH — cJe[cTBHe (HaKkTopOB,
NPHCYIIHX peasbHOH KOHCTPYKLHMH: HECOBEDIIEHCTBO TI'€OMETPHYECKOM
¢opmbl, HasMUuHe NONONHUTENBHOH XECTKOCTH B MeCTaX CBapHbIX HIBOB,
BJVSIHHE HEyUMTHIBAeMBIX DPacyeToM KpaeBhIX spexroB, pasbpoc Mo-
IlyJleli ynpyrocTd marepualja.

Ha puc. X.l npusenessl B cpaBHeme C pesysibTaTaMH pacuera,
COOTBETCTBYIOLIEr0 T'MIIOTe3e MJIOCKHX CeuYeHHi, SmIOpHl 3KCllepUMeH-
Ta/JbHbIX MPOAOJBHEIX M KOJDBIEBBIX HaNpsKEHUH IJs TPyOOnpoBosia
¢ A =10.

Ha Hux BHIHBI HeOAHHAKOBBHIE MO AJHMHE MOJe/NeH OTKJOHEHHs Ha-
NPSKEHUH, a TaKXe 3aBHCHMOCTb OTKJIOHEHHS OT YPOBHS HarpyskH.
B uactHOCTH, OTMeYeHO, YTO NPOJOJIbHBIE HANPSMKEHHS AOCTHIAOT MaK-
CHMaJ/IbHBIX OTKJIOHEHHH OT Ga/IOUHBIX B CepeiuHe MOJENH, a KOJblie-
Bble — B YeTBEPTH ee.

Peskoe oTk/IOHeHHe HaNpsXKEHHOrO COCTOAHMS TpybompoBoia ¢
A = 10 or runoresbl MJIOCKHX CeYeHHi MOATBEPIKAAeT, YTO CYLIECTBYIOT
rpaHyulbl BO3MOXHOrO pacuera TPyGOnpoBoJoB KaK 6alJioK KOJIbLEBOTO
ceyeHns. IlpepnoxenHas ¢opMyna Haer sKCTpeMaslbHOE 3HAYCHHE OT-
HOCHUTe/NbHOH IJIHHBL A = 9,2, npH KOTOpOH OXuJaeTc MakCHMa/jbHOe
OTKJIOHEHHe HaNpsiXKeHHH OT THnoTe3bl MJIOCKHX ceyeHuit. Kcnosbsye-
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H=302 H=446 H=500 H=779 H=1000

H=446 H=500 H=779 H=1000
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Puc. X.1. I'papukn nanpsxenuit B TpyGonposoge npu pasHoii Bhicote H, M,
BaNoJHEHM:

@ — TPOROJIbHbIE HANpsAXeHHusi; 6 — HoJblieBhe HanpsKeHus;

— 10 THNOTe3e¢ IVIOCKHX CEeYeHHH;

————— Aia TpyGonpoBOAa ¢ ORHHM LIMAHTOYTOM;

— IJIsi HENOAKpenvleHHoro TpyG6onposoaa.




MBbi# préonposon, B KOTOpPOM 3adbHKCHPOBAaHBI HAUGQJIBIIHE OTKJIOHE-
HHA HANpSKEHHH, HMeeT OTHOCHTE/bHYIO ANuHy A =10, coBnanamomymo
C IKCTPeMasbHBHIM 3HaueHHeM A.

HccnenoBanust no3BOMH/M CAeNaTh BBIBOJL, 4TO JJISi KOPOTKHX He-
MOAKPENJICHHBIX TpyOGONPOBOJOB, HArPYIKEHHBIX Heocecumme'rpnqaoﬁ
Harpyskoi, o6ss3aresieH y4eT MPOAO/IbHBIX HANPSXKEHHH, BbISBAHHBIX
u3ru6om KOHTypa momepeyHoro ceueHHs. C yBesqHUeHHEM TMpoJera
TpyGompoBoJa BJUsIHME 3TOro u3ruba ymeHbluaercs H pabora TpyGo-
NpcBOfia CTAaHOBUTCA Gu3Ka paGore GaslkH KOJbHEBOro ceyenus, Uro
Kacaercsl KOJIbLIEBbIX HANpsI’KeHWi, BbI3BAHHBIX H3THOOM KOHTYypa, TO,
BBUJY HX HE3HAUUTEJBHOCTH, B HHMKEHEPHBIX pacyeTax MOXKHO YUHTbI-
BaTh JIMLIb KOJIblIEBbIE HANPSIKEHHS 3JeMEHTapHOIQ COCTOSIHHS.

