BBenenue

KypcoBas pabora no qucuurivae «MeTaindyeckue KOHCTPYKIMK BKITIOYast
CBApPKY» SIBJISIETCSI PA3HOBUIHOCTBIO PEATBLHOTO MPOEKTUPOBAHUS, BBHIMIOJIHSIEMOTO
M0 YIPOIICHHBIM HCXOAHBIM JaHHBIM. OHa CHnocoOCTByeT Oosee TrIyOOKOMY
OCBOEHUIO MaTepHasa Kypca.

3aaHue Ha KypcoByIO paboTy mpeaycMaTpHUBaeT pa3pabOTKy YNPOILIEHHON
TeXHUYECKOU JoKyMeHTanuu ctaauii KM (koHcTpykumu metaunueckue) 1 KM /]
(KOHCTPYKIIUM METaJUIMYECKHe, JEeTATMPOBKA) OJHOATAXXHOTO OJIHOMPOJIETHOTO
IPOU3BOJICTBEHHOTO 3JIaHUs, OOOpPYJAOBAHHOTO JABYMSI MOCTOBBIMU KpaHaMH
pexxuma padotsl 1K...8K, rpyszonomsemuocteio n0 200 ToHH. Tema u coctaB
KypcoBOW pabOThl MOTYT OBITh HW3MEHEHBl WJIM JOMOJHEHBI 10 YyKa3aHUIO
pykoBoautens. Llenb kypcoBoii paGoThI:

-  OCBOGHME TMPUHLUMIOB W  METOJOB  KOMIIOHOBKM  KapKacoB
IPOU3BOACTBEHHBIX 3/IaHUIl C YYE€TOM TMPEABSABIAEMBIX K HHUM TEXHUKO-
HKOHOMHYECKHUX U IKCIUTyaTaIl[MOHHBIX TPeOOBaHU;

- IpUOOpPETEHNE HABBIKOB B COCTABJICHHH PACUETHBIX CXEM COOPYKEHUU U
UX KOHCTPYKTUBHBIX AJIEMEHTOB;

- pElIeHUE BOMPOCOB, CBA3AHHBIX C HA3HAYEHHEM MaTepHalia JIEMEHTOB U
Y3JIOBBIX COCJIMHCHUM;

- MPOBEJCHUE HEOOXOAMMBIX KOHCTPYKTHUBHBIX M CHJIOBBIX PacyUeTOB,
pacdyeToB g OOECTeYeHHUs JOCTATOYHOM  MPOYHOCTH, JKECTKOCTH U
YCTOMYMBOCTHU, KaK BCETO COOPYKEHUS, TAK U OTIEJIBHBIX €r0 KOHCTPYKTHUBHBIX
JacTel,

- OCBOCHHE METOJOB Tpauueckoro H300paKEHHUs] MPOCKTUPYEMBIX
KOHCTPYKIIMIT B COCTaBE BCETO COOPYKEHHS C JETaIbHOW TPOpabOTKON y370B
COEMHEHUS OTJCIBbHBIX KOHCTPYKTUBOB - cTagusa KM;

- OCBOCHHME METOJOB TpauUecKoro H300paKEHUS OTHPABOYHBIX MAPOK
MPOEKTUPYEMBIX KOHCTPYKIIMH C JETalbHOM MNPOpPaOOTKOM Y3JI0B COCAWHECHUS

aJieMeHTOB - ctaaust KM/I;



- COCTaBJICHHE ClEeUM(PUKALUA MOHTUPYEMBIX 3JIEMEHTOB B COCTABE BCErO
BO3BOJAMMOI'0 KOMILJIEKCA COOPYKEHUS;

- COCTaBJIEHUE CHeU(PUKALMA HA OJHY OTIPABOYHYIO MapKy CTPOUTEIBHOM
KOHCTPYKIIHH;

- TIpUOOpPETEHHE HABBHIKOB B CaMOCTOSITEIBLHON paboTe CO CHeNHaIbHOM,
HOPMAaTHUBHOU U CIIPABOYHOU JIMTEPATYPOM.

Meronunueckoe nocobre  pa3paboTaHO HA OCHOBE MPOrpaMMbl IO
Kypcy «Meramnnueckue KOHCTPYKLUU BKIIKOYasl CBApKy» Ul CTYACHTOB OYHOU U
3aouHort  Qpopm oOyuenuss mno HampabieHuro 08.03.01 CrpourtenscTBo.
PykoBoACTBO MOKeT OBITh HCIOJIB30BAHO TMPU  BBINOJHEHUU BBITYCKHOU

KBaJIM(DUKAITMOHHOM PabOTHI.

1 CocTtaB KypcoBoOii paGoThI

KypcoBas pabota BkitodaeT B ce0si rpaduecKyro 4acTh U MOSCHUTEIBHYIO
3aIMCKY K HEH.

['paduueckast yacTb COCTOUT U3:

- TEXHUYECKOIO0 pEIIeHHs  Kapkaca B  LEJIOM, €ro  OTAEJIbHBIX
KOHCTPYKTHUBHBIX 3JIEMEHTOB c JNEeTATBHOU popabOTKOM Y3JIOB,
COEJIMHEHUH U COTPSHKEHUS DJIEMEHTOB Kapkaca (ctaaus KM).

- JIETAJIUPOBOYHOTO YEPTEKa KAKON-TMOO OTMPABOYHOM MAapKH DJIEMEHTa
kapkaca (ctagust KM/I).

I'padbrueckas YacTp MOXKET BBIMIOJHATHCS B KapaHAalle WId C
ucrnoiab3oBaHueM rpapuueckux nporpamm s IK.

Bce pacuerst cragum KM u KMJ[ pa3memarTcs B pacyeTHoO-
MOSICHUTENBbHOW 3amucke. Kpome TOro, B 3amucke NOpUBOIATCS YKa3aHUS IO
MOHTQ)XYy, TPAaHCIOPTUPOBKE W OKCILUIyaTallud KOHCTpyKuuii. B  KoHue
MOSICHUTENIBHOM 3alMCKU MPUBOJAUTCSA CIUCOK JUTEPATYPhl, UCIOJIBb30BAHHOMN IMpHU

BBITIOJIHEHUU KYPCOBOU PabOTHI.



