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1 BUBIP IBUT'YHIB J1JIs1 MEXAHI3MIB
IUKJITYHOI 11

EnexrponpuBony MexaHI3MIB  UUKIIYHOI Jii MpalioloTh B  TOBTOPHO-
KOPOTKOYACHOMY PEXHMi, XapaKTEePHOI OCOOIMBICTIO SKOTO € YacTi MYyCKH 1 3yMHUHKH
JIBUTYHA. 3 KypCy Teopii eJIeKTPOINpPHUBOLY BIIOMO, L0 BTPATH €HEprii B MepexiHuX
npolecax 0e3nocepeHbo 3a1eKaTh Bl MOMEHTY 1HEPIIiT €JIEKTPONPUBOLY J, .

3a ymMoOBaMHM HarpiBy JOMYCTHME HABAaHTAKEHHS JBUTYHA NPU IOBTOPHO-
KOPOTKOYACHOMY PEXXHUMI BUIIE, HIK MPHU TpuBajioMy. [Ipu mycky 3 miJIBUILIEHOIO CTaTH-
YHUM HaBaHTAKEHHSAM JBUTYH MOBMHEH PO3BHBATH 1 MIJABUIIEHUN MYyCKOBUI MOMEHT,
IO TMepeBepllye CTaTMUYHUNA Ha 3HAUEHHS JIMHAMIYHOTO MOMEHTY. ToMy B HOBTOPHO-
KOPOTKOYACHOMY PEXHUM1 pOoOOTH MOTpiOHA BHILA MEPEBaHTAKyBajbHA 3/IaTHICTH JIBU-
ryHa, HDK NpU TpuBajioMy. Bumora BUCOKOI MepeBaHTa)KyBaJbHOT 3aTHOCT1 BU3HAuYa-
€THCSI TAKOXK 1 HEOOXITHICTIO TOJOJAHHS KOPOTKOYACHUX MEXaHIYHUX NEPEBAHTAXKEHbD,
10 BUHUKAIOTh MPHU BIAPHUBI BAHTAXIB, YepHaHH1 IPyHTY 1 T. . Hapemti, yMoBU Harpi-
BaHHS 1 OXOJOJKYBAaHHS JBUT'YHIB MPU MOBTOPHO-KOPOTKOYACHOMY PEKHUMI1 BIAPI3HS-
I0ThCA BiJ] aHAJIOTIYHUX YMOB IMpH TpUBajoMy pexumi. OcoOIMBO CHIIBHO 1Sl BIIMIH-
HICTh BUSIBIISIETHCS Y JBUTYHIB 3 CAMOBEHTWJIALIEI0, TaK SIK KUIBKICTh OXOJIO/KYIOUOI0
MOBITPSI, 1[0 HAJIXOAUTh y JBUTYH, 3aJIEXKUTh Bi IIBUIAKOCTI ioro podotu. Ilix yac ne-
PEXITHUX MPOILECIB 1 May3 TEIUIOB1Jaua JBUTYHA MOTIPUIYETHCS, 10 POOUTH ICTOTHUMN
BILJIUB Ha JOMYCTUME HaBaHTaXCHHs JBUTYHA. Bci 111 yMOBHM BH3HAualOTh HEOOXIIHICTh
BUKOPUCTAHHS B €JIEKTPONPHUBOAAX MEXaHI3MIB IUKIIYHOT Mii creIiaJbHUX JIBUTYHIB,
HOMIHAJIBHUM PEKHUMOM SIKMX € MOBTOPHO-KOPOTKOYACHUN PEXHUM, SIKMA XapaKTepusy-
€THCS IEBHOIO HOMIHAIBHOIO TPUBAIICTIO BKIIIOUEHHS:

t
TByou =- :t 100%,
P 0

ne tp, to - BIAMOBIAHO Yac poOOTH 1 Yac maysu.