DKcrnepuMeHTa bHbIE HCCIENQBAHHUS MO3BOJIUIUM TaKKe MPOCHENUTh
BJIMsIHHE YPOBHSI Harpy3Kd Ha W3ru6 KOHTypa MOMEpPeyHoro CeueHHs.
MakcuManbHoe H3MeHeHHe (OPMBI TOrO CeUeHHd 'HaCcTynaer Npu 3a-
noanenuu 0,5...0,8 ero Boicothl. {1pu NpuUGIHIKEHHH 3aNOJHEHHS BCETO
TpybonpoBoja, HanpsikeHUs ObICTPO (nocJe BbicoTH! 3anosHenus 0,8H)
IpHGMMKAIOTCA K GaJOYHBIM U NPU MOJHOM 3alO/IHEHWH 3HAueHHs Ha-
npsAXKeHHH COBMNAJAIOT.

[onkpennenyie TpyGonpoBOJOB NPOMEXKYTOYHBIMU [LIAHTOYTAMH CY-
[IeCTBEHHO MEHSeT KapTHHY WX HanpsieHHoro cocrosinusi. Hceneno-
BaHWe Tpy6ompoBoga ¢ A = 10 co wmmaHFOyTOM B cepefuHe NpoJeTa
N0Ka3a/l0 3HAYHTeJbHO GOJIBIIYI0 PABHOMEPHOCTb paclpefesNeHUsi Mpo-
JIONbHBIX W KOJBLEBLIX HANpsKEHHH [0 CPAaBHEHHIO C HeNoJKpemJeH-
HbIM. DTO CBUJETENbLCTBYET O TOM, YTO KOPOTKHE TPYOONpPOBOMBI, YCH-
JIEHHBIE OHUM LITAHTOYTOM, NPHOIHKAOTCA No cBoell paGoTe x Gankam
KOJIbLIEBOI'O CEUEeHHsI,

B pnuHHOM nopkpensieHHoM TpyGonpoBoge (A = 20& pacnpenenenue
MPOJOMBHBIX M KOJIbLIEBHIX HalpsiXKeHUH ele OJiuxKe COBHANaeT ¢ pac-
npenejieHHeM, COOTBETCTBYIOIIMM pacyeTy MO TUMoTe3e IJIOCKHX ceue-
Huit. TlosTtoMy nocraHoBKa OJHOTO NpPOMEXYTOUHOIO LUMAHTOyTa [03BO-
JISIeT PacCUuThIBATh TPYOONPOBOJABI B COOTBETCTBUHU C THIIOTE30H IMJIOC-
KUX CeueHuH.

Hayuenune nedopManuii KOHTYpOB MONEPEYHBIX CeueHU#H Tpy6ompo-
BOJOB O]l HAarPy3KOH MOKa3a/lo COOTBETCTBHE HCIBITAHHI PE3yAbTATOB
H3JI0}KEHHBIM BbIllle BbIBOAAM O BJIHMSIHHM 3THX AedopMmanuit Ha Hanps-
’KE€HHOEe COCTOSTHHUE.

