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BBE/IEHHE

Hacrosias MeToauka IT03BOJIAET OIPENENATh IeNOBEIE HATPY3KH Ha CyAa X
IUIaBy9He COOpPYXeHHA, (opMa Kopilyca KOTOPHIX OTIMYAcTCs OT pPeraMeH-
mupyemoit Ilpapunamu PC [1]. Ilpemmaraercs npsaMod METOX ONpPEACICHHS
JIOKQIHHBIX JISJOBEIX Harpy30K Ha HOCOBYIO 9acTh JIEHOKOJIBHBEIX CYHOB (paifoH
JegoBIX yemieHnwmit Al), BKIoYas KOpMy CyOB ABOMHOIO NEHCTBHS, C LICIBIO
obecricueHMs TPOYHOCTH KOPIYCa M TPOBEPKH JICHOBEIX YCHJICHMH Ha
cooTBeTcTBHE TpeboBanmsM PC.

Merox OnpeReneHus TOKATEHEIX JIEOBEIX HArpy30K ORUT BepubrImpoBan
C WCIOJB30BAHNEM NAHHEIX HATYPHBIX 3aMEPOB JICHOBHIX HAIPy30K M IIPH
TIOMOIIY YHUCJICHHBIX MCTOOOB.



2 METOJAHAKA PACYETA JIOKAJIBHBIX JIEJOBBIX HATPY30K
HA PAMOH JIEJOBBIX YCHJIEHHMA Al JJISI CYIOB,
@®OPMA KOPITYCA KOTOPBIX OTJIMYAETCS
OT PEIVIAMEHTHPYEMOM# ITPABHJIAMH PC

2.1 O6mee onrcaHNe METOAMKH PAacdeTa JIOKAJBHEIX JIGNOBEIX HATPY-
30K Ha paoH JenoBHIX ycruleHu# Al nina cymos, popMa kopiryca KOTOPHIX
ornu4aercs or periiaMmeHTHpyemoit Ilpasunamu PC

MeToapka TpegHa3Had9e€HA IJIA ONpeICIEHHsS AapaMeTpOB JIOKAILHOM
JICAOBOM Harpy3Kd Ha DJIEMEHT KOpIyca HOCOBOM dYacTH (KOpMOBOM 4acTH
CyoHa IBOWHOTO IEeWCTBHSA) IO JIENOBOM BaTepIMHMM paiiOHa JIEHOBHIX
ycunenunii Al (JlemoBEIi mosc).

Onpeznensiorcs cleqyIomye napaMeTpHl JIOKATEHOW Harpys3kH, He0OXomu-
MEIe IS IPOBEPKH MPOYHOCTH KOPITyca:

3HAYCHUE JICHOBOM CHIIBI, ASHCTBYIOMEH 110 HOpPMalM K ITOBEPXHOCTH
kopmyca,

pasMepel 30HEI KOHTakTa KOPIyca €O JIBJOM, T.€. BHICOTA M JUIMHA
TIPHWIOXKEHHUS JICHOBOM Harpy3KH;

cpelHee JIeNOBOE NABJICHHE TI0 30HE KOHTAKTa,

TIapaMeTpHl JISHOBOM HArpy3KHM Ha DIEMEHT KOPITyca, COOTBETCTBYIOLIMH
Imanyy (JIeHoBas CHia, CpeZiHee KOHTaKTHOE AABIICHHE);

YTOYHCHHOE paclpeAe/IeHHe JISHOBOTO JaBJICHHUSA B 30HE KOHTAKTa.

B xagecTBE OCHOBHOTO CLICHAapHS IS OIPEACICHHS NIapaMeTPOB JISHOBOTO
BO3JEHCTBUSA TIPHUHAT HaBal HOCOBOM (KOPMOBOM) WAcTH KOpIyca CygHa Ha
KPOMKY JIeZIOBOTO 1101 (kaHaja). JlenoBas Harpys3Kka ONpeHeNseTca U3 YCIOBHS
pa3pyIieHus KPOMKH JISIOBOTO ITOKPOBAa M3rHOOM.

B kadecTBe HAOTOIMHUTEIBHOTO TPHHAT CLEHApWil B3aHUMOAECHCTBHA
TIPSIMOCTEHHOTO 00pTa C JIGHOBEIM HOKPOBOM 0€3 pa3pymeHHs IOCIEHXHETO
u3ruboM. Tlocnemuuit CLEHApHil ABIACTCA ONPENESSIONAM IS HA3HAYCHMS
TIapaMeTpPOB JISIOBOTO BO3EHCTBHA Ha MPAMOCTEHHYIO CKyJly Oyis6006pa3Hoii
HOCOBO# JaCTH CYZIOB JICHOBBIX KJIacCOB.

JlemoBast Harpy3ka OINpeZIENIeTCA B 3aBHCHMOCTH OT CKOPOCTH CyHHA,
XapaKTEePUCTHK JICHOBOTO TOKPOBa (OJHOJICTHHI, MHOTOJICTHHM JIEX; POBHBIH
JIGHOBEIH TIOKPOB, TOPOC).

PesynsraTsl onpeneneHus MapaMeTpoB JIOKAJNBHOM Harpy3k MOTYT OHITh
HETOCPEACTBEHHO HCMOJB30BaHEl I ONpEACHeHUss TpeOyeMo# TOJIIMHEI
HapYXHOH 00MMBKH, Z,,, (cM. 1.2.6) [3].



2.2 Mcxonnbie JaHHbIC I pPacuyeTa W o0IIME PEKOMEHIANHH MO €ro
BBLITIOJTHEHHIO

JUId pacdera JIOKambHBIX Harpy3oK Ha 3JCMEHT CKYNBl JICAOBOIO IOSCa
(pation nemoBbIX ycuieHmit Al) HCOOXOMMMBI CIICIYIOIME IPYIITLI JAHHbIX:

IaHHEIE CYIHa;

TaHHEIE IO SKCIUTyaTallMOHHBIM PeXUMaM, BKITIOYAIONIe HHOOPMAITHIO 110
JIEZIOBEIM YCIOBHUSIM, TONIIWHAM ITHIOB M TEMIIEpaTypaM SKCILTyaTallHH.

2.2.1 laHHbIC CynHA.

OCHOBHBIE pa3sMCPEHUS:

BOJIOM3MEIIICHKE, T, HO HE MeHee 5000;

IUTMHA CYIHA, M;

MMUPUHA CYIHA, M;

BEICOTa OopTa, M;

pacueTHas (JIeIOBasi) OCajaKa.

IlapameTpaMu pac4eTHOM TOYKHM CKYIBl HOCOBOIO pailOHAa IEHOBBIX
ycunenuit Al («kopMmoBoro» paifoHa JemoBHIX ycwieHHH Al aus cymos
IBOMHOTO HEHCTBUSA) IS BaTEpPIMHWH, COOTBETCTBYIOMEH JIENOBOM OCalKe,
ABJITFOTCA OTHOCHUTENIFHOE PaccCTOAHWE OT (POPIITERHS, YIILI HakiIoHa OaTokca
(bopruTeBHS, axXTepPIITCBHA), BATCPIMHMY, IINanroyta (cM. puc. 2.2.1-1) [2].

A
A
3

B —/

Yeon naxnona eameprunuu o Yeon naxnona eamepnunuu vy
Ceyenue A — A Ceuenue B — B
Yzon naxnona wnanzoyma [3 Yeon naxnona wnarzcoyma, uauepemtbzﬁ
no HOpManu K HApyxcHot obuusxke P
Puc. 2.2.1-1

Pacuernrie yrisl HakioHa 6opta [2]:
' — yrox HakJIOHa IMNAaHTOyTa, H3MEPCHHEI 0 HOPMAJIM K HApYXKHOH OOINMBKe, rpaj.;
0 — YOI HAKIOHA BepxHeii 1enoBoi Barepierim (BJIBII), rpaj; Y — yroJ HakioHa Qopurmessst, rpag,
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2.2.2 TaHHBIe TIO DKCIUIYaTallMOHHEIM PEXHMaM, BKIIOYAIOIINE MH-
dopManMIo TO JNIETOBHIM YCIOBHAM, TONINUHAM JBIOB M TEMIEPATypam
SKCIUTyaTalluu:

CKOPOCTB IBW)XCHHUA CyTHA, Y3.;

THII JIEHOBOTO TIOKPOBA (THII JTHIA) IS 33JaHHOTO paifOHa SKCIUTyaTaIH CYy/IHA:

OHOJICTHMIA;

MHOTOJICTHHIA;

pacIpecHEHHBIN OMHOIETHHH (PacIpeCHEHHSBIH JIefl YCThEB CHOMPCKUX pek:
O6Gckas ryba, Exmceiickuit 3amB);

TOPOCHCTEIN OIHOJICTHHIA,

TOPOCHCTEIH MHOTOJICTHHIA;

TOJIIIMHA POBHOTO (TEPMIIECKOTO) JIbAA UIA PaiOHa IKCIUTyaTallH, M;

TEMIIEpaTypa BO3oyXa W 3aJaHHOTO TISPHOAA M paifoHa dkciutyarampm, °C:

MMHHMAJIbHas TEMIIEpaTypa 3a 5 mHei;

CpeHAA TeMIIepaTypa 3a IpeAbIAYIIHi MECHII;

CpeIHAA TEMIIepaTypa 3a JBa TMPEABIAYIIMX MECALA.

2.2.3 Meroauka pacdera JOKaJIbHOM JIEHOBOH Harpy3KH.

MeroHka IpeAcTaBlIeHa HIDKE W COCTOMT M3 JBYX Pa3fIeiioB:

pacdeT NPOYHOCTHHIX XapaKTEPHUCTHK JISHOBOTO 00Opa3oBaHMs, ompere-
JSTOLINX CHIIOBOS BO3JCHCTBHE JIbJA HA KOPIIYC;

Ha3HauCHHE JIEHOBOH Harpy3Kd IIPUMEHUTEBHO K 3aJaHHEIM [IapaMeTpam
SKCIUTyaTalHH.

Jna onpeneneHus JISOOBRIX HArPY30K C LENBI0 BepU(MKALMM JISHOBBIX
yCHJIeHMII KOpIyca Ha COOTBETCIBHME 3aJaHHOTO JISHOBOTO KJIacca PEKOMEH-
JyeTcs HCIOJL30BaTh NapaMeTPhl SKCIUTyaTaIlMOHHBIX YCIIOBHiA, MPEACTABICH-
HEIX B [3]. B Tabm. 2.2.3-1 mpexacTaBieHH PEKOMEHAYEMEIE DPACUETHEIE
TIapaMeTpHl JIEHOBEIX O0Opa3OBaHM, PEXMMEI M CKOPOCTH [ABVDKEHMS IS
Ha3Ha9eHUs JIEHOBEIX Harpy30K B 3aBHCHMOCTH OT JISHOBOTO KJIacca CyHa.

Jind cymoB JeHOBEIX KiaccOB Arc8 M Arc9 OnpemensiommMmu s
Ha3HaYeHMS JICHOBEIX HArpy30K SABISIOTCA DPEXHMMBI CaMOCTOATEIBHOTO
IUIaBaHHASA B MHOTOJETHHMX TOPOIIEHHHIX JBAaxX (TOpocax) C TONIIMHOMK
KOHCOJIMAMPOBAHHOM 9acTH 6 M.

JUsL cymoB JIENOBEIX KIAcCOB ArcS — Arc9 pacdeTHEIE TEMITEpATypHI
TIpencTaBleHH Ha puc. 2.2.3. J[na 3MMHe-BECEHHEH HABMTaMH B Ka9€CTBE
pacueTHOTO MecsAlla PeKOMEHAYeTCS MPUHMMATh (eBpalh WM MapT MECAL, a
IUIS JIETHE-OCEHHEH — HOA0pS.
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PacuetHoe pacnpezienicHHE TEMIEPATYp BO3MyXa I CYIOB JICIOBLIX KIACCOB ArcS — Arc9 u
ApPKTHIECKHX JIENOKOJIOB

Ta6aupa 2.2.3-1
PexoMeHTyeMEble pacueTHbIE IApPaMeTPhI JIeN0BLIX 00pa3oBaHmii,
PeXHMBI H CKOPOCTh IBHKEHHS /11 HA3HAYEHHS JIETOBLIX HATPY30K CyAaM
JIeTIoBBIX KiIaccoB Arcd — Arc9

JBIKeHME B KaHAIE CaMOCTOSTENRFHOS TITABAHNG
3uMHe-BECEHHSIS JleTHE-0CEHHSIST 3UMHE-BECEHHSA JlerHe-0CeHHI
8 HABUTAIHS HABHTALIUS HaBHTALUs HABUTaLUSL
5 L L L L
J% ﬁigz.\ o = ES. o = EE. < = gzﬁ
8l s | Ed|*E|ls| Eg |FE|lu| Eg 85 s | Eg | FE
= O N Fls 3| » Eo IR = g ) T | &8
= - g 2ls 5| 4 g o S F| E g § = .| 2 g =
5| Scleg|5| € |s¢|E| B2 |5g |B]28¢g |6y
& = g =1 S & = g g g & = g = g & = % = Q
A IFHEEL REHEIN REH A R E
O|S&lEE|S|ER[EE|IO|ER|EE |O|E& [& 8
Arcd|3-5| FY, 0,7 |FY,14|3-5] FY,09 |FY,18]|6-8| FY,06 | FY,12 |6—-8] FY,08 FY, 16
Are8|3-5| FY, 08 |FY, 1,6]3-5] FY,12 |FY,24|6-8| FY,08 | FY,1,6 |6-8] FY,1,0 FY, 2,0
Arc6|3-5|FY, 12 |FY,24|3-5] FY,1,5 | FY,3 |6-8| FY,1,l | FY,22 |6-8| FY, 13 FY, 2,6
Arc7|3-5| FY, 1,8 |FY, 3,63 -5[MY (SY) 28| MY, 6 |6 -8 FY,14 | FY,28 |6-8| FY, 17 FY, 34
Arcd|3-5 My 34 My 6 [3-5] My M6 10 My 2imy e 6| 10 [Mysy0my GY), 6
Arc|3-5| MY [MY6|3-s| My |My6|12| My py@Eviel 12| MY [MY(SY)6

VenosHBE 0003HAUEHHSA:
FY — ommonetnuii jiex; MY — mHoronetHuH nex; SY — IBYXIIETHHH JIeH.




Jis cymoB yiemoBoro kinacca Arc4 pacdeTHRIE TEMIIEPATyphl PEKOMEHIYeTCS
TIPUHAMATh B COOTBETCTBMH C TaOl. 2.2.3-2, KOTOpBIC TIONY9EHBl I THUIAYHBIX
patioHoB okcrutyaramm (ITedopckoe Mope, Bermoe Mope, cpemHsas 3MMHe-BECEHHAA
HaBuraims; Kapckoe Mope, JTeTHe-OCSHHSSI HaBHTaLIHs).

Tabauna2.2.3-2

PacueTHble TEMIEPATyphl IS CYAOB JICA0BOro Kiacca Arcd
H JICHOKOJIOB JegoBoro Kiacca Icebreaker 6

Temmeparypa, °C Tlewopexoe mope Kapcxoe mope
(Gemparm) (s0sGps)
MunumaisHas -35 -30
Cpemusis 3a mpeasIIymui Mecs -15 -8
Cpenusia 3a Ba NpeABIAYLIMX MECALa -15 -4

B cnyqae, ecim mis cymoB emoBEIX KIaccoB Arcd — Arc9 MUHHMAaIbHAsS
TEMIIepaTypa BHIIE COOTBETCTBYIOIIEH MO CrelMUKAIMHM, TO B Ka4ECTBE
pacueTHOH MHUHHMAIIBHOM TEMIIEpaTyphl IIPUHUMACTCA TOCIIERHASL.

Junsa cynoB nemoBeix kiaccoB Icel — Ice3 pexoMeHAyeMEie pacdeTHBIE
TIapaMeTpHl JISHOBHIX 00pa3oBaHMi, PeXWMBI M CKOPOCTh MBFIKCHHS ISt
Ha3HAYCHUS JICHOBEIX HAarpy30K TIpeAcTaBieHs B Tabm. 2.2.3-3. Jlna
YKa3aHHEIX CY[AOB MHMHHMAllbHas pacdeTHas TEMIIEpaTypa OIPeHessIeTCs
cnemmbukanpeil. B sToM ciydae cpemmme TemiepaTypsl 3a TIpEIBILYIIMA
MeCAII M 33 ABa IpeIbIAYINNX MecAlla MPHHIMAKOTCA B JBA pa3a MEHBINE, 9eM
MHHUMAaJIbHaA.