[IpoMUCTOBICTH BUITYCKA€ psiJl CEPil JBUTYHIB MOBTOPHO-KOPOTKOYACHOTO PEXKU-
MY: aCHHXPOHHI KpaHOBI 3 KopoTko3aMkHeHUM potopoM cepii MTKF 1 3 ¢asznum poto-
poMm cepii MTF; ananoriuni metanypriitai cepiit MTKH 1 MTH; nocriitHoro ctpymy

cepii /| (B ekckaBatopHOMY BHKOHaHHI1 cepii JIE). Jlis mammuH 3a3HaueHuX cepiid Xapak-
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TepHa noAoBKeHa hopMa poropa (SKops), 10 3abe3neuye 3HUKEHHSI MOMEHTY THEpIIii.

Bulip nBUryHiB KpaHOBUX 1 METalypriiHUX cepidl HaHOUIbLI MPOCTO 3M1MCHIO-
€TbCSI B TUX BUIAJIKaX, KOJIM NIACHUM rpadik poOOTH iX 30ira€ThCs 3 OJHUM 3 HOMiHA-
JbHUX, MOKa3aHUX Ha puc. 1. Y karanorax i JIOBIJKOBIN JITepaTypi BKa3yIOThCSI HOMI-
HaJIbH1 AaH1 aBuryHiB rpu TB-15, 25, 40, 60 1 100%. Tomy npu po6OTi puBOAY 3 MOC-
TIHHOIO CTAaTMYHUM HABaHTAXXEHHSM Pcr mpW HOMIHAIBHOMY LMK HE MpPENCTaBIse
TPYIHONIIB Mifi0OpaTH MO KaTajory ABUTYH HAHOJIMXKYOi MOTYXKHOCTI 3 YMOBH Proy >
P CT-

OpHak peanbHl HMUKIH, K MPaBUIIO, CKIAJHIIIE, HABAHTAXXCHHS JABUTYHA Ha Pi3-
HUX JUISTHKAX LUKITY BUSBISETHCA PI3HOIO, @ TPUBAIICTh BKIIOUEHHS BIIPI3HAETHCS B1J
HoMiHanbHOI. [Ipy Takux ymoBax BuOIp JBUI'yHa NPOBOIUTHCS IO E€KBIBAJICHTHOMY
rpadikom, HaBEACHUM Y BIJINMOBIAHICTD 3 OAHUM 3 HOMIHAJIbHHUX Ha puc. 1. 3 wi€o Me-
TOIO CIOYATKY BU3HAYAE€THCS €KBIBAJIEHTHA IO HArpiBaHHIO MOCTiIHE HAaBaHTAXKEHHS
npu aiicHol TBy, Aka nani nepepaxoBy€ThCS JO CTAHJAPTHOI TPUBAJIOCTI BKIIOUCHHS

TBhowm. [lepepaxyHok Moke OyTH IpOBEAEHUHN 32 TOOMOT'OIO CITIBBIAHOIIEHD:

ITB.HOM = ITB.LI \/ TBH /TBHOM;
MTB.HOM = MTB.LI \/TBa /TBHOM;

P =P

TB.HOM 8.0\ TBg /TBHOM;

VP Puomists

Prow 25 /e

anu Y0°fo

Fuuu B0 /s

PH:IM 100° s

1 i ]

t, < /7 XB.

Pucynoxk 1 - HominanbH#M 1TUKIT poOOTH JBUTYHA TS

IMOBTOPHO-KOPOTKOYACHOTO PCIKUMY



1.1 3aeé0anns Nel

Bu3HauuTH MOTYXXHICTh, MOOYAyBaTH HABaHTAXKYBAJbHY Jiarpamy 1 MEepeBIpUTH
M0 HArpiBaHHIO €JIEKTPOJIBUTYH MPUBOAY Bi3Ka MOCTOBOTO KpaHa JJisi YMOB, HaBEIEHUX
B Tao.1.

B onHOMY HanpsiMKy Bi30K PyXa€ThCsl HABAHTAXEHOT, & B IHIIIOMY - BXOJIOCTY.

BapianTu 3aBnanHs HaBeneHi B Jogatky A (tabm. A.l).