Ha puc. X.2 nokasaHnnl amopel AepopManuii KOHTYPOB MONEPEUHbIX
CEeUeHHH HCNbITAHHBIX MOJe/ed, HAa KOTOPbIX BHAHBI 3HAYUTENbHBIE OT-
KJIOHEHH S OT OKPY2KHOCTH TOYEK CEeYeHHs B HelloIKpenJ/eHHbIX MOJEeNIsX,
NpeBbILIAIOIIME 110 pPa3Mepy TOJILHUHY cTeHKH. LlucdpoBbie 3HaueHHs HX
B MM IpHBejeHbl Ha pucyHke. IIpu sTom Xapakrep neédopMauumit U HX
3HaYeHUs MEHAIOTCS Ha pas3Hbix 3ranax 3arpyxenusa. Ha pue. X.3
cXeMaTH4ecKH NoKa3aH npouecc AeGopMUPOBaHUS KOHTYpa NONEPEYHOro
cedyeHHsl Ha NpUMepe KODOTKOH HenojKpelJeHHOH Mojenu. 3jech nep-
BOHAUA/bHO BbIMYUUBAETCs] HHXKHSAS 4acTb CeUeHHs! C OJHOBPEMEHHBIM
Pe3KHM OTKJIOHEHHeM ouepTaHHs JehopMHUPOBAHHOTO KOHTYpa' OT Kpy-
ra. Bepxusas yacTb ceueHus B 3TO BpeMs JeopMHpPYyeTcsl 3HAYHTEIbHO
MeHbIle C COXpaHeHHeM Je(pOopMHPOBaHHBIM KOHTYPOM OYepTaHHUSA
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Puc. X.2. Amopsr fedopManuii KOHTYPOB MOMNePeyYHbIX CeYeHHit TpyOonpoBoAa
¢ A= 10 nmpH M3MeHeHHH BbicOTH H, MM, ero 3amoJHeHHA:

I — nenoaxpenyienHas Mopaenb; /] — Mojesb CO WINAHFOYTOM;
AHHE NpoJieTa; 6 — ceueHHe B YeTBEPTH NpoJieTa;

a — CceueHue B cepe,
= 308, ————— = 4 ﬁ,
T2
1
Jo2 500 779 g 1000
.1

Puc. X.3. Xapakrep nehopMHpPOBaHHA KOHTYpPA MONEPEUHOIO CeUEHHSA TPYGOMPOBO=
JAa NpH U3MeHEHHH BBICOTHI /] ero 3amo/HeHHS:
4 — HepeOpPMHDOBAHHEIH KOHTYP; 2 = AedOPMHDOBAHHEIA KOHTYD.



OKpY2KHOCTH. TOuKH, nexkalyie Ha TOPU3OHTANBHOM AHAMeTpPe, HaYNHAIOT
cOamKaTecs K UeHTpy (cM. puc. X.3).

B panbHefimem pepopMaunuH HapacTalOT W MPHMEPHO HPH MOJIOBHH-
HOM 3anofHeHHH AedhopMaunuHy BepXHefl M HHXKHeH dacrefl ceueHHs BBHI-
paBHHBaloTc1 nNo pasMepy. OJHOBpeMeHHO KOHTYp HHXKHe#l dacTH
CeueHHs CTpeMHTCs NMpHobpectH GOpMy OKpYKHOCTH (cM. puc. X.3).

Ilocne Harpysku, coorBercrByomeii 3anonsesuo 0,7...0,8H, Ha-
YHHaeTCs Pe3KHii BO3BpaT B NePBOHAYAJbHOE IOJIOXKEHHe BCero Jedop-
MHPOBAHHOTO KOHTYpa. [IpH NOJHOM 3an0JIHEHHH NONEPEYHOro CeUeHHst
KOHTYp BHOBb NpuoOperaer GhopMy Kpyra.

IlocranoBKka ojfHOro IINaHroyTa pe3ko crabuausHupyer ¢opmy none-
peuHoro ceueHus. Xapakrep AehopMauHH OCTaeTcs TOT ¥Ke, OJHAKO
3HaueHHs ee maJjbl M He npesbiuaior (0,1...0,2) £

OTi naHHBIE MO3BOJSAIOT CAeJaTh BLIBOL O TOM, YTO IOCTAliOBKa
OJHOrO LUNAHIOYyTa B cepenrHe npoJiera 000JOUKH Pe3Ko CHHXKaeT aedop-
MaTHBHOCTb MONEPeUHbIX ceueHHH, pubanxkas ee pabory K 6ajaKe KOJib-
11eBOI'O CeYeHHs.

PEKOMEHAALMM MO YYETY AEACTBUMTENLHOW PABOTDI

HccnenoBanusi feficTBUTENbHONH paboThl TpyOGONPOBOAOB I0J Bo3AEH-
CTBHEM MNONEPeYHOH BEPTHKAJbHOH HArpy3KH MO3BOJAIOT CHEJNATh clle-
Ayiomue BbIBOABI M JaTh NPaKTHYECKHE PEKOMEHIALMH.