Jns 1enoKONOB PEKOMEHAYEMEBIE pacdeTHHIE MapaMeTPH JEHOBEIX
o0pazoBaHMii, PeXNMBI M CKOPOCTh IBVDKEHMS ISl HAZHAYEHMS JICHOBEIX
Harpy3oK IIpeCTaBlIeHs B Ta0l. 2.2.3-4.

s negokonos pacdeTHas CKOpOCT ompenensercss kak 0,6V rme Vo —
CKOPOCTP Ha 9UCTOH BOJE IPH MOJHOH MOIMHOCTH (3afaercd crienubuKarmeir).
Hna nemoxonoB nemoBoro kiacca Icebreaker 6 pacderHmie TeMmeparypsl
TPEACTaBICH B Tabnm. 2.2.3-2. J{nd 1eqoKoNoB, paboTaloMX B YCThAX
Cubupckux pek, pacdeTHas MHHHMMAllbHas TEMIEpaTypa HE TOJXKHA
mpessmare —50 °C (cm. 1.2) [3]. B cnywae, ecnm MHHHUMaIbHas
TEMIIEPATYPa BEINIE COOTBETCIBYIOWICH 1O CrenM(uUKaLMM, TO B KadeCTBE
PacYeTHOH MHHMMAIBHOH TEMIIEpaTyphl IPUHAMAETCH II0CIIETHIS.
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Tabnupa 2.2.3-3

PekOMEHIyEMBIE pacucTHLIC MapaMeTphl JICKOBLIX 00pa3oBaHMi,
PEXKHMBI H CKOPOCTh XBHMKCHHSA 118 Ha3HAUCHHS JICAOBRIX HAIPY30K

cylam nexoBhIX kinaccos Icel — Ice3

JBmxeHue B KaHAne (3MMHE-BECCHHSS HABHMTALMS)
JlemoBEIi KIace
Crxopocrs, y3. Ty ¥ TONMIIUHA Tun Topoca, TommuHA
POBHOIO JBA3, M KOHE. JaCTH, M
Ice 1 3 FY, 0,35 FY, 0,70
Ice 2 3 FY, 0,5 FY, 1,0
Ice 3 3 FY, 0,65 FY, 1,3
YcnoBHOe o6o3HaueHHuE:

FY. — omHonernwii nex.

Tabnupa 2.2.3-4

PexoMeHIyeMbIe pacieTHRIC MapaMETPhl JICIOBRIX 06pa3oBanMii,
PESKHMBI H CKOPOCTE JABHKCHMS AJisi HA3HAYCHHS JICAOBLIX HAIPY30K JICAOKOIAM

negoBbIX KiaccoB Icebreaker 6 m Icebreaker?7

JlenoBerit Cropocts 3uMEE-BECEHHNAA HABKTALMSA JleTHE-OCEHHNAS HABHTAILIAA
Knace Tvn » TomIpHEA Twm Topoca, |Tun u Tommunal Tum Topoca,
POBHOIO JIbZia, M | TONIIMHA KOHE. [POBHOIO JILIA, M| TONMMUHA KOHE.
9aCTH, M 9acTH, M
Icebreaker 6| 0,6V, FY, 1,5 FY, 3,0
Icebreaker 7| 0,6V, [FY, 2; MY(SY), 2 Fresh, 2 FY, 4 MY(SY), 2,5 FY, 5
Icebreaker 8| 0,6V, MY, 3 MY, 6
Icebreaker 9| 0,6V, MY, 6

VenosEbse 0603HAYCHUA!
Vo — CKOPOCTE Ha YMUCTOH BOZE IPH NOMHOH MOLIHOCTH;

FY. — ogHoneTHMid NIek;

Fresh — pactpecuennsii jien B yerbax Cubupcexux pex;

MY. — MHOTONETHHI T,
SY. — meyxnernwmii nex.
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3 METOJIHUKA PACYETA ITPOYHOCTHBIX XAPAKTEPACTHK
JIETOBBIX OEPASOBAHHIA

3.1 OBIIEE ONMCAHHE METOJIHKH PACUYETA
MPOYHOCTHEIX XAPAKTEPHCTHK JIEJOBBIX OGPA3OBAHMIA

B 3aBucHMOCTH OT THma JibAa (OTHOJETHMM, MHOTOJIETHMH, pacmpec-
HEHHBIH OFHONMEeTHHI Wi yctheB Cubupckux pek: OQ6ckas ry6a, Exmceiickui
3MB) U TEMIICPATYPEl OKPYXAIOMIEr0 BO3AYXa M €€ HPEeAbIAyLIETO TPeHAa
(3Ha"eHUA TEeMIIepaTyp 3a JBa MPEABIAYIINX MECALA) OIPEee/IAIOTCS 3HA9CHUS
CIICAYIOIINX BETUIHH:

TIPOYHOCTH JbAa Ha OFHOOCHOE CXAaTHe MOIEePeK DPOBHOTO JIEHOBOTO
TIOKpPOBa M KOHCOIMANPOBAHHOM JaCTH TOPOCHCTOTO 0Opa3oBaHHS;

3HadeHHs IIPOTHOCTH JIbAA Ha M3THO;

mopyns IOnra;

XapaKTepHO# AJIMHEI JISHOBOTO TIOKPOBA;

pacpeneeHuii TeMIIepaTypbl, COJICHOCTA M TIOPUCTOCTH JIENAHOTO TIOKPOBA.

BaxHelIIMM 3JIEMEHTOM METOAVMKH ABISETCH ONPEHEICHHE INPOYHOCTH
JbIa Ha CMATHE WM KOHTAKTHOTO JISHOBOTO HaBIeHWA. IIpOYHOCTH JBJa Ha
cMmaTHEe (KOHTaKTHOE JIENOBOE AABIICHHE) OMpEHesIeTcd Ha OCHOBE THAPO-
JUHaMH9EeCKOH MOJCITH BRHITCCHEHHS JIEAOBOTO TOPOINKA NPH B3aNMOACHCTBHA
KPOMKH JIEHOBOTO TIOJA C 3JIEMEHTOM KOpPIIyca CymHa, NPeIIOXCHHOM
ILE. Xeiicumem 1 B.A. KypmiomoBem [4]. B mocneammne romsl ykazaHHBIH
TIOAXOA OBUT YCOBEPIIEHCTBOBaH M MCIIONB30BaH TIPH OIPENESICHUH JIEHOBHIX
HArpy30K, BO3ACHCTBYIOIMX Ha O0pT cyaHa, rpebusie BUHTH (E.M. AnmonoHoB,
H. Soininen, A.B. Auapromms [5], [6], [7]).

3HaueHWe NPOYHOCTH JbAa Ha CMATHE ompeneidercs B (yHKpM OT
TIPOTHOCTH Ha OXHOOCHOE CXKATHE.

Taxo#f TOAXOH IO3BOJAET OMNPEAENATH NPOTHOCTHHIE XAPAKTEPHCTHKH
JIEIOBOTO TOKPOBA M TIAPAMETPHI JIEAOBOM HATPY3KH B 3aBUCUMOCTH OT THIIA
JbJa, €ro TOJNIIWMHEI, TIEPHOAA OJKCIUTyaranuy (THIa HaBHTAUMH) M COOT-
BETCTBEHHO OT JIEOBOTO KJIACcCa CyAHA.

3.1.1 Meroguka pacueTra pacIpemelieHHs TEeMIIepaTypH IOMepeK
JIGHOBOTO TIOKPOBA.

PacmipeseneHre TeMieparyphl MONEpPEK JIEAOBOTO IOKPOBAa HMEET
pelaolnee 3Ha9eHUe I ONpeelIeHHs MPOTHOCTHEIX XapaKTEePHCTHK JIBAA.
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3.1.2 CHexHHI OKPOB H BEICOTA mapyca TOPOCOB.

Jlns ompezneneHus pacnpenecHHs TeMITepaTyphl TIONePeK POBHOTO JIbA U
KOHCOJIMIMPOBAHHON YacTH TOPOCOB HEOOXOAMMO YIHUTHIBATh CHEXHEIN
TIOKpOB. [l POBHOTO JBJA PEKOMEHAYETCH TMPHHWMATEH TONIIHMHY CHEXHOTO
TIOKpOBA:

Rg0w=02 MTpH by, > 1,4 M
3.1

Ponow™>0,14 M 1ipnt Ay < 1,4 M,

e A — TONUIMHA POBHONO (TEPMIYECKOID) JILZA.

Jns TOPOCHCTOTO JibAa TONIIMHA CHEXHOTO TOKPOBA MOXET OBITH
omnpezeneHa no gopmyie

hsnow = 0,11Hy, (3.2
e Hg,y — BRICOTa mapyca Topoca.
Bricora mapyca Hy,;.

Hyy = bh?ce’ 3.3)
pexomenayercs a = 0,5; b = 3,71.

J19 OLICHKHM BEICOTHI TIApyca OTHOJIETHHUX TOPOCOB B KadeCTBe A, MOXET
OHITh MCIONB30BaHA TOJNINHHA DPOBHOTO (TEPMHUUECKOTO) Jbaa. s
MHOTOJICTHUX apKTHIECKHX TOPOCOB Ajpe ™ 1,8 M.

3.1.3 Omnpegenenne pacupeneiceHus TEMIEPaTypPhL

Pacripezesnerue TeMrieparypsl 1o TOMIIHHE JISJOBOTO IOKPOBa (KOHCOHIH-
POBaHHOM 9acTH TOpOCa) OIpPEmeNAeTCd W3MEHEHHEM CPENHEMECSIHBIX M
MHHHMAJEHEIX TEMIIepPaTyp OKPYXaloIero BO3AyXa M, B o0meM ciydae, He
SBIIAETCS JIMHEHHEIM TI0 TOJIIMHE JIEAOBOTO TTOKPOBa (JISHOBOTO 0Opa3oBaHuA).
Jns ompeneneHus pacipeaeiieHus TEMIIEPATYPEl PEKOMEHAYETCS UCTIONB30BATh
TIONIOXKEHUA METOINVKH, pa3paboTanHoii B [8].

IIpuBeneHHas TOMIIMHA 3KBHUBAJIEHTHOTO JIEAOBOTO (CHEXHO-IEHOBOTO)
TIOKpOBa ompexesercs mo hopmyne

(hice)eq = hice + 5hsnaw- (34)

Temmeparypa Tomin Ha BepXHEH TPAHHIIE CHEXHO-TENI0BOTO TIOKpOBa (= 0)
OTIpeIeNAETCA KaK MUHMMATEHAA TEMIIEPATypa BO3MAyXa 3a TIOCIENHNE 5 JHeH
(cm. Tabm. 2.2.3-2 u puc. 2.2.3).
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Temmeparypa B cepemvHe IPHBEACHHOM TOJIIMHEI JIbJa OIS Eie= 0,5
onpenengercsa o dhopmyie

I(Eice= 0’5) = (Ewemdge + 0’5 1:))/ 2 0’5 T;zveradge, (35)
e Ejce= * e HOPMMPOBAHHOE PACCTOSHME OT LIOBCPXHOCTH CHEIKHO-TELOBOIO NOKPOBA;
ice,
_ &ice — DACCTOSHHC OT IIOBEPXHOCTH CHEIKHO-IEAOBONO TOKPOBA, 0 < Eive < (Bice)eqs
ice— 0 — BEPXHSI IPaHMNA CHEKHO-JIEAOBOTO NMOKPOBa, &~ 1 — HMXXHIA IPAHULA;
Thiveradge — CPECOHEMECSMHAS TEMIIEPATYPA BO3AYXA 3a MPCIRIIYIMIA MECSL IS JIBIA TCPMUGCCKOIO
HApacTaHvi, i CJIOSHBIX JIBAOB ¥ KOHCONMAMPOBAHHON JaCTH TOPOCOB CPEIHEMECSIHASL
TEMIIEPATYpPa IPUHMMACTCS 33 MPEABINYIIUE ABa Mecsua (cm. Tabm. 2.2.3 3 u puc. 2.2.3);
T, — Temmeparypa samepsarua Bogpl, (- 1 °C).

Tpr abc(0,5Tveradge) < abs((TmintTo)/2) pacupenciicHHE TEMIEPaTyphl
¢ HeoOXOAMMO# TOYHOCTHIO ONMCHIBAETCA THIICPOOIIOH

TEice) = d + bEee) + a(Be) + c(Ere):
(3.6)
T(Eice = 1) = TOa T(Eice = 0,5) = OaSTuveradge’ T(Ezce = 0’5) = Tmim

E_,ioe

e Eice= (hice)eq ’ 0 < E.vice< 1;

T(E;c. = 0,75) = 0,4(0,5T, averadge + (— 1)) — BCIIOMOTaTENBHAS TOYKA YIS NOCTPOEHUS rUNepGOEL.

Ipu abc(0,5Tveradge) = abS((TmintTo)/2) AA pacTpefieNieHHs TeMIIe-
paTyphl pEKOMEHIYEeTCH HCIOB30BaTh Tapaboiy

TEice) = d + b(Eice) + alGice);

_ G.7)
TEie=1)=Tp

KoapdpmmenTsr mus ypasrHennit (3.6) u (3.7) onpenensnoTcs IpH IOMOIIM
CTaHAApTHEIX cpeacTB Excel kak ypaBHeHWe K JIMHMM TpeHJA MarpaMMEL.
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3.2 METOJHKA PACYETA IPOYHOCTHBIX XAPAKTEPHCTHK
POBHOI'O OJHOJETHET'O H MHOI'OJIETHEI'O JIE1OB

3.2.1 Conenocrs.
3.2.1.1 Cpegnaa COJEHOCTH OTHOJIICTHETO MOPCKOTO JIBAA.
Cpeansst CONEHOCTh OJHONETHET0 MOPCKOTO JIBA TIO €ro TONIMHE, g,

ompenensercsa mo popmyne

91,603
hice ’

T8¢ Aice < 2,0 M — TONIMHEA POBHOTO (TEPMHYECKOT0) OFHONCTHETO JIBJA, CM.

(SfY )averadge = 4,606 + (38)

3.2.1.2 PacmpepeneHue COJIGHOCTH i OHHOJIETHETO MOPCKOTO JBAAa B
3MMHE-BECCHHIOI0 HABHTALHIO.

Pacnipeie/ieHie COCHOCTH, %/g0, TIOTIEPEK JIIOBOTO TIOKPOBA IS OZHOJET-
HET0 MOPCKOTO JIbia B 3MMHE-BECEHHIOI) HaBHUTALMIO OIpPEIeNieTcs II0

dopmyie

Y — —_— —_— —
(S”’)Sfid = —0,2239(&_,-03)4 + 3,1592(&;,,3)3 — 1,6035(&103)2 —1,33365,,+1,45, (3.9)
7 Javeradge
e Eice= i’“ — HOPMMPOBAHHOE PACCTONHHE OT IIOBEPXHOCTH CHEKHO-ICAOBOIO MOKPORA;

0<&,.<1 — HOpMHpPOBaHHOE PACCTOSHHE OT NOBEPXHOCTH JIHAQ;
§ice — DACCTOSHME OT TIOBEPXHOCTH JTBIA;
npy 3TOM E.n'oe = 0(§ice =10— TOBCPXHOCTE JIBAA, gice = l(gice = hice);
hjce — TOMIMHA NBIA;
(57 )averadge — CPEAHS CONEHOCTH N0 TONIIMEE JELOBOTO MOKPOBa (cM. dopmymy (3.8)).

3.2.1.3 Pacmpenmenenne CONIEHOCTH IJI OMHOJIETHETO MOPCKOTO JIBAA B
JIETHE-OCEHHIOK HABUTALIHIO.

PacripelelieHie CONSHOCTH, /o, TIOMEPEK JELOBOTO TOKPOBA IS
OHOJICTHETO MOPCKOTO JIBIA B JICTHE-OCEHHION HABHMTAIIMIO OIPEAETACTCH

o Gopmyne

i

__nr
(Sfy)a veradge

= 10,146 —14,105(E,.F + 5,44E,, + 0,42, (3.10)

1€ (ST averadge — CPEAHSS CONEHOCTH N0 TONIIMHE JEAOBOIO MOKPoBa (cM. dopmymy (3.8));

Ez’ce= % » 0<E&,.<1 — HOpPMUPOBAHHOE PACCTOAHKE OT HOBEPXHOCTH JBAA.
ce
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3.2.1.4 CpemHas COJICHOCTh MHOTOJIETHEIO MOPCKOTO JIBJA.
CpemHsas COJICHOCTh MHOTOJIETHETO MOPCKOIrO JIbAa [0 €ro TOJIIHHE, 0/00,

ompeznensercsa mo popmyie

99810,5
(SFY )averadge =1 8 +——— hwe

rae e = 2,0 M — TONIMHEA POBHOTO MHOTOJICTHETO JIBAA.

(3.11)

3.2.1.5 PacnpeneneHnie CONICHOCTH IS MHOTOJIETHETO MOPCKOTO JIBJA B
3UMHE-BECEHHIOIO H JIETHES-OCEHHIOK HABHTALMH.

Pacnipenenenne coleHoCTH, %/00, TIO TONIMIHE MHOTOJIETHETO JBAA ompezne-
ngercs o ¢hopmyie

DA = 0 =
Moo = ~ 05204’ + 1,835%e + 0262 G.12)

1€ (ST averadge — CPEAHSS COJICHOCTS [0 TONIIMHE JCAOBOIO MOKPOBa (cM. dopmymy (3.11));
m E.u'ce
ga p—t

e hice

— HOPMHPOBAHHOE PAacCTOSHHUE OT NMOBEPXHOCTH JbAa, 0 <& < 1.

3.2.1.6 PacnpenmeneHre COJEHOCTH I PACIPECHCHHOTO JIbJAa B YCTBAX
Cubupckux pex.

OTmunrensHOM 0COOCHHOCTHIO YCTheB cHOMpckmx pek (OOckas ry0a,
Enuceiickuii 3aJMB) ABJIAETCA TIOHWXKEHHAS COJICHOCTh BOABI H JIBJA.
PacnpezienieHue CoIeHOCTH, g, ONpEAENIeTcs 1o (popmye

‘glresh

et = 11,144(8 ..)* —22,348(E o) + 11,13E,,,+0,1223, 13
P mreradee (Eice) Gice) Eicet0,1223 (3.13)

e (S}‘"”')ave,adge & 1% — CpemHAs CONEHOCTS IO TONIIMEE JIGAOBOTO NOKPOBA;

T &ice
arce hice

— HOPMHPOBAHHOE PAacCTOSHUE OT MOBEPXHOCTH Ibaa, 0 <&, < 1.

