KpaTkuii KOHCIIEKT JIeKIuil
«IIpoexTpOBaHUE CKOPOCTHBIX CY0B»
26.04.02 KopabaecTpoeHue, 0K€aHOTEXHUKA U CUCTEMOTEXHMKA 00bEKTOB
Mopckoii uHppacTpykrypsl (M3KCP)

I'naBa 1. O01me cBegeHUs 0 IJIMccepax

1.1 PeskuMm aBuM:KeHMs U (popMa KOPIYCOB IJIMCCEPOB.

B cmokoiiHOM COCTOSSHMHM CyJHAa Ha TUTAaBY BEC TOJHOCTBHIO YpPaBHOBEIIMBACTCS
THAPOCTATHIECKUM JaBjeHHEM Bonbl (B mampHelmem ruapocratndeckue cuibl). [lpu
JBIDKEHUH TJIACCEPOB K THAPOCTATHICCKUM CHUJIaM JO0ABIISIOTCS THAPOIUHAMUYECKUC,
KOTOpPBIC TMOSBISAIOTCS KaK HOPMAaJIbHBIE CHJIBI PEAKTHMBHOTO BO3ACHCTBHUS Ha KOPITYC
00TEKaroIIEeTo MOTOKA.
B 3aBUCHMOCTH OT COOTHOIICHHS THUJAPOCTATUYECKUX U THAPOJIMHAMUYECKUX CHJI
MO/ICP)KaHMS PA3INYalOT TPU CKOPOCTHBIX PEKUMa JIBHXKCHHS CY/IO0B:
e IIIaBaHHE
® [IEPEXOAHBIN PEKUM
® TJIMCCHPOBAHUE
1. [TnaBanue. [1pu pexxume maaBaHus MPaAKTHYECKA TOYHO COOJII0IaeTCS
YCIIOBHE PAaBHOBECHS CHJI Beca M CHUI MOJCP KaHUs

gl = yW, = D =pW (1.2)

zie D — macca cynHa, Kr;
My .
— YCKOPGIHE CHIIBI TAKECTH, '/ 2

Y - YAEIbHBIN BEC BOJBI, H/‘ 1

p- INIOTHOCTh BOABI, KI/M°

W — 00beMHOE BOJOM3MELIEHUE, M .
2. [Tepexoanblii pexkum (I1P). ITpu ITP oTMeuaeTcst 3aMeTHOE POSIBICHUE
T'UJIPOIMHAMHYECKHUX MOIBEMHBIX crjl. CyTHO BCILIBIBAET, €r0 MOABOIHBIN 00beM
YMEHbILIAETCs, P 3TOM OHO CHauaja Jud(depeHTyeT Ha HOC, 3aTeM Ha KOpMY,
YTO COMPOBOXKAAETCS] BO3paCTaHUEM BOJIHOOOpA30BaHUs. Y CIIOBUE PaBHOBECHUS
ripu [IP numeer Bun

: gD=7yW; +F (1.2)

- pagd@ICiCTBYIOIIAS TUIPOAUHAMUYECKUX NOABEMHBIX ChJl, H;

- 00bEiHOE BOJOM3MEIIEHHWE CyJHA, COOTBETCTBYIOLIEE  XOJOBOU
BATEPJIUHUH, M

3. I'muccupoBanue. [Ipu BBICOKMX CKOPOCTSAX ABMKEHHSI U COOTBETCTBYIOIIEH




dbopme Kopmyca THAPOJAMHAMHYECKAs MOJbEMHAsl CHUJIa CTAHOBUTCS OCHOBHOM CHIION
MOJJIEP>KaHMsl, CYJTHO BCIUIBIBAET U C HEKOTOPHIM JTU(PPEPEeHTOM HA KOPMY HAUMHAET
CKOJIB3UTh (IJIMCCUPOBATh) MO TOBEPXHOCTH BOAbI. Bec cyaHa mpu 3TOM MOYTH

IIOJIHOCTBIO YPABHOBCHINBACTCA FH,HpO,Z[HHaMH‘IGCKOfI HO,Z[’I)GMHOI\/’I CHJION
gD =7,

XapakTep CKOPOCTHOI'O PEXHMa MOXHO OXapaKTEPU30BATh 4YEPE3 OTHOCUTEIBHYIO
CKOpPOCTb, BEIpaXEHHYI0 yncioM Opyaa, KOTopoe Mpu MEPEMEHHON INIMHE BATEPIIMHUA
1eJIeco000pa3HO CYUTATh MO BoJou3MelieHuio D, 1.e.:

1 'F::'. b - .r-—-j_ (1 . 3)

rae Frp - uncno ®pyna, pacCUMTaHHOE 110 BOJOU3MELIEHUIO (MaCCOBOMY);

- ckopoctl/cynna, e

Ycranoneno [1], YTO TpaHHMIBI PA3IUYHBIX PEKUMOB JIBHXKCHHS  CYJOB,
XapaKTEPU3YIOTCS CIEAYIOIIMMU 3Ha4eHUsIMU uncen Opypa:

[TnaBanue F.p <10
[TepexomupIii pekuM 1,0 Frp >3
['muccupoBanue Frp >3

Jlns1 6aronpusTHBIX YCIOBUM BO3HUKHOBECHHS THAPOIMHAMUYECKON IMOIbEMHOU CHIIBI
JTHUILE KOPITyca TIIMCCUPYIOIIETO CY/IHA JOJKHO OBITh INIOCKUM WJIU TJIOCKOJIOHHBIM, U
MMETh HEKOTOPBIN MOABEM OT KOPMBI K HOCy. IIpocTeimas

Pic. 1.1, Bespepauumii ramccep.

! — GoproRast chyna; 2 - TpAaMeN; S — TJHCCHPYIOLER YacTbh AMHIA.

dbopma kopryca T.H. Oe3pedaHHOro Tuma mokazaHa Ha puc 1.1. Ilpu moctmxeHun
OTIPEJICTICHHOW CKOPOCTH OYyJeT CKOJIb3UTh 1O BOAE Ha KOPMOBOW 4YacTH
TUTOCKOKUJIEBATOTO JTHUIIA.

bosee Bricokas 3 GeKTHBHOCTH TIIMCCUPOBAHMSI IOCTUTACTCS HA peAaHHOMTIINCCEpE
(puc. 1.2), a eme 6oJibIast - Ha TPEXTOYCHHOM (MPETIOKECHUE aMEPUKAHCKOTO
KOHCTpyKTOpa Amens [1]).



Puc. 1.2, Pepannsiit ruwecep.

{ — HOCOBas cHyNa; 2 — CHYAA KOpMOBan; 3 — HOCOROL penas; S“ H .S‘“ — COOTBET-
CTECHHO HOCOBAA I KOPMOBAaA DMIOWALKH TAHCCHPOBAHH A,

Puc. 1.3, TpextoueuHullt TaHcCep.
f — raHCeEPYIOILEE NohaabiH (cMOHCoMtm).

Ecnmm pemanHbIil TMccep WMeeT 2 HECYIIHME IUTOMIAJKKM — HOCOBYIO W
KOPMOBYIO (ITpUYE€M KOPMOBAsi HAXOJIUTCA B YCIOBHIX HaOeraHus Ha HEEBO3MYILIEHHOT O
MOTOKA, YTO HEOJArOMpPHUATHO), - TO TPEXTOUEUHBIN IIIUCCEP MOIIEPKUBAETCS HA XOAY
TpeMsl INIUCCUPYIOLUMHU IIOIIAAKaMH, pabOoTaIOIIMMH BCBOOOIHBIX (HEBO3MYIIICHHBIX )
NOTOKax BOJbI. OJJTHAKO TPEXTOUYEUHBIE INIMCCEPHI U3-3a CI0KHOCTH UX MMPOEKTUPOBAHUS
HE TMOJIyYMJIM MacCOBOTO paclpOCTpaHEHMs], XOTd Haubojiee BBICOKHE CKOPOCTH
JOCTUTHYTBI Ha TJINCCEpax 3TOrO TUIA.

B HacTosiiee Bpems MONyYWIH IIMPOKOE PACIPOCTPAHEHUE KaTepa, H3BECTHBIE O[T
Ha3BaHueM «Mopckue canm» (puc 1.4).

Karepa »Toro thma ycTOMYMBBEI Ha Kypce, HE «PBICKAIOT» Ha MOMYTHOM M BCTPEYHOMU
BOJIHE, UAYT 0€3 OpbI3r U MMEIOT 00Jiee BBICOKOE TMAPOAMHAMUYECKOE KayeCTBO IO
CPABHEHUIO ¢ OOBIYHBIMU TUIIAMHU O€3peJaHHBIX KaTepPOB.

Jlis OBWOKGHUST B TIPOMEXKYTOUHBIX pexumax (1<F.;<2,5) xopomumeMopexoHbie
Ka4ecTBa JOCTHTalOTCs ¢ TOMOIIBI0 KOMOMHUpOBaHHON (opmbl kopmyca (puc. 1.5).
HocoBas yacTe 3TOro Kopmyca npOeKTHUPYETCS M0 THUITY BOJOM3MELIAOLIErO CyJHa C
TUIABHBIMU 00BomamMu (i1 O€3yapHOTO BXOJa HAa BOJHY), a KOPMOBash — YHCTO
TJIMCCUPYIOLIEH.

Oco0eHHOCTH W3MEHEHHUs CONMPOTUBJICHUS BOJbI IBUKEHHUIO CyJHA BUIHBIN3 puc. 1.6.



Pnc. 1.4, BespelanBHi FINCCHPYIOWNA KaTEp THIIA «MODCKHe CaHi».
8§ = PAHCCHPYIOmOA WaCTs AANDIA-

Pre. 1.5, KomGHHHMpoBaHHBE OGBOAW KOPNYCOB: a — Oeapeganiblil;
O — pepaunulit.

W3 puc. 1.6 BugHO, uTo B paitone uucen dpyna F.,=1,5+2,0 xpuBbie 2, 3 UMEIOT
«rop6», CBUACTEILCTBYIONINI O TOM, UTO B MIEPEXOTHOM PEKUMECOTPOTUBIICHUS BOJIbI
JIBIKCHUIO  TJUCCHUPYIOIIEr0  KOpIyca  3aMETHO  BBIIIE  COMPOTHBIICHUS
BOZIoM3MeIIaroniero cyana. [locne mpeomonenns «ropobay CyHO HAYMHAET MEPEXOIUTh
B PEXHM TJIUCCUPOBAHMS M 32 CUET PE3KOT0 CHIDKCHUS BOTHOOOPA30BaHUS BOKPYT
KOpIlyCa €ro CONPOTUBIICHUE HAUYMHAET CHUXAThbCS. B manbpHeillieM c yBelU4YeHUE
CKOPOCTH CONMPOTHUBJICHUE JIBHXKEHHIO CHOBA BO3PACTAET, YTO CBSA3AHO C YBEIMUYECHUEM
COTNPOTUBJICHUS TPEHUS.

Ha puc. 1.6 (HuxHS 4acTh) MOKa3aHO M3MEHEHHE TIOCAJIKH TIINCCepa, XapaKTepru3yeMon
yriaom xojaoBoro auddepenta ¢ u ocagkoi Tpanma ATy B 3aBUCUMOCTH OT PEKHMMA
JBH>KCHUS.