1. Hpn 3arpyeHuu KOpoTKoro Tpy6onposoja HeoceCHMMeTpuqun
Harpyskodl HabJIOJAIOTCH 3HAUMTE/NbHbIE OTKJOHEHHS HaNPSIKEHHH OT
NOJIyYeHHHIX IIPH pacuyere TPyOOIpoBoja Kak O6ajKM KOJbLEBOIO cedes
HudA. s AJIMHHBIX TpyGOIPOBOJOB XapakTepHO O6/H3KOe coBHNajeHue
HalpPsXEHHOro COCTOSIHUA € ONpeAE/eHHbIM IO THIoTes3e MJIOCKHX . ce-
yeHHH. DTO COOTBETCTBYEeT NAHHBIM O T'PAaHMIIAX BO3MOXKHOrO pacyera
Tpy6ONpOBONOB KaK 6a/jloK KOJbLEBOro CeueHusl.

2. KoJbueBble HanpsizKeHUs] UMEIOT He3HAYHTeJbHble OTKJOHEHHA OT
Hanpsi:KeHu#, NMOJyYeHHEIX C y4eTOM THIOTe3bl MocKHX ceuenuit. [lo-
S5TOMy B HHXKEHEPHBIX pacyeraX TPyOGONPOBOAOB MOMXKHO YUHTHIBATD
JIHIIb KOJIbLEBble MOMEHTHI 3/1eMEHTApPHOrO COCTOSIHHSA.

3. Xapakrtep AedopMaunuii KOHTYpa M HX 3HAueHHs MEHSIOTCA Ha
pasHBIX STanax 3arpyxKeHHs H, JOCTUras MaKCUMyMa B CpPeqHe# 4acTH
IpoJsiera, yMEHbIIAIOTCA B ero yersepTd Ha 45...55 %

4. MakcumanbHas nedopmanus Touek, ONnpenensiomux o6yl Hecy-
Iy crnoco6HOcTb, Habmofaercss NpH Harpyske, OJH3KOA K MOJO-
BUHHOMY 3aNOJIHEHHIO.

5. IlocTaHoBKa OXHOrO MNPOMEXKYTOUHOrO IUNAHTOYTa B CEPefuHe
npoJieTa 3HAYUTEJbHO CTaOUNIH3HUPYeT (GopMY MONEPEUHOTO CEUEHHS H
yMeHbIIAeT OTK/IOHEHHe HampsikeHHil oT Gajounbix. CoxpaHAs OOWME
xapakrep Aebopmanuil riajxofi HeloAKpeneHHoH 060J/OUKH, 3HAYEHHS
X PE3KO YMEHbIIAloTcs M KOHTYP B 3TOM c/yyae He3HAuHTeJbHO OT-
Ju4aercss oT HefehOpPMHPOBAHHOIO, YTO MOATBEPIKIAET BO3MOMHOCTH
pacuera Takoro TpyOonpoBoja Kak GaJIKM KOJbLEBOI'O CeUeHHs.
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Fnasa XIl. OCOBEHHOCTU NPOEKTUPOBAHMUA
TPYBONMPOBOAOB CNELKHANIBHOIO HA3HAYEHUA

Ha npombliuneHHBIX NpeiNpUATHAX, HapAAy C TPYGONpPOBOAHBIMH
CHCTEMaMH, SKCIJyaTHpPYIOTCS TPyOONpOBOAbI, BXOAAILIME B KOMILJIEKC
IIPOU3BOACTBEHHOrO LUKJIA M COENUHAIOIIHE MeX1y co0oH pasiHyHble
TeXHOJIOTHYecKHe arperarthl. TaxHe TpyGonpoBoAbl HecyT Ha cebe, Kak
NPaBHJIO, TeXHOJOTHUECKHE H CTPOHTE/IbHble PyHKUHH H JOMKHEI COOT-
BETCTBOBaThb BceM TpeOOBaHHAM 3Kcmjayarauud. MX oriauyaer Hachi-
LIEHHOCTb 060pYAOBaHHEM, 3HAYUTENbHbIE JK€CTKOCTH CHCTEM IIPH KOM-
IeHCallHd TeMNepaTypHLIX NlepeMellleHHii, HaJluuHe CJoXHOi (yTepos-
KH, MOBBLILUIEHHOE JaBJI€HHE Ia30BOH Cpellbl U €e BLICOKHEe TeMIEPaTyphI.