3.2.2 MopHCTOCTH OTHOJIETHETO ¥ MHOTOJICTHETO JIBIOB.

IIpogHOCTHEIE XapaKTEPHUCTHKH JIEHOBOTO TOKPOBA OMPEHEIAIOTCS CyM-
MAapHO# NOPHCTOCTBIO JIbAA (0OBEMOM KHUIKOHM M Ta30BO# (a3).

OtHocHTEbHAs CyMMapHas OPHUCTOCTE JIBAA:

V=V,+ vy G.14)

i€ V, — OTHOCHTEILHEIA 00beM ra3oBoii da3sr;
Vp, — OTHOCHTEBHEI 00BeM xuaKoi (assl
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3.2.2.1 OtHOCHTENBHEIH 00BeM XUIKOH (azbl.
OTHOCHTENbHEIH 00beM XuaKo# Ga3sl onpenensercs 1o dopmyie

vy = (PSYFiAT), (3.15)
rze p = 0,92 — mwIoTHOCTH NbZa, ™

S; — conenocts 1618, Yoo;
F1/(T) — ¢yskuums or remueparyps 7, °C.

Jnsa remmeparypst 0> 7> —2, °C.
FiT) = —4,1221-102—1,8407-10-T + 5,8402-10™"-7* + 2,1454-10-%. (3.16)

Jna temmeparypet —22>T2> —22,9 °C.
FiT) = —4,732—(2,245-10)- T — (6,397-107)- 7> —(1,074-10%)-7%.  (3.17)

Jns remmeparyper —22,9> T> —30, °C.
F(T)=(9,899-10%) + (1,309-10%)- T+ (5,527-10)- T>+ (7,160-10™)-72.  (3.18)

3.2.2.2 OTHOCHTENBHEIH 00BEM Ta30BO# a3kl

va= pS(FATYFY(D), (3.19)

rze p = 0,92 — mIoTHOCTH NIbAA, ™
P; — IUIOTHOCTH YHCTOIO JIbAR;
S; — conenocts a6xa, Yoo;
F>/[(T) — ¢ysxuus or remueparypst T, °C.

Jna remmeparypst 0> 7> —2, °C.
Fo/(T) = 9,0312:102—(1,6111-102) T+ (1,2291-10°%)- 7% + (1,3603-10™)- 2. (3.20)

Ja Temmieparypsl —2>T2> —22,9 °C.
Fo/(T) = 8,903-10%—(1,763-10%)-T — (5,330-10*)-T% — (8,801-10%)-73. (3.21)

Jnsa remmeparyper —22,9>T> —30, °C.
Fo/(T) = 8,547 + (1,089) T + (4,518-10%)-7% + (5,819-10™%)- 2. (322)
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3.2.3 MpounocTs HA OJHOOCHOE CKATHE POBHOIO OXHOJETHEr0 H
MHOTO/ICTHETO JILIOB.

3.2.3.1 OgHomeTHMIA JIEXOBEIH TIOKPOB.

MakcuMansHEIE 3HAYEHHA TPOYHOCTH ONHOJIETHETO JIbJA HAa OJHOOCHOE
CXATHE TIPH BEPTHKATEHOM HATPYXCHHH (G compr)v, MITa (cM. puc. 3.2.3.1-1),
orpezenskoTed mo Gopmyie

(Crompr)v = 17,5exp(—0,007v), (3.23)

IJe v — CyMMApHas IOPHCTOCTS JBAR, /oo,

Hazpysxa

Puc.3.23.11
CxeMa BEPTUKAILHOIO HATPYKEHUS OZHONCTHETO JIbAA

MakCHMAJIBHEIE 3HAYEHHA HPOYHOCTH OFHOJIETHETO JIHAA HA ONHOOCHOE
CXXaTHe TIPH TOPH30OHTABHOM HarPy>KSHHH (Gfo’:@,)y, MIIa (cm. puc. 3.2.3.1-2),
oIpeaeIaIoTea 1o Gopmyie

(G tompr)ir = 10,1exp(—0,008v) (3.24)

rAe v — CyMMAapHasi HOPUCTOCTE JIBAA, % 0-

I('pucma/mu

Puc. 3.2.3.1-2
Cxema rOpM30HTAIBHOIO HArPYXEHUs. OLHOETHETO JIbIA
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IIpousocTe OZHOJICTHETO JbAA HA OZHOOCHOE CXATHE MPH KOCOM
HATPY)XEHHH OTIPEIENISIETCS B 3aBUCHMOCTH OT YTJIa TIPHIIOKEHHUS HATPY3KH y°
(yronm Mexzay BEKTOPOM HArpPy3KH M BEKTOPOM TOPHM3OHTAILHOIO HATPYXECHHS
OJTHOJIETHETO JIbJia, TIPH TOPH3OHTAJILHOM Harpyxeswn Y'= 0,0 rpag, mpw
BepTHKANEHOM Harpyxersn y°= 90,0 rpax) (cm. prc. 3.2.3.1-3).

-FY —AsTY
(CcomprImix = (‘—u’—"“’" oy (Ocomett). (0. (617 3o (3.25)
0
1’ =90—B,

rme 7’ -— yron marpyske Ha NeiOBOS nONE (Yroj MEEY BEKTOPOM HAIPY3KHM U BEKTOPOM
TOPH3OHTANLHOTO HArPYXeEus), IPaA. Yros HarpysKd PaBeH YITy HAaKnoHa (passana)
DHIZHTOYTa B INIOCKOCTH, NCPICHIMKYNSAPHOMN BATSPIHIM.

Hazpysxa

Puc. 3.2.3.1-3
CxeMa KOCOro HArpyXeHus OZHONETHEND bJA

3.2.3.2 MHoroneTH!#H JIeOBBI TIOKPOB.

MHorosieTHIIA Jiel SBISeTCS MPAKTHYeCKH aHM30TPOITHBIM, MOITOMY €ro
TIPOYHOCTE I BEPTHKAJBHOTO ¥ TOPH30HTAILHOTO HATPYXKEHHH TPUHUMAETCH
oxuHakoBoH. IIpOYHOCTE MHOTOJIETHETO JbJia Ha OOHOOCHOE cxkarme, MIla,
onpenpensiercs o hopmMyie

(Cltmpr) = €xp(—0,6593-In(v + 25) + 4,838), (3.26)
[I€ V— CyMMapHas IOPHCTOCTh Jibaa, /oo,

3.2.4 TIpounocTs JeJ0BOT0 NOKPOBA HA W3rH0.
PacuerHas MPOYHOCTH OFHOJNETHETO M MHOTOJIETHETO JISJOBOTO OKPOROB
Ha m3rub, Mila, onpenensiercsa no popmyne

(Cbend)ry, my= 1,76exp(—5,88-v5"). (327
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PacaerHoe 3HagcHME MPOYHOCTH JICAOBOIO IIOKPOBA Ha H3THO OIPCHCIACTCA
s E.»ioe h, sle
ice

3HageHre OTHOCUTEEHOTO 00heMa UKo assr V7, onpenemserca cormacHo 3.3.2.1
VTSt CPEAHEH COICHOCTH TI0 TOJIIMHE JISHOBOTO TIOKPOBA M TEMITEPATYPEI Ha YPOBHE

— E.:ice —
E_»ice hioe 0,1-

3.2.5 IIpouHOCTH HA CMSATHE POBHOTO OTHOJIETHETO M MHOTOJICTHETO JIL/IOB,

IIpousOCTE JTHAA HAa CMATHE (KOHTAKTHOE JICIOBOE AARICHHC) OMPEHCIIACTCS Ha
OCHOBE THOPOAWHAMWYCCKOM TEOPUM BHITECHEHMS JIGZOBOTO IIOPOIIKA IIPH
B3aUMOJCHCTBIM OOpTa CygHa C JIeHOBBIM TOKpPOBOM. ClieHapwii B3aMMO-
OCHCTBHSA Ui HAKJIOHHOTO M TPAMOCTEHHOTO OOpTa MPEICTABICHH Ha
puc. 3.2.5-1 m 3.2.5-2.

IIpo9HOCTE JIBIA HA CMATHE Oy, WIHA CPSOHES 3HAYCHHE JIOKAILHOTO
KOHTAKTHOTO JICIOBOTO JABJICHHUS Pq OMpeneiseTcs mo dopmyie

Po = Corush = 2,46 mpr, (3.28)

TAC Ocompr — TPOIHOCTE JBJA HA OJHOOCHOE CXKATHE, I MHOTONCTHETO JBAA (clw"",,,,,), s
OIHONETHETO MBIA ( O'compr Jmix-

B kadecTBe pacHeTHHIX I Ha3HAYCHHSA TPOYHEIX pPA3MEPOB KOPITyCa
TIPHHMMAIOTCS CpefHMe 3HadeHHUA AaBIeHHS po(b) 10 BEICOTE 30HEI KOHTakTa b
OOIIMBKY C JISHOBBIM MOKPOBOM (CM. puc. 3.2.5-1 u 3.2.5-2).

pouna 4

5,

% Kopnyc

%Bepmumnbm)e Hazpyoscenue

#" Topusonmansioe

s

" Hanp Kpuc nvoa

Puc. 3.2.5-1
BasoBriii coeHapuu B3aMMOJCHCTBYA HAKIIOHHONO 60PTa ¢ JIEAOBBIM OKPOBOM
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~ {)Ianpaename xpucmg‘;moe
Cxon nvda 20 it
3ona cuumwz.ubdqj P 5

Buimecnenue 1e006020 -
nopowxa

;@/};4.”
Cxon mwoa

Puc. 3.2.5-2
BasoBkIii crienapuii B3aMMOACHCTBIA OPAMOCTEHHOIO (OpTa C NEAOBRIM HOKPOBOM

Pol) = - Jpo(ENE, (3:29)

ra¢ b — NMpOTKCHHOCTE (BHICOTA) 30HEI KOHTAKTA OOMIMBKY C JIGAOBEIM MOKPOBOM BAONE &,

Hapnenne p, HeEOOXOOMMO pACCMaTPHBATh KakK JIOKAIHGHOE [JABIICHHUE,
COOTBETCTBYIOIIEE TUTOMAIX KoHTakTa S2 (0,1 —0,15)m>.

3.2.6 MeTonnka pacyeTa NPOYHOCTHBIX XAPAKTEPHCTHK OHOJICTHAX H
MHOT0JICTHAX TOPOCHCTHIX 00pa3oBanmii.

3.2.6.1 TommpHa KOHCOIMIMPOBAHHOM 9aCTH TOPOCHCTOIO 06pa3013a}mx

OneHka TOMIMHE KOHCOJMIMPOBAHHOM YaCTH OFHOJIETHETO TOpOCa hco,,,
omnpenenserca no Gopmyne

hcons = 2hice, (3.30)
TAe Ay — TONMIVHA TEPMIIECKOTO JIBIA,

JUti MHOTONETHETO TOpoca pacdeTHOE 3HAUCHHE TOJNIIMHEI KOHCOJNMIH-
POBaHHOM 9acTH NMPYHNIMACTCA PAaBHEIM

(hcons averadg — 4 m;
3.31)

(hoons max = 6 M.

3.2.6.2 ConeHocTh OJHOIETHHX ¥ MHOTOJIETHMX TOPOCHCTEIX 0Opa30BaHMiA.

JInst KOHCONMMAWMPOBAHHOM YacTH ONHOJIETHETO TOPOCAa pacHpeleleHHe
COJICHOCTH TIPMHAMAETCA PAaBHOMEPHEIM, 3Ha9CHHE CONCHOCTH PaBHO CpeiHeH
COJICHOCTH Il POBHOTO JIEAOBOIO TOKPOBA TIPH TOMNHHE A, (cM. 3.2.1).
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Js MHOTOJIETHHX TOPOCOB DACIHpPEHEIEHHE COJICHOCTH IIOTEPEK
KOHCOJIMIMPOBAHHOH HacTH AaHAIOTHYHO DACIPCICICHUI0 COJNICHOCTH IS
MHoOTOJeTHeTo Jibaa (cm. 3.2.1).

3.2.7 MopucTOCTE OXHONETHHX W MHOTOJIETHHX TOPOCHCTHIX 00pazoBaHmit.

TlopucrocTs onpeaenserca coracuo 3.2.2.

3.2.7.1 IIpo9HOCTE Ha OIHOOCHOE CXATHE OIHOJETHMX M MHOTOJIETHHX
TOPOCHCTBIX 00pa30BAHMIA.

JIns KOHCONMAMPOBAHHON YACTH MHOTOJIETHETO M ONHOJIETHETO TOPOCOB
TIPOYHOCTH JBJA Ha OFHOOCHOE Cxkarue, MIla, mis BepTHKAITEHOTO (c‘c‘.?’,,,p, cons, V
¥ TOPH3OHTAILHOTO (O ) cons, i HATPYXKEHHI OTIPEAENSETCS TIO CIETyIOIIM
topmymam:

(Gfoympr cons, V = Oag(cfo{npr)V = 14exp( - 0,007V), (332)
(o-foympr)cons, H™ Oag(cgo{npr)cons, V= 12,6exp( - 0,007V), (333)

IIe V — CyMMApHAs OPHCTOCTD JIBIA, /oo,

3.2.8 TIpo9HOCTh Ha CMATHE AJIS OMHOJIECTHUX ¥ MHOTOJIETHHMX TOPOCHCTRIX
o0pa3oBaHMiL.

g TopocHCThIX 00pa30BaHMii MPOIHOCTS JIBAA Ha CMATHE OIPEAEISCTCS
comacHo 3.2.5.

3.29 Monyns IOHra m xapakTepHas IJIFHA JIGKOBOTO TIOKPOBA.

3.2.9.1 Monyims IOmra.

PacuetHoe 3Hauenme ™momyns IOwra E =E(vp), Kr/M%, ompenenserca
s 10 % sarnyOneHns OT MOBEPXHOCTH JIbAa M CPCIHEH 10 TONIIMHE JIBAA
cojieHocTH 0 hopMmyre

E = 108-8,1663exp(—0,2112°), (3.34)
FIe Vs — OTHOCHTEIBHEL 06neM Jxumroit (assy, %/go;
Eice
—= =0,1.

pacueTHas TEMIIEPaTypa NPHHUMACTCS U1 [ P =
ice

3.2.9.2 XapaxTepHasd JIMHA JISHOBOTO IIOKPOBA.
XapakTepHas JJIHHA JISAOBOTO TIOKPOBa ompenenseTcs no Gopmyie
En,, 1

Lopical = | Ty - | (3.35)

rme v = 0,35 — xoatduument Ilyaccona;
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¥ = 1040 — ymennHBIA Bec BOTEI, Kr/M .

Bemmunna Ly, XapakTepusyeT pacIpOCTPaHCHHE HANPKCHHOTO
COCTOSHMA JIGHOBOTO TIOKPOBa TOJ JEHCTBHEM CTATHYECKOW HArpyskKw.
PacuetHoe 3HaueHME Lgpic, ompenenderca mma 10 % 3armyOnesms oT
TIOBEPXHOCTH JIbJa M CPENHEH II0 TONIIMHE JISHOBOTO TOKPOBA COJICHOCTH.
E.»ic

hice

PacdeTHAs TEMIIEPaTypa IPHHMMACTCH I &= =0,1.

3.3 IPHMEPBI PACYETOB IMPOYHOCTHBIX XAPAKTEPHCTHK
JEJOBOI'O IIOKPOBA

3.3.1 Pacduer mpOYHOCTHHIX XapaKTEPHCTHK POBHOTO OXHOJIETHETO
JISHOBOTO TOKpoBa TonmuHOM 1,45 M (ToNCTHIN OFHONETHHI Jiex), MapT,
Kapckoe mope [9].

3.3.1.1 PacnpeneneHue TeMIrepaTyps.

Hcxopneie JaHHEIEC:

ToMmMHA ahaa — 1,45 Mm;

TommuHA cHera — 0,2 M.

TpuBeaeHHas TONMIMHA KBHBATCHTHOIO JICAOBOTO TIOKPOBa (CM. dopmyity (3.4))

(hicedeq = hice T Shsnow = 2,45 (CHEXHO-JIEIOBEIH TIOKPOB). (3.36)

MuHuMaIEHAs TEMIIEpaTypa BO3AyXa M HAa TIOBEPXHOCTH SKBHBATIEHTHOTO
JI€JOBOTO TIOKPOBA (HAa TIOBEPXHOCTH CHETa)

Tonin = (—40) = T(Erce =(hii)°; = 0) = —40, °C (cm. puc. 2.2.3). (3.37)

CpemHeMecsgHas TeMIIepaTypa BO3AyXa 3a NPEABIAYIIHI MeCAL WA JIbIa
TEPMHUYECKOTO HApaCTaHHUA

Thveradge = — 32,5, °C (cm. puc. 2.2.3). (3.38)

Temmeparypa B cepemire TIPUBEICHHOM TOMIMHK JbAa (cM. dopmyiy (3.5))
TEice = 0,5) = Taveradge + 0,5T0)2=0,5Tyeradee = —16,25,°C . (3.39)

TeMmeparypa Ha HYDKHEH MOBEPXHOCTH Jbaa (cM. dopmymy (3.6))

TEie=1)= —1,°C. (3.40)
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Temmeparypa BO BCIIOMOTATENIBHOM TOIKE

T(Eice =0,75)= 0’4(Taveradge + (—=1)= —6,9, °C. (341)

PacmipefieneHne TeMIIEpaTypHsl TIONEPeK CHEXHO-IEJOBOTO ITOKPOBA
onpeznenseTcs YUCICHHO TpH TOMOILIM CTaHAAapTHRIX cpeAcTB Excel kak
ypaBHEHME K JIMHIH TPEHAA JUarpaMMEL.

