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V]IK 528.48 0O.B. Anamenko

BU3HAYEHHSI TOYHOCTI TEOIE3MYHUX POBIT IPY BY JIBHUIITBI
MOCTOBHX NEPEXO/IB 3A JOIIOMOI'OIO TEOPIi PO3MIPHUX
JIAHIIIOTIB.

MOoCTOBI Mepexon BIAHOCATHCS IO YHIKAJILHUX 00'€KTIB. ix OyIIBHHUIITBO JIO
IUX Iip HOCUTH EKCIIEPUMEHTAIFHUHA XapakTep. Y TpPaKTUI OyAiBHUIITBA TaKWX
00'eKTiB BHHHUKAa€ MINMAH psAI KOHCTPYKTOPCBKHX 1 TEXHOJOTIYHMX IHMTaHb, SKi
BUMararoThb pimieHHs. OJTHUM 3 TaKUX [TUTaHb, € HOPMYBAHHS TOYHOCTI re0Ie3NYHNX
poOiT mpu OymiBHULTBI MOCTOBHX TepexoiiB. HaifOinbin po3HNOBCIOMKCHUM
METOJIOM, 1[0 JO3BOJISIE OTPUMATH TaKi JaHi € TEOPis pO3MIPHHX JIAHIIIOTIB.

3aranpHa ifes Teopii po3MIpHUX JIAHIIOTIB MOJSATae B HacTymHOMY. KoxxHui
00’€KT OyAiBHHMIITBA, a00 HOTO YacTHWHA, MPEACTABIAETHCS SIK CYKYIHICTH OKPEMHUX
€JIEMEHTIB, IO MAaroTh JCSIKUH po3mip (po3MipHi JaHKHW). PazoMm po3aMipHi JaHKH
CKJIQJIal0Th PO3MIPHUI JIAaHIIOT. Teopiss po3MipHHUX JIAHIIOTIB BH3HAYAE 3aJIEKHICTD
TOYHOCTI BU3HAYEHHS JOBXKMHM JIAHIIOra BiJ TOYHOCTI BHM3HAYEHHS JOBKHHHU
OKpEMHUX JIAHOK, 1 HaBMaKH.

MocToBuil mepexin €, B Teplly Yepry, JiHIHHUM 00’ekToM. B mpoekri
BUKOHAHHs POOIT NMPOEKTAHTH 3BHYAHHO PO3MIINAIOTH JAOIMYCKH HA BUTOTOBIICHHS
OymiBeTbHUX KOHCTPYKIIH MOCTY. ['€0e3nCTH TakoX MOKYTh BUKOPHCTOBYBATH IIi
JlaHi, BU3HAYal09M TOYHICTh TEOJE3MYHHX POOIT MO 3a0e3MEUCHHI0 MOHTaXy IHX
OyniBeTbHUX KOHCTPYKIIH.

Po3ristHeMO KOHCTPYKIIiF0 MOCTOBOTO nepexonay. [1o KOHCTpyKIii e apouHuii
MICT, OT’)K€ OCHOBHAa HeCy4a KOHCTPYKIis MOCTa - Oe3IIapHipHa apka, MPOJbOTOM
1=312 ™, 1i crpina migiiomy f=54,7 M. KoHTyp oci apku, Cyis4u 1O reOMETPHYHUX
po3mipax, - KBaJpaTHa mapaboia. 3a JONOMOIOK TPOCIB apka HIATPUMYE Oayky
JKOPCTKOCTI — KOHCTPYKIIIO, sIKa 3a0e3neuyBaTHMe TepecyBaHHS 1Mo MocTy. bamka
JKOPCTKOCTI € HEPO3pi3HOIO PepMoro 3aBI0BXKKH 312 M (puc 1).
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Puc. 1 Cxema MOCTOBOTO IIEpexoay
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Jns HOpMyBaHHS TOYHOCTI T€0JC3MYHUX POOIT HEOOXiAHO 3HATH TEXHOJOTIIO
OymiBHUIITBA MOCTOBOTO Tepexoay. Po3rienumo NpHHIMIOBY TEXHOJOTIUHY CXeMy
3BE/ICHHS apOYHOTO MOCTOBOTO IIepexomay (puc 2).
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Puc. 2 TexHomnoriuna cxema OyTiBHUIITBA MOCTOBOTO MEPEXOTY

IMepuuM erarmoM OyAIBHHIITBA MOCTOBOTO TEPEXOJY € 3BEICHHS MOCTOBUX
omop (moctiiHMX 1 1 TUmuacoBux 2). Ha 3BemeHi MOCTOBI OMOpH MiJBO3SATH i
3aKPIILTIOIOTE (ParMeHTH O0alTku KOopcTKOCTi 3. TTicis 3akpituieHHs BCiX GpparMeHTiB,
iX 3B'I3yI0TH MiX COOOIO 3a JOIOMOIOI0 KOMITeHCAmiiHuX BcTaBok 4. Ilicis
3aKiHYEeHHS OYJIBHUIITBA OAJKW YKOPCTKOCTI, 3BOJSTH apKy MOCTOBOTO TEpeXoay 5
BiJ[ IBOX OMOP 10 3aMKy ( BiJl KpaiB JI0 UEHTPY). Y TaKOMY pa3i MOHTaX IMOJAIIBIINX
ONOKIB 3MiMCHIOETBCS 1O momnepeanix. [licns 3akiHueHHs OyIiBHHITBA THMYacCOBi
OIIOPH IEMOHTYIOTb.