CrenvasbHble YCIOBHS NPOBENEHHA UCIBITAHHA TaKHX TPYyOONMpOBO-
JI0B Nepell cadell B SKCIIyaTaluio HaK/aJblBalOT HONOJNHUTE/bHbIE Tpe-
6oBaHHA K KauecTBY HX NPOEKTHPOBAaHHS H CTPOHTEJbCTBA.

B HanGoJsiee HachIIIEHHOM TPYOOIPOBOAAMH IIPOMBILIIEHHOM OOBEK-
Te — KOMIlJIeKce IOMeHHOH eyl — K TakKHM TPYy6OonpoBOjaM OTHOCATCAS

BepTHKa/NbHble M HHUCXOAfILHE Ta3oNpoBOJbl, TPaHCNOPTHPYIOUIHE

KOJIOLIHHUKOBBIA ra3 H3 JOMEHHOH Neud B INblIeyJIOBHTE/b;

COEJIMHHUTENbHEIH rasolnpoBOj MEXAY Mbliey/oBHTeNeM U GJOKOM ra-

300UHCTKH;

KOJIbLIEBOH BO3AYXONpPOBOJ ropsuyero AyTbsl, PacloJIOXeHHbIH BOK-

pPYT [IOMEHHOH NeyHn 4 NOAAIMMA ropAuMi Bo3LyX K (ypMEHHBIM

npubopawm;

NpsIMOH BO3AYXONPOBOJ TIOpSUero AYTbA, DAaCIOJIOXEHHLI BAOJb

¢poHTa BO3AyXOHArpeBartesNedl H COEJUHSAIOMMH HX C KOJbLEBBIM

BO3Jly XOIIPOBOZOM;

BepPTHKa/NbHBIA BO3JYXONpPOBOJ ropsuero AyThs, TaK HasblBaeMast

Tpy6a AJs TOCTAHOBKH ME€YH «HA TATY», NpelHasHAueHHAs IJisk

ObICTPOrO CHHXKEHHS TeMIepaTypbl B IleYd IPH OCTAaHOBKE ee Ha

PEMOHT;

rasonpoBOAbl IIOJYYHCTOTO M YHCTOTO [Aa30B, COEAMHSAIOIHE MEXKIY

co0oi annaparbl ra300YHCTKH H TPAHCIOPTUPYIOLUIHE YHCTHIH JOMeH-

HbIl ra3 B O0LIe3aBOACKOH KOJIJIEKTOP.

BeprukaipHble H HUCXOAAILKE TPYGONPOBOALI, COEAUHAIONINE MEXKIY
coGOH NOMEHHYIO IeYb C IblIeYJOBHTEJ]EM, KOHCTPYKTHBHO DelleHb B
BujJle MPOCTPAHCTBEHHOH CHCTEMBl JOCTaTOYHO CJOXKHOH TeOMeTpHH H
GepyT cBoe Haya/lo B KyIoJe JAOMEHHOH Neud, Ha KOTOpbIi OHH ONH-
patorcsi. JIBe mapel TpyGonpoBOJOB, BBIXOAS C OOEHX CTOPOH KYIOJ &
yepes 23—25 M, OOBEAHHAIOTCA IONAPHO B OAUH TPYGONPOBOL H HMEIOT
obuyto Beicoty o 30 m. Ha Bepruka/bHBIX yyacTKaX pacrosioxKer b
BPe3KH, Kyla INOACOEIMHAIOTCA JBa HHCXOAALIMX TPYyGOIpOBOAA,
nepexofdlliue B paiOHe NbLIEYJOBUTENS] B OJHMH, KOTOPBHIH BXOMHT B
BEPXHIOI0 4acTb INBIIEYJOBHTENS.