Tonepek SKBUBAICHTHOTO JIEOBOTO TIOKPOBA C TOMMIMHON (Aice)eq = Aice +
+ Shgpow = 2,45 M2

TG = — (14,1338, —4,2E2,— 48,933E%, + 40), (3.42)
7 _ _Gee \_
—— ( o ) .1,

rae &;ce = 0 — IOBEPXHOCTB JIBA;
Eice = 1 — HMXHSA rpaHMIa JIBZA.

PacnipeznieneHrie Temiieparyphl TIOTIEPEK JISAOBOTO TIOKPOBA ToMIMHOM 1,45 M
HMeeT BHA

TEsee) = —0,657E,—8,7865E ., + 29,09E,..—20,628, (3.43)
' gice — o= 5,.,
l'lpld 9TOM &ins_(hwe)eq _[0’1]; &uz hwe - 1’45 E)

rze Eice = 0 — TMOBEPXHOCTE ThIa;
Eice = 1 — HMIXXHSN IPaHULA JIBZA.
3.3.1.2 PacnpeneneHue COJIEHOCTH.
Cpemmsist conenocts, %go, onpenensercs mo dopmyrne (3.8).

91}"603= 5,23. (3.44)
iee

(Sf Y)avemdge = 43606 +

3.3.1.3 TIpogHOCTHEIE XapaKTePHCTHKH.

IMonpoOHbIe pe3yabTarTsl PacdeTOB MPOYHOCTHEIX XAPAKTCPHUCTHK JIBAA
npuBeneHsl B Ta0n. 3.3.1-1 — 3.3.1-3. Kak yka3mBajoch BEIIIE, PacdETHHIC
3HAYEHUS CTaTM4ecKoro Moayis IOHra, XapakTepHOH MIHMHE JIEHOBOTO
TIOKPOBA Lyypse,; M IPOTHOCTH HA M3THG JIETOBOTO TIOKPOBA OMPEEIISIOTCS! IIst
10 % 3armyOneHHs OT TOBEPXHOCTH JbJa M cpemHell IO TOMIMHE JhIa
COJIEHOCTH, 9TO 00eCIIeurBaeT HaMIydIlee CONIacOBaHIE PACUCTHEIX 3HATCHUH
C pesynsTaTaMi HaTYPHBIX H3MEPEHMI.
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Tabauua 3.3.1-1
PacdeT NMPOYHOCTHLIX XAPAKTEPHCTHK Nonepek Je1oBoro nokposa. Mapt. Kapckoe mope. ToJicThili ogHOIeTHHIH JTe].
Toqmuna jJoaa — 1,45 m. Tomnuna caera — 0,2 m

(1 ~ § ~ o 7~ o ~~
gd S| e o I S PO P PR R
Ex o | 3 o N 58 g Sa 5 a9z o
3,18 | - =lEL | 2 | B |8 ol5. [Bea|E |eifzei.:
ce R | L8 8| £13f| 8 |55 | IS |5E|Tecb|eisfeest
=g [e8 O < %s& e | g |& olise _|EEc |BEbe|sEESlgane
5 Eg Py 2 = <l g S oi-EOO-oam-rmoagE
OE E::: E _5‘5 EE- Eg ﬁ% E: agﬁ OEE\ E E:&’ mmo%
2 |25 4 4 g - E §> og‘\oo& og*g EEE?Eg\o
EE 5 & &g g & & \Eg Eg & %"‘8‘%50’5 %go %mmm§8m8‘§g’§§
SClEE | D BT | B EE|ES | i |iocletileat gttt
BEEE | 25 |82 | Ba|zs |82 | g3 |orafibal|iss|dis|dadaliats
0 0 -20,628 | 7,5835 | 28043551 |24,87852]0,303153|7,542006|32,42052|7,809548 | 13,9469 |12,86563 | 11,11399 | 8,237336
-0,145 0,1 -17,8075 | 6,81857 | 252,84074 |24,81042]0,283657|7,037637|31,84805]7,845396| 14,0029 |12,91808]11,12759| 8,24869
-0,29 0,2 -15,1667 | 5,98341 | 226,08064 | 24,34855]|0,264518 | 6,440641| 30,7892 |7,912135|14,10708]13,01566 | 11,14697 | 8,264862
-0,435 0,3 -12,7095 | 5,17294 | 199,31396 |23,87743]0,245071|5,851659]29,72909|7,979523 | 14,21215] 13,11409 | 11,17028 | 8,284322
-0,58 0,4 -10,4399 | 4,47927 | 172,14236 |23,93907]0,225007 | 5,386463 | 29,32554 | 8,005325| 14,25235]13,1517611,19071 | 8,301379
-0,725 0,5 -8,36175|3,991699| 144,54127 |25,40702]0,204326| 5,191325]30,59835|7,924225| 14,1259313,03332| 11,19879 | 8,308138
-0,87 0,6 -6,47905 | 3,796717| 116,79037 |29,90812]0,183275]5,481411]35,38953|7,626241|13,66003 | 12,59701 | 11,18023 | 8,292655
-1,015 0,7 -4,79574 | 3,978002 | 89,404355 |40,93494|0,162291 | 6,643374|47,57831| 6,91771 | 12,54287|11,55184]11,11109 | 8,235133
-1,16 0,8 -3,31574 | 4,616421| 63,065004 |67,34492]0,141948 |9,559444|76,90437]5,471082|10,21513]9,379332| 10,948 |8,100302
-1,305 0,9 -2,04302 | 5,790034 | 38,55528 |138,1609]0,122899| 16,9798 |155,1407]2,925853|5,907461|5,382165]10,60837 | 7,823824
-1,45 1 -0,9815 | 7,574086| 17,665491 | 394,4504 0,1061151 41,856991436,3074]0,308588| 0,825348|0,734306|9,976662 | 7,329234




TaGnuna 3.3.1-2

PacueT MpOYHOCTHBLIX XapaKTEPHCTHK MONMEPER JCAOBOro Mokposa. Mapr. Kapcekoe mope.

ToncTeiii ogHoneTHMit ned. Tonmmuua mexa — 1,45 M. TommmHa caera — 0,2 M.
HopMHpOBaHHOE PaccTOSHME OT MOBepxAOcTH Juaa — 0,5

CKaTue, ropus.
Harpyxenue, MIla

(em. dopmyny (3.34)),
(upsmoii Gopr)

(c%pr)r = 10,1exp(—0,008v),
rie v — CyMMAapHas NOPUCTOCTs IhAa, %o

1 PaccroaHue 0,725
OT BEpXHEH
NOBEPXHOCTH JIBIA, M
2| HopmuposarHOE | E, 0,5
PpaccTOsEuME Eie= %
OT BEpXHei ice
TOBEPXHOCTH JTBA
3| Temmeparypa, °C. |®opmyna (3.47) B —8,362
TE ) = —0,657E.—8,7865E%, + 29,09E,,,—20,628
4 Conerocts, %0 | Dopmymna (3.9) 3,992
s = - -
—— L = 02239F;)*3,1592(E ) — 1,6035E.) —
(Sfy)averadge
— 1,3336Z, + 1,45,
FAC CPEMHSA CONEHOCTs, Y%o, Ompenemieres no dopmymne (3.8)
1,60
(S5 averige = 4606 + 22202~ 573
5 ®ysxiua Fl @opmyna (3.17) ons remueparypst —2 2 T2 —22,9, °C 144,541
(cm. dopmymsr (3.16) | Fi/(T) = —4,732—(2,245:10)-T — (6,397-107")-T°—
u (3.17) —(1,074-10%)-73
6 | O, obsem xuzKoit |v, = (pS)/F1/(T), 25,407
daser vy, %o e p=0,92Mg/m*(g/cm’®) — mnorsocs mexa, Mr/in’;
(cM. dopmymy (3.15))|S; — comeroCcTs TBAA, %o.
7 Oyuxuusn F2, @opmyna (3.21) gna remueparypm —2 2> T2 —22.9, °C 0,204
(cm. dopmymst (3.20) |Fo(T) = 8,903-102—(1,763-102)-T—(5,330-107)- 7> —
u (3.21) —(8,801-10%)-73
8 | O obmem rasosoit |v, = pS{FTVFI(D)) 5,191
dassL, v,, %o
(cM. dopmyay (3.19))
9 Cymmapuas v =y, + vy = 5,191 + 25,407 = 30,598 30,598
TIOPUCTOCTR, %60
(em. dopuyay (3.15))
10| Makc. nposHOCTS Ha 7,924
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Hpoodncenue mabn. 3.3.1-2

Ha CXKarue

BEPT. HATPYKEHHUE,
MIla

(em. dopmymy (3.33))

11| Makc. npo9HOCTE ( 0'5,’:,, pr)Y = 17,5exp(—0,007),
T Vv — CyMMapHasi IOPUCTOCT JIBAA, %o

14,126

12| Makc. npo4HOCTh Ha
CIKATHE KOCOE
Harpyxenue, Mlla
(HaKTOHHELT 60pT)
(cm. dopmyny (3.35))

compr )V O{OY r JH
(O e = (@M

90

)‘Y°+ (Ceomp)er

13,033

[HQ CMATHC I KOCOTO

(saknoHHELI GoOpT),
MIla
(cM. dopmyisr
(3.38) u (3.39)

_ 1 _ _
HArpyKCHUSA p()(&ice) = T jp()(&ice)d‘t:ice

13 CPG.EIHM TIPOYHOCTE |Pg = Ecmsh = 2540-(c)£qpr(gice); Ocomr = def(o'onmpr)H

11,199

Ha CMATUC

HATPYXCHHUS
(mpsimoit Gopr), MITa
(em. dopmymst (3.38)

u (3.39)

_ 1 _ _
AJS TOPU3OHTATTBHOTO pO(&ice) =T' ij(&ice)d&ice

14 CPeIlHM IPOIHOCTE | Do = Ecrush = 2940-2’09@7(%%5); Ocomr = dd(cg;ympr)H

8,308
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Ta6bnupa 3.3.1-3
Monyas KOHra, mpoTHoCTs J1nAa Ha H3rM0, XxapakTepnas AIHHA JICAOBOIO NOKPOBa
(10 % 3arny6nenns ot moBepxHOCTH), T.¢. 0,1

(em. dopmymy (3.45))

rae V'=0,35 — xoaddmment INyaccona;
Y2920 Kr/M°— yIeTbHEL Bec BOXBIL.

1 Paccrosaue 0,145
OT BEpXHEH
HOBEPXHOCTH JIbAA, M
2| Hopmuposamroe | g 0,1
paccrosHue gice= -
OT BepxHel Bice
TIOBEPXHOCTH B2
3| Temmeparypa, °C. |@opmyna (3.47) B -178
(em. mabn. 3.3.1-1) |T(E;.) = —0,657E%,—8,7865E%, + 29,09E,,,— 20,628
4 Conenocts, %o |Cpemmsis coneHocTs, %o, onpeaemsierces no popmyne (3.8) 5,23
1
(S oerndpe = 4606 + 222 =523
5 Oysxmus F1 Dopmyna (3.17) mus Temmeparyper —2 > T2 —22.9, °C 262,82
(cm. dopmyrmer (3.16) |F1/(T) = —4,732—-(2,245-10)-T — (6,397-107)-1°—
u (3.17) —(1,074-10%)-1
6 | Orn. obrem xugxoit (v, = (pS)/Fi/(T), 19,03
dassr v;, %o rae p=0,92Mg/m*(glem®) — nnorsocTs Mg, Mr/vd;
(em. dopmynty (3.15))|S; — coneHocTs mBaa, Y%e.
7| I 0,780
g My | (Ctend)rr ex = 1,76exp(—5,88%)
(cm. gopuyny (3.37) | ~ %0193
8 | Moxyns FOura, kv | E = 1,0%-8,1663exp(— 0,21v9°) 3,3-10°
(cm. dopmyry (3.44))
vy = 19,03%0
9 | Xapaxrepnas mmHa Eh va 17,43
TICIOBOTO TIOKPOBA, M | Lyyicas = [ u_y(l—L R
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3.3.2 Pacduer HPOYHOCTHHIX XapaKTEPHCTHK KOHCOJIHMAMPOBaHHOM
9aCTH MHOTOJIETHETO TOPOCa TOJIIHHOHN 6 M, MapT.

3.3.2.1 PacnpeneneHne TeMIIepaTypHI.

TomuyHa KOHCOMHAVPOBAHHOM 9acTH Topoca npuaMMaercs [11, crp. 364]:

hice = 6 M. (3.45)

Tomumua cHera onpeaenserca no gopmyne (3.2):
hnow = O,11HLY =09 M, (3.46)
e Hyqy = 5 M npu Tommuse 610xoB ias1a oxono 2 M (cM. dopmyiy (2.2)) [10, crp. 361, puc. 12.37].

TprBeeHHAS TONMIMHA 3KBHBATEHTHOIO JICIOBOTO TOKPOBa (M. dopmyity (2.3))
[10, cTp. 361, puc. 12.37]:

(hscedeg = hice T Shsnow = 10,5 M. (347)
MunnmasHas TeMneparypa I, BO3AyXa M Ha IIOBEPXHOCTH SKBHBAJICHTHOTO
JIEIOBOTO TIOKPOBA (HA TIOBEPXHOCTH CHETa) onpefensercs 1mo ¢opmyie

Tonin = (—40) = T(Esee =(thic;= 0)= —40,°C (cm. prc. 223).  (3.48)

CpemHemecsgHas TeMmiepaTypa BO3QyXa 3a JIBa NpPENBIAYIMX MeCAla
(tbeBpais, sHBapE):

(—32,5 °C + (=30 °C))/2 = —31,25 °C (cm. pric. 2.2.3). (3.49)

TemMrieparypa B cepevHe TPHBEACHHOM TOMIIMHEI JIbAa (cM. dopmyny (3.5)):

T iice —

ice— = 0,5, 3.50
Bt =0, (3.50)
T(Exce =0,5)= (T:tveradge + 0,5Tp)/2 E'(),STZLrverad‘ge ~—16°C. (3.51)

TeMmmeparypa Ha HIDKHEN NIOBEPXHOCTH Jba (CHEXXHO-JIEAOBOTO TIOKPOBA):

T =1)= —1, °C. (3.52)

Temmeparypa BO BCIIOMOTATENIBHOM TOIKE:

T(Eice = 0’75) = 0,4(Taveradge + (_ 1)) = _639 °C. (353)
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Pacnpez[enel-me TEMICPATYPH IIOICPEK CHEXHO-JICAOBOTO MMOKPOBa
ONPEACIACTCA YHCIICHHO B COOTBETCTBHMM C pasf. 2 npH 33JaHHBIX BBIIC
JAHHBIX.

T(Ee) = —(10,133E,, — 2,885, — 51,933E2,, + 40). (3.54)

Pacnpenenenre TeMmmepaTypsl MONEpeK KOHCOJMAMPOBAHHON YaCTH

ice
1ce=6M’

TommsO 6 M B Gyspm Ee= —32—= [0,1], Eem
ice
rae 0 — TIOBEPXHOCTH JbAAa, | — HIDKHAS TPAHMIIA JIBOA, UMEET BHL!
T(Ee) = —1,8907E2, —5,1684E2, + 25,1148, — 19,055 °C. (3.55)
3.3.2.2 PacpeneiieHie COJICHOCTH.

CpemHsst CONeHOCTh, /g, B COOTBETCTBHH ¢ 3.2.1, 1 MHOTOJIETHETO THIa
TIpH TommuHe 6 M:

(ST )averadge = 1,8 + &8,}2%= 2,07. (3.56)
ice

Pacnpezienienrie CONEHOCTH AJISE MHOTOJIETHETO JIbAA TIO TOJIIMHE ONpeze-
JIeTCA B cOOTBEeTCTBHM C 3.2.1:

SyY
(Syy)averadge

3.3.2.3 TIpo4HOCTHEIE XapaKTEPHCTHKH.

IMoapo6HEle pe3ynsTaTH DPAciYeTOB IMPOTHOCTHHIX XapaKTECPHUCTHK
KOHCOJIMIMPOBAaHHOH YacTH MHOTOJIETHEr0 TOpOCa IPEIACTABICHH B
Tabm. 3.3.2-1 — 3.3.2-3. Kak yka3eBajoCh BHIIIE, pacdeTHhIC 3HAYCHHSA
crarugeckoro Moy FOHra, XapakTepHO# [IMHEL JIGXOBOTO TOKPOBA Ly M
TIPOYHOCTH Ha M3rub ompenersmorcsa mia 10 % 3anTyOneHus OT MOBEPXHOCTH
JIbJa ¥ CpemHEl CONICHOCTH IO TOJIIHMHE JIBIA.

= —0,5244F)* + 1,835E,, + 0262, (57
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Pacuaer NPOYHOCTHRIX XapPaAKTCPHCTHK KOHCOJ’IIII[HPOB&HHOﬁ JACTH MHOIOJICTHEr0 TOPOCa.