Puc. 1.6. KpuBble, XxapakTepu3yoliye pe:KuMbl IBUKeHUs cya0B.1, 2, 3 — conpoTuBieHne
BOJIOM3MEIIAIOIIET0 CYAHA, PEAAHHOT0 U OE€3peAaHHOr0 IIIMCCEPOB COOTBETCBEHHO

1.1 Knaccudukauus riauccupywmux cyaoB (I'C) u ux apxurekTypHO-
KOMIIOHOBOYHbIE 0COOEHHOCTH

I'C xnaccuuuupyroTcs 1o clie]] IpUu3HaKaMm:
o 110 HA3HAYEHUIO:
-CITy>K€OHO-pa3Be3IHbIC; IPOTYJIOUHBIE; TYPUCTCKUE; CHOPTUBHO-TOHOYHBIE;
aCCaKUPCKUE; KaTepa CIeUUaIbHOrO0 Ha3HaueHus (CaHUTapHbIE, MOKapHBHIE,
criacaTesbHbIC).
. [To apXUTEKTypHO-KOHCTPYKTUBHOMY THITY:
- OecnanyOHblE MOTOJIOAKHA OTKPBITOIO THIIA; MOTOJIOAKM W Karepa C HOCOBOM
naixy0oil M1 OTKPBITBIM KOKIIMTOM; KaTepa ¢ HOCOBOM HACTPOIKOI; Karepa U cyaa
CO CIUIOIIHOM HaACTPOIKON; OOJbIIMe 3ananyOHble KaTepa CO cpeaHed pyOKoWu;
JIBYXKOPIyCHbIE CyJa C pyOKOMl Ha COEJUHUTENBHOM MOCTY; Cylda C
a’poMHaMUYEeCKUMH (OopMaMH KOPITYyCOB, PAaCCUUTAHHBIMU Ha MHHHMAJIbHOE
COIPOTHBIICHUE BO3/lyXa U HA MOJIyY€HUE AOMOJHUTEIBHON MOJbEMHOMN CHUIIBI.
o [To ¢popme kopmyca:
- Oe3peaHHbIe OCTPOCKYJIbIE CyJa C IUJIOCKOKHJICBATOM WM WHOU (opMmoit
(TIIOCKOM, BOTHYTO-KIJIEBATOM, S-00pa3HOM U JIp.) IITIAHTOYTOB;
- Oe3penaHHbIe C TOHHEJIbHBIM o0pa3oBaHHEM JTHUILA!
OJIHOTOHHEJIbHBIE (MOPCKHE CaHU), IBYXTOHHEIbHBIC WIH TPEXKUIIEBHIC,;
- penaHHble (KJIACCUYECKHIA TUTI TIIHCCepa);
- pelaHHbIE TJIUCCEPHl TPEXTOYCUHOTO THIIA;
- MOPEXOHBIC TIIUCCEPhl C KOMOMHUPOBAHHOM (hOpMOM KOpIyca;



- Ticcepsl ¢ PopMoii Kopiryca «rirybokoe Vy;
-rmccepsl THNa «kadeapam» (couetanue GopMbl «riybokoe V» ¢ He cMaunBaeMbIMH
Ha XOJIy CIIOHCOHAMH).
Kparkas xapakrepuctuka ['C
Cnyxe0HO-pa3be3qHbIC, MPOTYJOYHBIC M TYPUCTCKHE KaTepa WUMEIT UIHMHY 5-7 M;
Bogom3menieHue 9001500 kr. [To hopme kKopmyca 3TH Cy1a OTHOCSTCS K O€3peIaHHBIM,
KHJICBATHIM Cy/IaM.
CHopTHBHO-TOHOUYHBIE CyJa TMOAPA3ACIAIOTCS Ha 4 OCHOBHBIX THIA: CKYTEPHI,
MOTOJIOJIKH, TIIUCCEPHI U KaTepa.
CKyTepbl — OJIHOMECTHBIE TOHOYHBIC CyJa C OJHUM IOJABECHBIM MOTOpoM. Kopiryc
CKyTepa BBITIOIHACTCS 110 TUITY TPEXTOUYSUHOTO TIIHCCepa ¢ MepeTHUMPACTIONOKEHUEM
crioHcoHOB. ITo 00bemy aBuraTens ckytepsl aensarcs Ha 9 kiaccos: OJ, OA, OB,.. ON,
OZ.
HaumMenbmmii pabounii 06beM muauaapos — 10 175 cm® (0J), nanGonsmmii — 2000
cm® u Beimie (OZ).
MoTononku — HeOolblue Oe3peaHHble Cy/la OTKPBITOrO THIA C OJHUM CEPUMHBIM
MOIBECHBIM MOTOPOM. MOTOJIOAKK KIIaCCH(PHUIMPYIOTCS MO pa3MepaM KOopITyca M I10
pabouemy oObemy 1uiIuHAPOB. [lo »TUM mpuszHakam pasnuyaoT 10 KimaccoB
CHOPTHBHBIX JIOJIOK (SA1 — SA10). Tak MoTosI0aKH, IO BTOpOoMy Kitaccy (SA2) HMEIOT
OTrpaHMYEHHs 10 00beMy HMIMHAPOB oT 175 no 250 cm®, a mopasmepy xopmyca LxB
=3,5%1,3 M. JI11g mocienHero, 1ecsToro Kiacca npeycMaTpuBaeTcss 00beM IUIUHIPOB
>2000 cm® ¢ pasmepamm Kopryca LxB
=5%1,5 M.
Karepa — HeOospme cyga co CTallMOHAPHBIM JIBHTATENEeM. Pa3mnyaroT ceMbKIIacCoB
KaTepoB 1o pabouemy 00beMy IMIMHAPOB U MO pazMepam kopmyca (Si1, Sy...S7). s
knacca S; 06beM nuuHAPoB pased 1000 cM® u pasmepsl koproyca 4,25x1.4 m. s
knacca S, coorsercreeHHo = 7000 cm® u Beime, npu LxB
=6,25%1,7 m.
['muccepsl moapasaeisioT Ha 7 KIIacCoB Mo padouemy oobemy i apoB (R, Ra... Re,
R..) ¢ anana3oHoM padouero oosema ot 100 cm® 1o (5+7)-10% cm® u BBILIE.
['muaccepnl HeorpannueHHoro kinacca (R.) sBisrorcst ouenb momubiME (N=7500 xBT),
oTHocUTeNbHO JieTkuMu (D < 3T) u ouenb ckopoctHbIMHU (V > 300 y3.).
[Taccaxupckue TImMccepsl MOAPA3ACISIFOTCS YCIOBHO Ha 3 TPYIIIIBI:

1. Jlerkue Tivccepsl, UCIOIB3YyEMbIE JIJIST TTIOUYTOBO-TTACCAKUPCKIX
MEePEeBO30K HAa METKOBOAHBIX pekax. D < 3T, N=185 kBT, V > 32 y3.
[TaccaxxupoBmectumocts 11 < 12 yenn.

2. bricTpoxonnbie katepa-aBToOychl. D <251, V > 22 y3., [1 < 100 4en.

3. Mopckue katepa-riuccepbl D < 60+70 T, N=2200 kBr.



I'naBa 2. 'uapoguHaMHUKa ¥ MOPEXOHOCTH IJIMCCHPYIOIIUX CY/10B

2.1 Pacnipeesienne CKOpocTeii M 1aBJeHUHA B MOTOKE MO/ INIUCCHPYIOIIeH
MJIACTUHOM

PaccMOTpuM HENOABMKHYIO IUIACTUHY, HA KOTOPYIO IO YIJIOM 0. CO CKOPOCTbIO V

HaOeraeT IMOTOK HJICATbHOM XUIKOCTH (prc 2.1)
5 v

Puc. 2.1. Cxema 08TeKaHHA IIACTHHBL HAGTAKLIHM IIOTOKOM:
1.2 - sOIopLI JaRNEeHHI H CKOPOCTEl COOTRETCIBEHHO.

Ha puc 2.1 nmokaszaHo, 4TO IUIACTUHA M3MEHSAET HAIPABJICHUE U CKOPOCTh MOTOKA,
pa3zersAs €ro Ha JBE€ YacTH: OCHOBHYIO M BEPXHIOI, KOTOpas y IUIACTUHBI 3aMETHO
MOATOPMAKUBAETCS M 3AMET JBUTACTCS IO HEW B BUJIE TOHKOW CTPYH, HAIIPABJICHHOU B
IIPOTUBOIIOJIOKHYIO CTOPOHY.

OTmeuas HaIM4YMe JBYX YacTel y MOTOKa, 0OTEKAIOIIETO MJIACTUHY, MOXKHO MPUNHTH K
BBIBOJly O CYIIECTBOBAHMM PA3JAEIUTEIBHOIO CJIOSA, B KOTOPOM CKOPOCTH IIOTOKA
OTHOCUTEJIBHO IIACTUHBI paBHa Hymro. HyneBoe 3HaueHume ckopocth B Touke O
O3HAa4yaeT, 4YTO BEChb CKOPOCTHOM HAINOp INOTOKA MPEBPAIIACTCA B KPUTUYECKOE
HOPMAaJIbHOE JABJICHHUE, T.€. MAKCUMAJIBHOE MO BEJIMYMHE U PaBHOE

&
. BJE%EO({'E BIIPABO MO IJIaCTUHE OT TOYKHM O B CBSI3M C YBEIWYECHHUEM

CKOPOCTH 00TE€KaHMsI JaBJICHUs OyI€T YMEHbIIATHCS.

OOwry0 KapTUHY paclpelesieHruss CKOpPOCTeM W JaBlIeHUs MO JJIMHE IUIACTHHBI,
pacrojIoKEeHHON MOJI YIJIOM o K HaOeraromeMmy MOTOKY MOXHO MpPEICTaBUTh TakK, Kak
ATO MOKa3aHo Ha puc. 2.1.

Cxema pacripenenieHus JaBJICHUS 10 IIUPUHE TJIMCCUPYIONIEH TIaCTUHBITIOKa3aHa Ha
puc. 2.2.

B cBs13u ¢ Tem, 4TO TOJI TUIACTUHOW JaBjeHHE OOJbIIe, YeM Ha MOBEPXHOCTH BOJBI, B
paiioHe OOKOBBIX KPOMOK BO3HUKAET MOMEPEYHOE TIepeTeKaHne BObI, YTO MPUBOIUT K
CHIDKEHHIO JIaBJICHHUS MMOJI TUIACTUHON y OOKOBBIX KpoMmoK. Hannume



OOKOBOTO IMPOTCKaHUus CHHXKACT 3(1)(1)CKTI/IBHOCTB TIIMCCUPOBAHUA IJIOCKOM
IJTaCTUHBI 1 OTHOCHUTCIIBHO TCM 6OJ'II>I]I€, 4CM MCHBIIC €€ MNPHUHA.

illfi%

Puc. 2.2. Pacriperiernienyie IaRieHus NOLLIMPUHE TICCHDY FOLUGHTIACTYHB

2.2. 'maponnnamuyeckasi noaxbemHasi cuiia (I'TIC) u ee conpoTuBieHne

st onpenenenust ['TIC paccMOTpuM JBHKEHUE KUIKOCTH TIJIACTUHBI IO HETIOABUKHOM
KUIKOCTH (puc. 2.3). 3amMeHsia CyMMapHOe HOpMAaJIbHOE JIaBJICHHUE MMOTOKA Ha TUIACTHHY
paBHOJEHCTBYIOIIEH Py, MOKHO yCTaHOBUTH, YTO HOPMAJIbHBIE CHJIbI 00YCIIABIUBAIOT
BO3HMKHOBEHUE TOPU3OHTAILHON COCTABISIIONIEH Py — CHIIBI CONMPOTUBIIEHUS BOJbBI
JBIKEHUIO TIJIACTUHBI, PaBHOU

B, afn o
CrnenoBatenbHO, CeKyHHAsE dHEprus (OyKCMPOBOYHASI MOIIHOCTH), HEOOXOIuMast s
JBIDKEHUS TUIACTUHBI C 3aJIaHHOM CKOPOCTBIO V MOXKET OBITh ONpenesieHO IO
BBIPKECHHIO

d=Fv=Fsn=wy (2.1)

a. v

Px

8

Puc. 2.3.a. K onpeacncHuio noABCMHON CUIIbI M COTPOTUBIICHUS TIPU
IIMCCUPOBAHUM MIACTUHB] IO MACATLHOM KUAKOCTH.



CKOpOCTB OT6paCI>IBaeM0ﬁ BOJbI B JTAHHOM CJIy4dac OIPCACIIACTCA KaK CyMMa BEKTOPOB
CKOpOCTH FJ'II/ICCI/Ipy}OHICﬁ INIACTUHBI W CKOPOCTH ABUKXCHHUA CTPYU OTHOCHUTCIIBHO

IJTaCTHUHEBI, T.C. 6yI[eT paBHa

= 21 €08 "’{ff:_:

[Tpu »TOM Macca BOAbI, OTOpOIIEHHAs BIEpE, COCTABISET BEIMYUHY,paBHYIO (IIpH

€IMHUYHOU H), rIe 0 - TUIOTHOCTb BOJBI,

Kr/M°; & - TOJIIIIMHA OPBI3TOBOM CTPYU, M
CrnenoBaTelibHO, KHHETUYECKAs SHEPTHsI OPBI3TOBOM CTPYyH

A =

9

k| =

AMDZ =

Iql_l.

edv(vZcos™/y)? = Zedvicos® ¥/, (2.2)

[TpupaBuuBas (2.1) u (2.2) noaygaem
P,vsin o« = 2pdv¥cos? ™/y.

