KoHncnexkr Jexkuuu 1o
TUCIUILINHE

TEOPUA
INPOEKTUPOBAHUSA CYAOB



BBeaenune

Kypc npoexruposanus cynos (I1C) o6o0maer u 3aBepuiaeT TeopeTH-
YEeCKYI0 MOATOTOBKY HWH)KEHEepa-KopaOJIeCTPOUTENsl B CTeHaX y4eOHOro
3aBECHUS.

[IpoexTpoBaHne COBPEMEHHBIX BOCHHBIX W TPAHCIOPTHBIX CYAOB
SIBJISICTCSI OOJIBIIION M CJIOKHOUW 3ajjaueii B CHJIy OTPOMHOTO KOJIHYECTBA
OINEPATUBHBIX, TAKTHYECKUX, TEXHUYECKHUX, SKOHOMHUYECKHX M APYTHX
TpeOGOBaHMIA, KOTOPbIE YUUTHIBAIOTCS MIPH pa3padOTKe 3aJaHUi Ha MPOEK-
TUPOBAaHUE CyJHA, a TAaKXKe MOTOMY, YTO COBPEMEHHBIE Cy/a MpeaCTaB-
JSIFOT COOOM COBOKYIHOCTH CJIOXKHEHIIMX MEXaHM3MOB M TOYHEHIIMX
npuOOpOB, MOCTPOCHHBIX HAa OCHOBE CaMbIX IOCIEIHHUX NOCTHKCHHH
HAYK{ ¥ TEXHUKH.

Jltoboe mH)KEHEpHOE COOpPY)KEHHE, B TOM YHUCIIE M TaKOe CIIOXKHEH-
niee, KakuM SIBIISIIOTCS COBPEMEHHbIE Cyla, NpeIHa3sHaYeHO IEepeaBU-
raTbcs 10 BoJie U 001aaeT 3aAaHHBIMA OO€BBIMHU MJIM SKOHOMUYECKUMU
Y MOPEXOIHBIMHU KadecTBaMH, AJIsl TOCTPOUKH TpeOyeT AeTalbHBIX Yep-
TEXEH ¢ BBIMOJIHEHUEM MHOTOYMCIICHHBIX U CJIOXKHBIX PacyeToB, KOTOPbIE
B KOMIUIEKCE M HOCST Ha3BaHME IPOEKTa (3CKU3HOTO, TEXHUYECKOTO,
pabouero).

EctecTBeHHO, UTO HE BCSKHE YEPTEKH U PACUETHl MOTYT OBITH HC-
M0JIb30BaHBl ISl OCTPOWKM CyZHA, a TOJNBKO T€, YTO B IIOJHOM Mepe
OTBEYAIOT TPEOOBAaHUAM, IMPEIBSIBICHHBIM K MPOEKTUPYEMOMY CY/AHY.
CrnenoBatesbHO, pealn30BaH MOXKET OBITh JIUIIb TOT MPOEKT, KOTOPBIA
COCTaBJICH Ha 0a3e COBPEMEHHOI'O COCTOSHUS TEXHUKH.

Crnenyetr OTMETHUTB, YTO (PAKTUYIECKHU TONBKO 3a mociuenuue 50—60 net
CO3/1aHa HayKa, 3aHUMAIOIIAsACA IPHHLUIIAMHU COCTaBJIEHUS IPOEKTa
CyJHa B IIEJIOM, U Ha3bIBaeMasi IPOEKTUPOBAHUEM CYJIOB.

CoBpeMeHHOE MPOEKTUPOBAHUE CYJOB 0a3upyeTcs Ha BCeX Hay4HBIX
Y TPAaKTUYECKUX JOCTIKEHHSAX KOpaOIeCTpOUTENBHBIX IUCIMIUIMH, Ta-
KHX KaK Teopusi Kopaliis, CTPOUTENbHAS MEXaHUKa KOpadiisi, KOHCTPYK-
IIUU KOPITyca, KOpaOelbHbIe CUCTEMBI U YCTPOHCTBA, TEXHOJIOTHUS CYyAHA
U T. 1. Mcronp3yroTest Takke JOCTHKEHHS B 00J1aCTH MAITHHOCTPOCHHS,
9IIEKTPOTEXHUKH, BOOPYKECHHUS, MPHUOOPOCTPOCHUS M APYTUX OTpacieit
HayKW M TEXHUKH, CB3aHHBIX C CyAOCTpOeHHEM. B 3ToM cMbicie Hayka
0 MPOEKTHPOBAaHUH CYAOB — 0000IIaIomIas Hay4YHasi AUCUMIUIHHA. B TO
JK€ BpEeMsl OHa MMEET CBOM 3aKOHBI, METOJbl U MPUEMBI, KOTOPBIE OIpe-
JEJSIOT NMPOLiecC IPOSKTUPOBAHUS CYAHA.



[IpoexTrpoBaHue cy0B fABIsIETCS 0000IIaIOmIEel KOpablecTpOUTEb-
HOU HayKoOH emé U MoToMmy, 4TO PaccMaTpuBaeT CYIHO KaK WH)XEHEPHOE
COOpPYKEHHE B IIEJIOM, B KOMIUIEKCE.

[Ipu coznannm cyHa permaroTcs CleAyIOIne BOIPOCHL:

— OIpeAeeHre BOAOU3MEIIECHNUS, [TIaBHBIX Pa3MEPEHUN U Pa3IHYHbIX
COOTHOIICHHUH 1 KO3 PHUIIUECHTOB;

— YCTaHOBJICHHWE OOILETr0 PACIOJIOKEHHUS, T. €. PACIOJIOKEHHS BO-
OpYKEHHUS, MEXaHHW3MOB, CHCTEM M YCTPOMCTB, I'DY30BBIX, JKWIIBIX H
CITy’KeOHBIX MOMENICHUH, KOMAaHHBIX IOCTOB H T. I1.;

— COCTaBJICHHE HArpy3Ku Cy/JHA U ONpeJeNIeHNE TOJI0KEHUSI €Tro eH-
tpa Tsxectu (LIT);

— OIpe/EICHUE TPYy30BMECTUMOCTH M BMECTHMOCTH, XUBYYECTH H
60eBoil 3aIUTH BOGHHOTO CYyAHA.

Haxonen, pemaroTcss BOIPOCH CO3JaHHS TEOPETUYECKOTO UYepTexa
CyIHa.

3a MpOeKTUPOBAHUEM CYyJHA OCTAETCS TAKXKE IOCIIEIHEe U pellaro-
11ee 3aKJII0UeHNe 0 KOHCTPYKLINHU, IPOYHOCTH, XOJKOCTH, MOPEXOAHOCTH
U APYTHX NPUHOUIHAIBHBIX BOIPOCAX, CBSI3aHHBIX C TJIABHBIMU JJIEMCH-
TaMH CyJHa B IIEJIOM.

IIpodeccop K. I1. bokneBckuii, aBTOp MEPBOro B MUpE Kypca MpOeK-
TUpOBaHUsl Kopabnuei, m3ganHoro B 1904 romay, Ha3Bam HayKy, OMHCHI-
BAIOIIYI0 OOIMe METOAbI M NMPHUEMBI pacdeTa M COCTABICHUS YepTexei
pa3IMYHOTO THUIA CYAOB CO BCEMH HMX YCTPOWCTBAMH MU IpHCIIOCOOIe-
HUSIMH, NPOEKMUPOBAHUEM CYO08.

Brinaromuiica coBerckuid yuensiid akagemuk B.JI. TlozntoHuH, mo-
CBATHUBIINI CBOIO JIEATENIEHOCTh MPOEKTHPOBAHUIO CYA0B, Ha3BaJl Hayd-
HYIO JUCLUIUIMHY, B KOTOPOW paccMaTpUBAIOTCs OOIIE BOMPOCH! MPOEK-
TUPOBAHUS CYAOB, Meopuell NpoeKmupo8aHust cyooas.

Takum 06pa3om, HAYIHEIM 0000IIEHUEM TIPAKTHKA ITPOCKTUPOBAHMUS,
MPOBEPEHHOM Ha OMbITe OOEBOTr0 MCHOIB30BAaHHUS BOCHHBIX CYJOB H IO-
BCEIHEBHOM OKCIUTyaTallud TPAHCIOPTHBIX CYAOB, SIBIAETCS TEOPUS
MPOEKTUPOBAHUS CYJIOB, KOTOPAs, PACKPHIBasi 0ObEKTUBHBIE 3aKOHOMED-
HOCTH JAaHHOTO TBOPUYECKOTO TMpOIecca, IMOMOTraeT KOHCTPYKTOpam-
NpaKkTUKaM CO3/laBaTh BBICOKOKAYECTBEHHBIC NMPOEKTHl CyAOB Ha 0Oasze
COBPEMEHHBIX IIOCTIDKEHHH HAyKH, TEXHUKH, O0EBOTO HCIIOIb30BAHUS
Y SKCIUTyaTaluu.

Teopust MpOEKTUPOBAHUS CYA0OB M3y4yaeT MPOEKTHPOBaHHE KaK CIIe-
muduyeckyo GopMy HHXEHEPHOH AEATENIbHOCTH, BCKPBIBAET B3aMMO-
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CBs3b TEOPHUU IPOSKTUPOBAaHUS C JPYTMMH KOPaOJIeCTPOUTEILHBIMU
HayKaMH — TEOpPHEH Kopabiisl, CTPOUTEILHON MEXaHUKOW KOpadJist | T. 1.,
KOTOpBIE, B CBOIO ouepeab, 00eceynBaoT TpeOOBaHUsI TEOPUH TPOEK-
TUpoBaHus. Teopus MPOEKTHPOBAaHUS CYAOB (pOopMHpYeT HAydHOE II0-
HUMaHHE KadyecTB CyJ/lHA B IEJIOM M BOCIIMTBHIBAET CTpeMIIeHHE obecre-
YUTH UX BBICOKYIO CTCIICHb.

[Ipu u3noxeHnn Kypca OCHOBHOE BHMMAaHHE YAEISAETCS paccMoTpe-
HUIO METOJOJIOTUYECKHX TIPUEMOB TPOCKTHUPOBaHMs. UUCIEHHO KOH-
KpEeTHBIE 3a/1a4d, KPOME U3JI0KEHHBIX B KypCe, OTPAXKAIOTCS B KypCOBOM
MPOCKTUPOBAHHH.

C y4eToM BBINIECKA3aHHOTO OCHOBHBIMHU 33j[auaMU IPEToaBacMOi
JUCTIATIUTAHBI SBIISTFOTCS:

— MOJy4YeHHs CTYJEHTaMH HeoO0XoauMoro obbema 3HaHMHA 00 ypas-
HEHUSIX U METO/IaX MPOSKTUPOBAHUS CY/IOB;

— OCBOEHHE METOJIOB ITPOBEJCHHS TEXHUUECKUX PACUETOB;

— TMOJy4YeHUE 3HaHUH 00 OCHOBHBIX KJIacCaX M THIIAX CYIOB IPH IpPO-
EKTUPOBAaHUH CyJIOB BHYTPEHHETO, CMEIIAHHOTO 1 MOPCKOT'O TJIaBaHHUS;

— O3HaKOMJICHHE CO CpEICTBAMH aBTOMATH3AllH IMPOEKTHO-KOHCT-
PYKTOPCKHX pabOT, TEXHHYECKUMH XapaKTePUCTHKAMH W JKOHOMHYE-
CKMMH TIOKa3aTeJsIMU JTYYLINX OTEUECTBEHHBIX M 3apyOe:KHBIX 00pa31oB
MOPCKOH TEeXHUKH, a TaKXKe CYJI0OB BHYTPEHHETO M CMEIIaHHOTO (peKa-
MOpe) TUTaBaHWs, TEePEeIOBBIM OTEYECTBEHHBIM M 3apyO0eKHBIM OIBITOM
HCCJIICA0BaHNA, NPOCKTUPOBAHUA, KOHCTPYHUPOBAHUA W M3TOTOBJIICHUA
CYJOB U OCOOGHHOCTSIX HX (PYHKIIMOHHUPOBAHHUS;

— IpruoOpeTeHne CTYJeHTaMU IPAKTHYECKUX HABBIKOB BBITTOTHEHHS
pacueToB MO MPOEKTUPOBAHUIO KOpalieil M CyJOB pa3IHYHBIX KJIACCOB
Y TUIOB, MPUMEHEHHE METOJIOB UX aHAJIH3a U ONTHMHU3ALIH.



1. 3AJAYA ITPOEKTUPOBAHMS CYIOB
U METO/IbI EE PEILIEHUS

1.1. O0mme cBeeHUs O JTUCIUILINHE

[lox npoexmupoeanuem cyooeé (I1C) moHmMaeTcs MPOU3BOICTBO
BCEX PacyeTOB U COCTABJICHHUE YEPTEKEH, TEXHUUECKON U IKCILTyaTalu-
OHHOH JTOKYMEHTAIlNH, pa3padaTbiBaeMOl Kak IMepe]], Tak U B IpoIiecce
MoCTpoiiku cynHa. HemocpeacTBeHHO# 3amadeld pa3pabOTKH MpOEKTa
CyJlHa SIBJISICTCS. M3TOTOBJICHUE UEPTEXel, crienupukanui, BeJJOMOCTer
W omnHcaHui, 0OOCHOBAaHHBIX pacdyeTaMH M UCCIEAOBaHUSIMH, a TaKXKe
paccMOTpeHHE TEXHUKO-9KOHOMUYECKHUX JaHHBIX, 3JI0)KEHHBIX B OCHO-
BY IIPOSKTHPOBAHUS U TIOCTPOUKH CYJTHA.

I'maBuo#t 3amaueit IIC sBnserca onpeneneHUe OCHOBHBIX 3JE€MEHTOB
(D, L, B, T, h, N) npoexktupyemoro cyaHa. 3ta (opMyIupoOBKa OTHOCHUT-
Cs KO BCEM dTalaM OTPEICICHUS DJIEMEHTOB MPOCKTHPYEMOTO CYJIHA,
HAYMHAS TICPBBIMH MPUOIMKEHUSIMH M KOHYasE MOMEHTOM, KOTJa TOCJIe
HEOOXOMMBIX MPOBEPOYHBIX PACYETOB U UCCIIEAOBAHUHN pa3Mephl CyIHA
1 ero (hopMa OKOHJATEITHEHO 3a(hHKCHUPOBAHEI.

MHoOTOYHCIEHHbIE TPUMEPHI, UCIOIb3YEMbIE ISl OTpPEICICHUS dIe-
MEHTOB TPOEKTHPYEMOTO CyJIHA, MOKHO OTHECTH K OoJiee OOIIMM METO-
JlaM, OTIPEJIENAIONINM MTOCTaHOBKY | pelIeHne 3a1a4n B 1esnoM. K gucmy
ATUX METOJOB B IIEPBYIO OUEPEab CIEAYET OTHECTHU:

— METOJI ITocJe10BaTeNbHbIX pubmmkenuid (MIIT);

— Metox Bapuaruii (MB).

Memoo (IPUHIINIT) HOCA008AMENbHBIX NPUOIUICEHUTI HAXOTIUT CBOE
OTpakeHUE B TOM, YTO MPOIIECC MPOCSKTUPOBAHUS Cy/IHA pa30UBacTCs Ha
otnenbHble ctaanu (3Tamnsl). K ux anciay oTHOCSTCS:

— pa3paboTKa OnepaTUBHBIX MM IKCIUTyaTallMOHHBIX 3aJ[aHHA;

— IpeAdCKU3Hast MpopaboTKa MPOeKTa;

— IpopaboTKa TEXHUIECKOTO MPOEKTa U pPadOYNX YePTEKEH.

[Ipu 3TOM pe3ynbTaThl, TOMYYCHHBIE IO 3aBEPIICHWH dTama (IpH-
OJMIDKEHUS), WCIONB3YIOTCS IJIS KOPPEKTUPOBKU DJIEMEHTOB CYJIHA,
HAWJICHHBIX B MPEIBIIYIIUX TPUOIMKCHUAAX, U JUISl YTOYHCHUS TIPHHS-
THIX paHee TOMyIICHHN.

[IpucyTcTBre B MCXOIHBIX YPAaBHEHHUSX MPOU3BOJBHBIX MMapaMETPOB
JleJaeT 3aJady ONpeAeNICHUs >JIEMEHTOB MPOCKTUPYEMOTO CyAHAa HEO.-
HO3HaYHOW. BerencTBue 3Toro B mporecce MpoeKTUPOBAHUS BO3SHUKAET
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HEOOXOAMMOCTh BBIICTICHHSI U3 MHOTOYMCIEHHBIX BO3MOXHBIX COUYETa-
HUH 2JIEMEHTOB CyJHa TaKOTO COYETaHWs, KOTOpoe OyIeT COOTBETCTBO-
BaTh HanboJee 3PpPeKTUBHOMY pEIICHHUIO MMOCTaBICHHOH 3aqauu. Takoe
pellleHue OCTABICHHOM 3a]]aui JOCTUTAETCSl METOJIOM BapHaluii, KOTo-
PBIN TIO3BOJISIET OMPEAEIUTH UICKOMBIE DJIEMEHTHI B PSAJIE MCCIETOBAHHBIX
BApUAHTOB ¥ OJJHOBPEMEHHO MIPOBECTH aHAIM3 TIOTYYCHHBIX PEIICHUMN.

MertoJ TOCIeIOBATEIBHBIX MPUOJIIKCHUH M METOJl BapHalluii HE HC-
KJFOYAIOT, & JOTOJHSIOT IpyT Apyra. MeTo] BapHaliiii MO>KHO ITPUMEHSITh
Ha 3aKIIOYUTENBHBIX JTalax pPemeHUs 3aJadd, IPOBOAUMBIX METOJIOM
MOCIIeIOBATENbHBIX TpuOmxkeHuit. C Jpyrod CTOPOHBI, MPUMCHECHUE
MB BO3MOXHO UMb TIOCTE MPEIBapUTEIHHON MPOPabOTKU BOMpOCa,
0oJree TPOCTHIMU METOaMH (CPEICTBAMU), MPUCYIIIMMHA METOAY ITOCIIe-
JIOBATEIBHBIX MPUOITIKEHUH.