Mapr. To,MHA KOHCOMIHPOBAHHON JACTH Topoca — 6 M

Tab6nauua 3.3.2-1

(]

g = 2 & Al & g =88 &2

22 S 5 s Sl |g |8 g 8. | 3|5E 3

g & N ) o S § s 5 223 ©

5 | 88 - = | & =| & |g _|&& B2 |85 |=55z (22 =
g = g g ~ e = a '&§§Q«s,§ s 32 e R ) 60"
5, g = = ) & el 2 EeR A B Eg;m EEEM
PElsi | e [,8 | S|is| S| iS | Slie.|gic|sik| ki

E‘,E g g & 2 B g 2 OE\E S OE:O E:ﬁ‘o Z28E
2 § g x5 E g & & g s EQC’ ES Egg %g’g HES

EE 2 g & s & g & En‘ s & \gg‘ &+ & %ES’E %Q% ESES §o=§ 52’58‘
88' gg % E & E—e _—8< ée k=2 gg—e- gg;—e-a %;e .8%& ggg' %E‘E-e;
g b > ; 4 > . > y y | B2E 2
fE|2s | & |88 | 88|82 | 82| 58 |51 |se8E| S hE|Sdad|sR88)5088
0 0 | -19,055 | 0,54234 | 26508938 | 1,882206|0,292333 [ 0,550231|2,432437|12,38728 | 13,76364 | 13,52115 | 11,45037 | 10,86417
0,6 0,01 |-16,5972| 0,91133 | 240,76166 | 3,48238 |0,275052|0,957837|4,440217| 12,2144 |13,57155|13,33245| 11,4023 [10,81857
1,2 0,2 | -14,254 | 1,25861 | 21640265 | 5,35077 |0,257524 | 1,37795 | 6,72872 |12,02029]13,35587|13,12057 11,3511 |10,76999
1,8 03 | -12,037 |1,584179| 191,54347 | 7,608951]0,239365 | 1,821318| 9,43027 | 11,7951113,10568|12,87478 | 11,29479|10,71656
2,4 0,4 |-9,95728 |1,888039| 16598733 |10,46463 | 0,22042 |2,306613]|12,77124]11,52246 | 12,80273 | 12,57718 | 11,23141 | 10,65643
3 0,5 |-8,02634)2,170188| 139,80183 | 14,28145]0,200748 | 2,866974|17,14842 | 11,17476 | 12,4164 |12,19765|11,15792]10,58669
3,6 0,6 |-6,255472,430627| 11330024 |19,73674]0,180612 | 3,564682|23,30142|10,70367 | 11,89297| 11,68344  11,06939 10,5027
42 0,7 |-4,65603 |2,669356| 87,012121 |28,22374|0,160449|4,528484]32,7522310,01848 | 11,13164 | 10,93553 | 10,95739|10,39643
48 0,8 |-3,23936 |2,886375| 61,644015 |43,07742|0,140846 | 6,067284| 49,1447 |8,9323899,924877|9,750022 | 10,80595 | 10,25275
54 0,9 | -2,0168 |3,081684| 38031301 | 74,54777| 0,12249 (9,131388|83,679167,014242|7,793602|7,656296 | 10,58032 | 10,03867
6 1 -0,9997 |3,255282 17,990934' | 166,46490,106405"| 17,71271 | 184,1776 | 3,471037 | 3,856708 | 3,788761 | 10,19614 | 9,6 74158




Tabnuma 3.3.2-2
Pacder MpOIHOCTHRIX XAPAKTEPHCTHK KOHCOMHINPOBAHHON TaCcTH MHOIOJETHEIO TOPOCa,

Mapt. TonmuAa KOHCOTHAMPOBAHHOK YacTH Topoca 6 M. HOpMHpPOBaHHOE PacCTOSIHEE OT
BepxXHeil OBEPXHOCTH KOHCOIMAHPOBaHHOH JacTn — (,5

CHKarHe, ropus.
Harpyxenue, Mlla
topmyna (3.43),

(pamoii 6opr)

(62 ) cons, 1 = 12,6exp(—0,007v),
e v — CyMMApHAA NOPUCTOCTH Jbaa, Y%eo.

1 PaccrosHue or 3
[BepXHCH NOBEPXHOCTH
KOHE. CIIOf, M.
2| HopmupoBanHOot | 3 0,5
pacctosEme 0T ;.= ——h"’e
[Bepxueit noBepxHOCTH ice
b
3| Temmeparypa, °C |®opmyma (3.59) —8,02
TGice) = —1,89078,—5,16848%, + 25,1148,,— 19,055
4 Conenocts, %0 |@opmyna (3.12) 2,17
sy _ _
——L = _0,5244(F,) +71 1,835E,, + 0,262
(‘Sd;n)averadge
TZE CPEIHSS CONMEHOCTh, %o, onpenensiercs no dopmyne (3.11)
99810,5
(S;{Y )averadge = 1,8 + 2 = 2,07
5 Oysxuus F1 @opmyna (3.16) g Temueparypsr —2 > T2 —22.9 °C 139,8
(cm. dopmymer (3.16) [Fi/(T) = —4,732—(2,245-10)-T — (6,397:107")-1%—
u (3.17) —(1,074-10%-73
6 | Ots. obwem xugKoit |vy = (PS)/F/(D), 14,28
dasmi, v, %o e p=0,92Mg/m’(g/cm’®) — nnoTHOCTS MHIA, MM,
(cm. dopmymy (3.8)) [S; — conerocts mmaa, %o.
7 Oyuxuus F2 @opmyna (3.21) mus Temneparypsr —2>T> —22.9, °C 0,20007
(cm. dopmysmst (3.20) |Fo/(T) = 8,903-102—(1,763-102)-T—(5,330-107)- 7% —
u (3.21) —(8,801-10%)-7°
8 | Orm. obmem rasooit |v, = pS{F(TVFy(T)) 2,86
(baSLI, Vas %0
(cm. dopmymy (3.19))
9 CymmapHas Dopmyna (3.14): 17,148
TNOPHCTOCTD, v=v,t+ v
v=y,+ v
(cm. dopmymy (3.14))
10| Maxkc. npouHOCTE Ha 11,17

32




Ipoonowcenue mabn. 3.3.1-2

11| Makc. npouHOCTE _ _ 12,41
Ha CIKaTHe (Uﬁg{npr)conx,f’_ 14CXP( 01007"))
BEPT. HATDYKEHHE, T Vv — CyMMapHas NOPHCTOCTE JIbAA, %o
MIla
(em. dopmyny (3.42))
12| Maxkc. IpoIHOCTE ofY. — (¥ 12,197
o cxae x0608 | = (22Ot o o7,
Harpyxenue, Mlla
(HaxoHHEI GopT)
(em. dopmymy (3.35))
13 Cpem'lﬂ IPOYHOCTE [P = Ecmsh = 2’40.256;!:1"‘(2&:&); Ccomr = 119159
HA CMSTHE UISi KOCOTO) def(cg,,p,),,,ix
HArpyXeHHs _ 1 L
(HaKI[OI-H-IBlﬁ 60p1‘), Mnalpo(&ice) =T jpo(aice)dgice
(cm. dopmyssr (3.38) ice
u (3.39)
- 06 (F af N
14 Cpemlﬂ HpquOCTB Po = OCcrush = 2,4ccémr(§ice); Ccomr =(°{anr)H 10,58

HA CMATAE LTS
TOPH30HTAIEHOIO
HArPYXEHUS
(npamoii 6opr), MIla
(cm. dopmymer (3.38)
u (3.39)

po(gice) = 1? IpO(Eice)dEice
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Tabnupa 3.3.2-3
Monyas FOnra, npoTHOCTS JIBAA Ha H3rHG, XapaKTepHa# JIMHA JCAOBOIO MOKPORa

(10 % 3arny6neHns OT MOBEPXHOCTH)

JIEOOBOIO IIOKpPOBA, M
(cm. dopmymy (3.45))

L. . .= [ %
o = | 12y(1—v) |

rae V20,35 — rxoadbdrmmment ITyaccona;
Y2920 Kr/M’— yIeIBHELE BEC BOXBL

1 Paccrosmuc 0,6
OT BEpXHEH
TIOBEPXHOCTH JIbAQ, M
2| Hopmuposamroe | £, 0,1
paccrosHue E.u'ce= hwe
OT BepxHei ice
NOBCPXHOCTH JIbAA
3| Temmeparypa, °C |®opmyna (3.59) —16,59
T(Eee) = —1,890782,—5,1684E2, + 25,114E,,,— 19,055
4 Conerocts, %o Cpemuss conenocts, /o, onpenemaercs no dopmyne (3.12)| 2,07
1
(S}{Y)averadge = 1,8 + %= 2"07
5 @Oynxums F1 dopmyna (3.16) m remueparypsr —2>T> —229 °C 240,76
(cm. dopmymst (3.16) | Fy/(T) = —4,732—(2,245-10)-T — (6,397-10™")-°—
u (3.17) —(1,074-10%-73
6 | Oa. o6bem xupKoii | v, = (pSY/F/(D), 7,9
dassl vy, %o rae p=0,92Mg/m’(g/cm®) — moTsOCTS MBTA, MI/MC;
(cM. dopmyry (3.15))|S; — comeHOCTs MBI, %0.
7| Ipourocts mema 1,04
Hz u3ru6, MIla (ciend)FXMY = 1,76-exp(—5,88v5°)
(om. gopuyny (3.37))| = %007
8 | Moayns KQ#ra, kr/v® |E = 1,08:8,1663-exp(—0,21v)) 4,52-10°
(cm. Gopmymy (3.44))
Vp = 7,9 %o
9 | Xapaxrepras mmiHa 3 1/4 56,356
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4 METOJIMKA PACYETA JIEMOBBIX HATPY30K HA PAHOH
JEJIOBBIX YCUJIEHHHA AT

4.1 OCHOBHBIE CIIEHAPHH B3AMMO/JEACTBHSI HOCOBOH
M KOPMOBOM YACTE#M CYAOB ABOAHOI'O JEACTBHS C JEJOBBIM IOKPOBOM

B xadecTBE OCHOBHOTO CLIEHApHA IS ONPEHENCHMS JIEHOBHIX HArPy30K
TIPUHHMACTCA yIap «CKYyJIOH» HOCa O KPOMKY JIGHOBOTO MONA (TOPOCHCTOIO
obpazoBanma) (cMm. puc. 4.1-1) [12]. Ina cymoB IOBOHMHOTO AEHCTBHS
aHAJIOTHIHEINA CICHAapWif paccMaTpHBaeTCs A KOpMEl (cm. puc. 4.1-2).
Yka3aHHEIE CLIEHAPMH MOTYT OBITH PCATH3OBAHEI KAK TIPH CAMOCTOATEIHHOM
IUIABaHWMH, Tak M IpH IBIKCHHM B KaHaje TOA TMPOBOAKOM JIEHOKONA, M
TIPHHMMAIOTCA B Ka4eCTBS OCHOBHEIX IIPH HA3HAYCHHMH JICAOBHIX HATPY30K Ha
KOPITyC JJISi IPOBEPKA M Ha3HA9CHHS MPOYHEIX Pa3sMepoB 0OImMBKYM 1 Habopa.

JIONOJHHTENEHO IS CYZOB JBOHHOTO AeHCTBHA HEOOXOAMMO paccMaTpH-
BaTh NPSMOH yZiap KOPMEI O JIeX KaK OfMH M3 OCHOBHEIX CIIeHapueB (cM. puc. 4.1-3)
TIpH CaMOCTOATEITLHO# SKCIUTyaTalli HA PEXMMAX 3aIHETO X0Ha.

Ha puc. 4.1-1 — 4.1-3: F;, F,, (Fyerticahuy — TOPHU3OHTAILHAS,
HOpPMAITbHasi, BEPTHKALHAS COCTABIIOIINE HATPY3KH Ha KOPIyC; W, b — mymHa
M BHICOTAa 30HBI KOHTaKTa; [' — yroja HakiOHA IMIAHIOYTA B IUIOCKOCTH,
TICPIICHANKYISPHOH JISHOBOM BaTepIIMHMM; ( — YTOJ PacTBOpa KPOMKH
JIEHOBOTO TIOKPOBA; 0L — YTOJI HAKJIOHA BATEPIIMHIY B PACUETHOM TOUKE KOHTAKTa.

Puc. 4.1-1
Vaap «cKymnoi» Hoca 0 KPOMKY JIEAOBOroO nons (Topocucroro o6pasosanus)
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Puc. 4.1 2
Yoap «CcKymoil» KOPMEI 0 KPOMKY JE€Z0BOTO OIS (TOpOCHCTOro oOpa3oBaHus)
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Puc. 4.1-3
Ipsivo¥t ymap KOPMEI CyAHA JBOMHONO ACHCTBHS O KPOMKY JIECAOBOIO TONS
(Topocucroro o6pa3zoBanus)



B obmem citydac ypoBeHb NEHOBO Harpy3Kd Ha KODIyC ONpEHENACTCS
pa3pylieHHMEM KpPOMKH JICHOBOTO IIOKpOBa M3rHOOM OT CHIIBI, KOTOpas
BO3HHKacT NPH B3aMMOJEHCTBHH O0OpTa CO JIHIOM.

IIpu Manex yrmiax ' B couetannu ¢ 6ONBMION CKOPOCTBIO B3aNMOAICHCTBHA
6opTa cO JBHIOM pa3pymICHUA JISHOBOTO MOKPOBA MOXET TPOHCXOIUTH Oe3
m3ruba, T.€. MOXKET PEATH30BATECA TAK HA3HIBACMBIN CLICHAPHI pa3pyIICHHUS JIbJa
CMSATHEM KaK TIpH B3aMMOJESHCTBHM C NPAMOCTEHHEIM 60pToM (cM. Tatoke 3.3.5).

4.2 OCHOBHBIE PACUETHBIE ®OPMYJIBI, HOXXOABI
H IOCJEJORATEJILHOCTh PACYETHOM IMPOIEXYPBI
JJIS1 HASHAYEHHS TAPAMETPOR JIEJOBBLIX HAI'PY30K
HA NPOM3BOJILHO OPHEHTHPOBAHHBLIM YJIEMEHT HOCOBOM
HJIM KOPMOBOM CKYJEI

4.2.1 Onpenenenne JIEAOBLIX HATPY30K HA HAKJIOHHBIA Gopr mpm
PAa3pyLICHAH JIEA0BOTO O/ W3rnbom.

Ha puc. 4.2.1-1 npencrasinena cxeMa JIOKATBHOTO paspyIIeHHs A IIpH
B3aMMOJCHCTBMM HaKJIOHHOTO OopTa co npaoM (POBHHH nel HIH
KOHCOJIMAMPOBaHHAA 9acTh Topoca) [12].

JlegoBoe paBneHue B 30He KoHTakTa (cM. puc. 4.2.1-1) onpenenserca Ha
OCHOBE THAPOAMHAMUYCCKOM TCOPMM BHIABIMBAHMA JICAOBOTO IIOPOMKA B
TOHKOM CJI0€ MEXIy TIOBEPXHOCTBIO TejIa M Hepa3pyleHHBM Jibaom [12, 13].

Bumecnenue 1006020
nopowka
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Puc. 4.2.1-1
CxeMa B3aMMOACHCTBHA JIEIOBOTO MIOKPOBA ¢ HAKIOHHBIM GOpPTOM HOCOBO#H (KOPMOBO#A)
OKOHEYHOCTH CyRHa [2]
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IIpOYHOCTE JIbAA HA CMATHE O, WM CPeIHEE JOKATFHOE JICHOBOE
IaBienve po(b) B 30He KOHTaKTa BEICOTOH b ompenensercs o dhopmyne (3.28)
(cm. 3.2.5).

TIpOoYHOCTE JIBJA HA CMATHE Ocpysp WIIM CPENHES 3HAUEHHE JIOKAJIHHOTO
KOHTAaKTHOTO JICIOBOTO HABJICHUSA Do

def _ _ 0,6
pod_o-a‘ush_ 2,4pcon;pn (41)
TIC Ogompr — HPOYHOCTh IIbJ2 HA OIHOOCHOE CXKATHE, Ui MHOMONETHETO JbJa (clw“’mp,),

V15 OZEONETHETO IBAR (CrormprImir(Y)-

TIprHuMas B0 BHIMaHKME MACIITA0HEN 3 eKT MPOTHOCTH JTha HA CMATHE
(KOHTaKTHOE JICOBOE MAABJICHHE) OT IUIOIIANM B3aWMOACHCTBHA CO JIHAOM,
JaBIICHHWE pp HEOOXOOMMO pacCMaTpHBaTh KaK JIOKAILHOE JICHOBOS JABICHHE,
COOTBETCTBYIOIIEE OTHOCHTEILHO MAJIOi IUIOIaAM KOHTAKTa KOpIyca Co
JTBOM.

Jlitst yaeTa aHM30TPOIMM MPOYHOCTHRIX XAPaKTEPHCTHK JIEAOBOTO TIOKPOBa
3HAYCHHUE O compy TIPH 33JAHHOM YTIIC HAKIOHA GOPTA 110 HOpPMATH K HAPYKHOH
obumeke B' (1A «KOCOTO» HArpyXeHus) 3amaercad B (YHKIMH OT MPOIHOCTH
ABOa HA OMHOOCHOE CXATHE MHpPHM BEPTHKAJIBHOM M TOPH3OHTAIBHOM
HATDYXEHISX, CoomprB) = O ompr, Clomprs B [131.

B kadecTBe OCHOBHBIX DACICTHBIX I HA3HAYEHWA TPOYHBIX pasMEPOB
KOpITyca NPHHAMAIOTCA CpPEeITHEMHTErpalbHEIe 3HAUCHH JaBieHud po(b) = po(h)
TIO BBICOTE 30HBI KOHTakTa b OOIIMBKY C JIeHOBEIM TIOKpOBOM (CM. pHc. 4.2.1-1).