Torma
Jaosm ™, 5 ZaosmTi

- Igg.-r,‘n — -.‘x

Zein”/y cos™/y
OxoHYaTeIbHO HaXOIUM

F. = pdvietg®/y

Torma mogbemHas cujia &£, W CONMPOTHBJICHUE IBWKCHUIO TUIACTUHBI P,

OTIpEIEIISIIOTCA IO (hopMyIIam

P, = piviatg™ /o « cos o
F, — pdvictg™/,; rsin

(2.3)

(2.4)

[Ipr CKOJIBXKEHHH IO PEATbHOM KUJIKOCTH Ha TIIMCCUPYIOIIYI0 IUIACTUHY KpOME
HOpPMaJIBHOTO JaBJeHUs Oyner AeicTBoBaTh cwia TpeHus. Ilpu sToM oOiee
CONIPOTUBIICHUE BOJbBI JIBUKCHHUIO IIJJACTUHBI BO3pACTaeT, a IMOJbEMHasg CHJia

yMmeHbImaetcs (puc 2.3, 0)
N3 puc. 2.3, 6 MOKHO 3aIucaTh

Foroosx=F;+F.r8in «
{ P, = Po——+ P, «tan &
SR .

(2.5)



Prrc. 2.3.6. K ompeeneHIo moagbeMHOI
CIUTBI ITPH TTOICCHPOBAHII TTTACTHHEL ITO
PeanbHOI AIIKOCTH

T.K. mpu MaJbIX yriax cos x—1, To (2.5) MOXXHO 3amucaTh
Py =Py | F, -tan = (2.6)
rae - BPIHOE COMpOTHBIIEHUE; F; - CONPOTUBJIEHHE TPEHHUS, % +Lam & -

JTUHAMUYECKOE  CONPOTHBJIECHHE  (CONPOTUBIEHUE  nAaBieHus). T.0. moaHOE
COIIPOTUBIICHUE TIIMCCUPYIOLIEH MOBEPXHOCTH COCTOUT W3 JABYX COCTABIAIOLINX —
CONIPOTHUBIICHUS TPEHUS U TUAPOANHAMUYECKOTO COMPOTUBIICHHUS.

[IpuMEHHUTENBHO K CYJHY JJIsl PEKUMa YUCTOrO TJIMCCUPOBAHMS, KOTJIa CUJIa TSHKECTH
CyJIHA ITOJIHOCTBIO YPaBHOBEIIMBACTCS TUAPOIMHAMUYCCKOM O IbeMHOM crutoit ( =gD
), BBIDAXKEHUT, (2.6) 3anMChIBAETCA B BUJIE

: R =R;+Dglan = (2.7)

Nnu
R=Rr+ Ryp (2.8)

JlnHaMu4ecKkoe COMPOTUBIEHUE {5, OOYCIOBICHO JEUCTBUEM HOPMAJIbHBIX

TUAPOJMHAMUYECKUX CHJI U SIBJISIETCS CJICICTBUEM 3aTpaThl UX SHEPTUH Ha OPBI3ro
- W BOJIHOOOpa3oBaHue. W3 BBIpOKEHUS JIUHAMUYECKOTO COMPOTUBIICHUS
R;,. = Dgtan « BUIHO, 9YTO OHO 3aBHCHT TOJHKO OT MACChl Cy/THA U YTJIa aTaKu U
HE 3aBUCHUT OT cKopocTu. OTHAKO ClieyeT UMETh B BUJly, YTO BEJIMUMHA yTJIa aTaK1
oL U 3aJaHHOTO CYJIHA 3aBHCHUT OT CKOPOCTH, CJIEIOBATEIBHO, MOKHO TOBOPHTb,
YTO C YBEJIMYECHUEM CKOPOCTH AUHAMUYECKOE COMPOTUBIICHUE MANAECT. DTO UMEET
MECTO MPHU MEPEXOe CYAHOM «TopOa» COMPOTUBIIEHUS, KOTJA CYJTHO BBIXOJIUT HA
PEXKHUM YUCTOrO TJIMCCUpPOBaHUA. B nanbHEHIeM ¢ yBEIMYEHUEM CKOPOCTH YIOJ
aTaky U TMHAMHYECKOE COMIPOTUBIICHUE MOTYT OCTAaBAThCIOCTOSHHBIMU.



2.3 be3pa3MepHble THAPOAMHAMHUYECKHE XaPAKTEPUCTUKH

Jlnst 0OpaboTKK pe3yIbTaTOB HWCIBITAHUNW B OMBITOBBIX OacceiHax HCIOIb3YIOTCS
clieayromue 6e3pa3MepHble XapaKTePUCTHKU:
['mapoauHaMu4ecKoe KaueCTBO

F=%_2¢ (2.9)
F R
rne P, - moavemuas cwina, H; D — maca miactuHel (CyIHa), Kr; g -

YCKOPEHHME CHIIBI TskecTH, M/c%; . = R — monnoe conpoTtusnenue, H;
Koaddurment nunamMmudeckoil Harpy3Ku

— =27 (2.10)

= p5pBRst’

II€ B — IIMPHUHA TTIMCCUPYIOLIEH TUIACTHHBI.
OTHOCHUTENIBHOE YIIMHEHUE TUIACTUHBI

1m

. [
A=-= r (2.11)

L

rJe - CMOYEHHas JUIMHA IIACTUHEL, M; S- CMOYEHHAs HOBEPXHOCTH IIACTHHBI, M2,

WHuorna B pacueTax UCHOJIb3yeTCsS U 00paTHas BEIMYMHA

Ay = : (2.12)
KoaddunrenT momeHTa THAPOIMHAMUYESCKUAX CHIT
- Aoy, _ [dunDg _ fdun ’ (2.13)

B gls ghs &

rae ;. - MOMEHT THIPOJUHAMHYECKOW TMOIBEMHON CHIIBI OTHOCHUTEIBHO 3a/IHEH
KkpoMmku Iiactusbl, Hwm; [duw = 10,7851 —uievo npunoxeHus paBHOAEHCTBYIOLIEN
TUAPOMHAMUYECKUX MMOIHEMHBIX CHJI OT 33JIHEH KPOMKH TUIACTHUHEI, M;
OTHOCHUTENbHAS [IEHTPOBKA MIMCCUPYIOUIEN TIACTUHBI (CyIHA)

My = iy (2.14)



rae x, - orcrosiue LT Macchl IIIACTUHEL OT ¢ 3a/jHEi KPOMKH, M.
OOBIYHO CUMTAETCS, UTO Mz = M

W3 npuBeIeHHBIX XapaKTepUCTUK THApOAMHaAMHYEeckoe KadecTBo K siBisiercs
OCHOBHBIM I0Ka3aTeJIeM, KOTOPBIA MPU MPOCKTUPOBAHUH CYJIHA CTPEMSTCS MOTYYUTh
MaKCUMaJIbHBIM.

DKCNEepUMEHTAIBHO YCTAaHOBIICHO, YTO Kmax=13,2 a1 miiocko# miuacTuHsl mpu a=2°20",
M>10, F,.p =3 (puc. 2.4)

U3 puc. 2.4 BuAHO, YTO THAPOJMHAMUYECKOE KAayeCTBO TEM BBIIIE, 4YeM OOJbIIe
KO3 PUIIMEHT A1, T.€. O0JIee BBITOAHBI IIUPOKUE U KOPOTKHE TIIMCCUPYIOIIUE MIACTUHBI,
a He Y3KHUE U JJIMHHBIE.

[loBblllIEHHE TUAPOJMHAMUYECKOIO KAdeCTBA TAKXKE MOXKHO JOCTHYb IyTEM
IPOAOJIBHOW MNPOPMINPOBKU TNIMCCUPYIOLIEH IMOBEPXHOCTU. Tak, €clu IJIOCKOMY
JTHUILY TpUAATh IUIABHBIA Cru®0 B KOPMOBOM YacTH, TO yrojd BCTPEUYW JHHINA C
HAOerarolmMM IOTOKOM YMEHBIIUTCS, 4YTO OyAeT cnocoOCTBOBAaTh CHUYKEHUIO

OpbI3ro0Opa3oBaHUs u, CJIeI0BaTENbHO, YMEHBIIICHUIO JTUHAMHYECKOTO
COTIPOTHUBJICHUSI.
K% K.%
100 | 100 |
012345 o 012345 Fio
a) a).
K%

B Pric.2.4. ITsmeHeH e THAPOITHAMITIECKOT 0
100 KauecTBa K B 3aBHCHIMOCTIH 0T
A - YT Ia aTaRH o

6 -uncma $pyga Fio,

E - VITIHHECHITA ITIA CTITHBI .

2.4 TuppoauHamMudeckuii pacuer riauccupymwmux cyaos (I'PI'C)

B 3agauy ['PI'C BXoaut onpeaeneHue nojJHoro CONpoOTUBICHUSA, OCAIKH, YIila aTaku 1
JUIMHBI COYECHHOM TMOBEPXHOCTH HAa PA3JIMYHBIX CKOPOCTSX IABUKCHHUSA NPHU 3aTaHHOM
BOJIOU3MEILIEHNUH, IEHTPOBKE U IIIMPUHE CYIHA.
B pesynbraTe pacuera ctpositcs kpuBbie R, a, |, t =f(Vv), koropbie B cCOBOKymHOCTH
COCTaBJISIFOT TUAPOJIMHAMUYECKUM MTACIOPT MPOEKTUPYEMOTO CYJIHA.

3a ucXoJHbIE JaHHbIC IPUHUMAIOTCS CPEIHSS IIIMPUHA KaTepa



B = (B.l:.':ﬁ—I-BF?EJ)

Iqll.l.

CpenHsst KUJIeBaTOCTh THUIIA
1
ﬁ = 7 (IS.H.'..":' +H-‘?z,:;>

Macca D, orcrosnue LT or TpaHua Xg U paj CKOpOCTEW, HallpuMep Vi, Vz,
V3.
Cxema pacuera:
Bnauane onpenensercs yucino @pyna no mupuHe

Fog=— (2.15)

B —
v =
y Ea

3areM 1Mo cxeMme JCHCTBYIONIMX Ha Katep cuil (puc. 2.5) onpeneinsieTCIMOMEHT
TUJIPOANHAMUYECKON CUIIBI OTHOCUTENIBHO TOUKH O

IJ., ’

;,//f////////fz////»r//??}

by

Puc. 2.5. cxema cui1, AeiicTBYIOIIMX HA KaTep NMPHU IVIUCCHPOBAHUM
MoMeHT M jun MOYKHO TaKKe OIPEIEIIUTh U3 BBIPAKEHUS

My = gD Ayg Tl (2.16)

Ho B (2.16) HeusBectHa Tsra BuHTa T. Eciu npenedpeus BeawuuHon T, TO
(2.16) 3anwumieTcs B BUe

Mo = QD ' -rg (217)



[Tpunumasi, uto K03hHUIUEHT MOMEHTA

Xgf

, my ="9%g

C.
OHpC,ZIeJIHCTCH OTHOCUTCIIbBHOC YIJIMHCHUC Au ImapamceTp '/ﬂf. Bpruucius

ko3¢ uimeHT Harpysku C, mo Gpopmyre

o
: €, =—2=
¥ DSpiee
£
OHpeIIeJUIIOT YTOJI aTaKu = Fanr

Haiinennpie 3Ha4eHUS A ¥ 00 KOPPEKTUPYIOT HA KUJIEBATOCTh 1Mo dopmynamU.I1.
JIrobomupoBa

28 = 2%% 2_[1— 0.29(sin §)"%] % [1 — 1.35(sin 5)9-*4”’;_9]; (2.18)
cosf y Fr.e

0.15(sin §1*F(1-0.17 a cos §

Al =@+ — 2.19
d g Acos § ’ ( )
rae A 1 off — COOTBETCTBEHHO OTHOCHUTENILHOE YJIJTMHEHUE U YIOJl aTaKH JIJIs
KHJICBATOT'O JHHIIIA.

