Huxeropoackuii rocynapCTBEHHBIM TEXHUYECKUI

yHuBepcuteT uM. P. E. Anekceena

Ha nmpaBax pykonucu

KapaceBa CBers1ana AjiekceeBHa

PA3BPABOTKA METOAUKHU PACYUETA TAPAMETPOB
POTOPHO-BUHTOBBIX IBUKUTEJIEN
CHEI'OBOJIOTOXO/JHbIX MAIIINH, OBECIIEYUBAIOLIHUX
HANJIYULIYIO DOPEKTUBHOCTSD ITPH ABUKEHUN
1O BOAE, CHET'Y N JIBAY

2.5.11 «Hazemnrbie TPAHCIIOPTHO-TECXHOJIOTHUICCKUC CPCIACTBA U KOMIIJIICKCHI»

Juccepranus
HAa COMCKaHHWE YYEHOU CTEIICHU

KanIuaaTa TCXHUYCCKUX HAYK

Hayunsiit pykoBOAUTEH
JIOKTOP TEXHUYECKUX HAYK,

Makapos B.C.

H.Hogropon 2025
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- JUIsI CIydasl e «C OJIMHAKOBOM BaXHOCTHIO» A dpexkTrBHOCTS PBM Konebnercs
B patione 0,154-0,159 u cnauvana pacret Ha 1%, a morom nagaet Ha 3%.

6. VI3 3TOTO MOXXHO CAENaTh BBIBOJBI, YTO KOHCTpYKIUss PBM ¢ yriom HakioHa
BUHTOBOM JMHUM 24 ° Haubomnee 3¢ HEeKTUBHA NMPHU JBUKEHUU 10 CHETY U JIbY, C YIIIOM
30 °© — B cMeNIaHHOM IMKJIC JBIKCHHs, a ¢ yriaoMm 39 °© — mpu ABMKEHUHU TIO BOJIE.
Heobxoaumo Takxke OTMETHTh, YTO IMOJYYEHHBbIE JIaHHbIE HE MPOTHBOpEYAT

MPEABIAYIIEMY OIBITY 3KCIUTyaTanuu MamuH ¢ PB/I.
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JYOPEKTUBHOCTHL BHEJIPEHU S

OpraHu3alMOHHO-TEXHHYECKHE  MPEeHMYLIECTBA__ 3aKalouaiotes B pa3paloTke  MPAKTHYECKUX
peKoMeHaalmnii  no  noBbileHuo  3hheKTHBHOCTH npu  padoTe Ha _CneunanbHOil _TPaHCNopTHO-
TEXHOJI0rMYECKOH MAllIMHE C POTOPHO-BUHTOBBIM JIBUAKHTEAEM.

CounalibHblii 3P exT 10cTUraeTes 3a cHeT:

Pa3BUTHA TPAHCTIOPTHBIX COOOLIEHHNIT B TPYIHOJAOCTYIHBIX pailoHax

MUHHUMAIbHOE HEraTMBHOE BO3JENCTBHE HA OKPY/KAIOUIVIO Cpeay. JaeT BO3MOKHOCTb YBEIHYEHMA
BPEMEHH 3KCILIVATALIMK BE31eX0AHbIX MalinH ¢ PBJL.

B03MOKHOCThL OCVILECTBAATH CnacaTe/ibHbIC Onepatui B CaMbIX CYPOBbBIX YCI0BHAX OKpysKatoLueii cpebl.

DKOHOMHYECKHT AQPEKT OT BHEAPEHNs pa3pabOTOK JA0CTHIHYT 3a CHeT:

ToBbitenns ¢ beKTHBHOCTH AeATENbHOCTH NPEANPUATHII FHEPreTHYECKOro KoMIleKea, HedTera3oBoii u
CTPOMTE/ILHON  OTpac/iW _3a  CuYeT pacilupeHHus BO3MOKHOCTEH 1P BbINOJIHEHWH TPAHCMOPTHO-
TEXHOJIOTMYECKNX onepauuii, B paiionax JlansHero Cesepa.

[Tpu 3TOM nosiyueH pakTHyeckuii IKOHOMHYECKHIT YIPPEKT ¢ MOMEHTa BHEApeHHA

HE MOJACYHTHIBAJICA

ot Hcnoanurens oT 3aka3zumka
["enepanbHblii anpektop OO0 «TpancMaiuy»

C.E Mansnun

%¢
e

4

7 O 9
Jonwa®
.
Rpftasr™

u
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Oeu,‘.kC s
L r

P

ey
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V.111. Baxua0oB

Ucnoauunrenu: / " ™

: /%/ B.B. beasikos

B.C. Makapos
.C. Mokepos
C.A. Kapacesa
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AKT
0 BHEJIPEHHH Pe3y/IbTATOB HAYYHO-HCC/Ie10BATE/ILCKOMH PaboThI

Pazpaborku:

denepanbHOrO rocynapcTBEHHOrO GHOIKETHOTO 00pa30BaTENbHOrO YUPEKICHHUs BBICLIEIO
obpasosanns «HiwKeropoackuii rocy1apCTBEHHbIN TEXHUYECKHH YHUBEPCHTET HM. P.E.

Anexceesay (HI'TY)

(Hassasmie By3a)
a UMEHHO!
1 Crenn ans NpoOBEIEHHs] SKCMEPUMEHTANIbHbIX HCCNENOBaHUN PU3MKO-MEXaHHUYECKHX
CBOMCTB IPYHTOBBIX MOBEPXHOCTEH.
2 Meronuka 00paboTKH IKCNIEPUMEHTAJIbHbIX JAHHBIX.
MareMaTH4eCKHe MOIENH IPEONOJECHUs] TOPOrOBbIX MPENsTCTBUI TPAHCIOPTHO-
TEXHOJIOTMYECKMMH MAUIWHAMM C Pa3HbIMY THIIAMHK JBHKUTEIEM.
4 MeTtoauka pacyera PalHMOHAJbHbIX N'€OMETPHYECKHX NAPaMETPOB MOJYNOrPYKEHHOIO
DOTOPHO-BHHTOBOIO JABHKUTENs 1pu pabore Ha BOE.
5 PesyabTaThl CTPYKTYDHOIO aHAIHW3a CHJIOBOTO B3aWMONEHCTBMS 3JIEMEHTOB LIHEKA
DOTOPHO-BHHTOBOIO [BMIKUTES [P B3aWMOJEHCTBUH C BOJIOH.
6 Pe3yibTaThl aHajM3a B3aMMOJECHCTBMS ABYX TAHAEMHO DPACHOJOKEHHBIX POTOPHO-
BMHTOBbIX JBIKMTEJIEH rpu paboTe Ha BOJE.

(nomrioe pasp DM TIEPEYH paspa )

BBITIOJIHEHHbIE 1O noroBopy Ne 075-15-2022-736 MK-336.2022.4/1 ot 12 mas 2022 r. no
Teme «COBEpIIEHCTBOBAHME  METOJAOB  pacyera  B3aUMOJEHCTBHsA _ TPAHCIOPTHO-
TEXHOJOMHYECKMX MAIIMH C Pa3pVvIiuaeMbIMU OapbepHBIMU NPENATCTBUIMEY .

(xo3a0T030pY, I¢ Y, BHYT P BHYTD! JAKAAM,
JIOTOBOPY K3 MEPEARTY HRYMHAIX AOCTHXRCHIG, HAMMEHOBARHE TEMbI) HOMED H HHACKC TEMBI, JaTa HAMANA i OKORUAHHI, o0bem sarpar HHAP, Ne rocperneTpaiont

M NePEAAHHBIC Ha kade «CTpouTenbHble ¥ 10poskHbIe MawuHb HITY
pe benpy «Ctp J0p

HAYBAHHE OPraHicaiust (NPeUIPHSTIS) -~ 3aKaTHHKA

w

BHEAPeHbI ¢ HOSIOPs Mecsua 2023 roaa Ha (8) yueOHOM mpoliecce

OpraIaIa (peAnp ), [1¢ BHEAPEHB! Pasp

B coctase KypcoB_«Pabouue OpraHbl CrenHantu3upOBAHHBIX TPAHCIOPTHO-TEXHOJIOTHYECKHX
mamut», «CAITP Ha3eMHbIX TPaHCMOPTHO-TEXHOJOIMYECKHX MawnHy, «MawuHbl s
3emasHbx pabot. Teopus u Pacuer», «OCHOBLI HAYYHBIX HCCAECAOBAHUIY

(yKa3Th HANMEHOBaHHE OGBEKTA HIH CHCTEME, B COCTABE KOTOPBLX HAUNTH IIPAKTHHECKOE TIPHMEHEHNE PatpaCorka Bos, I0TH B KaHECTBE CAMOCTOMIEIBHONO ofsexta)

B COOTBETCTBHH C [UIAHOM Y4eOHBIX M HayuHO-uccneaosatenbekux pador HI'TY
(JTOKYMERTH Ha PBIN > PaspatoToK BY38, 11O KAKOMY IUIRHY NPOBORHIHCE PAGOTH)

Haznauenue BHEAPEHHbIX pa3pa60rrox HCII0JIb30BAHKE B JIEKLHMOHHbIX Kypcax, MPaKTH4YECKHX
pa dy PaIPasoTOK)

(pacKphiTh

X

1 1a00PaTOPHBIX 3aHATHUSIX CO CTYACHTAMHU.

TexHHYECKHUH yPOBEHDb Pa3paboToK yCOBEPLIEHCTBOBAHME PAHEE CO3[IaHHON METOAMKU

(maTextoB)
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IPOEKTUBHOCTb BHEJAPEHUSI

Opraiu3alnoHHO-TEXHHYECKHE IPEUMYIIIECTBA:

YAy4llIEHHE OIKCIIYATAllMOHHBIX CBOWCTB 3d  CYET NMPUMCHCHHS TNCPCAOBLIX MCTOJIOB
[IPOrHO3UPOBAHUS XAPAKTCPUCTHUK MPOJAYKTA.

(NapameTpsl. XapaKTepH3VIOUHE CTENEHL KAUECTBEHHOMO VIVHWEHIN GYHKUNONATBHBIN 1AM IKCAAYATALIOHHBIX NOKAIATENCH NO CPABHCHING € GAI0BBIM JAN AMEHACMBIM BAPHAHTOM)

Counanphpiii 3pdext__ PazBuTHe HAYUHbIX UCC/ICAOBAHUN B 001aCTH 00€eCIeYeHUs

(1OAPOOHO PACKPHITE KOKKPETHBIT BILT ApdexTa sanuma 310posns . OXPaHa OKpY it cpeasl,
INOJABHIKHOCTH U 3(b(tLCKTHBIIOCTH HA3€MHbIX TPAHCIOPTHBIX CPEACTB.
MPECTILAA CTPAHBI, COBEPLICHCTBOBANITE CTPYKTYD VIIPABACHNA, PAIBITIE HAVKI 11 HAYMHBIN HCCIEI0BAHNIT 1 T.1 )

DKOHOMHUECKHI YPPEKT OT BHEAPEHH S pa3padoTOK JOCTHIHYT 3a CHET
HOBBIIEHHS KAUeCTBA TCKIHOHHBIX KYPCOB W MOJATOTOBKH CTY/IEHTOB,

(KOANHECTBENHAA XAPAKTEPHCTIKA IKOHOMIT MATEPHRAILHBIN, SHEPIETHHECKIN I TPYIOBHIX PECYPCOB.

MPAKTUYECKUX U J1a00PATOPHBIX 3aHSATHH

COKPALIEHNE KAMITANLHBIN RAOKEHIT, NOBKINCHIC KAYECTEA NPOIVKIIN ) T 1)

Ilpn sToM pakTHueckuit sxoHOMHUECKHIT Y deKT ¢ MOMeHTa BHEpeHHs

HEC MTOJACYHUTHIBAJICS

(Cysma widhpasii 11 NPONICHIO)
IlO.’]eBOC yyacTtue - B 1MOJIYHCHHOM
(nassanue syra)
(haxTHueckom dKOHOMUUECKOM YpeKTe cocTaBaseT — . TbiC. pyo.

(CyMM2 UIhPaMit 1t IPONNCHIO)

« 19» nHosidOpst 2023 1.

ITpopekrop 1o HayuHOIi

1.().-M.H.. ipo. A.A. Kypkun

B, e T Bk
1.T.H.. TIPOP. %, v SO
g #el :,:%éf:fﬂmﬁ?i&

PykoBosnTE b TEMbI

K.T.H. / %\ A.B. [lanyann

Wcnonuuresnu:
7, _ BC.M

. T.H. ////y_ B.C. Maxapos

\// /
K. T.H. ) /// A.M. bensie

) -
acCHCTEHT - ,,/fb@(/ A.U. MapkoBHuHa
acrupaHT - ALA. Kimonkun

acrupanT C.A. Kapacesa
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POCCHACKAS GEIEPAIITS

HA U3O0BPETEHHME

Ne 2803514

AMpuOuiiHasi poTOPHO-BUHTOBas MJjargopma

Tarenroobnanares: DeEOEPAIbHOE 20CYOAPCHIBEHHOE DI00XHCEMH e
00pazosamenbvHoe yupexcoeHue blcuieco 00pa3o8anus
"Huotce2opoockuii 20Cy0apcmeeHHblil MeXHUYeCKuil
yHusepcumem um. P.E. Anekceesa" (HI'TY) (RU)

Asrops: Manaxoe Amumpuit FOpveeuu (RU), Kapacesa Ceemnana
Anekceegna (RU), Makapoe Braoumup Cepeeesuu (RU), benakos
Baaoumup Bukmoposuu (RU), Konomunun Braoumup
Escenvesuu (RU), Ilanynun Anexceii Banepvesuu (RU), benses
Anekcanop Muxaitnosuy (RU)

3agexa Ne 2023114672

Ipuopurer nsobperenus 05 monst 2023 r.
JaTa rocy apCTBEHHOM PETUCTPATIHH

B ['ocynapcTBeHHOM peecTpe n30OpeTeHIH
Poccuiickoit ®eacpaunu 14 cenTsopst 2023 r.
Cpox AeHCTBUS HCKIIOUMTEIBHOTO MPaBa

Ha m3obpererne ucrexaer 05 monst 2043 r.

Pyrosooumens @edepansnoti ciymncosi

NnO UHMENECKMYQIIbHOL CcoOOCmMBenHoOCcmiL
B NN
AOKYMEHT 1C POHHOW MOANNCHIO

Cepripiiar 42966301385 3164039613373b4237 10.C. 3yo06
Bnagened 3y i CepreeBuy

Hevicreutened c 1t 23 o 02.08.2024
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anIJ'IO)KeHVIe 2. PacyeTbl ABMXXEHUS MO nbay n CHery

MpunoxeHue 2.1a. Pacuyet Tvna la

PacueT aBmxeHus PB/] no Nbay C M3MEHSIEMOM YacTOTOM BpaLleHUs

MapaMeTpsbl WHeka
L:=2.450
Ly:=3.19

hy;:=0.1

d:=0.6
D:=d+2+h,;=0.8

d
rcyl_l =—= 0-3

=04

2
D
Tshn_l = ?

T
:=30.——=0.524
Bn 180

C Yr/IOM HaK/OHa BUHTOBOW NNHUK 24 rpaayca

M, AnnHa 6a30BOro LUMANHAPA
M, 0bLlas AnvHa LWHeKa

M, BbICOTa /l0MacTu

M, AvameTp 6a30BOro LUMANHAPA
M, BHELUHWUIA AMAMETP LUHEKA

M, pagnyc 6a30BOro uMnHapa
M, BHELUHWI paanycC LUHEKa

pafl, yrosl NoAbeMa HOCKa LUHEeKa

paa, yron npuv BepWnMHE ceveHns BMHTOBOM

yi=12.—1=0.209
180

nonactu
T o
¢:=24. %0 =0.419 pajl, Yron HaknoHa BUHTOBOW N1ONacTy
t:=3 LUT., KOSIMYECTBO 3aX0A0B
m:=2 LT, KOSIMYECTBO LLUHEKOB
c:= napameTp KOHCTPYKLMUM LLUHEKOB

n; ¢:=200,250..600 06/MWH, AManasoH 3HaYeHW YacToTbl BPALLEHWS

MapameTpbl NOrpy>xeHuns
Ponaz=hy=0.1 M, MaKCuUMasbHas rinybuHa norpyxeHus

T —h

¢, :=|acos| =L\ (0.723 pag, MaKCUManbHbIil YO MOrpy>EHNS
rshn?l

£:=0,0.01..¢,,,, pajl, AManasoH 3HAYEHUN YINa Norpy>KEeHNs

R var 1(€) =Tgpn 1+ (1—cos(€)) M, FTly6MHA NOrpy>KeHNs

MapameTpbl Nbaa

f:=0.015 KO3(pDULMEHT TpeHus Mo Nbay
Hp, :=1.3-10° Ma, NpOYHOCTb /baa
Mnowaaun

D2

S’l({f): o (2-7r-£—sin(£)-cos(£))

S5 (€) ==4.tan(l).r8hn_1-<rshn_1—hi_var_1(§)>. m(tan £ +g) (i thll(g) tan (¢)
Sle)= ffs((fz)z s4<§)=<hivarl(s>>2.t£n(g) e ( : ) )



L-t

zl=——— — _=10.318
2-D-tan(q§)

n,;:=200 ny:=250 mn4:=300

ng:=450 n,:=500 ng:=550

G, (5) =5, (f) *Hp, -z

z

c 2 i—1
Fsupl:: ZHP1° (g)

=1

supl

Fupl (5) ::C'Fsupl'SB (5)

D_hi var 5
ry(g)= 2 a8
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z:=10
n,:=350 mny:=400

ngyi=600

F. .=3.386-10°

Miyagy (&) =Fp (€) -sin () -, (€) -0

M (€) ’:m‘rp(f)‘<<G1(f)‘f>+<Fup1(§)‘f>+<C‘t‘54(5)‘HP1>>

o Msoprl (5) 1y *2.7

Npotr1 (€) (.
Nopoirz (€)= Msozm“léf) 2);)1;2 27T
Nopoir3 (€)= Msomf(iz 2)07;3 27T
Nopotrs (€)= MSOprl(Ef) L;)? 2o

M o1 (€) 15270

Nyorrs (€)= somﬁoooo

— Msoprl (5) *Nge2eTT

60000

M (€)-mze2-7

Nyours (€)= SOPT160000

Mo (€)-11g+2-70

1
potrs (£) == 60000

Mo (€) 119+ 270

Nyorra (€)= Somfsoooo

Ny (€) = 22001 éﬁﬂ) 2
Niyear2 (€)= Mtyagléi 2);)":;2 et
Nyt (€) = e éz) 2
Nyeais(€) = 220001 égz) 2
Nyeais (€)= Mtyaglég 2);)7(’:5 .
Nyeas (€)= Mtyagléi 2);)7(1)6 2
Nyt (€) = 222001 éf,f) 2
Niyeas (€)= Mtyagléi 2);)’:)’18 et
Nyt (€) =222 éz) 2

KPD, (£) =

KPD,(€) =

KPD,(¢):=

KPD, (¢) =

KPDy (€)=

KPD, (€)=

KPD,(¢) =

KPD, (¢) =
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A
3.85.10%+
3.5.10%+ o7
-
. - - Npotrl (E)
3.15-10%+ . -
id .
- - PR
\d -
2.8-10%+ P -7 Npotr2(€)
- -
Ll Py PR
. - o ” ‘Q’
2.45.10%+ . . .
LIPS Npotr3(§)
14 P ” D
2.1.10°+ e .
4 . Phe S e
oot o N porra (€)
. .- .- otrd
1.75-10%4 e L% LT - opotrads/s o
. ; -
¢ e e - PP
¢ o - Lem T et
y 3] 4 s . Pt B JUPPTL
1.4:10 PRI .- Npotr5 ('5)
. . .
., ',' St et et = e
1.05:10%+ . P
vl o LT et
g0 Npotrs (5)
7001 ~$ el
350 g% " potr7 (5 )
0 » N
0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 potr8 (5)
NpotrQ (‘f)
h’z’_var_l (5)
A
9.35-10"+
8.5.10"+
Nreall ('5)
7.65-10%+
6.8-10*+ Nreal2 (f)
5.95.10%+
Nreal3 (E)
5110 et et T e
4.25-10*+ o real4( _ ) _____
3.4.104+
3.410 Nreal5 (5)
2.55:10%+ N
real6 ('f)
1.7-10*+
8.510° g+ real? (5)
0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 real8 ‘S