1.2. Mecro nucuuniinnbl «IIpoekTupoBanne cya0B» cpeau
CYAOCTPOMTENbHBIX AMCHHUIIJINH

Juciymrza «IIpoekTupoBaHye CyoB» MEPECEKAETCS C IPYTUMH CIIe-
IHaTbHBIMU TUCIUIUTMHAMU, COXPaHsIs MPUCYIIUMN el Hay4YHbIH MOAXO/I.

«Teopus xkopabns», HapUMeEp, pelIaeT 3aJady 0 MOPEXOAHBIX Kade-
CTBax KopalOiis 3aiaHHbIX pa3mepoB U (opmel. Jucnunnuna «IIpoextu-
pOBaHME CYJOB» pemaeT 00paTHyo 3a1ady KOMILIEKCHOTO XapaKTepa Mo
YCTaHOBJICHUIO pa3MepoB U (OPMBI CyllHA, KOTOPbIE OTBEYAIOT 3aJlaH-
HBIM HCXOAHBIM JaHHBIM (MOPEXOIHBIM KauecTBaM Kopaois).

Hmerotes o01iie MOMEHTHI IPOEKTUPOBAHUS CYIOB U CTPOUTEIIbHON
Mexanuku kopabins (CMK). OcHOBHBIM CMEXHBIM BOIIPOCOM SIBISIETCA
BOIIPOC O BJIMSHHUH 3JIEMEHTOB Habopa cyiHa Ha Bec KopIryca.

KopabenbHas apxuTekTypa Taxke HaxoauT oTpaxkeHue B 1IC, oco-
OEHHO KOIJa PelIalTCsl BOIPOCHI, CBA3aHHBIE C BHIOOPOM apXUTEKTYp-
HOT'O TUIA IPAKIAHCKHX CYJIOB.

TexHonoOrNs CyA0CTPOCHHUSI, KOTOPOH yaemnsercs 00bilIoe BHUMaHHUE
MpH pa3paboTKe ICKU3HBIX W TEXHUYECKUX ITPOEKTOB Ha HA4aJbHOMW CTa-
JIUU TIPOEKTHPOBaHUS, Takke B3auMmocBs3aHa ¢ I1C. BosmoxHocTH Tex-
HOJIOTHH CYAOCTPOEHHSI 0COOEHHO HEOOXOAMMO YUWTHIBATh MPU MPOEK-
TUPOBAHUHU (POPMBI CYZJOBOM OBEPXHOCTH.

CMeXHBIMHU SBJISIOTCS BOIPOCHI MPOEKTHPOBAHUSA CYAOB U CYJOBBIX
SHEPreTHYECKUX YCTAaHOBOK HpW BHIOOpE THIIA MAIIMHHON YCTaHOBKH
U OCHOBHBIX XapaKTEPUCTHK MAaIIWHHOro obopymoBaHusa. OcobeHHO
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00JBIIOE BHUMAHUE 3THM BOIIPOCAM YJENSETCS MPH OMPESIICHUH 3Jie-
MEHTOB IPOEKTUPYEMOI'O CYAHA, TaK KaK MAIIWHHAsl YCTAHOBKA OKA3bIBa-
€T CYILLIECTBEHHOE BJIMSIHUE Ha KAUECTBEHHbIE NTOKA3ATEIM CYIHA B LIEIOM.

Metoapl 3KOHOMHUKHU CYIOCTPOEHHUS! U IKCIUIyaTallld CyAOB HUCIOJNb-
3YIOTCSl B CPaBHUTENBHBIX MOJICYETAX CTOMMOCTH CYAOB U ce0ecTonMO-
CTHU NEPEBO30K, BBIMOJHIEMBIX MJI COMOCTABJICHUS paccMaTpUBAEMbIX
BAPUAHTOB PELICHUS 3aa4i. DKOHOMUYECKUN aHATU3 CIIY>KUT OCHOBOM
MPH UCCIIEIOBAHUU MHOTHX BOIPOCOB, BOSHHUKAKOIIUX IMPH pa3padoTKe
MIPOEKTA.

1.3. Knaccugukanus u3BeCTHBIX U HEU3BECTHBIX 3J1eMEHTOB
(BeJIMYHH) NPOEKTHPYEMOI'0 CyAHA

Onemenmamu cyOHa B TEOPHUHM NPOCKTUPOBAHUS HA3BIBAIOTCS YHC-
JICHHBIE pa3MepHble U Oe3pa3MepHbIC BEJINYMHBI, B COBOKYITHOCTH BBI-
pakaroliie OCHOBHBIE KauecTBa CyHa.

HeusBecTHBIMU 37eMEHTaMHU (XapaKTEPUCTHKAMHU) MPOEKTHPYEMOTO
CyJHa SBJISIOTCS:

1. BonousmemeHne:

— B IIOJIHOM I'Py3y B Hadaje peica;

— B IIOJIHOM T'py3y B KOHILIE peiica;

— TIOPOXKHEM;

— B Oayutacre.

2. I'naBubie pasmepenust: L, B, T, H n xo3¢¢dunuenTs GopMbl KOp-
myca: d, 3, 9, @, .

3. MOUIHOCTH IIaBHBIX MEXaHW3MOB, 3aachl TOIUIMBA, BOJIBI, Maca.

[Ipr mpoeKTHpOBaHMU CyJHA BaXXHO HAMETHTH JIOTMYECKYIO CXEMY
peLIeHHUs 3a1a4H, T. €. yCTAHOBHUTH:

— KaKue JIEMEHTHI 3aJaHbl;

— KaKue 3JIEMEHTHl HEU3BECTHBI,

— KaKue UMEIOTCS AOIYIIEHHS;

— KaK{e aHAJUTUYIECKHE 3aBHCHMOCTH 11€J1eCO00Pa3HO HCIONb30BaTh
IpH pa3paboTKe MPOeKTa.

Crnenyer OoTMETUTh, YTO BCE MHOIOOOpa3HbIEe MIPUEMBI ISl OTIpeiere-
HUSl TEXHHMKO-3KCIUTyaTAl[HOHHBIX 3JIEMEHTOB HIPOEKTUPYEMOTO CyAHA
B KOHEYHOM CHYETe CBOJSTCA K COCTABICHHIO W PEIICHHIO CHCTEMBI
YpaBHEHUH, CBSA3BIBAIOIIECH 3alaHHbIE M YaCTUYHO BHIOpaHHBIE MPOEK-
TAHTOM TaKTHKO-TEXHUYECKHE M JKCIUIyaTallMOHHBIC ITOKA3aTeJH: aBTO-
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HOMHOCTb, AaJIbHOCTb IJIaBaHUs, COCTaB dKUIAXKa, BUI IPy3a, BOJIOU3-
MmenieHue D,,, TIaBHBIE pa3MepeHus cyaHa W Kod((UIMeHTH, onpene-
TSIOIIME ero GOpMy U KOHCTPYKIIHIO.

[Ipu pa3paboTke mpoekTa HEOOXOAUMO 00ECIIEYUTh TPEOOBAHUS:

YCIIOBHH SKCIUTyaTalyy, T. €. TpeOOBaHMS B OTHOIICHNH IIJIABYYECTH,
OCTOWYHBOCTH, HEMOTOIUIIEMOCTH, XOJKOCTH, KauyKH, MPOYHOCTH, KOH-
CTPYKIIMHU KOPITyCa;

9KOHOMHKH, T. €. 00ECIeUUTh HAPOJHOXO3IUCTBEHHBIH d(PPEKT OT
MOCTPOWKH U SKCIUTyaTaIllH CYIHA;

TEXHUKU TPOMU3BOJACTBA, T. €. YCTAHOBHTH PEalbHbIE BO3MOXXHOCTH
NOCTPOMKH Cy/iHa;

SKOHOMHUYHOMW MOCTPONKH Cy/IHA.

1.4. OcHOBHBIE B3aMMOCBSI3H MeKAy H3BECTHBIMM M HeH3BECTHBIMH
3J1eMeHTaMH NMPOEKTHPYEMOro CyAHa

Jisi yCTaHOBIIEHUST B3aWMOCBSI3U MEXKIY W3BECTHBIMH M HEHU3BECT-
HBIMH JIEMEHTaMHU UCTIONB3YIOTCS CIEAYIOIINE YPABHCHUS:
ypaBHEHHE TIIaBy4eCTH

D =pdLBT;
YpaBHEHHE MacChl KOpILyca
m, = p LBH;

YpaBHEHHWE Ha4YaJbHOW METAlEHTPUYECKOW BBICOTH (ypaBHEHHE
OCTOMYUBOCTH)

2

g

KadecTBeHHbIE XapaKTEpUCTUKU B OOJIBIIMHCTBE CIIy4aeB 3aBUCST HE
TOJIKO OT 3JIEMEHTOB Cy/HA, HO U IPYT OT Apyra. Tak, Hampumep, yBe-
JAUYeHHe Macchl (Beca) 1o JII000My M3 pa3/ielloB Harpy3KH BIICUET 3a CO-
0ol yBenW4yeHHWE BOAOU3MEIICHUS; YBEIHMUCHHE CKOPOCTH IBMKEHHS,
BEI3BIBaeT pocT MomHocTH COY u T. A. [IpumMepom Takux B3amMOCBsI3el
CITyaT ypaBHEHUS:



- Macc
D=3 m;

- MotHOCTH 3 PeKTHBHOK

Dy
TE =,
C
- MaCcC MCXaHU3MOB
P
Myx = Pux C >

Dwx 1 Px — U3MEPUTEIIM MACChl MEXAHU3MOB U KOPITyCa COOTBETCTBEHHO;
- YpaBHEHHUE MacChl TOIUIMBA

NgR

My =49m )
\%

KI'

QTn: -
KBT-u

[IpuBeneHHBIE BBIpXKEHHs TTOKA3bIBAIOT HE TOJBKO B3aWMOCBSI3b
MEKIy M3BECTHBIMU U HEW3BECTHBIMH DJIEMEHTAMHU U XapaKTEPUCTHKAMH,
HO ¥ 3aBHCHUMOCTP HX OT psna mapametrpoB (C — amMupanTelckuii Koag-
(UIMEHT), HOPMATUBOB (¢, — YACTBHBIN pacxoj] TOIUIMBA ABUTATEISIMN),
KO3 PULIUEHTOB (P, — U3MEPUTENH MacChl MEXaHU3MOB H T. 11.), OJaroja-
Psl KOTOPBIM COKpAIIAETCSl YHCIIO YPaBHEHUH M BBIpaKEHHH, HEOOXOIH-
MBIX AJIs1 OTBICKaHUS! HEM3BECTHBIX BEIMYMH B IIPOLIECCE ITPOCKTUPOBAHMS.

Jnst onpefienieHnsl yKa3aHHBIX KO3 PHUINEHTOB, HOPMATUBOB H KPH-
TEpUEB Ha MPAKTHKE MCIIONB3YIOT peajbHble JaHHbIE ONM3KHX K TaHHO-
MY CYIHY CyIOB-IIPOTOTHIIOB, T. €. OCYLIECTBIISIOT IPOCKTHPOBAHUE II0
nporoTuity. He 00s3aTeNnbHO MPOCKTUPYEMOE CYJHO JOJDKHO OBITH OJ1-
HOTHUITHBIM C TMIPOTOTHIIOM BO BCEX €r0 AJIeMeHTaX. Tak, Hanpumep, Ipu
MPOCKTHPOBAHUU TEOPETHUYECKOTI0 YepTeKa MOKHO HMCIOIb30BaTh OAUH
MPOTOTHII, a TIPU BBIYHUCICHUN W3MEPEHUIH Macchl KOpITyca U COCTaBlIe-
HUH ypaBHEHUS HATPY3KH — JPYTOH U T. II.
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1.5. TexHUKO-3KCIJIyaTAMOHHBbIE XapAKTEePHUCTUKHU CYyA0B

K TexHuKo-3KCIUTyaTalliOHHBIM XapaKTePUCTUKAM CYJOB OTHOCSITCS:

[JIaBHBIC pa3MEpPEeHusl CyJHa — XapaKTEpHbIE pa3Mephl CyJHA: JUIMHA
L, mmpuHa B, ocamka T, BeIcoTa OopTa H. Pa3muyaroT Ti1aBHBIE pa3Mepe-
HUS — pacyeTHbIC, HanOOoIbIIHe, Ta0apUTHEIC,

BOJIOM3MEIICHHE CyJHAa — KOJMYECTBO BOJBI, BEITECHIEMOE CYHOM,
u3MepseMoe B eIMHUIaX Beca, 00beMa uin Macchl. OObEeMHOE BOJIOM3-
MeIlleHne V 9uCcIeHHo paBHO 00BEMY MOJABOAHON YacTH KOPITyca, BKIFO-
Yasi BBICTYIAOIIME YacTH (pyJd, KpOHUITEWHBI U T. 1I.). MaccoBoe Bo10-
u3MelleHue D YUCICHHO PaBHO Macce BCEro CyJHA W HAXOMAAIIUXCS Ha
HeM Trpy30B. BecoBoe Bomom3memnieHne G YUCIEHHO PaBHO BECy BCETO
CyIlHA ¥ HaXOSAIINXCS Ha HEM TPYy30B;

Ipy30M0IbEMHOCTh CYAHA M, — Macca MEPEBO3UMBIX Ipy30B. ['py30-
MOTLEMHOCTH TTO/Ipa3AelsieTcs] Ha MOJHYI0 (neaseit D,,) U MoNe3Hy —
Maccy TOJIE3HOTO TPy3a, KOTOPHIH MOXKET MPUHATEH CYIHO TIPH OCAIKe 0
IPy30BYIO BaTE€PIUHUIO;

JenBeT D, — MoNHas Tpy30HOABEeMHOCTh Cy/lHA (Macca BCEX TPY30B,
KOTOpBIE MOKET MPUHATH CYJHO). B memBelT BXOAWT Macca MOJIe3HOro
rpy3a, CyJlOBBIX 3alacoB, Macca TOIUIMBA, BOJABI, CMA304HbIX MaTepHa-
JIOB, Macca NMUTHEBOU BOJIbI, IPOBU3UH, IKUIAKA U T. 1. Y TPaKIaHCKUX
CyIOB JENBEHT pPaBeH PA3HOCTH MEXAY IOJIHBIM BOJOW3MEIICHHEM
Y BOJIOM3MEIIEHHEM ITOPOKHETO CyIHA:

D,=D-D

op >

IPy30BMECTUMOCTD CyJIHA W — cyMMapHbI 00beM MOMEIIEeHNH Cya-
Ha, IPeTHA3HAUYECHHBIX IS IEPEBO3KU TPY30B, M .

BaxHoil 00beMHON XapaKTepUCTUKOW CyAHA SIBISICTCS PErucTpoOBas
BMECTHUMOCTb — 00bEM TMOMEIIEHUH CYIHA, 3alIMIIEHHbIX OT BO3AEHCTBUS
Mops. EnuHuneil u3smMepeHuss perucTpoBod BMECTUMOCTU SIBISIETCS PETU-
cTpoBast ToHHa, paBHas 100 byt mmm 2,83 M°. Pasmuuarot 18a BUIA peru-
ctpoBoii BMecTMocTH — BajioByto (BRT) m umctyio (NRT). Bamopas
BMECTHMOCTH TIPEJICTABISIET 00hEM BCEX MMOMEIICHUH Cy/Ha, OTpe/esieH-
HBIX B cooTBeTcTBHU C [IpaBunmamu obmepa cynoB. Uucras BMECTUMOCTb
MOJTy4aeTCs U3 BaJIOBOH BBIYETOM O0BEMOB, HE IPHHOCAIINX JA0XOA.
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YToOBl OLIEHUTH BO3MOXHOCTH MOJHOTO NMPUMEHEHHUS TPY30HOABEM-
HOCTH, HCIIONIB3YIOT MOHSTHUS YIETEHOH TPYy30BMECTUMOCTH H YACITBHOTO
MOTPY304HOTO 00beMa.

Yoenvnoii 2pyzoemecmumocmuro |\ Ha3bIBa€TCsl OTHOLIEHUE TPY30B-
MECTHMOCTH Cy/iHa W K Macce rpys3a, UIsi KOTOPOTo OHO CIIPOEKTHPOBAHO:

pn= 1, M /T
My,

Yoenvnuvim nocpyzounvim o00vemom |, Ha3BIBAETCA OTHOILIEHHE
00beMa, 3aHUMAEeMOTr0 OTPEICIEHHBIM IPy30M B TPIOME, K Macce 3TOr0

rpysa:

, MO/

W
“rp = m_
P

Ckopocmb cyona — XapakTepUCTHKa CYIHA, ONpeessomas ObICTpoTy
€T0 MEPECABHUIKCHUA. 21_]'[5[ PEYHBIX CYyI0B CKOPOCTb U3MEPAIOT B KUJIOMET-
pax B 4ac, a A7 MOpckux — B y3nax (1 y3en = 1 Mopckas MUJIs B 4ac =
= 1,852 km/u). Paznuyarot:

CKOPOCTh Ha HCIBITAHUSIX, 3aMEPSAEMYI0 Ha HUCIBITAHUSIX HAa MEPHOH
MUJIE;

- crelnu(UKaIMOHHYI0 (pPacueTHYI0) CKOPOCTh, TapaHTUPYEMYIO J0-
TOBOPHOM crienuduKaIei ;i BOAOU3MEIICHUS CyTHA B TIOJIHOM TPY3Y;

- 3KCILIyaTallUOHHYIO CKOPOCTb U, , JOCTUraeMyto npu pabore COY

B OKCIUTyaTallUOHHOM PEIeHUHU IPU CPEIHUX KBaJPaTypPHBIX YCIOBUSIX;

- TEXHUYECKYIO CKOPOCTb, ONpPEAEIAEMYIO NEJIEHHEM INPOUEHHOTO
paccTosiHUS Ha BpeMsl JIBH)KCHUSI.