3aTeMm ONPENEIAIOTCA JAWHAMHUYECKOE CONPOTUBIEHHE [, = gl tan e,

cMoueHHas jumHa | = Agh; u cmouennas nosepxnocte S = AgB*.

PacueT cOmpOTHUBICHHUS TPEHHUS BEACTCS OOBIYHBIM CIIOCOOOM. 3aTeM OIpeacIIseTCs
nosnHoe conporusienue K = R, +R;,,, mocne yero BEMUCIAETCS OCaKa Ha TPEHHE 110

bopmyie:

@i B

- S (2.20)

2.5 MopexoHOCTh IJIMCCUPYIOIIHUX CY/10B

[Ion MOpPEXOOHOCTHIO ITOHMMAETCS COBOKYNHOCTh HABUTAIMOHHBIX  KA4yeECTB,
o0ecneunBarOIUX 0€30MacHOCTh U YJOOCTBO MCIOJB30BAHMS CyJIHA B KOHKPETHBIX
YCIIOBHSIX JKCIUTyaTaluu (IJIaBy4ecTb, OCTOWYMBOCTB, YIPABISEMOCTb, XOJKOCTb,
HE3AJINBAEMOCTb HA BOJIHE U T.1.)



bosnee y3k0 moJ MOpPEXOAHOCTBIO NMOHUMAETCS MOBEACHUE CyJHA NPHU JABUKECHUHM HA
B3BOJIHOBaHHOW Boje. CyaHO CUMTAeTCs MOPEXOAHBIM, €CIM OHO HMEET IUIABHYIO
KauKy, HE 3apbIBacTCs B BOAY MPH BCTPEYE C BOJHOW M MATKO C HEM coylapsiercs,
YCTOMYMBO HA KypC€ U OCTOMYHMBO HAa OMYTHOW BOJIHE.
OCHOBHBIM KPUTEPUEM MOPEXOAHOCTH TIJIUCCEPOB SBIAECTCS YCTOMYHMBOCTH HX
JBUKCHHSI TPHU BOJHECHUM W BEIIMYMHA BEPTUKAJIBHBIX MEPETPY30K OT COYAAPECHUSA
KOpITyCa C BOJHOM.
Ha ycroitunBOCTh ABMKEHHUS BIUSET psin (pakTopoB: meHTtpoBka (mosjoxkenuel[T mo
JUIMHE H BBICOTE), (QopmMa KoOpmyca W COOTHOIICHHWE TJIaBHBIX pPa3MEPEHUH,
TudGepeHTYIONNI MOMEHT OT yIopa JBIKUTENS W €ro PEaKTHUBHBIA KPYyTSIIUH
MOMEHT, (hopMa U PacoIOKEHUE PYJisi, BO3JACHCTBHE a9POAMHAMUYECKUX CHIL.
Pa3znnyaroT yCTOMYMBOCTD HAa KYpCe U YCTOMYMBOCTD INIMCCUPOBAHUS.
Hapyienre ycTOWYUBOCTH Ha Kypce TIPOSBIIETCS B BUJIE: PHICKIMBOCTH (YXO/JI C Kypca
BIIPABO WJIY BJIEBO, YTO COMPOBOXKAAETCS MOCTOSSHHOW MEPEKIIANKOMUPYIIS U CHUKEHUEM
CKOpPOCTH) WJIM BHE3AIMHOTO pa3BoOpoTa Ha Xouy, jJoxoxsmero mpo 180° mpu
HE3HAYNTEIBHOW MEPEKIIAIKE PYIISL.
Otn  saBieHHs] (PBICKIMBOCTh, BHE3AaNHBIA Pa3BOPOT) 3aBUCAT OT B3aUMHOIO
pacnionoxkenust LT u neHTpa obuiero conpoTtusiieHus riavccepa. Ecnu nentp obmiero
CONpOTHUBIICHUs pacrojoxeH Brnepeau LT, To HapylieHus yCTOMYMBOCTHM Ha Kypce
BIIOJIHE BO3MOXKHBI.
Hapymienune ycToMdnBOCTH TIIMCCUPOBAHUS TPOSIBIISIETCA B BUJICPUKOLIETUPOBAHUS WU
nenbGUHUPOBAHUS.
PukomrernpoBanre BOZHUKAET Y CYAOB C MaJIOM yJIEIIbHOM Harpy3Kou, IBMKYLIUXCS C
BBICOKOM CKOPOCTBIO 1O  B3BOJIHOBAHHOM IOBEPXHOCTU. PukomernpoBaHue
paciiaTbiBaeT KOHCTPYKITMIO U CHUXKAET CKOPOocTh 110 50% u Goree.
JlenbhuHupoBaHNE — HEYCTOWYMBOE NBIDKCHHE CyAHA C IJIABHBIM MEPUOIUYECKUM
pacKauyMBaHUEM BOKPYI IIONEPEYHOM OCH, HHOrJAa CO BCE YBEIMYUBAIOLIUMCS
pazmaxom. /lenb(hruHUpOBaHNE BOZHUKAET MO PSAY TPUUHH:

a.  Jlumnee cmenienue LT B HOC;

b. Cnumkom Hu3koe pacmnonoxenue T;

C.  Maunblil poAOJIbHBI MOMEHT WHEPIUU TIIMCCUPYIOIIEH

IIOBEPXHOCTH;

d.  AspoauHamMHYeCKHi MOMEHT, TU(GGEPEHTYIONINI CYIHO Ha HOC.
Ha MopexoaHOCTh IIUCCHPYIOINX CY0B BIMSAET TAKKE U JUHAMHYECKAs MONepeyHas
octoitunBocTh (AI10). AIIO 3aBUCHUT OT WMIMPUHBI TIUCCHUPYIOLIEH MOBEPXHOCTH,
dbopmbl mHHMIa u nosoxenus LT mo Beicote. Ha pmc. 2.6,a moka3aHbl CXEMBbI
pacnpeneneHuss TUHAMUYECKOTO JIaBJICHUS MO IMIMPUHE CYMHAJIS Pa3IMYHBIX (PopM
IIONIEPEYHOT 0 CEYEHHUs THUILA.



Puc. 2.6. Bausinue ¢opMbI NONEPEYHOr0 ceYeHUsI KOPIYca U (pOPMBIHOCOBOIO pPelaHa
B IIaHE HA IUICYH MONepeYHoil JTMHAMUYECKONH 0CTOHYUBOCTH.

OueBUIHO, YTO PABHOJACHCTBYIOIIWE CUMMETPUYHBIX IMOJOBHH THUX SIIOP JABJICHUN
OyayT ompeaeiaTh IUHAMHUYECKHH BOCCTAHABIUBAIOMUN MOMEHT(M,.. = Fj,.0).
W3 puc. 2.6 BUAHO, YTO TJIMCCHUPYIOIIAs MOBEPXHOCTh BBIMYKJIO- BOTHYTOW (hOPMBI
oOnasaeT HEOOIBIIION JMHAMUYECKON OCTOMYUBOCTHIO.

[Tonepeuynass OCTOMYMBOCTh HA LUPKYJALUMU y TJIMCCEPA MPAKTHUYECKH MOJTHOCTHIO
OnpeAesieTcs AEUCTBUEM TUAPOINHAMUYECKUX CUJI, BOSHUKAIOIIUX B PE3YJIbTATE €0
OOKOBOTO TIOJICKAIB3bIBaHUS (Ipeti(ha) BO BHEIIHIOW CTOPOHY MUPKYJsiiuu (puc. 2.7).
Ecnu npu 3TOM pe3ynbTupyroiasi TuapoIMHAMUYECKUX CUJI (HOpMaIbHOE JaBJCHUE U
tpenue) Py mpoxonut Beimte LT, To rimccep KpeHUTCSI BHYTPb LIUPKYJISLIMA U HA00OPOT.
KpeH BO BHYTPEHHIOK CTOPOHY LHUPKYJISALUU XapaKTEPU3YET XOPOIILYHO JUHAMUYECKYIO
OCTOMYHMBOCTB, @ KPEH BO BHELIHIOIO CTOPOHY — IUIOXYIO, T.K. B 3TOM CJIy4ae BO3pacTaeT
CUJIa CONPOTHUBIIEHUS Apelidy, KOTopas BMECTE ¢ IIEHTPOOESKHOU CUIION CO3/aeT mapy
CHWJI, OITPOKUIBIBAOIIYIO CYJHO BO BHEIIHIOK CTOPOHY

Pric.2.7. HeiicTBiie MHap oHHAMIME CKIT CILUT
Ha TTIHC CHPY KT KOPITY ¢ MPH LHPKY AL



I'naBa 3. PazpaboTka npoekTa B HA4aJIbHOI CTaUM NPOEKTUPOBAHUS

3.1 OouMe mMoJI0KeHus

MupoBast NpakTHKa MOCTPOMKHA M 3KCIUTyaTallid TJMCCHUPYIOIIMX CYAOB, a TaKXke
pe3yJbTaTbl TEOPETUUYECKUX M IKCIEPUMEHTAJIbHBIX HCCIEIOBAaHUN IO3BOJIAIN
BBIPA0OTAaTh OMNPEACIICHHBIE PEKOMEHAAIMU [0 MPOECKTUPOBAHUIO OBICTPOXOIHBIX
CylOB. OTH pPEKOMEHJAIMM B WJEEC OTACIbHBIX TOJIOKEHUM, aHATUTUYECKUX
3aBUCUMOCTEH W TpauKoOi JIeKaT B OCHOBE COBPEMEHHBIX MPAKTHUECKHX METOJIOB
IIPOCKTUPOBAHMS,  SABJISIIOTCS IO CYIIECTBY METOAAMHU  IOCJIEIOBATEIBHOTO
NPUOJINKEHUS.

[Ipy TPOEKTUPOBAHUM MACCAKUPCKUX, TYPUCTCKUX M JPYTUX THUIIOB CYAOB TIPHU
YCIIOBUM, YTO 3aJiaH THUIl JBUTATENs II€J€CO00pa3HO CIEeAyrolias cxema pa3padoTKu
MIPOEKTA B HAYAJIbHOU CTaJNU:

1. BriGupaeTcst apXuTeKTypHO-KOHCTPYKTUBHBIN THII CY/THA,
COCTAaBJISIETCS ACKU3 OOIIETO PACIIONIOKEHUS U OMPENIEISIOTCS MUHUMAIbHBIC
pasmepsl L, B, H u3 ycnosuit o0uiero pacnosioxxenus. [Ipu 3ToM yduThIBaroTCs
o01Me pekoMeHaaluu 1o Beidopy otHoenui L/H; L/B; B/H.