Nreal9 (5)-
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A

0.045

0.041 /

0.036
0.032 KPD2 (5)
0.027 KPD3 ( &')
0.023 KPD4 (5)
0.018 KPD5 (S)
7
KPD(¢)
0.009
0.005 . f{?{)j-(-f) L
0.01 0.2 003 004 005 006 007 008  0.09 0.1 g ) I_{P_)I_DS_({) .
KPD,(¢)
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[ABmxeHne B6OK

Miyag1 1 (€) =Fyp (&) -cos (o) *Tp (&)-m
My (€) =mer, (€)« ((G1 (&) f) + (Fup1 (&) - ) + (c+t+84(€) - Hpy))

Nopour1 (€
KPD, ,(§) ::#11((5))
3 Npot'rQ (5)
KPD, (¢) :_m
Npotrs (€
KPD; (€)= #Sl((ff))
o 3 Npot'f‘4 (5)
4.1 (‘E) = m
D 3 Npotr5 (f)
5.1 (5) = m
KPD. (&) ee Npotrs(€)
6.1(€)= m
KPD. (&) ee Nootr7(8)
71(€)= m
Npours (€
o, (g Nl
KPDg_l (5) — Npot'l"9 (6)

Nreal9_l (E)
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2.10°+
1.8:10°+
1.6:10°+
1.4-10°+
1.2.10°+
1.10°+
8.10%+
6-10%+

4.10*+

2.10" 4

»
>

o
T 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1

h’z',var,l (5 )

A

0.02
0.018 /’_////
0.016
0.014
0.012

0.01
0.008
0.006
0.004

0.002

o
) 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1

h’i_var_l (5 )
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Pacuet gBwxeHunsi PB[l no nbay € n3amMeHseMon 4acToToNn BpaLleHust

MapaMeTpbl LWHeKa
L:=2.450
Ly:=3.19
hbl :=0.1
d:=0.6
D::d+2'h’bl:0'8
d
Tcyl_l ::3: 0-3
D
rshn_l ::?: 0.4

T
:=30.——=0.524
Fn 180

yi=12.—=0.209
180

$:=30-——=0.524
180

C YI/IOM HakKMoHa BUHTOBOW NIMHMKM 30 rpaaycoB

M, AMHa 6a30BOro UMAnHApa
M, 0bLlas AnvHa LWHeKa

M, BbICOT@ /lONacTu

M, AnameTp 6a30BOro UMInHApa
M, BHELLUHWUIA ANaMeTp LUHEeKa

M, pagunyc 6a30BOro uMnHapa

M, BHELUHWUI paanyc LHEeKa

paj, yron nogbeMa Hocka LUHeKa

pag, yrosn npv BepLMHE CEYEHUSI BUHTOBOW

fionactu
paa, yron HaksioHa BMHTOBOW /10NacTu

t:=3 LUT., KOJIMYECTBO 3aX0A0B
m:=2 LUT, KOJIMYECTBO LUHEKOB
ci:= NapaMeTp KOHCTPYKLMU LIHEKOB

Ny ¢:=200,250..600 06/MWH, AManasoH 3HaYeHWN YacToTbl BPALLEHUS

MapaMeTpbl NOrpy>KeHus
Ponae =hy=0.1 M, MakcuMasnbHas rnybuHa norpyxeHus

T —h

¢, . :=|acos| "L T\ (0.723 pag, MaKCUManbHbIil YO MOrpy>eHs
Tshn_1

£:=0,0.01..&,,,,, paf, AManasoH 3HAYEHUI yrna NorpyXXeHust

i var 1 (&) =T 1+ (1 —cos(€)) M, Fy6uHa NorpyxeHus

MNMapamMeTpbl Nbaa

f:=0.015 KO3 PUUMEHT TPEHUS NO Nbay
Hp, :=1.3-10° Ma, NPOYHOCTb /bAa
Mnowaam
D2
S, (€) = (2.7-&—sin(&)-cos(¢))
S, (€):=4-tan (%) et 1* (Tshn_1 = Pi_var_1(€)) * (ln (tan %-1— % — (1 - h"L‘l(s)) . tan (5))
Tshn_1

_ S )

S5(¢) eos (@)
):



L-t

zli=——————=7.957
2-D-tan(q§)

n,;:=200 ny:=250 mn4:=300

ng:=450 n,:=500 ng:=550

G, (5) =5, (f) *Hp, -z

z

c 2 i—1
Fsupl:: ZHP1° (g)

=1

supl

Fupl (5) ::C'Fsupl'SB (5)

D_hi var 5
ry(g)= 2 a8
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z2:=8
n,:=350 mny:=400

ngyi=600

F., .=3.13-10°

Miyagy (&) =Fp (€) -sin () -, (€) -0

M (€) ’:m‘rp(f)‘<<G1(f)‘f>+<Fup1(§)‘f>+<C‘t‘54(5)‘HP1>>

o Msoprl (5) 1y *2.7

Npotr1 (€) (.
Nopoirz (€)= Msozm“léf) 2);)1;2 27T
Nopoir3 (€)= Msomf(iz 2)07;3 27T
Nopotrs (€)= MSOprl(Ef) L;)? 2o

M o1 (€) 15270

Nyorrs (€)= somﬁoooo

— Msoprl (5) *Nge2eTT

60000

M (€)-mze2-7

Nyours (€)= SOPT160000

Mo (€)-11g+2-70

1
potrs (£) == 60000

Mo (€) 119+ 270

Nyorra (€)= Somfsoooo

Ny (€) = 22001 éﬁﬂ) 2
Niyear2 (€)= Mtyagléi 2);)":;2 et
Nyt (€) = e éz) 2
Nyeais(€) = 220001 égz) 2
Nyeais (€)= Mtyaglég 2);)7(’:5 .
Nyeas (€)= Mtyagléi 2);)7(1)6 2
Nyt (€) = 222001 éf,f) 2
Niyeas (€)= Mtyagléi 2);)’:)’18 et
Nyt (€) =222 éz) 2

KPD, (£) =

KPD,(€) =

KPD,(¢):=

KPD, (¢) =

KPDy (€)=

KPD, (€)=

KPD,(¢) =

KPD, (¢) =



3.5.10%

3.15-10°

2.8-10%

2.45.10°

2.1-10%

1.75-10%

1.4.10%

1.05-10%

700

350

241

2

potr7 (g )

0.01

0.02

0.03

0.04

0.05

0.06

2

0.07 0.08 0.09 0.1

potr8 -( f )

potr9 _(‘E )

=2

A
1.1-10°+
1.10°+ PR
-
Pihe . " Nreall (‘5)
9.10%+ . - "
- Phe
- - -
- -
-
8.10%+ . e =" Nreal2 ('S)
- . - - -
7-10* 4 c.r ."—‘ N
L d - -
. .- et real3 (E)
- - - =,
6:10%1 .
Phs .t et
L d -'® .- -

s Nreal4(£)
5.104+ - ettt .
4.1041 . T
4-10 .- N’r‘eals(g)
3:10%+ N

real6 ('f)
2.10%+
110* Nreal7 (5)
0.01 002 003 004 005 006 007 008  0.09 0.1 real8 5

. J\fretzl9 gg)- o
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A

0.035

0.032 _—-”’/___,_._———'
KPD, (f )
0.028
0.025 KPD2 (5)
0.021 KPD3 ( &-)
0.018 KPD4 (5)
0.014 KPD5 (S)
oold e
KPD(¢)
0.007
0.004 . -I(:?{)j-(-f) L
0.01 0.2 003 004 005 006 007 008  0.09 0.1 g ) I_{F_)I?S_(é;) .
KPD,(¢)
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JBuxeH

Miyag1 (&) =Fyp (&)-cos(o)- Tp (&)-m

M o1 (€) =1 (€) « ((G1 (&) f) + (Fupn (€)  f) + (c+ £54(€) - Hpy))

N (€)= Miopry éilozl o
N otz (€)= MSOprléf] 207;2 .9
Npotrs (€)= Ms"méf] 3);)23 2.
N (€) = e éiz] OZ

N potrs (€)= MSOprléf]?);JZS 9.
N pours (€)= Msop”éf)z);;;ﬁ 2.
N o7 (€)= Msop”((iz 2)07;7 .9
N (€)= My (€) +nig+2-

60000

M (5)'%‘ .

Npotrg (5) = ot

60000

Nreall_l (’5) :

N’r‘eal2_l (’5) :

Nrea,l{’)J (E) :

Nreal47l (5) :

Nreal5_l (E) :

Nrealﬁ_l (5) :

Nreal7_l (’5) :

N’realS_l (’5) :

NrealQ,l (‘f) :

ue B6OK

_ Myyagry(€)omye2em

- 60000

Mg (€)omge2em

- 60000

_Mtyagl,l(§)'n3-2-7r

- 60000

_Mtyagl,z(5)°n4°2-7r

- 60000

:Mtyagl_l(f)‘nf)'?-ﬂ'

60000

_ Mg 1(€) mge2e7
60000

:Mtyagl_l(f)'n7'2-7r

60000

:Mtyagl_l(g)'n8'2-7r

60000

:Mtyagl,l(f)'n9'2-7r

60000

KPDl_l(f) =

KPD, , (5) =

KPDy (5) =

KPD, , (5) =

KPD5_l (5) =

KPDyg , (g) =

KPD7_Z (5) =

KPDg (&)=

KPD, (&)=

Npotrl (5)

N, potr2 (5 )

Npotr3 (6)

N, potrd (5 )

N. potrd (5 )

N, potr6 (5 )

N, potr7 (5 )

Noors (&)

N real8_l (E )

Noora(€).

NrealQ_l (’S)
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A
1.8:10°+ .
1.6-10°+ PRl -
JiN ’ ‘.‘— . Nreall_l('f)
1.4-10°1 e .00 _—"—‘
. "4’ _"" NrealQﬁl(E)
- . . .
1.2:10°1 .- __,'
. :"_4” . Nreal3_l(‘£)
1.10°+ e . e’ et e
‘. ‘ ¢"' ' T
A A Nreal4_l(£)
81044 ., "¢' .............................
S A
610"+ " :" NreaZSJ(E)
l"i .............
LA
4101 ‘,'" Nreal6_l(€)
R
2.10* '{' Nreal7_l (5)
0.01 0.02 003 004 005 006 007 008 009 0.1 g NrealS_l ('S)
Nreal9,l (E)
A
0.02
0.018 -//
KPD, , (5)
0.016
0.014 KPDQ—l (5)
0.012 KPD?)J (é)
0.01 KPD4_l (&-)
0.008
KPDy , (§)
0.006+ e
KPDg ,(£)
0.004
0.002 . .I(.vé.Dj:l.(.f .) [
0.01 0.02  0.03  0.04 0.05 0.6  0.07 008  0.09 0.1 g . I_<€l_)8:l (_52 o
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Pacuet gBwxeHunsi PB[l no nbay € n3amMeHseMon 4acToToNn BpaLleHust

MapaMeTpbl LWHeKa
L:=2.450
Ly:=3.19
hbl :=0.1
d:=0.6
D::d+2'h’bl:0'8
d
Tcyl_l ::3: 0-3
D
rshn_l ::?: 0.4

T
:=30.——=0.524
Fn 180

yi=12.—=0.209
180

}:=39-——=0.681
180

C YI/IOM HaKMOHa BUHTOBOW NIMHMK 39 rpaaycoB

M, AMHa 6a30BOro UMAnHApa
M, 0bLlas AnvHa LWHeKa

M, BbICOT@ /lONacTu

M, AnameTp 6a30BOro UMInHApa
M, BHELLUHWUIA ANaMeTp LUHEeKa

M, pagunyc 6a30BOro uMnHapa

M, BHELUHWUI paanyc LHEeKa

paj, yron nogbeMa Hocka LUHeKa

pag, yrosn npv BepLMHE CEYEHUSI BUHTOBOW

fionactu
paa, yron HaksioHa BMHTOBOW /10NacTu

t:=3 LUT., KOJIMYECTBO 3aX0A0B
m:=2 LUT, KOJIMYECTBO LUHEKOB
ci:= NapaMeTp KOHCTPYKLMU LIHEKOB

Ny ¢:=200,250..600 06/MWH, AManasoH 3HaYeHWN YacToTbl BPALLEHUS

MapaMeTpbl NOrpy>KeHus
Ponae =hy=0.1 M, MakcuMasnbHas rnybuHa norpyxeHus

T —h

¢, . :=|acos| "L T\ (0.723 pag, MaKCUManbHbIil YO MOrpy>eHs
Tshn_1

£:=0,0.01..&,,,,, paf, AManasoH 3HAYEHUI yrna NorpyXXeHust

i var 1 (&) =T 1+ (1 —cos(€)) M, Fy6uHa NorpyxeHus

MNMapamMeTpbl Nbaa

f:=0.015 KO3 PUUMEHT TPEHUS NO Nbay
Hp, :=1.3-10° Ma, NPOYHOCTb /bAa
Mnowaam
D2
S, (€) = (2.7-&—sin(&)-cos(¢))
S, (€):=4-tan (%) et 1* (Tshn_1 = Pi_var_1(€)) * (ln (tan %-1— % — (1 - h"L‘l(s)) . tan (5))
Tshn_1

_ S )

S5(¢) eos (@)
):



L-t

zli=————  _=5.673
2-D-tan(q§)

11:=200 1ny:=250 n43:=300

ng:=450 n,:=500 ng:=550

G, (5) =5, (f) *Hp, -z

z

2
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z:=9
n,:=350 n5:=400

ngyi=600

c i-1
Fsupl = ZHPl * (g) Fsupl =2.167. ]_06

Fypm (5) i=CeFlgp1+S3 (5)

D_hi var 5
Tp(g)’: _2 _1( )

Miyagy (&) =Fp (€) -sin () -, (€) -0

M (€) ’:m‘rp(f)‘<<G1(f)‘f>+<Fup1(§)‘f>+<C‘t‘54(5)‘HP1>>

__ Msoprl (5) 'n1'2'7T

Npotr1 (€) (.
Nopoirz (€)= Msozm“léf) 2);)1;2 27T
Nopoir3 (€)= Msomf(iz 2)07;3 27T
Nopotrs (€)= MSOprl(Ef) L;)? 2o

M (5)-n5-2-7'r

Nyotrs (€)= somﬁoooo

— Mopr1 (5) *Ng+2e7

60000

M (f)-n7.2.ﬂ'

Npotr7 (£) = SOPT160000

M (f)'ns'Q'T"

1
potrs (€)== 60000

M (5)-7’59.2.7‘-

Npotro (€)= Somfsoooo

Ny (€) = 22001 éﬁﬂ) 2
Niyear2 (€)= Mtyagléi 2);)":;2 et
Nyt (€) = e éz) 2
Nyeais(€) = 220001 égz) 2
Nyeais (€)= Mtyaglég 2);)7(’:5 .
Nyeas (€)= Mtyagléi 2);)7(1)6 2
Nyt (€) = 222001 éf,f) 2
Niyeas (€)= Mtyagléi 2);)’:)’18 et
Nyt (€) =222 éz) 2

KPD,(¢):=

KPD,(£):=

KPD,(¢):=

KPD;(¢) =

KPDy (€)=

KPD, (€)=

KPDg(¢):=

KPD,(£):=
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A
3.10%+
2.7-10%
Npotrl (E)
2.4-10%
2.1-10% Npotr2 (5)
1.8:10° Npotr3 (5)
1.5-10% Npotr4 (5)
1.2.10%
Npotr5 ('5)
0004 = et LT et et e
. Npotr(i (E)
600
300 N potr? (f )
’ 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 NpotTS (E)
7 NpotrQ (‘f)
h’z’_varl(f) teesmmm e
A
1.10°+ .
9.10%+ - PRL g
o7 . - . Nreall ('5)
810"+ . . L.-" -
- - - . -
7.1044 e . - L - Nreal2 ('S)
‘ - - - - g - - ’ .-
6:10*1 - . - Nreal3 (6)
’ . . B - FPIEE oo
5.10% .’ ‘ : -
=T T Nyean (€)
‘e L B B
4-10*+ LIS . T T
Nreals (5)
- N'real6 ('f)
Nreal7 (5)
0 ) o.iu [)4‘02 0.1]3 04‘04 ().;)5 u.b(; ().‘07 U.i)s 04‘09 0.‘1 g real8 (f
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0.03
0.027
// KPD, (f )
0.024
0.021 KPD2 (f)
0.018 KPD3 (6)
0.015 KPD4 (5)
0.012 KPD5 (E)
0000k e
KPDq(¢)
0.006
0.003 . f{?{)j_(_g} L
0.01 0.2 003 004 005 006 007 008  0.09 0.1 g ) I_<I:)138_(§;) .
KPD,(¢)
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[ABmxeHne B6OK

Miyag1 1 (€) =Fyp (&) -cos (o) *Tp (&)-m
My (€) =mer, (€)« ((G1 (&) f) + (Fup1 (&) - ) + (c+t+84(€) - Hpy))

Nopour1 (€
KPD, ,(§) ::#11((5))
3 Npot'rQ (5)
KPD, (¢) :_m
Npotrs (€
KPD; (€)= #Sl((ff))
o 3 Npot'f‘4 (5)
4.1 (‘E) = m
D 3 Npotr5 (f)
5.1 (5) = m
KPD. (&) ee Npotrs(€)
6.1(€)= m
KPD. (&) ee Nootr7(8)
71(€)= m
Npours (€
o, (g Nl
KPDg_l (5) — Npot'l"9 (6)

Nreal9_l (E)



9-10*+
8.10"+
7-10* 1
6-10*1
5.10%+
4.10*+
3.10%1

2.10°1 &

1.10% 1"

250

0.024

0.022

0.02

0.018

0.016

0.014

0.012

0.01

0.008

0.006

0.004

0.002

0.01 0.02

0.03

0.04

0.05 0.06 0.07 0.08 0.09 0.1

v

0.01

0.02

0.03

0.04

0.05 0.06 0.07 0.08 0.09
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MpunoxeHwue 2.1b. PacueT Tmna Ib

PacueT aBmxeHus PB/] No cCHery ¢ M3MeHsIeMON 4acTOTON BpaLLEeHMs!

MapaMeTpbl LWHEKa

L:=2.450
Ly:=3.19
dcyl = 0-6
d
cyl
TC = :0-3
yl 9
h’bl :=0.1

D::dcyl+2.hbl:0'8

D
Tshn_l = ? = 0.4

T
:=30.——=0.524
Bn 180

yi=12.—1=0.209
180

p:=24.—=0.419
180

m:=2

c:=2

t:=3

MapameTpbl Norpy>xxeHuns

hT‘ = ’I“cyl = 0-3
H:=0.8

PacueTHble Be/IMYNHBI

dey—1.2 h,

= —— =012

D—h
ry=——2=0.35

2
b=+ (ry? — (rey—) )

1.5

d:=0.0287-(100-H)

B o Ly—L
I 9. cos (,Bn>
B, ;:=L=2.45

n; =200 n5:=400
ny:=300 n,:=500

=0.427

C YI/IOM HaK/OHa BUHTOBOW NNMHUM 24 rpaayca

M, AnMHa 6a30BOro UMAnHApa
M, 0bLlas AnvHa LHeKa
M, AnameTp 6a30BOro UMInHApa

M, pagunyc 6a30BOro uMnHapa

M, BbICOTa JionacTtu
M, BHELLHWIA OnaMeTp LWWHEKa

M, BHELUHWI paanycC LUHEKa

paa, yron nogbeMa Hocka LUHeKa

paj, Yron npv BeplUMHE CEYEHUS BUHTOBOM
nonactu

paj, Yron HakfoHa BUHTOBOM SIONacTy

LT, KOSIMYECTBO LUHEKOB

napameTp KOHCTPYKLMUM LUHEKOB
LUT., KOSIMYECTBO 3aX0A0B

M, MAaKCUMasnbHasi rny6buHa norpy>xeHus
M, BbICOT@ CHEXXHOIO MOKPOBa

M, paauyc NPUIOXKEHUS CUMbl CONMPOTUBNIEHUSI CABUTY
BasiMka cHera

M, paauyc NpUIOXKEHNS CUIbl yrnopa

M, lWUMPMHA WTaMna
3MMMPUYECKUA KO3PDULIMEHT

M, LUMPWMHA SKBUBANIEHTHOrO KoNeca Npu ABMXEHUM Briepes
M, LUMPWMHA SKBUBAJIEHTHOrO Kofieca nNpu ABMXEHUM BOKOM

06/MWH, YacToTa BpaLleHus



252

MapaMeTpbl CHEXXHOrO MOKPOBa

ky:=0.53
Ay:=0.34
u3:=0.034
Kj3:=3.8-10°
p3:=0.3-10"
Hpy:=0.5-10°

v3:=0.735-K;3=2.793-10°

0.3
ngi=———=0.5
P g Mt 100-b+d
mars 100 b+d
T
gmaw::E

£:=0,0.01..¢,,,,

Pn_var (€) =Teyi+ (1 —cos (€))

Sg (5) ::g' <Tshn_12 _rcyl2>

N
Teyt * SID E+£

=0.502

«a (5 ) :=asin
Tshn_l

KoaddumumeHT nponopumoHanbHOCTH
MNokasaTenb cTeneHun

KoatbduumneHT conpoTUBIEHNS TPEHUIO
JKecTkocTb cHera, lMa

r/MM”3, NJIOTHOCTb CHEra

lMpo4yHOCTb CHera, la

HayanbHas »ecTkocTb cHera, Ma

KoadpdumumeHT okatus cHera

MNMapaMeTp MaKCMMasibHOro YrnjaoTHEHUS CHera

paA, NoJIOBMHA Yria Morpy>KeHust
paf, AManasoH 3HAYEHUI MOSTIOBUHbI Yria NMorpy>XXeHus

M, AMANa30H 3HAYEHWU FyOUHbI NOrpy>XeHns

—a(f)
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[BwmxeHune Bnepen

5, (€)= Tshn_1° rcyl;in (8(¢)) S,(¢)= g (25) T 1
S1(8) =S¢ (&) +2+(Sp(&) — S (€))
0

$4(8)= (hup_var (€)) " -tan (g)

L-t
2=
2.D-tan (d))
z:=10 ¢&,:=0,0.0803..0.723

=10.318

i:=1,2..10

z

c ) 1—1
FsupS = Z Hp;- (5)
=1

Fup3 (5) ::C'Fsup3'S3 (5)
Freak:?) (5) ::Fup?) (5) * 3

P,5(8):=8,(€)-Hps-t-c
kjg'Be_f'hqu:;-'—l
A3+1

Psn_fS::

SL(§)::2-S3(§)-Z w::2-hbl-tan(%) Sc(g)::(L-rcyl-§>-w-z

. ( er ecos(€&)- 73'<h’“_rcyl'(1_cos(‘£))> . G3(£)'SL(§)
G3(‘5) = [ Lo cyl (5) - (hr—rcyl-(l—cos(f)» @ GL?’(S) - SC(§)+SL(§)
[ —



N

N.