AstoHomHOCTh cyaHa (AC) (A) — MIMTETBHOCTh €ro MpeObIBaHHS
B Mope 0e3 MOMOJHEHHs 3amacoB TOIJIMBA, MPECHOW BOJBI, MPOBU3MH,
U3MEPSIOT B CyTKax.

Hamsnocts mnaBaausa cyana (AIIC) (R) — manbombiee paccTosHHE,
KOTOPO€ MOXET IIPOMTU CyIHO C 33laHHOM CKOPOCTbIO O€3 MONOJHEHUS
3a11acoB TOIUIMBA, BOJbI, CMAa30YHBIX MaTEPHAJIOB, U3MEPSIETCS B MUIIAX
WIN KWIOMETpax.
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2. AHAJIM3 JAHHBIX JJI51 PACYETA
BOJAOU3SMEILIEHUSA CYJIHA

2.1. O0mue cBeieHUs1. AHAJIU3 NPOEKTHBIX BeJITUYNH

B T3 Ha mpoekT cyaHa cyaoBIaener YKa3bIlBaeT AKCINTyaTallHOHHBIC
XapaKTEPUCTUKU (CKOPOCTbh, TPY30MOIbEMHOCTD, MACCAKUPOBMECTUMOCTD,
aBTOHOMHOCTb, JAJIbHOCTh TUIABAHUS, YHCICHHOCTh SKUTIAXKa, BUJ TPy3a
W T. I.).

B T3, xak mpaBmiio, OTCYTCTBYEeT HHPOPMAITUS IO BOJTOU3MEIICHUIO
D, rnaBubiM pasmepenusm L, B, H, T, mouHoctu COY u 1. a. [loatomy
Ha TIEPBOM dTare MPOEeKTUPOBAHUS OOBIYHO OTIPEIEISIOT:

- BojousMenieHue D;

- TnaBHbIe pa3mepenus L, B, H, T;

- K03 PHULIUEHTHI TOTHOTEHI a, 3, O;

- MOIITHOCTH DHEPTOYCTAHOBKH N

- abcucey 1B x, n anmmukary z..

OTMeYeHHBIE XapaKTePUCTUKH JTOJDKHBI YIOBIETBOPATH TPEOOBAHUAM
T3 1 HOpMaM B OTHOIIIEHUH MOPEXOHBIX KA4eCTB CYyIHA.

OmpenencHue yKa3aHHBIX XapaKTEPUCTHUK MPOU3BOJUTCS HA OCHOBE
AHAIMTUYECKUX YpPaBHEHUN TEOPHH MPOCKTHPOBAHUS. DTH YpPaBHCHHS
CBSI3BIBAIOT MCKOMEBIC M 3aJaHHBIC BEIIMUYMHBI, UTO ITO3BOJISCT CO34aTh
CHCTEMYy YypaBHECHHM, peIIeHHEe KOTOPOH MPHBOIUT K OIMPEIACICHHUIO
Hen3BeCTHBIX. [Ipu 3TOM ompejeneHrne YKa3aHHBIX HEU3BECTHBIX Xapak-
TEPUCTUK MPOU3BOAUTCS METOJIOM MOCIICIOBATEIBHBIX MPUOIHKCHUT.

CyTb MeTo/1a 3aKIII0YaeTCsl B TOM, YTO 33j[a4a MPOSKTHPOBAHUS pellae-
TCS B HECKOJIBKO MPUOIIKEHNN, U3 KOTOPBIX KaXXI0€e Tocieayoliee 0a3u-
pyeTcst Ha pe3yipTaTax npeApyayero. [Ipu 3ToM mocTeneHHo pacumpsioT-
sl ¥ yIIyOJISIFOTCS 3HAHUS O XapaKTEPUCTUKAX MMPOSKTUPYEMOTO Cy/IHA.

Bce BenmnuuHbI, ¢ KOTOPHIME HaYWHAET pabOTaTh MPOCKTAHT Ha Tep-
BOH CTaJIM¥ POCKTUPOBAHMUS, IPUHATO Pa3EIATh HA YETHIPE TPYIIIIBL;

1. M3BecTHBIE BestmunmHbl. OHI BKITIOYarOTCA B T3, M K HUIM OTHOCSTCS:

- TPY30MOJbEMHOCTb /M, (Macca NEPEBO3UMOTO IPy3a);

- TPy30BMECTUMOCTb Wy, (00beM Ipy30BBIX TOMELIEHMIA);

- CKOPOCTh X012 L (Y3JIbL, KM/4);

- MaJbHOCTH IIaBaHUA R, 7 (MIIH, KM);

- MOIIIHOCTH dHeproyctanoBku N (kBT);

- aBTOHOMHOCTb TUIaBaHUs A (CyTKH);

- maccakupoBmectumocts 11 u T. 1.
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B psane ciydaeB 3a1al0TCs THII ABUraTels, KOJMYECTBO IPEOHBIX Ba-
JOB U T. [.

2. Hopmatusel. K rpynmne HOpMaTvBOB OTHOCSTCS BEJIMYUHBI, pe-
TJIAMEHTUPOBAHHBIE HOPMaMHU M TPaBHJIaMU KJIacCU(HUKALMOHHBIX 00-
IIECTB U MEXKIYHApOJHBIX OpraHU3alVi: XapaKTepUCTUKH OCTONYMBO-
cTH (MeTalleHTpHUYecKass BbICOTa, YIIbl KpeHa, AuddepeHta u T. 1.),
npouHOoCTH (001IEH, MECTHOH, OMTYyCKaeMBIX HAPSHKEHUH, N3TNOAI0OLINX
MOMEHTOB H T. J.), HOPMBI IUIOIIAAeH U 00bEMOB NIOMEILEHUH, KOJTHYE-
CTBA WICHOB 3KMIIAXa U T. [. DTy I'PYIILY TaKK€ MOXKHO OTHECTH K H3-
BECTHBIM BEIMYMHAM.

3. Hapamerpsl. [lon napameTpaMu yCIOBHO HMOHUMAIOTCS BEJINYH-
HBI, KOTOPBIMHA MOXKHO 33[aBaThCsl caMocTosTenbHO. K HUM OTHOCATCS
XapaKTePUCTUKH apXUTEKTYPHO-KOHCTPYKTUBHOTO THIIA CyAHA, OTHO-

LICHUS £, E, L, B, x> TIPeZieNbHAs IIMPHUHA CyHA (U3 yCIOBUS IPO-
B T H
XOXKICHUS [IUTI030B MJIM JJOKOBaHMSA), MpedeibHas ocagka 1 u T. 1. Ilpu
BBIOOpE MapaMeTpoB HEOOXOAUMO NTPUBOJUTE OOOCHOBAHHS UX BEJIMUHUH.
4. Heu3BecTHble BeJHYMHBI. K HEU3BECTHBIM OTHOCSTCS BOJIIOM3-
MmemeHue cyada D, koadduuuentsr GpopMsl kopmyca a, B, 5, ¢, y, MoII-
HOCTb TJIaBHBIX IBUTaTeNicd, INIaBHbIe pasMmepeHus cynHa L, B, T, H,
ocajika HOcOM U KOpMOH Ty, Ty JUIsd pa3HBIX CIydacB Harpy3KH: 3aIachbl
TOIJINBA, BOJIbI, CMa30YHBIX MAaTEPHUAJIOB U T. 1.

2.2. Bpi6op cyaHa-nporoTumna

[IpoektupoBaHue cymHa HOCUT XapakKTep HIBOJIOIMOHHOTO TBOpYE-
ckoro mpoiiecca. [Ipy 3TOM BHEIIHUM OMOPHBIM 3JIEMEHTOM SIBIISICTCS
y4eT OombiTa CyJOCTPOEHHUS MpPH HOBOM MpPOEeKTHpoBaHMH. OJHON H3
(hopM 3TOTO OIBITA SABJISETCS UCTIONH30BAHUE JAHHBIX CYHA-ITPOTOTHUIIA.

Iox npomomunom MOHUMAECTCS CY/THO W3 YHCIIA MIOCTPOCHHBIX U XOPO-
IO 3apEKOMEHJIOBABIINX ceOsl B DKCIUTyaTalllH, JOCTATOYHO OJM3KOE MO
nmaHebM T3 K IpoekTHpyeMoMy CyIHy. B MeTozie mocnenoBaTebHbIX pH-
OJMKEHUH XapaKTEPUCTUKU CyTHA-TIPOTOTUIIA MPUMEHSIOTCS 32 UCXOHOCS
nepBoe npudmmKeHne. [loaToMy 3amada BEIOOpa mapamMeTpoB 00JIeTrIaeTcCs,
TaK KaK 4acTh U3 HUX MOXKET ObITh BhIOpaHa IO MPOTOTHUITY (M3MEPHUTEIIN

L B H

Macc, OTHOLIEHH TJIaBHBIX pa3MepeHui (—] ’(Fj ,(7} , kK03hdu-
0 0 0
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LUEHTHl POPMEI g, Po, do, Po, Wo U T. A.). DTO 00eCIIeUNBACT UX peajb-
HOCTb U FapaHTHUPYET OT MOSBJIECHUs KPYIHBIX OIIMOOK MpU pa3paboTke
npoekta. [Ipu BeIOOpE MPOTOTUTIA TPUHUMAIOTCSI BO BHUMaHHE HE TOJIBKO
€ro XapakTepUCTHUKH, Onm3kue K T3, HO W apXUTEKTYPHO-KOHCTPYK-
THUBHBIA TUTI, MaTepHai KOpIyca, cucteMsl Habopa, Turt COY u T. 1.

YunteiBas pasHoOOpa3HbIe TPpeOOBaHMUS, HA TMPAKTUKE MPH IPOEKTH-
POBAaHMU HCHOIB3YIOT HECKOJBKO MPOTOTUIOB (IO BOJOM3MELICHUIO
W pa3MEepeHHsIM NMPOTOTUIIOM MOXKET CIIYy>KUTh OJHO CYAHO, MO0 (opme
KOpIlyca — ApYroe, o oOIIeMy pPacIOJIOKEHHIO IOMEIICHUNH — TPEThe,
o tTuiry COY — 4eTBepToe U T. 1.).

[lepen HayamoM MPOEKTHPOBAHHS NMPOBOAWTCS aHAIU3 BBIOPAHHBIX
MPOTOTHIIOB, KOTOPBIM IO3BOJISICT ONPEACTUTh IMOIXOAALIMH, B psizie
CIydJaeB CBOJHBIN (COBMEIIEHHBIN), BapuaHT. J[JI1 3TOrO0 CBOJAHOTO Ba-
pHaHTa yCTaHABIUBAIOT:

- BOIOM3MEIICHHUE B IOJTHOM Ipy3y D;

- BOJIOM3MEIICHUE MTOPOKHEM Diyop;

- nenBeut D,,;

- IPY30I0JBbEMHOCTb My}

- TnaBHble pasmepenus L, B, H, T,

- ko3 duuents Gopmsl a, B, 5;

- CKOpOCTh x0/1a v (y31bl, KM/4);

- momHOCTE COY (kBT);

- KOJIMYECTBO JIBUTATENIEH;

- U3MEPHUTETN Macc

m
Bo ==
D

P — mC3y .

cay N ’
- aaMupanTenckuit koadduiment
2

C—DA&'

N 9

- aBTOHOMHOCTb TU1aBaHus A (CyTKH);
- MaTbHOCTD IIaBaHUA 7 (KM, MHJIHN);
- IPy30BMeCTHMOCTh W (M).
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2.3. Harpy3ka Macc cyiHAa H BH/IbI BOJIOH3MeEIIEeHH S
2.3.1. Hazpy3ka macc cyoHa

Harpy3ka Macc THO3BOJISIET PacCUUTHIBATH BOJOM3MEIICHHE CyIHA
U KOOPJIUHATBHI €ro IEHTPa TSHKECTH, OT BEIUYMHBI KOTOPHIX 3aBUCHT
OOJIBIIMHCTBO HABHUTAIIMOHHBIX U AKCIUTYaTallMOHHBIX KayeCTB MPOEKTHPY-
€MOro TpaHCIOPTHOro cpenctsa. IlosTomy Maccy cyaHa Ha BCeX CTaausx
MPOEKTUPOBAHHUS OIIPEJIEIISIOT ¢ MAKCHMATIBHO BO3MOYKHOW TOYHOCTEHIO.

Haczpyskoit macc cyaHa Ha3bIBAaeTCsl COBOKYITHOCTh BCEX Macc, CO-
CTaBISIOIIMX €r0 BOAOU3MEILICHHE. 3HATh Maccy CyJHAa M KOOPAMHATHI
IEHTpa Macc TpeOyeTcs yke Ha HayalbHOM CTaJuM MPOEKTUPOBAHMS,
TaK KakK OT 3TOTO 3aBHUCAT TaKHE )KU3HEHHO BAKHBIC KAUeCTBA CyJIHA, KaK
TUIaBy4eCTb, OCTOMYUBOCTh, HEMOTOIUISIEMOCTb, XOIKOCTb, MPOYHOCTD,
YIIPaBIIEMOCTb, 3aJIMBaEMOCTh M T. . HerouHo ompeneneHHas macca
CyIHA OIHO3HAYHO NPUBEAET K MCKAKECHHUAM B OLICHKE NEPEUHCICHHBIX
BBIIIE IKCIUTYaTAlMOHHBIX U HABUTAIIMOHHBIX KauecTB. [loaToMy pacue-
THI Harpy3Kl OTHOCSTCA K YHCITYy HanOoyee OTBETCTBEHHBIX MPOEKTHBIX
pacueToB. Bce cocraBisionme Harpy3kd MPOEKTHPYEMOTO CyAHA IOJ-
Pa3IeNsAoTCs Ha COCTABIISIONINE B COOTBETCTBHU C OTPACIEBBIM CTaH-
nmaprom OCT 5.0206-76.

Haczpysxa cyoos no OCT 5.0206-76

01 — koprryc, BKJIFOYasi METALIHYECKHE KOHCTPYKIIMH OCHOBHOTO KOp-
Myca W HaJICTPOEK, JIENbHBIC BEIIH, OKPACKy, 000PYI0BaHKE TIOMEIICHHUH;

02 — ycTpoiicTBa CyZOBEIE;

03 — cynoBBIEC CUCTEMBI,

04 — COY (rnaBHast 1 BCIOMOTaTEbHAS);

05 — a;mekTposHepreTUYecKas CUCTEMa, CBsI3b M 000PYI0BaHUE;

06 — Boopyx’eHHe O0EBOE;

07 — HaBUranmoHHOE 000pYAOBaHHUE (3aMlaCHBIC YaCTH);

08 — 3UIT;

09 — koMITeKTa|si K yCTPOMCTBAM, CHCTEMaM DJHEPreTHICCKOU
1 3JICKTPOIHEPreTUYECKON YCTaHOBKH;

10 — Gammact (MOCTOSTHHBIN) TBEPABIN U KUIKHIA,

11 — 3amac BOJOM3MEIIECHHUS, OCTOHIMBOCTH — (DUKTHBHAS Macca JJIs
KOMIICHCAIIUHU TIPOCUYECTOB;
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12 — mOCTOSIHHBIE JKUAKHE TPY3bl, KOTOPBIE HaXOIATCSA B TPyOONIpo-
BOJaX U MEXaHU3Max;

13 — cHaOeHne, MMYIIECTBO (IIPEeAMEThl CHAOXEHUS MO HIKHIEp-
CKOM, aBapHiHO-CIIACATENBLHOM U APYTHM YaCTSIM);

14 — sxunaxx, NpoBU3MUS, BOJA, PACXOJHbIE MaTEPHAJIbI;

15 — mepeBO3UMBIii TPY3;

16 — 3amacel TOIUIMBA, BOAbLI U MAacCJIa;

17 — nmepeMeHHBbIE KHUAKHE TPy3bl (BOJa B LUCTEpHAX YCIOKOUTENEH
KaudK#, BojJa B (heKATbHBIX ITUCTEPHAX);

18 —xuakuit H6amIacT, MPUHUMAEMBId Ha CyJHO JUISL PETyJIUPOBaHUS
€ro MOCaAKH.

Bce cocrapmsronie Harpy3ku 3aHOCSTCS B OINPEIENICHHBIX MOCIEN0-
BaTEJIBHOCTH U HOPSIKE B CHELUAIbHBIE BEIOMOCTH, Ha3bIBaeMble Ta0-
JULaMH HaTrpy3KH, Taou. 2.1.

Tabmuma 2.1
Harpy3ska macc cyaHa
Koz IIneun, m MOMEHTEHI, T'M
pa3- | HaumenoBanue | Mac-
aena pazzesos ca
Y Harpysku mo, T| X; |Yil| Zi My M| M
OCT
01 Kopryc 200 |-7,56] 0 [3,11] —1512 | 0 | 6213
02 | YemoHeTBA | h e 1o 35| 266 | 0| 441
CyJIOBBIE
03 Cuctemsr | 19,0 21 |0|25| 399 | 0 | 475
04 CDY 47,120,110 [2,75] =947 | 0 | 130
15 Tpy3 — 1a00 | 70 |0|53] 2800 | 0 | 2120
MEepEBO3UMBIHI
16 | anacetTommm- | sl o5 gl s 200 | 0| 675
Ba U Macja
18 Kumuid gy 41 54600 2.6 | —7499 | 0 | 183
Oayutact
Bononsmerne- | s M, =>m M. =2"m;
HHUEC ITOJIHOC




Otcuet med (KOOPAMHAT IIEHTPOB TSHKECTH OTIEIBHBIX COCTABIISIO-
IIMX Harpy3KH) MMPOW3BOAMUTCA OT Hayalla KOOPAWHAT, PacIoiaraeMoro
B TOYKE MEPECEYCHNs] OCHOBHOU IIOCKOCTH, TUAMETPATHHOU MIIOCKOCTH
¥ mockocty MIII.

