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BCTYII

HaBuajibHUM TUJIAaHOM TIATOTOBKU 3700yBayiB BUINOI OCBITH
niepiioro (0akamaBpChbKOTro) piBHS 3a crerianbHicTIo 192 «ByniBHUIITBO
Ta IUBUIBHA IHXEHepis»  cremiaiizamii «lIpomMucioBe Ta IUBLIBHE
OyAiBHUITBO» TMepeqdadeH0 BUKOHAHHS KypcoBOro mpoekty No2 3
HaBYaJIBHOI JUCIMIUIIHU «3aJli300€TOHHI Ta KaM’siHI KOHCTPYKIIii», B
SKOMY  HEOOXiZIHO  3ampoeKTyBaTH  3ali300€TOHHMI  Kapkac
OJTHOIIOBEPXO0BOT BUPOOHUYOI OYIiBJII 001aIHAHOT MOCTOBUMH KpPaHaAMHU.

OnHuM i3 3aBAaHb KYpCOBOTO TMPOEKTY € CTaTUYHUI PO3pPaxyHOK
norepevyHoi pamMu OyaiBii, SKMH MOXXHAa BHUKOHYBAaTH HAOIMKEHUMHU
METOJIJaMH 3a JIOIIOMOrO0 TaOuuib jJomatky 6 [4], ¢opmyn riaBu 6
[Error! Reference source not found.] abo 3 Bukopucranusm [TEOM
(nporpamu  «Jlipa», «Mipax», Ansys, Scad Office, Tomo). B manux
METOJIMYHHUX BKa3iBKaX HaBE/EHUW TNPUKIAJ] CTATHYHOTO PO3PAXYHKY
norepevyHoi pamu OyAiBII 3a JIOIOMOTOI0 MPOTPaMHOTO KOMILIEKCY
«Jlipay.

«Jlipa» - 1e OaraTo)yHKI[IOHAJIBHUIA MPOTPAMHUN KOMILICKC,
KA TIPU3HAYCHUH TSI PO3PAaxXyHKY, MPOEKTYBaHHS Ta JIOCITIKEHHS
poOOTH  pI3HOMAaHITHHX KOHCTPyKIii Ta cmopya. IIK «Jlipa»
BUKOpHCTOBYE MeTox KiHneBux eneMenTiB (MKE) y dopMi mepemiriens,
SKAW J]a€ MOMIIMBICTD JIETKO allTOPUTMI3YBaTH TPOIEC OOUHCIIOBAHD 3
BUKOPHCTAHHSIM KOMIT FOTEPHOI TEXHIKH.

Y MB 03-01-32 [8] naBenenuii npukiaa KOMIIOHYBaHHS OYHiBIIi,
BUKOHAaHMI  TimOlp  OCHOBHMX  KOHCTPYKIIIH Ta  BHU3HAYEHHI
HaBaHTa)KEHHS Ha IomepedHy pamy. Ha OCHOBI IIUX JaHWX BUKOHAHI IIi
METOJMYHI BKa3iBKH.

Buxioni oani ona npoexkmyeannsa 0yoieni:
JosxwunHa Oynismi 4 = 84 m.
[Ipomit pamu L = 18 m.
KinekicTs ponsotis n = 2.
Kpok konon B = 6 m.
Bucora 1o HU3y KpokBSHUX KOHCTpYKIiid H = 10,8 m.
BanrtaxonigiioMHicTs yoTupuKoricHOro kpany Q = 30/5 T
(pexum poboru 4K, mpuBig MexaHi3My pyxy MocTa —
PO3IUTBHUIN).
7. Paiion OyniBHUIITBA — M. PiBHE.
KpoxkssiHa koHCTpyKLis — 6e3pocKicHa depma.
9. BymiBis omamoeThCsl.

Sk L=

0



1. TeomerpuuHa cxema pamu

Pospaxynok momepeuHoi pamu  OymiBii  BHUKOHYETBCS 32
JIOTIOMOT0I0 TTPOrPaMHOro Komruiekcy «Jlipa 9.6», ToMy po3paxyHKOBY
CXeMYy KOMIIOHYEMO 3 BpaxyBaHHSM OCOOJHBOCTEH KOMII IOTEPHOTO
PO3paxyHKy.

Ilpu xommoHyBaHHI Kapkacy [8] po3poOiieHa KOHCTPYKTHBHA
cXeMa pamu, a came: BU3Ha4eHi rabapuTHI po3Mipu paMu, TUIIH OKPEMUX
ii emeMeHTiB (IiIKpaHOBOI Ta HAJKPaHOBOI BITOK KOJOH, DHUTEINS,
IMiJIKPaHOBOO OaJIKM, TOIIO) Ta OOpaHHUil CIIOCIO BY3JIOBUX CITOJYUYCHbD.

[punimn amanTaiii TeOMETPUUHOT CXEMHU TONEPEUYHOT paMu s
po3paxyHky B «Jlipi» HaBemeHuit Ha puc. 1.1. PeanbHi KOHCTPYKTHBHI
ENIEMEHTH paMU TMPECTABIISIEMO Y BHIJISA/ CTEPKHIB, IKi HEHTPYIOTHCS
MO0 TEOMETPUYHHM OCSM EJIEMEHTIB. 32 TeOMETPUYHY BiCh elleMeHTa
MPUAMAOTh JIIHIO, 10 IPOXOAUTh Yepe3 LICHTP Baru nepepizy.

OCKINIBKM ~ KOPCTKICTh purelis € HabaraTo OUIBLIOW  Bij
YKOPCTKOCTI KOJIOH, TO KPOKBSIHY KOHCTPYKIIIF0O YMOBHO MOXXHA 3aMiHUTH
OIHHUM >KOPCTKHM cTepkHeM'. IIpu ImapHipHOMy criomydeHi purenis
(KpOKBSIHMX KOHCTPYKITI) 3 KOJIOHAMH 3a TEOMETPUYHY BICh PHTEISI
MpuitMaeMo  JIiHIIO, MO 3'€HYy€E BepxHI KiHIII KojoH. KoHcom KoioH
TaKOXK MOJIETIOEMO UYepe3 KOPCTKI BCTaBKH (JHMB. KOPCTKICTh THIT 4 B
Tabn. 1.1).