Npotr3 (5) =

Npotr4 (5) =

Npotrs (6) =

potrl (5) =

potr2 (f) =

M

sopr3 (5) *TMye

60000

M

sopr3 (5) ‘Moo s

60000

Msopr3 (5) *Tges-

60000

MsopT3 (5) Ny ze

60000

Msopr3 (6) *Ngese

60000

3.9-10%+

3.2.10%+

2.85-10%+

2.5-10%+

2.15-10%+

1.8:10%+

1.45-10%+

1.1.10%+

254

Nreall (5) =

Nreal? (5) =

Nreal3 (5) =

Nreal4 (f) =

Nrealt') (‘5) =

Mtyag3 (5) *Nyez-

60000

Mtyag3 (S) *Mgeze

60000

Mtyag3 (5) *Tgesr

60000

Miyags (€) 1142

60000

Myyags (‘5) *Mgese

60000

»
>

0 0.03 0.06

0.09

0.3




A
6.1.103+
5.6.103+
5.1.10%+
4.6-10%+
4.1-103+
3.6-10%+
3.1-10%+
2.6-10°+
2.1.10%+
1610547
1.1.10°

600

255

v

0

0.89

0.8

0.71

0.62

0.53

0.35

0.26

0.17

0.08

0.03 0.06

0.09

v

0.03 0.06
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[ABmxeHne B60OK

5, (€)= Tshm_1° rcyl;in (8(¢)) S,(¢)= B (25) T 1
S, 1(€):=1.15-5,(¢)

_ S (5)
5'3_1(5) " cos (¢)

L-t
2=
2.D-tan (d))
z:=10 ¢&,:=0,0.0803..0.723

=10.318

i:=1,2..10

z

c ) 1—1
FsupS = Z Hp;- (5)
=1

Fup3_l (5) =c 'Fsup3 'S3_l (5)
Freak:?)_l (5) = FupS_l (E) %

Pvrg(f) ‘=S4(5)'HP3't'C
k3'Be_l°hr>\3+1
Az+1

Psn_l3 =

SL_l(f)::2-S3_l(§)-z w::2-hbl-tan(%) Sc(f)::(L-rcyl-§>.w.z

— 5 er. ecos (&) e ’7’3'<hr—rcyl-(1—cos(£))> ._ G3(8)-S1,4(¢)
Gy(8)= | Lo*Teycos (€) | (e (1= cos (€))) € Grle)= Sc(€)+5;,.1()
-

0

PL3_l(E) ’:N3'GL3_l($) Pc3_l(5) =3 <G3 (5)—GL3_1(§)>
Myags 1(€)=Fups 1(€) -cos (@) m,em

Msopr3_l (5) =me <Psn_l3 *Tsd +Freak3_l (5) * T‘p +Pvr3 (5) * Tp +PC3_l (5) ° Tcyl +PL3_l (5) * Tp)



otr2_l (f ) =

otr5_L (E) =

(f) = Mioprs 1 (f) N2

60000

Msopr3_l (f) “Nye2e

60000

= Msopr3_l (5) “Nge2.

60000

= MsoprB_l (5) . ’I’I,4 9.

60000

Msopr3_l (f) . ’I’L5 e 9.

60000

3.9.10%+

3.55-10°+

3.2.103+

2.85.10%+

2.5.103+

2.15-10%+

1.8.10%+

1.45.10%+

1.1-103+

257

Nreallil (E) =

_ Miyags (¢)+n,-2-

60000

= Myyaga 1 (f ) “nye2e

Nreal?_l (5) = o

— Mtyag3_l (5) . n3 <9,

Nreal?)_l (5) = o

= Miyags (5) ‘ny 2.

Nreal4_l (S) = o

— Mtyag3_l (5) . TL5 9.

Nreal5_l (tf) = L

0 0.03 0.06
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A

1.5-10%+
1.35.10%+

1.2.10%+

1.05-10* Nreall l(g
9:10%1 Nreal2 l(
7.5:10%7 Nirears l(E

6-10°+ Nreal4 l(‘f)

451034 ,-°

NrealS_l (5)
3108
1.5:10%F
1.08
0.985
0.89
0.795
0.7 KPD 1.1 (é )
0.605 KP D2_l ( E)
0.51 KPD3J (5)
P T
. KPD, ,(¢)
0.32

0.225 T T T T T T T T T T T T T T T T KPD5 l(f)

0.131/

0.035

v

0 0.03 0.06 0.09 0.12 U.J(") ) 0.18 0.21 0.24 0.27 0.3
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PacueT aBmxeHus PB/l No cCHery ¢ M3MeHsIeMON 4acToTON BpaLLeHMs]

MapaMeTpbl LWHEKa

L:=2.450
Ly:=3.19
dcyl:: 0.6

dcyl
’I“Cyl ::T: 0.3
h’bl :=0.1
D:: dcyl+ 2 ° hbl:0'8

D
Tshn_l ::?: 0.4
T

:=30.——=0.524
Pn 180

yi=12.— 1 =0.209
180

$:=30-——=0.524
180

=2

3

2
3

S+~ O

MapaMeTpbl NOrpy>KeHus
h,r. = Tcyl = 0-3
H:=0.8

PacueTHble Be/IMYNHBI

d.,—1.2 h
Tsd ::%20.12

D—h
ry=——2=0.35

2
b::2-(rcyl2—<rcyl—hr> ) =0.6

1.5

d:=0.0287-(100-H) =20.536

B LomL 407
I 9. cos (,Bn> -
Be_l ::L:2.45

n,:=200 ny:=400

Ny:=300 ny:=500 1g:=600

C YI/IOM HakKMoHa BUHTOBOW NMHMKM 30 rpaaycoB

M, AnMHa 6a30BOro UMAnHApa
M, 0bllas AnvHa LWHeKa
M, AnameTp 6a30BOro uMInHApa

M, pagunyc 6a30BOro uMnnHapa

M, BbICOTa /10MacTn
M, BHELLHWIA OnaMeTp LWHEKa

M, BHELUHWUIA paanycC LUHEKa

paA, yron nogbeMa Hocka LUHeKa

paj, Yron npv BeplUMHE CEYEHUS BUHTOBOM
nonactu

pafl, Yron HaknoHa BUHTOBOW NloNacTy

LWIT, KOSIMYECTBO LUHEKOB

napaMeTp KOHCTPYKLMW LLIHEKOB
LUT., KOJIMYECTBO 3aX0A0B

M, MaKCUMasbHasi rny6buHa norpy>xeHus
M, BbICOT@ CHEXXHOIO MOKPOBa

M, paamyc NPUIOXKEHUS CUMbl CONMPOTUBNIEHUS CABUTY

Ba/IMKa CHEra

M, paauyc NpUIOXKEHNS CUbl yrnopa

M, WNPUHa WTaMna

3MMMPUYECKUA KO3PDULIMEHT

M, WWMPUHA 3KBMUBANEHTHOIO KOJ1ECa NpuU ABUXEHNN BNeEpPEN

M, WUMPUHA 3KBMUBANIEHTHOIO KOJIECa NpPpU ABUXEHUN 6okoM

06/MWH, YacToTa BpaLleHus
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MapaMeTpbl CHEXXHOrO MOKPOBa

ky:=0.53
Ay:=0.34
u3:=0.034
Kj3:=3.8-10°
p3:=0.3-10"
Hpy:=0.5-10°

v3:=0.735-K;3=2.793-10°

0.3
ngi=———=0.5
P g Mt 100-b+d
mars 100 b+d
T
gmaw::E

£:=0,0.01..¢,,,,

Pn_var (€) =Teyi+ (1 —cos (€))

Sg (5) ::g' <Tshn_12 _rcyl2>

N
Teyt * SID E+£

=0.502

«a (5 ) :=asin
Tshn_l

KoaddumumeHT nponopumoHanbHOCTH
MNokasaTenb cTeneHun

KoatbduumneHT conpoTUBIEHNS TPEHUIO
JKecTkocTb cHera, lMa

r/MM”3, NJIOTHOCTb CHEra

lMpo4yHOCTb CHera, la

HayanbHas »ecTkocTb cHera, Ma

KoadpdumumeHT okatus cHera

MNMapaMeTp MaKCMMasibHOro YrnjaoTHEHUS CHera

paA, NoJIOBMHA Yria Morpy>KeHust
paf, AManasoH 3HAYEHUI MOSTIOBUHbI Yria NMorpy>XXeHus

M, AMANa30H 3HAYEHWU FyOUHbI NOrpy>XeHns

—a(f)
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[BwmxeHune Bnepen

5, (€)= Tshn_1° rcyl;in (8(¢)) S,(¢)= g (25) T 1
S1(8) =S¢ (&) +2+(Sp(&) — S (€))
0

$4(8)= (hup_var (€)) " -tan (g)

L-t
2l=———
2-Dctan(¢)

z:=8  £,:=0,0.0803..0.723

=7.957

1:=1,2..10

c 9\i-1
Fsup?):: EHP3' (5)

=1

Fup3 (5) ::C'Fsup3'S3 (5)
Freak:S (5) ::Fup?) (S) s 3

P,5(8):=8,(€)-Hps-t-c
kjg'Bej'hrA:;-'—l

Pon_ga:= A3 +1

SL(£)==2'53($)'Z w;:2.hbl.tan(%) SC(S)::(L.TCyl-$>-w-z Tp::D—thl
— «T 1+ COS .73'<hr—7”cyl'(1_cos(‘5))> — G3(£)-5.(¢)

o= oracosle) G @) ¢ TS @50

1—

h

max3
0

P53 (&) =p5-Gps(¢) Pcs (&) =ps3+ (G3(€) —Gr3(8))
M yag3 (¢) =Fyp3 (¢)-sin(¢) “Tpe2

Msopr3 (5) =me <Psn_f3'rsd+Freak3 (5) 'Tp+Pvr3 (5) "rp+PC’3 (5) 'rcyl+PL3 (g) .Tp>



N

N.

Npotr3 (5) =

Npotr4 (5) =

Npotrs (6) =

potrl (5) =

potr2 (f) =

M

sopr3 (5) *TMye

60000

M

sopr3 (5) ‘Moo s

60000

Msopr3 (5) *Tges-

60000

MsopT3 (5) Ny ze

60000

Msopr3 (6) *Ngese

60000

3.9-10%+

3.2.10%+

2.85-10%+

2.5-10%+

2.15-10%+

1.8:10%+

1.45-10%+

1.1.10%+

262

Nreall (5) =

Nreal? (5) =

Nreal3 (5) =

Nreal4 (f) =

Nrealt') (‘5) =

Mtyag3 (5) *Nyez-

60000

Mtyag3 (S) *Mgeze

60000

Mtyag3 (5) *Tgesr

60000

Miyags (€) 1142

60000

Myyags (‘5) *Mgese

60000

»
>

0 0.03 0.06

0.09

0.3




7.3:10%+
6.7.103+
6.1.10%+
5.5:.10%+
4.9-10%+
4.3-10%+
3.7-10°+
3.1.10%+
2.5.10°+
1.9-10% 4"
1.3:10° §

T00F

263

1.015

0.92

0.825

0.73

0.635

0.54

0.445

0.16

0.065

0.03

0.06

0.09

v

0

0.03

0.06

0.09

v
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[ABmxeHne B60OK

5, (€)= Tshm_1° rcyl;in (8(¢)) S,(¢)= B (25) T 1
S, 1(€):=1.15-5,(¢)

_ S (5)
5'3_1(5) " cos (¢)

L-t
zl=—
2.D-tan (d))
z:=8  £,:=0,0.0803..0.723

=7.957

i:=1,2..10

z

c ) 1—1
FsupS = Z Hp;- (5)
=1

Fup3_l (5) =c 'Fsup3 'S3_l (5)
Freak:?)_l (5) = FupS_l (E) %

Pvrg(f) ‘=S4(5)'HP3't'C
k3'Be_l°hr>\3+1
Az+1

Psn_l3 =

SL_l(f)::2-S3_l(§)-z w::2-hbl-tan(%) Sc(f)::(L-rcyl-§>.w.z

— 5 er. ecos (&) e ’7’3'<hr—rcyl-(1—cos(£))> ._ G3(8)-S1,4(¢)
Gy(8)= | Lo*Teycos (€) | (e (1= cos (€))) € Grle)= Sc(€)+5;,.1()
-

0

PL3_l(E) ’:N3'GL3_l($) Pc3_l(5) =3 <G3 (5)—GL3_1(§)>
Myags 1(€)=Fups 1(€) -cos (@) m,em

Msopr3_l (5) =me <Psn_l3 *Tsd +Freak3_l (5) * T‘p +Pvr3 (5) * Tp +PC3_l (5) ° Tcyl +PL3_l (5) * Tp)



otr2_l (f ) =

otr5_L (E) =

(f) = Mioprs 1 (f) N2

60000

Msopr3_l (f) “Nye2e

60000

= Msopr3_l (5) “Nge2.

60000

= MsoprB_l (5) . ’I’I,4 9.

60000

Msopr3_l (f) . ’I’L5 e 9.

60000

3.9.10%+

3.55-10°+

3.2.103+

2.85.10%+

2.5.103+

2.15-10%+

1.8.10%+

1.45.10%+

1.1-103+

265

Nreallil (E) =

_ Miyags (¢)+n,-2-

60000

= Myyaga 1 (f ) “nye2e

Nreal?_l (5) = o

— Mtyag3_l (5) . n3 <9,

Nreal?)_l (5) = o

= Miyags (5) ‘ny 2.

Nreal4_l (S) = o

— Mtyag3_l (5) . TL5 9.

Nreal5_l (tf) = L

0 0.03 0.06
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Iy
1.4-10% 4
1.3-10*+
1.2.10%+
1.1.10%+

HoT Nrealll 'f

9-10%+

(
8.10%+ Nreal2_l(
(

7-10%+

6-10°+ T e e

5:10%1 Nreal4 l(‘f)

4101, - "
3.10°4°"

2.10%+

1103+

1.08
0.985
0.89
0.795

0.7

(
0.605 KPDZ l(
(

0.51 KP_D3 ; 5

0.415

0.32+ e e e e n

J— ———————

0.225 // o

0.134f

0.035

v

0 0.03 0.06 0.09 0.12 U.J(") ) 0.18 0.21 0.24 0.27 0.3
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PacueT aBmxeHus PB/l No cCHery ¢ M3MeHsIeMON 4acToTON BpaLLeHMs]

MapaMeTpbl LWHEKa

L:=2.450
Ly:=3.19
dcyl:: 0.6

dcyl
’I“Cyl ::T: 0.3
h’bl :=0.1
D:: dcyl+ 2 ° hbl:0'8

D
Tshn_l ::?: 0.4
T

:=30.——=0.524
Pn 180

yi=12.— 1 =0.209
180

$:=39-—=0.681
180

=2

3

2
3

S+~ O

MapaMeTpbl NOrpy>KeHus
h,r. = Tcyl = 0-3
H:=0.8

PacueTHble Be/IMYNHBI

d.,—1.2 h
Tsd ::%20.12

D—h
ry=——2=0.35

2
b::2-(rcyl2—<rcyl—hr> ) =0.6

1.5

d:=0.0287-(100-H) =20.536

B LomL 407
I 9. cos (,Bn> -
Be_l ::L:2.45

n,:=200 ny:=400

Ny:=300 ny:=500 1g:=600

C YI/IOM HaK/OHa BUHTOBOW NIMHMK 39 rpaaycoB

M, AnMHa 6a30BOro UMAnHApa
M, 0bllas AnvHa LWHeKa
M, AnameTp 6a30BOro uMInHApa

M, pagunyc 6a30BOro uMnnHapa

M, BbICOTa /10MacTn
M, BHELLHWIA OnaMeTp LWHEKa

M, BHELUHWUIA paanycC LUHEKa

paA, yron nogbeMa Hocka LUHeKa

paj, Yron npv BeplUMHE CEYEHUS BUHTOBOM
nonactu

pafl, Yron HaknoHa BUHTOBOW NloNacTy

LWIT, KOSIMYECTBO LUHEKOB

napaMeTp KOHCTPYKLMW LLIHEKOB
LUT., KOJIMYECTBO 3aX0A0B

M, MaKCUMasbHasi rny6buHa norpy>xeHus
M, BbICOT@ CHEXXHOIO MOKPOBa

M, paamyc NPUIOXKEHUS CUMbl CONMPOTUBNIEHUS CABUTY

Ba/IMKa CHEra

M, paauyc NpUIOXKEHNS CUbl yrnopa

M, WNPUHa WTaMna

3MMMPUYECKUA KO3PDULIMEHT

M, WWMPUHA 3KBMUBANEHTHOIO KOJ1ECa NpuU ABUXEHNN BNeEpPEN

M, WUMPUHA 3KBMUBANIEHTHOIO KOJIECa NpPpU ABUXEHUN 6okoM

06/MWH, YacToTa BpaLleHus
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MapaMeTpbl CHEXXHOrO MOKPOBa

ky:=0.53
Ay:=0.34
u3:=0.034
Kj3:=3.8-10°
p3:=0.3-10"
Hpy:=0.5-10°

v3:=0.735-K;3=2.793-10°

0.3
ngi=———=0.5
P g Mt 100-b+d
mars 100 b+d
T
gmaw::E

£:=0,0.01..¢,,,,

Pn_var (€) =Teyi+ (1 —cos (€))

Sg (5) ::g' <Tshn_12 _rcyl2>

N
Teyt * SID E+£

=0.502

«a (5 ) :=asin
Tshn_l

KoaddumumeHT nponopumoHanbHOCTH
MNokasaTenb cTeneHun

KoatbduumneHT conpoTUBIEHNS TPEHUIO
JKecTkocTb cHera, lMa

r/MM”3, NJIOTHOCTb CHEra

lMpo4yHOCTb CHera, la

HayanbHas »ecTkocTb cHera, Ma

KoadpdumumeHT okatus cHera

MNMapaMeTp MaKCMMasibHOro YrnjaoTHEHUS CHera

paA, NoJIOBMHA Yria Morpy>KeHust
paf, AManasoH 3HAYEHUI MOSTIOBUHbI Yria NMorpy>XXeHus

M, AMANa30H 3HAYEHWU FyOUHbI NOrpy>XeHns

—a(f)
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[BwmxeHune Bnepen

5, (€)= Tshn_1° rcyl;in (8(¢)) S,(¢)= g (25) T 1
S1(8) =S¢ (&) +2+(Sp(&) — S (€))
0

$4(8)= (hup_var (€)) " -tan (g)

L-t
2l=———
2-Dctan(¢)

z:=6  £,:=0,0.0803..0.723

=5.673

1:=1,2..10

c 9\i-1
Fsup?):: EHP3' (5)

=1

Fup3 (5) ::C'Fsup3'S3 (5)
Freak:S (5) ::Fup?) (S) s 3

P,5(8):=8,(€)-Hps-t-c
kjg'Bej'hrA:;-'—l

Pon_ga:= A3 +1

SL(£)==2'53($)'Z w;:2.hbl.tan(%) SC(S)::(L.TCyl-$>-w-z Tp::D—thl
— «T 1+ COS .73'<hr—7”cyl'(1_cos(‘5))> — G3(£)-5.(¢)

o= oracosle) G @) ¢ TS @50

1—

h

max3
0

P53 (&) =p5-Gps(¢) Pcs (&) =ps3+ (G3(€) —Gr3(8))
M yag3 (¢) =Fyp3 (¢)-sin(¢) “Tpe2

Msopr3 (5) =me <Psn_f3'rsd+Freak3 (5) 'Tp+Pvr3 (5) "rp+PC’3 (5) 'rcyl+PL3 (g) .Tp>



N

N.