2.3.2. Buowt 600ouzmewenus

Jnst TpaHCTIOPTHOTO CyZHA MPEXIEe BCEr0 pa3inyaroT BOAOH3MELIe-
HUA ITOPOKHEM U IIOJHOC, ABJIAIOIIUCCA KpaﬁHHMH ClIydasiMu COCTOAHUA
Harpy3ku (MUHUMaJIbHOE U MaKCUMAIILHOE).

Booousmewenuem noposrcnem Dy, Ha3bIBacTCA Macca MOIHOCTBIO
OTCTPOEHHOTO Cy/THA, OCHAIIIEHHOTO MEXaHU3MaMH, CHCTEMaMH, YCTPOHC-
TBaMW U APYTUMHU DJICKTPOSHCPICTUUCCKUMHU CHUCTEMaMH, CpPEIACTBAMU
CBSI3W W YNPAaBJICHUS COTJIACHO YTBEPXKICHHOW crieudukanuu, HO Oe3
SKHUTAXKa, TIEPEBO3UMBIX TPY30B U MMacCaXKUPOB, 3aI1aCOB TOIUIMBA, CMa3-
KW, BOJIBI, IPOJIOBOJIBCTBUS, (PeKaTLHO-CTOYHBIX BOJI. B Bomom3MerieHme
MOPOKHEM BKJIFOUACTCS elle M HeKoTopas (UKTHBHAS Macca, Ha3bIBac-
Masl 3anacom 600ousmMeujetus, yauTbiBaeMasi TOIbKO B MPOoLecce MpPOoeK-
TUPOBaHUS W TOCTPOUWKH CyJHA. DTa Macca BBOJUTCS B HArpy3Ky Ha
Cy4dall BO3MOJKHBIX IPOCYETOB, Y4E€Ta OTKJIOHEHUS TEOPETHUECKH pac-
CUMTaHHBIX MAacC OT (PAKTHUECKUX, BBEJCHHs 10O BBIBEJCHUS B IIPO-
1ecce MPOEKTHPOBAHUS U MOCTPOUKH CYAHA IO TeM WM MHBIM TPUYH-
HaM HE3HAYUTENbHBIX TOTIOJTHATENBHBIX Macc.

[lon 6odousmewsernuem 6 2py3y noapasyMeBaroT MOJHYI0 Maccy Cya-
Ha D, nMes B BUAY CyMMY MacC BCEX pa3felioB Harpy3ku. JTa cymma
paBHa CyMMe BOJOM3MENIEHHs MOPOXKHEM Dy, H Macc KHUIaxka, Macla,
BOJBI 1 ITPOAOBOJILCTBUA.

[Ipu mpoBeneHUN psia MPOBEPOUYHBIX PACUETOB I TPAHCIOPTHBIX
CyJIOB MHTEpEC MPECTABIIOT HArpy3Ka HE TONBKO B Hadaie peica, HO
W TIpU TIOJXO0JIe B IOPT HAa3HAUEHHs, HArpy3Ka B KOHIIE 00paTHOro peiica
C OCTaTKaMH 3aracoB TOILIMBA, Macia, BOJbI, C 0aJtacToM MM 0e3 Hero,
C YaCTUYHO IPUHSTHIM I'py30M U T. 4. B cBsi3u ¢ stum [IpaBunamu bUPP
MPEeTyCMOTPEHO B CIydae HEOOXOAWMOCTH JOIOIHUTENFHO paccMaTpH-
BaTh U TaKHUEC BHUAbI BOOAOU3MCHICHUS, KaK:

— cynHo 6e3 rpy3a ¢ 10 % 3amacos;

— cynHo 6e3 rpy3a co 100 % 3amacos;

— cynHo 0e3 rpy3a ¢ 6amtactoM u 10 % (100 %) 3amnacos;

—cynHo ¢ 50 % rpy3a.
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3. ONPEJAEJIEHUE BOAOU3SMELIEHUS CYJHA
B IEPBOM INPUBJINKEHUN

3.1. OcHOBHBIE pacyeTHbIC YPABHEHHA

Jlist ompenmesieHNS BOIOM3MEIICHUS CyIHA B IIEPBOM NPHOIIKCHUH
MO>XHO HCITOJIb30BAaTh YPaBHEHHUS MACC ¥ MOIITHOCTH.
YpaBHEeHUE MacC 3aMUCHIBACTCS B BUIE

D:fml., G.1)

i=1

rae D — maccoBoe BoJon3MeneHne cyaaa (cM. Tabm. 2.1), T;
18

Zmi — CyMMa Macc, COCTaBIAIONIMX HArpy3Ky CyAHa (TpHBeacHa
i=1
B Ta0m. 2.1), T.
C yderoMm nmaHHBIX TaOm. 2.1 BOmOW3MEIIEHHE TOPOXKHEM, IEeIBEUT
Y TIOJTHOE BOJIOM3MEIEHIE ONPEeITIOTCS TaK:

13
Dnop = zmi;
i=1

18
Dw = Z m;;
i=14

18
D=D,,+D, = > m.
i1

BenuuanHer 1 pacmionokeHrne BceX Macc OMpeIeTsioT OCHOBHBIE Kade-
CTBa CyJHA KaK IIABAOIIETO0 WHXEHEPHOTO COOPYXKEHUS, U B TIEPBYIO
odepelib ero MmiaBy4ecTh, OCTOMUYUBOCTE, XOAKOCTD.

[TockonbKy Bomon3MeInIeHne cyiHa [ CKIIaabpIBaeTCsl U3 TTOCTOSTHHBIX
Y TIEPEMEHHBIX Macc, TO M CaMO OHO — BeJIMYMHA TiepeMeHHast. [loatomy,
TOBOPS O BOJOM3MEILIEHUH CYHA, BCET/1a CIeAyeT OrOBapUBaTh, K Kako-
MY COCTOSIHUIO Harpy3kH (cM. 1. 2.3.2) OHO OTHOCHUTCSI.
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OOBIYHO B HAYAIBHBIX CTauAX TIMPOCKTHUPOBAHUA BCIHO HArpy3Ky
MpEACTaBIAIOT B BUIAC YKPYIIHCHHBIX €€ pas3lciioB U YpaBHEHHE MaccC
3allMChIBAOT B BUIC

TJIe My, — Macca Kopiyca 000pyA0BaHHOTO;
m,;, — Macca MEXaHHU3MOB;
m; (i=11, 14, 15, 16, 17) — maccsl i-To pa3zaena Harpy3KH.
[Tpu 3ToM Macca Kopmyca 060py10BaHHOTO

_ ' ' ' '
My = Mgy + My + Mgz + Mos + Mg7 + Mg + My + My + 13,
a Macca MEXaHU3MOB
14 n n

B 3aBucuMoOCTSX 11 My, U M1, HHAEKCOM «'» 0003HAYAIOT BEIUYMHBL,
OTHOCSIIIIMECS K KOPITYCY, a MHAEKCOM «"» — K MEXaHU3MaM.

Ha ocHoBaHMM ombITa, HaKOMJIEHHOTO B TEOPUH NPOEKTHPOBAHHUA,
Macca KOpILyca My, B ypaBHEeHHHU (3.2) MPHUHHMMAETCs MPONOPLHUOHAIb-
HOW BOZOW3MENICHUIO [ WITH TIOTHOMY 00beMy Kopmyca. B pacueTHbIX
3aBHCHMOCTAX 3Ta MPEANOChUIKAa NPEACTaBISeTCS 4Yepe3 IMPOoINopLHUo-
HaJIbHOCTh MAacCChl KOPITyca My, 00beMy Napajuiesienuiea, HOCTPOSHHOTO
Ha [VIaBHBIX pa3MepeHusix cyaHa L, B, H. Ilpou3BeaeHue rnaBHbIX pa3Me-
pennii LBH B pacueTHOH NMPaKTUKE HA3BIBAETCS KYOUUECKUM MOOVIEM.

Macca MexaHu3moB m, B (3.3) mpUHHMaeTcsl MPONOPLUOHATIBLHON
MOIIIHOCTH TJIaBHBIX ABUTraTenei N:

m, =f(Nk). (3.4)

[Tokasarens k B (3.4) B OOJBIIMHCTBE CITydaeB MPHHUMACTCS PaBHBIM
1, 1 TOJIBKO JIsI SHEPTOyCTaHOBOK CO CPABHUTCIILHO JICTKUMU T'JIaBHBIMUA
JIBUTATEISIMU (110 OTHOCHUTEIBHOM Macce Ha €IMHUI]y MX MOIIHOCTH),
K KOTOPBIM OTHOCSIT TTAPOBBIC U Ta30BbIe TYPOUHBI, €0 MPUHUMAIOT PaB-
HBIM 2/3.

20



3.2. MeTtoauka pacueTa Bogou3MeneHus cyaina D
NPH 331aHHBIX JeABelTe JTU00 rpy3010beMHOCTH

Pemenne ypaBHeHus (3.2) mpou3BOAAT ITyTEM BBIPAKEHUSI OIPEIeIs-
€MBIX Macc 4epe3 U3MEPUTENIH Macc.

H3mepumenem maccol Ha3biBaeTCsl KOAPQUIMEHT MPONIOPLMOHANBHO-
CTH MEXy Harpy3KaMH Macchl U 3JIEMEHTaMH (XapakTepUCTUKaM) CyIHA.

C yueToM CKa3aHHOTO

My, = oD v m, =q. LDH, 3.5)
TH€ Pxo U (xo — U3MEPHUTEIM MAcCChl, OTHECECHHbBIE K BOJIOU3MEIICHUIO
1 KyOM4eCKOMY MOYJII0 COOTBETCTBEHHO.

[TockombKy Maccy i, B (3.5) HE0OXOIUMO BBIPA3UTh Y€Pe3 BOIOU3-
MEIICHUE, TO VIS 3TOT0 U3MEPHUTENb CISAYET PaCCUUTATh [0 MPOTOTUITY

[IpencraBienne U3MEPUTENS ¢y, ITO 3ABUCUMOCTH

q — mKO
“ \LBH ),

Jaer Oojee HaJexHbE pacueTbl. I103TOMYy ¢y, MHOTIA OLPENEISIOT IO
MPOTOTHUITY, a B ypaBHeHHE (3.5) MOACTABISIIOT Pyo, BEIPAKEHHOE B BHUJIE
sapucumoctd p, = (g, ):

_ o [
Pro pSO(TJO‘

AHaJIOTHYHO MacCy MEXaHW3MOB, YUuThIBas (3.4), BEIpaXarOT ypaB-
HEHHEM BUJA

D233
C

a

my = pyN = p,

b
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rae p, — U3MEpPUTENlb MAacChl MEXaHU3MOB, 3aBUCAIMN oT Tuma CIY,
BCIIOMOTATEIhHBIX MEXaHU3MOB U 000pyaoBaHus. Benmuuna p,, onpene-
JISIETCS MO CYIHY-IIPOTOTHUILY:

Anmvupanrteiickuii koagdunuent C, TakkKe ONpenenseTcs mo mpoTo-
THUILY:

DY3?
C,=| ——
N
0
3anac BOJOU3MEIIEHHS M3, = /M| BBIYUCISAETCSA B JIOIAX BOJOHU3ME-

IIEHNS TTOPOKHEM B 3aBHCHMOCTH OT CTaIWU MpOeKTUpoBaHUs. B pac-
YETHOU MPAKTUKE JIsI ONIPEACIICHUS M3, UCTIONB3YETCS 3aBUCUMOCTD

M3y = p3BD’

TJIe M3, — W3MEPUTENh 3amaca Bojow3MenieHus, npuanMaembrid 0,01—
0,025.
Y4uThIBas H3II0KEHHOE, YpaBHEHHE (3.2) MOYKHO TPE/ICTABHUTH B BUJIC

2/3. 3
D= pK0D+pMC—+p3BD+DW, (3.6)

a

€CIIM B UCXOJHBIX JJAHHBIX 3aJ1aeTcs AeABEUT cyaHa D,,.
Ecnu 3amaercs rpy3omoaseMHOCTB, TO ypaBHeHHUE (3.6) BHIOU3MEHSI-
eTcsl:

2/3. 3
D= PKOD"‘PM—C + p3gD+ Dy, +myy +mys +myg +nmy ;.

[Ipu 3amanHOM nenseiite ypaBHeHue (3.6) pemiaercs cpasy Iocie
IIPUBEACHHUA €TI0 K BUOY
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aD—bD*? —¢c =0, (3.7)
rac

a:(l_pKO _p3B)’

2
L

b: >
pMC

a
c=D,.

IIpy 3amaHHOM TPY30NOABEMHOCTH CyIHA M, = /M5 HPEXKIE YeM

P
MPHUCTYNHTh K PEIIeHUI0 ypaBHEHUs (3.7), HEOOXOUMO OMPEIEIUTh CO-
cTaBisAOINe aeaseiira D,,. [lemaeTcs 3To ciaemyrommumM o0pa3oM.
Macca m¢ 3aI1acoB TOILIMBA, Macjia U MMUTaTEIbHOM BOJbI 111 KOTJIOB
Oyner
D33
my¢ = q,. K K,NA =g, K K, C—A,

a

Tae g, — yAETbHBIM pacxo] TOIUIMBA IJIaBHBIX ABUTATENEH; I TU3EIb-
HbIX aBurareneit ¢, =0,17-0,20 kr/kBty;

K, — k03 QuIeHT MOPCKOTO 3araca, YYUTHIBAIOIIUI HENpeJBUACHHBIE
THIIPOMETEOYCIIOBUS, BO3MOXHbBIE U3MEHEHHUsSI CKOPOCTH X0/a U Kypca:
Ky =1,15-1,2;

K, — ko3 PHIIUEeHT, YIUTHIBAIONINHN YBEINICHUE pacxo/ia TOIIMBA Ha
paboTy BCIOMOTATENbHBIX MEXaHU3MOB, 3allac CMa3KH U MUTATEIbHOU
BO/Ibl, Ha CTOSTHOYHbIE pexuMbl: K; = 1,1-1,2;

A — aBTOHOMHOCTB CYJIHA TI0 3ar1acaM TOILIHBA, Y.

Macca my4 U3 pa3zena Harpy3Ky CKIIAbIBAETCS U3 COCTABIISIONINX:

m14 = n’l3 +mnp +mB +m0,
rac m, —MaccCa dDKHIIaxKa.
m, =0,12n,;

n,. — 9UCIIO YJICHOB DKHIIAXKA;

0,12 — cpenHuit HOpMAaTHUB MacChl OJHOTO WIEHA SKUIIaXa,
My, — Macca 3aracoB IPOBH3HU:

my, = 0,004n, A;
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0,004 — cpenuuii HOpMaTHB 3aacoB MPOBU3NHU HA OJHU CYTKH;
A — aBTOHOMHOCTb IUIaBaHUs, CYT;
M, — Macca IPECHON MUThEBOU U MBITHEBOM BOBI:

my =0,15n, A;

0,15 — mMuHMManbpHas HOpMa pacxoja IpPECHOH BOJBI Ha OJIHOIO
YeJIOBEKa B CYTKH;

My — Macca MUIIEBBIX OTXOJ0B, OMPENSISIEeMBIX 0 HOpMe 1,2 KT Ha
YeI0BeKa B CYTKU:

mg =0,0012n, A;

my; — Macca CTOYHO-(aHOBBIX, IPUHUMaeMas paBHOH Macce i,
MIPECHOU BOIBI, ¥ TIOJICTIAHEBBIX BOJI.

Maccy nojciaHeBbIX BOJ IPHHUMAIOT B 3aBUCUMOCTH OT MOIIHOCTH
ChY:

mpu N <2000 kBt Me= 12 T

mpu N > 2000 kBt M= 15T.

C yuetoM ckazaHHOTro ypaBHeHHe (3.7) MOKHO MPUBECTH K BHITY

aD-b'D*? —¢' =0, (3.8)
raec
a= (l_pxo _p3B)’
U3
b! — (pM + qTKleA)C_,

a

C' = m14 +m15 +ml7
Ecmu B T3 YKa3aHa HEC aBTOHOMHOCTb, a JAJIbHOCTb IIaBaHUs 7, TO-
r
rma A=—.

\Y%
VYpasuenue (3.8) sBisgercs anreOpandeckuM YpaBHEHHEM TPETHETO

IOPSIKA C TOCTOSHHBIME Kod(duuuentamu. [loxcranoskoit D = Z°
OHO IIPUBOJUTCA K BUAY

aZ’> -b'Z* —c'=0 (3.9)
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U pemraercs JIIOObIM aireOpanveckuM crocodom (urTepainuu, rpadude-
CKHIM H T. 1.).

B pesynbrare pemenus ypaBHeHus (3.9) onpezaensieTcss HCKOMOE BO-
Jiou3MeleHne cyaHa Dy, KoTopoMy MpUcBauBaeTcs MHIEKC «1», o3Ha-
YJaIOMUi TIEPBOE MPUOIIIKEHHE.

3.3. Onpenesienue B NepBOM MPHUOIMKEHUH TJIABHBIX
pa3MepeHuii u ko3(pPpuuneHTa od1IeH MOJTHOTHI

[Tociie HAXOXKIEHUS BOOM3MEIIEHUS CyaHa D B IEpBOM MPHUOITHKE-
HUU MO>XHO HaiTH IIaBHbIE pa3Mepenus L, B, H.

Onpenenenue I'P MOXHO OCyIIECTBUTH IByMS CIIOCOOAMH:

1. [TyTeM COBMECTHOTO PEIICHUSI CHCTEMBI YpaBHEHU

D =pdLBT (ypaBHEHHE IIaBYUYECTH);

2
h=q, BT + ¢@,T —cH (ypaBHEHHE OCTOHUUBOCTH). (3.10)

Ecimu B (3.10) mcrons30BaTh OTHOCHTEIBHYIO METAIllEHTPUYECKYIO

- h
BBICOTY /1 =— , TO TIOJYYHM BBIpaKCHHE
y 3’ y

o Bio L 2T
(plT (pZB QTB’

rIe

0L2

11,48

_l(gjo,s
%) s .