CocrtaB pa3aenoB, BBIIOJIHIAEMBIX B padoTe:
1. I'pauueckas yactpb

- KOMIIOHOBOYHBIE CXeMbI kapkaca B Maciutade 1:100-1:200;

- nomnepeyHas pama ¢ npoekuusiMu KM B macmra6e 1:50-1:100;

- y37Bl COMpPSDKEHUS PUTENs ¢ KOJIOHHOM, ONMMpaHus IOJKPAHOBOW Oasku
Ha KOJIOHHY, KOJIOHHBI Ha pyHaaMeHT B Maciutade 1:50-1:100;

- ueprexxu KMJI orripaBouHoro snemenTa B macmrabde 1:20-1:100,
2. IlosicHUTENbHAS 3aTHCKa

- KOMIIOHOBKa (KOHCTPYKTHBHBIA pacyeT) Kapkaca;, CHJIOBOH pacder
IIOIIEPEYHON paMBbl;

- KOHCTPYKTUBHBIN M CHIIOBOM pacdeThl 3aJaHHOTO DJIEMEHTA,

- KOHCTPYKTUBHOE PEIICHUE CBS3CH MaTpa U CBsI3eH MO KOJOHHAM;

- KOHCTPYKTUBHOE pelieHre paxsepka.

2 TlocsenoBaTeibHOCTH BHINOJIHEHHSI KYPCOBOi#i padoThl

Kypcosoe MIPOEKTUPOBAHHE OCYULIECTBIISIETCS B TOMN xe
MOCIIEIOBATENIBHOCTH, YTO M TPOEKTHUPOBAHUE pealbHBIX 00bekTOB. llpu ero
BBITIOJTHEHUU HEOOXOAMMO 0053aTeNIbHO M0JIb30BATHCS HOPMATUBHOM, CIIPaBOYHOM

U TEXHUYECKOW  JTeparypoil. Hrke mpuBeaeHa mociaeioBaTeIbHOCTh PadoT.

2.1 TlpoekTHOE 3a7aHNE

Hcxonubie nanHbIe A1 MPOSKTUPOBAHUS BRIOMPAIOTCS U3 pasjena «3a1anue
Ha TPOCKTUPOBAHME» JAHHOTO TMOCOOWMS WM W3 3aJaHus, BBIJIAHHOTO
MPEToIaBaTeIIeM.

N3yuaeTcs crenuanbHas JIWTepaTypa Il 3HAKOMCTBA C OCOOCHHOCTSMHU
TEXHOJOTUYECKOTO TpoIecca W TPeOOBAaHUSAMH TPHU TMPOCKTUPOBAHUH JAHHOTO

o0BeKTA.

2.2 Pabounii ipoekt ctaguu KM (KOHCTPYKITUH METAJUTHIECKUE)



L[GJIB I[aHHOﬁ CTaaun — KOHCTPYKTUBHBIC PCIICHUSA KapKaca B LCJIOM H €TO
OTACJIBbHBIX JJICMCHTOB. Ona A0CTUTACTCA BBIITIOJIHCHUCM KOMIIOHOBKH KapKaca U

CUJIOBBIX PaCUETOB.

2.3 KoMmmnoHOBKa Kapkaca

- KOMIIOHOBKa CXEMBbl KapKaca B OJHOM WJIM JBYX BapuaHTax. lIpm stom
HE00XO0UMO:

a) ONpEIeTUTh THIT TONEPEYHOW paMbl M HA3HAYUTh €€ T'ECHEpaJbHbBIC
pa3Mephl (MPOJIET, BEICOTY KOJIOHH);

0) Ha3HAYUTH IIAT MOMIEPEUYHBIX paM;

B) Ha3HAYWTh W PA3MECTHTh OCTAJbHBIC JJICMEHTBHI Kapkaca (CBS3H,
NOJIKPAHOBBIC OaJIKH, (PaXBEPKOBBIC CTOWKH) M MPUHATH COOTBETCTBYIOUIUE THUIIBI
NOTIEPEYHBIX CCYCHHH 3JIEMCHTOB,;

I') PEIIUTh y3JIOBBIC COCAMHECHHS DJIEMEHTOB Kapkaca. OOIIue yKa3aHUs I10

KOMITIOHOBKC KapKacCa IIpUBCACHBI HMIKC.

2.4 CwiioBbI€ pacyeThl

Bce pacuersl npuBOAsATCA B CIEAYIONIEH OCIEI0BATEIIBHOCTH:

- cOop Harpy3ok Ha TMOIEpPEUYHyI pamy, corijacHo TtpeboBanusm [CII
20.13330.2016(28.01.2019) Harpy3ku u Bo3aeicTBusA];

- COCTaBJICHHE pPACYETHOM CXEMbl paMbl C HA3HAUYEHUEM >KECTKOCTHBIX
XapaKTEPUCTUK COCTABHBIX YacTel  pambl (pureisi U KOJIOHHBI) COTJIACHO
yka3aHusM [Begenankos ['.C. «MeTaymnaeckie KOHCTPYKIIHH];

- pacueT pambl JOOBIM  METOAOM  CTPOUTEIbHOMU MEXaHUKHU C
npuMeHeHneM nporpammbl Jlupa 9.0, Apyrux nprpaMMHBIX KOMIUIEKCOB WIIH
CIIPaBOYHBIX PYKOBOJICTB;

- ompejaelieHne pacyeTHbIXx komOumHarui ycwimii (M, N, Q) B snmemenTax
paMbl OT JAeucTByromUX Harpy3ok [BenmennukoB I'.C. «Meramnnueckue
KOHCTPYKIIVH |;

- BBIIIOJIHEHHE CUJIOBOI'O pacyeTa 3aJaHHOTO DJIEMEHTA, PacyeT y3J10B,



KoMmnoHOBka ced4eHHH DJJIEMEHTOB KapKaca OCYIIECTBISIETCS COTJIACHO
pekomenanui aurepatypsl [BenennukoB I'.C. «MeTtannmyeckue KOHCTPYKIIUH].
Bce cunoBele  pacueThl  BBINOJHSAKOTCA C  NPUMEHEHUEM METO/IOB

CT‘pOI/ITeJIBHOﬁ MCXaHHUKH U COIIPOTUBJIICHUA MATCPHUAJIOB.