Npotr3 (5) =

Npotr4 (5) =

Npotrs (6) =

potrl (5) =

potr2 (f) =

M

sopr3 (5) *TMye

60000

M

sopr3 (5) ‘Moo s

60000

Msopr3 (5) *Tges-

60000

MsopT3 (5) Ny ze

60000

Msopr3 (6) *Ngese

60000

3.85-10%+
3.5-10%+
3.15-10%+
2.8-10%+
2.45:10%+
2.1.10°+
1.75:10%+
1.4-10%+
1.05-10%+
7004

3504

Nreall (5) =

Nreal? (5) =

Nreal3 (5) =

Nreal4 (f) =

Nrealt') (‘5) =

270

Mtyag3 (5) *Nyez-

60000

Mtyag3 (S) *Mgeze

60000

Mtyag3 (5) *Tgesr

60000

AIMMQS(g)'HA'

2.

60000

Myyags (‘5) *Mgese

60000

0
) 0.03

0.06

0.09

0.12 0.

15

0.18 0.21 0.24

0.27

0.3
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8.4-103+
7.65-10%+
6.9-10°+
S50y - Nreall ‘5
5.4.10%+
4.65-10%+

3.9-10%1 RS

3.15-10°+ Nreal4 (f)

2.4:10%4.°

1.65-103+

900

0 0.03 0.06 0.09 fil‘Z 0.15 0.18 0.21 0.24 0.27 0.3 .
sn_vm"( )
A
1
0.905
0.81
0.715
KPD, (¢)
0.62
KPD,(¢)
0.525
KPD, (f )
0.43 e TN
e
0| KPD, (&)
725
Il
KPD )
/
0.145
0.05
- + + + + + + + + >
0 0.03 0.06 0.09 0.12 0.15 0.18 0.21 0.24 0.27 0.3
sn_var tg)
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[ABmxeHne B60OK

5, (€)= Tshm_1° rcyl;in (8(¢)) S,(¢)= B (25) T 1
S, 1(€):=1.15-5,(¢)

_ S (5)
5'3_1(5) " cos (¢)

L-t
zl=—
2.D-tan (d))
z:=6  £,:=0,0.0803..0.723

=5.673

i:=1,2..10

z

c ) 1—1
FsupS = Z Hp;- (5)
=1

Fup3_l (5) =c 'Fsup3 'S3_l (5)
Freak:?)_l (5) = FupS_l (E) %

Pvrg(f) ‘=S4(5)'HP3't'C
k3'Be_l°hr>\3+1
Az+1

Psn_l3 =

SL_l(f)::2-S3_l(§)-z w::2-hbl-tan(%) Sc(f)::(L-rcyl-§>.w.z

— 5 er. ecos (&) e ’7’3'<hr—rcyl-(1—cos(£))> ._ G3(8)-S1,4(¢)
Gy(8)= | Lo*Teycos (€) | (e (1= cos (€))) € Grle)= Sc(€)+5;,.1()
-

0

PL3_l(E) ’:N3'GL3_l($) Pc3_l(5) =3 <G3 (5)—GL3_1(§)>
Myags 1(€)=Fups 1(€) -cos (@) m,em

Msopr3_l (5) =me <Psn_l3 *Tsd +Freak3_l (5) * T‘p +Pvr3 (5) * Tp +PC3_l (5) ° Tcyl +PL3_l (5) * Tp)



otr2_l (f ) =

otr5_L (E) =

(f) = Mioprs 1 (f) N2

60000

Msopr3_l (f) “Nye2e

60000

= Msopr3_l (5) “Nge2.

60000

= MsoprB_l (5) . ’I’I,4 9.

60000

Msopr3_l (f) . ’I’L5 e 9.

60000

3.9.10%+

3.55-10°+

3.2.103+

2.85.10%+

2.5.103+

2.15-10%+

1.8.10%+

1.45.10%+

1.1-103+

273

Nreallil (E) =

_ Miyags (¢)+n,-2-

60000

= Myyaga 1 (f ) “nye2e

Nreal?_l (5) = o

— Mtyag3_l (5) . n3 <9,

Nreal?)_l (5) = o

= Miyags (5) ‘ny 2.

Nreal4_l (S) = o

— Mtyag3_l (5) . TL5 9.

Nreal5_l (tf) = L

0 0.03 0.06
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1.2.10%+
1.1.10%+
1-10*+
9-10%+

8-10%+

‘ (
7104 Nirear l(
(

6-103 1+ ‘_—“‘ '____-""-'
Nreal3 l E

5:10%+
4103t LT LT T .

310° Lo

2.10%+

1103+

1.085
0.99
0.895
0.8

0.705

(
0.61 KPDZ l(
(

0.515 KP.D3 ; $

0.42

0.325+ e e e emmeee e
—— —— —

023t KPDS l(f)

0.135

0.04

v

0 0.03 0.06 0.09 0.12 U.J(") ) 0.18 0.21 0.24 0.27 0.3
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MpunoxeHue 2.2a. PacyeT Tuna Ila

PacueT aBvxeHns PB] No pasnnyHbIM TMMAaM fibAa C YoM HAKMOHA BUHTOBOM IMHUM 24 rpaayca

MapameTpbl LHeka
L:=2.450
Ly:=3.19

hy;:=0.1

d:=0.6
D:=d+2+h;,;=0.8

d
2
D
2

rcyl_l = = 0-3

Tshn_l = =0.4

T
:=30.——=0.524
Bn 180

yi=12.—1=0.209
180

$:=24.—"_—0.419
180

t:=3
m:=2
C:=
n3::400

MapameTpbl Norpy>xxeHuns

hma;v = hbl =0.1

. rshn_l - hmax
&z i=|acos | ——————
Tshn_1

£:=0,0.01..¢,,4

R var_1 (5) =Tshn_1° (1 —Cos (5))

MapamMeTpbl Nbaa
f=0.015
Hp:=0.3,0.4..3
Mnowaan

D2

M, AnMHa 6a30BOro UMAnHApa

M, 0bLlas AnvHa LHeKa

M, BbICOT@ JloNacTu

M, avameTp 6a30BOro UMInHApa

M, BHELUHWUIA AMAMETP LIHEKA

M, pagunyc 6a30BOro uMnHapa

M, BHELUHWI paanycC LUHEKa

paj, yron nogbeMa HocKa LUHeKa

pag, yrosn npv BepLUMHE CEYEHUSI BUHTOBOW
nonacTu

pa, Yros Hak/oHa BUHTOBOW /1OMacTy

LUT., KONIMYECTBO 3aX0A0B

LUT, KOSIMYECTBO LUHEKOB

napamMeTp KOHCTPYKUMM LLIHEKOB

06/MWH, YacToTa BpalleHus

M, MaKCMMasnbHas rnybuHa norpy>xeHus
paf, MaKCMMasbHbIA Yron NorpyXXeHusl
paj, AManasoH 3HAYEHUI yrnia NorpyXXeHust
M, FybuHa norpyxeHus

KO3(pDULMEHT TpeHus Mo Nbay
MMMa, npo4HOCTb NbAa

S, (€): e (2.7 &—sin(&)-cos(¢))

s (%) “Tan 1 * (Tan 1= P var 1 (€)) (ln (tan g
(a1 (€)) +tan (g)

_Si(¢)

55 (5) . cos ((b)

- (1_’”—L—1(§)).tan(g)]

rshn_l
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L.
z1 ::—t:10.318 z:=10 £,:=0,0.0803..0.723
2-D-tan(q§)

Hp,:=0.3-10° Hpy:=0.7-10° Hpy:=1-10°  Hp,:=1.5-10°

Hps:=1.9.10° Hpg:=2.310° Hp,;:=2.7-10° Hpg:=3-10°

G1(5)=52(§)'HP1‘Z Gz(ﬁ)‘:SQ(f)'Hm'z G3(§)‘=52(5)°HP3'Z
G4(f)’252(5)'HP4'z G5(§)’:52(5)'HP5'Z GG(g)::SZ(g)'HPG'z
G7(5)’:S2(5)‘HP7'Z Gs(f)‘zsz(f)'Hps'z

[lB>xeHwne Briepeq

Z

Foup = EHm (z) - Fp =7.815-10°
Fops (€)= Fogn-5,(6) 1, (€)=t (&
Mioprs (€)=mme1y (€) + (G2 (€) ) + (Fupn (€) - ) + (c+ 8+ S4(€) - Hpn))

Msoprl (5) *Tige 2.7 Nreau (5) — Mtyagl (f) *Ng- 2.m KPDl (f) = NPOtTl (E)

60000 60000 Noean (€)

Myyoq1(€) =F 1 (§) -sin (@) -7, (£) -m

Npotrl (f) -

z

c 2 i—1
Fsup2 = ZHP2 ° (5) Fsup2 =1.823-10°

- D- hz var_1 g .
Ful©) = Fanae5s(€) 7,6 =2 ) ap (€ -sin(0) r,(6)
MsoprQ (6) ::m'rp(§)° <(G2(€)'f> +<Fup2(§)'f> +<C't'S4(§)'HP2>>
Msor2 §)emge2. Mta2€ *Nge2e Notr2§
Npowra () =— (Eog)ogg = N (€)= éoéoz?) — KPD,(8)= Np 12 Eé“;

z

Foup3= iHP3'(§)il F3=2.605-10°
up3($)’:C'Fsup3’S3(§) Tp(f)’ D hz;mq(f)
M opys (€) =mm (€) « ((G3(€) - f) + (Fups (€) - f) + (c+ £S5, (€) - Hpy))

Msopr3 (f) 'n3'2'7T Nrealg (S) — Mtyag3 (f) °TL3'2'7T KPD3 (5) NpotrS (5)

60000 60000 Nyeass (€)

o

Mtyag3 (5) ::Fup3 (‘5) +sin (¢) Ty (5) cm

N. potr3 (5) -
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z

Fsup4:: iHP4' (%)1_1 Fsup4:3 907.10°
Fup4(£)::C'F8up4'S3($) 'r'p(f): D hl ;arl(é.)
Mg (£)=mery (€) « (G4 (&) f) + (Fupa (&)« f) + (c+ -5, (€) - Hpy))

Msopr4 (5) -n3-2-7'r Nreal4 (5) — Mtyag4 (5) "TL3'2'7T KPD4 (5) Npotr4 (5)

60000 60000 Noeais(€)

Myaga (¢) ::Fup4(£) -sin (¢) 'Tp(f) *m

Npotr4 (5) -

z

¢ 2 i—1
Fsup5 = ZHP5 * (g) Fsup5:4'949 . ]_06

- D—- hz var_1
Fup5(£) ::C'Fsup5'53(§) ’I"p(f)tz _2 = (6) Mtyagt’)(‘f)::Fup5(§)'8in(¢)'rp(§)'m
Msopr5 (5) =me Tp (6) ‘ <(G5 (6) 'f> + <Fup5 (5) 'f> + <C' t'S4 ('5) .HP5>>
._Msopr5(£)'n3°2'ﬂ- ._Mtyag5(£)'n3'2'7r o Npotr5(‘£)
Npotr5 (5) = 60000 NrealS (5) = 60000 KPD5 ('5) Nreal5 (5)

z

Fsupﬁ:: iHPG' (%)1_1 Fsup6:5 991 . 1()6

- D=y yr s
up6(£) ::C.Fsup6'53($) Tp(f): z;ar (5)
MsoprG(f) ::m'rp(g)'<<G6(§)'f>+<Fup6(§)'f>+<c°t°S4(E)'HP6>>

MsoprG (f) -n3-2-7'r Nrealﬁ (5) — Mtyagﬁ (5) "TL3'2'7T KPDG (5) Npotrﬁ (g)

60000 60000 Nyeais (€)

!

M yags (¢) =Fype (&) -sin(¢) 'Tp(f) *m

N. potr6 (5) =

z

T gy
Fsup7:: ZHP7' (g) Fsup7: 7.033 - 106
=1
D—- hz var, 1(‘5)

Fupr(£)=cFoupr+S3 (&) (€)= 5 Myyag7(8)=F e (€) - sin (@) -7, (£) -m
Msopr7(§) ’:m'rp(é) . <(G7(§) 'f> + <Fup7(§) 'f> + (C' t'S4(§) 'HP7>>
M@= Ty () M BB e ), Nt

z

FsupS:: iHPS'(g)Z_l Fsup8:7 815.10°
Fups(g)::C'FsupS'Si;(f) rp(f): D— hl;ar 1(5)
Mo (€)=, (€)-(Go(€)-1)+ (P (€)-1) + (e-£-5.0) - Hi)

MsoprS (5) °TL3'2'7T Nrealg (f) — MtyagS (5) "I’L3'2'7T KPDS (5) NpotrS (5)

60000 60000 Noeass (€)

M yags (&) =Fyps (&) -sin(¢) 'Tp(f) *m

N. potrs (5) =
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1.35
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0.06
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NpotrG (5)
Npotr7 (5)

potr8 _( '5 )
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Nreal7 (‘S)
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[ABmxeHne B60OK

Z

i—1
supl ZHPl (3) Fsup1:7 8150105
D—- h’z var 1(5)

Fup(€):=c-Fap+S5(€)  mp(8) = Miyagr 1(€) = Fupr (€) - cos () -7, (€) -m

2
Msoprl(g) ::m'rp(g)'<<G1(£)'f>+<Fupl(£)'f>+<c°t°S4(£)°HP1>>
. Msoprl (5)'”3'2'7‘- __ Mtyagl_l(f)'nB'Q'ﬂ- o Npotrl (5)
Npotrl(g) = 60000 Nreall_l(g) = 60000 KPDl_l(g) '—]VTCTJ(E)

Z

2 i—1
sup2 ZHP2 (3) Fsup2:1 823. ]_06
D—- h’z var, 1(5)

Fup?(g) ’:C'FSUP2'SB(§) rp(g): 9 Mtyag2_l(‘5)::Fup2(‘5)'cos(¢)'rp(g)'m
Msopr2 (6) ‘:m'Tp(f) ° <(G2 (‘E) 'f> + <Fup2 (E) 'f> + <C' t'S4(§) 'HP2>>

Msopr2 (5) *Nge2e7T o MtyagZ?l(g)'n3'2'7r " Npotr2 (5)
N potr2 (5) - 60000 NrealZ?l (E) = 60000 KPD2J (‘E) '_W

z

Fsup3:: iHPB'(g)Z_l Fsup3:2 605-10°

=1 h 1
up3 (5) ::C'Fsup3'33 (5) Tp(f): D— i ;ar (5)
Mo (€)=1001, () (G €)1+ (Fups (€)-1)+ e-1+54(6) 1)

N (5) —MSOPT3(§)'n3'2'7T MtyagS_l(f)'nS'z'ﬂ
potrs 60000 60000

!

Myyags 1(€) = Fyups(€) - cos(¢) -7, () -m

NpotrS (5)
Nreal?)J (‘E)

Nreal3_l (5) = KPD3_Z (5) =

z

c 2 i—1
Fsup4:: ZHP4 * (g) Fsup4:3 907 - ]_06
=1
D—- hz var, 1(5)

Fup4(5) ’:C'FSUP4'SB(§) rp(g): 2 Mtyag4_l(‘5)::Fup4(‘5)'cos(¢)'rp(g)'m
Msopr4 (6) ‘:m'Tp(f) ° <(G4(€) 'f> + <Fup4(€) 'f> + <C' t'S4(§) 'HP4>>

. Msopr4 (E) *Nge2e7T — Mtyag47l(‘£) *Nge2eTT " Npotr4 (E)
Npotr4 (5) = 60000 Nreal47l (E) = 60000 KPDALJ (‘E) '_m

z

Fsup5:: iHPS'(g)'L_l Fsup5:4 949.10°
UP5(£)::C.F8up5'S3($) Tp(f): D— h@;ar 1(5)
M o5 (&) =mem, (€)« (G5 (&) f) + (Fups (€) + f) + (c+ £+ S4(€) - Hps))

N, (£): :MSOPT5(§)'"3'2'7T Mtyag5_l(5)'”3'2'7r
potrs 60000 60000

!

Miyags i (€) =Fyps (&)-cos(o)- Tp (&)-m

Npotr5 (5)

KPDS_Z(g) = N l(.f)

Nreal5_l (5) =
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z

Fopsi= inﬁ- (%)M Fp6=5.991-10°

- _ D— h’i_var_l (5)
- 2
Msopr6 (5) ::m-rp(f) * <<G6 (5) 'f> + <Fup6 (’S) 'f> + <C' t'S4(£) 'HP6>>

Msor g ° *2. M a, g ‘ 2 N—Or 5
Ny ( 5) — p 6202107;3 ™ Novuts 1 ( 5) Tty ge_éi (00)0 :3 T KPDe_z(f) = Np ;Gl((,g))

Fup6($) ==C‘Fsup6‘S3(§) Tp(5)= Mtyagﬁ_l('f)’:Fupﬁ(f)‘cos(¢)‘Tp(f)‘m

z

c 2 i—1
Fsup7:: ZHP7' (g) Fsup7: 7.033 - ]_06

=1
_ D- hi_var_l (‘5)
- 2

>

up7(5) ’:C'Fsup7'53(§) Tp(f): Mtyag7_l('f)=:Fup7(f)'005(¢)'rp(f)'m

Msopr?(é) ::m-rp(é) ° <(G7(‘S) 'f> + <Fup7(’$) 'f> + <C't'S4($) 'HP7>>
o Msopr? (E) *Nge2eT . Mtyagll ('5) *Nge2e7 __ Npotr7 (6)
Npotr?(é) = 60000 Nreal[l(‘f) = 60000 KPD?J(&) '_m

z

c 9\i-1
Fsups:: ZHPS'(E) Fsup8:7.815~1()6

_ DBy (€)
2
M oprs (&) =mem, (€) « ((Gs (€) <) + (Fups (€) - f) + (c+ 54 (€) - Hps))

M goprg(§) sm3e 27 My §)enge2em Npotrs (&
NpotrS (5) = £ 8202)003 NrealS_l(g) = ty gS_lG(O(?OO ? KPDS_Z (5) ::#81((5))

Fups(f) ==C'F8up8‘53($) Tp(f)‘ Mtyags_l('f)’:Fups(f)‘cos(¢)'Tp(f)‘m
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A
3.10°+
2.7.10°4 I - .
- PR e
2.4.10°+ L -7 __—"—‘ Nreallfl(f)
g ‘ Phd -
2.1.1074 e “‘." NrealQ_l(f)
. ‘ . .” .
.10°+ 4 .-
1.8-10 - ,"' T Nreal3_l(£)
) . ¢,' =t emesmmmessosseeeseomees
1.5-10°+ ¢,
. :; ’ Nreal4_l (5)
1.2-10%4 ':/ """""""""
s
9.10%+ f T T T {\_rr_ea_,lij)il (E) -
l'l J e
., . B
6104+ "l.",—“ et NrealG_l(‘f)
3.10° r. Nreal7_l (5)
! 0.01 0.02  0.03  0.04 0.05 006 007 008  0.09 0.1 " Nreal&l (5)
hz var_1 (‘f)
A
0.02
0.018 —///
0.016 KPDl—l (5)
0.014 KPDQJ (5)
0.012 KPD3_l (f)
ootd T
KPD, , (5 )
0.0081 e m e
KPDy (f )
0.006T T
0.004 KPD 6_1 (5)
0.002 KPD’?_l (‘f)
0.01 0.02 0.03  0.04 0.05 0.06  0.07 008  0.09 0.1 " KPDg_l (5)
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Pacuet gBmxeHus PBA no pas3finyHbIM TUMAaM JibAa C YrnioM HaKJIOHa BMHTOBOW NMHUK 30 rpagycos