2. [To cpeaHECTaTUCTUYECKUM JIAHHBIM WIIH O MPOTOTUITY B
3aBUCHMOCTH OT MaTepHaJIa KOPITYCa WY TUIIA CYJHA ONPEACISIETCS U3MEPUTEID
MacChl 10 KyOM4eCKOMY MOYJIIO U OIPENIEsieTCss Macca Kopiyca

F, =p.LBH

3. CocraBinigeTcs MOJHAsT HArpy3ka CyJHa M OMNPEAENSEeTCS €ro
BosousMerienre D u paccunthiBaercs monoxxenue LT mo BeicoTe(zg) ¥ 10 JITHHE
(Xg)

4, [To nalineHHOMY 3HaYeHUIO D 1 3a1aHHON MOIIHOCTH N, UCTIOJIB3Ys
rpaduku, Hampumep, N/D=f(V) u npubamwkeHHbie GOPMYJIbI, ONIPEACIIICTCS
JOCTHXKUMAsi CKOPOCTb;

5. [To 3HaYEHUIO JOCTHKUMON CKOPOCTH B 3aBUCUMOCTH OT MaTepuasia
KopItyca Beioupaetcsi hopMa 0OBOIOB,;
6. CocTaBnsieTcs 3CKU3 TEOPETUIECKOTO KOPIyca U TMPOU3BOAUTCS

pacyer IEMEHTOB IUIABYYECTH U OCTOWYHUBOCTH JJII TOPU30HTAIIBHBIX U
HAaKJIOHHBIX BaTepJIMHUMN. B pe3ynbTare 3Toro pacuera onpeacisiercs moa0KeHue
cratudeckoil Batepaunuu (BJI Ha nmaBy) 1u1st BOIOM3MEIIEHHS U LIGHTPOBKH,
MOJTYYEHHBIX B 11.3.
7. [Ipu cormacoBanuu 1.3 ¥ 1.6 YTOUHSIOTCS OCHOBHBIE MTAPaMETPhI
CyJHa, I1OCJI€ Yer0 HE0OXO0IMMO MPOU3BECTH JIJISl PA3IMYHBIX CKOPOCTEH CyaHa
IMAPOJMHAMUYECKUN pacyeT, pacyeT ABUTATENsA, ONPENEIINTh
IUAPOJMHAMUYECKOE Ka4eCTBO.
Craenyromuii 3tan (3CKU3HBIA MPOEKT) MPOMCXOAUT MO TOM K€ cxeme, HO C¢ Oojee
TIIATETFHON pa3pabOTKOM YepTexeil 00IIero pacmonoKeHus ¢ MpeaBaApUTEIbHOMN



npopabOTKOM KOHCTPYKTMBHOIO YepTeka KopIlyca MAIIMHHOTO OTHAEJEHUs, YTO
MO3BOJISIET YTOUYHUTh HArpy3Ky M LEHTPOBKY cyaHa. Ilpu sTtom paspabarbiBaercs
NPUHIIMIHAIbHAS CXeMa MOCTPOMKH M TPOU3BOJAUTCA MPEABAPUTEIBHBIN TEXHUKO-
skoHOMHYecKkui pacuer. [locie cormacoBaHUsi ACKU3HOTO MPOEKTA C 3aKa3YMKOM
MPUCTYIAIOT K 3aBEPIIAIONICH CTaAUM MPOCKTUPOBAHHS - pa3pabOTKE TEXHUYECKOTO
MPOEKTa pabOUNX YEPTEKEH.

3.2 OnpenesieHue HATPY3KH CYy/IHA
[TomHast Harpy3Ka onpeAenseTcss Kak CyMMa YKPYITHEHHBIX Macc

D= H + E; + P?H"'H.f + P—."ti-' + PSE- + H.i (31)

rae £ - macca Kopmyca ¢ o0OpylOBaHUEM, YCTPOMCTBAMHU M CUCTeMaMy; P,
—Macca YHePreTUYeCcKo yCTaHOBKY (JIBUTATENIb 1 MOHTaXHOE 000PY/I0BAHHUE);
B, - 3anac tommBa; Fi,

21y
o

P, - macca rpy30B U accaxupoB COOTBETCTBEHHO; F..; -

MaccCa 3KHIIaXKa 1 CHa6)KeHI/IH; Pss - 3al1aC BOAOHU3MCIICHMSI.

OObIuHO U3 Tex3amanus F, - BenmuunHa u3BectHas. B, = 10012, roe 100 —

PaCuCTHag MaccCa 1acCaKmupa, Kr, I1 — xkonmyecTBO IMaCCa’xrMpoB HA CYJHC.
Macca TomnauBa R,F‘. MpCABAPUTCIIbHO OIIPCACIIACTCA B 3aBUCUMOCTH OT HAJIbHOCTH

npoOera (IadbHOCTH IUIaBaHWS O€3 TOMOJHEHUsS 3alacoB TOIUIMBA) M YIEIHHOTO
pacxo/a TorIuBa

Exy
rae Ly, mimna mpoGera, M, My, V- DKCIUTyaTallMOHHAS CKOPOCTh, y3; N —
AKCIUTyaTallMOHHAsI MOUTHOCTh, KBT; — y@enbHbIN pacxo ToruMBa, Kr/kBTuac.

Macca sHepreTHuecKkoi yCTaHOBKH £, PEACTaBISETCS B BUJIE

! P;:. = Pﬁf, + P.u.:té" (33)

rae F;. - Macca JABUTATeNs, Kr; P, .z - Macca MOHTaXXHOTO 000OpY/0BaHMS,

KT.
Macca P;, - oObIluHO OepeTcs MO TEXHMUYECKOW XapakTepucTuke. Macca

P,, ;7 (BaIONIPOBOJI, JIBUKUTENb, AKKyMYJSTOPBI, BBIXJIOIHBIE TPYOBI) MOMKET
OpaTbcs M0 MPOTOTHITY.
[IpenBapurenbHass OLIEHKAa MacChl KoOpImyca F. mnpousBomurca 10
U3MEPUTEI0 Macchl (Macca mpoTtotuna P, , OTHeCEHHas K KyOu4eckoMy MOaymio Lo,
Bo, Ho). Takum o6pazom



, o (EGEDHG}LBH _ p.LDH
rac 'p':r - HU3MCPUTCIIb MACChI I10

. = 110 — 140xyOngeckomy MOy, KI/M3;Kr/M® — MOpcKkue Katepa W
SAXTHP, C=KGPIFyCOM U3 CTalu,
KI/M°- KaTepa TypUCTCKHE, KalOTHBIE.

3.3 IlenTpoBKa

Hna penanubix katepoB IL[T gomkeH pacnonaraThCsl IO3aJud HOCOBOTO pejlaHa.
Haunbonee ontumansHoi BenuunHoi otcTosiHus LT ot penana cuuraercs

v, = (0.2+ 0.25)1,

rac EI-' - OTCTOsIHHUC HOCOBOI'O p€aHa OT TpaHIa

Jlnst TpexTodeuHbIX riauccepoB M karamapaHoB LT pacrnosaraercss Boepeau IEHTpa
BO3IYIIIHOI'O COITPOTHBIICHHUS, YTO ITOBBILIAET 3aI1aC IPOJOJIBHON OCTOWYMUBOCTH.

Jiia 6e3peaHHbIX KaTepoB U MOTOJIOJOK B IIEPBOHAYAILHOM CTaJNN MPOEKTUPOBAHUS
IPUHUMAIOT

Ty = (0.36 + 0.41)L

rae X, - orcrosHue LT cyana ot Tpanua; L — nyiMHa Cy/iHa 10 BaTepJIMHUH Ha IJIaBY.

3.4 Bb10op ri1aBHbIX pa3MepeHuii U MX COOTHOIIEHU I

3a OCHOBHOMW pa3Mep KOHCTPYKTOPHI Yallle BCEro MPUHUMAIOT JJIMHY TPOEKTUPYEMOTO
Cy[lHa, KOTOPYI NPUHUMAIOT MO TpPeOOBaHUSM 3aKa3uMKa WM OPUEHTHPYSICh Ha
IPOTOTHII.

Pacnonaras ocHoBHbIMU pa3zmepamu (L wim B) uepes ornomenue L/B, B/T, L/H moxHO
NOJIYYHUTh BCE IPYTU€ Pa3Mephl.

3.4.1. OtHomenue L/B, mupunaB

CpeaHecTaTUCTUYECKHUE TaHHBIE TIOKA3bIBAIOT, YTO C POCTOM JUIMHBI CyHa L
otHomenue L/B Bo3pacraet, uto moareepkaaeTcs hopmyiaMu



, L 1,450 — 0,003L7 (3.4)

- _
§= (0,1L+ 2,3)+ 0,25 (3.5)

I[J'I}I peI[aHHBIX KaTepOB pCKOMeHI[yeTCSI HpI/IHI/IMaTB CJ'ICI[YIOH_[I/IC

OTHOLICHUA B 3aBUCUMOCTHU OT CKOpOCTH

L/B<3 npu V<I1 m/c;

L/B=3+4 npu  V=11+16 M/c;

L/B>4 npu  V=17+28 m/c;

[lo orHomenuto L/B ompenensiercs mmpuHa B cymna — pasmep, OKa3bIBarOIIUii
UCKJTIOYUTENFHBIC 3HAUEHUSI Ha KA4eCTBO TIUCCUPYIOMIETO cyaHa. HauBbIrogHenryro
IMIUPUHY MTPOSKTUPYEMOTO CY/IHA MOXKHO BBIOpaTh 10 rpaduky (cm. puc. 3.1) mmbo u3

Ko
OTHOLIeHHsT —= = Z <+ 10.
=

Iycte mano D=1000 kr;  =3wm; yrom kuiesaroctd [=5°, pacuerHas

ckopocth V=125 m/c.
Boeruucnsiem ko3gunrent Harpy3ku (1mo koopaunate L[T)

Dg 1000+ 9.81

=05.107. 125932 - 0014

Cﬂ N 1 VE' -
FPY g

OT0 3HAUYECHHE L COOTBETCTBYET OTHOCHTENbHOMY ymnHeHHIO A1=0,272. [lo kpuBoOit

-
-

= 1 M, 9T0 0OOecneunBaeT rUAPOAMHAMUYECKOEC

% onpeienseM J";?E:ES,O = B= ;.35 -
KadyecTBO K=6,9.

[TonyuyeHnyro mupuHy B HE00X0auMO CpaBHUTH C JOMYCTUMOW MHUHHMAaTbHOM
WUPUHOU Bpmin, KOTOpas yCTaHABIMBAETCS W3 YCJIOBHS IONEPEYHOM OCTOMYHUBOCTHU
(BZBmin)-

MuHuManbHOE 3HAYEHUE IMIUPUHBI Bpmin U3 yCIOBHS OCTOMYMBOCTU MOMKET OBIThH
omnpeesieHo o ghopmyie

_ |#4FD
10F

B,... +0.465| - 0.016", (3.6)

rae D — momnast Mmacca karepa, Kr; [ - yroJ1 BHEIIHEH KHIEBaTOCTH.

Jlns paccmaTpuBaeMoro ciydas

Bonis = o+ 0.465| - 0.01- 5 = 0.885 u
108

T.x. B>Bmin, To npunsTas mmpuna B=1 M ya0BIE€TBOPSET YCIOBUIO OCTOMYMBOCTH.
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Puc. 3.1. B3ouMoCBA3b HAMOONBLICTO TMAPOAMHAMMYCCKOTO Ka4CCTBA, UICHTPOBKY
¥ OTHOCHTCIBHOTO YAJTHHCHUS IPY KMICBaTOCTH  [3=5° ¢ koadhuumcHTOM
Harpy3ku C .

3.4.2. OrHomenne B/T, ko3¢ punueHT o011eii MOJTHOTHI

BbIxoJ1 Cy/lHa Ha peXKUM INIMCCUPOBAaHUSA OCYIIECTBISIETCA TeM ObICcTpee,ueM 0oJIblIe
otHouienue B/T. Ilpu BbIOOpe 3TOro OTHOIIEHHS OOBIYHO HCXOJAT, YTO Y JIYUIIUX
rivccepoB oTHoueHue B/T=4+10.

I'maBubie n3mepenus L, B, T u BomousMmelieHne CyHa Ha IUIABY CBA3aHbI OCHOBHBIM
YPaBHEHUEM IUIaBYy4ECTH

D =,p8LBT

N3 xotoporo npu 3ananubix D, p, 6, L, B onpenensitor ocanky T.

g

Unorna, 3anasasce 3HaueHueM B/T, onpenensior ocanky 1 = T @ 3aTemus
ypaBHEHUS TJIABYYECTH OMPEIETISIOT O.

KoaddunmenT obuielt moHOTHI AJIsI TIUCCUPYIOLIUX CYJIOB B MPUHIIUIE HE
SBJISIETCS XapaKTEPHBIM MapamMeTpoM M HE MMEET TaKOr0 Ba)KHOI'O 3HAYEHUS, KaKIIs
BOJIOM3MeENIaromux cynoB. s rimccepos 6=0,3+0,6.