3HaueHus oTHocuTenbHOM MIIB /4 uMeroT 3HaueHMS:
—0,04-0,05 (cyxorpy3sbl);

—0,015-0,02 (;1ecoBo3bI);

—0,07-0,12 (TanKeps!).

b

¢ =
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ypaBHeHI/Ie T'Py30BMECTUMOCTH

mrp“rp
8 (1=6)1(1-x)

VYpasuenue (3.11) BolpaxkaeT KyOaTypy TproMoB uepes L, B, H.
31eck My, — IPy30I04bEMHOCTS, T;
Wp— YAENIbHBIA IIOTPy304HBIH 00BEM (00BEM, 3aHMMAEMBI
eIMHAIIEI Ipy3a), M°/T;
Orp = 0,93-0,96 — ko> P PULMEHT MOTHOTHI TPIOMA;
¢ =0,08-0,1 — k03 duUIHEHT, YINTHIBAIOMINN TPOXO/IbI, TPAITBI
U IpyTHE MECTa, HE3aHAThIE TPY30M;
A =0,7-0,76 oTHOIIEHHE ATUHBI TPIOMOB K JUTUHE CY/THA;
¥ — KO3(pHUIMEHT YUYUTHIBAIOUIMH 00beM Habopa, JBOHHOTO
JTHA ¥ JIBOMHBIX OOPTOB B paiioHe TprOMa; i CYJIOB C JIBOMHBIM JHOM
u neoitHBIMH OopTamu ) = 0,18-0,24; ans cynoB Oe3 ABOWHOTO AHA
1 ABOMHBIX 60pTOB % = 0,02—0,07.

LBH = (3.11)

2. Cnioco0 onpezaesneHus: pa3MepeHuid 10 TPOTOTUITY.

[lo atomMy cmocoOy HEOOXOAMMO 3aaThCsl OTHOIICHUSIMHU (E] ,
0

B £l I10 IIPOTOTHIL
T 0, T, P y-

Hcnone3ys ypaBHEHHE IIaBY4ECTH

D, =p$, LB T,
y‘II/ITBIBaSI, qTo

L _ Ly _

B, B, ’

B _B_,

oL

Lo
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1
I =B :Ea

HOJIyYHM, 4TO
1
Dy =pd,L,BjaB, By b

OTKyJa
D, = 1381‘”5)13 5

1

"3
BI:[lej , (3.12)
pd,a

i ¢ yuetoM (3.12) mmpuHa cyiHa B IepBOM MPUOIMHKEHUH

1

DI(B%) 3
m , (3.13)

rae (B% j u (L% ) — COOTHOLICHUS TJIaBHBIX Pa3MEpeHuil, MpUHU-
0 0

MaeMbI€ 10 JaHHBIM CyAHA-IIPOTOTHUIIA;

p — ILIOTHOCTH BOIBI p = 1 T/M° j1st peunoii u p = 1,025 /M’ s
MOPCKOM BOJIbI;

01 — K03 PUIMEHT OOIIEH MOTHOTHI, MPUHUMACMBIN TI0 JAHHBIM CY/IHA-
MpoToTHNA: &) = J.

[loxcrasmnsist mommydenHoe 3HaueHne B B Beipaxernue (3.12), momydum

T
L1=B1[%j; Tl:Bl[B_O]; HIZTI(%]'
0 0 0

[Tocne HaxoXXaeHWs TIaBHBIX pa3MEpPEHH HEOOXOIUMO YTOUHHTH
koaddumment odmei momHoTH §. M3 TK m3BectHO, 4TO & = f (Fr), To-

Blz

sTOMy onpezaenumM uncio Opyna no L;:
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MOXHO ONpeAeIUTh O MO TAKUM 3aBUCHMOCTSIM:
e uig cyxorpy3oB npu Fr = 0,14-0,26

6=1,09-1,68Fr+0,12; (3.14)
® ISl TAHKEPOB U CYJAO0B, IEPEBO3ALINX MAaCCOBBIE IPY3bl:
6=1,05-1,4Fr £0,06. (3.15)

Takum oOpazom, i onpeneneHus Ko3pdunrenta 6 HEOOXOAUMO IO
3alaHHOM CKOPOCTH M PACCUMTAHHOM JUIMHE MOJACYUTaTh uuciio Ppyna
u 3ateM 110 (3.14) mu6o (3.15) BEIYHCIUTE auana3oH u3MeHeHus §. Ecou
NPUHATOE paHee IO MPOTOTHITY O IMOMaJaeT B ATOT JWAIa30H, TO IS
JAITBHEHIINX PacyeToB cJeyeT MPUHATH 3TO 3HAUYEHHE 0.

Ecnu & He monanaet B nuana3oH 3HaueHu mo (3.14) wmm (3.15), TO
CJIeZIyeT OCTAHOBHUTHCS HA 3HAYCHUU O, KOTOPOE MOIyYaeTCs O Pe3yiib-
tatam pacdeta 1o (3.14) wim (3.15), 1 TOBTOPUTH pacyeT IO Ompeaese-
HUIO TJIABHBIX Pa3MEpPEeHui CyaHa.

L
Cne)lyeT HUMETH B BUAY, YTO OTHOUICHUE E SHAYUTCIBHO BJIMACT Ha
B .
XOIOKOCTh U CTPOUTCIIBHYIO CTOMMOCTL CYy/IHA, ? — Ha OCTOHMYHBOCTH

" Ka4dKy, ? — Ha BMCCTHUMOCTL U HCIIOTOIUIAEMOCTL CYyJHA, E— Ha

0011yI0 MPOYHOCTh. [103TOMY TIpexkie YeM MPUHATH Y MPOEKTUPYEMOTO
CyJIHA OTHOIIICHHE TJIABHBIX pPa3MEPEHHI TaKUMU K€, KaK U Y IPOTOTH-
na, He0OXOIUMO TIPOU3BECTH TIIATEILHBIN aHAIN3 MOPEXOHBIX KAYeCTB
CYJIHa-NIPOTOTHUIIA.

Kpome Toro, xenareiabHO, 4TOOBI COOTHOIICHUS TJIABHBIX pa3Mepe-
HUI CyJHA HE BBIXOJWIIM 3a TpeAeibl, peKoMeHaoBaHHbIe [IpaBunaMu
Y TIpUBEACHHBIC B Ta0I. 3.1.
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Tabmuma 3.1

CooTHoIIEHHE TJIaBHBIX Pa3MepeHHi

CooTHoI1IeHHE PaiioH mmaBanus

pasmepeHuii | Heorpannuenssiit | | II |[OCIOICII| III
£ 18 19 | 20 21 22 23
H
B
— 2,5 2,5 3 3 3 4
H

[ocne KOppeKTUpOBaHKS OCHOBHBIX 3JIEMEHTOB IEPEXOAT K pacdyeTy
Harpy3KH IPOEKTHPYEMOTO CY/IHA, KOTOPBIA CBOMAT B TaONMILy (Tabm. 3.2).

Tabnuna 3.2
Harpy3ska macc IpoeKTupyeMoro cyHa B IEpBOM IPUOIMKEHUN
HanmMeHoBaHue pa3ienos ®opmyiia Macca, T
Kopnyc o6opynoBanHbIH m, = 4o LBH
MexaHu3MBI m, =p, N,
3amac BOJOM3MEILEHUS My, = P3,D
3
Bopmousmernienne mopoxHeM D, = Z m;
i=1

OKHIax, IPOBU3H, s
B0JIa, OTXO/bl
I'py3 nepeBo3uUMBII
TomnuBo, Maco, my = q.K,K,N, A
IUTHEBas BOJA
[TepeMeHHBIE KHIKUE TPY3bl

mis
-
Henseiit D, = Zm
4
BojousMeIeHue B rpy3y 1= Do, + D,
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B pacuerax Ha craguu mepBoro npuOnmkeHus MomHocts COVY N,
paccuuThIBaeTCS M0 aAMUpanTeiickoi Gpopmyie:

D33
= C—

a

N

b

rae amMupanteiickuii kodddunuent C, Oepercs Mo MaHHBIM CyJHA-
MPOTOTHIIA.

CrabunpHOCTh KOdd¢unmenta HopmaHa MO3BOJNSET HCIOIH30BAThH
€ro JJisi OPUEHTHPOBOYHBIX PACUETOB BOJOM3MEICHUI. B manHOM City-
Yae YUCIICHHBIC 3HAYCHHsI 3TOr0 Kod(duimeHTa BHIOUPAIOTCS HA OCHO-
BaHWHU COCTaBa HAarPy3KH MAcC Ha OJHOTUITHBIX CyJax.

Takum 00pa3oM, JUIsl BBIIOJHEHHS BTOPOTO MPHOIMKEHUS HE00XO-
Mo paccuuTath ko3 dunment Hopmana u nanee mo ypaBHEHHIO yCTa-
HOBHUTh BOJIOM3MeNeHUE cyaHa D;:

ITocne onpenenenust D, OCHOBHBIE 3JIEMEHTHI CyIHA BO BTOPOM IIpH-
OJIMKEHUH MOXKHO HallTH MpocThIM pacueToM. [Ipu 3ToM ecnu HeT orpa-
HUYEHHUH IO TJIABHBIM Pa3MEPEHUsIM, TO, ONpeneauB KO3 UIHEHT me-

D, )3
pecucra )\,2 = Fz , JaJIe€ TOJYyYaroT 3HAYCHUSA OCHOBHBIX 3JICMECHTOB
1

BO BTOPOM HPUOJIMKEHUU:
Ly=ML; By=MB; T,=MT; H,=hH; N,=,N,.

[To BeIYMCIIEHHBIM BO BTOPOM HPUOJIMKEHUN OCHOBHBIM 3JIEMEHTaM
CylHA BHOBb BBIYHCIIETCS CyMMapHas Harpy3ka X, W COIOCTaBJISIETCS
¢ Bojou3MelleHueM cyaHa D,. BHOBb cumrtaercs pasHuna dm, MeXIy
D, u X, ypaBuenue (3.16).

OG6prunO BennuuHa dmy, < 0,5 %, 4TO MO3BONAET YCTPAHUTDH BBIAB-
JICHHOE pacxoKlieHue Mexay D, u X, 3a cueT U3MEHEHHUs 3amaca BOJAO-
u3MenieHus 1100 ko3 huIueHTa o0IIeH MOTHOTHI.

[Ipu pacxoxnennu mexny D, u X, ©Oomee 0,5 % HeoOX0AUMO BHI-
MOJIHUTh TPEThE NPUONIMKEHHE, AaHATOTHIHOE BTOPOMY.
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3.4. YacTHble caydyau npeacTaBIeHUsA MacCchl Kopmyca

B psine cnydyaeB maccy KopIryca miy,, YTOObI He HapyIIaTh MPOEKTHYIO
YacTh AJMHHBIMU BBIKJIAQIKaMH, MpeJlaraeTcs pacCMaTpUBAaTh COCTOS-
1Iel U3 Macchl CTAJILHOIO KOPITyca U Macchl 000pyAOBaHus, T. €.

My = Mg + Mg (3.17)

ITpu 3TOM Macca cTaau MOXET OBITh OIpEAEICHa C UCIOIb30BAHUEM
Pa3INYHBIX MOJYJICH:

M., = 4., LBH , xr/m’;
m., = q..LBH',kr/™’;

1

1
Moy = gl A Ay 43,53 (%jz LBH', xr/v’, (3.18)

rae L, B, H — rnaBHbIE pa3MepeHus CyHa;
Ay, A, A3 — anciaeHHble K03()(UIIMESHTHI, 3aBUCSIIME OT JJIMHBI CY/IHA,
€ro KOHCTPYKTUBHOTO THUIIA ¥ YUCIIA Nay0;
& — ko3 dUIMEeHT O0IIeH MOTHOTHI.
[IpuBenennas Beicota 6opTa H' onpenenseTcs o ypaBHECHUIO

H'=H+%hﬂ, (3.19)

rae Y./, — cyMMapHas JUIMHA HaJICTPOCK M pyOOK IepBOro sApyca;

hy; — CpenHss BBICOTA HAJCTPOCK.

Gers Qor» Gop OMPENEISIOTCS MO TpadukaM JHOO 1O JaHHBIM IPOTO-
THUIIOB;

A;=1,0 (cyna ¢ MUHUMaJIbHBIM HAJIBOJAHBIM OOPTOM);

A, = 1,0 (omHOMIaNyOHOE CYITHO);

A = 1,06 (mByxmaimyOHOE CYAHO);

A, = 1,112 (TpexmamyOHOE CyIHO).
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4,=1,0, L=70/150 m;

2,9

Ay =
3 ’
LO,ZS

L<70.

Maccy obopynoBanus B (3.17) paccHuThIBaroOT 1Mo hopmyie

2
Mys = o5 (LBH )3, (3.20)

TI€ (o — U3MEPUTEIb MACCHI, ONPENEISEMBbIM IO JaHHBIM CyJHa-
IPOTOTHIIA:

_ (e )s

do6 =7 3"
(LBH);

Cpennsisi BeIUYMHA UBMEPUTENS o U TPY30HACCAKUPCKUX MOP-
ckux cynoB BBT pasnsercs 1,3-1,8 /™.

Macca MexXaHU3MOB /1, U TOTUIMBA 71, BEIPAXKACTCS YepPe3 MOIIHOCTD,
HEOOXOAMMYIO JUIS IBUKCHHS CyJ/IHA C 33JJaHHON CKOPOCTBIO, U COOTBET-
CTBYIOIIIE U3MEPUTENSAM MAaCCHI Py U ¢.. [Ipu aTOM

my, +m, =(pT+K1K2q€JN, (3.21)

rJie BCE BEJIUYMHBI, B TOM uncie U K, K, IMEIOT Te e 3HAUCHUSs, YTO
U paHee.

[Mocne mpeoOpazoBanuii ypaBHenus (3.1) ¢ yderom (3.2), (3.18)-
(3.21), nomyunm

1

L 0,5 2
pSLBT = ql A A, 4,53 (%) LBH'+q (LBH)§ +
2 (3.22)
7 \(pSLBT )3 v
+ p3p (p8LBT)+ (pM +Kq., ;)%+ My, + M.
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Jlis penieHus MOJy4eHHOro ypaBHEHHsS HEOOXOAMMO UMETh a00a-
BOYHBIC YpaBHEHUS, KOTOPBIE MOTYT OBITH IOJYYECHBI Ha OCHOBE ypaB-
HEHHUS OCTOMYHNBOCTU:

2

h:r+zc—zy=(p1B7+(p2T—gH. (3.23)

B kadgecTBe I[O68.BO‘IHI:IX MOTI'YyT OBITh TAK)KE HMCIOJIb30BaHbI CJICaYyIo-
e COOTHOUICHMA:

L H
B a T 1 0 ( )

CoBMeCTHBIM pelleHneM ypaBHeHUil (2.22)—~(2.24) omnpeapensiorcs

anemeHnTsl L; B; T, H; & u Bogousmenienne D (D = pdLBT) u nanee —
OCTaJILHBIE COCTABJISIONINE HATPY3KH.

3.5. Moaudukanum ypaBHeHUs IIJIaBYy4eCTH
B ajiredpanyeckoii popme

Hapsny ¢ TpagummonHoO# (opMoii ypaBHEHHS IJIaByYECTH B BHIE
D =pdLBT (3.25)
B IIpOlleCCe MPOEKTHPOBAHUS HCIHOJIB3YIOT HEKOTOphle MOAW(HKAINN

(3.25).
Taxk, Harmpumep, u3 (3.13) mocite mpeoOpa3zoBaHUi MOKHO 3aITHCaTh

B b3
_11 = by = [_) , (3.26)

rae by — OTHOCUTENbHAS IMUPHHA (pa3MepHas BETHINHA).

L .,
YuuteiBas, 4T0 @ =—; b'=—, MOJIy4uM, 4TO
B T b 2
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B [1(LY'B)

3

o

[IpoBenst mpeodpazoBanus (3.27) OTHOCUTEIHHO JUTHHBI L, TIOTy9IUM

B

Z_op.
T

(3.28)

N oW~

B
b’ a

Torma L=aB; B=Tb'.
VYuureiBas (3.28), ypaBHenue (3.25) npuMer BUA

D=p5L§£=p5a§—;:ﬁ=D§—?
nIn
L (a1
(2

L
O6o3Hayast OTHOLIEHHE — - Yepe3 [, (OTHOCHTENbHAs JUTMHA), TIOJTYYUM
D3

o COLC)E

ITpoBens npeodpazoBanust (3.28) oTHOCHTENBHO ocanku T, ¢ y4eTOM
TOTO, YTO

E:b'; B=T}V; £:a:>L:Ba:Tb'a,
T B
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oJry4ynum

1/3
2 T 1
D =pdTh'aTb'T =pdT> (b') a = = . (3.29)
( ) INE [pS(b’)z a}

T
O0603HaYMM OTHOIIEHUE 5 Uepes t, (OTHOCHTENbHAS OCaKa), TO-
D

raa Beipakerue (3.29) nmpuMeT BUL

_ _\/3
LT _ L(Ejz(ﬁjl
0_D1/3_ pd\ T B ’

HpI/IHI/IMaSI BO BHUMAHHEC COOTHOLICHUC MCKIAY MAaCCOBBIMU U 00BEM-

HBIMHU BOJOU3MCUICHUSAMH B BUC

pY3 = p1/3V1/3,

OTKyJa

MOJTyYUM 3aBHCHMOCTH IS pacdeTa OTHOCHUTENBHBIX pa3MmepeHuit (I, b,

5 1/3
T
v o\ B T

i 1/3
B (1(LY'(B 3
o3 [S(Bj (TJJ PR

{), UMEIOIIIHE BU]I
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- 2\3
T 1({L B 1/3
l:W: —| — i :p to.
v o\ B T

B mony4eHHBIX ypaBHEHHSX napameTpsl I, b, t u l,, b,, t, — OTHOCH-
TeJbHAs JJIMHA, IIUPUHA U 0CaJlKa COOTBETCTBEHHO. M3 HUX mepBbie TpH
BEJIMYMHBI TIPEACTABISIIOT cO00W Oe3pa3MepHBbIC BBIPAKEHHSA, a TPHU
OCTaJIbHBIE OTHECEHBI K MACCOBOMY BOJIOM3MEIICHUIO.