MapaMeTpbl LHeKa

L:=2.450

Ly:=3.19

hbl :=0.1

d:=0.6

D::d+2'hbl:0-8
d

Tcyl_l ::3: 0.3

2:0.4

2

rshn_l =

T
:=30.——=0.524
Fn 180

yi=12.—=0.209
180

$:=30-—— =0.524
180

t:=3
m:=2
C:=
n3::400

MapaMeTpbl NOrpy>KeHus

h’max = h‘bl =0.1

. rshn_l - hmam
& ez = | acos | ——
Tshn_1

£:=0,0.01..¢&,,42
h.
MNMapamMeTpbl Nbaa

f:=0.015
Hp:=0.3,0.4..3

Mnowaaun

5,(6)=2

5,(¢) !

sale)=t
):

i_var_1 (5) =Tshn_1* (1 —Cos (5))

Y
:=4-tan (_) *Tshn_1° <T5hn_1 -

M, AnnHa 6a30BOro LUMANHAPA

M, 0bLlas AnvHa LWHeKa

M, BblCOTa /l0MacTu

M, AnameTp 6a30BOro LUMANHAPA

M, BHELUHWUIA AMAMETP LUHEKA

M, pagunyc 6a30BOro uMnHapa

M, BHELUHWIA paanycC LIHEeKa

paj, yron nogbeMa Hocka LUHeKa

pag, yrosn npv BepLMHE CEYEHUSI BUHTOBOW
nonacTtu

pa, Yros Hak/ioHa BUHTOBOW /10MacTy

LIT., KONIMYECTBO 3aX0A0B

LUT, KONIMYECTBO LUHEKOB

napamMeTp KOHCTPYKLUMM LUHEKOB

06/MWH, YacToTa BpaLleHus

M, MakcuManbHast rnybrHa norpy>eHus
paf, MaKCMMasbHbI Yron NorpyXXeHusl
paf, AManasoH 3HAYEHUI yrna NorpyXXeHust
M, rybuHa norpyxeHus

KO3 PUUMEHT TPEHUS NO Nbay
MMMa, npo4HOCTb NbAa

‘ DT(2-7r-£—sin(£)-cos(£))
s €)-{

£.r
2 4

- (1_hi—L—l(§)).tan(5))

rshn_l
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L.
z1 ::—t:7.957 z:=8 £,:=0,0.0803..0.723
2-D-tan(q§)

Hp,:=0.3-10° Hpy:=0.7-10° Hpy:=1-10°  Hp,:=1.5-10°

Hps:=1.9.10° Hpg:=2.310° Hp,;:=2.7-10° Hpg:=3-10°

G1(5)=52(§)'HP1‘Z Gz(ﬁ)‘:SQ(f)'Hm'z G3(§)‘=52(5)°HP3'Z
G4(f)’252(5)'HP4'z G5(§)’:52(5)'HP5'Z GG(g)::SZ(g)'HPG'z
G7(5)’:S2(5)‘HP7'Z Gs(f)‘zsz(f)'Hps'z

[lB>xeHwne Briepeq

Z

Foup = Ele (z) - Fap =7.222-10°
Fops (€)= Fogn-5,(6) 1, (€)=t (&
Mioprs (€)=mme1y (€) + (G2 (€) ) + (Fupn (€) - ) + (c+ 8+ S4(€) - Hpn))

Msoprl (5) *Tige 2.7 Nreau (5) — Mtyagl (f) *Ng- 2.m KPDl (f) = NPOtTl (E)

60000 60000 Noean (€)

Myyoq1(€) =F 1 (§) -sin (@) -7, (£) -m

Npotrl (f) -

z

c 2 i—1
Fsup2 = ZHP2 ° (5) Fsup2 =1.685-10°

- D- hz var_1 g .
Ful©) = Fanae5s(€) 7,6 =2 ) ap (€ -sin(0) r,(6)
MsoprQ (6) ::m'rp(§)° <(G2(€)'f> +<Fup2(§)'f> +<C't'S4(§)'HP2>>
Msor2 §)emge2. Mta2€ *Nge2e Notr2§
Npowra () =— (Eog)ogg = N (€)= éoéoz?) — KPD,(8)= Np 12 Eé“;

z

Fopsi= iHP3.(§)il F3=2.407-10°
up3($)’:c'Fsup3'S3(§) rp(€)= = h’;aTl(g)
Msopr3($)::m'rp(£)'<<G3(’S)'f>+<Fup3('£)'f>+<C't'S4(£)'HP3>>

Msopr3 (f) 'n3'2'7T Nrealg (S) — Mtyag3 (f) °TL3'2'7T KPD3 (5) NpotrS (5)

60000 60000 Nyeass (€)

o

Mtyag3 (5) ::Fup3 (‘5) +sin (¢) Ty (5) cm

N. potr3 (5) -
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z

Fsup4:: iHP4'(§)Z_1 Fsup4:3 611-10°
Fup4(£)::C'F8up4'S3($) 'r'p(f): D hl ;arl(é.)
Mg (£)=mery (€) « (G4 (&) f) + (Fupa (&)« f) + (c+ -5, (€) - Hpy))

Msopr4 (5) -n3-2-7'r Nreal4 (5) — Mtyag4 (5) "TL3'2'7T KPD4 (5) Npotr4 (5)

60000 60000 Noeais(€)

Myaga (¢) ::Fup4(£) -sin (¢) 'Tp(f) *m

Npotr4 (5) -

z

c o\i-1
Fsup5:: ZHP5' (g) Fsup5:4'574' ]_06

- D—- hz var_1
Fup5(£) ::C'Fsup5'53(§) ’I"p(f)tz _2 = (6) Mtyagt’)(‘f)::Fup5(§)'8in(¢)'rp(§)'m
Msopr5 (5) =me Tp (6) ‘ <(G5 (6) 'f> + <Fup5 (5) 'f> + <C' t'S4 ('5) .HP5>>
._Msopr5(£)'n3°2'ﬂ- ._Mtyag5(£)'n3'2'7r o Npotr5(‘£)
Npotr5 (5) = 60000 NrealS (5) = 60000 KPD5 ('5) Nreal5 (5)

z

Fsupﬁ:: iHPG' (%)1_1 Fsup6:5 537 1()6

- D=y yr s
up6(£) ::C.Fsup6'53($) Tp(f): z;ar (5)
MsoprG(f) ::m'rp(g)'<<G6(§)'f>+<Fup6(§)'f>+<c°t°S4(E)'HP6>>

MsoprG (f) -n3-2-7'r Nrealﬁ (5) — Mtyagﬁ (5) "TL3'2'7T KPDG (5) Npotrﬁ (g)

60000 60000 Nyeais (€)

!

M yags (¢) =Fype (&) -sin(¢) 'Tp(f) *m

N. potr6 (5) =

z

N 9\i-1
Fsup7:: ZHP7° (g) Fsup7:6 3. 106
=1
D- hz var. 1(‘5)

Fupr(£)=cFoupr+S3 (&) (€)= 5 Myyag7(8)=F e (€) - sin (@) -7, (£) -m
Msopr7(§) ’:m'rp(é) . <(G7(§) 'f> + <Fup7(§) 'f> + (C' t'S4(§) 'HP7>>
M@= Ty () M BB e ), Nt

z

FsupS:: iHPS'(g)Z_l Fsup8:7 222.10°
Fups(g)::C'FsupS'Si;(f) rp(f): D— hl;ar 1(5)
Mo (€)=, (€)-(Go(€)-1)+ (P (€)-1) + (e-£-5.0) - Hi)

MsoprS (5) °TL3'2'7T Nrealg (f) — MtyagS (5) "I’L3'2'7T KPDS (5) NpotrS (5)

60000 60000 Noeass (€)

M yags (&) =Fyps (&) -sin(¢) 'Tp(f) *m

N. potrs (5) =
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A
5.5:10%
- -
-
4.95-10%4 e
- g 4"
\d P N ( )
4.4-10°1 - e potrl ‘E
. ‘ "’
L d
* -
. -
3.85:10°¢ APt Nopotra (€)
L d ¢ ’O'
L d
3.3.10%+ e .7 wo N, (5)
s e - potr3
’ ‘é L. -
.’ . et rTmmmmmmseseseseseseseees
2.75.10%1 ¢ e’ L .
" . -
. - -
L’ Npotr4(§)
2.2:10% .o’ et e
¢ 0 . -7
. L. B
3 ‘) - B Npotr5 (5)
1.65:10%+ ‘, .- et e T
X s et
PR = B
L110% e -0 ettt Npotrﬁ (5)
! Npotr7 (5)
oF >
0.01 0.02 0.03 0.04 0.05  0.06 0.07  0.08 0.09 0.1 Npotrs (,5)
A
1.65-10°+
-
-
1.5:10%+ Plhe
- -
- _‘
r - -
1.35.10°+ R =" Nreall (5)
- e ‘—‘
-
- - Phd
1.2.10°+ - Phd ( )
-7 .- N'real2 3
~ » 'd’
1.05-10° - L’
.’ . -
o L Nreal?)(f)
9-10*+ 4 . LT i,
o L’ -
’ " .-
’ ’ PRt PR
7.5:10% 1 PSR I Nreal4 (‘5)
o',’ et e s
. . -
6-10%+ ’ .t L
¢ 0 - PR
R4 et Nreal5(£)
4.5:10*1 "" et T
(4 . R
S Neais (€)
g0tk &0 real6 5
BT
1.5:10 v Nreal7 (‘S)
) 0.01 0.02 0.03 0.04  0.05  0.06 0.07  0.08 0.09 0.1 NrealS (E)
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0.035
/

0.032 ———/‘__‘__——-—'“"

0.028 KPDl (S)

0.025 KPD,(¢)

0.021 KPD3 (E)

ootsl T
KPD, (§ )

004l e
KPD;(¢)

0.011+ L

0.007 KPD6 (6)

0.004 KP D7 ( f)

0.01 0.02  0.03  0.04 0.05 0.06  0.07 008  0.09 0.1 g KPD8 (f )
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[ABmxeHne B60OK

z

Fsupl:: iHPl' (g)z_l Fsup1:7 222. 105

B D- h’z var. 1(5)
2
soprl(g) ::m'rp(g)'<<G1(£)'f>+<Fupl(£)'f>+<c't'S4(£)'HP1>>

‘MsopTl(g)'n?,'Q'“ lutyagl l(f)'”i&'2°7I
= N, = =
poirl (5) 60000 reall ! (5) 60000

Fup(€):=c+Fapi+S5(€)  mp(8) = Miyagr 1(€) = Fupr (€) - cos () -7, (€) -m

S

Npotrl (5)
Nrea,llfl (E)

2

KPD, , (5) =

C 2 i—1
Fsup2 = ZHPZ * (g) FsupZ =1.685. 106
=1
D- h’z var. 1(5)

Fup?(f) ’:C'FSUP2'S3(§) rp(‘s): 9 Mtyag2_l(§)‘:Fup2(‘5)'cos(¢)'rp(f)'m
M o2 (5) ‘:m'rp(f) . <<G2(5) f> + <Fup2(€) f> + <C't'S4('f) 'HP2>>

. MsoprQ (5) *Nge2e7T — Mtyag27l(£) *Nge2eTT " Npotr2 (5)
NpotrQ (5) = 60000 Nreal27l (5) = 60000 KPD2J (5) '_m

Z

1—1
sup3 ZHP3 (3) Fsup3: 2.407 - 106
D- h’z var. 1(5)

Fup(§)=c-Fops-S5(8) (€)= > Myyogs 1(8) = Fupy (€) - cos (@) -7, (€) -
Msopr3(£) ::m'rp(g)'<<G3(£)'f>+<Fup3(£)'f>+<c't'S4(£)'HP3>>

. Msopr3(§)'n3'2'7r o MtyagS_l(f)'nZ{'z'ﬂ- o Npotr:}(f)
Npotr3(§) = 60000 Nreal?:_l(g) = 60000 KPDZS_l(g) '—m

Z

2 i—1
sup4 ZHP4 (3) Fsup4:3 611. ]_()6
D- h’z var. 1(5)

Fup4($) ’:C'FSUP4'S3(§) rp(‘s): 2 Mtyag4_l(‘5)‘:Fup4(‘5)'cos(¢)'rp(f)'m
Msopr4(§) ‘:m'rp(f) . <<G4(5) f> + <Fup4(€) f> + <C't'S4('5) 'HP4>>

. Msopr4 (5) *Nge2e7T __ Mtyag47l(£) *Nge2eTT " Npotr4 (5)
Npotr4 (5) = 60000 Nreal47l (5) = 60000 KPDALJ (5) '_m

z

Fsup5:: iHP5'(§)i_l Fsup5:4 574-106

=1 h 1
UP5(§)::C.F8up5'S3(£) Tp(éf)t D— Zgar (5)
Magrs(€) =, (€)- (G (€)-1)+ (Funl€)-1) + (e-1-54(6) i)

MsoprS (5) *Nng- 2.7 Nreal5_l (f) — Mtyag5_l (f) *Ng- 2.7
60000 60000

!

Myyags 1(€) = Fyups (€) - cos(¢) -, (€) -m

Npotr5 (5)

KD =R, (@

N potrd (5) -
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z

c 9\i-1
Fsupﬁ = ZHPG ° (E) Fsup6: 5.537-10°

Fype (5) :;C'FSU;Dﬁ'S3 (5) Tp (5) = D_hi_;ar_l (5)
Moy (&) =mery (€) - ((G6(€) +f) + (Fups (€) < f) + (c+t-S4(€) - Hpg))
M (5)-713-2-71' _Mtyagﬁ_l(g)-n3-2-7r

Npoirs (€)
M _ = NVpotrs (&)
potré (5) = 60000 Nrealﬁ_l (5) - 60000 KPDGJ (5) B Nrealﬁ_l (E)

Myag1 (&) =Fype (&)-cos(o)- Tp (&)-m

z

N 9\i-1
Fsup7:: ZHP7° (g) Fsup7:6'5' 106
=1
_ D- hi_var_l (‘5)

Fup7(£) ::C'Fsup7's3(§) ’l"p(f)l 9 Mtyag7_l(§)::Fup7(§)'cos(¢)'rp("g)'m
Msopr?(é) :zm-rp(ﬁ) * <(G7(§) 'f> + <Fup7(§) 'f> + <C' t'S4(§) 'HP7>>

o Msopr7 (é) *M3e 2.m . Mtyagll (‘E) *Tge 2.m W Npotr7 ('E)
Npotr7 (5) = 60000 Nreal[l (E) = 60000 KPD7J (‘E) '_m

z

Fopsi= i)Hps' (%)M Flops="7.222-10°
- _D- Ri var 1 (€)
2
Mo (€)1, (€)- ((GlE)-1)  (Fup(&)-1)  e:5.(6) )
Mo (€) 13+ 270 _Mtyagg_l(f)-n3-2-7r

sopr N ot (5)
NPOtT'8 (5) = L 860000 NrealS_l (5) = 60000 KPDS_Z (5) = N - j Sl (E)
real8_

Fups (€)i=cFaps+S5(€) - rp(€): Miyags 1(€) = Fups (€) - cos () 7, (€) -m
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A
2.75.10° L
2.5:10° -* - .
» S Ny i(6)
2.25-10% + Pt Le" reall_l
. . L d . . - -
=107 o* : ,4"‘ NrealQ_l(‘f)
L £l -
1.75-10% + e ,e°
. -7 ,“‘ Nreal3_l(£)
1.5.10°+ L. T e
o L P B e
1.25-10%1 Lo Nreal4_l(£)
e’ e et
Lol , ., - .-
,'0' _________________ Nreal%’),l (E)
7.5-10*1 1A T e e
" . e
5-10° AR NrealG_l(f)
5 *. '/"» “—-____.-
2:5:10 E real7_l (5)
’ 0.01 0.02  0.03  0.04 0.05 006 007 008  0.09 0.1 " Nreal&l (5)
hz var_1 (‘f)
A
0.02
0.018 __——-—_—_——’/
0.016 KPDl—l (5)
0.014 KPDQJ (5)
0.012 KPD3_l (f)
cotd T e
KPD, , (5 )
0.0081 e
KPDy (f )
0.0061 T
0.004 KPD 6_1 (5)
0.002 KPD’?_l (‘f)
0.01 0.02  0.03  0.04 0.05 0.06 007 008  0.09 0.1 g KPDg_l (5)
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Pacuet gBmxeHus PBA no pas3finyHbIM TUMAaM JibAa C YrnioM HaKJIOHa BMHTOBOW MHUN 39 rpagycos

MapaMeTpbl LHeKa

L:=2.450

Ly:=3.19

hbl :=0.1

d:=0.6

D::d+2'hbl:0-8
d

Tcyl_l ::3: 0.3

2:0.4

2

rshn_l =

T
:=30.——=0.524
Fn 180

yi=12.—=0.209
180

$:=39.— =0.681
180

t:=3
m:=2
C:=
n3::400

MapaMeTpbl NOrpy>KeHus

h’max = h‘bl =0.1

. rshn_l - hmam
& ez = | acos | ——
Tshn_1

£:=0,0.01..¢&,,42
h.
MNMapamMeTpbl Nbaa

f:=0.015
Hp:=0.3,0.4..3

Mnowaaun

5,(6)=2

5,(¢) !

sale)=t
):

i_var_1 (5) =Tshn_1* (1 —Cos (5))

Y
:=4-tan (_) *Tshn_1° <T5hn_1 -

M, AnnHa 6a30BOro LUMANHAPA

M, 0bLlas AnvHa LWHeKa

M, BblCOTa /l0MacTu

M, AnameTp 6a30BOro LUMANHAPA

M, BHELUHWUIA AMAMETP LUHEKA

M, pagunyc 6a30BOro uMnHapa

M, BHELUHWIA paanycC LIHEeKa

paj, yron nogbeMa Hocka LUHeKa

pag, yrosn npv BepLMHE CEYEHUSI BUHTOBOW
nonacTtu

pa, Yros Hak/ioHa BUHTOBOW /10MacTy

LIT., KONIMYECTBO 3aX0A0B

LUT, KONIMYECTBO LUHEKOB

napamMeTp KOHCTPYKLUMM LUHEKOB

06/MWH, YacToTa BpaLleHus

M, MakcuManbHast rnybrHa norpy>eHus
paf, MaKCMMasbHbI Yron NorpyXXeHusl
paf, AManasoH 3HAYEHUI yrna NorpyXXeHust
M, rybuHa norpyxeHus

KO3 PUUMEHT TPEHUS NO Nbay
MMMa, npo4HOCTb NbAa

‘ DT(2-7r-£—sin(£)-cos(£))
s €)-{

£.r
2 4

- (1_hi—L—l(§)).tan(5))

rshn_l
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L.
z1 ::—t:5.673 z:=6 £,:=0,0.0803..0.723
2-D-tan(q§)

Hp,:=0.3-10° Hpy:=0.7-10° Hpy:=1-10°  Hp,:=1.5-10°

Hps:=1.9.10° Hpg:=2.310° Hp,;:=2.7-10° Hpg:=3-10°

G1(5)=52(§)'HP1‘Z Gz(ﬁ)‘:SQ(f)'Hm'z G3(§)‘=52(5)°HP3'Z
G4(f)’252(5)'HP4'z G5(§)’:52(5)'HP5'Z GG(g)::SZ(g)'HPG'z
G7(5)’:S2(5)‘HP7'Z Gs(f)‘zsz(f)'Hps'z

[lB>xeHwne Briepeq

Z

Foup1= EHPl (z)z 1 Fs,up1:6333-1()5
Fops (€)= Fogn-5,(6) 1, (€)=t (&
Msoprl(f)::m'rp(f)'<<G1(f)'f>+<Fup1(5)'f>+<C‘t‘54(5)‘HP1>>

Msoprl (5) *Tige 2.7 Nreau (5) — Mtyagl (f) *Ng- 2.m KPDl (f) = NPOtTl (E)

60000 60000 Noean (€)

Myyoq1(€) =F 1 (§) -sin (@) -7, (£) -m

Npotrl (f) -

z

c 2 i—1
Fsup2 = ZHP2 ° (5) Fsup2 =1.478-10°

- D- hz var_1 g .
Ful©) = Fanae5s(€) 7,6 =2 ) ap (€ -sin(0) r,(6)
MsoprQ (6) ::m'rp(§)° <(G2(€)'f> +<Fup2(§)'f> +<C't'S4(§)'HP2>>
Msor2 §)emge2. Mta2€ *Nge2e Notr2§
Npowra () =— (Eog)ogg = N (€)= éoéoz?) — KPD,(8)= Np 12 Eé“;

z

Fopsi= iHP3.(§)il Flop3=2.111-10°
up3($)’:c'Fsup3'S3(§) rp(€)= = h’;aTl(g)
Msopr3($)::m'rp(£)'<<G3(’S)'f>+<Fup3('£)'f>+<C't'S4(£)'HP3>>

Msopr3 (f) 'n3'2'7T Nrealg (S) — Mtyag3 (f) °TL3'2'7T KPD3 (5) NpotrS (5)

60000 60000 Nyeass (€)

o

Mtyag3 (5) ::Fup3 (‘5) +sin (¢) Ty (5) cm

N. potr3 (5) -
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z

Fsup4:: iHP4' (%)1_1 Fsup4:3 167-10°
Fup4(£)::C'F8up4'S3($) 'r'p(f): D hl ;arl(é.)
Mg (£)=mery (€) « (G4 (&) f) + (Fupa (&)« f) + (c+ -5, (€) - Hpy))

Msopr4 (5) -n3-2-7'r Nreal4 (5) — Mtyag4 (5) "TL3'2'7T KPD4 (5) Npotr4 (5)

60000 60000 Noeais(€)

Myaga (¢) ::Fup4(£) -sin (¢) 'Tp(f) *m

Npotr4 (5) -

z

c 2 i—1
Fopsi= > Hps (E) Fp5=4.011-10°

- D—- hz var_1
Fup5(£) ::C'Fsup5'53(§) ’I"p(f)tz _2 = (6) Mtyagt’)(‘f)::Fup5(§)'8in(¢)'rp(§)'m
Msopr5 (5) =me Tp (6) ‘ <(G5 (6) 'f> + <Fup5 (5) 'f> + <C' t'S4 ('5) .HP5>>
._Msopr5(£)'n3°2'ﬂ- ._Mtyag5(£)'n3'2'7r o Npotr5(‘£)
Npotr5 (5) = 60000 NrealS (5) = 60000 KPD5 ('5) Nreal5 (5)

z

Fsupﬁ:: iHPG' (%)Z 1 Fsup6:4 856 . 1()6

- D—h; y s
up6 (5) ::C'Fsupﬁ .S3 (5) T, (5) — i ;ar (5)
Mo (€)=, (€)- (G (6)-1) (P (€)-5) e+ 6) - 1)

MsoprG (f) -n3-2-7'r Nrealﬁ (5) — Mtyagﬁ (5) "TL3'2'7T KPDG (5) Npotrﬁ (g)

60000 60000 Nyeais (€)

!