Posmounnaroun pobory B IIK «Jlipa» depe3 menio daiia =
HoBblii cTBOptoeMo HOBY 3amady. Y mniamoroBomy BikHi IIpu3nak
cxeMbl 3amaemo cxemy Ne2 (Tpu cmenenu c60600b1 6 y3ne (0sa
nepemewgerust u nosopom) X02).

MpuzHar cems: [=5]

MmA sanaud |anKﬂal1

Whep zanaum | npviknaa.

Onkcanue sa1aud po3paxyHok NonepedHol para KMNe2
(a0 255 cumB0noE)

€ 1 - Ilge crenenu ceofiogbl B yane [ABa nepemeLetmn) X0Z

% 2-Tpu cTenenu cE0B0aE B Uzne [ABa NepereleHta W nosapar) X0Z
7 3- Tp cTensnM cEOBOAE B 43S (NepemeLLEHIUe W ABa nosapaTa) KO
" 4 - TpW cTensru ceofodbl B Yane [THH NEPEMELLEHUA)

" 5- WecTk cTeneHed ceafions! & y3ne

(v [x] [2]

! — KpOKBSIHY KOHCTPYKIIFO MOXHa MOJIENIOBATH 6€3 CIPOLIEHD

(HanpuKIIaa, pUCYBaTH BCl elIeMEHTH (pepMuU: TOSCH, CTOSIKH, PO3KOCH)
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Ilo xoopauHatam uepe3 jiamorope BikHO JloGaBHUTH Yy3en
BBOJIMO BY3JIH IIOIEPEUHOT paMHu .
JoBaeute yzen @

e i P i al [
2] O3] )il

Mo koopgrHaTanm

BT -

Uepes pmiasoroBe BikHO Jl00aBUTH 3JI€EMEHT CIIOIYYaEMO
noOyaoBaHi By3nmu crepkHsME. [Ipyr oMy HEOOXiIHO 3BEpPHYTH yBary
Ha Te, 110 HyMepallis Oepepi3iB y CTEepKHI NOYNHAETHCS 3 TOUKH, 3 SKOT
MMOYMHAETHCS HOro MoOyIoBa, TOMY JUIS 3pYYHOCTI BCi KOJIOHU OyayeEMO
3HU3Y BBEPX (TOJi MepIInii Tiepepi3 B CTEPIKHI 3aBKH Oy 1€ 3HU3Y).

JoBaenTe 3nemeHT @
N PZIE o |2 e ]

JNofaeuTe CTEpKEHD
Uscasars anel kypopon
¥ YuiThIEaTE NpoMekyToNHEIE Y361 l:l

Uepes mianorose BikHO CBfI3M B y3/1aX 33J1a€MO TPaHUYHI YMOBH
wis By3miB Nel, 6, 10 (muB. puc. 1.2), 1m0 MOIENIIOIOTH KOPCTKE
3aleMIIeHHs KOJIOH Y yHAaMeHTi (B’s131 o ocsiM X Ta Z, KyT MMOBOPOTY
UY).

Cemueysnax  [wism|
& ||
Hasnauwrs ceasu

W o

O T

Mz [uz
=

Blieyan-sauin censeit

<48 A RESSY

(@] [x][2]

Uepes mianorose BikHO HlapHupsl 1 purenis (emeMenta 5, 13)

3a/1a€MO Ha KIHIISIX CTeprkHiB mapHipu (moBopot UY).

=z =
||

HaraHaumT WapHup:
1+ yzen 241 yzen

[ Y Fwt i wm
vt em [Pyl m
CFzfi =m [Fz2if
) R | 1] o
MUuvo e | U o
R wm |[F 0l ow
=

-

BHGYaMGaUHA WaPHPOE

Y M EE

! - 3a nouarok koopauHaT MoxkHa mpuitHATH T. O (nuB. puc. 1.1), Kpim

TOrO TEOMETPUYHY cXeMy MoxkHa immoptyBatH 3 AutoCAD (sx daitn 3
pozmmpeHHsM dxf)



Uepes  mianoroBe  BIKHO

KectkocTn  3J1eMeHTOB o
MPU3HAYAEMO THUITH KOPCTKOCTEH TSl €IIeMEHTIB pamu (nuB. Tadm. 1.1).
Tabnung 1.1.
JKopcTkocTi eneMeHTiB
[Mapamerpu : mepepi3 (cm);
Tun Haspa mopcnrc)icn, (I:<H/M2)r;) Bpara((KI}I/M3)
1 Bpyc 40 X 80 Ro=25, E=3e+007, GF=0
(migKpaH. BiTKa KOJIOHH) B=40, H=80
2 Bpyc 40 X 38 Ro=25, E=3e+007, GF=0
(HaJKpaH. BiTKA KpaWH. KOJI.) B=40, H=38
3 Bpyc 40 X 60 Ro=25, E=3e+007, GF=0
(HamKpaH. BiTKa CepeIH. KOJI.) B=40, H=60
4 Bpyc 40 X 40 Ro=0, E=3e+018, GF=0
(>KopcTKa BCTaBKa) B=40, H=40

s cripoliieHHs! TIpoLieCy BBEJIEHHSI T€OMETPUYHOI CXEMU MOXHA

moOyayBaTH JIMINE JIiBY 4YacTWHH pamu (B ocsx A-b), a mortim
CKOPHCTAaTHCh  AialloroBUM  BikHOM  KomupoBaHusi  00BEKTOB

BiII3epKaIUTH Npyry TMONIOBHHY B IwiomuHi YOZ 1o oci cepemHboi
KOJIOHH.