1.2 Ilpuknao po3paxyuky npueooy 6i3Ka MOCmoe020 KpaHa

1 BusnauaeMo yac nepeMilieHHs Bi3ka Ha BijcTanb 60 M:

p=L 80 55
VoLl
2 TpuBaliCTh BKIKOYEHHS:
2 2.54
TB%=— ' 100% = S 100=52.1%.
2t +1,, +1t,, 2-54,5+50+50

Tabnuns 1 - Buxiani nani 115 po3paxyHKy IPUBOY Bi3Ka MOCTOBOTO KpaHa

ITapameTp ITo3HayeHHs 3HauYECHHS

Bara Bi3ka, T Gy 5
HowminanpHuii BaHTaX, T Gy 3,5
[IIBUAKICTH BI3KH, M/C Vv 1,1
Omnip pyxy 3 HaBaHTaxeHHsM, H F. 2800
Onip pyxy Bxonocty, H Feo 1400
KK/l npu moBHOMY HaBaHTa)KE€HH1 n 0,85
ITepenaBanpHe YuCIIO 1 24
JliameTp X0I0BOIO Kojieca, M Dy 0,3
Yac cTOSHKY MpU PO3BaHTAXKEHHI, C to1 50
Yac CTOSHKY MpHU 3aBaHTaKEHHI, C too 50
Bincranb, Ha sike nepeMillaeThesi BAHTAXK, M L 60

3 Po3paxyeMo mOTYXHICTh HpH pycCl Bi3Ka 3 HABAHTAXKECHHSIM

- F.V _ 2800-1,1 3.6 xBm.
10007 1000 -0,85




GO

3rifHo 3 rpaikoM n, = f( ) (puc. 2) npu 3a1aHOMY 3HAY€HHI 1| 3HAXOIUMO

G, +G,
Mo -
G __3 =0,59.
G,+G, 3,5+5
[Tpuiimaemo n, =0,81.
'F:-E 7 |
o8 — 1
a6 -~
’ yor— 897
_ 3,80 0,65
04 | 0,75 —
[} ITJ ¥
a, \??HEH'__H'E"F
g2 T G+ 6
L Go* G ppm
a
a2 oy o0& g8 10

Pucynoxk 2 - 3anexHicts n = f[(G, +G)/(G, +G;;; )] IpA n=const

4  PozpaxyeMo MOTYXHICTh IPH pycCl Bi3Ka BXOJIOCTY:

R TUA U D
10007, 1000-0,81

5 Cepenss NOTYyXHICTb

P.+P, 3,6+19
Ho 2 -

=275 «kBm.

6 IlepepaxyeMo HOMIHaJIbHY OTYXHICTh ABUTYHA ipu TB = 40%:

1B, 52,1
P,,=P £ =2,75 — =3,14 kBm.
H40 H TB 0

1%
7 llBuakicTe 0OepTaHHS ABUTYHA

V . 1,1'2
:a)K =—-] =

.24 =88 ¢,
aw R 0,3

(0]

Bubupaemo neuryn tuny MTF112-6 3 HactynHumu napamerpamu (Tadm. 2).
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Tabnuns 2 - [MacnoptHi gani apuryna MTF112-6

[Tapamerp ITo3Ha4yeHHs 3HaueHHs
HowminanbHa NOTYyXHICTbh, KBT Py 5
HowminanpHa MBUIKICTE, 00/XB Ngu 930
TpuBanicTh BKIIIOYEHHS, % TB% 40
nepeBaHTaXyBaJIbHA 3/1aTHICTh A 2,7
MowmeHT 1Hepitii, KT M~ s 0,068

A (AIIT) = 1,8 ... 2,2. MoxxHa IPUAHATH PIBHUM 2.
A (3minHOTO cTpyMy) = 2,5 ... 3,5. MOKHA IPUHHATH PIBHUM 3.

8 3HaiiieM0 HOMIHAJIbHY YacTOTy 00epTaHHs

o = mn, _ 3,14-930 _973¢
30 30
TOJI1 TepeaBalibHE YUCIIO PeayKTopa Oyre
_ o, 973 11
0, 38
9 HowmiHajapHHII MOMEHT
P .
M, = 9550P, _ 9550-5 _S13H .

n 930

"
10 MakcuMaJIbHUM MOMEHT
Mx=Myzgi =51,32,7=137 HMm.
11 HomiHaibHe KOB3aHHS BU3HAYUTLCS
ny-n

g _M-n, _1000-930 _
o, 1000

0,07.