3 Pat6oumnii mpoekt ctagnu KM/l (KOHCTPYKIMH MeTa/LIN4YecKHe

AeTAJTMPOBKA)

llenp ngaHHOW cTaguu —  JETAJIUPOBOYHOE  PEIICHUE  OTHAEJIbHBIX
KOHCTPYKTHUBHBIX 3JIEMEHTOB C YYETOM TEXHOJIOTHU WX M3rOTOBiIEeHUsA. {15 sTOrO
HEOOXOIUMO:

- BBIIIOJTHUTh BCE pacyeThl  Y3JIOBBIX COCAWMHEHUNH B  Mpejernax
KOHCTPYKTHUBHOTO JIEMEHTA;

- yKa3aThb BCE COCJMHHUTENIbHBIE 3JIEMEHThl M BBINOJHUTH pacyeT BCeX
COEIMHUTEIBHBIX 3JIEMEHTOB JAHHOW KOHCTPYKIIMH C OCTaJIbHBIMU DJIEMEHTAMHU
Kapkaca.

Bce pacuers mpoBomuTh coriacHo TpeboBanusim [CIT 16.13330.2017

CranbHbIC KOHCTPYKITHH].

3.1 KommoHoBKa kKapkaca

IIpy KOMIOHOBKE Kapkaca II0JIb30BaThbCs JieKiuen «OaHOATaKHBIC
MIPOM3BOJICTBEHHBIC 37aHUS», TAaHHOW METOJAMYKON M y4eOHHUKOM II0J pelaKIue
Benennukona I'.C.»MeTtemnueckue KOHCTPYKIIMN

Kapkac — KOMIUIEKC HECyIIMX KOHCTPYKIHH, BOCHPHUHUMAKOIIUX |
nepenamux Ha (QyHIAMEHT Harpy3kKd OT Beca HECYHNIUX MW OrpaKJarolInX
KOHCTPYKIIMH, TEXHOJOTHYSCKUE BO3ACHCTBHS, aTMocpepHbIe HArpy3KH U
TeMIlepaTypHbI€ BO3CHCTBHS.

KommonoBka  kapkaca  BKJIIOYaeT pa3OMBKY CETKM  KOJIOHH  C

COOTBGTCTBYIOIHCﬁ HpHBH3KOfI K IIPOAOJBbHBIM H IIOIICPCUYHBIM p2136I/IBO‘-IHBIM OCiAM



3nanud. CeTka KOJIOHH — paclojoKeHue Hux B IulaHe. PaccrosiHue Mexay
kooHHamu (momepek 3manus (L) — mponer, Bmomb 3manus (B) — 1mar)
YBSA3BIBAIOTCS C TEXHOJOTMYECKHUMH YCIOBUSMHU MPOU3BOJCTBA U TPEOOBAHHUSIMU
«EnuHON MOZYJIBHOM CUCTEMBI».

Benunuuna nponera (L) onpenensieTcss KCXOs U3 33JaHHOTO IMpoJieTa KpaHa
(Ly) u pexuma ero paOOTHI, YCIOBHW TPUBA3KH KOJOHH K IMPOJOJIBHBIM OCSM

3MaHud. YKa3aHus Mo onpezesennio L npuBeaeHsl Ha pucyHke 1 u B Tabnuie 1.

Ta6JII/H_Ia I- PGKOMCHIIyeMBIe PasMEpbI BbICOTHI CCUYCHU A KOJIOHHBI

TuI KOJIOHHBI BricoTa Pa3mep ceuenus hg
[TocTossHHOE CeUyeHME H<S§ hg=hy=(1/10...1/15)-H
8<H<I2 hs=hn=(1/15...1/17)-H
12<H<20 he=hn=(1/16...1/20)-H
CryneHnyaTast 2<H<4 hg=(1/8...1/10)-Hg
HaJKpaHOBas Hg>4 hg=(1/10...1/12)-Hp
CryneHnyaTast 10<HH hy=(1/10...1/15)-Hy
HOIKpaHOBast 10<H{=<20 hy=(1/15...1/20)-Hu




B tabmuue:
he, N, — COOTBETCTBEHHO, BBICOTA CEUCHMSI BEPXHEH M HUYKHEH YacTel KOJIOHHBI,

H,, H,, — cooTBeTCTBEHHO, BBICOTA BEpXHEH U HIXKHEH YacTeil KOJIOHHBHI.
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PasMep 450 MM YWMTBIBETL NPK OTCY T |
poxscaa B Tele KONOHHbI LANa Hpariagy pasmim
Ma paboThl 7H-8H

Pucynok 1 — Onpenenenue ropu30oHTalIbHBIX Pa3MEPOB

[Ilar xKoJIOHH Ha3HAYAETCS CTYJACHTOM CaMOCTOSITEIbHO B Tpenenax 6 wim
12m (ero pa3mep ONpenensitoT Ha OCHOBAHUM MPOBEJACHUS TEXHUKO-3KOHOMHUYEC-
KOTO CpPaBHECHHSI BAapHAHTOB KOHCTPYKTHBHBIX CXEM KapKaca TpU Pa3IAIHBIX
BenmunHax mara). Kak mpaBuno, mpu L>30 m u H>/4 m ¢ kpanamu Q>50 m
BeITOTHEE mmIar /2 m, ipu L<30 m, H<I4 m, Q<50 m — mar 6 m.

[TposneT u mar KOJIOHH 3/1aHMsI TOJKHBI OBITH KPATHBI 6 MeTpam.



Bo  wu30Oexxanume  BO3HUKHOBEHHS  3HAYUTEIBHBIX  TeMIIEpPaTypHBIX
HaIpsDKEHUM B 3JIEMEHTaX Kapkaca Mpu U3MEHEHUHM TeMIlepaTypbl HEOOXOIUMO B
3MaHUU YCTpauMBaTh TEMIEpaTypHbIE WIBBI — IMONEPEYHBbIE B OJHOMPOJIECTHOM
31aHUM, TIOTIEPEUHbIE W TPOJOJbHBIE B MHOTOIPOJIETHOM 3JaHUU. Y CTPONCTBO
TEMIIEPATYPHBIX IBOB JIOJKHO BBIMOJHITHCS COTJIACHO TPEOOBAHUSIM.

CrnenyronM 3TaroM KOMIIOHOBKH SIBJISIETCS OMPEIEIICHHE BEPTUKATBHBIX
rabaputoB 31aHus; Ho — mose3Hasi BeIcOTa 1iexa; H — TojHasi BBICOTa KOJOHHBI
paMbl OT HHU3a pureis J0 Hu3za 0as3pl. Hp JM0mKHA OBITh KpaTHa BBICOTE
orpaxaaromux KoHcTpykiui. [Ipu omnpenenenuu H, HEOOXOIUMO YYHUTHIBATH
3ariayOJieHre OmopHOW TIuThl Oammaka koioHHsl Ha 600.../000 mm Huxe
HyJIeBor oTMeTKU. OTHOBPEMEHHO C Ofpe/iesieHneM H Ha3HayaloTCs BHICOTA U THUII
MOTIEPEYHOT'0 CEUCHUS KOJIOHHBI.