Konwpoeanwe obrexTos @
¥ B Hoskii Gnok

-

-

-

8 @ 8 ke
KoMMpoBaHUE CHMMETPHYHO
KoopauHarkl Gazoeoro ysna

® 0. v o z o

Ykasare Gasoeeii yzen

OTHOCHTEAEHO NABCKOCTH
C®0Z O XOY & Y02

o] [X][2]

[licns 3aBepuieHHs MOOYIOBM TE€OMETPHUYHOI CXEMH Ui TOrO,
00 BUIANIUTH BY3JIM Ta €IIEMEHTH, SIKi TOBTOPIOIOTHCS, «BHCAUI» BY3JIH

1 T.I., il HEOOXITHO «ymaKyBaTH» 3a JOIMOMOI'OI0 KHOIKH I ] Ha TaHeni
IHCTPYMEHTIB.



5 |.jT ‘ g 1._1 3 14

£4-.' £7-.' Homep CTemKH;{/ '-1%:

2 11
3[4 /9_ 15 13 |12

il_,' Howmep By3i1a 16 !
1 Zy do 6 ) .10

Puc. 1.2. 'eomerpuuna cxema nonepedroi pamu y cepenosuii [1K «Jlipa»
Tabmums 1.2.
Tabnuis By3niB (MeHi0o OkHO = UHTepaKTHBHbBIE TA0IHIIBI)
Koopaunatu, m B si3i
Ne Bysna
X Y Z XY |Z|UX | UY | Uz

1 0,00 0,00 0,00 £ (PEN G - + -

2 0,00 0,00 6,95 - -] - - - -

3 -0,21 0,00 6,95 - -] - - - -

4 0,35 0,00 6,95 - -] - - - -

5 -0,21 0,00 1095 | - | - | - - - _

6 17,60 | 0,00 0,00 + | - |+ - + -

7 17,60 | 0,00 6,95 - -] - - - -

8 17,60 | 0,00 1095 | - | - | - - - -

9 16,85 0,00 6,95 -l - - - - -

10 35,20 | 0,00 0,00 + | - |+ - + -

11 35,20 | 0,00 6,95 - -] - - - -

12 35,41 0,00 6,95 - -] - - - -

13 34,85 0,00 6,95 - -] - - - -

14 35,41 0,00 1095 | - | - | - - - -

15 18,35 0,00 6,95 - -] - - - -




2. 3aBaHTa)KeHHS paMu
2.1. Hocmiiini Hasanmaxcenus
Bci  mocrilfiHi  HaBaHTaXEHHS MOXKHA 3aJaBaTd B OJHOMY
3aBanTaxkeHi [IK «Jlipay», mpoTe mist 3py4HOCTI KOKHHUN BUJ TIOCTIHHOTO
HaBaHTa)XEHHs Oy/JIEMO 3a/1aBaTh B OKPEMOMY 3aBaHTaKEHI.
Ha3By Ta HOMep 3aBaHTaXCHHS BBOAMMO 4epe3 JiaJIoroBE BIKHO
AKTHBHOE 3arpyKeHHne .

AKTMBHOE 3arpyKeHne @

hoee [T = [1[X1[2]

Hra |I'I OKPHTTA

HapanTtaxxeHHs Ha By3/JIM Ta CJIEMCHTU 3aJar0TbCd 4YE€pPE3

JiaJloroBe BIKHO 3amaHue Harpy3ok . Ilpu 1poMy HEOOXimHO
mam’siTaTd, IO JOJATHIM BBAXXAE€THCSI 3TMHAJIBHUM MOMEHT My
HaIpaBlIeHUH MPOTH PyXy TOAMHHUKOBOI CTPUIKH, SIKIIO JWBHUTHCH Ha
ekpas (quB. puc. 2.1).

Puc. 2.1. IpaBuiia 3HakiB 3ycuis y crepikHi B [TIK «Jlipay

2.1.1. Hasanmaoicenus 6i0 nokpumms (3a8anmadicerns 1)

V¥ Bysnax 5 ta 14 npuxnagaemo 3ocepemxeny cuiny G; = 202,77
kH (auB. puc. 3.4 [8]), y By3ni 8 — 2-G; = 405,54 xkH. Ockinbku cuna Gy
NpUKIAJCHAa 3 EKCLEHTpUCUTETOM €14 = 40 MM, TOMY OONAaTKOBO Y
By371ax 5 Ta 14 IpHKIIafaeMo 3TUHANBHUI MOMEHT' PiBHMIA:

Ml = Gl . eLA = 202,77 . 0,04 = 8,1 1 xHwm.

[Ipu mpomy y By3:i 5 11eif MOMEHT JI0/IaTHIH, a y 14 — Bix’ eMHMIA.

L. SIK BapiaHT, CKCLUCHTPUCUTCET MOXXHA 3a4aBaTU MIIAXOM HO6yZ[OBI/I

JIOAATKOBOTO CTEPKHS (KOPCTKOI BCTABKH), IO Ma€ JIOBXKHUHY, SKa IOPiBHIOE
3HAYCHHIO EKCIICHTPUCUTETY

10



405.54
202.77 202.77

1 6 “‘
o 0 -0

Puc. 2.2. 3aBaHTa)KeHHS BiJ Bary MOKPHUTTS (3aBaHTa)KeHHS 1)

)
N
°
-
w
-
1)

2.1.2. Hasanmaoicenns 6i0 sazu niokpaHosux Oaiok (3a6aHmaxicenHs 2)

VY By3nax 4, 9, 15 ta 13 npuknazaeMo 30cepe/KeHy CHUITy Bijl Baru
migkpanoBux Oamok G, = 47,06 kH (muB. puc. 3.5 [8)].
ExClLIeHTpUCHTETH €24 Ta €25 3aJaHl JKOPCTKUMH BCTaBKaMH, TOMY
3aJ1aBaTH JI0JIaTKOBI 3rMHAIbHI MOMEHTH HE ITOTPIOHO.

5 5 8 13 14
7.06 47.0447.06 474

1 6

A 16 40

Puc. 2.3. 3aBaHTa)KeHHs BiJ Bard HiJKpaHOBUX 0aJIOK (3aBaHTaXKeHHs 2)

2.1.3. Hasanmaoicennus 6i0 61acHoi sazu Koaou (3asanmaoicenis 3)

Husa crepxuiB 1, 4, 6, 7, 9 ta 12 B 1IK «Jlipa» BmacHy Bary
3a1a€EMO  aBTOMAaTU4YHO uyepe3 MeHo Harpysku = [lo6aButhb
coocTBeHHbI Bec. [Ipu mpomy 3amaeMo koedimieHT HamidHOCTI 3a
HaBaHTakeHHsM piBHHH 1,1 (BignosigHO 10 Tabm. 5.1 [3]).

JoGaenTe coBCTEEHHEIA BEC @

CofCTEEHHBIA BEC HAZHA4MTE Ha:
" BCeanemenTsl
¥ BLAEAEHHBIE 3NEMEHTbI
K.oo @ HALESKHOCTH N0 HArpYsKe

i
L@l [2] [X]

Y By3nmax 4 ta 13 mpukiagaeMo 30Cepe/PKEHI CHIIM  Bii Baru
migKpaHoBUX KoHconel: Gr4 = 2,09 kH, a y By3m 7 — Gy = 15,05 xH.