M yags (¢) =Fype (&) -sin(¢) 'Tp(f) *m

N. potr6 (5) =

z

c 2 i—1
Fsup7:: ZHP7° (g) Fsup7:5 7. 106
=1
D- hz var. 1(‘5)

Fupr(£)=cFoupr+S3 (&) (€)= 5 Myyag7(8)=F e (€) - sin (@) -7, (£) -m
Msopr7(§) ’:m'rp(é) . <(G7(§) 'f> + <Fup7(§) 'f> + (C' t'S4(§) 'HP7>>
M@= Ty () M BB e ), Nt

z

FsupS:: iHPS'(g)Z_l Fsupgzﬁ 333.10°
Fups(g)::C'FsupS'Si;(f) rp(f): D— hl;ar 1(5)
Mo (€)=, (€)-(Go(€)-1)+ (P (€)-1) + (e-£-5.0) - Hi)

MsoprS (5) °TL3'2'7T Nrealg (f) — MtyagS (5) "I’L3'2'7T KPDS (5) NpotrS (5)

60000 60000 Noeass (€)

M yags (&) =Fyps (&) -sin(¢) 'Tp(f) *m

N. potrs (5) =




5.5.10%

5.10%

4.5.10°

4-10%

3.5.10%

3.10%

2.5.10%

2.10%

1.5:.10%

1-10%

500
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2.10°

1.8.10°

1.6.10°

1.4-10°+

1.2.10°

1.10°

8.10*

4.10*

2.10*

0.01

0.02

0.03

0.05 0.06 0.07 0.08

0.04

0.09 0.1

0.02

0.03

0.05 0.06 0.07 0.08

0.04

0.09 0.1

2

potr7 (€)

potr8 _( E )

2

Nreal7 (‘S)

NrealS (5-)



0.028

0.025

0.023

0.02

0.018

0.015

0.013

0.01

0.008

0.005

0.003

4
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v

0.01

0.02

0.03

0.04 0.05 0.06

0.07

0.08

0.09

0.1
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[ABmxeHne B60OK

z

Fsupl:: iHPl' (g)z_l Fsup1:6 333 105

B D- h’z var. 1(5)
2
soprl(g) ::m'rp(g)'<<G1(£)'f>+<Fupl(£)'f>+<c't'S4(£)'HP1>>

‘MsopTl(g)'n?,'Q'“ lutyagl l(f)'”i&'2°7I
= N, = =
poirl (5) 60000 reall ! (5) 60000

Fup(€):=c+Fapi+S5(€)  mp(8) = Miyagr 1(€) = Fupr (€) - cos () -7, (€) -m

S

Npotrl (5)
Nrea,llfl (E)

2

KPD, , (5) =

C 2 i—1
Fsup2 = ZHPZ * (g) FsupZ =1.478. 106
=1
D- h’z var. 1(5)

Fup?(f) ’:C'FSUP2'S3(§) rp(‘s): 9 Mtyag2_l(§)‘:Fup2(‘5)'cos(¢)'rp(f)'m
M o2 (5) ‘:m'rp(f) . <<G2(5) f> + <Fup2(€) f> + <C't'S4('f) 'HP2>>

. MsoprQ (5) *Nge2e7T — Mtyag27l(£) *Nge2eTT " Npotr2 (5)
NpotrQ (5) = 60000 Nreal27l (5) = 60000 KPD2J (5) '_m

Z

1—1
sup3 ZHP3 (3) Fsup3:2 111-106
D- h’z var. 1(5)

Fup(§)=c-Fops-S5(8) (€)= > Myyogs 1(8) = Fupy (€) - cos (@) -7, (€) -
Msopr3(£) ::m'rp(g)'<<G3(£)'f>+<Fup3(£)'f>+<c't'S4(£)'HP3>>

. Msopr3(§)'n3'2'7r o MtyagS_l(f)'nZ{'z'ﬂ- o Npotr:}(f)
Npotr3(§) = 60000 Nreal?:_l(g) = 60000 KPDZS_l(g) '—m

Z

2 i—1
sup4 ZHP4 (3) Fsup4:3 167 106
D- h’z var. 1(5)

Fup4($) ’:C'FSUP4'S3(§) rp(‘s): 2 Mtyag4_l(‘5)‘:Fup4(‘5)'cos(¢)'rp(f)'m
Msopr4(§) ‘:m'rp(f) . <<G4(5) f> + <Fup4(€) f> + <C't'S4('5) 'HP4>>

. Msopr4 (5) *Nge2e7T __ Mtyag47l(£) *Nge2eTT " Npotr4 (5)
Npotr4 (5) = 60000 Nreal47l (5) = 60000 KPDALJ (5) '_m

z

Foyps = in5- (%)H Fps=4.011-10°

=1 h 1
UP5(§)::C.F8up5'S3(£) Tp(éf)t D— Zgar (5)
Moy (€)= mery (€)- (G (€)-1) + (Pups (€) 1) + e+ 1-5.(€) - Hi)

MsoprS (5) *Nng- 2.7 Nreal5_l (f) — Mtyag5_l (f) *Ng- 2.7
60000 60000

!

Myyags 1(€) = Fyups (€) - cos(¢) -, (€) -m

Npotr5 (5)

KD =R, (@

N potrd (5) -
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z

c 9 i—1
Foypei= > Hpg: (5) Fp6=4.856-10°

i=1
D— h’z var
Fp6(€)=c+Fops+S;5(£) r, (€)= _2 ()

Moy (€) =11 (€) « ((G6 (&) + f) + (Fups (€)  f) + (e £54(€) - Hpy))

Myag1 (&) =Fype (&)-cos(o)- Tp (&)-m

e )= )= LT ()= g
Fopri= éHm-(g)i_l F;=5.7-10°

Fur(©) e Fapre5,(6) 1@ =2t G g (€ B (€)-cos (6) r, (6)om
Mo (€)=, (€)+ (Go(€)- 1)+ (Pup (€)-1) + e1-4(6) i)
i T

z

Fopsi= iHPS' (%)1—1 F,3=6.333-10°
_ _D- Ri var 1 (€)
2
Mo (€)=, (6)-(Co(6)0)+ (Fopo€)-9)+ (e-£-5.(6)- 1)
M goprs (€) g2+ _Mtyagg_l(f)-n3-2-7r

sopr N ot (5)
NPOtT'8 (5) = L 860000 NrealS_l (5) = 60000 KPDS_Z (5) = N - j Sl (E)
real8_

Fups (€)i=cFaps+S5(€) - rp(€): Miyags 1(€) = Fups (€) - cos () 7, (€) -m




2.25:-10°+

2.10°+

1.75-10°+

1.5-10°+

1.25-10°+

1.10°+

7.5:10% 1

5.10%+

2.5.10*

298

0.018

0.016

0.014

0.012

0.01

0.008

0.006

0.004

0.002

0.01

0.02

0.03

0.07

0.08

0.09

v

0.01

0.02

0.03

0.04 0.05 0.06

0.07

0.08

0.09

0.1
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MpunoxeHue 2.2b. Pacuet Tvna IIb

PacueT aBvxeHns PB] No pasnnyHbIM TUMaM CHEra C Yr/ioM Hak/loHa BUHTOBOW NMHMK 24 rpaayca

MapaMeTpbl LWHEKa

L:=2.450
Ly:=3.19
dcyl = 0-6
d
cyl
TC = :0-3
yl 9
h’bl :=0.1

D::dcyl+2.hbl:0'8

D
Tshn_l = ? = 0.4

TT
=30 ——=0.524
Pn 180
yi=12.—1=0.209
180

T
=24 .
¢ 180

=0.419

MapameTpbl NOrpy>xeHuns

h?" = Tcyl =0.3
H:=0.8

PacyeTHble BENMNUYNHDI
dey—1.2 h,

= — =012

D-h
ryi=——=0.35

b:=2- (rcyl2 - (rcyl_ hr>2>

1.5

d:=0.0287+(100-H)

B L,—L
I 9. cos <,6n>
B, :==L=2.45

=0.427

M, AnMHa 6a30BOro UMAnHApa
M, 0bLlas AnvHa LHeKa
M, AnameTp 6a30BOro UMInHApa

M, pagunyc 6a30BOro uMnHapa

M, BbICOTa JionacTtu
M, BHELLHWIA OnaMeTp LWWHEKa

M, BHELUHWI paanycC LUHEKa

paa, yron nogbeMa Hocka LUHeKa

paj, Yron npv BeplUMHE CEYEHUS BUHTOBOM
nonactu

paj, Yron HakfoHa BUHTOBOM SIONacTy

LT, KOSIMYECTBO LUHEKOB

napameTp KOHCTPYKLMUM LUHEKOB

LUT., KOIMYECTBO 3aX0/10B
06/MWH, YacToTa BpalleHus

M, MAaKCUMasnbHasi rny6buHa norpy>xeHus
M, BbICOT@ CHEXXHOIO MOKPOBa

M, paauyc NPUIOXKEHUS CUMbl CONMPOTUBNIEHUSI CABUTY
BasiMKa cHera

M, paanyc npunoXXeHmna cunabl ynopa

M, lLMPUHa WTaMna

3MMMPUYECKUA KO3pDULIMEHT

M, WWMPUHA 3KBMUBANIEHTHOIO KOJ1ECa Npu ABUXEHUN BNeEpen

M, LULMPUHA 3KBMUBANIEHTHOIO KOJIECa NpU ABUXEHUN 6okom



KoadpdpuumneHT
NPONOPLIMOHANIBHOCTH
k,:=0.25

ky:=0.35

ky:=0.53

k,:=0.8

ky:=1.1

MNoTHOCTb CHera,
r/MMA3
p,:=0.125.10°

p2:=0.25.10°
p3:=0.3-10"
py:=0.4.10°
p5:=0.6-10"

KoabduumneHT okaTtns cHera

0.3
n,, =———=0.706
p1+0.3
0.3
Ny i=———=0.545
po+0.3
0.3
ny=— —=05
p3+0.3
. .03
A ps+0.3
0.3
n5i=————=0.333
s
'Emax::E

£:=0,0.01..¢,,.,

h‘sn_var (f) = rcyl ¢ (1 —COs (5))
Sf (5) =& <T8hn_12 - rcyl2>

Teyi* SIN

a(€)=asin

=0.429

™
—+
, +¢

300

MapaMeTpbl CHEXXHOrO MOKPOBa

MNokazaTtesnb cTeneHu

A:=0.77
Ay:=0.5

A3:=0.34
Ay :=0.25
A5:=0.15

Mpo4yHOCTb CHera, la

Hp,:=0.1-10°
Hp,:=0.3-10°
Hp;:=0.5-10°
Hp,:=1-10°

Hps:=1.2-10°

KoapdpuumneHT
COMpPOTUB/IEHUS
TPEHUIO
py:=0.125

s :=0.065
u3:=0.034
py:=0.023
Us:=0.015

XKecTkocTb cHera, lMa

K;:=0.5-10°
Kjp:=1.8-10°
Kj3:=3.8-10°
K;=6.5-10°
Kj5:=9-10°

HayanbHasga XXecTKoCTb

CHera, lNa

7,:=0.735.
Yo =0.735-
75:=0.735.
7,:=0.735.
v5:=0.735+

MNMapaMeTp MakcMManbHOro

YNNIOTHEHUA CHEra

n71'100'b+d

By = ~0.625
100 b+d

By = H » —0.529
100 b+d

By gy = H » =0.502
100 b+d

By ooy = H » =0.459
100 b+d

M5-100+b+d

By = H » =0.403

100 b+d

K;=3.675-10°
Kj;=1.323-10°
Kj3=2.793-10°
K;,=4.778+10°
Kj5=6.615-10°

paa, MaKCUMasbHbIN yron norpy>xeHu4d

paj, AManasoH 3HaYeHUI yrna norpyxeHus

’rshn_l

M, FTy61Ha Norpy>XeHus
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[BwmxeHune Bnepen

S, (E) . Tshn_1° Tcyl;Sin (18 (5)) Sﬁ (5) — g (2‘5) . rshn_12
S1(€)=5¢(&) +2-(95(£) =S (€))

_S.(¢)
53 (é’) ~ cos (d))

2
S4 (5) <h’sn_var (5)) tan (l)
z1 ::LZ 10.318
2.D-tan (¢)
z:=10 &,:=0,0.0803..0.723
1:=1,2..10
Fsupl = EHPI y (2) _ Fsup2 = ZHP2' (3) _ Fsup?):: EHP3' (2) _
i=1 3 i=1 3 i=1 3

Fupl(g)::c'Fsupl'Si%(f) Fup?(g)::C'Fsup2‘S3(€) Fup3($)::c'Fsup3'S3($)
Freak:l (5) ::Fupl (S) * Freak2 (5) ::Fup2 (f) * ko Freak:3 ('E) ::Fup?) (5) s 3

Pwl(f) ‘=S4(f)'HP1't'C Pm~2(f) ‘254(5)'HP2't'C Pvr3(f) =:S4(§)'HP3’75'C

kl'Bej'hrAH—l k2°Be_f°h’rA2+1 kS'Be_f'hT)\“—l
P = P = P =
sn_f1 )\1+1 sn_f2 )\2+1 sn_f3 )\3+1

% 9 \i~1 c o\i-1

Fsup4 = ZHP4' (_) Fsup5 = ZHPS' (_)
i=1 3 i=1 3

Fup4(§) ::C'Fsup4'S3(‘£) Fup5 (5) ::c'Fsup5'53($)

Freak4 ('5) ::Fup4 (‘5) sy Freak5 (E) ::Fup5 (5) ‘M5

Pvr4(5):54(5)‘HP4't'C PUT5(E)::S4(€)-HP5-t-c
k4'B€j'h,’,)\4+1 k:5‘Be—f'hr)\5+1

P = P =

sn_f4 >\4+1 sn_f5 )\5+1
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Sc(f) = <L°rcyl'$>'w’z

2’hbl’tan(

w::=

2-55(€)-2

S.(€):

—~I| —~I| end TN —~I\ —~I|
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Y wp W up up
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SN— | N— SN— [ N N— [ N SN— | N— SN— | N—
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g g g g A
+ + + o+ o+

= 3= 3 3 =
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N

N.

Npotr3 (5) =

Npotr4 (5) =

Npotrs (6) =

potrl (5) =

potr2 (f) =

Msoprl (S) *Ng+2 T

60000

M

sopr2 (5) *Tgese

60000

Msopr3 (5) *Tge s

60000

MsopT4 (5) *Mges-

60000

MsoprS (6) *Ngese

60000
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Nreall (E) =

Nreal? (5) =

Nreal3 (5) =

Nreal4 (f) =

Nrealt') (‘5) =

Mtyagl (5) *Ngeze

60000

Mtyag2 (S) *Mgeze

60000

MtyagS (5) *Tzea

60000

Mtyag4 (5) *Mgese

60000

Miyags (€) 13- 2

60000

»
>

0 0.03

0.06

0.09

0.3
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9-10%+

8.1.10%+

=~

.2:10%4

6.3-10°1 N

5.4-10%+
4.5-10%+

3.6:10% S

2.7.10% ------ Nreal4 (5)

1.8:10°1 Nirears (‘f)

900+

vy

0.03 0.06 0.09 0.12 0.15 0.18 0.21 0.24 0.27 0.3

1.08
0.985
0.89
0.795

0.7

(
0.605 ----------------------------------------------------------------------- KPD2 (
(

0.3241 LT
0.2254* KPD5 (f)
0.13
0.035
0 0.03  0.06 009  0.12 U.J("x 018 021 024 027 0.3
sn_var 5)
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[ABmxeHne B60OK

5, (€)= Tshn_1* rcyl;in (8(¢)) S,(¢)= B (25) P 1
S, 1(€):=1.15-5,(¢)

_ S (5)
Sg‘l(g) " cos (¢)

L-t
2l=—
2-Dctan(¢)

z:=10 £,:=0,0.0803..0.723

=10.318

1:=1,2..10

B 9\i-1
Fsupl:: EHPI' (5)

=1

Fupl_l (5) =c 'Fsupl 'S3_l (5)
Freak:l_l ('E) = Fupl_l (5) sy

Pm"l(g) ::S4(£)'HP1't'C
k1°Be_l°hr>\l+1
A+1

sn_l1 =

z

c 9\i-1
Fsup4 = ZHP4' (_)
i=1

Fup4_l(§) i=c-F

z

c 9 i—1
Fsup2 = ZHPQ ° (g)
i=1

Fup2_l (E) =cC 'Fsup2 * S3_l (5)

Freak2_l (5) ::FupQ_l (5) %)

P, (f) =8y (5) *Hpy+t-c
k2'Be_l°hr/\2+1

z

c 9 i—1
Fsup3:: ZHP?)' (_)
i=1 3

Fup3_l (S) ::C‘Fsup3 'S3_l (E)
Freak3_l (5) ::Fup?)_l (5) %

Pvr3(£) =:S4(§)'HP3'75'C
k?)'Be_l'hr)\ﬂ—l

sn 12— )\2 +1 sn 13— )\3 +1
B 9\i-1
sup4°53_l(§) Fup5_l (5) ::C'FsupS'SB_l(f)

Freak47l (’E) ::Fup47l (E) *Hy

Pvr4(5) ’254(5)‘HP4't'C
k4"Be_l°h’7’)\NLl
AN+1

sn_l4 =

Freak5,l (E) ::Fup57l ('5) M5

P'UTS(E) ::S4(€)'HP5't'C
kS'Be_l'hr)\5+1
At 1

sn_l5 =
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S.1(€)=2-85 (€)= w’:2'hbl‘tan(
£
[

(CRRS)