Posriienqumo  nmoxmanHime OymiBHAITBO OallKd  JKOPCTKOCTI  MOCTOBOT'O
niepexony (puc 3).
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Puc. 3 Cxema OyniBHHIITBA OaTKM )KOPCTKOCTI MOCTOBOTO TIepexoa (BHUL
3BEpXY)
Ha 3Beneni MocToBi onopn | BCTAaHOBIIOIOTHCA (hparMeHTH OaIKH! KOPCTKOCTI
2. ITo oci MOCTa BOHHU CKPIIUISIOTHCS 3a JOIMOMOTOK KOMIICHCAI[IHHUX BCTAaBOK 3.
[TapanensHO TPONBOTH OAIKM  KOPCTKOCTI  CKPIIUISIOTBCS 1 MK coboro 4. B
pe3yibTaTi BUXOIUTH JIIHIHHUN PO3MIpHHI JIAHIIFOT.
Tak SK MOHTaX MOJAIBIIMX JIAHOK PO3MIPHOTO JIAHIIOTa 3aJeXUTh Bil
TIOTIEPETHIX, TO PO3MIPHHMI JTaHIIOT KOPETbOBAHHM.
ITommuTka 3aMUKar040i JJAaHKW PO3MipHOTO JaHIora [1]:

O-(S):O-(Si)\/n"'zz’}j > (1)
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ne ofs;) - IONMyCK Ha BHIOTOBJEHHS €JIEMEHTIB KOHCTPYKIi Oaiku
JKOPCTKOCTI;
n - KUJIBKICTb JIJAHOK PO3MIPHOTO JIAHIIIOT;
7 - Koe(ilieHTH KOPEALii JAHOK PO3MIPHOTO JIAHITIOTa.
Koedinientn xopensuii 3Hainemo mo gopmyi [1]:
o= )

N
VY IIITP Ha OymiBHUIITBO MOCTOBOT'O MEpeX0Iy BKa3aHI JOMYCKH Ha PO3MipH
€JIEMEHTIB KOHCTPYKIii Gamkm sxopctkocti. Jims moscie ofs,)=10 M. Busnaunmo
KUTBKICTh JIAHOK PO3MIPHOTO JIAHIfora. bajika »KOPCTKOCTI CKIANaeThesl 3 M'SITH
MIPOJIbOTIB 1 YOTHPHOX KOMIIGHCALIHHUX BCTaBOK. B pe3ynbrari oTpuMyeMo n=9.
Toxi moMHUIIKA 3aMHKAI0UOi JJAHKK PO3MIPHOTO JaHIora o(s)=76,3 MM;
HexTytoun ni€ro CHCTEMaTHYHHX TOMIUIOK, OTPHMAEMO JOIYCK 3aMHKAr0U0l
JIaHKU:
Als)=2t0(s), 3)

TOmi 3 Bipori,uHiCTlo 0, 9973 OTPUMAEMO:

Als)=60(s, \n+2> 1, , =458 MM

I'paHn4HO nOMyCTHMa IIOMHJIKA TEOAC3WYHHX BUMIpPIB TpH 3a0e3meducHHI
MOHTaXy JJAaHKH PO3MIipHOT'0 JIAHITIOTa [2]'

A = 2lo(s 1/n+2z r (4)

ITynkTH po3MidyBajdbHOI OCHOBM TIpu 3a0e3ME4YeHHI MOHTaXy Oaiku
JKOPCTKOCTI HEOOXiTHO OTPUMATH 3 MMOXHOKOIO, 1110 HE [IEPEBUIIYE:

A, = 0660' 1722 - (5)

IToxuOka JCTAJIbHUX pO3Mi‘IyBaJ'ILHI/IX pO6lT HC IMOBMHHA BUXOJIUTH 3a MEXKI:

1,98
s, =19800) oS (6)

OTpuUMy€eMO BITIOBITHO A, =17,8 MM, Aﬂ =56MM, A, =168MM.
OnHUM 3 OCHOBHHX ITUTaHb IpHU 3a0€3MeUeHHI MOHTaXy OalKé XKOPCTKOCTI €
3a0e3MeyueHHs MapajenbHoCcTi moAciB (puc 5). Otmxe, HEoOXimHO 3abe3nednuTH