11



Kpim Toro y By3nmax 4 Ta 13 mnpukimamaeMo 3rvHaIbHI MOMEHTH
BEIMYMHOIO (37MiBa — BiI’€MHHI, clipaBa — JOMATHIH), SIKI 3yMOBIJEHI
EKCIICHTPUCUTETOM NpHUKIaganHs cuil Gg, MO BiIHOLIEHHIO A0 TOYKH
OMUpPaHHS MiAKPaHOBOI OaKu:

My =G q-ex=209-015=031 xHw.

418 4.18

5 & 13

Puc. 2.4. 3aBaHTa)keHHS BiJl BIIaCHOI Bardl KOJIOH (3aBaHTa)KEHHS 3)

2.1.4. Hasanmagicenns 6i0 eazu cmin ma GikoH (3a8anmadicerns 4)
VY By3nax 5 ta 14 mpuxnagaemo 3ycmmist G, = 51,71 xH (auB.
puc. 3.6 [8]) Ta MOMEHT, IO PIBHUIA:
M, =G,-e, =5171-0,34=17,58 xHwm.
VY By3nax 3 ta 12 — 3ycwmns G2 = 64,74 kH ta MOMeHT:

M, =G, e, =6474-034=22,01 xHu.

Cuny Gp; = 46,94 xH ymoBHO npukiagaemo y By3nax 1 Ta 10,
MOMEHT BIiATIOBIIHO PiBHUH:

M,,=G,, e, =4694-0,55 = 2582 «Hw.

[Ipu uboMy Ha JiBY KOJIIOHY JIFOTH MOMEHTH i3 3HAKOM «1», a Ha
TIPaBYy i3 3HAKOM «-».

Puc. 2.5. 3aBaHTa)keHHS B/l Baru CTiH Ta BiKOH (3aBaHTaXXCHHS 4)

12



2.2. 3minni haganmasiceHHA
2.2.1. CHieose nasanmaicenHst (3a6aHmadicents 5)
VY By3nax 5 Ta 14 mpuknamaeMo 30cepemKeHe 3yCHIUIs Bif il
cHiroporo HaBaHTaxeHHS Q; = 70,28 xH (muB. m. 3.2.2 [8]) Ta
3TUHAJIBLHUN MOMEHT (y BY3I1i 5 foAaTHil, y By3ini 14 Bin’emHuid):

M =0, ¢ 4, =7028-0,04=281 kHu.

(eKCIEHTPHUCUTET PUKIIAJIJAaHHS CHITOBOT'O HABAHTA)KEHHS CITIBIAJIAE 3
EKCIICHTPUCUTETOM BiJl Bar¥ TIOKPHUTTSI)
VY By3ni 8 npukiiagaemo 3ycminist 2-Q, = 140,56 xH.

140.56
70.28 70.28

4 281 7 281 1

34

A
=
—
w
-
1)

a .6 -0

Puc. 2.6. 3aBaHTa)KeHHS BiJ Baru CHIry (3aBaHTa)kKeHHS 5)
2.2.2. Bepmuxanvhi kpanosi nasanmaoicenus (3asanmaicerts 6-9)

B mporpami «Jlipay oOKpeMO 3aalOThCS BEPTHKAIbHI Ta
TOPU30HTAIBHI KpaHOBI HaBaHTa)KEHHS. 3aBaHTaXeHHA 6, 7, 8, 9 — 1e
BEPTHKAJIbHI KPAHOBI 3aBaHTA)XEHHS, KOJHM II0YEPTOBO MaKCHMAallbHE
BEpPTHUKAJIbHE KPAaHOBE HaBaHTAXEHHS F)ymar = 484,98 kH (muB. m. 3.2.2
[8]) 3HaXOmUTHCS B TIPOIBOTI 3TiBa, & MiHIMAJIbHE Fomin = 142,89 xH
crpaBa 1 HaBIAKM MaKCHMajgbHE — CIIpaBa, MiHIMaJIbHE — 37iBa B
KO)KHOMY 3 TIPONIbOTIB pamMu. BepTWkaibHiI KpaHOBI HaBaHTaXEHHS
MPUKIIAJAI0THCS Ha KiHIlI KpaHOBOI KOHCOMI, TOOTO y By3nax 4, 9, 13, 15.

(5> 5 g 13 14
142.89
: B 132
1 6 9
I 6 1o

Puc. 2.7. BeprukansHe KpaHOBE HABaHTaKEHHS B MPONBOTI A-b, KpaH 31iBa
(3aBaHTa)KEHHSA 0)
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Dn
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13 14

= B

484.98 12

7 1;
| ‘
6 10

Puc. 2.8. BepTukansHe KpaHOBE HaBaHTa)XEHHs B PObOTi A-B, kpaH cnipaBa
(3aBaHTa)kKeHHS 7)

8 13 14
4 Js4.9s 1
142.89
34 9715 Jaz
1 o
A .9 0

Puc. 2.9. BeprukansHe KpaHOBE HaBaHTa)KeHHS B poiboTi b-B, kpaH 3miBa
(3aBaHTa)XCHHA 8)

8 13 14

oL

-]

48433

6 40

Puc. 2.10. BeprukanbHe KpaHOBEe HaBaHTaXKSHHsI B IpoiboTi b-B, kpaH cnipasa
(3aBaHTa)XeHHA 9)

2.2.3. T'opuszonmanwvui Kpanogi Hasanmasicents (3aeanmadsicennsi 10-14)

Hactynni  3aBaHTa)KeHHs

— ¢ TOpPW3OHTANFHI  KpaHOBI

HaBaHTa)KEHHS, CIPSIMOBaHI Tonepek KpaHoBoi koiil (aus. m. 3.2.2 [8]).
B 10-my 3aBanTaxeni 3ycumns H,,, = 23,23 kH mnpukianeHe no mpasoi,
a sycwuist Hy,, = 40,96 kH — no niBoi KOMOHM MEpHIOro MPONbOTY i
cCrpsIMOBaHi 37iBa HampaBo. B 11-my 3aBaHTa)keHi HaBIAKU — 3YCHIUISA
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H,,, npuknagene a0 niBoi, a H,,, 10 MpaBoi KOJIOHH, 1 TaK AJIsI KOKHOTO
OpoNBOTY. 3rigHO BUMOT 1. 7.6 [3] Ui 3ycHiuIss MOXYTh 3MIHIOBAaTH CBiil
HaTpsAMOK (3HaK), 110 BPaxoBYeThCsl pu (opmyBaHHi Tabmumi «PCY»
(muB. 1. 3).
Cuna H, npuknazeHa 10 HaJAKPaHOBUX BITOK KOJIOH (CTepHi 4,
7, 12) Ha piBHI BepXy IMiKpaHOBOI O0ayiku, a came: Ha Biacrani 1,0 M Big
BEpXY KPaHOBOI KOHCOI.
b 5 b 12 g