Mexny B/T u 6 mis rIucCUpYIOMIMX CYIOB CYIIECTBYIOT ONPE/ICICHHBIC
COOTHOIIEHHUS
&§=028/B/T-0234 (3.8)



=

~ = 12,6(5+ 0,234)° (3.9)

3.4.3 OrHomenne L/H, BbicoTa 6opTa H

Otromenue L/H xapakrepusyer oOIIyt0 IpOYHOCTH Kopryca. [rccupyronue karepa
UMEIOT 00BIYHO Masioe oTHomeHue L/H, m3mensromeecs B mpenenax ot 5,5 go 11.
J171s1t BBIOOpA OTHOIIIEHUS MOKHO PYKOBOJICTBOBATHCS 3aBUCUMOCTBIO

L+a (3.10)

b=l o

i1 [ W3

rae L — anmvHa cyHa, M; a — BeTU4YrHa, 3aBUCSIIas OT TUMa cyaHa (a=1+6); 171 peuHbIX
Y 03€PHBIX KaTepoB a=3+6; WIst MOPCKUX Cy10B ummHOM L=11+17 m a=1+1,05.
VYBenuueHue BBICOTHI OopTa (ymeHblmeHne L/H) moBblmaeT 3amac miaBydecTH,
BMECTUMOCTb KOpIyca M OOIIyI0 MNPOYHOCTb, HO YTSDKEISIET KOPIIYC, MOBBIIIACT
MapyCHOCTh MOJABOAHOM YAaCTH U YXY/IIA€T MAaHEBPEHHOCTh U XOJKOCTb.
YMmeHblieHre BBICOTHI OopTa (yBenmuuenwe L/H) cHikaeT 3amac IUTaBydecTH,
MOBBIIIAET 3a0PBI3TUBAEMOCTD JIIOJICH, YXY/IIIAET YCIOBUS OOLIEHIIPOYHOCTH KOpITyca.
OnHako mpH 3TOM CHUXKAETCS LEHTP TSKECTH, YMEHBIIAETCS Macca KOpIyca M €ro
MapyCHOCTh, YTO MOJIOKUTEIIBHO BIUSIET HA OCTOMYUBOCTh, MAHEBPEHHOCTh U CKOPOCTh
CyJlHa.

3.5 Ilpuban:xeHHoe onpeaeaeHne J0CTUKUMONH CKOPOCTH IVIUCCUPYIOIIUX
CY/J0B ¥ MOTPeOHO MOIIHOCTH JABUTATENS

B 3amanuu Ha MpoOEKTHpOBaHUE OOBIYHO 3a7AIOTCS WM MOIIHOCTH JBUTATENS WA
CKOPOCTh CcyaHa. B mepBoM ciydae Hamo0 J0OMBATHCS MAKCUMAaIbHOW CKOPOCTH, a BO
BTOPOM MHHHMAJIBHOW MOITHOCTH, TMPU KOTOpod Oyaer oOecredeHa TpeOyemas
ckopoctb. Jns onpenenenust N win V UCTIONB3YIOTCS SMIUPUYECKHE (POPMYIIBI UITH
pasnu4HbIe TpaduKy.

Ha puc. 32 rpaduku mokassiBaioT, 4YTO TIIMCCEPHl OUY€Hb YyBCTBUTEIBHBI K YACIbHON
Harpys3ke
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Pric. 3.2, 3aBHCIMOCTE CKOPOCTI OT YAeMbHOI HATPY3KII.
| - cpenae 3HaTeHIA L={(P),
2 - My9IIe MOKa3aTeN.

[IpakTukoil ycTaHOBIEHO, 4TO TpU p>40Kr/kKBT A00UTBCA peXuMa TIUCCUPOBAHUS
oueHb TpyAHO. /{111 mosrydeHus BICOKUX ckopocteit (1720 m/c) BenuunHa p He JOJIKHA
npeBoCcxXoauTh 12+14 xr/kBT.

[lo rpaduky 3.2 JerkKO YCTAaHOBUTh MAaKCUMAJIbHO JOCTHKHUMYIO CKOPOCTh IpHU
3amanHbiX D u N, unu HaoOopoT, pacnosiaras 3aJJaHHONW CKOPOCThIO U BOJIOU3MEILICHUE
D jierko MOXHO yCTaHOBUTh MUHUMAaJIbHYIO MOLTHOCTB N.

OpHEeHTHUPOBOYHAS OLICHKA CKOPOCTH IIMCCUPYIOLIUX CYJI0B MOXKET MPOU3BOJINUTHCSA 110
npuOMKeHHbIM (opMynaM. [Ipy ucnonp30BaHMM MPOTOTHIA, OTIMYAIOIIETOCS OT
IIPOCKTUPYEMOI'0 CYJHA JIMIIb MOIIHOCTBIO MOTOPA JOCTHKUMYIO CKOPOCTH MOXKHO
OLIEHUTH C MOMOIBI0 (HOPMYII IIepecyeTa:

npu =2,5+F,p

v, = 1@.{*‘?1/%)*-5 (3.11)

=¥ {\NI/ Ng-]:;fz (3.12)

3nece Vo, V1, No, N1 — ckopocTd ¥ MOIIHOCTH COOTBETCTBEHHO MPOTOTHNA U
MIPOCKTUPYEMOT'O CY/THA.

I'naBa 4. IlpoekTUpoBaHKe 3J1eMEHTOB ()OPMBbI KOPILYCA INIMCCUPYIOIINXCYA0B
4.1 Be3penaHHbIe OCTPOCKYJIble KOPIIyca

[[ImaHroyThI JHUINA B CPETHEN YaCTH BBITIOHSIOTCS 110 TUITY KUJIEBAThIX UM U30THYTO-
KWJIEBATHIX 00BOJIOB. XapaKTepHbIC TUITHI 0OBOJIOB MpeACTaBIeHbI Ha puc. 4.1, 4.2



Puc. 4.1. Tunist 00BOJIOB NIHCCHPYIOIMX KATCPOR: & - INIOCKOKHIICBATHIE,
6 - BOPHYTO-KHJICBATEIC, B - ¢ BLIMYKTO-KHICBATHIM JTHUITEM; T - Pa3BCPTHIBACMBIC
(voporueHHsie 00BOIbL); /I - OKPYTUIbe ¢ 0O/IBIIOH KHIEBATOCTLIO, € - "r1ybokoe V"

HaubGosiee npocThiIMM B HM3rOTOBJIEHUU SIBISIIOTCA IUIOCKOKHIJIEBATHIE M BBIMYKJIO-
KuieBatbie (OpMbI JHUIIIA.

Bornyro-kuneBaras ¢opma, a TakkKe TOHHEIbHass u S-o0pa3Has SBISIOTCS
TEXHOJIOTUYECKH CIIOKHBIMU (PopMaMu.

['mapoaHaMUYeCKOe KadyecTBO KOpITyCa IOHMXKAETCA C YBEIMYEHUE KHIIEBATOCTH,
MOTOMY LI€JIECO00Pa3HO MPOEKTUPOBATH THUILE BO3ZMOKHO 00Jiee MIIOCKUMH.

HO! TloBsiiieHne TUAPOJMHAMUYECKOTO KauyeCcTBa CYAOB C OOJIBIIONW KHUJIEBATOCTHIO
IPU COXPAHEHHH MOPEXOAHBIX KAdeCTB MOXET OBbITh JOCTUTHYTO B pe3yJibTaTe
ITOCTAHOBKH ITPOJIOJIBHBIX PEIaHOB.

KopMmoBble mimanroytsl Huma. [Ipunanne HEKOTOPOM KHIEBATOCTH WIMOKDPYIJIOCTH
KOPMOBBIM IIMAaHTOyTaM U TpaHIly OOECleunBaeT YCTOWYMBOCTH Ha Kypce U
MOJICKAJIb3bIBAHWE KOPMBI TIPU TOBOPOTE CyAHA, YTO OOECIEeYMBAET YMEHBIIICHUE
pannyca HUpKyJsinui. KuineBartocTs KOpMBI HE TOJDKHA PE3KO OTIIMYATHCS B KOPMOBOU
Y MUJENEBOU 4acTsax Kopryca. [[o3Tomy B KOpMOBOM 4acTH €€ CTaparoTCsi COXPAHATH
MOCTOSTHHOM (0OBOJIBI THIIA «MOHOTEJIPOH» ), UTO JAA€T yJIyUdIlIeHUEe TUAPOIMHAMUYECKUX
U MOPEXOJHBIX CBOMCTB. Jljisi oOecrieueHus BHYTPEHHETO KpeHa Ha UUPKYISIUU
1enecoo0pa3Ho JAefaTh B KOPMOBOM 4YacTH Cpe3 CKyNbl, a TOYHEE IBYXCKYJIbHOE
obpasoanue (puc. 4.3)
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Puc. 4.2. ®opma AHUNIEBLIX MITTAHTOYTOB:a - BOTHYTO-KHJIeBaTas,
to = ha/h > 1; O - BoruyTo-kuieBaras ¢ GOJBITHM OTTHOOM CKYJIbI
("kpblio vaiiku"), to = 1; B - BeIIYKIO-KHUIeBaTas, fo > 1;

r - S-o6paznasg, to > 1; ;1 - TonHenbHas, 0 <to < 1.

Pric. 4.3. KopIiyc MOTOMOKIH ¢ JBOIHOIT CKyIToi

Hocosble mmanroyrsl anuma. Kak mnpaBuiao HOCOBBIE IINAHTOYTHI HIACHTUYHBI
HIMaHroyraM B CpeAHedl 4YacTH, OTJIMYasChb OT TMOCIEAHEH TOJIbKO OoJblieh
KHUJIEBATOCThIO. YeM ocTpee HOCOBblE OOBOJbI, TEM MsIYe COyAapeHus Kopiyca ¢
BOJIHOM. OZIHAaKO OCTphIE 0OBOJIBI C HEJOCTATOUHBIM Pa3BaJIOM Y CKYJbI CIIOCOOCTBYIOT
«3apbIBAHMIO» HOCA B BOJIHY U HEYCTOWYMBOCTH JBMXKEHHS OCOOEHHO Ha MOIYyTHOM
BOJIHEHHH.

VYCTaHOBNEHO, 4YTO Il JOCTHKEHHMS HAWIYYIIMX MOPEXOIHBIX KAadyeCTB HOCOBBIE

HIMTAHTOYTHI CJIEIyeT MPOEKTUPOBATH IO TUITY S-00pa3HbIX JeHaIbHBIX (puc. 4.1 e), uto
obecreunBaeT MArkoe CoyJIapeHue IHUINA C BOAOH.



[manroyter G6opra. B HOCOBOM wYacTu OOpTOBbIE IIMAHTOYTHI JOJDKHBI HMETh
JIOCTaTOYHBIN pa3Bal, yBEIUUMBAIOIINNA MIIaBy4YecTh. B HOCOBOI yacTu sydiasi opma
HIMAHTOyYTOB — BOTHYTAas, B CpeHEN YacTu - MpsAMasi ¢ HEKOTOpbIMpa3BajioM. Pazpai
OOpPTOB BBIMOJHSAETCS U B KOPMOBOW YacTH Ha HEKOTOPOM BBICOTE OT CKYJbI, YTO
oOecrieynBaeT «MpUIABIMBAaHUE» OOPTOBOIO TMOMYTHOTO IOTOKA M YMEHBIICHUE
BOJIHOBOT'O COIIPOTUBIICHUS U CONPOTUBIICHUE TPEHHUS.

Jluaus xuis, GopiireBeHb, ckyna, 6opT. KuneBast muHust B KOPMOBOM 4acTh OOBIYHO
BBITIOJHSECTCS. B BUJAE NPSIMOM, KOTOpas IJIABHO MEPEXOAUT B JUHHUIO (OPINTEBHS. Y
MOPCKHX CyZOB (pOpIITEBEHD JenaeTcs 0oyiee KPYMHbIM, Y PEUHBIX

— moyioruM. MHOrMa y TpaHIa jaenaetcs IuiaBHbIA oTrub (puc 4.4), 9royBeanunBaeT
MOJBEMHYIO CHIIY M yJydlllaeT paOoTy TpeOHOro BHHTA, U, KaK clencteue, n10 15 %
MOBBIIIAET CKOPOCTh CYHA.

CkyInoBasi TMHUS POBOJUTCSA B BUJE IJIABHOW KPUBOM, KOTOpass B KOPMOBOW 4acTu
(mpumepHo %4 L oT TpaHIia) 10JKHA UATH MapajieIbHO KUJICBOW JTMHUU.