12 IIpuitmMaemo npuBeAeHUII MOMEHT 1HEpIi BCiX 00€pTOBUX Mac
2 : .
J;=0,09 xr-m”". (bparu> =, HIX y ABUT'YHA 3a Or0 JJaHUMHU.)

13 HaBenenuit MOMEHT 1HEpIii MPU HAABHOCT1 BAHTAXKY

2
J=8(J,, +J)+(G, + GH)(L)Z =1,3-(0,068+0,09)+(5000+3500)- (9”3} =1,29 ke m*.
@

08 9

14 HaBenenuit MOMEHT 1HEpIIii PU BIICYTHOCTI BAaHTAXKY

2
T =8(J, +J)+(G,) =y = 1,3-(0,068+0,09)+5000-(91’13] = 0,84 k2 M.
(0]
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15

16

17

18

19

20

21

22

23

24

25

26

CraruuyHuii MOMEHT Impu I‘aJIBMYBaHHi HaBaHTa)KEHOI'0 BI3Ka

_F.D,7 _2800-0,6-0,85

MF
¢ 2i 2-1,1

=29,7H - m.

Craruuyauii MOMEHT Impu pOSI‘OHi HaBaHTAKEHOI'O BI3Ka

s FE.D,  2800-0,6
M ="k o
2ni 2-0,85-1,1

=41,2H - m.

MiHiManbHUA MOMEHT MPHU MYCKYy HABAaHTAXEHOTO Bi3Ka

M,=12M[ =12-412=49.4 H - u.

MakcuMallbHUI MOMEHT 3 ypaxyBaHHSM MOXJIMBOI BTpaTH HANPYTU B MEPEXK1

M, =09M, =0,9-85=68,8 H - m.
Cepenniii MOMEHT JBUTYHA MPU yCKY HABAHTAXKEHOT'O Bi3Ka

M +M, 6388+49,4

MCEP = 5

=59,1 H - m.

Yac IMyCKY ABUT'YHA 3 HABAHTAKCHUM BI3KOM

c oo Joy, 129973
oMM 59,1-41,2

C.

CraruuyHuii MOMEHT Impu pOSI‘OHi HEHAaBaHTAKEHOTO Bi3Ka

7 Fgoo-D, 1400-0,6
Mco: D) . =
‘Nl 2-0,81-11

21,6H - m.

CraruuyHuii MOMEHT Impu I‘aJIBMYBaHHi HEHAaBaHTA>KCHOTO Bi3Ka

_ F.,D,n, 1400-0,6-0,81

=142 H - m.
2i 2-1,1

M,
MiHiManbHUA MOMEHT MPHU MYCKYy HEHABAaHTAXEHOTO Bi3Ka
7
M, =12M;, =12-21,6=259 H-m.

Cepenniii MOMEHT JBUTYHA MPHU MyCKYy HEHABAaHTAXXEHOTO Bi3Ka

M, +M,, 688+259

M cppy = 5

=473 H - m.

Yac nmycky 6e3 BaHTaxy

Jowy _ 084:973
Mppy —ML,  47,3-21,6

t172

MomeHT 1 9ac raJibMyBaHHA 3dBAHTAKCHOT'O BI3Ka



M, =1,06-M" =1,06-29,7=315 (H - m);

J w, 1,29-97,3
= ]": :2c
M, +MLI 31,5+29,7

el

27 MomeHrT 1 4ac raJjbMyBaHHA HCHABAHTAXCHOI'O BI3Ka
M., =1,06-M", =1,06-14,2=15 (H - m);

o Jow, 084973
COM+ML 15+14,2

8 c.