-40.96
-23.23
N3

1 6 10

Puc. 2.11. l'opr3oHTaNBHE KpAaHOBE HABAaHTAXXEHHS B PONbOTi A-B, kKpaH raiemye
cripaBa HaJliBO (3aBaHTaXkeHHs 10)

& 5 8 13 14

7
e
LN

23.23
-40.96

1 6 10

Puc. 2.12. T'opu3oHTanbHE KPAaHOBE HABAHTAXEHHs B PONbOTi A-B, kpaH ranbmye 3iiBa
HanpaBo (3aBaHTaXkeHHs 11)

-40.96

7
&
N -
9 |

1 6 10

Puc. 2.13. 'opuzoHTaNIbHE KpaHOBE HABAaHTAXKEHHS B MPONbOTi b-B, kpaH raasmye
CrpaBa HaNIiBO (3aBaHTaXeHHs 12)
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23.23
-40.96
sl s

1 6 10

Puc. 2.14. T'opu3oHTaNBHE KpaHOBE HABAaHTAXXEHHS B MPOJIBOTI b-B, kpaH ranemye 3miBa
HarpaBo (3aBaHTakeHHS 13)

2.2.4. Bimpoee nasanmaoicents (3asanmasicents 14, 15)

BirpoBe HaBaHTa)KEHHS 33JIA€EMO SIK PIBHOMIPHO PO3IOUICHE, L0
Ji€ Ha KpaiiHi KonoHu pamu Ha auisHkax Big 0,000 mo +10,800 (Hu3y
KPOKBSIHUX KOHCTPYKIIiif) BiAIOBinHO 10 puc. 3.8 [8].

Jo By3miB 5 Ta 14 npuxiiagaeMo 30Cepe/KEHE HaBaHTaKEHHS
W=2,36 xH ta W= 1,47 xH.

BirpoBe HaBaHTaXCHHS 3aJa€ThCSA SIK 3 HABITPSHOI (aKTUBHUH
THCK), TaK 1 3aBITPSHOI CTOPOHU (BimcoC).

5 (8; 13 i

‘ =l
=
o
il
I~

6

%
Sl

-0.61

Puc. 2.15. BitpoBe HaBaHTa)xxeHHs1, BITep i€ 3iBa (3aBaHTa)keHHs 14)

3 L 5 8 13
[ =
4 7
e 97 15
=
g
1 o
8

0.61

Puc. 2.16. BitpoBe HaBaHTa)XeHHs, BiTep i€ cripaBa (3aBaHTaXeHHS 15)
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3. T'enepauisi Ta0aui po3paxXyHKOBHX CHOJTY4Y€eHb 3yCHIIb

Jis  po3paxyHKy KOHCTPYKIIIH BUKOPUCTOBYIOTh CIIONyYCHHS
HaBaHTaXXEHb, SKI BPaXOBYIOTh MMOBIPHICTH OJHOYACHOI il JEKLIBKOX
HABaHTa)XEHb (BPAaXOBYETHCS KOE]Ii€HT CIIONYyYCHHS HABAHTAXEHb Y/
srizno m. 4.18 [3]) Ta Baromicte ix BrumBy. Ilpm BuOGOpI
HalHEBUTITHININX CIIOJyYeHh HABaHTaXCHb 1 BIUIUBIB HEOOXITHO
kepyBatucs JIbH B.1.2-2 [3].

[IK «Jlipa» 103BONsSA€ aBTOMATHYHO 3HAWTH HAWOUIBIII 3yCHIUIS B
eIeMEHTaX MpPHU PI3HUX MOXKJIMBHX KOMOIHAIISIX HABaHTAXKEHb, SIKi
(hOpMYIOThCS 3TiIHO HOPMATUBHUX JOKYMEHTIB. J[ist 1{bOro HEOOXiAHO
BHUKOHATH po3paxyHok «PCY» (Pacuemusie couemanus ycunuii).

Hnst crBopenHst Ttabmumi «PCY» BUOHMpaeMo TYHKT MEHIO
Harpy3kun = PCY = TI'enepanus tadoaunbl PCY. Ilpu renepartii
tabnuii PCY 3amaroThcst BUAM HaBaHTaXKEHb (ITOCTIHHE, KOPOTKOYACHE,
KpaHOBE 1 T.I.), CYNyTHI 3aBaHTAXCHHs, I'PYINH B3a€EMOBUKIOYHHX
HaBaHTaXeHb (SIKi (PI3UYHO HEMOXKIIUBI), CITIBBITHOIICHHST KOC(IIIEHTIB
HaIIHOCTI, TOJIS KBA3iMOCTIMHNX HaBaHTAXXEHb, TOIIIO.

Bignomenns koedirieHTy HAIIITHOCTI TPAHUYIHO PO3PaXyHKOBOTO
3HAYCHHS HaBaHTAKEHHS 10 eKCIUTyaTalliifHO PO3paXyHKOBOTO CKIIA/Ia€:

e  JUIA IOCTIHHUX Ta KPAaHOBUX HaBaHTAXEHb Vi / v =1,1/1,0 = 1,1;
®  JUIS CHITOBOTO HAaBaHTAXEHHS Ysn / Y = 1,04 /0,49 = 2,12
(ye = 0,49 3rimno tabmn. 8.3 [3]);
e IS BITPOBOTO HaBaHTAXEHHS Yjin / Yo = 1,035/ 0,21 = 4,93
(¥ = 0,21 3rigao Tabn. 9.3 [3]).