[Tepeceuenue ckynoBoii IMHUU co cTatndeckoil BJI 00bIYHO MPOUCXOIUT HAPACCTOSHUU
0,75+08 L ot Tpanua. CmemieHre 3TOM TOYKM Oke K (DOPIUITEBHIO 3aTPYAHSET
IUIABHBIM TMOABEM CKYJIbI, NMPUBOAUT K TOBBILICHUIO «KPYTHU3HBD» OOBOJIOB, YTO
COMPOBOKJIaeTCsl 00pa3oBaHUEM MOATIOPHON HOCOBOM BOJHBI U 3AJIMBAHUEM MATYOBI HA
MaJbIX U CPEIHUX X0Jax. TouKa MPUTHIKAHUS CKYJIbI Y (POPIUTEBHS JOJKHA OBITH TEM
BBIIIIE, YeM OOJIbIIE TPEOOBAHUM NIPEIBABIAECTCS K MOPEXOIHOCTH.

B nane (mpoekius MOMYWUPOTHI) CKYJIOBas JMHUSA JODKHA HUMETh H3MEPEHHYIO
OCTPOTY B HOCOBOM MOJIOBUHE, HEOOJIBIIYIO IMINHAPUYECKYIO YACTh B CEPEIUHE JUINHBI
u TuiaBHoe cyxenue (0,8+0,9 oT mupuHbI Ha MHUJIETIE) B KOPME 17151 00ecriedeHus CpbIBa
MOIMYTHOT'O MTOTOKA.

[TanyOHas nuHUS B TUTaHE JOJDKHA OBITH KPYTOW, 4TOOBI 00ECTIEUUTh HEOOXOAMMBIN
pa3Bajg HOCOBBIX IHmaHroyTtoB. [logbeM mnaxyOHOW JMHMM B HOCY JOJDKEH OBITh
YMEpPEHHBIM, YTOOBI HE 3aTPYAHATh BUAUMOCTh B YCIOBUSAX XOA0BOT0 AuddepeHTa.

4.2. Penannble kaTepa

OCHOBHbBIC NPOCKTHBIC MMapaMeTphbl, OINpeaeIseMble B HAYaJbHOW CTaIUH
pa3pabOTKK KOpITyca, CICAYIOIIUE:
1) Tlonoxenue HOCOBOTO penaHa 1o JuthHe (1,);

2) YranyOseHre KpOMOK HOCOBOTO M KopMoBoro peaanoB (T, u Ty);
3) dopma 1 MoIoKEHHE HOCOBOW M KOPMOBO#M CKYJIBI, YIJIOB aTaKh 01 U O HOCOBOTO
1 KOPMOBOT'O PEJIaHOB;

4) dopma HOCOBOTO M KOPMOBOI'O PEIaHOB B IUIAHE M MOINEPEYHOM CEUYCHUHU (pHC.
4.5)
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Puc. 4.4, ®opma cky10Bo#M JIMHUM GOPIITEBHS U KW
a - TUIBL GOpIITeBHEN U KUIIeBOH TUHUU, O - CKYJIOBEIE
JIMHUHN Ha TIPOEKITMH OOKa; B - CKYJIOBBHIC TMHHH B ILTAHE.

e i
Puc. 4.5. Pefiannblii KOPnyC M OCHOBHbE THILI TONEPeYHBIX CEYeHHH HOCOBOTO peflaHa: & — BOTHYTO-KHJEBATOE C OTIHGON
CKYJb; 6 — NJIOCKOKHJEBaToC; 6 — S-o6pasHoe ¢ GO/bLuMM CKPYIJ€HHeM KOPMOBOH CKYJbl ¥y pefaHa.

1, 2 — nuHMH HOCOBOHl H KOPMOBOW CKyab; H_ — CDepHss BEICOTa HOCOBOrO pefana; Vp —sapenanunil 06beM, pacnosoKerHbill Haj cTaThye
cKOit BaTepaHKell («NPOAYBOUHOE NPOCTPAHCTBO); By, BK — WAPAHA HOCOBOIO M KOPMOBOIO pejiaHa. “

Baxnyio pons mpu BbIOOpe mMmapaMeTpoB (OpPMBI HTpalOT IEHTPOBKA Cy/IHA H
pacmpenelieHne Harpy3kh 1o pemaHam  (puc.  4.6).

Jng  ycTaHOBUBILIETOCH
[JIMCCUPOBAHUs YPAaBHEHUE PABHOBECHS UMEET BUJL

, Dg = P, +P,, (4.1)

, T, =0 (4.2)



rne FP.. u FP.. — mogbeMHas TUAPOJMHAMHUYECKAs] CUJIa HOCOBOTO U

KOPMOBOTO PCAaHOB; E-"L'f-;:- - CyMMa MOMCHTOB THAPOJWHAMHWYCCKHUX CHUJI U BCCa
CyaHa OTHOCUTCIIbHO TPaHIIA.

Dy

Puc. 4.6. Cxema nojaepmannsi pejaHHOr0 Karepa.

pu.p

BOil DeRaH.

— HATPY3KA Ha HocoBOlt pepam; P, p — Marpyska ma Kopmo-

B 3aBUCMMOCTM OT COOTHOLICHUS MEXKIY Pw.,; u P,,.,F pa3inyarT TPUOCHOBHBIX
TUIA PEJIAHHBIX TJINCCEPOB

1. C HOCOBBIM HeCymuM penaHoM, korma F. . = 0,70Dg, T, > Ty, oy >
o2, BH>BK1

2. C rinaBHBIM KOPMOBBIM HECYIIIMM PEaHOM, KOTAa P,,-,._}- = 0,650g, T,

< TK) o < 02, BH<BK1

3. [mnccep «raHgem», korga F.p = F,,=05Dg, T, =T a1 = oy,
B;=Bx;

PacnonioxkeHne HOCOBOTO pejiaHa.

1. HocoBoi1 pegan oka3bIBaeT OTPULIATENBHOE BIMSIHUE HA KOPMOBOM,
T.K. MMOCJIETHUM paboTaeT B BO3MYIIIEHHOM MOTOKe. [T0aTOMY 1151 MOBBIICHUS
TUAPOJMHAMUYECKOTO Ka4eCTBA IIIMCCepa PACCTOSIHUE MEKTY HUMU KEeJaTeIbHO
YBEIINYUBATh.

2. [IpakTH4eCKH TUIPOAMHAMUYECKOE KAYECTBO HOCOBOTO Pe/laHa BHIIIIE,
4eM y KOPMOBOTO, TOATOMY 11€JIECO00Pa3HO OOJBIIYIO YaCTh HArpy3Ku
MEPEHOCUTh Ha HOCOBOM pejlaH C OJTHOBPEMEHHBIM YBEIUYEHUEM €T0 IITUPUHBI.

OTcTosiHMEe HOCOBOIO pe/laHa OT TPaHIla AJis CYIIECTBYIOMIMX Cy0BKoJieOaeTcs oT 0,35
10 0,6 L. {151 pacCMOTPEHHBIX THUIIOB CYAOB 3TO PACCTOSIHHE PEKOMEHYETCSI BRIOUPaTh
CJIETYIOITUM 00pa3oM:

1-#i Tum - 0,51 L;
2-vi i — 0,6 L;
3-# i — 0,53 L;

Jns ykazaHHbIX TUNOB KartepoB nojioxkenue [T u [IB ot Tpanua nomxHO
HAaXOJUTHCS HA PACCTOSTHUM:

1-i Tumr - 0,35+0,47 L; -HOCOBOM peJlaH
2-i tun — 0,25+0,35 L; -KOPMOBOM peaaH
3-1 T — 0,3+0,41 L, -TaHJEeM



Yrnyonenne kpoMmok penaHoB Ty u Ty BenuuuHy YriiyOleHUsT KPOMOK OOBIYHO
HA3HAYalOT B 3aBUCUMOCTH OT By, mupunsl pegana. [{is Bcex TUIOB IIIHCCEPOB OOBIYHO
MPUHUMAIOT

T.=0,08+0,1 B,

Jlns kopmoBoro penana Ty onpeaesnsieTcss B 3aBUCHMOCTH OT yTiia KPOMOK PEIaHOB Ol
(puc 4.7)

L 2gv UIL
Ly mou 1 =03
G

o //i/

a/fp=+(2"3)
. ‘Tgv‘-?a U,JL
17.‘7{ npu Ly~ 06L
[ s
._—méﬁ'—:"—" —

np=~(0+7)°

Pue. 4.7. Yrasl KpPOMOK pejlanos.

[TonoxeHue IMHUK CKYJIBI Ha IPOEKIIUU OOKa.

Touka mepeceyeHuss HOCOBOW CKyJnbl ¢ BarepiuHueil BJI mnga rmumccepoB 1-rotuna
pacrionaraercs Ha 0,751 ot Tpanna; 1 2-ro tumna — He 6osee 0,83 L; s 3- ro tuma —
He Oonee 0,78 L.

KopmoBasi ckyna BBIMOTHSETCS OOBIYHO B BUJE IJIABHOW BOTHYTOW WJIM BBIMYKJION
KpUBOM C TakKUM pacyeToM, 4YTOObl TOYKAa €€ MPUThIKAHUS pacrnojiarajiach Hajl
npoexkTHor BJI Ha mmaBy. Takoe MojgoKeHWE TOUYKUIIPUTHIKAHUS KOPMOBOW CKYJIBI K
HOCOBOMY pEIaHy MCKIIOYAET CO3JaHHE BaKyyMa B 33JIaHHOM IIPOCTPAHCTBE, 3a CYET
COOOIIEHMS TIOCIEHETO C ATMOC(HEPOH.

VYriabl aTaku peraHoB.

VYron araku penaHa 3aBHCUT OT HAarpy3kd MU OTHOCUTEIBHOM JUIMHBI TITMCCUPYIOIIUX
IoniaoKk. B mepBoM mpuOnMKeHUM CpeAHMUN yroyl aTaku HOCOBOTO pelaHa MOXKET
OBITH oTpesesieH mo hopmyie

+ b (4.3)

rae [, - paccTOsSHHE HOCOBOTO pefaHa OT TPAHIA, BEIPAKEHHOE B JOJSAX OT

L.

Koaddummentst a u b B (4.3) BRIOMPAIOTCS CICAYIOIIUMHU:
1) Jlnst HocoBoro Hecymero peaada a=11,5 u b=-1,45
2)  Jlnsg xopMoBoro Hecyinero peaana a=7,8 u b=-0,45
3) Jis riaccepoB «ranaem» a=3,7 u b=0,73



KopmoBoii pesiaH 00bIYHO CKOJIB3UT HAa 0OPaTHOM CKIIOKE IOJIyBOJIHBI, 00pa3yromencs
3a HOCOBBIM p€JJaHOM U OOBIYHO €0 yroJ HazHayaroT Ha 30-45" MeHbIIe HOCOBOTO.
Bricora penana.

BricoTa penana gomkHa 00eCIeurBaTh CPHIB MOTOKA 0€3 «3aJU3bIBAaHUS» BO3MOXKHO
Oonplllell yacTH JAHHMINA 3a pedaHoM. B paiioHe OopTa BBICOTa ycTyma JOJDKHA
00ecrneunTh JOCTYI BO3IyXa B 3apelaHHYIO YacCTh.

[TpakTHuecku BBICOTY peAiaHa He JeatoT MeHble 50 MM.

dopma penana.

dopma MonepeyHoro ceYyeHus HOCOBOIO pefaHa MOXKET ObIThb caMOil pa3HOOOpa3HO:
IUIOCKO-KUJIEBATOM, HM30THYTO-KWJIEBATOM, S-00pa3HOM M T.O. MOAXOABI K BBIOOpPY
(opMBbI ceueHus peiaHa Te K€, YTO U 110 BBIOOPY MUJIEIEBBIX LIMAHTOYTOB O€3pelaHHbIX
KaTepOoB.

4.3 ®opma «rirydokoe Vy. IIpoaoJibHbIe peaHbl

[IpoekTupoBanre 00BOAOB «IIIyOOKOE€ V» HE MpeacTaBisieT 0co0oil cioxkHocTu. Mx
MPOEKTUPYIOT IO TUITY «MOHOTEAPOH» MPUHUMAs KHJIEBATOCTh HA TPAHILIE TAKOM e KaK
Y Ha MUJIEJIe, UK e TpaHell Ies1atoT OoJee iockuM (4+5° He Oosiee). B aToMm ciiydae
nerctBytomass BJI oka3piBaercs Ooubllle Ha IUIAaBY MIPHU INIMCCUPOBAHHUM 3a CUET
YBEJIMYEHHUS IIUPUHBI, YTO MOJIOKHUTEIBHO CKa3bIBAE€TCS HA MOBBIIIEHUH OCTOMYMBOCTH
cynHa. lllmanroyram B 3TOM cilydae MPEICTaBISAETCA L€J1eCO00pa3HbIM MPUAABATh
BBITYKIYIO (DOpMy, UTO CHIDKAETCHIIYy yAapa JHMILA O BOJAY B Cilydae COyAapeHus
KOpITyca C BOJHOW IIpU KpeHe Ha 00pT.