1 1
Po(8) = Il = pold) = L potmydn, 42)
nae b — NpoTDKeHHOCTS (BRICOTA) 30HBI KOHTAKTA OOLIMBKY C JIGAOBRIM IIOKPOBOM, i = b-sin(90—B").

BeprukaneHas cmia, BO3HEHCIBYIOmNas HAa KPOMKY TOJNS CO CTOPOHEI
KOpITyCa, OTPEASIIETCS BEIPAKEHUEM

(Fyerticalutt = Fnc08(90 — B') — faF n5in(90 — ), (4.3)

rme  F, — nenosas cuia, HOpMAIBHAS K IIOBEPXHOCTH Gopra cyaHa;
B’ — yroxn HaknoHa Gopra o HopManu K HapyxHO# obmueke (cM. puc. 4.1-1);
Ja — xodpdumueHT IMHAMMHECKONO TPEHHA JBJA O IOBEPXHOCTEH Kopmyca. Jins kopmyca,
NOKPHITOro Kpackoil Tumna «Muepra» f 20,8, eci COCTOAHME KOPIIYCa HEUIBECTHO,
TO PEKOMCHZYyETCS IpUHUMATS fy =0,1;
F, = fuw, 44

e f, — YHACHBHAS JIEAORAS CHJIA HA €AUHMIY JIMHEIL
W — UIMHA KOHTAKTA 0 BATCPIMHNM,
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VoenmsHad efoBas cuina f, omnpenensercsa no Gpopmyie

f;i = fr? kscale’ (4 . 5)

[I¢ fY — NOKATbHAS YIENBHAS JCIORAS CHIA;
Fscale — MacITaGHEIN (hakTOp yHENEHOM NCAOBOM CHIH f;

f2 =timy_of, = bpo(®). @.6)

MacmrrabHeli GakTop yAeIbHOM JISIOBOM CHITH onpeaensercs o hopMyre
kscale(w) = c-exp[—w/ e] + ka (47)
rae ¢ = 0,7853, 0 =1,99, k = 0,2146 — xoappurmenTsI.

C npyro#t CTOpPOHHI, MaKCHMalbHas BepTHKanbHas cwia F,, ...
COOTBETCTBYET MOMEHTy O00IOMa CeKTOopa ibAa. 3Ha4eHHE BEPTHKAILHOM
CHIEl 00OMa KpPOMKHM TIOJIA, MOXET OHITH ompeaeneHo mo (dopmyie
TOTy9eHHOH Ha OCHOBE M3BECTHOro pemeHms [lankoBuda (CM. oT4eT 1O

BTOpOMY 3Tamy, [12]).

Frersicalice = Kayn(FriceVeres| 0,777+ L,11te(Putesign'2) |Openaher  (4.8)
(Ltypical)
rae w(l) — muEAa DpHITOXEHMA PACTIPCACICHHOH HATPY3KH (JIMHA 30HBI KOHTAKTa KOPIyca C
JICAOBEIM TIONEM);
Qesign = 160° — pacueTHBIi Yron pacKphITHS KPOMKH JIEIOBOTO IO,
kiyn — mppaMumeckuit KodGbOUIMEHT yCHNCHMA HArpy3kd B 3aBHCHMOCTH OT CKOPOCTH
HATPYIKCHUA JISIOBOIO IOKPOBA;
Gpeng — TPOYHOCTS JIHIA Ha M3rHO (ONpencicHHas HA NPEABIAYIIEM JTANC PACYCTOR);
Lypicai — XapakTepHas IMHA JISAOBOTO MOKPOBAa (OHPEACHCHHAS Ha NPCABIAYLIEM IJTAe
pacueros);
kyer — x03ddunmenT.

Henampaeckuit  kodpduument ycunesms kg, Harpy3ku OIpezenseT
yBEIIMICHUE CHIBl TIOJIOMKH JICIOBOTO TIOKPOBa B 3aBHCHMOCTH OT €TO
CKOPOCTH HarpyxeHus [2]:

kam = 1/[0,925exp] - ’;”iw ]+ 0,075), 4.9)

4

e Frie = Vepicai/n/8hice — cio Opyna 0 TOMIMHE Mh2;
Vepicat = Va = V-c05(90—0)) — CKOPOCTS, HOPMATEHAS K JIMHIH BATCPIMHAY B PACICTHON TOUKS KOHTAKTR;
0 — YrOJI HAKJIOHA BAaTEPJIMHHUH B PAcUCTHOM TOUKE KOHTaKTa (cM. puc. 4.1 1);
hice — TOMIMEA TBA, M;
Y.— cxopocTs CymHa, M/C.
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TTapaMeTpr! JIGOBOI HATPY3KH ONPENCISMIOTCA M3 PEIICHHS YPABHECHHS:

Frerticadmunt = (Frerticat)ice- 4.10)

BrImenpUBeicHHOE YpaBHEHHE DPEINaeTCsA OTHOCHTENBHO TEPEMEHHOH
KOTOpast ABJIAETCS NTMHOM BHEApPEHMs Kopryca B yiex (cM. puc. 4.1-1).

. //EI,_ Cxon avda

\
\\
N
AN
g

B
JAié008020 nokpoea

Puc. 4.2.1-2
TeoMeTpUYEcKHe XapaKTEPUCTUKM 30HBI KOHTAKTA HAKIOHHOIO 60pTa €O JTHIoM

ITpu pemenvin ypaHenus (4.11) mvHa ¥ BEICOTa KOHTAKTa ONPENENAIOTC
BeIpaXkeHuAME (cM. puc. 4.2.1-2):

w = W + 21'tg(Qgesign/2) — IVTMHA KOHTAKTA; 4.11)
b= 0,652 + h»)*, 4.12)
jvi h = Itg(90— B") — BEICOTA KOHTAKTY; “4.13)

Pdosign = 160° — pacHUETHBINA yrom packpEITHS CCKTOPa JIbJA;
Wp — 30HA KOHTAKTA B HAYAIC B3aMMOZCHCTBYSL.

B mepBoMm mNpHOMMXEHHMM B Ka4eCTBE 3HAYEHWS Wq INpearaeTcs
HCTIONB30BaTh XapaKTepHEIN pa3Mep o0JIOMKa Jibaa, KOTOpEI oOpa3syeTrcs IpH
JIOMKE JICAOBOTO IIOKpPOBa KOPIIyCOM CymHA. 3HAaU4eHHE Wy = wo(Fr;-'ce), M,
OIpeneNAeTC Ha OCHOBe Meromukw, mpemioxeHHoM IO.H. AnekceeBEM M
K.E. Ca30HOBEIM IO pe3y/kTaTaM HPSMEIX H3MEpEHMH OOIOMKOB JbIa B
HATyPHEIX ycinoBmsx [12]:

Wo = max(wl, Wz), (414)
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o
e wiFr) = (7310xp] — 2] + 06), m @.15)

0,4
wa = 0,5w\(Friz)(tge), 4.16)
gy
Friy, = —=2L,
e \/ ghl’ce

Y — yroun HakIoHa GaToKca B pacueTHOM Touke, ¥, M/C;
0. — YrON HAKJIOHA BATEPIMHMM B PACYETHOM TOUKE, rpas;
hjce — TONIMHA POBHOIO JIBIA MM KOHCONMMPOBAHHON 4aCTH TOPOCA, M.

Ha criemyromem srane yroamsercs: miama kouTakta w = Wo(Frize) + 20e(Puesign2)
(cm. dopmymy (4.11)), onpeaensmoTCs BEICOTA U JIEHOBAs HATPY3KA.

ITo pesymeraram pereHys OIPEAETIOTCS 3HAYEHHS JIOKATBHOM CHTEI Fyy(wW, b),
JUIMHA W ¥ BRICOTAa 30HBI KOHTaKTa b, 3Ha9eHHe JIOKATBHOTO JaBiIeHUA po(b), a
TAOKe CPEIHEE JIENOBOE NARICHUE P ayerndee(W,b) = F,/(w-b) 110 30He KoHTaKTa (00, b).

IMompo6Hoe omicanue pemenus ypasHenus (4.11) npuseaeso B pasn, 5.

Jns pacdera IPOYHOCTH 3iIeMEHTa Kopmyca ¢ pasmepamu (s, d),
§ — mmaumi, d — TpoNieT IUNaHroyTa, cuia F,(s,d), medcTByomas mo
HOPMAJTH K TIOBEPXHOCTH JIEMEHTA KOPIyCa M CPEIHEe KOHTAKTHOE JaBJICHAC
Daveradge(s,d ), OTIpEIIENSIOTCS 10 cemyromuM dopMynam ¢ yIeToM Macirral-
HOTO (aKTOpa MPOYHOCTHEIX XAPAKTEPUCTHK JIbAA B 3aBUCHMOCTH OT
XapakTepHHIX pa3MepoB Habopa:

F,(s,d = b) = po(b) bs'kscae(s), b< d
, @.17)
Fn(s'd) = po(b) bskcarels), b=d

A€ Kyeae(S) — Macurrabusiii dakrop, onpegensiercs no gopmyne (4.7) ans s.

Cpemnee HOpMaNTBHOE IaBICHME NO IUIOIAAM KOHTAaKTa I JJIEMEHTa
KopIryca ¢ pasmepami (s,d):

paveraa'ge(s:d = b) = F(s,d)/(b-a) = Po(B) kscarels), b< d
, 4.18)
paveradge(s:d) =F, ,,(S,d)'(d'S) = pO(b)'kscale(S)’ b>d

Cpemree HOpMaJTbHOE JAaBICHHE HA HIEMEHT KOPITYCa MOXKHO MCIIONB30BaTh
IUIS OTIPSIICIIEHUA Iy IUTA CYHROB TOJSPHEIX KJAccoB [2].

B 3TOM CIly9a€ Payeradee(s,d) mopcTaBnsgercsa B GOPMYITy ISl ONpeeNeHAs
t,er BMeCTO (AF*PPF,*P,,,), B KadecTBe b — BHEICOTAa PAaCIETHOIO YYACTKA
Gepercs b — TPOTSHKEHHOCTE (BEICOTA) 30HBI KOHTAKTA OOIIMBKY C JICHOBHIM
TIOKPOBOM, OTIPEHICIICHHYIO B PE3YIIETATe PACUETOB.
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IIpeacTaBieHHAs METOROJOTHS TIONTHOCTEIO TIPAMEHMMA YIS OLICHKH JICIOBBIX
HArpy30K HA (JUIOCKHME» HOCOBHIC M KOPMOBHIC OOBOIEI (Ymap KOpMEI CymHa
IBOIHOTO JeHCTBAA O KpoMKy Jibaa (oM. puc. 4.1-3). Jlng manHoro citydas yron
pa3Baja INNAHTOyTa TIpuHMMaerca paBHEM B = B' = (90—v), e Y — yron
HaKJI0HA 0aTokca. YToll BXoJja BaTepiIMHMK COCTABISiET o = 90°.

Brnne ykasnBanock, 9To IpH MallBIX YITIax pasBaja MImaHroyra ' Moxer
OBITH peanM3oBaH CLHEHApWil B3aUMOIEHCTBHMA JIENOBOTO TOKPOBA C
IIPAMOCTEHHBIM OOpTOM, KOTZa pa3pylleHMe KPOMKH JIEHOBOTO IOKPOBa HE
MPOHCXoAUT. MeToIyka ONpeneicHHs JISHOBOM HATPY3KH IS STOTO CIIydast
npeacTaeieHa B 4.2.2.

4.2.2 OnpeneiieAne JeAOBLIX HATPY30K HA MPSAMOCTEHHBIH GOPT.

Meronpka OIPENEICHNS JENOBRIX HAPY30K HA TPSAMOCTEHHBIA OOpT 3aK-
modaercs B crneaytomeM. IIpu BemomaeHrM YOIOoBUS (Fioueadmy < (Freical)ices
KOTZIa BEPTUKAIBHON CHJIBI BO3ACHCTBHMA KOpIIyca Ha KPOMKY JISHOBOTO TIONA HE
XBaTacT ISl PaspymIcHUs TIOCNCHHEH M3rmOOoM, peaimM3yercs TaK HA3BBaecMEIA
CLICHapHWii B3aMMOICHCTBHSA TPAMOCTEHHOTO 60pra co JHIoM (cMm. prc. 4.2.2).

VKa3aHHBIM CLICHAPHIl XapaKTepeH WIS OTHOCHUTEIIBHO MATHIX YITIOB HAKIIOHA

hice

6opra P', xorma b > 0,65 —B—,, rae b — pacueTHad BHICOTa KOHTAKTa,

cos
ONpeIEIICHHAd U3 YCIIOBHS PaspyIeHus JIEIOBOTO IoJId M3ruboM. B mocneaaem
hice
cosp °

— SR DOraRemnbo Toa

CITydae BHICOTAa 30HEI KOHTAKTa ompeAeisercs kak b > 0,65

3ona cusmus nvoa

Jona cuamus
(npamou xonmaxm)

Puc. 4.2.2
BaaumMozelicTBIE KPOMKHM JIEOBOTO IIOKPOBA C IPAMOCTEHHEIM GopToMm
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Jdiia paccMaTpHBaEeMOTO CIEHApUsi MapaMeTpHl JICHOBOW HArpy3ku
OTIPEIEIISIOTCS YPABHCHUEM

m(V-0,5144-sin(0))® f
5 = | Fdt, 4.19)

0

A€ m — Macca CymHa, KT (¢ y4eTOM IPUCOSHMHEHHBEIX MAcC);
¥V — ckopocThb CymHa, y3.;
0 — YroJI BXOZa BaTCPIIMHHH, DA,
& — noxansHAs KOOPAMHATA DIyOMHE! BHEAPeHUs GopTa B IegoBoe obpasosanue, M;
F —neposas cuma, KH.

F =powbkscare(w), (4.20)

TAE  po — CPEAHES JOKAIRHOE JIEAOBOE JARNCHHE B 30HC KOHTAKTA;
W, b — ImMpUHA ¥ BRICOTA 30HBI KOHTAKTA.

HMckoMad TTyOrHa BHSAPCHHA KOPITyca B JIeH & onpeaenaeTca ypaBHCHHEM,
KOTOpOE PEemaeTCs YUCIEHHO!

m(V-0,5144-sin(0))” _ 0
2 b

G = [OHCE— D) + 11+ CiE - “2D
2
h.
e Cr = L0209ptg@2) o
G2 = —1,005ptg(9/2);
C, = 0,1395p-ta(g/2)—ice

cos(By’

TIC (¢ — YION pacTBOpa KPOMKH JIELOBONO IOJISL, IPHHUMACMEIA paBHEIM (¢—=160°.

Tlo Ha¥ineHHO# ITyOMHE BHEAPCHAA ONPENENAIOTCA OCTAIBHEIC TApaMeTPHI
JISIOBOTO BO3AEHCTBHA — BCIMIHMHA JICJOBOM KOHTAKTHOHM CHJIBI, BHICOTA M
IIMPHWHA 30HKI KOHTAKTa, 4 TAKKE TApaMeTPhl HATPY3KH Ha IITIALAIO.

4.3 YTOYHEHHE METOJOJIOTHH OIPEJEJIEHHAS JIETOBBIX
HAT'PY30K HA TIPSAMOCTEHHBIA EOPT

TIpr MaybIx ymax HakioHa OOpTa MO0 HOpPMAaiM K HapyXHOM OOmIMBKe
BEIIUIMHA Pa3BUBACMON BEPTHUKATEHON CHITBI MOXET OKa3aThCA HEAOCTATOTHOM
VIS paspymieHus JexoBoro mons m3rubom [12]. B stom cinydae peammsyerca
CLeHApWii B3aMMOACHCTBHA TPAMOCTCHHOro 6opra co spzom. g 3TOro
CLIEHapus C OLEHKOW B 0€30mMacHyi0 CTOPOHYy NpPHUHHUMAETCH CXeMa
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paspymiesHus ibpaa 6e3 m3ruba, T.e. cMaTHEM, cM. Takxke [12]. B stom ciyaae
(ananormgaro nogxoxy B Ilpasunax DNV [14]) 30Ha koHTakTa 6opTa €O JIBIOM
TIPUHHUMAETCS TIOCTOAHHOH, He 3aBHCAIIEH OT CKOPOCTH (CM. OTHET 1O BTOPOMY
aramy [12]). lns HOCOBO#M ¥ KOPMOBO# 9aCTEH CyIOB JABOMHOIO ACHCTBHS 30HA
KOHTaKTa 10 IyOuHe Jba h TIPHUHAMAeTCS COOTBeTCTBYIOmEH A/h;, = 0,65.
B 3TOM citydae 11 onpeneeHus JOMYCTHMEIX 3HA9EHMH yIiia HakiIoHa Gopra
TI0 HOpMaJM K OOIIMBKE CIIEAYET HCXOOWTh M3 JBYX TIPEIIIOIOKESHITA:

BEPTHKATLHAA CHIIA, Pa3BHBAacMad KOPITYCOM JOJDKHA OBITH MONOKHTELHOM;

TIPOCKIMS BLICOTHI 30HEI KOHTAaKTa Ha BEPTHKAIBHYI0O OChb /2 JOJDKHA
YIOBJIECTBOPATE CIEAYIONEMY YCIOBHIO:

W/hice < 0,65, (4.22)
rae A, — TONUMHA JIBIA.