Honst IMOCTIAHHAX HaBaHTa)KEeHb JIOJISt KBa3iMOCTIMHUX
(moBroOTpMBANNX) HaBaHTaXKeHb ckiamae 1,0,

® Ul CHIrOBHUX HaBaHTaxeHb — S, / S, = 0,37/ 1,37 = 0,27 (aus.
m 3.2.2 [8]),

® Ui BEPTUKAIFHUX KPAHOBUX HaBAHTAKEHb —

Fy ! Fomax=91,46 /484,98 =0,19 (muB. 1. 3.2.2 [8]);

e Ui BCIX IHIIMX HABaHTAXEHb IMPHIMAEMO, MO 1€ BiTHOIIEHHS
nopiBHtoe 0  (ToOTO BITPOBI Ta TOPH3OHTANBHI KpPaHOBI
HaBaHTa)KEHHS — 1€ 3MiHHI KOPOTKOYACHI HAaBaHTAXKEHHS).

I[Ipu  BubOopi raxpMiBHUX  (TOPU3OHTAIBHUX  KPAHOBHUX)
HaBaHTa)X€Hb HEOOXiTHO BKa3aTH, IO BOHU € 3HAKO3MIHHUMH, TOOTO
MOXYTb 3MIHIOBaTH CBiii 3HAK Ha MPOTHJICKHUH 3rigHo BUMOr 1. 7.6 [3]
(BKa3aHO «I10 3aMOBYYBaHHIO»).

[apamerpu «PCY» HaBeneni B Tabm. 3.1.
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81

Taonung 3.1.

ITapamerpu PCY (mento Oxkno » UHTepakTUBHBbIE TA0IUIbI)

. CymyTHi
™ 3aBaHT. #1 #2 HABaHTaX.
1 [oxpurts [ocriiine (IT) + 1,100 1,000
2 [TinxpanoBi Gamku [ocriiine (IT) + 1,100 1,000
3 Komnonu Iocriitne (IT) + 1,100 1,000
4 Crinu [Mocritine (I1) + 1,100 1,000
5 CHirose Kopotkouache (K) + 2,120 0,270
6 AD kpaH 311iBa Kpanose (Kp) + 1 10 11 1,100 0,190
7 Ab kpan cnpasa Kpanose (Kp) + 1 10 11 1,100 0,190
8 BB kpan 3niBa Kpanose (Kp) + 2 12 13 1,100 0,190
9 BB kpan cmpasa Kpanose (Kp) + 2 12 13 1,100 0,190
10 Ab ranem_3miBa Tansmisne (T) +/- 3 1,100 0,000
11 Ab ramem_cnpaBa T'anmemiBne (T) +/- 3 1,100 0,000
12 BB rameMm_cmpasa TanmemiBne (T) +/- 4 1,100 0,000
13 BB ranem_3miBa T'anmemiBne (T) +/- 4 1,100 0,000
14 Birep 3miBa Koporkouache (K) + 5 4,930 0,000
15 Birtep cnpasa Koporkouache (K) + 5 4,930 0,000




3riggo .. 7.17 Ta 7.19 [3] npu po3paxyHKy MII[HOCTi Ta
CTIHKOCTI paM cii NpuiiMaTtd B KOXKHOMY MpPOJBOTI HE OinblIe IBOX
KpaHiB, a MPH BpaxyBaHHI CyMilLIIEHHsI KPaHiB B OJJHOMY CTBODI (B pi3HUX
MpONIbOTax), TO Uil BEPTHKAIBHUX KPAHOBUX HABaHTaKEHb HEOOXiTHO
BpaxoBYBaTH He OLIbIlle JBOX TAKWX HABaHTA)XKEHb (YOTUPH KpaHHW), a
TOPU3OHTANBHUX (TaNbMiBHHX) — He Ounble ofgHoro (aBa kpanm). Lo
YMOBY HEOOXiIHO BKa3aTH npu cTBopeHHi Tadmuni «PCY» (Bka3aHo «I110
3aMOBYIOBAHHIO» ).

5| Pacuerbie couetanus ycuanii ==
CITpOHTENbHbIE HOPHb! |neH e.1.2-2:2008 - [
K.o3 pUUHBHTEI GOYBTEHMA MO CTENEHH BAMAHKWA PenakTupogaTe.
Harep sarpyserin |1 j MakpHITA
Bun sarpyseris Mocroswos (0 = l:l Mo YmonyaHe
N rpynne| ofseaHHASMEI ’r KoammuuueHte ana PCY
BpEMEHHbIH Gar PYKEHL

YuMTBIESTE SHaKoMepereHHoeTs |
e (O ||
bl i i
Orvauerie keaduuenros 170 | g
Orwowerive F‘q/F‘chm * oo LT

DN paHMHeHHA AR KPAHOS 1 TOpHOS0E g

1.00 0.90 1.00
1.00 0.90 1.00
1.00 0.90 1.00
0.90 0.50 0.80
0.90 0.00 0.00
0.90 0.00 0.00
0.90 0.00 0.00
0.90 0.00 0.00

cooooooo ol
82888888l

Koon 2 Topwos [I % [ . 0.90 0.00 1] UD’ ’L

Ceoran Tatnuma 4 semvcerus PCY =

.| W sarpuee. | Naparerpe PCY | Keoodapmumerme PCY A

Mokpurra 0000000110100

Miakparosi 6a.. 0000000 1.10 1.00

Kanokit 0000000110100
0000000110100
20nnnnna212nzs

0

1.00 1.00 0.80 1.00
1.00 1.00 0.80 1.00
1.00 1.00 0.90 1.00
1.00 1.00 0.90 1.00
100 Nan &N NAn

Crit
Chirnee

T —

VY KOJOHIII TPyHmH B3a€EMOBUKIIOYHMX HABaHTAXKEHH (IUB. TaOIL
3.1) BKa3ylOThCS HOMEP TPYIH, B Ky HE MOXYTh OJHOYACHO BXOJHMTH
JesiKi 3aBaHTaXKEHHs (HANpUKIa: y Tpymy NeS He MOXYTh OJHOYACHO
BXOJIWTH BITPOBE HaBaHTAKCHHS 5K 3J1iBa, TaK 1 CIIpaBa).