OTHocHTeNbHAs JIUTHHA [ SBIISIETCS BAXKHON XapaKTEPUCTUKON (HOpMBI
CyJHa, MCIOJb3YEMON IS CHCTEMAaTHU3allH IKCIIEPUMEHTATBHBIX JaH-
HBIX TI0 COTPOTHBJIEHHUIO BOJBI B MPAKTUYECKUX pacdyeTax OCTaTOYHOTO
conpoTtuBneHusi. OTHOCUTENbHAS MIMPUHA b U OTHOCHUTENbHAS OcajKa ?
UCTIONIB3YIOTCS KaK MapaMeTphl U U3YUCHUS! COOTHOIICHUI 3JIeMEHTOB
MPOCKTUPYEMBIX CYHOB.

3.6. YpaBHeHHe mu1aBy4yecTH B A depeHnnanbHoil ¢popme

Hapsimy ¢ anrebpamueckoit dopmoi, BkImodas €€ MOAM(HUKAIHH,
MPAKTHYECKUH HHTEPEC NPEACTABIACT YPaBHEHHE IJIaBydeCTH B Audde-
peHnmanbHONH ¢opme. OHO momydaeTcs myTem AudQepeHITUpoBaHM
ypaBHEHHS IUIaBy4ecTH B anreOpamdeckor dopme (3.25) B mpearmono-
KEHUH, YTO BEMUYHWHBI O, L, B, T ABIAIOTCS HE3aBUCUMBIMHU IIEPEMEH-
HbiMU. Torna npu

D =pdLBT

MOJTyYnM, YTO TONHBINA muddepeniman QyHKnuu D mpenctaBiseTcs
B BHUJIC

ap=2Las+PLar+ L ap. Lar (3.30)
% oL oB e

HpI/IHI/IMaSI BO BHMMAHHUEC, YTO YACTHBIC ITPOU3BOJHBLIC OT BOAOU3ME-

meHus D 1o OCHOBHBIM 3JIEMEHTAaM BBIPAXKAOTCs CIEAYIOLENH CUCTEMOM
YpaBHEHUM:
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D _ pLBT = 2;
06 o
D_ gD,
oL L
(3.31)
D_ gD,
OB B
ab =pLBT = 2,
oT T
ypaBHeHuE (3.30) MOXKHO MPEICTaBUTH B BUJIE
d—D=@+d—L+d—B+d—T (3.32)

D & L B T

Ypasuenue (3.32) B auctumuinae «[IpoekTupoBanre Cy0B)» Ha3bIBa-
€TCS ypasHeHuem niagyiecmu 6 ouppepenyuanvroi popme. B 3anauax,
KOTOpBIC PEIIAIOTCS ¢ MOMOIIbI0 ypaBHeHHs (3.32), Masble KOHEUHBIC
npupameHus sneMeHToB Ad, AL, AB, AT paccMmaTpuBaroTcs NpHOIH-

JKeHHO, Kak auddepeHuansl 3Tux Beanaua do, dL, dB, d7T. Yka3aHnHas

ocobeHHOCTh ypaBHeHH (3.32) m03BOJISIET NPOTHO3UPOBATh H3MEHEHHUS,
HaIpuMep, BONOU3MEIIEHUS D, €CIM N3BECTHBI N3MEHEHUS Pa3MEPEHHM.
Tak, Hartpumep, eciau

d8=0 u d_L:d_B:d_T:(),la
L B T

TO B COOTBETCTBUH C (3.32)

%=0,3:>dD=0,3D.
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OTtcroa BUAHO, YTO U U3MEeHEeHUH pasmepenuit Ha 10 % maccoBoe
BozousmMemienue D usmenserca Ha 30 %. Cnexyer OTMETHTh, YTO U3Me-
HEHUE TJIaBHBIX pa3MmepeHuit cyaHa Ha 10 % cumTaeTcs mpenenbHbIM
MIPH KCIOJIL30BAHUM YPaBHEHHS BECOB U IUIABYYECTH B AuQQepeHIu-
anpHOU (opme (ypaBHeHHe (3.32)). MoxHO pemuth 1 00paTHYIO 3a1a-
9y, T. €. YCTAaHOBUTh, KaK OyJyT M3MEHSTHCS pa3MEpeHHs, eClIH U3Ha-
YaJabHO OyAeT W3BECTHO U3MEHeHHue BojousMelneHus D. [Ipowioctpu-
PYEM CKa3aHHOE PELIEHUEM CIEIYIOLIEro IpuMepa.

IIpumep

Onpenenuth u3MeHenue pasmepenuii dL, dB, dT, eciau n3BecTHO M3-
MEHEHHE IPy30M10JbeMHOCTH dryy,.

Pemenmne
HU3MmeHeHne Bogon3MeneHUS

dD =, dmy,. (3.33)

C apyroii croponbl, Ha ocHOBaHHH (3.32) MOXKHO 3amucarh
dD=2d6+2dL+2dB+2dT. (3.34)
) L B T

IIpu & = const do =0.

. L
HpI/I IIOCTOSAHHBIX 3HAYCHHUAX OTHOIICHHHU —, OTHOLICHUA ILI/I(b-

BT
(depeHnnanoB Takxke OyyT IIOCTOSIHHBIMU, T. €. IPH

| &

L B
—=const U — =const
B T

dc _ L,
dB B’
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N3 ckazaHHOrO ciienyer

U3 (3.34)

dD dB dT
7B
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4. OITPEAEJIEHUE OCHOBHBIX 3JIEMEHTOB
CYJIHA BO BTOPOM INPUBJINKEHUN

IlomyuenHoe  BOAOM3MELIEHHE CyAHa II0 Harpy3ske Macc
> = Dyop +DW 00BIYHO HE COBINAJAET C Bogou3MelleHneM D, onpe-

JIETIEHHBIM TI0 YPaBHEHUIO IIABYYECTU
Dy =pd,Li BT,

Ecmu 310 HecoBmagenue Oyner mensiie 0,5 %, To pekomeHmyercs
JIOOMBATHCS COBNAJICHHS ITyTeM KOPPEKLUH 3armaca BOJOU3MEILICHHS WK
ko3¢ durmenta oduei moaHOTH d. B cirydae Oonee 3HAYUTENBHOTO pac-
XOXKACHUS ) 1D HE00XOMMO TIEPEHTH KO BTOPOMY MPUOIMKEHUIO.

s 3TOro MOKHO MNPEANOI0XUTh, YTO KOJIMYECTBO Ipy3a, KOTOPOE
MOXKET IEPEBO3UTh CYJHO C HAWJICHHBIMU paHee JJIEMEHTaMH, OyieT
OTJIMYATHCS OT 3aJaHHOM TPY30MOIBEMHOCTH HA BEIUUYUHY

_Dl ZI

DTO mpuBeneT K M3MEHEHHUIO BOJOU3MEIICHUSA, KOTOPOE BO BTOPOM
MPHOIMKEHUY OTPEICITUTCS TaK:

rae Ny — koadduuent Hopmana:

My =——5 L (4.2)
a- 5b'D;l/ 3

Takum 00pa3oM, ISl BBITIOTHEHHS BTOPOTO MPHUOIIMKEHUS HE0OXO-
Mo 110 (4.2) paccuntath koddumment Hopmana u mo (4.1) — Bogons-
MelleHue cyina Dy.

[locne ompenenenrss BOAOU3MEILICHHS BO BTOPOM HPUOIKECHUU
OCHOBHBIC 3JIEMEHTHI MOXKHO HAlTH TPOCTHIM mepecueToM. Ecnu Her
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OTpaHUYCHHUN MO TIABHBIM Pa3MEPEHUSM, TO OMpeaeiuB KoddduimeHt
nepecueTa

noJry4ynum

Ilo BEIYMCICHHBIM BO BTOpOM HpI/I6J]I/I)KeHI/II/I OCHOBHBIM 3JICMCHTaM
CyJHa CJIeAyCT CHOBA COCTABUTh HAIpPy3KYy, 3allUCaB €€ B Ta6J'II/II_I€, orpe-
JACINUTH BOJOU3SMEIICHUE B IIOJTHOM I'Py3Y BO BTOPOM l'IpI/I6J'II/I)KCHI/II/I

D, =pd,L,B,T,

Y CPaBHUTH €TO C IMOIYUYESHHOW HArpy3KOil.
OGbIuHO Y| , u D, pacxoasaTcsi HE3HAYUTENIBHO, U 3TO HECOBIAJICHUE

yCTpaHsieTcs U3MEHeHnEeM Kod(ppuIreHTa o0Iei MOJTHOTHI UK 3aI1acoM
BOJIOM3MEIIICHHSI.

[Ipu pacxoxnennu Gonee 0,5 % HE0OXOAWMO BBITIOIHUTH TPETHE
NpUOIKEHHE, BIIOJIHE aHAJIOTUYHOE BTOPOMY.

MOXHO HECKOJIBKO TO-APYrOMYy HOJOMTH K ONPEEICHUIO TIaBHBIX
pa3MepeHHii CyJHa, €CIIM U3BECTHO M3MEHEHHUE IPY30I0IbEMHOCTU Ay,
a CIIeI0BATENEHO, U BOJIOM3MEIICHUS

AD =n,dm,,.

Jnst 3TOr0 HEOOXOJUMO WCIIONB30BATh YPaBHEHHE IUIABYYECTH
B nuddepenimansHol popMe, KOTOPOEe MPU MajblX, HO KOHCUHBIX ITPH-
pamenusx AL, AB, AT npumer Buj

AD :2A8+2AL +2AB+2AT.
o L B T
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HaHpHMep, €CIM MBI XOTHUM OCTaBUTH 0€3 U3MCHEHHS OTHOIICHUS

L .
— u — u 0 = idem, TO OIYyYUM
B T

L_AL. B_AB. . ADL
B AB’ T AT’ '

~
w
>

OyepenHbIM 3TAOM B ONPEACICHUN OCHOBHBIX JIEMEHTOB CyJHA SIB-
nsiercst BbIOOp K03(p(PUIIMEHTOB IMOJHOTHI IJIOMIAH KOHCTPYKTHBHOU
BaTEPJIMHUH 0. 1 MHJENb-IIIAHr0yTa 3, a TaKKe PEKOMEHAYEMOTo 3Ha-
4eHHs abCUUCChl LEHTpa BEIMYHMHBI X, W IUIOINAJAM KOHCTPYKTHBHOM

Barepannnn (KBJI) — x .

[Ipu ux BbIOOpE HEOOXOANMO UMETH B BUAY, YTO 0. B OCHOBHOM BIIHSIET
Ha OCTOMYUBOCTHh U HEIIOTOILIIEMOCTh CyJHa, a TaKKE€ Ha OGBOI{LI KOp-
myca cygHa. JTOT KO3(Q(HUIMEHT TeOMETPHYECKU CBsi3aH ¢ (opMoi
mnaHroyTos u yriaamu 3aoctpedusi KBJI. IlpunuMars ero cineayer miu
M0 JaHHBIM CyIHA-MPOTOTHUIIA, UM UCIOB3Ys SMIUPHUYECKHE HOPMYJIBI
THTIA

o =0,985"% +0,06.

KoaddunueHt noaHOTH TUIOIAA MUICTL-IINAHT0yTa 3 TAKXKE Clie-
JyeT NPUHUMATh N0 JAHHBIM CYJHA-MPOTOTHIA. Y THXOXOJHBIX U CPe-
HECKOPOCTHBIX CYJIOB HAaJ0 CTPEMHUTBCS K MAaKCHMaJbHO BO3MOXXHOMY
3HAYCHHIO [3, UTO BBI3BIBACTCS CTPEMIICHUEM K YMEHBIICHUIO COMPOTHB-
JICHWsI JABWDKEHUIO CY/IOB IyTeM 3a0CTPEHHUS OKOHEYHOCTEW. DTO OTHO-
CHUTCS K TIOJIHBIM cyJaM. Ha mpakTike BepXHHI Tpeaen 3Toro Koapdu-
IUEHTA OJIU30K K CIUHUIIC U OIPaHUYUBACTCS BO3MOXHOCTBIO MOCTPOE-
HUSl TEOPETUYECKOTO YepTeka 0e3 M3JIOMOB BAaTEPIIMHUI HA TpaHUIaX
LUUAIHHIPAYECKON BCTABKH.

s ompeneneHus B MOXKHO HCIIOJb30BaTh TAKKE DMIIMPHUYCCKYIO

opmyy

B=1,01458""% +0,004.
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Jnst MeHee MOJHBIX U OTHOCHUTENIFHO OBICTPOXOJHBIX CyI0OB KO3 hu-
LIUEHT [} HOJKEeH IPUHUMATh MEHbBIINE 3HAYEHUS.
[Tonoxenue uenrpa Bennunnsl (LIB) no anune cyana x, BAMAET Ha

pacnpezneneHre o0beMa MOBOIHON YaCTH KOpIyca MO JUIMHE CyIHA U,
cleJI0BaTeNbHO, HAa €r0 CONPOTUBIIEHUE NpU JIBMkeHUuU. Cmenienue 1B
B HOC COIIPOBOK/IAETCS MPUITOTHEHHEM 00OBOJIOB B HOCY M COOTBETCTBY-
IOMUM 3a0CTPCHHUEM HX B KOPpMEC, YTO BCACT K YBCIMUYCHUIO BOJHOBOI'O
COTIPOTUBJICHUS W YMEHBIICHHIO CONMPOTHBIIEHUS (opmbl. U, Ha000pOT,
CMCUICHUC I_[B B HOC INPHUBOJUT K YMCHBIICHUIO BOJIHOBOT'O COIIPOTHUB-
JICHUS1 ¥ YBEJIIMYECHUIO conpoTuBieHus Gopmel. [loaTomy npu Oonbimx
yrcnax Opyaa, Korjaa OCHOBHYIO POJIb B TIOJTHOM COIIPOTUBIICHUU UTPAET
BOJHOBasl cocTaBisiromas, I[B 1enecooOpasHo cmemare B KOpMY,
1 Ha00O0POT.

[Mockonbky uncino @pyna u xkod3pduumeHT odIIel MOTHOTH CyaHA
CBSI3aHBI MEXAY CO00¥, TO OOJBIMMHCTBO AIMIUPHUISCKUX (OPMYIT TIPEI-
CTaBJICHO 3aBUCHUMOCTHIO

x. /L= f(9).
PexoMeH TyeMas 3aBUCHMOCT
x,/L=£(8)=0,12(5-0,63)£0,01.
KpHBbIE COPOTHBIEHHS
R=f(x/L)

MOJIOTH B 007aCTH MMHUMYMa, II03TOMY OTCTYIIJIEHHE OT PEKOMEHIauui
ONTUMANbHBIX 3HaueHuit x, /L Ha 0,5-0,8 % oT L nmpakTudecku He BIIH-
s€T Ha COIpPOTHUBICHUE. JTO 3aMEYAHUE OKAa3bIBACTCS IOJIE3HBIM IIPH
NPOEKTHOH yaudQepeHToBKe CyIHa.

Just npoexruposanns KBJI Heobxoxumo nuMeTs 3HaveHne x, — abe-

uuccsl neHTpa tsbkectu mwiomaan KBJL Jlnga onpenenenus: 3Toi Benu-
YUHBl PEKOMEHAYETCS HCMOJb30BaTh JAaHHBIE CYJAHA-IPOTOTUIIA WU
AMIUPUIECKYIO (hopMyITy

X :—i(1,75+a+3,5a2) 1-a.
100
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5. PABPABOTKA CXEMBI OBIIEI'O PACIIOJIOKEHUSA

B pesynbrare mpopa®oTku HpoekTa ObUTH ONpeneieHbl OCHOBHBIC
3NIEMEHThl IpoekTupyemoro cyaHa — D, N, L, B, T, H, 6, a, B, x., x;
MpH  KOTOPBIX YJOBIETBOPEHBI TPEOOBAHMS TEXHUYECKOTO 3aaHUA
B OTHOIICHUU TPY30MOABEMHOCTH, CKOPOCTH U T. 1. [Ipu 3TOM MHOTHE
MOpPEXOJHbIE M OKCIUTyaTallMOHHBIE KauyecTBa cyAHa (OCTOMYMBOCT,
TPY30BMECTHUMOCTh U Jp.) OCTAJIUCh HE WUCCICOBAHbI U B Jy4IlEeM CIIy-
9ae COOTBETCTBYIOT BBHIOPAaHHOMY CYIHY-TIPOTOTHITy. Tem Ooiiee 3TO
OTHOCHUTCSA K Ciyyaro, eciu cootHowmeHus L/B, B/T, H/T npuHsTHI
HECKOIJIbKO JIPYTMMH TI0 CPAaBHEHUWIO C MPOTOTUIOM. /IS OIIEHKH STHX
Ka4yecTB Ha CTa/INW HAYAIBHOTO MPOEKTHPOBAHNS HEOOXOANMO TIPOBECTH
JIOTIOJTHUTEINIbHBIE pa3pa0O0TKH, OTMCaHHBIE Jajce.