— Y1* <hr_ Teyl* (1—cos (5)»
G, (&)= Lo-rcyl-cos(f)'l <hT—7“cyl'(1_COS(€))> a
B h‘mawl
05
¢
. Yo <hr_ Tey® (1—cos (5)»
G, (&)=L, Teyl cos (&) } (hr_rcyl.(l—cos(g)» a
B h’maaz?
65
¢
— e J 3t <hr_rcyl'(1_cos(5))>
G3 (€)= [ Ly>7,y - cos(€) 1 (hy— Ty (1—cos (£))) a
a hmax?)
65
¢
— . Vs <hr— Teyl* (1—cos (5)»
G4(£)-— Lyrey cOS(f) } <hr_rcyl.(1—cos(£))> a
B h’mam4
65
¢
— Vs* <hr_rcyl° (1 —cos (g)»
G5 (€)= | Ly+rey-cos(¢)- 1 (B =Ty (1—cos (€))) a
a h‘maa:S
0
Py (€)=pm-Gri(€)  Peia(€)=p+(G1(€)=Gril¢

Msopr2_l (f) =me <Psn_l2 *Tsd +Freak2_l (5) * T'p e (5) * Tp +PC2_l

Msopr3_l (5) =me <Psn_l3 *Tsd +Freak3_l (5) *Tp +PUT3 (g) Tp +PC3 l
Msopr4_l (5) =me <Psn_l4 *Tsd +Freak4_l (5) *Tp +Pv?“4 (f) *Tp +PC4
Msopnf;_l (5) =me <Psn_l5 *Tsd +Freak5_l (5) *Tp +Pm“5 (5) Tp +PC5 l

soprl_l (S) =me <Psn_l1 *Tsd +1J"reak;1_l (5) * Tp +E (5) * Tp +PCl_l

| S = (Lerg) s

Guns(6) =g LD
e
G 1(€)= ;ﬂfﬁfi}%
Graa(8): ;4((5));22((?)
Grsa(8): ;5((5));?;((?)
Moy ()= Fo 1(€)-co3 ()



Npotr1_1 (6)=—""2 il

N potr2_l (f ) =

Npotr3_l (5) =

Npotr4_l (5) =

KPD, ,(&):

KPD, (f)

N potr5_l (f ) =

KPD; (§)=

1.45-10%+

4.05-10%+

3.65-10%+

3.25:10°

2.85-10%+

2.45-10%+

2.05-10%+

1.65-103+

1.25.10%+

M (6)enz-2 7

60000

MSOpT2_l($) *Nge2-7

60000

MSOpr3_l($) *MNge2-7

60000

Msopr4_l (5) *Nge 27T

60000

Msoms_l(f) *Nge2eT

60000

£
3

£
3

£
3

N, potrl_l

reall_l

N, potr2_l

N, potr3_l

(€)
()
()
Nreal2_l( )
(€)
(€)

real3_l
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Nreallfl (f) :

Nreal?_l (f) :

Nreal3_l (5) :

N, reald_l (5 ) :

Nreal5_l (5) :

_Mtyagl,z(f)'n3°2~7r

60000

_ MtyagZ_l(g) -n3-2.7-¢-

60000

_ Mtyag3_l (5) *Tze2eTT

60000

_ Mtyag4_l (5) g2

60000

_ Mtyag5_l (5) N3 2T

60000

»

0

0.03

0.06  0.09

0.21

0.24

0.27

0.3

>
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2.5.10*+
2.25.10%+
2.10%+
L0 Nreall_l(g)
1.5-10%+ ’
Nreal2_l ('f)
1.25-10%+
. Nreal?;_l(f)
7.5.10%+ ___________ e Nreal4_l(£)
5:10°¢ Nreal5_l (5)
2.5.10% I’
0.03 006 009 012 015 0.18 0.1 0.24 0.27 0.3 "
hsn var (5)
A
1.015
0.915
0.815
0.715
‘ KPD, (¢)
0.615
KPD, ,(¢)
0.515
KPD
0415+ /] 3 _l(g) ........
0.315 KPD4_l (5)
0.215 KPDS_l(E)
0.115 ad
0.015

0 0.03 0.06 0.09 0.12 U.J(") ) 0.18 0.21 0.24 0.27 0.3
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PacueTt gBmxenus PBA no pa3finyHbIM TUMAM CHEra C YrjioM Hak/10Ha BMHTOBOW NMHUK 30 rpagycoB

MapaMeTpbl LWHEKa

L:=2.450 M, AnnHa 6a30BOro LUMANHAPA
L,:=3.19 M, obLLas AnnHa WHeKa
ey =0.6 M, aAvameTp 6a30BOro UMInHApa
dcyl

Tyl = 5 =0.3 M, pagunyc 6a30BOro umMnnHapa
hy;:=0.1 M, BblCOTa J10NacTu
D:=d.;+2-hy;=0.8 M, BHELUHWWA AMAMETP LUHeKa

D "
rshn_1::?:0.4 M, BHELHWW paanyc LWHeKa
B,,:=30- 120 =0.524 pag, yron nogbeMa Hocka LUHeKa
v:i=12. T —0.209 paj, Yron npuv BepLUMHE CeYEHNs1 BUHTOBOM

180 nonactu
¢:=30- 17;0 =0.524 paj, Yron Hak/oHa BUHTOBOM NoNacTy
m:=2 LUT, KONIMYECTBO LUHEKOB
c:= napameTp KOHCTPYKLUMU LLUHEKOB

=3 LIT., KONIMYECTBO 3aX0A0B

ng:=400 06/MWH, YacToTa BpaLleHus

MapaMeTpbl NOrpy>KeHus
h,:=7,,=0.3 M, MakcuManbHast rnybrHa norpy>eHus
H:=0.8 M, BbICOTa CHEXHOIO NOKPOBa

PacueTHble Be/IMYNHBI

d.,—1.2 h
rgi=— T 012 M, PaZAnyC NPUIOXKEHUSI CUMbl CONPOTUBNIEHUS CABUTY
2 BasiMka cHera
D—h
Tyi= " ~0.35 M, PaanyC NPUIOXKEHUS CUIbl ynopa

0.5
2
b:=2- (rcylz — (Tey—Hy) ) =0.6 M, WWPWHA WTaMna

1.5

d:=0.0287-(100-H) =20.536 3MMNMpUYECKUin KoapbuumneHT

B o L,—L
I 9. cos <,6n>

B, ;:==L=2.45 M, LUIMPWHA 3KBMBANEHTHOIO Konieca Npu ABMXKEHUN GOKOM

=0.427 M, LUMPWHA SKBMBAJIEHTHOMO KOJIeCa Npu ABUXKEHWUWN Brepes



KoadpdpuumneHT
NPONOPLIMOHANIBHOCTH
k,:=0.25

ky:=0.35

ky:=0.53

k,:=0.8

ky:=1.1

MNoTHOCTb CHera,
r/MMA3
p,:=0.125.10°

p2:=0.25.10°
p3:=0.3-10"
py:=0.4.10°
p5:=0.6-10"

KoabduumneHT okaTtns cHera

0.3
n,, =———=0.706
p1+0.3
0.3
Ny i=———=0.545
po+0.3
0.3
ny=— —=05
p3+0.3
. .03
A ps+0.3
0.3
n5i=————=0.333
s
'Emax::E

£:=0,0.01..¢,,.,

R var (€) =Ty (1= cos (£))

=0.429
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MapaMeTpbl CHEXXHOrO MOKPOBa

MNokazaTtesnb cTeneHu

A:=0.77
Ay:=0.5

A3:=0.34
Ay :=0.25
A5:=0.15

Mpo4yHOCTb CHera, la

Hp,:=0.1-10°
Hp,:=0.3-10°
Hp;:=0.5-10°
Hp,:=1-10°

Hps:=1.2-10°

KoapdpuumneHT
COMpPOTUB/IEHUS
TPEHUIO
py:=0.125

s :=0.065
u3:=0.034
py:=0.023
Us:=0.015

XKecTkocTb cHera, lMa

K;:=0.5-10°
Kjp:=1.8-10°
Kj3:=3.8-10°
K;=6.5-10°
Kj5:=9-10°

HayanbHasga XXecTKoCTb

CHera, lNa

7,:=0.735.
Yo =0.735-
75:=0.735.
7,:=0.735.
v5:=0.735+

MNMapaMeTp MakcMManbHOro

YNNIOTHEHUA CHEra

n71'100'b+d

By = ~0.625
100 b+d

By = H » —0.529
100 b+d

By gy = H » =0.502
100 b+d

By ooy = H » =0.459
100 b+d

M5-100+b+d

By = H » =0.403

100 b+d

K,;,=3.675-
K;,=1323.
K;;=2.793.
Kj4 :4.778 .
K;;=6.615-

paa, NOSI0BUHA yria Norpy>XeHu4

paa, AmanasoH 3HaYeHWI MOSIOBUHBI yrna norpy>xeHus

M, Anana3oH 3HaYeHuU rNy6buHbI NOrpy>XXeHuns

Sf (5) =& <T8hn_12 - rcyl2>

Teyi* SIN

™
—+
, +¢

a(€)=asin

’rshn_l
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[BwmxeHune Bnepen

S, (E) . Tshn_1 '71cylésln (18 (5)) Sﬁ (5) — ﬂgf) 'rshn_12
S1(£):=5¢(&) +2- (S5(£) — S (¢))
_Si(¢)
55 (é’) " cos (d))
2 Y
S4 (5) = <h’sn var (5)) tan (_)
z1 ::L:7.957
2~Dctan(¢)
z2:=8 £,:=0,0.0803..0.723
1:=1,2..10
c 9\i-1 B o\i-1 c 9\i-1
Fsup1‘: ZHPI' 5 Fsup2 = ZHPQ' g Fsupg‘: EHP3‘ E
i=1 i=1 i=1

Fupl(f)::C'Fsupl'Si%(f) Fup?(f)::c'Fsup2'S3(€) FupS(g)::C'Fsupii'S?)(f)
Freak:l (5) ::Fupl (5) sy Freak2 (5) ::Fup2 (f) %) Freak:?) (5) ::Fup?) (5) * 3

Pvrl(f) ‘=S4(5)'HP1't'C sz(f) ‘254(5)°HP2't'C Pvrg(f) =:S4(5)'HP3't'C

kjloBeJ.hTA1+1 k2’BeJ'hrA2+1 kS'BeJ'h,r.)\g_'—l
P = P = P =
sn_f1 )\1+1 sn_f2 )\2+1 sn_f3 )\3+1

B 9\i-1 c 9\i-1

Fsup4 = ZHP4' (_) Fsup5 = EHP5' (_)
i=1 3 i=1 3

Fup4(£) ::C'Fsup4'S3(E) Fup5 (‘5) ::c'Fsup5'S3(§)

Freak4 (‘E) ::Fup4 (5) sy Freak5 (f) ::FupS (5) *Hs

Pvr4(£)::S4($)'HP4't'C P’ur5(£)::S4(€)‘HP5°t°C
k4.B€j.hr)\4+l k:5'Bej'hr)\5+1

P = P =

sn_f4 >\4+1 sn_f5 )\5+1
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Sc(f) = <L°rcyl'$>'w’z

2’hbl’tan(

w::=

2-55(€)-2

S.(€):
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Nreall (5) =

Nreal? (5) =

Nreal3 (5) =

Nreal4 (f) =

Nrealt') (‘5) =
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Str(g) = 2

S, 1(€):=1.15-5,(¢)
_ S1 (5)

53‘1(5) ~ cos (¢)

L-t
Zli=———————
2-D-tan(¢)

z:=8  £,:=0,0.0803..0.723

=7.957

i:=1,2..10

z

c ) i—1
Fsupl:: EHPI' (5)

=1
Fupl_l (5) =c 'Fsupl 'S3_l (5)

Freak:l_l ('E) = Fupl_l (5) sy

Pm"l(g) ::S4(£)'HP1't'C
kl°Be_l°hr>\l+1

sn 1=
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[ABmxeHne B60OK

z

c 9 i—1
Fsup2 = ZHP2 * (E)
=1

Fup2_l (E) =cC 'Fsup2 * S3_l (S)

Freak2_l (5) ::FupQ_l (5) %)

Py,5(€)=54(¢) - Hpy t-c
k2'Be_l°hr/\2+1

sn_12°=

z

c 9 i—1
Fsup3:: ZHP?)' (_)
i=1 3

Fup3_l (f) ::C‘Fsup3 'S3_l (E)
Freak3_l (5) ::Fup?)_l (5) %

Pvr3(£) =:S4(§)'HP3'75'C
k?)'Be_l'hr)\ﬂ—l

sn_13°=

)\1 +1 )\2 +1 )\3 +1
% 2 i—1 % 2 i—1
Fsup4 = ZHPAL' (_) Fsup5 = ZHPS' (_)
i=1 3 i=1 3
Fup4_l(£) ::C'Fsup4°53_l(€) Fup5_l (5) ::C'FsupS'SB_l(f)

F reak4_l (’E ) =F upd_l

(E) *Hy Freak5,l (E) ::Fup57l ('5) *Hs

Pvr4(5) ’254(5)‘HP4't'C
k4'Be_l°h’r/\4+1
AN+1

sn_l4 =

P'UTS(E) ::S4(€)'HP5't'C
kS'Be_l'hr)\5+1
Aot 1

sn_ 5=
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S.1(€)=2-85 (€)= w’:2'hbl‘tan(
£
[

(CRRS)

— Y1* <hr_ Teyl* (1—cos (5)»
G, (&)= Lo-rcyl-cos(f)'l <hT—7“cyl'(1_COS(€))> a
B h‘mawl
05
¢
. Yo <hr_ Tey® (1—cos (5)»
G, (&)=L, Teyl cos (&) } (hr_rcyl.(l—cos(g)» a
B h’maaz?
65
¢
— e J 3t <hr_rcyl'(1_cos(5))>
G3 (€)= [ Ly>7,y - cos(€) 1 (hy— Ty (1—cos (£))) a
a hmax?)
65
¢
— . Vs <hr— Teyl* (1—cos (5)»
G4(£)-— Lyrey cOS(f) } <hr_rcyl.(1—cos(£))> a
B h’mam4
65
¢
— Vs* <hr_rcyl° (1 —cos (g)»
G5 (€)= | Ly+rey-cos(¢)- 1 (B =Ty (1—cos (€))) a
a h‘maa:S
0
Py (€)=pm-Gri(€)  Peia(€)=p+(G1(€)=Gril¢

Msopr2_l (f) =me <Psn_l2 *Tsd +Freak2_l (5) * T'p e (5) * Tp +PC2_l

Msopr3_l (5) =me <Psn_l3 *Tsd +Freak3_l (5) *Tp +PUT3 (g) Tp +PC3 l
Msopr4_l (5) =me <Psn_l4 *Tsd +Freak4_l (5) *Tp +Pv?“4 (f) *Tp +PC4
Msopnf;_l (5) =me <Psn_l5 *Tsd +Freak5_l (5) *Tp +Pm“5 (5) Tp +PC5 l

soprl_l (S) =me <Psn_l1 *Tsd +1J"reak;1_l (5) * Tp +E (5) * Tp +PCl_l

| S = (Lerg) s

Guns(6) =g LD
e
G 1(€)= ;ﬂfﬁfi}%
Graa(8): ;4((5));22((?)
Grsa(8): ;5((5));?;((?)
Moy ()= Fo 1(€)-co3 ()



Mpprr 1 (€) 152 70
A%WHJ(S%: &WMJ() 5
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Msopr2_l (5) *Tge 2.

Npotr2_l (5) =
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Nreallfl (5) =

_ Myyag1 1 (5) *Ngese

60000

My (&) m502-

Nreal?_l (f) =

60000 60000
Msor §)emge2.m M a £)enge2.m
Npotr3_l (5) = £ 3_l6(0(300 & Nreal3_l (5) = v gg_lﬁ(()O)OO 3
M opra 1\&) snge2 M. E)emge2eT
Npotr4_l (5) = £ 4_;(00)00 & Nreal4_l (5) = ty 94_25(00)00 3

Msor_l(f)'n 2.7 M,,. _l(é')-n e DeTr
NPOtT'5_l (6) = oo 60000 & Nreal5_l (5) = fyagd 60000 i
KPD l(E) o Npotrlfl (5)
1 = =
reall_l (§ ) KPD4J ( 5) — potrd_l (E )
reald_l (g)
KPD (E) — Npot'rQ_l (E)
! - 12 l(g ) potr5_l (5)
real2_ KPD5_I (5) -
(f) realb5_l (5)
KPD () =2 S
real3_
1.45-10%
1.05-10%
3.65-10%
3.25.10%
) . Npot'rlfl (5)
2.85-10
2.45.10°% Npotr2_l (6)
2.05-10° NPOtr?’_l (5)
L6510t T et et e
Nootras(€)
NpotrSJ (5)

0 0.03 0.06 0.09
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A
2.2.10*+
2.10%+
1.8.10*+
1.6-10*+
Nreall_l (f)
1.4-10*1 -
1.2:10%+ Nreal?_l(g)
Ny 1 €)
ST real3_1 E
8.103+ T e T
BN JISTUCEL Nreal4_l(§)
6-10°t et .
4.10%4 Nreal5_l(£)
2.10%+
003 006 009 012 015 018 021 0.24 0.27 0.3 .
hsn var (‘5)
A
1.015
0.915
0.815
0.715
’ KPD, (¢)
0.615
KPD, (€)
0.515
KPD, (€)
0415+ [ =
0.315 KPD4J (5)
0.215
5 KPD; ,(¢)
0.1154,%
0.015
0 0.03 0.06  0.09 0.2 U.J('x 0.18  0.21 024 027 0.3
sn_var )
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PacueTt gBmxenus PBA no pa3finyHbIM TUMAM CHEra C YrjioM Hak/10Ha BMHTOBOW TMHUN 39 rpagycoB

MapaMeTpbl LWHEKa

L:=2.450 M, AnnHa 6a30BOro LUMANHAPA
L,:=3.19 M, obLLas AnnHa WHeKa
ey =0.6 M, aAvameTp 6a30BOro UMInHApa
dcyl

Tyl = 5 =0.3 M, pagunyc 6a30BOro umMnnHapa
hy;:=0.1 M, BblCOTa J10NacTu
D:=d.;+2-hy;=0.8 M, BHELUHWWA AMAMETP LUHeKa

D "
rshn_1::?:0.4 M, BHELHWW paanyc LWHeKa
B,,:=30- 120 =0.524 pag, yron nogbeMa Hocka LUHeKa
v:i=12. T —0.209 paj, Yron npuv BepLUMHE CeYEHNs1 BUHTOBOM

180 nonactu
¢:=39. 17;0 =0.681 paj, Yron Hak/oHa BUHTOBOM NoNacTy
m:=2 LUT, KONIMYECTBO LUHEKOB
c:= napameTp KOHCTPYKLUMU LLUHEKOB

=3 LIT., KONIMYECTBO 3aX0A0B

ng:=400 06/MWH, YacToTa BpaLleHus

MapaMeTpbl NOrpy>KeHus
h,:=7,,=0.3 M, MakcuManbHast rnybrHa norpy>eHus
H:=0.8 M, BbICOTa CHEXHOIO NOKPOBa

PacueTHble Be/IMYNHBI

d.,—1.2 h
rgi=— T 012 M, PaZAnyC NPUIOXKEHUSI CUMbl CONPOTUBNIEHUS CABUTY
2 BasiMka cHera
D—h
Tyi= " ~0.35 M, PaanyC NPUIOXKEHUS CUIbl ynopa

0.5
2
b:=2- (rcylz — (Tey—Hy) ) =0.6 M, WWPWHA WTaMna

1.5

d:=0.0287-(100-H) =20.536 3MMNMpUYECKUin KoapbuumneHT

B o L,—L
I 9. cos <,6n>

B, ;:==L=2.45 M, LUIMPWHA 3KBMBANEHTHOIO Konieca Npu ABMXKEHUN GOKOM

=0.427 M, LUMPWHA SKBMBAJIEHTHOMO KOJIeCa Npu ABUXKEHWUWN Brepes
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MapaMeTpbl CHEXXHOrO MOKPOBa

KoadpdpuumneHT
NpPONOPLMOHANIBHOCTH
k,:=0.25

ky:=0.35

ky:=0.53

k,=0.8

ky:=1.1

MNoTHOCTb CHera,

r/MMA3
p,:=0.125.10°
p2:=0.25.10°
p3:=0.3-10"
py:=0.4.10°
p5:=0.6-10"