4. 3ycuans B eJieMeHTax paMu
[licns BUKOHAHHA pPO3pPaxyHKIB (KHOITKA ) MePEeXoUMO Y

pexuM Pesynabrarbl pacuera (KHONKa L=tl) Ta BHIIILEMO €IEMEHTH
KpaiiHboi (crepxkHi 1, 4) abo cepemHboi kojoH (crepxkHi 6, 7). Ilpu
bOMY CTepKHi 1 Ta 6 BiAMOBINAIOTH MiAKPAHOBIH BIiTIIi, a CTEpkHI 4 Ta
7 — HagkpaHOBii BiTHi komoH. [lami 3axomumo y MeHo OkHO =
HNuTepakTuBHbIe Tadauubl, Bubupaemo nmyHKT PCY (Crep:xkHu), 11s
BHJIUIGHUX €NIEMEHTIB Ta HEOOXiJHI 3yCHJUIA B CTEPXKHSAX: T'PaHWYHI
PO3paxyHKOBI (pacuemmuuie), eKCIITyaTaliiHi PO3paxyHKOBi
(Hopmamuenvie) ab0  KBa3iMOCTIMHI  PO3PaxyHKOBI  (pacuemmvie
OnuUmenbHble).
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Pegaktop dopm [=]

[Mepamerpoirputa & I:l

ecTrocTi

Ysnoesle Harpyski

el p—

MlecTHeie Harpyaki —
S eHHa( TP Cozaarme Tabnmuel PCY [l
S [z o <

ApraTypa [MnacTiHer)

Ueunua (cnen, aner ] [

Younua [ofeeranem.]

Apratypa [ofbersner.) =

Koapdguumrerte gns PCH

PN

Uneroner ns BbIfPaHHbIX 3 NEMEHTOE
F okl KONESaHMH L

Beca macc

JckopeHue {* NnA Bex s nemeHToB
Mrepuua

MNapameTper PCY PCH pacustHee >
FoabdmurerTo ana PLY CL pacUETHLIE

PCY AAsCTUHE]) Fae

PCY[znew. s nemerTel) H HDDMW”E;E';
FrUfogrermanen] < DpMaTUEHER amTEnEH

] I C

3ycuiuis B KpalHill Ta cepeiHid KONOHaxX TIONEepPeYyHOi paMu
HaBemeHi B Tabn. 4.1 — 4.6. 3ycwuis  Bij  eKCIUTyaTaliiHUX
PO3paxyHKOBUX HaBaHTaxeHb (Tabu. 4.2 ta 4.5), ski HEOOXimHI IS
PO3paxyHKy (GyHIaMEHTIB IiJ KOJOHH, HABEIEHI JIMIIE JUIS HHUKHBOTO
nepepi3y miaKpaHOBOI BITKH KOJOH.

3aJIMBKOIO B TAOJIMIX BUIUICH] Ti 3yCHUJIS, Ha SAKi B MOJAJIBIIOMY
HEOOXiTHO MPOBOAWTH PO3paxyHOK KOMOHH Ta (PpyHAaMeHTY (Nmax, M 1 Q
— BiMOBIAHO Ta [Mma|, N 1 Q — Bimmosizuo). IIpu 1poMy HamiBKHPHEM
mprudTOM BHIUIEHI 3yCHIUIS Biff BCIX HaBaHTaXeHb, a MITKPECICHUM
KypCHBOM — 3yCWJUIs 0e3 BpaxyBaHHS KOPOTKOYACHUX HABAaHTaXCHb
HeTpHBAaJIoi Aii (He BpaxoBaHi KPaHOBI Ta BITPOBI HABAHTAKCHHS).

Tabmuusa 4.1.
3ycHs Bii TpaHUYHUX PO3PaXyHKOBHUX HABAHTA)KEHb B KpalHiil KOJIOHI
No No 3ycuiuis
o nep. Kpan N, My, Q,. H Ne 3aBaHTa)KCHBb
kH kHM
1 2 3 4 5 6 7
1 1 - -438,99 85,81 -22,28 123414
1 1 - -502,27 | -21,53 -5,14 1234515
1 1 - -502,27 81,70 | -22,78 1234514
1 1 - -509,30 25,79 | -12,78 12345
1 1 K -875,62 | 415,75 | -48,74 1234681014
1 1 K -630,91 | -341,41 | 38,88 12345791015
1 1 K -567,64 | -343,53 | 40,51 1234791015
1 1 K | -938,89 | 417,87 | -50,37 | 12345681014
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npoJioBKeHHs Ta0m. 4. 1.

1 2 3 4 5 6 7

1 1 K -938,89 | -161,86 | 28,82 12345610

1 2 - -441,11 -70,00 -8,95 1234515

1 2 - -377,83 -61,66 -6,91 123415

1 2 - -377,83 -46,27 | -15,45 123414

1 2 - -441,11 -56,15 | -16,64 1234514

1 2 - -448,14 -63,02 | -12,78 12345

1 2 K -814,46 129,75 | -22,56 1234681214

1 2 K -569,75 | -116,21 15,04 12345791215

1 2 K -441,11 -107,97 1,18 1234591215

1 2 K -506,48 -74,71 36,71 1234791015

1 2 K -877,73 88,25 -44,23 12345681014

1 2 K -877,73 38,45 28,82 12345610

4 1 - | 263,81 | 2721 | -15,16 123414

4 1 - | 26381 | 11,86 | -7,19 123415

4 1 - | 327,06 | 30,62 | -16,39 1234514

4 1 - 12345

4 1 K | -327,06 | 103,75 | -34,68 12345812 14

4 1 K -263,81 -78,40 15,22 1234791215

4 1 K -263,81 -46,10 34,79 1234791015

4 1 K -327,06 22,11 -41,91 12345681014

4 2 - -317,37 -25,99 | -12,81 12345

4 2 - -247,09 -23,18 | -10,98 1234

4 2 K -247,09 -23,18 12,88 1234791214

4 2 K -310,34 -25,71 | -30,91 12345812
Tabomuus 4.2.

3ycuiuis Bif eKCIUTyaTalliiHUX PO3PaXyHKOBUX HaBaHTAXXEHb

B KpaliHiil KOJIOHi (CKOPOYEHO)

3ycuis
Ne Ne
er. | mep. Kpan N, My, Q. H Ne 3aBaHTaXKCHB
kH kHm ”

1 2 3 4 5 6 7

1 1 - -399,08 33,95 | -12,26 123414

1 1 - -428,93 12,75 -9,23 1234515

1 1 - -428,93 33,69 | -12,80 1234514
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IpoJIoBKeHHs Ta0u. 4.2.