Jlns ymydimieHus: BCXOXKECTH Ha BOJIHY HWTAIBSHCKAW KOHCTpPYKTOp Penaro JleBu
YCTaHOBWJI JIBa HOCOBBIX MPOJOJBbHBIX pelaHa — CpbIBHUKA. JleficTBHE NMPOIOJIbHBIX
penaHoB oOecreuuMBaeT MOATOP B pe3yjlbTaTe B pallOHE pelaHa BO3HUKAET
JIOMOJTHUTEIbHOE aBjieHue (puc. 4.8)

3a peaaHoM MOSIBISAETCS HECMAaYMBAEMBbI Y4aCTOK JTHUIIA, YTO YMEHBIIAET CMOUYEHHYIO
MOBEPXHOCTb U, CIIEA0BATEIbHO CONPOTUBIICHHUE TPEeHUA. BpesynbTaTte noibeMHas cuiia
BO3pAcTaeT M TUIPOJMHAMUYECKOE KauyeCTBO TaKK€ BO3pacTaeT (B psAle CIy4yaeB 0
17%).

HaubGonee sddexTtuBHBI B AEHCTBUM KOPOTKUE pPElIaHbl, YCTAaHOBJEHHBIE B pailoHe
OpBI3roBOM TIEJEHBI T.€. Y HOCOBOW TpaHuilsl xomoBoit BJI (puc. 4.9,0). B KopMoBO#
YacTHU JIeWCTBUE MPOJOJBHBIX pelaHOB Maio3((HEeKTHUBHO, T.K. CKOPOCTHIIONEPEYHOTO
HIepETeKaHUs 3/IECh YMEHBIIIACTCS W3-32 YMCHBIICHUS IaBJieHus Ha auuie (puc 2.1) u
KpOME TOTO 3aTpPyJHEHUE MPOAYBKH MOXKET c03/1aTh 3h(HEeKT

«TPUCOCa» JTHUIIA, YTO YBETUYHUT €r0 CONPOTUBIICHHE.

dopMa TNONEPEYHOr0 CEUEHUs pPENaHa IMPUHUMAETCS B  BHJE NPSIMOYTOJBHOTO
TPEYrOJIbHUKA C TUIOTEHY30[ PacHOJIO)KEHHOW TOPU30HTAIBHO C MaJbIM KaTeToM,
PaCIOJIOKEHHBIM MEPIEHANKYISIPHO K OOIIMBKE (CM. PHC.)
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Puc. 4.9. Pacnosnoxenne npoAo/ibHBIX PEJAHOB: @ — AHHWIE
Ges pellaHoB; 6 — KOPOTKKE pellaHbi B paiioHe GPLI3rosoil ne-
JIeHB; 8 — JNIHEHBIE DEJaHbl; & — JJHHHBIE PellaHbl, He A0XO-
Asiilie A0 TPanua €O CTYNMEHYaThIM PACTOJOXKEeHHEM KOPMOBBIX
KOHUOB.

/ — CMOYeHHZs NOBEPXHOCTH AHHUIA; 2 — 30Ha GPHAIroBOii nenewsi;
3 — Opbi3roBhie CTpyu; 4 -— HOCOBas TPAHHUAE XOAOBON BaTepJAHHII.

Puc.4.8. Cxema nomepeuHoro 06TeKaHHA KILTEBAT OTO
IHHITA ¢ TPOJOJBHBIMH PeJaHaMH.

1 - smopa napnennit Ha JHEITE, 2 - SMIOpa CKopocTed mome-
Pe1HOTO HepeTeKaHHA; 3 - JONOMHATe/LHOe JaBIeHHe, co3aa-
BaeMOe MPOJIOIBHEIM PeTaHoM .

YtoObl 00eceYnTh HE3aMbIBAEMOCTh BBIXOSIIEH M3 BOJBI MOBEPXHOCTUIHUILA (PUC.
4.10) HeoOXOAMMO NPHUHMMATh COOTBETCTBYIOIIYIO BBICOTY peaaHa h, mnpakTuka
nokasasia, 4yTo JJis kaTtepoB BogousmerienueM 8001200 kr hy< 30mm.

KonuuecTBo pegaHOB, yCTaHABIMBAaEMbIX Ha JIHUILE KaTepa 3aBUCUT OT IIUPUHBI
KOpITyca U pacueTHOM ckopocTu. Ha cyiiecTByIOmUX MaibiX U CPEIHUX KaTepax ObIBaeT
1o 2-4 napsl pegaHoB (1o 2-4 penaHa Ha KaKIylo MOJOBHHY IIKUPUHBI cynHa). Kaxnas
napa peJaHoOB OINpEAeNsieT ONTUMAJIbHYIO IIMPUHY CMOYEHHON MOBEPXHOCTH MpHU
COOTBETCTBYIOILIEH CKOPOCTU cyAHa. M3 cKka3aHHOrociaeayeT, YTO PACCTOSHHUE MEXKIY
OMMKHUMH, CUMMETPUYHO  PACIOJOKCHHBIMA DPEIaHaMH  JOJDKHO  PaBHSITHCS
ONTHUMaJIbHOM IUpUHE X010BoM BJI Ha pacdyeTHOM ckopocTu (cM. puc. 4.10).



a)

Puc. 4.10. Cxemd NoJoKeHHs CYJHA, TJIHCCHPYIOWro npH AsyX (a)
napax paGoTalOMMX PEAAHOB H NPH ofHOH nape (6).

B,, B, — wuhpHHa xogosoil BaTepaunmuu; T,, T, — xomosas ocagka (no
AAHHOMY ceueHmio).

4.4 TenaeHIIUsI COBPEMEHHOTO PA3BUTHSI IIMCCUPYIOUIUX CY/I0B.

K coBpeMeHHBIM KOHCTPYKIMSAM MOXHO OTHECTH OOBOJBI KAaTEPOB IOJ Ha3BaHUEM
«rpunun» (puc.4.11)

OTtu 00BOJIBI MPEJCTABISAIOT COOOW coueTaHue TpexX (BKJIIOYAs TpaHell) MOMEepeYHBIX
pPEIaHOB C OCTPOKHUIIEBATOM HOCOBOW YACThIO, MMEIOIIEH MPOJOJIBHBIN pelaH. Y Ta4HO
nooOpaHHbIe YTIIbI aTakKl M CMOYCHHBIE JIMHBI TOTIEPEYHBIX PEJAHOB HCKIIOYAIOT
CKa4KH CyJ[Ha Ha BOJIHE.

KoHCTpyKIHST «TpHIWH» XapaKTepHU3yeTcs MSITKAM XOJOM Ha BOJHE W BBICOKUM
TUAPOAMHAMUYICCKAM KaueCTBOM.

OTr 00BOJBI MPEJCTABISAIOT COOON coueTaHue TpexX (BKJIIOYAs TpaHEll) MOMepeyHBIX
PEIaHOB C OCTPOKWJIEBATOM HOCOBOM YACTHIO, MMEIOLIEH NPOJOJIbHBIA PEAaH. Y Ja4yHO
MO00paHHBIE YIJIBl aTAaKM W CMOYCHHBIC JIJIMHBIMTOTIEPEUHBIX PEIaHOB HCKIIOYAOT
CKauyKH CyJ[Ha Ha BOJIHE.
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Puc. 4.11. Cxema oGBOJOR TIHIIA "TPHIIH".
1 - HOCOBOII ITPOTONEHENT PeJaH;
2 - TIHCCHPYVIOIIIE TUTOINATKIL ITOTIEPEUHEIX PeTaHOR

KoHcTpykiusi «TpUIIMH» XapaKTepu3yeTcss MSITKMM XOJIOM Ha BOJHE U BBICOKUM
TUAPOAMHAMUYICCKAM KadeCTBOM.

K gucny ymagHbeIX ¢ TOYKH 3PEHHS THAPOJIMHAMHKHA OTHOCHTCS W KOHCTPYKITHS THIIA
«dipeaor (puc. 4.12)

1 i
—
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Puc. 4.12. Cxema 006BOZOB THIIA «3HpCaoTy.
| — CHQHCOH; 2 — nonepeuHslit pelaH.

B ocHoOBe 3TOi KOHCTPYKITUU JIeKaT 00BOIbI «Kadeapanay («rryookoe Vy» BcoueTaHuU
CO CIIOHCOHAMU, HE CMauyMBaeMbIMU Ha X01y). OCOOEHHOCTHIO ATHX 0OBOJIOB SBJISIOTCS
MOTIEPEYHbIE peJlaHbl U TOPU3OHTAIBHBIC MPOJOJILHBIE YYaCTKUY OOpPTOB [HHUINA B
KOpMOBOM 4acTh. [lonepeuHslii pefan B 3TOM KOHCTPYKIUU

«CpbIBaET» N30BITOUHYIO MOIBEMHYIO CHILY OT BOJIHBI, ITOCJIE TPOXOK/ICHHUS €r0 pe/laHa.
Bonna HakaTbIBaeTCsl Ha peAaHHYIO IUIOLIA[b, UMEIOIIYI0 MEHBIINI yroa aTaku, U ¢
MEHBIIEH IMOJBEMHON CHJION JEUCTBYET HA KOPIYC, YTO MPAKTUYECKU MCKIIIOYAET €TI0
OTPBIB OT BOJbI. ['OpM30HTANIbHBIE YYACTKU JHUILA «3aTPArMBAIOTHIIPOIOJIbHBIE BaJIbl,
oOpasyroluecs Mpu ABUKEHUH CYJIHA, YTO MOBBIIIAET €rONONEPEYHYI0 OCTONYUBOCTb.
WNuTepecHoi crenyeT MpU3HATh KOHCTPYKLMIO KaTepa «JIyHAIUIOH». DTO pelaHHbII
KaTep C OCHOBHBIM HECYIIUM HOCOBBIM pefaHoM (puc. 4.13), UMEImHiiKuIeBaToCcTh
12,5°. ®opma HOCOBBIX MMAHTOYTOB V- 00pa3Hasi ¢ HeOOBIION BBITTYKIOCThIO. J{HuUIIIE
y penaHa umMeeT HeOosbIoN oTrub. B pailoHe OphI3rOBOM MENEHBI TOCTABJICHBI
KOPOTKHE NPOJO0JIbHBIE peanbl. [lonepeynsiil penad uMeeT B



IUTaHE OOpaTHYIO KIMHOBHUJIHOCTb «JIACTOYKMH XBOCT». BbricoTa penana okoso 40
MM. BbIXjion ra3os ocymecTBisieTcs B 3apeAaHHOE ImpocTpaHcTBo. Ha auuime B
KOPM€ YCTaHOBJIEHA PEryJIMPOBOYHAs IUINTA, TO3BOJIAIOIIAS JIETKO YCTAHABIINBATD
ONTUMAJBHBIA XOA0BOM AU(PEpeHT B 3aBUCUMOCTH OT HArpPy3KH M COCTOSHUS
BOJIHEHUS MOpsi. [ peOHOI Ban rulkwuii, uTo oOecrneunBaeT paboTy BUHTA B IPSIMOM
noroke. ['mapoauaamMuyeckoe KauecTBO Karepa JoCTaTOYHO BeIcokoe (K>7) u on
o01aaeT XopoIIel MOPEXOJHOCTBIO.

Puc. 4.13. Cxema sxcrnepuMenTanbsHoro karepa «[lyHanmawy.

1 — wnocopofi (raasuuil) pepan; 2 — KopmoBo# penan; 3 — craGuauaarop (peryaupo-
BOYHaA NNacTHHA); 4 — KOPOTKHE HOCOBHIE NMPOROJABHbIE PeAaHB! — OpBIArooTOONHHKH
B pailoHe HOCOBOfl TPAHHUN MAOUIAAKH CKOJbMXEHHS; § — NOABOAHMII Ia3oBBIXJON OT
ABMrarensi; 6 — rHOKHIT BaJ.