KoapdpuumneHT
ConpoTuBIIEHNA
MNokazaTtesib cTeneHn TPEHUIO XecTkocTb cHera, lMa

A :=0.77 iy :=0.125 K;:=0.5-10°
Ay :=0.5 s :=0.065 Kj,:=1.8-10°
A;:=0.34 s :=0.034 Kj3:=3.8-10°
A :=0.25 py:=0.023 K;4:=6.5-10°
A;:=0.15 s :=0.015 Kj5:=9-10°

HavanbHas »KeCcTKoCTb
CHera, lNa

lMpoyHOCTb CHera, la

Hp,:=0.1-10°
Hpy:=0.3-10°
Hp;:=0.5-10°
Hp,:=1-10°

Hps:=1.2-10°

v,:=0.735 K, =3.675-
7,:=0.735 K, =1.323
v3:=0.735 K ;3=2.793 -
74:=0.735-K ;, =4.778 -
v5:=0.735+K ;s =6.615 -

KoabduumeHT okaTns cHera MapaMeTp MakCMManbHOro

YNNIOTHEHUA CHEra

0.3 n,-100-b+d
n,,=————=0.706 Py = H + =0.625
p;+0.3 100 b+d
0.3 n,5-100-b+d
n,y2 ::—:0.545 hmax2 ::H' :0-529
ps+0.3 100 b+d
0-3 n,./3'].00'b+d
n,yg ::—:0.5 hmaar:S ::H' :0-502
p;+0.3 100 b+bd .
, n.4+100-b+
., =93 0429 Py = H +— =0.459
ps+0.3 100 b+d
0.3 N.5+100-b+d
ng=———=0.333 R o= H + —2 =0.403
p5+0.3 100 b+d
Emaa ::% paj, NoMoBMHA Yrna Norpy>keHns

£:=0,0.01..&,,,. paj, AvanasoH 3HaYeHUI MONOBUHbBI Yria NOrpy>XeHNs

M, Anana3oH 3HaYeHuU rNy6buHbI NOrpy>XXeHuns

h‘sn_var (f) = rcyl ¢ (1 —COs (5))
Sf (5) =& <T8hn_12 - rcyl2>

Teyi* SIN

™
—+
, +¢

a(€)=asin

’rshn_l
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[BwmxeHune Bnepen

B L .
51(6)=5¢(6) +2+ (51(6) -0 (©)
0

5.(6)= (o (€) 07

L-t
2l=—
2-Dctan(¢)

£,:=0,0.0803..0.723

=5.673

..10

z z

Fsupl = EHPI °

Fsup2 = ZHP2 °

ah

(€)

2

2
* rshn_l

z

Fsup?):: EHP3' (
=1

=

i=1 i=1
Fupl(g)::c'Fsupl'Si%(f) Fup?(g)::C'Fsup2‘S3(€) Fup3($)::c'Fsup3'S3($)
Freak:l (5) ::Fupl (S) s Freak2 (5) ::Fup2 (f) * o Freak:3 ('E) ::Fup?) (5) s 3
Pvrl(f)‘=54(5)'HP1't'C Pur2(f)‘:S4(§)'HP2't'C Pvr3(f)=:S4(§)'HP3't'c
kjloBej.hT>q+1 k2.Be—f.hjrA2+1 kS'Be—f'h,r.)\:r'—l
P = P = P =
snfl A +1 onf2 A+ 1 snf3 Ag+1
% 2 i—1 % 2 i—1
Fsup4 = ZHP4' (_) Fsup5 = ZHPS' (_)
i=1 3 i=1 3
Fup4(§) ::C'Fsup4'S3(£) Fup5 (5) ::c'Fsup5'53($)
Freak4 ('5) ::Fup4 (‘5) sy Freak5 (E) ::Fup5 (5) ‘M5
Pvr4(5):54(5)‘HP4't'C PUT5(E)::S4(€)-HP5-t-c
k4.Bej.hr)\4+l k:5‘Be_f'hr)\5+1
P = P =
sn_f4 >\4+1 sn_f5 )\5+1

2

3

-
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potrl (5) =

potr2 (f) =
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Nreall (5) =

Nreal? (5) =

Nreal3 (5) =

Nreal4 (f) =

Nrealt') (‘5) =

Mtyagl (5) *Ngez-

60000

Mtyag2 (S) *Mgeze

60000

Mtyag3 (5) *Tgesr
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[ABmxeHne B60OK

s, (f) _ Tshn_1 TcyZQSin (/3 (5)) Sg (5) — 5(2«5) ‘Tshn,12
S, 1(€):=1.15-5,(¢)

_ Si (5)
53‘1(5) " cos (¢)

z1 ::L:5.673
2-D-tan(¢)

z:=6  £,:=0,0.0803..0.723

i:=1,2..10

z

c ) i—1
Fsupl:: EHPI' (5)

i=1

F

Freak:l_l ('E) = Fupl_l (5) sy

Pm"l(g) ::S4(£)'HP1't'C
kl°Be_l°hr>\l+1

sn 1=

upl_l (5) =cC 'Fsupl * S3_l (5)

z

c 9 i—1
Fsup2 = ZHP2 * (E)
=1

Fup2_l (E) =cC 'Fsup2 * S3_l (S)

Freak2_l (5) ::FupQ_l (5) %)

P, (f) =8, (5) *Hpy+t-c
k2'Be_l°hr/\2+1

sn_12°=

z

c 9 i—1
Fsup3:: ZHP?)' (_)
i=1 3

Fup3_l (f) ::C‘Fsup3 'S3_l (E)
Freak3_l (5) ::Fup?)_l (5) %

Pvr3(£) =:S4(§)'HP3'75'C
k?)'Be_l'hr)\ﬂ—l

sn_13°=

A +1 Ao+ 1 A+1
% 2 i—1 % 2 i—1
Fsup4 = 2 HP4 ¢ (_) Fsup5 = ZHPS ° (_)
i=1 3 i=1 3
Fup4_l (5) ::C'Fsup4°53_l (6) Fup5_l (5) ::C'Fsupt') 'SB_Z (5)
Freak47l(’£) ::Fup47l (E) *Hy Freak5,l (E) ::Fup57l ('5) *Hs

Pvr4(5) ’254(5)‘HP4't'C
k4'Be_l°h’r/\4+1
AN+1

sn_l4 =

Purs(f) ::S4(€)‘HP5't'C
kS'Be_l'hr)\5+1
A+1

sn_ 5=
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S.1(€)=2-85 (€)= w’:2'hbl‘tan(
£
[

(CRRS)

— Y1* <hr_ Teyl* (1—cos (5)»
G, (&)= Lo-rcyl-cos(f)'l <hT—7“cyl'(1_COS(€))> a
B h‘mawl
05
¢
. Yo <hr_ Tey® (1—cos (5)»
G, (&)=L, Teyl cos (&) } (hr_rcyl.(l—cos(g)» a
B h’maaz?
65
¢
— e J 3t <hr_rcyl'(1_cos(5))>
G3 (€)= [ Ly>7,y - cos(€) 1 (hy— Ty (1—cos (£))) a
a hmax?)
65
¢
— . Vs <hr— Teyl* (1—cos (5)»
G4(£)-— Lyrey cOS(f) } <hr_rcyl.(1—cos(£))> a
B h’mam4
65
¢
— Vs* <hr_rcyl° (1 —cos (g)»
G5 (€)= | Ly+rey-cos(¢)- 1 (B =Ty (1—cos (€))) a
a h‘maa:S
0
Py (€)=pm-Gri(€)  Peia(€)=p+(G1(€)=Gril¢

Msopr2_l (f) =me <Psn_l2 *Tsd +Freak2_l (5) * T'p e (5) * Tp +PC2_l

Msopr3_l (5) =me <Psn_l3 *Tsd +Freak3_l (5) *Tp +PUT3 (g) Tp +PC3 l
Msopr4_l (5) =me <Psn_l4 *Tsd +Freak4_l (5) *Tp +Pv?“4 (f) *Tp +PC4
Msopnf;_l (5) =me <Psn_l5 *Tsd +Freak5_l (5) *Tp +Pm“5 (5) Tp +PC5 l

soprl_l (S) =me <Psn_l1 *Tsd +1J"reak;1_l (5) * Tp +E (5) * Tp +PCl_l

| S = (Lerg) s

Guns(6) =g LD
e
G 1(€)= ;ﬂfﬁfi}%
Graa(8): ;4((5));22((?)
Grsa(8): ;5((5));?;((?)
Moy ()= Fo 1(€)-co3 ()



Mpprr 1 (€) 152 70
A%WHJ(S%: &WMJ() 5

60000

Msopr2_l (5) *Tge 2.

Npotr2_l (5) =

327

Nreallfl (5) =

_ Myyag1 1 (5) *Ngese

60000

My (&) m502-

Nreal?_l (f) =

60000 60000
Msor §)emge2.m M a £)enge2.m
Npotr3_l (5) = £ 3_l6(0(300 & Nreal3_l (5) = v gg_lﬁ(()O)OO 3
M opra 1\&) snge2 M. E)emge2eT
Npotr4_l (5) = £ 4_;(00)00 & Nreal4_l (5) = ty 94_25(00)00 3

Msor_l(f)'n 2.7 M,,. _l(é')-n e DeTr
NPOtT'5_l (6) = oo 60000 & Nreal5_l (5) = fyagd 60000 i
KPD l(E) o Npotrlfl (5)
1 = =
reall_l (§ ) KPD4J ( 5) — potrd_l (E )
reald_l (g)
KPD (E) — Npot'rQ_l (E)
! - 12 l(g ) potr5_l (5)
real2_ KPD5_I (5) -
(f) realb5_l (5)
KPD () =2 S
real3_
1.45-10%
1.05-10%
3.65-10%
3.25.10%
) . Npot'rlfl (5)
2.85-10
2.45.10°% Npotr2_l (6)
2.05-10° NPOtr?’_l (5)
L6510t L et et e
Nootras(€)
NpotrSJ (5)

0 0.03 0.06 0.09
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A
2.10%+
1.8.10*+
1.6-10*+
1.4-10*1
Nreall_l(‘f)
1.2.10%+ .
Nreal?_l (5)
1-10%+
- N, (¢)
8:10%+ LT real3_l£ ..........
o0t e Nreal4_l($)
4105+ et
NrealS_l(g)
2.10%+
003 006 009 012 015 018 021 0.24 0.27 0.3 .
hsn var (‘5)
A
1.015
0.915
0.815
0.715
) KPD, ,(¢)
0.615
KPD, (¢)
0.515
KPD; (¢)
0415+ S
0.315 KPD4_l (5)
0.215 KPDy , (5)
0.115
0.015
0 003 0.06 009 012 015 018 021 024 027 0.3 g
sn, va'rJ( )
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MpunoxeHue 3. PacueT aswmxxeHns 3BM-2902 no nbay Bnepeq

MapameTpbl LWHeKa
L:=3.5

M, AnvMHa 6a3oBoro uMnnHapa

L,:=4.05 M, 0bLwas AnnHa LHeKa

hy;:=0.1 M, BblCOTa JIONacTu

D:=0.8 M, BHELUHUWA AMaMeTp LUHeKa

d:=0.6 d M, AnameTp 6a30BOro UMNNHAPA

Teyl 1 ::5:0.3 M, pagunyc 6a30B0ro UMnnHApPa
D o

rshn_1::?:0.4 M, BHELUHWUW paauycC LUHEeKa

B, ::45-%:0.785 pag, yron rnogbeMa Hocka LUHeKa

T

= SO-E:O.E)M paj, Yron npv BepLUMHE CEYEHUS BUHTOBOM

fionactu

¢:=45 -%:0.785 paj, Yron HaknoHa BUHTOBOWM NONacTy

m:=2 LT, KOSIMYECTBO LUHEKOB
c:=2 napameTp KOHCTPYKLMW LUIHEKOB
t:=3 LT., KOSIMYECTBO 3aX0A0B

MapaMeTpbl NOrpyxeHns

Popazi=hy=0.1 M, MakcumasibHas rnybuHa norpy>xxeHus
Hp:=0.3,04..3 MMMa, NpoYHOCTb Nbaa
ng:=260 06/MWH, YacToTa BpalleHus

Tshn l_hmaw
gmaw :=lacos| ———— || =0.723 paa, NooBUHa MakCMMasbHOIO yria Norpy>XeHu4d

rshn71
€:=0,0.01..€,,4, pafi, AManasoH 3HaueHUt MOMOBUHBI Yr/ia NorpyXXeHust
R var 1(€) =Tgp 1+ (1—cos(€)) M, AManasoH 3Ha4YeHWii Fy6uHbI NOrpy>KeHMs
f:=0.015 KO3 PUUMEHT TPEHUs No Nbay

G:=6000-9.81=5.886-10" H, cuna TakecTn nonHas

2

S, (5) ::DT (2-7r-.£—sin(£)-cos($))

ziz :iizzégg).rshm-(rshnlhlvam(é“))-(ln(tan §+%) —(1_%)_@“5)]
54(6)= (i yur 1 (€)) +tan (%)
L.t

Z]_ == 6563
2-D-tan(¢)

z:=6  £,:=0,0.0803..0.723
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Hp,:=0.3-10° Hpy:=0.7-10° Hpy:=1-10°  Hp,:=1.5-10°
Hps:=1.9.10° Hpg:=2.310° Hp,;:=2.7-10° Hpg:=3-10°
Sy = =0.01635 S, 4:= =0.00327 S, ;:= =0.00182
leéZ' HP4G'!Z‘2 HP7'Z'2
Sy 5i= =0.00701 S, 5:= =0.00258 G
Hp,:z P Z°2 Sy gi= =0.00164
Sy 4= =0.00491 S, 4= ~0.00213 Hpg+z
- HP3 z - P6'2'2

S,(0.708)=0.01635
S,(0.5155)=0.00701
S,(0.454) =0.00491

Ry 1:=h; yar 1(0.708) =0.096
Ry 9:=H; yar 1(0.5155)=0.052
Ry 3:=h; 4o 1(0.454) =0.041

hy 4i=h; (0.3934) =0.031

i_var_1

hy 5:=h; (0.3625)=0.026

i_var_1
z var_ 1(0 339):0023
1(0.3215)=0.02

1 87 =N; var 1(0.31)=0.019

S,(0.3934) =0.00327
S,(0.3625)=0.00258
S,(0.339) =0.00213

S,(0.3215)=0.00182

S,(0.31)=0.00164

£,:=0.708  £,:=0.454  £.:=0.3625 £,:=0.3215
£,:=0.5155 £,:=0.3934 £,:=0.339  £4:=0.31
180 180 180 180
£ -——=40.565 £5-——=26.012 £y ——=20.77 £ ——=18.421
i TT ™ TT
180 180 180 180
£yo——=29.536 £, ——=22.54 £gr——=19.423 £gr——=17.762
TT TT TT TT
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i:=1,2..10

c g\i-1
Fsupl = ZHPI * (E) Fsupl =6.333.10°

- _ D— hi_var_l <$1>
- 2
Msoprl =Ty e <(G°f) + <Fup1 'f> + (C't'S4 <§1> 'HP1>>

Fupl =C 'Fsupl *Ss <El> Tp1* Mtyagl ::FUPl -sin (¢) *Tp1* 2

M, . enge2e7 M. enae2err
Npmrl — soprl 3 Nreall — tyagl 3 KPDl — reall
60000 60000 N
B 9\i-1 ]
Fopi=> Hpy- (E) F»=1.478-10
=1
D—h, 1 62 .
Fup2 =C 'FsupZ . 53 (52) ’I"pz = Z—I)2GT— < > Mty(lgz ::Fup2 *S1n (¢) * /rp2 M 2
Msopr2 =MeTpoe <(G'f) + <Fup2 'f) + <C -t 'S4 <§2> 'HP2>>
M “Nge2e7T M “Nge2e7T N.
Npotm — sopr2 " '3 Nrealz — tyag2 " '°3 KPD2 — real2
60000 60000 N oo
c 9\i-1
Fopsi= 2, Hpy (5) Fop3=2.111-10°
=1
D—h, 1 53 .
Fup3 =C 'Fsup3 ° 53 <$3> rp3 = Z_U;T_ < > Mtyag3 ::Fup?) * S (¢) : TP?) "2
Msopr3 =MeTpge <(G'f) + <Fup3 'f> + (C t-Sy <£3> 'HP3>>
M cTge 27T M *Mge27T
Npotr3 — sopr3 " '3 Nrealg — tyag3 " '3 KPD3 — real3
60000 60000 Nopours
B 9\i-1 ]
Fopai= S Hpy» (5) Fyyps=3.167+10
=1
D—h; 1 64 .
Fup4::c'Fsup4'SB <’S4> Tpai= LU;T_ < > Mtyag4 ::Fup4'51n (¢) 'Tp4°2
M goprai=1meTpy e <(Gf) + <Fu,p4'f> + (C «t-Sy <€4> 'HP4>>
Msopr4'n3'2'7r Mtyag4'n3'2'7r Nreal4
Noorrs ™= "¢ 5000 Mreals = 5000 I
potrd
o 9\i-1 ]
Fops=> Hps- (5) Fp;=4.011-10
=1
D—h, 1 55 .
Fup5 ::C'Fsup5'53 <$5> ’]"p5 = 2_1;17‘_ < > MtyagS ::Fup5-sln (¢) -'rp502
MsoprS =Ty <(G'f) + <Fup5 'f> + <C t-S, <£5> 'HP5>>
M, . enge2e7 M. ePae2em
N - sopr5 " '3 Nreal5 — tyag5 " '3 KPD5 — real

P 60000 60000 N potrs
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z

c 9\)i~1
Foype= EHPG' (E) Fops=4.856 10°

_ D - hi_var_l <£6>
2

MSOPTG’:m'TPG'<(G'f)+<Fup6'f>+<C't'S4 <£6>'HPG>>

M. oMo
N — sopr6 3 N —
potr6 60000 real6 60000

z

Fup6 =C 'Fsqu *Ss <§6> Tpe* Mtyagﬁ ::FUPG -sin (¢) *Tp6* 2

Mtya96°’n,3°2°7f

N,
KP DG — real6
potr6

c 2 i—1
Fsup7:: ZHP7' (g) Fsup7:5'7' 10°
=1

_ D—- h‘i_’uar_l <§7>

Fup7::C 'Fsup7'S3 <§7> Tp7i= 2 Mtyag7 ::Fup7' sin ((b) *Tpr* 2
Msopr7::m'rp7' <(G'f) + <Fup7'f> + <C't'S4 <€7> 'HP7>>
N, o= Moppremze2.m N Myyogremze2+m KPD., = Nearr

P 60000 real? = 60000

potr7

z

c 9)i~1
FsupS = EHPS ° (E) Fsup8:6'333 .10°

=1 _ D— hi_vaT‘_l <£8>

FupS =c 'FsupS *Ss <£8> Tps* Mtya98 = FUPS -sin (¢) *Tps* 2

2
MsoprS =T Tpg e <(G'f) + <Fup8'f> + <C 15, <€8> 'HP8>>
M eNos2eTT M Mo 2o 7T N
Npotrg — sop;SOO 030 Nrealg — tyag6800030 KPDS — real8

potr8
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Pacuet asmxenns 3BM-2902 no nbay 60koM

Myyagryi=Fupr +008(¢) 11 -2 Nreanp = Mtyagég;)z?(’)' = KPD,:= ]J\\r;:;l:
Myyagoy:=F €08 (@) + 7+ 2 Nicaizp = Mtyagél()).ozz. il KPDy,:= le:
T A
Miyagin = Fupa» cos (@) -7y -2 Nrealap = Mtyaggl());;i). = KPD = ]]\\[Tt;ljj
Miyagsy = Fups 08 () 75+ 2 Nieatsy = Mtyagél()).ozz. - KPDs= J]\\r:;l:
Myyqg6 = Fyps > €08 () 75 2 Nieaion = Mtyaggl()).oz?()). = KPDyg,:= xj;l:
Myyagry=Fupr+ c08(¢) 7+ 2 Nrearry = Mtyaggl())‘oz?()). = KPDy:= ]J\\r;:::l::
Myyagsy = Foups €08 (@) + 7+ 2 Nicaigp = Mtyaggl()).ozz. il KPDyg,:= Z’:jﬁ:

KPD, =35.872 KPD,, =35.872
KPD,=41.381 KPD,,=41.381
KPD,=42.856 KPD,,=42.856
KPD,=44.104 KPD,, =44.104
KPD,=44.657 KPD,,=44.657
KPDy=45.035 KPDgy,=45.035
KPD,=45.299 KPD.,=45.299
KPDy=45.458 KPDg, =45.458

(60° « N, gy - D+ tan ()

1:

TeM tyagl

Vl = 24.96