1 2 3 4 5 6 7

1 1 - -432,25 22,41 -10,82 12345

1 1 K -796,02 338,30 | -37,12 1234681014

1 1 K -545,88 | -278,04 | 30,79 12345791015

1 1 K -516,03 | -279,04 | 31,56 1234791015

1 1 K -825,86 | 339,30 | -37,89 12345681014

1 1 K -825,86 | -148,07 | 26,92 12345610
Tabnuns 4.3.

3ycuuis Biji KBa3iloCTIHHUX pO3paXyHKOBUX HABAHTAKEHb

B KpaiiHiil KOJIOH1 (CKOPOYEHO)

Sycuns
Ne Ne
en. | nep. Kpan N, My, Q,. kH Ne 3aBaHTaX<eHb
kH kHMm ?

1 1 - -457,98 24,07 | -11,45 12345

1 1 K -539,04 | 4842 | -11,05 12345681014
4 1 - -282,79 21,95 | -11,47 12345

4 1 K -280,89 | 29,03 | -13,22 1234581214

Tabmuusa 4.4.
3yCHIUIA Bijl TPAHUYHHUX PO3PaXyHKOBHX HABAHTAXKECHb
B CEpEIHIN KOJIOHI
3ycuiuisa

y Ne Kpan N, My, Ne 3apaHTaXKeHB
en. | mep. H ey Q,, xH

1 2 3 4 5 6 7

6 1 - -728,74 | -41,03 3,55 1234515

6 1 - -728,74 | 41,03 -3,55 1234514

6 1 - -602,25 | -45,59 3,94 123415

6 1 - -602,25 45,59 -3,94 123414
BN 0 . EESVDT

6 1 K -1167,30 | 326,00 | -17,05 1234681114
6 1 K -1293,80 | -325,99 | 17,05 12345791115
6 1 K -1167,30 | -325,99 | 17,05 1234791115
6 1 K -1293,80 | 326,00 | -17,05 12345681114
6 1 K -1038,71 | -166,69 | 54,98 123481215
6 1 K -1038,71 | 166,69 | -54,98 123471114
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npoJIoBKeHHs Ta0un. 4.4.

1 2 3 4 5 6 7

6 1 K | -1601,67 | -15544 | 19,25 123457810
6 1 K -1165,21 166,69 | -54,98 1234571114
6 1 K -1165,21 | -166,69 | 54,98 1234581215
6 2 - -667,58 -16,37 3,55 1234515

6 2 - -667,58 16,37 -3,55 1234514

6 2 - -541,09 -18,19 3,94 123415

6 2 - -541,09 18,19 -3,94 123414

6 2 - -681,64 0,00 0,00 12345

6 2 K -977,55 274,36 1,97 123481314
6 2 K -1104,05 | -274,36 | -1,97 1234571015
6 2 K 977,55 | 274,36 | -1,97 123471015
6 2 K -1104,05 | 274,36 1,97 1234581314
6 2 K -977,55 215,40 54,98 123481215
6 2 K 977,55 | -215,40 | -54,98 123471114
6 2 K -1540,51 | -21,65 19,25 123457810
6 2 K -1104,05 | -215,40 | -54,98 1234571114
6 2 K -1104,05 | 215,40 54,98 1234581215
7 1 - -558,44 -16,39 4,10 1234515

7 1 - -558,44 16,39 -4,10 1234514

7 1 -431,94 -18,21 4,55 123415

7 1 - -431,94 18,21 -4,55 123414
T EsONmOman 1254
7 1 K -431,94 129,01 | -47,93 123471014
7 1 K -558,44 | -129,01 | 47,93 1234581315
7 1 K -431,94 | -129,01 | 47,93 123481315
7 1 K -558,44 129,01 | -47,93 1234571014
7 1 K -431,94 | -111,95 | 55,63 123481215
7 1 K -431,94 111,95 | -55,64 123471114
7 1 - -572,50 0,00 0,00 12345

7 1 K -558,44 111,95 | -55,64 1234571114
7 1 K -558,44 | -111,95 | 55,63 1234581215
7 2 - -546,10 0,00 0,00 12345

7 2 - -405,54 0,00 4,55 123415

7 2 - -405,54 0,00 -4,55 123414
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nposioBKeHHs Tabun. 4.4.

1 2 3 4 5 6 7

7 2 K -405,54 0,00 34,89 123481215

7 2 K -405,54 0,00 -34,89 1234711 14

7 2 K -532,04 0,00 -34,89 1234571114
7 2 K -532,04 0,00 34,89 1234581215

Tabnuns 4.5.

3ycuiuis Bijl eKCITyaTaliiHUX pO3paXyHKOBUX HABAHTAXKEHb

B CEpE/IHIi KOIOHI (CKOPOYCHO)

Sycumns

° Ne Kpan N, My, Ne 3aBaHTa)X<eHb
en. | mep. T | QurH
6 1 - -607,17 -8,33 0,72 1234515
6 1 - -607,17 8,32 -0,72 1234514
6 1 - -547,50 | -9,25 0,80 123415
6 1 - -547,50 9,24 -0,80 123414
6 1 - -613,80 0,00 0,00 12345
6 1 K | -1061,19 | 267,39 | -12,99 1234681114
6 1 K | -1120,86 | -267,38 | 12,99 12345791115
6 1 K | -1061,19 | -267,37 | 12,99 1234791115
6 1 K | -1120,86 | 267,39 | -12,99 12345681114
6 1 K -944,28 | -122,56 | 47,47 123481215
6 1 K -944,28 | 122,56 | -47,47 123471114
6 1 K | -1400,74 | -141,31 | 17,50 123457810
6 1 K | -1003,95 | 122,56 | -47,47 1234571114
6 1 K | -1003,95 | -122,56 | 47,47 1234581215

Taomuus 4.6.
3yCHIIIs Bifl KBa3iMOCTIHHUX PO3PaXyHKOBUX HABAaHTAXKEHb
B cepeHiil KoJIoHi (CKOpOUYEHO)
No No 3ycuiis
er. | mep. Kpan N, My, Q,. H Ne 3aBanTaxceHb
kH kHM ’

6 1 - -640,20 0,00 0,00 12345
6 1 K -802,26 0,00 0,00 123457810
7 1 - -469,89 0,00 0,00 12345
7 1 K -466,10 | 17,27 | -4,32 1234571114
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