Tpy6onpoBolibl HaXOASTCA B BeCbMa CJOXKHBIX YCJAOBHAX paboTHI,
K OCHOBHBbIM H3 KOTOPBIX CJlelyeT OTHECTH: BBLICOKYIO TeMIIepaTypy
NpOXOAAIHKX rasoB, jgocruramomyo 500...600 °C'H LHKIHYECKH H3Me-
HAloUlylocA Npu pabore amnapara 3arpyskH I€4H; BBICOKYIO 3allbl-
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JICHHOCTb Ta3a KOJIOMIHMKOBOH MbIJbIO; 3HAUMTENbHble TE€OMETpHYec-
KHe pasMephl CHCTeMBbl, BJIHSIOIMe Ha BbIOOP ee MPOYHOCTHBIX Xapak-
TEPUCTHK.

TpyGonpoBonpl Bceraa NpoekTHPyoTcs ¢ (QyTepoBKOH, 3allHIIaiO-
mell CTeHKH OT BO3AEHCTBHSA BLICOKHX TeMiepaTyp U aGpasHBHBIX 4Yac-
TUL Obl1H. OHa, KaK MpaBHJIO, BBINOIHAETCS! M3 [IAMOTHOrO KHPIHYA.
Onxako B noc/efHee BpeMs NOJYUYHJY IHPOKOE pacrnpocTpanenue Gosee
HHAYCTPHA/bHBIE KOHCTPYKUHH (QYTEPOBOK — B BHAE KAMEHHOTO JIUThS
HJH TopKper-6eToHa.

Cucrema Tpy6ONpPOBOJOB «HOMEHHAsl IeYb — MbIEYJOBHUTEMAY OT-
JMyaercsl xopoulei caMOKOMIIEHCHPYIoLlefl coCOGHOCTBIO MPH BOCIpPH-
HSTHH TeMIepaTypHbIX nepemeleHufi. [Ipu pacuere cucTeMbl nblIeyo0-
BHTEe/b W JIOMEHHAsl Meub paccMaTpHBAIOTCA IV TPYGONPOBOAOB Kak
[IapHADPHO-HEHOABHXHbEIE OMOPHI, a TPYyOONpoBOIbl — KAaK CTEPKHU B
yCJIOBHSIX BO3NeHCTBHH CTalHOHAPHOTO TEMIEPaTypHOro NOJs Molnepey-
HOH Harpysky U BHYTPEHHEro JaBJIeHHS.

Tonmuua cTeHOK BepTHKANBHBIX TPYGONPOBOAOB NPUHMMAETCsl OObIu-
Ho 12...16 MM, a HHCXOASIHX — 70 20 MM B 3aBHCHMOCTH OT PACCTOSIHHUSI
MEX]Yy AOMEHHOH NeUbio U MNblIEYJOBHTE/EM.

CoenuHHUTENBHBIA Ta30lpOBOJ MEXAY CKpy66epoM M MbLIEY/IOBHTE-
JleM HaXoAuTcs B GIM3KHX K BBIILIEONUCAHHBIM YCJIOBHSM 3KCIJIyaTaluH,
OcHoBHas mnpo6neMa OpH [IPOEKTHPOBAHHH TaKHX TpPYOONPOBOXOB —
co3JaHHe OAaronpHATHbIX YCJAOBHH [/ KOMIIEHCALMH TeMIepaTyp-
HEIX nepemeineHuii. HeGosbioe, kKaK NpaBUJIO, PACCTOSAHHE MEXAY Mbl-
JieyJIoBHTe1eM H CKpy066epoM 3aTpyAHAET OObIYHO CO3JaHHe THOKoMH
cxeMbl ¢ xopoineil koMmnencanuei. JlononHuTenbHble TPYAHOCTH CO3/a-
0T 3]IeCh BEPTHKAaJIbHBIE ONOPHI TPYOONPOBOJA, KOTOPbIE JOIKHBEI MHHH-
MaJsIbHO NpPEensiTCTBOBATh TEMIEPATYPHEIM [epeMelleHU M.