3aBepmiaronuii dTanm KOMIIOHOBKH Kapkaca — Ha3Ha4YeHHUE TMPOI0JIbHBIX
AIIEMEHTOB (CBsI3€d, MOJKPAHOBBIX KOHCTPYKIIUH, KPOBEJIBHBIX IPOrOHOB WIU
pebep cTanbHBIX KPOBEJIBHBIX MaHeNel) U 2JIeMEeHTOB (paxBepka.

Cucremy cBs3edl TOApA3NENSAIOT HAa CBSI3M TOKPBITHS (IIaTpa) U CBA3U
MEX1y KOJIOHHAMHU.

B cucremy cBsI3eil MOKPBITHSI BXOJIST:

- CBSI3U 110 BEPXHUM TosicaM (epm;

- CBSI3U TI0 HIDKHUM TosicaM pepm,

- BEpTUKAJIbHBIE CBA3M 10 (pepmam;

- CBSI3U 10 (POHAPSM TPU HATMYUU TTOCIICTHUX.

B cuctemy cBs3ell Mexkly KOJTOHHAMU BXOAST

- BEpXHHE BEPTHUKAIbHBIC CBSA3HM, YCTAaHABIMBAEMbIC B HAJKPAHOBOW YaCTH
KOJIOHHBI (BBILIE MOJKPAHOBBIX 0AJIOK),

- HIDKHUE BEPTHUKAJBHBIC CBSI3M, YCTAHABIMBAEMBIE B TIOJKPAHOBOW YaCTH
KOJIOHHBI (HHM>KE MOJIKPAHOBBIX 0aJoK).

BepxHue cBsi3u yCTaHaBIMBAIOTCS Y TOPIIOB 37aHUS WM TEMIIEPATypHOTO

6HOKa, a TaKKEC Had HHXHHMH  CBA3jAMH. Hmwxuue cuctembl cBs3eH



YCTaHAaBIMBAIOTCS TOJBKO B CEpPEAMHE TeMIlepaTypHOro OJoKa, COrjacHo
tpeboBanusam [CII 16.13330.2017 CrasibHble KOHCTPYKIIUH].

VYka3zaHusi MO KOMIIOHOBKE M KOHCTPYKTUBHOMY O(OpPMIICHHUIO CBsI3EH
npuseneHsl B [CII 16.13330.2017 CranbHble KOHCTPYKIIUH .

J{nst BOoCTIpUATHSL BETPOBOT'O JIaBJICHUSI HA CTEHBI U MOJJICPKAHUS CTEHOBOIO
OTPAXKJICHUS MPHU JIJIMHE MMaHEJIeH MEHEE Iara pam B IPOJOJBHBIX PSAax, a TAKKE
3aMoJIHEHUs] TOPLEBOIO MPOEeMa CIIy>KaT KOHCTPYKIUHU (haxBepka.

daxBepk MpoAOTbHBIX cTeH. [Ipu 11are KoJOHH N0 HapyXHOMY psity Oosee
6 M, IS WCMOJb30BAaHUS CTEHOBBIX MAaHENEH JIMHOM 6 M MEXAYy paMamu
yCTaHABIIMBAIOT CTOWKY ¢axBepka. HwKHMI KOHEIl CTOWKM KpemuTcs Ha
dbyHIaMEHT, a BEpXHUN KOHEIl C MOMOIIBI0 TUIACTHHYATOrO IIapHHUpPA K TOSICY
CBSI3€BOM TIPOJIOILHON (PepMbl,  PACIIONOKEHHOW B YPOBHE HHUXHHUX IIOSCOB
cTpomuwibHBIX (epM. Peakuuss omopbl BepxHero KoHIa ¢axBepka uepes
IIPOJIOJIBHBIE CBA3M MEPENAETCA HA HECYILYIO paMy;

TopueBoit (daxBepk. YcTpoHCTBO TopleBoro (axBepka aHAJIOTHYHO
YCTPOMCTBY (haxBepka B MPOJOJIbHBIX CTeHaxX. KperuieHne BepXHEro KOHIa
TOplEBOro ¢axBepKa OCYIIECTBIAETCS dYepe3 IUIACTUHYATHIA MIApHUP K TMOSCY
MOTIEPEYHBIX CBSI3EBBIX (hepMm pAaclojOKEHHBIX B YPOBHE HIDKHUX IIOSICOB
ctpormibHBIX ¢epM. Illar croek daxBepka MO0DKEH OBITh paBeH (WJIM KpaTeH)
JUTMHE (IIUPUHE) OTPAXKIAOIINX KOHCTPYKITUH.

VYkazanusi mo KoMmmoHOBKe (haxBepka mpuBeneHbl B [BegennukoB [.C.
«MeTaJTn4ecKre KOHCTPYKIIHH .

BaxHpIM NpOIOIBHBIM 3JIEMEHTOM KapKaca IPOU3BOJCTBEHHOTO 3IaHHUS
SABIIAIOTCS TOJKpaHOBble Oanmku. OHU COyXaT IJIs BOCHPUATHS WU TIepeaadd Ha
KOJIOHHBI KapKaca Harpy30K OT MOCTOBBIX KPaHOB, a TAK)KE UTPAIOT POJIb PACIIOPOK
B CHCTEME BEPTUKAJIbHBIX CBA3€H N0 KOJOHHaM. Kak mpaBwio, u3 ycClOBUU
CKOPOCTHOTO MOHTa)Ka, IPUMEHSIOT pa3pe3HbIe MOJKPAHOBBIC OAIKH C MPOJIETOM,
pPaBHBIM Iary IONEPEYHBIX paM. PaccTosiHMe MexXay COCEOAHMMM psaaMu
MOJAKPAHOBBIX OaJIOK PaBHO MPOJIETY MOCTOBOIO KpaHa. BricoTa moaxpaHOBOMH

OaJiky Mpu KOMIIOHOBKE Kapkaca Ha3HayaeTcs B npejenax 1/8...1/10 ee mpoera.



VYKkazaHuss 1O  KOMIIOHOBKE UM  KOHCTPYKTUBHOMY  O(OPMIIEHHIO
MOJKPaHOBBIX Oaynok mnpuBeneHsl B [BemennukoB ['.C. «Meramnnueckue
KOHCTPYKIIHUH].