” v

PIBHICTB JIAHOK s, =5'=s"=..=5
Si S,
s2 S S S“
S3

Ss
Puc. 5 Cxema po3MipHOTo0 JaHIIOTa P F€0Ae3NIHOMY KOHTPOITI
napaselbHOCTI MOSCIB OaKK YKOPCTKOCTL
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CkiazieMo IUTOCKHH PO3MIpHHH JIaHOFOT AJIsi OankW JKOPCTKOCTI B IBOMY
BUIAJKY.
[puiimemo, 1o  ofs,)=o(s,)=o(s,)=o(ss)=...=a(s,), s =s,=5,=5,=...,
a(B)= @ , 3AIAIIEMO PIBHSHHS PO3MIPHOTO JIAHITIOTA IS JIAHOK s'1 s'' [2]:
5y
O'Z(S'): 02(s1)+ 02(s2)+ 0'2(33)+ O'Z(ﬂ)(sj +2s12)
o*(s")=0? (s4)+ o*(s)+o? (54 )+ o’ (,8)(5’2 +2s2 ) ©)
AHAJOTIYHUM YUHOM MOJYKHA OTPHUMATH JIONMYCKH 1 JJIi HACTYIHHUU JIAHOK
po3MipHOTo JaHIora. B 3araibHOMY BUTIAIKY BBEICMO JT0IaTKOBI 3MiHHI:

_5 g:G(Sz) 8
o) ®)

o(s")=ols, W8+2k* +&* , Q)
JIist n MaHKH PO3MIPHOTO JAHIFOra OTPUMAEMO:
O'(s”):o(s, Wdn +nk* + &* (10)
Ipu ofs,)=10MmM, n=9, k=05, =1 OTPUMAEMO MOXUOKY 3aMHKAIOUOI
NaHKK o(s)=62,6 MM.

OTPHMAEMO

Jomyck 3amukaroyoi gank (3):
A(s)=2to(s)
3 BiporigHicTio 0,9973 oTpuMaemo:
A(s”): 60 (s, Wan+nk* +&* , A(s”): 376 MM
I'parn4HO momycTHMa MoxuOKa reofe3MYHUX BUMIpIOBAaHb IpHU 3a0e3MeUeHH1
MOHTaXKy JIaHKH PO3MipHOTO JaHIora [2]:

a2 2els) (11)
n

[Iyakts po3midyBanbHOI OCHOBH TIpH 3a0e3MeueHHI MOHTaxy Oaiku
JKOPCTKOCTI HEOOXITHO OTPUMATH 3 TIOXHOKOIO, IO HE TICPEBUIILYE:
0,660(s
AO=A\/4n+nk2+z;2 (12)
n
IToMmka meTambHUX PO3MiYyBaIbHAX POOIT HE TOBUHHA BHXOIHUTH 33 MEXi:

A :Mv4n+nk2+82 (13)
n

P

OTpuMyeMO BIfIOBITHO A, =14,6 MM, A, = 4,6 MM, A, =137 MM.

B mporeci MoHTaxKy Oanku >KOPCTKOCTI BUHHKAIOTH MUTAHHS T'€OJC3UYHOTO
3a0e3MCUCHHsT HE JIMIIC IIHIHHAX pPO3MIpiB MOCTOBOTO TIEPEXOAyY, aje TaKOoXK
HeoOXiHO 3a0e3meunTH He3abiraHHs  OHIE] YaCTUHHM OajKé YKOPCTKOCTI IIOJIO0
iHMI01. TakKUM YMHOM, MU MaEMO CIIPaBY 3 TIOCKHM PO3MIipHHM JaHItoromM (puc 4).
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S[ S3

B B2

S,
Puc. 4 Cxema po3MipHOTO JIAHITIOTA TIPH T€0Ae3MIHOMY 3a0€3IIeYeHHI MOHTaXY
0aJIKK )KOPCTKOCTI MOCTOBOTO IEPEXO1Y

TakuM YMHOM, CTaHJAPT 3aMHUKAIOUO]1 JIAHKH:
\/ZO' Y+o(p) ZDZ (14)
JI7151 KO)KHOT'O MPOJIBOTY MPUMMEMO, 110

o(1)=28), 5 =, ols)=ots), (15)

P1

OTtpumaemo

n

D} (16)

)= ol )5 3

Ilpu s, =86M, s, =8M, 0'( )—IOMM JIOITYCK He3abiraHHs OJHIiel YacTHHH
GaNKy KOPCTKOCTI MO0 IHIOT o (s)=15,1MM.