[TosTomMy AN TakuX C/Iy4aeB 4acTo NPHMEHSIOT MOJABHIKHBIE OINOP-
#ble UaCcTH — CKOJIb3sill[1ie, KAaTKOBble M/ WIApHKOBLIe. B psje ciyuaes
HaXOIAT NpHMEHEHHe MAaATHHKOBBIE OINOpBI, BOCIPHHHMAIOUIME JIHLIb
BEPTHKa/bHYyI0 Harpysky. PacuerHas cxema TpyGompoBojna aHa/JOTHY-
Ha ONHCAHHOH BhIIE, ONHAKO TpeOyeT yuyeTa HajHuyHus NPOMEKYTOUHBIX
onop.

KouibueBo#i Bo31yXomnpoBoj ropsiuero AyTbsi KOHCTPYKTHBHO Mpe-
cTaB/sieT cofoil MPOCTPaHCTBEHHYIO 00GOJNOYKY B BHJE KOJBIEBOrO MHO-
TOrpaHHUKa C KPYIJIbIM mollepeyHbIM ceueHneM. Uwncso rpaneil coorser-
CTBYeT YJBOEHHOMY KoJIHYecTBY (ypMeHHBIX NPUOOPOB IJs NOJAAuH
LyThs B meub [23]. TpyGonpoBos BEINOJHAETCS CO CI0XKHOMH (pyTepoBKOHi,
ofecneunBaroiet 3auuTy TpyOs ot Temneparypst 1200...1400 °C. Cronb
BBICOKAs TeMmIllepaTypa H BHYTpPeHHee HaBieHHe Bo3nyxa fo 250 k[la
Tpe6yIOT CHENUANBHOIO PacCMOTPEHHS BOINPOCOB MPOYHOCTH CHCTEMBI
«KOXKYX — (yrepoBka» [32].

TpyGonpoBon umeer TOMUMHY CcTeHKH 20 MM H onnpaeTCﬂ Kak
1IpaBUJIO, HA JKEeCTKHe MOJBECKH, SaKpelJeHHble K BepXy TOPHOBBIX
KOJIOHH. B coBpeMeHHBIX JOMEHHBIX Ne4ax [pH ueThlpeX KOJOHHaX TPy-
GonpoBoj onmupaercss B YeThipeX TOUYKAaX, PABHOMEPHO PACMOJOXKEHHBIX
yepe3 90° MO OKpYXKHOCTH.

B nocregHee BpeMs HaXOAMT TaKdKe NPHMEHEHHE oNHpaHHe Tpy-
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GonpoBojla HAa KOHCOIH K TOPHOBBIM KOJIOHHaM. Takoe pelueHne B
GoJsiblueil CTENEHH OTBeYaeT MHAYCTPHANH3AIHMH MOHTaxa TPYyOoNpoBo-
Ja, OJIHAKO cO3JaeT HONOJIHHUTe/bHble YCH/IHS Ha KOJOHHHL.

[TpsiMoil BO3LYyXONPOBOA ropsuero AyThbsl IO YCJOBHIO 3KCILIyaTa-
LIMH He OTIHYaercsi OT KogbleBoro. OfHAaKO ero npsMOJMHEHHOCTb
U 3HAUUTEJTbHAS [POTSIKEHHOCTb JeJalOT BecbMa CYIIECTBEHHBIM pe-
IleHye BONpOCa KOMIIEHCALUMH TeMIepaTypPHBIX MepeMelleHHH.

Oco6oe 3HaueHue 3JeChb HUMeeT pellleHHe oOLIEH cxeMbl TPYyO6OMpo-
BOJA, PACCTAHOBKAa OMOP H BbIGOpP MX THNOB. TpyGompoBoA, Kak mpa-
BHJIO, 06G/lajaeT HU3KOH BO3MOXKHOCTBIO CAMOKOMIEHCALlMH H, KpoMe
TOTrO, 3aKpeIlJieH C NOMOIIBIO XKEeCTKHX OTBOAOB K KOXyXaM BO3AYXO-
HarpeBareJed.