Ha3znaueHne KOHCTPYKTUBHBIX CXEM IPOTOHOB WM pedep KpOBEIbHBIX
IaHEJIEN OCYLIECTBIISIETCS CTYACHTOM CaMOCTOSTENBHO, UCXOA U3 KOHKPETHOI'O
BapuaHTa KPOBJIH, ONPEAEIAEMOro TUIIOM 3[1aHus (XOJOJAHOE WK OTaIJIMBAEMOE).
KoMmoHoBKa cxemM MpOroHoB WM pedep KpOBEJIbHBIX MaHEIeil OCYIIEeCTBISIETCS
corjlacHo TpeboBaHusM [1].

OO61mue TpUHIMIBI KOMIOHOBKHM KapKaca 3/aHMsl U €ro MONEPEeuHON paMbl
npusenensbl B [BenennukoB I'.C. «Mertaminueckue koHCTpykuuu|. Ha pucynke 2
[I0OKa3aH  [puMep  KOMIIOHOBKM  IIONEPEYHOM  paMbl  OJHOIPOJIETHOI'O
IIPOU3BOJICTBEHHOI'O 3/JaHUSI C MOCTOBBIM KPAHOM.

PykoBOACTBYSICh yKa3aHHBIMM BbIIIE NPUHLMIIAMA KOMIIOHOBKHM Kapkaca,
CTYJEHT B IOSCHHUTEIBHON 3allMCKE JAeT KOMIIOHOBOYHBIE CXEMbl (IIaHBI U
pa3pesbl) PAclOJIOKEHUs MONEPEYHBIX M MPOJOJIBHBIX AIEMEHTOB KapKaca ¢ MX
OpUBA3KONM K ocsM  3aaHuA. CXeMbl CONpPOBOXKIAIOTCA  HEOOXOIMMBIMU
KOHCTPYKTUBHBIMU  pacyeTaMu [Benennnkon I'.C. «Meraunueckue

KOHCTPYKITHH].
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Pucynok 2 — KommoHoBo4YHas cxema 3/1aHus

3.1.1 TIpumep KOMIIOHOBKH KapKaca

1) OmpeneneHue THIA TONEPEYHON paMbl M Ha3HAYCHHE €€ TEeHEPabHBIX
pa3MepoB.

KoMmoHoBKky momepedHoil pamMbl HauyWHAEM C YCTAHOBJICHHUS Ta0apUTHBIX
OCHOBHBIX pPa3MEpOB 3JIEMEHTOB KOHCTPYKIMH B IUIOCKOCTH pambl. Pazmepsl 1o
BEpTUKAIM TPUBA3bIBAEM K OTMETKE YPOBHS I0ja, NpUHUMAs €& HYJEBOM.
Pa3Mepsbl o ropr3oHTaNu NPUBA3BIBAEM K MTPOIOJIBHBIM OCSIM 3/1aHUS.

2) OmnpejiesieHne BEPTUKAIBHBIX Pa3MEPOB TIONIEPEUHOM pamMbl



Hcxons U3 KOHCTPYKTUBHBIX TpeOOBaHMU NPUHUMAEM IIar MONEPEYHBIX

pam B=12m (tak kak L.,=28,5 m; Q=50 m). Ilonepeunas pama — cucrtema c

KECTKUM CONPSHKEHUEM PUTEIISI C KOJIOHHOM.
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Pucynok 3 — Cxema nonepedHoi paMbl

PaccrosiHne oT ypoBHA mosia 4O TOJIOBKM KpPaHOBOTO penbca H, =7500mm
(3aaétcst MO yCIOBUSIM TEXHOJIOTUUYECKOTO MPOIIECCa);
PaccrosiHre OT TOJI0BKM KPaHOBOTO PENbCa 10 HU3a HECYIIUX KOHCTPYKIIHM:

H,=H_+100+ f ;



rae H_+100 — pacCTOsIHUE OT T'OJIOBKM KPaHOBOI'O pebCa 10 BEPXHEU TOUYKU
TEJIEKKU KpaHa IUIIOC YCTAaHOBJEHHbIM mo TpeboBanusiM Th 3a3op Mexay sToi
TOYKOM U CTPOUTEIBHBIMU KOHCTPYKUIHAMU, paBHbINA 100 MM.

H, = 3150,y TpUHAMaeM 1o npuiioxkenuto 1 [5];

f — pa3Mep, YUUTHIBAIOIHIA TPOrHO KOHCTPYKIUI MOKpbITHS (110 Ta0:1.19 [1])

_ Lo 80000160
300 300

H, =H_+100+ f =3150+100+100 = 3350401 ;
OxoHyaTesnbHO pa3Mmep H, mnpuHUMAaeTcss OO0BIMHO KpaTHbIM 200 mm.
IIpuaumaem H, =34m.

OHpe,HeJISICM IMOJIC3HYIO BBICOTY IICXa

H,=H,+H, =34+75=109x;
Pasmep H, okoHuaTenbHO mpuHUMaeM paBHbIM [ /400 m, kpaTHbIM 1,8 M.

YTounum pazmep H, :

OxonuartenbHo H, =H, — H, =11400— 7500 = 3900.m
YcraHaBauBaem pa3Mepbl BEpXHEH 4aCTH KOJIOHHBI H !
H,=h,+h, +H,=1500+130+ 3900 = 5530.mn;
h,, — BBICOTa KpaHOBOT0 peibca — npuHuMaeM 130 mm mo npunoxenuto 1 [5];
h, — BeIcoTa 3anenku (nmpuauMaeM 0,6... 1 m);

h,— BbICOTa TOJKpaHOBOW Oanmku 1o mnpuioxkeHuto 1 [5], mpuHUMaem

1500 mm;

YcranaBinuBaeM pa3Mepbl HUKHEW YacTH KOJIOHHBI H, :
H =H,—-H, +h =11400-5530+1000 = 6870
[TpuauMaem BoicoTy (hepMbl u3 ycinoBuii: ecnu nponét 3aanus 30...36 m, TO
H, = 315m

ITonHas BbICOTA KOJIOHHBI:

H=H, +H, =5530+ 6870 = 114001



3) OmpeneneHne TOPU3OHTAIBHBIX Pa3MEPOB MOTIEPEUHON PAMBI

[IprauMaem NpUBA3KY KOJIOHH: a =250mm, T.K. Q =50m .
Beruncisiem nponér 3ganus L, :
L,=L,+2-4;
rae, A=B,+75+(h, —a) =300+ 75+ (500—250) = 625uu, mpuHuMaeM kpatHo 0,250