Jlis BBITIONMTHEHMSI 3TOM pabOTHI ClieAyeT BHIOpPATh apXUTEKTYpPHO-
KOHCTPYKTHBHBIH THI W pa3paboTaTh cXeMy OOIIEro pacroioXeHUS
CyJHa. DTy Mpolenypy MOXKHO pa3OUTh Ha JiBa dTama:

* Ha nepgoM, BHITIIOJIHAEMOM JO0 OIpeeSICHHs ITIaBHBIX pa3MepeHHH,
paccMaTpUBAIOT T€ BOMPOCH], KOTOPHIE YYUTHIBAOTCS MPH COCTABICHUH
ypaBHeHUs: Macc. K TakuMm BoIrpocam OTHOCSITCSI BEIOOp TOJIOKEHHS Ma-
IIMHHOTO OTJIEJICHUS 110 JUIMHE CYJHa, OPUCHTUPOBOYHBIN BHIOOp YMCIIa
nanxy0 1 nepedopoK, HAIMYKE IPy30BOT0 YCTPOHCTBA;

* Ha mMopoM JTalle, OCJe ONpPeIeIeHNs TTIABHBIX pa3MepeHuil, pas-
pabaThIBAIOT NMPUHIMITHAIBHYIO CXeMy OOIIEro pacroiiOXKEeHUs, MPoBe-
PAIOT H, eclii TpeOyeTcsi, KOPPEKTUPYIOT MPUHSATHIE PEIICHHs], PEIIarOT
BOIIPOCHI, CBSI3aHHBIE C (DOPMOW OKOHEYHOCTEW, KOJTMYECTBOM HAJICTPOEK
U pyOOK, TPY30BBIMH JIFOKAMH U JIAIIIIOPTAMH.

JlJist 3TOrO MO HAWJICHHBIM TJIABHBIM Pa3MEPCHHUSM Ha MUJUTUMETPO-
Boil Oymare gopmara A4 nnm A3 n300paxaroT O0KOBOH BUI (HITH pa3pes
M0 TUaMETPAIbHON IJIOCKOCTH) CyJIHA W IJIaH TJIABHOM MaiyObl, Tpo-
CTaBIISIIOT TEOPETUUECKUE U PAKTHUECKHE HIMAHTOYTHI.

Teopernueckass mmanmst (PacCTOSHUE MEXAY TEOPETUICCKUMU
MIMaHTOyTaMK) MpUHUMAaETCs paBHOUW L/20, a mpakTudeckas (paccTos-
HUE MEXIy HabOpoM cyjHa) omperensercs mo pekomeHganusM «llIpa-
BUJL...» TTO hopmyie

a =0,002L + 0,48.
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[Tony4yeHHOe 3HaYEeHUE IIMALMKA OKPYTJSIOT 10 CTaHAAPTHOTO 3Haye-
Hus (500, 550, 600, 650, 700, 750 u T. 1.).

OTKIIOHEHHE OT HOPMAIBHOM INMAMA MOXET OBITh OMYIICHO
B npexenax +25 %. B ¢oprnuke u axTepnuke MImanus JOKHA OBITh HE
6ouee 0,6 m.

Ha cxeme m300paxkaloT BBICOTY W TPOTSHKEHHOCTh JBOWHOIO JHA
1 IBOMHBIX OOPTOB (BBIOOP 3THX BEIUYUH CENaH paHee).

Hanee ciienyeT yCTaHOBUTH KOJMUYECTBO BOAOHEIPOHHULIAEMBIX IIE€pe-
0OpoK U M300pa3uTh UX Ha cxeMme. [ 3TOro pyKOBOJCTBYIOTCSI PEKO-
MeHpanusaMu  «lIpaBui...», N0 KOTOpHIM 0OIlee YUCIO TEepeOOpoK,
BKJIIOUasi mepeOopku (opnuka M axTepluKa, Ha CyXOrpy3HBIX CyIax
JIOJDKHO OBITH HE MEHEe yKa3aHHOTo B Ta0. 5.1.

Tabmnuua 5.1

KonudecTBo monepeuHbix mepedbopok rpy30BBIX CYI0B

JlnnHa cyHa, M MarimaHoe oTeIeHne MailluaHoe
’ B CPEIIHEH YacTh OTJIENICHUE B KOPME
Ho 65 4 3
65-85 4 1
85-105 5 3
105-125 6 6
125-145 7 6
145-165 8 7

JIMHy MAaIIMHHOTO OTHEJICHUS IIeJIeCO00pa3HO BBIOpATh IO MPOTO-
THUILY.

dopnukoBas nepedopka A0HKHA JOXOIUTH 10 IJIaBHOH MaiyOsl U pac-
MoJIaraThCsl Ha paccTosTHUM He MeHee 5 % L u He 6onee 3 M mmoc 5 %
JUIMHBI CYHA.

Ha cynax, nepeBo3Iux >KUIKHE TPy3bl, AJIMHA TPY30BOIO TaHKA HE
nokHa npeBbimiath 0,11 mpH OTCYTCTBHM IPOAOJILHOW IMEepe0OpKH,
0,15L — ipu oxHoit, 0,2L — pu IBYyX NPOJONBHBIX MepedopKax.

BMecTUMOCTh OTCEKOB BOMHOrO HA M JABOMHBIX OOPTOB MOJKHA
OBITH JOCTATOYHOH U1 HEOOXOJMMOTO KOJINYeCTBa OaiacTa.
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WHoraa BEICOTY JBOWHOTO JHA B HOCOBOM TPIOME JENAOT OOJBIICH,
YTO CBSI3aHO C HEOOXomuMOCThIO ymu(depeHTOBKH cydHa B mpolere

MIOPOKHEM.

Pacnionoskenue u pasmepsl HaACTPOEK NPUHUMAIOT IO IPOTOTHUILY.

B xopmyce cynHa cnenyer BBIIECIUTh MECTa AJISL PAaCIOJIOKEHHS BCEX
COCTaBJIAIOIIMX HArpy3KHu B pazjeie «JleaBenr.

Pacuer xoopaunar LT ompenensercs Mo yKpyIHEHHBIM pa3jenam
Harpy3kd ¢ HCIOJBb30BAaHMEM pa3pabOTaHHON CXEeMBbl OOLIETO pacroiio-

KCHHUA.

Cxewma pacuera gaHa B Tab1. 5.2.

Tabmuma 5.2

Pacuer narpy3ku u nonoxenus LT cynna

Macca [lneun, m MOMEHTHI, T. M
HaumenoBanue pa3znenos
m;T Xi Z; m;x; m;z;
Kopmyc o6opynoBaHHETI Mo X1 7 MeoX1 | MioZ1
MexaHU3MBbI My X, Z MyXo MyZs
3amnac BOJOW3MEIICHUS M3y x3=U | zz=H | maxs | maz3
BOJAOU3SMEIIEHUE 23: m bonee | boxnee
INOPOKHEM 5 max; mz;
Dkumax ¢ 0araxxom m, X4 Za Maxy MaZy
KIIPOBU3U» Myo X5 Zs msXs MsZs
«TIpecHas BOJa» mp X6 Zg MeXe MeZe
I'py3 nepeBo3umBblil My X7 Z7 moxy msz7
TormuBo, Maciio,
my X3 zg mgxg mgzg
nUTaTeIbHAs BOIA
CTOYHBIE BOJIBI Mer X9 Zg MoXg MmoZgy
. 9 9 9
JIEJIBEVT >om - - | 2w | X myz
i=4 i=4 i=4
9
BOJTOMBMELIEHUE | < :
a = xm - - 2m | 2 mz;
BIPY3Y i i=1 i=1

46



BOZ[OI/I3M€H.I€HI/I€ CyZiHa MMOPOXKHEM

1l
o
3

Il
—_

D,

op

Bonousmenienue cyqHa B rpy3y

nop _ i=l
Xg =73
2m;
i=1
m;z;
HOp _ l:]
Zg " =5—
m;

i=1

Koopnunate LT cyana B rpy3y

Zy, =—(0

g
m

2 mz;
i=l
9

i
i=1
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[Tpu 3anonHeHnn Tabim. 5.2 cienyer UMETh B BUAY:

* B JAHHOM IIPOEKTE MPH UCIOIb30BAHMH YKPYIHEHHBIX Macc KOOp-
JUHATHI 110 OCH ) He ompenenaorca. CuutaeTcs, 4T0 KOOPAUHATHI ) Jie-
JKaT B JUaMeTPaJIbHOM MII0OCKOCTH;

* JaHHBIC 110 Harpy3Ke NPUHUMAIOTCS M3 pacueTra Harpy3kd macc,
BBITIOJTHEHHOW paHee MPH ONpeIeTIeHNH BOIOM3MEIICHNUS Cy/THa,;

* KOOpAHMHATBHI LEHTPa TSHKECTH KOpIyca 00OpyIOBaHHOTO (WM
Cy[Ha MOPOXKHEM, €CIIH 3TO 3a[aH0) OMPENEIISIOTCS C UCIOIb30BaHHEM
JAHHBIX CyJHA-TIPOTOTHIIA:

rae uHuekc «0» OTHOCHTCS K MpOTOTHIy, a L u H — [IMHa U BBICOTa
MPOCKTHPYEMOTO CY/IHA;

* OCTaJbHBIE KOOPAMHATHI COCTABILSIIOIIUX JACABEHTa (M MEXaHU3-
MOB, €CJIM OHH HE BOLLIM B BOJOHM3MEIIEHUE TIOPOKHEM) OIPEACIISIFOTCS
C HCIIOJIb30BAaHHEM CXEMBl OOILIEr0 PACIOJOKEHUS IPOSKTHPYEMOTo
CyJHa.

[locne ompeneneHust LEHTpa TSDKECTH CyOHA MOXKHO mepeitn
K ynuddepeHToBKe B TIOTHOM rpy3y. UToOwl cynHO He mmerno audde-
PEHTa, €ro IEHTP TSHKECTH IOJDKCH HAaXOAWTHhCS HAa OJHOW BEPTHKAIH
C IIEHTPOM BEJINYHHBIL:

Xg = Xe.
OnTuManbHblEe 3HAYEHUS [IEHTPA BEIWYMHBI MOXKHO OIPEIEIUTH I10
MPUOIKEHHBIM (pOpMYyITaM, IPUHSTH €r0 U3 PACCUUTAHHOTO IHANa30Ha

PaBHBIM LCHTPY TAKCECTHU CYyJAHA X, = Xy AJIA IIPOCKTUPOBAHUA TCOPCTU-
YCCKOI'o 4epTeiKa.
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6. PACYET BMECTUMOCTH CYJHA

6.1. Kiraccudpuxanust rpy3oB. BMecTHMOCTE M I'py30BMeCTHMOCTh
cyaHa. YaejbHasi [PY30BMeCTUMOCTD M YAeJbHbIH NOrPY304HbIH
00beM NepeBo3uMOro rpysa

[lepeBo3uMbIe MOpEM Tpy3bI ACTATCS HA CyXWe, HAIMBHEIE U Ta3000-
pasHbIe.

Cyxue rpy3sl JACIATCS Ha TapHbIC, HITYYHbIC, HABAJOYHBIC M HACHII-
HBIC (CHITyune).

COBOKYITHOCTD TapHBIX HJIM TapHBIX U MITYYHBIX TPY30B PA3IAIHON
KOMIIO3MIIMK, OTJIMYAIONIMXCS BECOM, pa3MepaMH M YIaKOBKOHM, Ha3bl-
BalOT TEHEPaJIbHBIM WU CMEIIaHHBIM TPY30M.

[TomHas BMECTHMOCTB IIPENCTaBISIET CO00M 00BEM MOMEICHUH Cy-
HA, PaCIOJIOXKEHHBIX MOJ[ BEpXHEHW MaimyO0Od M B MOCTOSHHBIX KPBITHIX
HAJICTPONKax U pyOKax.

I'py3oBasi BMECTUMOCTb JIJIsl IEPEBO3KH CHITYYUX TPY30B U JUIS Mepe-
BO3KH TapHOTO (KWUIIOBOTO) IPy3a B OJTHOM U TOM € MTOMEIEHHH OTIIH-
YaeTcs OT TEOPETHIECKOH BMECTUMOCTH.

Ilon TeopeTuuyeckoil BMECTUMOCTBIO CYXOTPYy3HOIO CyJHA
MMOHUMAIOT 00bEM TPIOMOB, CUUTAst OT HACTHIIA TBOMHOTO JTHA U MEXKITY-
JIOHHOTO JIMCTa JO BHYTPEHHEH ITOBEPXHOCTH HApYXHOW OOIIWBKH
Y naJlyOHOTO HacTUiIa. BMECTHMOCTH MO CHIIYUYEeMY T'PYy3y €CTh
Pa3HOCTh MEXIY TCOPETUYCCKOW BMECTUMOCTBIO U 00BEMOM, 3aHHUMae-
MBIM HaOOpOM KOpITyca, W TIPOCTPAHCTBOM, 3aHUMAaeMbIM MaHO0JIOM
1 nbsigamu (puc. 6.1).

NN N\ NN\ N

\\\\\ NN\
AN

C
E/
C
C

Pr16uHCEHI

Mex a1y 10HHBIN JTUCT

Puc. 6.1
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[ox o6vemom 1650 TOHUMAIOT 00BEM, TPOCTUPAFOIIHANCS OT MEXKTY-
JOHHOT'O JINCTA [I0 JEPEBSHHOTO HACTHJIA, IIEPEKPHIBAIOIIEIO CKYJIOBBIE
KHUIIBL.

BMmecTtuMocThr O TapHOMY Tpy3y ecThb KybaTypa TPIOMOB,
ompezensemMas 10 BHyTPEHHUX KPOMOK DbIOMHCOB M HMXXKHEH KPOMKHU
6mmcoB. Kak 1 B mpeasiayem ciydae, 00beM naiona v JIbsi He BXOIAUT
BO BMECTUMOCTb.

BMecTHMOCTh HaJMBHBIX CYAOB (TaHKEPOB) OTJIMYAETCS OT TEOPETH-
YECKOW TEeIEeCHOCThIO Habopa M 3amacoM Mo KyOarype, HEOOXOAMMBIM
JUTSL TETIOBOTO PacIIMpEHUs HEPTEIPOTYKTOB.

BmectumocTs mo TapHOMY TIpy3y OTJIMYAaeTcs OT BMECTHMOCTH IO
cellly4ueMy B cpefHeM Ha 8—10 %, a mocneaHsst OTIMYaeTCs OT TEOPETH-
YECKOW BMECTUMOCTH MPUMepHO Ha 5 %.

[TogmanyOHast BMecTUMOCTH Wy, mpencrasisier coboil 00bem
KOpIlyca, BKJIIOYass OObeM MAIIMHHOIO OTAEICHUS, M3MEPEHHBIH OT
JIBOMHOTO JTHAa 10 BepXHEW NamyObl Tak, KaK 3TO IEIAaeTCs JUIS CHITyqnX
Tpy30B, HO 0€3 yueTa Ipy30BBIX JIIOKOB. Taxke B MoJAnanyOHyIO0 BMe-
CTHMOCTB HE BXOJHUT 00BbEM IPY30BBIX TOMEIICHUH B HAICTPONUKAX, €CIIN
Ha CyJIHE UMEIOTCS TAKHUE TIOMELLECHHUSI.

OTHOIIEeHHe BMECTHMMOCTH TpPIOMOB K YHCTOW Tpy30MOJABEMHOCTH
CyJlHa Ha3bIBAaETCS Yy 1€IbHON BMECTUMOCTBIO

Paznnuarot ynensHyt0 BMECTUMOCTD IO CHIITyYeMY U TAPHOMY IPY3y.

dakTryeckuii 00beM, HEOOXOIUMBIA MJIsT TTEPEBO3KH BECOBOW €/IH-
HUIIBI TPY3a, YIOKEHHOTO H CEMapHUpPOBaHHOTO TaK, KaK 3TO OOIIETPHHS-
TO, Ha3bIBAETCS €T0 Y ACIBHONW MOTPY304YHOU KyOaTypoi.

VYnenbHas morpys3odHasi KybaTypa rpy3a H3MEHSETCS B 3HAUUTEIIb-
HBIX mpeaenax ot 0,2 M/T — s CBHHIIA B uymikax, 15-20 M/T — hilat|
aBTOMAIIMH B cOope. OOBIYHO Cyaa MPOEKTHUPYIOTCS UCXOIS U3 CpeaHer
YAETBHOU MOTPY309HOIM KyOaTypsl Tpy30B Ha TOH JIWHUH, IS KOTOPOM
cyna npeaHa3HauYeHbI.

Cpenusist ynenbHasi BMECTUMOCTh CYJIOB ¢ MUHUMAJIbHBIM HaJIBOJIHBIM
GOPTOM JUTS [IEPEBO3KH IeHepabHOTo rpy3a 1,4—1,5 M/T, a mensTepaed-
HBIX cynoB 1,8-2,2 M>/T. DTH BEJIMYMHBI IMEOT TEHJICHLIUU K POCTY.
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Ha cyxorpysHbIX cyJgax ¢ IEHTPaJbHBIM MAIIMHHBIM OTHACICHHEM
00BEM TPIOMOB TI0 CHIITy4eMy TPY3Y JIEKHUT B Ipeeax

W =(0,50...0,60) LBH =(0,60...0,75)(L—1,)BH,

rae ly — JNInHa MaIluHHOTO OTAENICHHS.
ITo bacrapny:

W =(8+(0,08...0,10))/BH.,,

rie / — cyMMapHas JJIMHA TPIOMOB;
H,,=H —h, — riaybuna TpiomMa, H3MepeHHasi y 0OpTa OT HaCTHJIA

BTOPOTO JTHA IO BEpXHEH manyosl;

h, — BBICOTa ABOWHOTO JHA.