Posrinenumo OynmiBHHITBO apKHM MOCTOBOTO mepexony. lle kpuBomiHIHHMHA
PO3MIpHU JIAHIIOT 13 3B'I3aHUMU CKJIAJJOBUMH JIaHKaMu. TOfi cTaHAApT 3aMHUKAI0YO1
JIaHKY JaHIora[2]:

o (s)= Ra(go)\/ 2n(n+12(2n+1)’ (17)
IToxnOka BU3HAYEHHS TIOJIOKEHHS OKpCMOI JIaHKW apKU MOCTOBOTI'O IIEPEXOAY:
profs) ! :
alp)= 5 (18)
R "+’ n(n+11(2n+1)

ne ofs,)=olp)R

3 po3paxyHKy GallKH JKOPCTKOCTI MAEMO o (s)= 76,3 MM. ATIPOKCHMY€EMO KPUBY
apKH 10 KPYToBili KpHBii, OTpUMaeMoO paaiyc xojia R =250 M. KiJIbKiCTh CKJIaIOBUX
JAaHOK apKu n =24, LEHTPalbHUN KyT Ha KOXHY JaHKy ¢ =0,052, OTpUMAEMO
alp)=172, ofs,)=8,7 Mm

Tomi rpaHWMYHO jomycTHMa IOXMOKAa Te€OJE3MYHMX BUMIPIOBaHb IpU
3a0e3MeUYCHHI MOHTaXXY JIAHKH KPHBOIIIHIIHOTO po3MipHOro JlaHmora [2]:

A= 2,1R<§(¢) \/nwz n(n+1)6(2n+1) ’

(19)
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ITynkt po3midyBanbHOI OCHOBH TIpH 3a0e3MeueHHi MOHTaxy Oanku
JKOPCTKOCTI HEOOXiTHO OTPUMATH 3 TIOXHOKOIO, 10 HE TIEPEBUIILYE:

A, = 0,6?;3;2)'(@ \/n +g? n(n+ I)éZn +1) (20)

IToMuka geTambHUX PO3MIdyBaJIBHUXPOOIT HE TOBUHHA BUXOIUTH 32 MEXY:
A - 1,98R¢27(¢;) \/n+(/72 n(n+1)2n+1) 1)
on 6

OrpumyeMo A, =6,6 MM, A, =21MM, A, =6,3MM.

3 npUBEJEHHUX BUILE PO3PAXyHKIB MOXHA 3pOOUTH TaKi BUBOJIH:

- MYHKTH PO3MIUyBaJbHOI OCHOBH IIPYM MOHTaXIi OalKd >KOPCTKOCTI MaroTh
OyTH OTpHMaHi 3 TOXHOKOIO, 10 HE IEPEBHIYE A, = 4,6 MM;

- TPaHWYHA TOYHICTh TEOJE3NYHHUX PO3MIUYBAIBHUX pOOIT TPH MOHTaXI
OaJTKy KOPCTKOCTI Y3/I0BXK OCi MOCTa HE TIOBMHHA MIEPEBUIITYBATH A, =16,8MM;

- TpaHW4YHA TOYHICTh T'€OAE3WYHUX DPO3MIUyBAJIBHHX POOIT TPH MOHTaXI
OanKu }KOPCTKOCTI MOIEPEK OCI MOCTA HE IIOBUHHA NIEPEBUILYBATH A, = 13,7 MM;

- TPaHUYHA TOYHICTh I'€0JIE3NYHUX PO3MIUyBaIBLHHUX POOIT IIpU 3a0e3neueHH1
He3aliraHHsd onHiei YacTMHM OajdK¥ JKOPCTKOCTI MIOAO IHIIOI HE TOBHHHA
IepeBHITyBaTH A =15,1MM;

- IyHKTH PO3MI4yBaJbHOI OCHOBM HPH MOHTaXi apKM MOCTa MaroTh OyTH
OTpHMaHi 3 MOXHOKOI0, IO HE MEPEBHIIYE A, = 2,1 MM;

- TPaHMYHA TOYHICTH T€OJC3MYHUX PO3MIUyBaJIBHUAX POOIT IPH MOHTAXI apKH
MOCTa He MOBHHHA NEPEBUIIYBATH A , = 6,3 MM;
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AHoTanisa
B crarTi npoBOAMTBCS PO3paxyHOK TOYHOCTI TEOAE3UYHHMX pPOOIT IIpH
OyIiBHHUIITBI MOCTOBHUX IIEPEXOIB HA OCHOBI TE€OPil PO3MIPHUX JIAHIIIOTIB.

AHHOTAIUA
B craThe BBIMONHSAETCS pacyeT TOYHOCTH TE€OAC3MYSCKUX padoT Tpu
CTPOMTETHCTBE MOCTOBBIX MEPEXOIOB HA OCHOBAHHH TEOPHH Pa3MEPHBIX IIeTeH.