M, T.€. A =750mm,

B, — mo mpuioxenuto 1 [5];
h, =0,5x — npuHUMaeM MO0 KOHCTPYKTUBHBIM TPeOOBAHUSAM, KPaTHO 112H )

L, =L, +2-1=285+2-0,750 = 30;
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Pucynok 4 — I'eomeTpuueckue pazmMepbl KOJIOHHBI

BricoTa HUKHEN YaCTU KOJIOHHBI

h =A+a=0750+0250=1u;

Heo06xonuMo 9T0OB! BHITIOTHSUIACH YCIOBHS:

h, = i—i ‘H,; 05mu= i—i -5,03:;
10 15 10 15

h, > i—i “H,; v > i—i -6,87Mm;
10 12 10 12



Y coBusl BBIIOJIHSAOTCS.
4) CocraBieHue pacu€THON CXEMbI paMbI
Pacu€rHas nimna nposéra 3naHus:

L, =L, - Z(hz”—aj = 30000—2-(10200— 250) = 295001m;

HpI/IHI/IMaGM MOMCHTBI HHEPIHH IJIA HIKHEH 4acTu KOJIOHHHI, BCpXHCI\/’I qaCcTu

oo | I
KOJIOHHBI U JUIA PUTEIIST U3 YCIOBUU: I—” =5..10; -£=10...60;

8 8

I, =5 — MOMEHT MHEepIUN HIKHEHW YaCTU KOJIOHHBI
ls = 1 — MOMEHT UHEPIIMH BEPXHEH YaCTH KOJIOHHBI

|, = 20 — MOMEHT UHepLUU pUrens

HB

HH

Pucynok 5 — PacueTHas cxema pamsl

3.2 OcoGeHHOCTH pacyeTa NMonepevYHol pamMbl

Jlns omnpeneneHus yYCUIUMW B 3JIEMEHTaX paMbl HEOOXOAMMO CO34aTh
KOHCTPYKTHBHYIO CXEMY TIOTIEpEYHOM pambl, cOOpaTh ACHCTBYIOIIHE Ha HEe
Harpy3ky, BBIIIOJHATh CTATUYECKWA pacuyer ¢ NPUMEHEHHEM METOAO0B
CTPOUTENIBHOW MEXaHUKU U BBISIBUTh KOMOWHALIMU HArpy3ok, Jaroliue HauOosee

HCBBII'OAHBIC PACYCTHBIC COUCTAHUA YCI/IJII/Iﬁ JJIA KaXKI0ro 3JICMCHTA U y3JIa.



IIpu pacuere KOHCTPYKTUBHYIO CXEMY IIPUBOJAAT K pacyeTHOM. PacyerHas
CXeMa — YCIOBHAasg CXeMa, KOTOPOH 3aMEHSIOT pPEAIbHOE COOPYXKEHUE WIH
KOHCTPYKIMIO NpU UX pacuere. Kaxaplii KOHCTPYKTUBHBIA 3JIEMEHT B PACYETHOMN
cxeMme n300paxaroT OJHOW OCEeBOM JIMHUEH € UI€aTU3UPOBAHHBIMU COECIMHEHUSIMU
B y3nax. ['eoMeTpuueckasi oCb puresst — 0Cb HWXKHEro nosica (epMbl IPHU KECTKOM
€€ KpEIUICHUHU K KOJIOHHE WJIN JIMHUS, COCIUHSAIONIAs LEHTPhl ONOPHBIX IIaPHUPOB
OpU IIAPHUPHOM KperuieHuH. OceBasi JIMHUS KOJOHH NMPOXOJUT YEPE3 CEPEINHY
BBICOTBl CEYEHUs IIOJKPAaHOBOM M HAJKPAHOBOW 4YacTed KOJIOHHBL. /Jlid
NPOM3BOJICTBEHHBIX  37aHWM, M3-32 HAJIM4YMs KpPAHOBOTO  OOOpYAOBaHMS,
NPUHUMAETCS KECTKOE 3aMElICHUE KOJOHHBI B (PyHJIAMEHTE B IJIOCKOCTH PaMbl.
Ha pacuetHoli cxeme yKa3bIBalOTCS T€OMETPUUECKHE JUIMHBI U KECTKOCTU (MU UX
COOTHOIIICHUSA) JJISI BCEX BXOASIIMX B €€ COCTaB dJIEMEHTOB, ICHCTBYIOIIHE
Harpy3ku. PacuetHas cxema n3o0pakaercsi B MOSICHUTEIHHOM 3aITUCKE.

IIpumepsl pacdeTHBIX CXEM IPHUBEIEHBI Ha pHUCYHKE 6. YKazaHHs 10
COCTABJICHUIO PACYETHOM CXEMBI I Pa3JIMYHBIX KOHCTPYKTUBHBIX IIONIEPECYHUKOB
npuBecHBI B [5].

IIpu pacuere paMmbl yCWIMS B €€ JJIEMEHTax OINPENEIAIOTCA OT KaXXI0ro
pacyeTHOr0 3HAYEHUs HArpy3Kd OTHENbHO. OJTO CBA3aHO C TEM, 4YTO JUIA
pa3IMuYHBIX 3JEMEHTOB U Y3JI0OB HauOojlee OMACHBIM MOI'YT OBITh pa3HbIC

COUYETaHUs HATPY30K.

3.2.1 Harpy3ku Ha pamy

[locTossHHBIE HArpy3KH Ha pHUTelb paMbl MPUHUMAIOTCS  OOBIYHO
PAaBHOMEPHO pacHpeesICHHbIMU 10 JyIuHE purens (puc. 6). Benuunny pacuetHoi
HIOCTOSHHOM HArpy3KH Ha 1M 2 MOKPHITUS yA0OHO ONPEENaTh B TabIu4HOM hopme
(Tabu. 2).