[TonubIit 06beM CyZiHA M 0OBEMBI OTIEIBHBIX OTCEKOB BRIPAKAIOTCS B
MPOIEHTAX OT BOJOU3MEIICHUSI CICTYOIIMMHU ITU(ppaMu:

MOJIHBIN 00BEM CyTHA 120-140
JIBOITHOE THO 811
(hOpPIIHK M aXTEPIIHK 4-6
KOpHUAOp TpebHOTO Baja 1,52
JUNTAaHUK (O{HA-T[BE TTAPHI) 4-12

6.2. IIpu6au:xenHbIe cocoObI 00ecrieyeHnsi TPy30BMeCTUMOCTH
NP NPOEKTHUPOBAHUH CYTHA

BmecTuMOCTb Ipy30BBIX TPHOMOB CYyXOIPY3HBIX CYZOB C LIEHTpAlb-
HBIM PacloIOKEHHEM MAIIMHHOTO OTIACNICHUS MOXET OBITh OnpeaeseHa
IMyTeM BbIUETa M3 MOANATYOHOW BMECTHMOCTH cymHa W, oObema mo-
MEILIEHNH, HE UCIIOJIB3YEMBIX IIJIsl IEPEBO3KH IPY30B.

st 3TOro mpeABapUTENbHO HEOOXOOUMO HaWTH 00beM (opmHKa,
axTepruKa M KOpHIopa rpeOdHOro Bajia; , — 00bEeM IHKOB M KOPHIOpa
rpeOHOro Bana; [, — CcyMMapHYy0 JJUHY (HOpIHMKA M aXTepIuKa; ¢ — YUC-
JICHHBIA KOA(GHULIHEHT.

B cooTBeTcTBMM C 3THM MOINATyOHYIO BMECTUMOCTH 33 BBIYETOM
0o0beMa m; MOXKHO MOACYUTATH 110 HopMYyJie

W, =KW,

o’ o2
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e

O _g97-Ch (6.1)

100 L~

K, =1-0,01

uing

C .
Koaddumment 100 3aBUCHT OT KOd(QQHIMEeHTa oOUIel MOIHOTHI

MIPUHMMAET CJIeyIOIINe 3HAUeHUS:

o 0,65 0,70 0,75 0,80
C
— 0,20 0,25 0,30 0,40
100
B kauectBe cpegneii mudpsl MokHO MpUHATH K, = 0,95.
JlJ11 MOPCKHX TPY30BBIX CYyJOB BMECTHMMOCTH JBOMHOIO JHA B Kade-
CTBE CpeIHEH BETUYNHBI MOKHO IIPUHSATD

®, =017,

rae V' — o0beMHOE BOJOM3MEIICHHE.

Urak, momnamyOHas BMECTHUMOCTh TPaXKAAHCKOTO T'PY30BOTO CYAHA
C IICHTPAJBHBIM PACIOJIOKEHUEM MAITUHHOTO OTACNEHUS WIM IMOJIHBIN
00BEM BCEX €r0 OTCEKOB, PACTIOIOKEHHBIX MEXIy HACTHUIOM BTOPOTO
JTHA ¥ BepXHeH maiy0oif, MOYKHO MOJICIUTATH 110 hopMyJie

Wy = KoLBH

rie Ko — 4ucieHHbIH KOdQQHUIUEHT TOIHOTHI oANanyoHOro oobema.

HckmounTs U3 moananyOHOH BMECTUMOCTH 00BEM HHKOB, KOPHIO-
POB IpeOHBIX BAJOB M JAPYTUX MOJOOHBIX MOMEHICHUH MOXHO BBEICHU-
eM koadduumenta K, mogcuurasHoro mno gopmyie (6.1), Torna

Wy = KoK, LBH.,,. (6.2)

OOBbeM MaIIMHHOTO OTJENICHHs C BKIIOYEHHEM 00beMa TOTLTMBHBIX
UCTEPH W TUNTAHKOB, PACIIONOKEHHBIX BHE MAIIMHHBIX U KOTEJHHBIX
otaeneHuid (HO Oe3 JHMIIEBBIX IMCTEPH), BBIpAXACTCS aHAJOTHYHON
(hopmyoit

52



W, = K, BH,,, (6.3)

rae K, — ko3 umeHT nponopuoHanIbsHOCTH — TOJHOTE 00beMa Ma-
HIMHHOTO OTHAENCHHUS;

l,, — IpUBeeHHAS AJMHA MAIIMHHOTO OTAENeHNs (CyMMapHas AJUHA
MAIIMHHBIX W KOTEJbHBIX OTIEJICHHW, BKIIOYasl JJIUHY TOIUTMBHBIX IIH-
CTEpH M JUITAaHKOB, PACIPOCTPAHSIOIIMXCSA OT BTOPOTO JIHA 10 OOPTOB
Y BepXHel naryOsr).

Torma, yantsiBas BeipaxkeHus (6.2) u (6.3), 00beM TPY30BbIX TPIOMOB
WIN TIOJIE3HYI0 BMECTHMOCTh CYJHA MOXHO ONPENCIUThH CICAYIONINM
obpazoM:

W =(K,K,L-K,l,)BH, (6.4)

P

Ecnu rimy6uHy TproMoB H.,, BBIPa3UTh Uepe3 BBICOTY OopTa H 1 BBICOTY
JIBOWHOTO AHA /1, U 00€ 4acTu paBeHCTBa (6.4) MONENUTH HA BOAOU3ME-
LIEHHE, TO MOIYYHM

w1 / H h
—=— KoK, - K, || =——-21|. (6.5)
D v LN\NT T
Ho tak kak x03((UIHMEHT YyTHIN3AlMH BOAOM3MELICHUS IO YHCTOH
Prp W
T'py30II0AbEMHOCTHU T'| D= E nu y,Z[CJ'IBHaH BMECTUMOCTb L =—— CBs3aHbI

p
w
C OTHOILIEHHEM —— PAaBEHCTBOM — = U1, TO BeIpakeHHe (6.5) MOXeT
D D
OBITh MIEPEIIICAHO B BHJIE
1 L\(H—h,

= KK —K = , 6.6
H’ ’YB'I’]D 0" ML T ( )

YTO TIPEACTABISET COOOW ypaBHEHHE BMECTHMOCTH, C TIOMOIIBI0 KOTO-
poOro MoOXKeT OBITh HaiiieHa yaeibHas BMECTUMOCTb, COOTBETCTBYIOLIAS
BBIOpPaHHON KOMOMHAIIMU 3JIEMEHTOB IPOEKTUPYEMOTO CyTHA.

UT0OBI BOCIIONB30BATHCS BEIpakeHHEM (6.6), HEOOXOIUMO 3HAThH Be-
muarHbl K03 dummentos Ky, Ky, Ky u Mp. Uto xacaerca xo3dPunnenta
Ky, TO ero MO>KHO BBEIYUCIUTH IO popmyiie bactapaa
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K, =(0,08...0,10)+3.

O BeaHcIeHNN K03 duimenta K, ObIJI0 CKa3aHO BHIIIE.

Jln1s Tex Tpy30BBIX CY/IOB, Y KOTOPBIX MAIIMHHOE OT/ENEHHE pacroia-
raeTcs INIaBHBIM 00pa3oM B Ipezenax MUIMHApHIecKoil BeraBky, Ky = 1,0.

BMmectuMocTs HETEBO30B U CYyXOTrpPY3HBIX CYIOB C KOPMOBBIM pac-
MOJI0’KEHNEM MAIIMHHOTO OTIENIEHUS] MOKET OBITh MOACYUTaHa IO (op-
MyJlaM:

— 1711 CyXOTpy3HOTO CyIHa

W =alBH_; (6.7)

— nns HepreBo3a
W =ad'lBH,

rae a = 0,85-0,90 u a’' = 0,95-0,98 — ko3 uIMeHTH TOTHOTH 00beMa
W, xoTOopble HECKONIbKO MeHbIne emnuHUIlbl (0,85—0,98) U BEIUHCIAIOTCS
B 3aBHCHUMOCTH OT KO3 PHLIMEHTOB QopMbI Kopmyca (3, a, ), COOTHO-
T H
IIIEHUH TJIABHBIX pa3MEPEeHU | ——, — |, CEIIIOBATOCTH, ITOTHOH, OUM-
Y T
COB, pa3Baja OOPTOB, TENECHOCTH HAOOpa, a JUI CYXOTPY3HBIX CYJOB —
¢ y4eToM o0heMa TBOMHOTO JHA U 00beMa JIbs;
| — cymmapHas IJTiHa TPY30BBIX TPIOMOB.

BMecTHMOCTh CyXOTpy3HBIX CYJIOB C MPOMEKYTOUYHBIM PACIIONONKE-
HAEM MAaIIMHHOTO OTAEJICHUS MOXKET OBITh MOJCYWTaHA 1O (opmyie
(6.4) mubo (6.7), rne koapduieHTsl Ky, U a ITOMKHBI OTJIUYATHCS OT
TeX, KOTOPBIE IPUHSTHI JJIs1 PACCMOTPEHHBIX BHIIIIE CITyYaes.

YpaBHeHHE BMECTUMOCTH JIJIsl CYXOTPY3HBIX CYJIOB C KOPMOBBIM pac-
MOJIO)KEHUEM MAIIMHHOTO OTACICHHS OYIET UMETh BUJI

o 11,
yon, L T

(6.8)
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[Ipyr mpoexkTUpOBaHUN HEPTEHAIMBHBIX CYIOB OOBIYHO 3aJacTcs HE

yAenbHas BMECTUMOCTD CYJIHA, a yIeNbHBIN BeC MEPEeBO3NMOT0 Irpy3a — .

1)

Ho ecnu u mpu ompeneneHMH BMECTUMOCTH HE(PTEBO30B BOCIOJB30-
BaThCS MOHITHEM 00 YJEeIbHON BMECTUMOCTH, TO YPaBHEHHE BMECTHMO-
CTH TIPUMET BUJI

1 d i
" l+vydn, LT’

(6.9)

KOTOPBIH OTJIIMYAETCS OT MPEAbIAyIIero ypaBHeHus (6.8) MpucyTCTBHEM
MHOKHUTENS V, YUUTHIBAIOMIETO 00BeM, HEOOXOMUMBIH Ha pacIIipeHne
HedTenponykroB. Kpome toro, aia nedreBozos Hy, = H. Koabdunuenr
v B (6.9) 3aBucur oOT ycnoBuil I1uaBaHus. OOBYHO NPHUHUMAIOT
v =0,025-0,035.

Ha puc. 6.2: 1 — mammnHOe otaenenue; 2 — kohdepnam; 3 — TOIIIHB-
HBIE LIMCTEPHBI; 4 — IPy30BbIe LUCTEPHBI; J — MOMITOBOE (HACOCHOE) OT-
JIeJIeHUE; 6 — CyXOTPY3HBIH TPIOM.

L P = @,P—:/

O N O oPo|o|lo

L- 1,

Puc. 6.2
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IToMmoBoe (HACOCHOE) OTAENeHHEe Ha He(TeBO3aX pacroyiaracTcs,
KaK TIPaBHIIO, MEXIy TPY30BBIMH TaHKaMu (puc. 6.2, a) Win B KOpMe,
MPUMBIKAIONIMM K MallMHHOMY OTAeicHu0 (puc. 6.2, 6). 13 puc. 6.2
CJIeIyeT, YTO JUIMHA TPY30BBIX TAHKOB MOXET OBITh BBIPAKEHA paBEH-
CTBOM

I=L—-(1+A)I -1,

B KOTOPOM Ko3(hurmeHt A = li orpeiensieT ycinopus yaudhepeHTOBKH.
K
st cyioB ¢ pacrosiosKeHHeM TOMITOBOTO OT/EJIEHHs B KOpMe MPUHUMAEM
[, = 0, n6o nnmna /, BXomuT B /.. Koapduuuent A npexncrasnser coboit
OTHOIIIEHUE JIWHBI (OPIHKA, CyXOrpy3Horo TpiomMa u Koddepmama
K JUIMHE axTeplHKa, MAalIMHHOTO OTJENEHUs, TOIUIMBHOW IIUCTEPHBI
u kodpdepnama. Ilpu ysenmuernnu ko3pduipenTa A rpy30Bble HUCTEPHBI
Y MaIIMHHOE OTHEJICHHE CMEIIAIOTCsl B HOC. YUCICHHOE 3HauYeHHE KO-
adpummenta A ciaemyeT BHIOMpaTh TaKUM 00pa3oM, YTOOBI IONTYYUTH
)kenarenpHoe nonoxkenue LT no anuue cyaHa.
OTtHouenne

izl_(1+k)IK+lH 6.10)
L L
Ha3bIBaeTCd KOA(PPUIMEHTOM YTHIM3AIMUUA (HUCIOJb30BAHUS) JJTHHBI
CyZHa.

Bocnons3oBaBmmck paBerctBoM (6.10), ypaBHEHHE BMECTUMOCTH
He(TeBO30B (6.9) MOXKHO MIPEICTABUTH B BHJIE

!
"= 1 H | (1+7\.)ZK+IH
S
l+vyn, T L

B YpaBHEHUSA BMECTHUMOCTH BXOJAT KakK 00BEMHBIE COOTHOILIICHUS,
TaK U BCJIWMYHMHBI, XapaKTCPU3YIOIINEC BECOBbBIC COOTHOIICHUA U YCIIOBUA
yauddepeHToBKH. B crily 3TOro oHHM Hapsmy ¢ OPYTHMH ypaBHEHHUSIMHU
MOTyT OBITH UCIIOJB30BaHbl B CAMOM nponecce onpeacii€HuA 3JIEMCHTOB
MIPOEKTUPYEMOTO CyIHA.
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PaccmaTpuBas | Kak 3a7aHHYIO BEIMYMHY, MO’KHO PELINTH ypaBHe-
H
HHE BMECTUMOCTH OTHOCHTENBHO O, ? Wix L, 9TO AaCT TOTOTHUTEIb-

HO€ yCIIOBHE IIPH OTpeeNIEHIH SIEMEHTOB MMPOESKTUPYEMOTO CyIHA.
Ecnu mpu mpoexkTUpoBaHHUM HeTeBO3a HIIM CYXOIPY3HOIO CyAHA
C KOPMOBBIM PACIIOJIOKEHUEM MAITUHHOTO OTJCJICHUS B YpaBHCHUE
BMECTUMOCTH BBOAMTCS KO3()PHUIMEHT A, TO €ro B MEpBOM IPUOIHKE-
HUU JTydIle ONpeAeNuTh 10 TPOTOTHITY, a OKOHYATENBHYIO UIHHY I
YCTaHOBHUTH IOCTIE TPOBEPOYHOro pacuera yauQQepeHTOBKH.
AHamm3upyst GpopMysbl BMECTUMOCTH, MOKHO OTMETHTh, YTO BMe-
CTUMOCTh CyJHa YBEIMYHBAETCS C BO3PACTAHUEM €r0 Ta0apUTHBIX pa3-
MepoB. Takoe ke BIMSHHE OKa3blBaeT M KOAPGUIIUEHT O, TOCKOIBKY C
BO3pacTaHUEM TOJTHOTHI CyTHA YBEIUUMBarOTCs Ko3ddurmentst Ko, a, a'.
WNnade nemo oOCTOUT ¢ yA€THHONH BMECTUMOCTBIO, HA KOTOPYIO H3Me-
HEHHUE LIUPUHBI CyIHA HE BJIHUSET, MOCKOJIbKY BMECTUMOCTb, BOJOHM3ME-
IICHUE U TPY30MOABEMHOCTh U3MEHSIOTCS MPOIMOPIIMOHAIBHO IUPHHE
cynHa. Takoe ke BIMSHUE OKa3blBaCT M3MEHECHHUE OCAJKH CyJIHA TpU

H . .
?z idem, ecmu my=idem. IlodTOoMy ImHMpHHA CyqHA HE BXOIMUT
B ypaBHEHHE BMECTUMOCTH, a 0Ocajka (GUTypUpYyeT JHIIb B BUJIE OTHO-

mMCHUuA —.

OTtHolIeHne

HEMOCPEICTBEHHO BXOJUT B YPaBHEHHE BMECTUMOCTHU U B TO K€ BpPEeMs
BIUSAET Ha KOX(PQPUIMEHT YTWIM3AIlMH BOAOU3MEIICHUS, (UTYPUPYIO-

i B HUX. [loaToMy mM3MeHeHue 7 pPE3KO CKa3bIBA€TCS Ha YIEIbHOMN

BMectumoct. Ho YBEIIMYECHUE 7 T YBEJIMYCHUA [L JOCTUTAETCA 3a

CUCT YaCTUYHOT'O YMCHBIICHUSA KOB(l)(l)I/II_II/ICHTa BOJOU3MCIICHU .
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3a cueT yBeNWYEHUs JUIMHEI Cy/THA WIIM YMEHBIIECHUS JJTUHBI MAITHH-
HOT'O OT/ICJICHUS] MOXKHO YBEIHYHUTh YICIbHYI0 BMECTUMOCTb.

YBenuuenue ko3dduimenTa o, KOTOPOE COMPOBOKIACTCS BO3pacTa-
HUEM 1|p, IPUBOJUT K YMEHBIICHHUIO YACTHbHOW BMECTUMOCTH |L.

IIpu ompeneneHur MacCaXUPOBMECTUMOCTH TMOJIB3YIOTCS JTAHHBIMH
MIPOTOTHUIIOB B BH/IC TAKUX IOKa3aTesici, KaK OTHOIICHHE YHCIIa MePEeBO-

n

3UMBIX MACCAXUPOB 71 K BOJAOU3MEILECHUIO cyaHa D, T. €. B, W K Ipo-
n

W3BENIeHUIO LB JIUHBI CyJHA Ha HIMPUHY E, WIK K JJIUHE Cy/JHA

n
L——.
L
Jl1st cy0B JaJIbHETrO IUIaBaHUs (KalOTHOE PAacloiOoKeHHEe MacCaku-
poB) 0 creneHn KoM(OPTaOEIEHOCTH MOXHO CYIUTh 10 K03 duuuenty

n
Z , a IJId Cyd0OB C OOJIBIIIMM YHCIIOM nmacCcaXupoB, HE UMCHOIINX KOCY-

HBIX MecT (CyJa MECTHBIX JIMHHI), IOKa3aTeIbHBIM ABISIETCS KOAPPH-

LB
IUEHT —.
n

[Tokazaremn kKoM(OpPTAOETFHOCTH 3aBHCAT TaKXKe OT paioHa Iuia-
BaHMHA.
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