W3 cratndeckoro pemenus 3amadm [12] MoxHO monyuuTts, 910 mIyOMHA
BHEIPEHHUSA KOpITyca CyfiHa B Jiey 1 onpezensercs cleaylompM oopasom:

ker] 0,77 -+ 1,11tg(0/2) |- Opendhive

I~ 4.23)
Sm(Bl) “ainign P O(htoe)kscale(WO)WO(S]n(B' _f d- COS(ﬁ'))

B 10 € BpeMs M3 reOMETPHIECKHX TIOCTPOCHMIA ClIeayeT:

1= htg(P). (4.24)

Torma, ucrnoms3ys dopmynst (4.22), (4.23) u (4.24), MOXHO HaiTH:

ko077 7 =0+ 1,11tg(0/12)]-pendhice

‘?og(sﬁl) pO(hioe)kscale(Wo)Wo(Sm(ﬁ — fd COS(B'))

hhy, =

(4.25)

N3 dopmyisr (4.25) monygaem ycnosus no yoiy ' s 06ioMa JI€I0BOro
CEKTOpa M3THOOM C yderoM (M3MKO-MeXaHMIEeCKHX TapaMeTpoB, TOJIIIHAHEL
JIbJa, 2 TAKXKE XapaKTepPHOW CKOPOCTH.

ITpwm skcIUTyaTay CyaHA B MHOTOJICTHEM JIBAY:

p' > arctg(fd +4), 4.26)



Foer] 0,77 20— +1,111(0/2) |- Opendhice
Lopical . 427)

0,4225po(hice)kscaielWo)wo

rme A =

IIpu SKCIUTyaTanMy CyHA B OJHOJIETHEM JIBAY:

(te(B) — /@) po(hice) > B, (4.28)
Fer| 0,77 =20 — +1,11tg(¢/2) |- Openah
e B = [ Lopical ] b . 4.29)
0,4225ksca’e(Wo)Wo

IIpy yTouHeHHMM XapaKTepHOM IJTMHEI KOHTaKTa IPOBOAMTCS IIPOBEPKA 110
aHAJIOTHIHOMY KPHTEPHIO, KOTOPEI MMEET CIICAYIOMNI BUA:
MHOTOJICTHHH JIEH;

B' > arctg(fd +41), (4.30)

Kty 0,77 72— +1,11g(0/2)] Opendhice
tme AI = bpica . 4.31)

0y65p0(hioe)ksca!e(wl)cl

OIHOJICTHHM JICH:

(te(B)—/d)polhice) > B, (4.32)

Kamkoer| 0,77 =222— +1,11t2(0/2)|-Opondtice
amkoer| 077 1l )| -bendhs

roe Bl = (4.33)

0,65p0(hice)(w1)w1

B cnydae HeBmmonHeHus yciosui (4.26), (4.27), (4.28), (4.29) peamm-
3yeTcs CIIEHApHii B3aMMOACIHCTBHMSA MPAMOCTEHHOro Oopra co ymbmoM. [na
ONpEJeNICeHNs TapaMeTPOB 30HEI KOHTAKTa M OMNPEJEICHHA HHTETPaIbHOM
JISIOBOM Harpy3ku HEOOXOZMMO HCIIONBE30BAaTh SHEPreTHIECKOe YPaBHEHHE

m(V-0,5144-sin(a))* _ f
> = | Fdg, 4.34)

0

A m — Macca CyqHa, KT;
¥V — ckopocTk CcyaHa, y3.;
0 — yTOIl BXOZA BATEpIIVHUY, PajL.;
& — noxanbHas KOOpAMHaTa NyOuHEI BHEApPEHHS GopTa B nenoBoc obpasoBanue.

45



Beipasxkenue 1 CHUTBI 3alMCHIBACTCS CICAYIOIMM 00pasoM:

F= prkscale(w)’ (4.35)

e P — CPSIHEHHTCIPAILHOE AABICHHE 110 BRICOTE 30HEI KOHTAKTa, KOTOpas ONpPEACIAETCH 10
$opmyne

h = 0,65hice. (4.36)

BricoTa jiefioBO# Harpy3kH MO JJIEMEHTy Kopmyca b ompegensercs 1o
tdopmyie

__0,65hjce
b=okce. (4.37)

XapakTepHas AJMHA KOHTAaKTa SABIAETCHd (QYHKIMEH OT JIOKaIBHOM
KOOpAMHATH TIIyOMHEI BHeIpeHHMs OopTa B jemoBoe oOpa3oBaHWE H
onpezenserca no opmyne

w = 2Etg(e/2). (4.38)

Macmtabusnit k03 duipieHT Tak ke BHIpaXkaeTCs Hepe3 JIOKAIBHYIO
KOOpAMHATY TTyOMHEI BHEAPEHUA &

kscate(8) = 0,7853exp(—%) +0,2146. (4.39)

B pesynsraTe HaxoxAeHHA IepBOOOpa3HOM IpaBoit JacTH paBeHCTBa (4.34)
TIONyYMM BEIpaXXCHUE CIICAYIOIET0 BHIA, ONHMM M3 KOpDHEH KOTOpOoH H
ABJIAETCA UCTHHHAA TIyOWHA BHEAPCHUS:

7-0,5144-sin(a))”
c%l = [OR(CE—1) + 1] + Gy . sin(@)” _, (4.40)
me  Ci = 1,0209p-tg(g/2)- ci's"g,);
G = —1,005ptg(9/2); (4.41)
hice

= 1 . 2 .
Cs = 0,1395ptg(¢/2) cosB)

®opmyna (4.40) MoxeT OHITH pemeHo THciIeHHo. 1o HalineHHOM TTybuHe
BHeaperus &, ucmomb3ys dopmyny (4.38), BoccTaHAaBIIMBAEM XapaKTEPHYIO

IVIMHY KOHTaKTa, a o ¢opmyite (4.35) — HOPMAIBHYIO CHITY.
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HopMaisHast cuiia B TiepecdeTe Ha IMMAIFI0 ONpeneIeTcs mo Gopmyne

F, Space = p-b-Spacekyq,(Space), 4.42)

rae Space — pasMmep INNanvy, M;
kscate(Space) — 3naueHue MacmTabHEN k03 GUIUEHTA B IEPECHETE Ha IIALMIO;
b — BEICOTA JICHOBOM HATPY3KH.

Cpensee HOpMaNBEHOE JaBICHHE MO IUIOINAAM KOHTAKTa JUIA 3JIeMEHTa
KOpIyca ¢ pa3MepaMH: Space — [JIMHA KOHTakKTa, b — BEICOTA JIEJOBOM
Harpy3KM, €CIM OHa MEHBIIE 9eM XapaKTEePHHIH MNpPONET IIIaHTOyTa,
ompezensercs 1o GopMyrne (eciM BHICOTa HATPY3KH GOJBIIE XapaKTEPHOTO
TPOJIETA IIIAHTOYTA, €€ CIEAYET NPHUHATh PaBHOH MpoJieTy):

Fspace 4.43)

Pspace = p.Shace *
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5 IIPUMEPH]I IIPUMEHEHHAS METO/IHKHA

IIpumep 1. Omnpenenenne neqoBoi Harpy3kKu

1) Cyzmo.

Tankep BoifHOTO AeiicTBusA Kareropuy Arcy.

2) ITapaMeTpH ILIOCKOTO 3JIEMEHTa CKYyJIEl HOCOBOH 9acrH TaHKepa:

yTOJI BXOZA BaTepiMHNH o = 48°;

yron HakoHa (passana) 6opta p = 67°;

yTOJI HAKJIOHA 6OpTa 10 HOPMAIM K HapyXHOM oOmmeke B = 5766°;

yroJ HakJIoHa Gatokca y = 25,2°;

mmamys s = 0,68 m;

nposier mmanroyra d = 1,3 m.

3) PexxuM 3KCIUTyaTamyH.

CaMOCTOATEFHOE BIDKEHHE B 3UMHE-BECCHHIOI HABHTAIAIO, OHOJICTHHH
JIe#, MapT MeCsm,

Tommwsa maa b, = 1,45 m.

Cxopocts aewkenns V = 8 yanoe = 4,12 m/c.

4) CoeHapuii B3aNMOIEHCTBHSA CO JIHJOM.

Vmap ckynoi 0 KpOMKY JIEHOBOTO MOKpOBa (cM. puc. 2.2.1-1).

TIpO9HOCTHEIC XapaKTEPHUCTHKH JIbJA.

TIpogHOCTHEIE XapaKTEPHCTHKH JIbJa yKa3aHsl B Tabm. 3.3.1-3.

TIpodHOCTE JIBAA HA U3THO Gpeng = 0,78 MIla.

XapakTepHast JUIMHA JICHOBOTO TIOKPOBA Lyyycn = 17,43 M.

PacripesienieHrie CpeIHEHMHTETPATEHOTO NABJICHUA o (CPeaHEHHTErPAEHASL
TIPOYHOCTE JIBJA HA CMATHE Ogmyss) (CM. dopMmymy (3.29)) momepek JiemoBoro
TIOKPOBa B 3aBUCHMOCTH OT PacCTOSHMSA OT BEPXHEH IOBEPXHOCTH JIbAA A s
Kocoro Harpyxenus npu ' = 74,14 ykazaso B Tabin. 5-1.

Jna pacdera mapaMeTpoB JISZOBO# HAarpy3KH pacupelciieHHe CpeqHeHTer-
pPaJIBHOTO JaBiCHHA po, MIla, B 3aBHCHMOCTH OT PacCTOSHHMS OT BEpPXHEM
TIOBEPXHOCTH JIbJa aIMPOKCHMHPYETCS TIOMHOMOM

po(h) = —1,3498* + 2,3115h% —1,3022h> + 0,366k + 11,107, MITa. 5.1)

Bup mosmHOMa OmIpeeNseTcs NMPH TMOMOINM CTaHAAPTHRIX cpeacTB Excel
KaK ypaBHCHHE K JIMHMHM TPEHZA AHArPaMMEL

6) Onpenenenune neqOBOH Harpy3KH.

TlepBoHaYadpHAas OMCHKA 30HE KOHTAKTa.

wo = max(wy, wo) (M. opmyny (4.14)) ans cropocrr mekeHRs Vs = 8 y3.,
TOJNIIMHEI JIBJAA e, = 1,45 M:
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Vgy

Fr:(l: = 9! = 0,5 N 5.2

e .\/ghice 15 ( )
wiFriy) = (7,31exp - ’;’f +0,6) K% = 3 47, (5.3)
wy = 0,5w;(Friz.)/(tga) =1,561 m; (5.4)
Wwo(Friee) = max(wy, wy) = 3,47 m. (5.5

Tabaupa 5-1
PacnipeneJieHne cpeTHEANTErPATLAOTO JaBICHHS Po
(cpexHEeHHTErpaTLAas] NPOIHOCTE JLAA HA CMATHE Ocysh)
Honepex JIHOBOIo MOKPOBA B 3ABECHMOCTH OT DACCTOSHES OT BepXHeil HOBEPXHOCTH ThIa
A KOCOro Harpyxkenng npu §' = 74,14 (cm. popmyuy (3.29))

Paccrosaue Cpenass NpoYHOCTL HA CMATHE LI KOCOrO
OT BepXHel NOBEPXHOCTH JILIA, M marpyxerns (HaIoHHEI Gopr), MIla

0 11,11399

0,145 11,12759

0,29 11,14697

0,435 11,17028

0,58 11,19071

0,725 11,19879

0,87 11,18023

1,015 11,11109

1,16 10,948

1,305 10,60837

1,45 9,976662

YTOouHEHHNE IIMHE KOHTaKTa.

VYTOUHEHHE IIMHEI KOHTAKTa W, ONPEACICHME BEICOTH KOHTAakKTa b M
IeNOBO# HAarpy3ku F,, BHINONHACTCA IS CTaTHYeckoro Harpyxewus (Frl,, = 0,
kayn(Frice) = 1) , ipn w = wo(Frice) + 218(P design/2).

YKa3zaHHEIC TIApaMETPHI ONPEACIAIOTCA W3 perieHust yPaBHEHUS (Fyercahun =
= (Fyerticat)ice OTHOCHTEIIBHO NEPEMEHHON | — JUIMHEI BHEAPCHMS KOpITyca B
nen.

Hns pemerns ypaBHeHUC (Frericalnui= (Frerticat)ice HEOOXOMMO 3a1icaTh
gepes NepeMeHHyo [:

Frerticatltunt = Fyc08(90 — B) —foF,sm(90 — B) = F,[sin(B)—cos(B)];  (5.6)
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Fy = wpo(Wkscale; 57

ksearel(W) = cexp[ —w/0] + k, (5.8)

rze ¢ = 0,7853, 0 = 1,99, k = 02146 — xoaddummenTs:;

cate = 0,78853exp| — 0+ 1 @uesien/D | 514 59

b= 0,65 (P + K% = 0,65/F + (I-ctg(B'Y% (5.10)

v h = I'tg(90— B") = I'ctg(B") — BrICOTA KOHTAKTS; (5.11)
(pd,s,z : (1)’610" — pAacYETHHIN yroJ PaCKPHITHS CEKTOPA JIBNA;

B kagectse po(h) ucnonsayercs momsom (5.1):

po(h) = —1,3498* + 2,31154°—1,30224% + 0,3664% + 11,107 =
= Lctg(B')(— 1,349 ctg(B)® +2,3115P-ctg(B)> — 1,3022/-ctg(B") + 0,366) + 11,107,

Toraa ypasHenue mis F, (cM. dopmyiy (5.7)) mpuHAMAaET CiTeRyIomuii BUA:

F, = [wo + 2118(@aesign/2)] X [Fetg(B)(—1,349F-ctg(B)’ + 23115 ctg(B)’—

—1,30220ctg(B) + 0,366) + 11,107] x (0,7853exp| — o Zhgé"’des" 2]+
+0,2146) x 0,65/ + (I-ctg(B’.

TaxuM 00pa3oM, ypaBHEHHE Ul BEPTHKATHLHOM CHIIEI, AeHCTBylomed Ha
KPOMKy TOJA CO CTOPOHE Kopmyca (cM. ¢opmyry (5.6)), mpummmaer

CIIEYIOIWH BH;

Frerticada = [Wo + 218 @i D] X [Fotg(B)(—1,349P-ctg(BY + 2,3115P-ctg(B)Y —
130220 ctg(B) + 0,366) + 11,107] x (0,7853exp[—(w0+2%”3@] +

+ 0,2146) x 0,65,/F + (I-ctg(B')*-[sin(B") —frcos(B)].
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VpaBHEHVE Ijisi BEPTUKAIBHOM CHIIEI 00JI0Ma KPOMKH TIOJISI, OTHOCHTEIIEHO
NTyOMHEI BHEIPSHUS KOPIIyCa B JICH, UMEET CIICMYIOIINA BUA;

+ 2k lesi /2
Frorcabiee = 0,77 (20 2UEPaecol2) 11111500 uegn2)] e
Ypica

F r
me kym = 1/(0925-exp| - e ]+ 0.075)
Viypical ’
Fry, = —=—=—— vucno Opyza no TOMOUHE THI3;
ce /—ghme Py

Vepicai = Va= Visind, — CKOPOCTS, HOPMATHHAS K JIMEMM BATCPIMHMN B PACICTHOM TOUKE KOHTAKTA;
0. — YFONl HAKJIOHA BATEPIMHUM B PAcIETHOH TouKe KOHTaKkTa (CM. puc. 4.1.1);
kyer = 0,14 — xosdduumer.
Tak kak YTOUHCHMEC JIMHBI KOHTAKTa W, OTIPCACIICHUC BRICOTHI KOHTAaKTa bu

JeOBON Harpy3ku F, BEIIONHACTCA IjIS CTATHHUSCKOTO HArpyXCHUA, TAKHM
obpazom:

V=0=>Fr,,=0,
™(Frie) = 1.

Takum 00pa3oM, HCIIONB3YSA NPHBEOCHHBIC BHIIE (OPMYIHI, ITIOTydaeM
HEMHEIHOEe ypaBHEHHE OTHOCHTENHHO IIyOHHEI BHEAPEHHA KOpIIyca B JICH;

ki 0,77 207 Zﬁg;";‘f 2+ 1,115(Qutsi D] Crendlie = (W0 + 218(@utsig D) X
x [ 1-ctg(B)-(— 1,349P ctg(B)*+ 2,3115 -ctg(BY: — 1,3022-ctg(B) + 0,366) + 11,107] x

x (0,7853exp] ~ o - 2&Qdeis) | 1 02146) x 0,65,/ + (-otg(BY x
x [sin(B") —farcos(B)].

Janee moacTaBiseM B HaHHOC YpaBHEHHME 3HAYCHUA TEPEMEHHOH [,
HaauHag ¢ [ = 0, ¢ marom Al = 0,05, oka (Fericadiuis = Fyerticatlice: 3aTEM
YMEHBIIAEM Iar, A0 TOJydeHUS JOCTaTOYHOM CXONMMOCTH Pe3yisratoB. B
JAHHOM CJIydae CXOAUMOCTE moyqamnack mpu [ = 0,156 m.

B pesynsTaTe pericHU:

Taxum oOpazom, mjs ckopocTH V = ( y3. Okuta MOTydeHA 30Ha KOHTAaKTa
w(l) = 5,25 M u cTaTHdecKad Harpyska:

(Fyerticadmut (V= 0) = (Fyerticadice Y= 0)=1,51 MH.
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7) Pacder mapaMeTrpoB HHTETpalbHOM Harpy3ku Ha KOPIYC IIpH
CKOPOCTH IBHMKCHHS.