PacueTrHOe 3HaueHUE HATPY3KU OMpEAEseTCs YMHOKEHUEM HOPMATUBHOTO

3Ha4YeHUS Ha KOA(PPUIIMEHT HAACKHOCTH IO Harpy3Ke:

Ny =Ny yr wma qp = qn " Ys-



Ta6amua 2 — C60p Harpy3ok Ha 1 M? TOKPBITUS

HaumenoBanue HopmatuHoe Koappunment PacueTHoe
Harpy3Ku 3HaueHue (Qn), HAJC)KHOCTH TI0 3HadyeHue (q),
kH/m? HarpysKe KH/m?
Vi

Bce mHecymue wu
Orpa)KJarolue
CJIOW KPOBJIH

Z ni Z qii

B cymMapHyro Harpy3Ky BXOIST: Harpy3kd OT BCEX CJIOE€B KpPOBIIH,
KoHCTpyKIMH (depMmbl, GoHapsi, cBa3ed marpa. KodpduimenTsl HaIEKHOCTH 0
Harpy3Ke Jf ONPEACISIIOTCS COrJIacHO TpeOOBaHUSM HOPMATHUBHOM JIUTEpaATyphl
[3]. TumomM KpoBiM 331at0TCS B 3aBUCHMOCTH OT TOTO, OTAIUIMBAEMOE 3/IaHHE WJIN
HET.

Jluneiinas Harpy3ka () coOHpaeTcs ¢ Ipy30BOM IUIOMIAIN, TPUXOISIICHCS
Ha paccMarpuBaemyto pamy [S]. Ilpu onpeneneHun TMHEMHONW HAarpy3Ku Ha pUreib
pamMbl HEOOXOUMO YUYECTh YroJl HaKJIOHa BEPXHETO M0sica PUTeNisi K TOPU30HTY:

_ X4q1i'B,
" cosa’
rae B — mar pamsl, M;
Y. q;i — PAaBHOMEPHO paclpe/ieeHHas 110 TUTONIA i KPOBJIM HArpy3Ka,
0. — YrOJl HAKJIOHA BEPXHETO0 MOsICa PUTEIIsl K TOPU30HTY.
OcranpHble  TOCTOSIHHBIE ~ HArpy3Ku  OPUKIAABIBAIOTCS B BHUIE
COCPEIOTOYCHHBIX CHJI, JEHCTBYIOIIUX MO OCSIM DJIEMEHTOB pambl (pHuc. 6). D10
Harpy3kd OT Be€Ca BEPXHEM M HIKHEHM 4YacTedl KOJIOHHbI M CTEHOBOIO
OTpaXXJICHUS, €CIU TocheaHne He camonecymue. CoOCTBEHHass Macca HECYIIUX H

OTPAXKIAKOIINUX KOHCTPYKIIUHM 3JIEMEHTOB MPUBEJACHA B CIIPABOYHOM JIUTEPATYPE.
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Pucynok 6 — PacueTHbie cXeMbl paMbl IPU Pa3TUYHBIX 3aTPYKEHUSX

Harpy3ku oT MOCTOBBIX KpaHOB MPUHUMAIOTCS B BUJIE
COCPEJIOTOYCHHBIX CHJI OT JIBYX COJIMDKCHHBIX KpPAHOB, NMPHUJIOKEHHBIX IO OCH
noikpaHoBor 0anku (min ¥ Jmax); B YPOBHE T'OJIOBKH KPaHOBOT'O pejibca MOMEPEK
kpaHoBoro mytd (7). YciIoBHO mpuHUMAeETCs, 4To 1 MepenaeTcss Ha OJHYy Oalky
KPaHOBOTO TTyTH U MOKET OBITh HAlpaBlieHa KaK BHYTPh, TAK U HAPYXKY 3/TaHHUS.

B npaktnueckux npumepax pacyera [uax U [min OPUKIAIBIBAIOT [0 OCHU
MOAKPAHOBOM YacCTH KOJOHHBI. JKCIEHTPUYHOCTh UX MPHIOKEHUS] YUUTHIBAIOT
JONIOJTHUTEIbHBIMU MOMEHTAMM:

Minax = € Amaxs Mmin = € * Lnin;
I7Ie € — PACCTOSIHUE MEXIY OChIO MOJKPAHOBOU OalKu W LIEHTPOM TKECTH

HIKHEH 4acTH CEUCHMS KOJOHHBIL.



h
Ecnmn xononHa CKBO3Has, MOXHO IIPUHNMATDb e = 7}{ (hH — BBICOTA CCUCHUA

HWDKHEH 9aCcTU KOJIOHHBI).

Yewme T NpUKIaAplBalOT B YCTYIIE KOJIOHHBL. lIpuMep npunoxeHus
KPAHOBBIX Harpy30K IIPUBEJICH HA PUCYHKE O.

HopmatusHoe 3Hadenue /Iy, OMPEOCISIOT MO JUHHUAM BIUSHHS OMOPHOM
peakuuu JABYX CMEXHBIX IIOJKPAHOBBIX OallOK, ONMPAIOIIMXCA Ha KOJOHHY
paccmarpuBaemoii pambl. IlonkpaHoBble Oanku 3arpyKe€Hbl BEPTUKAIbHBIMU
Harpy3kamu JaBJl€HUS Kojec KpaHa P,,. Ilocnennue omnpenenstorcs 1o
tpeboBanusm [5]. Tlpu ompeneneuun [}, HEOOXOAUMO COJMKCHHBIC KpaHbI
pa3Memiarh Tak, 4ToObl OJHO M3 KOJIEC KpaHa pPacloyiarajioch Haja IpOAOIbHOMN
OCBIO KOJIOHHBI, @ OCTaJIbHbIE HAXOAWINCH BOIM3H 3TOM OCH.

[Ipy TOM e MOJOKEHHH KpaHOB onpenensiores Pmin u ... Tpu

onpeneneunn [ ., Prin IPUHAMAIOT PABHBIM:

__ G+Q

P min - P max>
rae Q — rpy3onoaseMHOCTh KpaHa, KH;
G — macca kpaHa ¢ Tenexkoi, kH;
N — YUCII0 KOJIEC KpaHa C OJTHOM CTOPOHBI.

Bennunny 7 rOpU30HTaIbHOM TOMEPEYHON TOPMO3HOW CHUJIbI OMPEICIISIOT
CoTJlacHO TpeOoBaHUAM [5], mepenaBas ee Ha OJHY CTOPOHY KPaHOBOT'O IyTH
PAaBHOMEPHO pacipeAeieHHON MeX Ay BCEMH KOJIECAMU KpaHa C OJJHON CTOPOHBI.

CHeroBasi Harpy3Kka Ha pUreib pambl ONpeenseTcs mo TpedoBanusM [3] B
3aBUCUMOCTH OT paiioHa cTpouTenbcTBa. [Ipu pacueTre HOPMATUBHOTO 3HAYEHHS
CHETOBOM HAarpy3ku HEOOXOJUMO YUYUTHIBaTh NPOQUIL KPBIIIA COTIACHO
NpUIoKeHusM [3].