Jns joMeHHBIX neyeff HeGO/bIIMX OOGBEMOB NPH CPaBHHUTENBHO
KOPOTKHX TPYyGONpOBoAax TeMIepaTypHbE MepeMeleHUsl, Kak Mnpa-
BHJIO, «racsiTcs» 1e(opMaTHBHOCTBIO Y3/I0B CONPSIKEHHS €ro ¢ KOXYy-
xami. OIHAKO W B 3THX YCJOBHSIX HAOJIONAIOTCA IOBPEXKAEHHS H
TpemuHoo6pasoBaHne B y3JaxX, U3/NHIIHHE NOABUAKKH KOJIBIIEBOTO BO3-
"ZIYXONpPOBOJAA H CBSI3aHHOE C HHMH paccTpOHCTBO (pypMeHHBIX mpuso-
poB. HauGosiee HajexHoe peleHHe BOCHDHHATHUS TeMIepaTypHBIX Je-
topmMauui B TAKHX CIydasx — YCTPOHCTBO KommeHcaTtopoB. Hanuuue
(yTepoBKH, BHICOKHE TEXHOMOIHUECKHE 1apaMeTpel TPAHCIOPTHPYEMOro
BO3ZlyXa norpeboBanu pa3pabOTKH KOMIEHCATOPOB CIEHaJbHOH KOH-
crpykunu [34].

CBoeoGpasHbIM Ha3HAYEHHEM OTJHYaercsi TPYGONpPOBOA AJIS B3ATHUSA
neun «Ha TAry». [ToAK/IOUeHHbIH K KOJIBLEBOMY BO3LyXONpPOBOAY rOpsi-
yero AyThfl, OH MOpefHA3HAUYeH [/ BLITSXKKH 32 CUET €CTECTBEHHOI
- TATH FOPSIYMX 'a30B U3 JOMEHHOH NeuH NpPU ee OCTAHOBKE HA PEMOHT.
ITpouecc 3TOT OTHOCHTENBHO KPAaTKOBPEMEHHELIH, OJHAKO CO3JaeT 3Ha-
yuTeNbHbBIE TEpPMHYECKHe BO3JefcTBUS Ha TpyGomnpoBoA. Ilostomy,
HecMOTpSl Ha HaJjMude (yTePOBKH, €ro, Kak NpaBH/O, He IPOEKTHPYIOT
MOJIHOCTBIO caMoHecylmuM. KOHCTPYKTHBHO TPYGONpOBOA pelnaercs
OOBIYHO ‘M3 JIHCTOBOH crasii To/muHoA 10...12 mm.

YuyuTelBas 3HAUUTENbHYIO BBEICOTY TPyObl (MO JeACTBYIOILHM Ipa-
BHJIaM OHA JIO/KHA ObIThb HECKOJIBKO BBIILIE JI0GOr0 M3 PAacloJoXKeHHbIX
BOJIH3H COOPYKEHHUI), ee B HECKOJbKHX YPOBHSAX NPUKPENJIAOT rOpH-
30HTA/TbHBIMH CBSI3IMH K COCEHHM KOHCTPYKLHSM.

I"azonpoBoxe! MoJIyyHCTOrO M YHCTOrO r'a3oB, B 3aBHCHMOCTH OT HX
pacnoJ/io’KeHus, HMelOT pa3/HyHoe BHYTpeHHee JaBJjeHue. TpyGomnpo-
BOJBI [0 APOCCENbHOr0 KJaamaHa paboraioT npH jgasjenuu rasa 200...
250 kIla, a nocae apoccenbHoro knanana — 15...20 kl]a. pr6onp01ao-
Jibl BECbMa HACBIIEHb! 060pYIOBAHHEM, UTO 3aTPyAHAET CO31aHHe CXeMbl
JIOCTATOYHOH T'HOKOCTH.

Oco6oro BHMMaHHf 3llechb TPeOYIOT BepTHKA/JbHO pacHOOXKEHHBIE
TPYGOIPOBOALI, COEUHSIOMHE arperaTtbl ra3ooyucTKH. JlMHaMHYecKoe
BO3JeficTBHE BeTPOBOI HarpyskH, a Takxke NyJ/bCHpYIOllee Bo3JeHCTBHE
rasoBoil Cpelbl, B 3HAUUTEJbHOH CTENEHH BJMAIOT HA MX NPOYHOCTD.

Kparkoe paccMoTpeHHe HEKOTOPHIX TPyGONPOBOZOB CIEIHAILHOIO
HasHayeHHs MOATBEPXKIaeT HeoOXOAHMOCTb yueTa HX OCOOEHHOCTeH mpH
NPOEKTHPOBAHUH.
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