V=_8ys

CxopocCTh, HOPMAJIEHAS K JIMHHAM BaTEPIMHUMA B PACYETHOM TOUKE KOHTAKTA:
V, = V-cos(90 —a) = 3,061 m/c;

Yucno ®pyna:

V.= V-cos(90—a)

Frice = ~(ghee = 1,251

0,808;
Ko3b¢upeHT qHHAMAYECKOTO YCHIICHHS

ng ] + 0,075) = 5,0339.

kayn = 1/(0,925exp| —
Harpyska Ha xopmyc npu ckopocts V= 8 y3.:
(Frerticalliais (V= 8 ¥3.) = (Fyersica)ice (V= 0)kayn = 7,6 MH;

FV=8y3)= ﬁﬁz’;{)’s(ﬁ) — 9,6 MH.

JUi TiepBOTO NPHOVIKEHUS TTPUHIMAETC

1 Hce
Po = Polticd) = 1= [“pom)dn = 10 MIa.
ice
BricoTa KOHTakKTa CO JILAOM:
b = FulkscaeWpo.

IIpu [ = 0,156 M, wmse kouTakta w(l) = 5,25 M 1 xo3bdumente kyqe = 0,27,
TIOJTydaeM:

9,6

b= Fylkscatewpo =(m

= 0,68 m.

Hanee, yrounsercs po(b), MIla (cm. dopmyiy (3.29)):
o) = 5 $oolEE = poh) = - Jpomr,
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TIPA ITOM B KadecTBE po(h) MCTIONB3yeTcs MOMMHOM (5.1), onpemeneHHbIH
Ha TIPEIBIAYIIEM dTale PeICHHs:

po(h) = —1,349A* + 23115k —1,30224° + 0,366k + 11,107,
h = b-sin(90—B') = 0,68-sin(90 —57,66) = 0,3638;

Po(b) = polh) = —1,3490,3638" + 2,3115-0,3638> — 1,30220,3638° + 0,366-0,3638 +
+11,107 = 11,16.
Bropoe npubmmkenue mis BEICOTEI KOHTAKTA:

9,6

b= FilkseaeWPo = 5320271116

=0,61 m.

8) Pacuer mapaMeTrpoB JIOKAJIbHOW Harpy3ku Ha DIEMEHT KOpPIIyca.
OneMeHT KopITyca mMeeT ciemyromue pasmepss: s = 0,68 M; d= 1,3 M,
rae S — IImanys;
d —nponer. mma#royTa.

CxopocTs gBrkenus cyaHa V= 8 ya.
Cuna, pmeiicTByromas 1O HOPMalM K MOBEPXHOCTH 3JIEMEHTA, A

b=061M<d=13m,
rae b — BeicoTa Harpyskm (cM. dopmyny (4.17))

Fy(s,d=b) = Do(b) bskscare(s), b < d; (5.12)

kscate(s) = c-exp[ —s/0] + &, (5.13)
rae ¢ = 0,7853, 0 = 1,99, k = 0,2146 — xo3ddunmenTss;

kseate(s) = 0,7853exp[ —0,68/1,99] + 0,2146 = 0,7726;

F,(s,d) = po(b) b'skgeare(s) = 11,16:0,61-0,68-0,7726 = 3,58, b < d;

CpenHee HOpMaibHOE HaBiIeHWE IO IUIOIIAZM KOHTaKTa s 3JICMEHTA
Kopiyca ¢ pasmepamu (s,d) (cMm. dopmyny (4.18)):

Daveradge(s,d) = F,(s,d)-(bs) = 3,58/0,61-0,68 = 8,6 MPa, b < d.
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CpenHee HOPMAIEHOE JABJICHHUE HA JJIEMEHT KOPITyCa MOXKHO HCIIOIE30BATh
IISL ONIPEACTICHMS Ly, VIS CYNOB TIONIIPHBIX KJIAcCOB [2].

B 9TOM CIIY98€ Pyayeradge(s,d) moacTaBserca B GopMyity Iy onpesencHus
tnes BMECTO (AF*PPF,*P,,.), B kadecTBe b — BBICOTa PACdeTHOTO Y9YacTKa
TIPHHHUMaeTcd b — TPOTHKEHHOCTH (BHICOTA) 30HEI KOHTaKTa OOIIMBKM ¢
JICKOBEIM TIOKPOBOM, OIIPEZIE/ICHHAsA B Pe3yiIbTare pacieToB.

IIpumep 2. OnpeneneHNe pacdeTHOW CXEMEI Pa3pYIISHHUS JThJA
BxoaHbie napamerpsi:

1. Tum a2 — OTHONETHMHM JIEH,

. Yckoperue croGOITHOTO mageHns g = 9,8 m/c2.

. Tormpea negoBoro mokpoea Ay, = 70 cM.

. Yron Bxozma BarepiuHuH 0, = 19°,

Vron HakioHa Garokca y = 41,43°,

. Vron HakstoHa 6opra mo HopManmu k obmmeke f' = 21,054°.

. Yron pacrBopa jemuHE @ = 160°.

. TInoTHOCTE MOPCKOIt BOAHI p,, = 1025 kr/m.

. Koaddrmment ITyaccona p = 0,35.

10. Koaddwampent tperus fd = 0,1.

11. TIIOTHOCTB JBAA Pice = 0,92 T/cM’.

Bri6op MeToaa pacdeTa OCyIIECTBISETCA Ha OCHOBE CIICAYIOLIEr0 KPHTEPH:

(te(B)—/DPolhice) > B. (.14)

oAU A WLN

Ecii HepaBeHCTBO BHIIONHACTCS, TO PacdeT BeAeTca IO Ipenplaymei
METOAWKES, B IPOTHBHOM Cilydae NOZKIIOYAECTCA DPacieT IO CICHApHIO
B3aMMOAEHCTBHA MPAMOCTEHHOTO GOpTa CO JIBAOM.

KOHTpOJIBHEI TapaMeTp IS ONHONETHETO JbJa BEMHUCIAETCA 10 Gopmyne

Parametrpyr.. = {tg(B) —fd} po(hice)- (5.15)

KoHTpoiTsHOE 3Ha9eHHEe TapaMeTpa Ha TIepBoM 3tare (cM. dopmyiy (4.29)):

Wo

kyer 0,77 20— +1,11tg(0/2)] Opendhice
B= tplcal . (5.16)
0 34225 ksoale(WO)WO




KonTpomsHoe 3HadcHME IIapameTpa Ha BTOPOM JTare (YTOYHEHHE AJTHHEI
KOHTaKkTa, cM. dopmyny (4.33)):

aynbver] 0,77 72— —+1 11t8(0/2) | Gpendhice
Bl= . (5.17)
0,65 kscale(wl )wl
Tabununma 5-2
Pesy/IbTaTh ONpeieieHns BHAA PAcIeTHOM cXeMbl paspylIeHnsl JbIa
Yron HaxiioHa Goprml
10 HOpMaw Ckopocth B B1 Parametergyy. Brmog
K HapyKHOH V, y3.
obmmexe B, rpai

21,054 1 0,2443 0,1796 1,298 Pasp. nsrubom
2 0,2728 0,2319 1,298 Pasp. usruGom
3 0,2973 0,2871 1,298 Pa3zp. usrubom
4 0,3301 0,3526 1,298 Pasp. usrutom
5 03726 0,4291 1,298 Pasp. usrutom
6 0,4201 0,5128 1,298 Pasp. nsrubom
7 0,4663 0,6003 1,298 Pasp. usrubom
8 0,5063 0,6909 1,298 Pasp. usrubom
9 0,5378 0,7855 1,298 Pasp. nsrubom
10 0,561 0,8854 1,298 Pasp. usrubom
18 1 0,2443 0,1792 1,0066 Pasp. usrubom
2 0,2728 0,2314 1,0066 Pasp. usrubom
3 0,2973 0,2862 1,0066 Pasp. usrutom
4 0,3301 0,3501 1,0066 Pasp. usrubom
5 0,3726 0,4254 1,0066 Pasp. usru6om
6 0,4201 0,5065 1,0066 Pasp. usruGom
7 0,4663 0,591 1,0066 Pasp. usrubom
8 0,5063 0,6786 1,0066 Pasp. usrubom
9 0,5378 0,7704 1,0066 Pasp. usrubom
10 0,561 0,8674 1,0066 Pasp. usrubom
15 1 0,2443 0,1786 0,7383 Pasp. usrubom
2 0,2728 0,2306 0,7383 Pasp. usruGom
3 0,2973 0,285 0,7383 Pasp. usruGom
4 0,3301 0,348 0,7383 Pasp. usrubom
5 0,3726 0,4201 0,7383 Pa3sp. usrubom
6 0,4201 0,4977 0,7383 Pasp. usruGom
7 0,4663 0,5784 0,7383 Pasp. usruom
8 0,5063 0,662 0,7383 Pasp. usrubom

9 0,5378 0,75 0,7383 IpsmocTerHkii Gopr

10 0,561 0,8433 0,7383 Tpsmocrernsii Gopr
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IIpoonsicenue. mabn. 5-2

[Vron maxnona 60pTa|
10 HOpPMATH Cxopocts B Bl Parametergyy. BriBog
K HapyXHOH ¥, y3.
obmueke [, rpaz.

12 1 0,2443 0,1775 0,4857 Pasp. usrubom
2 0,2728 0,2293 0,4857 Pasp. usrubom
3 0,2973 0,2827 0,4857 Pasp. usrubom
4 0,3301 0,3434 0,4857 Pasp. usrubom
5 0,3726 0,4114 0,4857 Pa3sp. usrubom
6 0,4201 0,4837 0,4857 Pasp. usru6om
7 0,4663 0,5585 0,4857 IpsmocTeHnsii 6opT
8 0,5063 0,6365 0,4857 IpsmocTeHHsn Gopr
9 0,5378 0,719 0,4857 IpsmocTennkii Gopr
10 0,561 0,8071 0,4857 IpsMocTenHsii Gopr

9 1 0,2443 0,1745 0,2472 Pasp. usrubom
2 0,2728 0,2256 0,2472 Pasp. usrubom
3 0,2973 0,2772 0,2472 IpsmocTeHHsi Gopr
4 0,3301 0,3331 0,2472 IpsMocTeHHRIH GopT
5 0,3726 0,3932 0,2472 IpsmocTenssii Gopr
6 0,4201 0,456 0,2472 IpsMocTeHHBIH GopT
7 0,4663 0,5213 0,2472 IpsmocTenHsii Gopr
8 0,5063 0,5902 0,2472 IpsmocTeHHbIH GopT
9 0,5378 0,6642 0,2472 IpsamocTeHnkii Gopr

Mprmep 3. Pacuer mapamMerpoB B3auMOEHCTBHA MPAMOETEHHOro Gopra
CO JIBIOM

HMcxomHbIE TaHHBIC:

1. Macca cygna M = 3,5 xT.

2. JlepoBsii xitacc cymHa — Are 7.

3. MunMMasbHas pacdeTHas CKOPOCTh XOAA CYAHA Vi, = 1 y3.

4. MakcuMabHas pacdeTHasi CKOPOCTh X04a CymHA Viax = 10 y3.

5. Tvm mJa — OTHOJICTHMM JIel, 3MMHE-BECECHHSS HABUT AL,

6. MunnMmaisHas Temmeparypa tpga —45 °C, cpeaHeMecsadHas TeMIIe-
parypa —32,5 °C.

7. Yekoperue cBoGOmHOTO maneHus g = 9,8 m/c> .

8. ToymmpiHa JIeHOBOrO MOKPOBa A;,, = 70 cM.

9. Yron Bxoma Barepausmu 0. = 19°.

10. Yron HakioHa Garokca y = 41,43°.

11. Vron Haknona Gopra mo HopMamu k obmmeke f' = 0°.
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12. VYron pactBopa imemueb @ = 160°.

13. TInOTHOCTE MOPCKOH BOZHI p,, = 1025 Kr/nm>.

14. Koaddrmument Iyaccora p = 0,35.

15. KoaddrmmenT tperns f; = 0,1.

16. TInoTHOCTS JMBIA Py = 0,92 T/oM’.

17. Ulnmamms Space = 0,35 m.

18. Bricota sremoBoit Harpysku b = (0,65h,..)/cos(B') = 0,455 m.

JUtd Torcka TapamMeTpOB 30HBI KOHTAKTa M ONpPEHENECHHS MHTErPAIBHOM
JIENOBO# Harpy3ku HEOOXOMMMO MCIIOIB30BATE SHEPTETHIECKOE YPABHEHHE

m(V-0,5144-sin())* _ f FiE, (5.18)

2
0

Ige m —Macca CyAHa, KT (C YHMETOM INPHCOGAMHECHHBIX MAacc). IIPHCOCAMHEHHBIC MAacChl
PEKOMEHAYETCH NPUHUMATH KaK 5 % OT MACCHI CyAHA;
¥V — cxopocTs cymHa, y3.;
G — Yol BXOZA BaTepIIMHHUY, Paj.;
& — noxanbHas KoopAMHara My6uHEI BHEAPEeHKs Gopra B nexoBoc obpasoBanue.

BripaxkeHue [T CHITH 3aITMIIETCA CISAYIOIIAM 00pasoMm:

Fi= p(hice) kscarel(W), (5.19)

rae p(hice) — CPEOHEMHTErPANEHOE JABICHME IO BBICOTE 30HBI KOHTAKTA, 3HAYCHUE KOTOPOH
onpegensiercs kak b = 0,65h;,.

CpenHenHTErpalbHOE JABIEHHE OIPENeNSeTcs 4depe3 CBOWCTBA JbJa
(pacnpeneneHre TeMIepaTypsl MO TONIIMHE, COJICHOCTh, NOPHUCTOCTH).
Omnpenenserca Kak CpeHee 10 y9acTKy PaBHOYJAJICHHOMY OT CEPEeIMHEI JIbJa.

BricoTa J1eIoBOM Harpy3ku 1o 3J€MeHTy Kopryca b ompexneinsercs IO
Gopmyme

__0,65hice .
b = cos(B) ° (5.20)

XapakTepHas MJMHA KOHTAaKTa sABIAETCA (yHKOHEH OT JOKaJIbHOH
KOOpAMHATH TINyOMHEI BHegpeHus Oopra B JemoBoe oOpa3oBaHHE H
ompeznenserca o ¢opmyie (4.38):

w = 2&1g(9/2). 621
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MacmrabHeni koddduipeHT Tak e BHpaxaercsi depe3 JIOKATBHYIO
KOOPJMHATY TIyOMHEI BHeApeHud &

Kseate®) = 0,7853exp(—£1‘,€9%’&) +0,2146. (5.22)

B pesynbraTe HaxoXAeHHA IepBO0oOpa3HOM IpaBoit JacTH paBeHCTBA (4.34)
TIOJly9MM BHIDaXKCHHE CIICAYIONEro BHIA, OJHAM M3 KOpHEH KOTOpOTo H
SBJISIETCA VCTHHHAA TIyOMHA BHEAPCHHUS.

m(V-0,5144-sin(a))” _ 0
2

s

&= AR+ 1]+ G-

hice
= 19,0695;
cos(B) 9,0695;

G2 = —1,005p(hicc)tg(9/2) = —5,6996;

Cs = 0,1395p(hic) t2(0/2) czT’?E) =2,6057.

Hckomas TiryOvHa BHEApSHUA B Jie[ IPH MHHAMAIBLHOH M MaKCHMAJIBHOM
PacYETHBIX CKOPOCTAX:

gmin = O,OSM;

Emax = 0,09 M.

me  Ci = 1,0209p(hi)t2(¢/2)

JlmiHa KOHTAaKTa, BHIYMCIIEHHAS TPH MHHMMABHOW W MaKCHMAITBHOM
TyOMHaX BHEIPEHUA:

Wmin = 0,56M;

Wnax = 10,20 M.

WHTerpansHas cuiia, BEIMUCICHHAS TIPH MUHMMAIBHOW M MaKCHMAaIBHON
TTyOMHAaX BHEAPEHHUA:

F = p(hice) W bkscare(w); (5.23)
Fmin = 0,56 MH;
Fonax = 8,8 MH.

HopMaieHast cuia B Tiepecdere Ha IIMaIpio HaxoguTes 1o Gopmyme

F, Space — P(hice)b 'Space'kscaie(space); 6] 24)

58



kscatd(Space) = 0,78853exp| — 2 et ©/2) 1+ 0,2146;

rae Space — pa3mep LINanvy, M;
kscate(Space) — 3nauenve MacITabHEI K0(dUIKEHTa B IEpecIeTe Ha IMIALMIO;
b — BEICOTA NIELOBO} HArPY3KH.

HopMmaneHas ciia B nepecdeTe Ha IMIAIMIO OMpeneNseTcs Mo GhopMyie
Fspace = D(hice) b Space kscaie(Space); (5:25)
Fspace = 0,92 MH.

Cpemtee HOpMaNTBHOE IaBICHHME IO IUIOINAAM KOHTAaKTa IS 3JIEMEHTa
Kopmyca ¢ pasMepamu: Space — IIMHA KOHTakTa, b — BBICOTA JIGHOBO
HAarpy3KH, €CIH OHa MCHBIIC 9E€M XapaKTEpHHI IPOJET NIMAaHToyTa,
ompeznenserca (ecaM BHICOTa HATPY3KH OONBINE XapaKTEpPHOTO MpoJeTa
IIIIAHTOYTa CIIEAYeT MPHUHATH €¢ PaBHOM TpoJery) mo dopmyie

F,
_ _I'space
Pspace =~ pise. (5.26)

JlokansHOE JaBIEHHME HA SIIEMEHT KOpITyca, onpezelieHHoe 1o dopmye (5.26),
TIPUHAMAETCS PaBHBIM:

Pspace = 4,7934 MITa.
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