BetpoBas Harpyska, AEHCTBYIOIIAsi Ha CTEHBI U, B OTAEJBHBIX CIy4asiX, Ha
KPOBJIIO 3JIaHMS, OIpEJEeNIeTCs COrjlacHO TpeOoBaHUsIM [8] B 3aBUCHUMOCTH OT

paiiloHa CTPOUTENBLCTBA. BeTpoBas Harpy3ka CKIQAbIBA€TCSI M3 AaKTUBHOTO

JaBJICHUS C HaBeTpeHHOﬁ CTOPOHBI K OTCOCA C HOI[BCTpCHHOﬁ CTOPOHBI 3AaHMA.



BerpoBas Harpy3ka npuHUMAaeTCs JUMHENHO paCcIpeNeICHHON Ha PaCYETHYIO
BBICOTY paMbl. BeTpoBas Harpyska, IEHCTBYIOIIas HA DJIEMEHTBI PACIIOI0KEHHbIE
BBIILIE OCU HIKHETO II0sica pUrelss, IpUKIaAbIBaeTCs K paMe B BUIE
COCPENOTOUYECHHOU CUJIBI.

IIpumepbl pacyeTa CHETOBOM M BETPOBOW HAarpy3Kud IpHUBEAEHBI B [5],

3arpy»KeHus paMbl pa3IMYHBIMU Harpy3kaMmu — Ha pUCYHKe O.

3.2.2 MOMEHTBI UHEPLIMH JJIEMEHTOB PAMBI
JUis ompeneneHuss YCUIMM B D3JIE€MEHTaX paM HEoOXOIUMO 3a4aTbCs
OTHOLUIEHHUSIMM KX MOMEHTOB HHEpUHUH. ONBIT NPOEKTUPOBAHUS MO3BOJIUI

YCTAHOBUTDH 3HAYCHUS JAHHBIX OTHOILIECHUH [5].
I I
£=10..60; 2=5..10;
Iy Iy

Tac |H — MOMCHT MHCPIIUHU HWKHEH YaCTH KOJOHHLI:
Ig — MOMCHT MHCPIHH BCpXHeﬁ YaCTHU KOJIOHHBI,
|p — MOMCHT MHCPIUH PUTCIIA.

ITocne Hozx6opa CEYCHUM HSJIIEMEHTOB Kapkaca H€O6XOI[I/IMO OIIpCACINTD

I, I,
_p’ I_ U CPAaBHUTL C INPCABAPUTCIBHO IIPUHATBIMHU IJIA

B B

(dbakTHYeCKHe OTHOIICHUS

pacuera pambl. OTiinuue He 6omee yem Ha 30% MpakTUYECKH HE CKa3bIBAaeTCS Ha
BEJIMYMHE PACUYECTHBIX YCWJIMI B d3JIeMeHTax pambl. [Ipu OompiiemM OTIMYHUH
HE0OXOIMMO MPOBECTH CTATHYECKHUI pacueT paMbl BHOBb, IPUHUMAs (PaKTHUECKHE

Iy
u 2
B IB

I
£ IIo BHOBB IMOJIYYCHHBIM 3HAUCHHUAM pPACUCTHBIX YCHIINU, HCO6XOI[I/IMO

HOI[O6paTI> IMOIICPCYHBIC CCUCHUA 3JICMCHTOB PaMBI.

3.2.3 PacueTHble ycunus B SJIEMEHTaX pambl

[Tony4yeHHblE TEM WM WHBIM METOJOM pacyeTa BHYTPEHHUE YCHWIHS B
AJIEMEHTaxX paMbl CBOAST B pe3yJbTUPYIONMIYIO Tabnuily, (opma KOTOpoill u
MpaBWJIa €€ 3anoJaHeHUs npuBeAcHbI B [S]. [locnenHsasa sBIsIeTCs OCHOBAaHUEM JIJISI

OIIpPCACICHUA PACYCTHBIX YCI/IJII/Iﬁ B JJICMCHTAax paMBbl.



PacueTHble ycuins — KOMOMHALMSI BO3MOKHBIX COYETAHMA BHYTPEHHHUX
YCUJIMM OT JEUCTBUA BHEIWIHUX Harpy3ok. Ilpm pacdere »1eMEHTOB paMm
HEO0OXOIUMBI CJIETYIOLIME BUbl KOMOWHAIIMIA:

1) + Mmax; Neooms 2) Nmax; =M coome 3) ijn y £M coome; 4) Qmax-

KoMOunanuu 1, 2 mpuMeHSIIOTCS Kak NPU pacyeTe puress, TaKk U CTOEK
paMbl, KOMOWHaIMS 3 — MpU pacyeTe aHKEPHBIX 00JITOB 0a3bl CTOEK, KOMOMHAITUS

4 — IMpH pacueTC PCUICTKHU NI CTCHKU KOJIOHH.

HpI/I OIIpCACICHUHN KOM6HH3HHﬁ yCHHHfI H606XOI[I/IMO PYKOBOACTBOBATHCA

CICAYIOIINM:
1. BepTI/IKaJIBHoe U TOPHU3OHTAJIBHOC BOSIIGI‘/’ICTBI/IC KpaHOB  MOXKCT

paccMaTpuBaATLCA TOJIBKO OJHOBPCMCHHO,

2. Ilpu paccmoTpeHHH OOpaTHO CUMMETPHUYHBIX HArpy30K YYHUTHIBACTCS
TOJIbKO OJIHO, Hauboyiee HEOJAronmpusiTHOEC UX JACHCTBHE (BETpOBas Harpyska He
MOKET UMETh OJJHOBPEMEHHO HAIPABJICHUE — U <«—;

3. KomOuHanum Harpy3ok COCTaBIJISIIOTCS C YY4E€TOM OCHOBHOT'O U OCOOOTO
coueraHui [3].

BXOII}IHII/IG B KaXXJO0C U3 OTUX COYETaHUU BHYTPCHHCC YCHUIINC JOJIZKHO OBITH

OPUHATO CcO cBouM Koddduimentom couetanus [3].  PacderHele ycumus

(koMOMHaMKM ycwinii) momeniarorcss B Tabnuie 3. OHHM omnpenensroTcs, Kak
npaBuio, s 4-X cedeHui cToek pamsl (puc. 6). [Ipodyepku B Tabimile 03HAYAIOT,

YTO TAaKUX KOMOWHAITMN HArPy30K ObITh HE MOXKET.
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Pucynok 7 — YyeT npoctpaHcTBeHHON paboThl kKapkaca (ot cuiibl T)