28 IInsgx HaBaHTAXKEHOTO Bi3Ka MiJ] Yac MyCKy

_0,25-D,-w, o 0,25-0,6-97,3

[, ” -T=43m.
i L1
29 HInsx mycToro Bi3Ka Mij 4ac MyCcKy
0,25-D, - 25-0,6-
I, :’—"a)H-tnz: 0,25-0,6-97,3 :3,2=1,9 (m).
i 24
30 Insx HaBaHTaXEHOIO Bi3Ka MPU T'aJIbMYBaHHI
18]:0,25-1.)k-a)H.t :0,25-0,6-97,3.2:1’2(/‘4).

i m 24
31 Insx HEeHaBaHTaXEHOIO Bi3Ka MPU T'aJIbMYBaHHI

_0,25-D, -y, P 0,25-0,6-97,3

[
22 ] m2 24

:2,8=1,7(m).
32 Ilnsx HaBaHTa)XEHOTO Bi3Ka B CTAJIOMY PEXKUMI
l] = l—ln]—13]=60—4,3— 1,2= 54,5 M.
33 Insx mycToro Bi3Ka B CTaJIOMY PEKUMI
L=1-1,-1,=60-19-1,7=56,4 m.

34 KoB3aHHS 1 MBUAKICTH ABUTYHA BIATOBIIHO I HABAHTAXEHOTO 1 HEHABaHTa-

Mﬂ
s, =5, Mc | Z0,07.[ 22 1_ 0,06,
M, 51,3

w 1= wo(1-S;) =105-(1 —0,06)=98,7 ¢,

MIY
S, =S, [M—COJ: 0,07- @19 =0,03,

H

JKEHOIO BI3Ka

b

® 2= wo(1-S5) =105-(1 = 0,03)=101,8 ¢

10



35

36

37

38

39

40

41

42
43

44

[IIBuaKICTh HABAaHTAXXEHOTO Bi3Ka

_D,-o, 0,6-98,7
2-i 2:1,1

Vi =1,23 (m/c).

[IIBuaKicTh HEHABAHTAKEHOI'O Bi3Ka

D, », 0,6-101,8

£
2.i 2-1,1

=1,27 (m/c).

Yac HepeMiH_ICHHSI HaBaHTAKEHOTO BI3Ka

I, 545

"y 1,23

=44 3c.

Yac HepeMiH_IeHHSI HEHABAaHTA>KCHOTO BI3Ka

I, 564

—44.4c.

Py, 127
ExgiBanenTHut yac po6oTH
be =ttt Tto+t,=7+443+3,2+444=989c.
Yac naysu
toe =t + by + 1o+ 1=2+50+28+50=104,8 c.
TpuBamicTh BKIFOUCHHS

t
TB,, = —2.100% =——>2 100 = 48,5 %.
t+1,, 98,9+104,8

P

[Tobynyemo HaBaHTaXXyBaJIbHY JliarpaMy ABUTYHA (puc. 3).

ExBiBanenTHH MOMeHT (puitmaemo = 0,8 - yMOBH OXOJIOJKECHHS)

1 1

2 2 2 2 2 2 2
:\/ M-t _\/MCP 'tn1+Mc 't1+MCPo 'tn2+Mc0 M, 'tT1+Mr0 Uy
El

B ’ tpe L - B(tm T, T, )+t01 o,
59,1°-7+41,2% -47,5+47,3% -3,2+21,6° - 44,4
= =41 H-m.
0,8-98,9
ITepepaxyemo Ha TB

TB,,
M, =M, |—£%=4] /48’5 —49,7(H - m).
TB 40

H%

I[JISI IMpaBHUJIbLHO 06paH0r0 ABUTI'YHA ITOBUHHA JOTPHUMYBATUCA YMOBA:

ME < MH)
49,7<51,3.

11



3HaYuTh, NONEPEAHHO OOPAaHUN JBUTYH 3aJ0BOJIBHSE 3aJaHUM [apaMeTpam eJeK-

TPOIPHUBOAY Bi3Ka MOCTOBOTO KpaHa.

5

55

45

25

25

vao PT e sl A A A ol et

t,c

Pucynok 3 - HaBantaxxyBajibHa Jiarpama JBUTYHA
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2 CTATUYHI I JMHAMIYHI HABAHTAXEHHAA
EJEKTPOIITPUBOAIB MEXAHI3MIB IIEPECYBAHHA I IOBOPOTY

KinemaTnyHi cxeMu MeXaHI3MIB MEpPECyBaHHS 1 MOBOPOTY MPECTABICHI HA PUC.
4. Jlns MexaH13M1B TIEpECyBaHHsI, 110 MPAIIOIOTh HAa TOPU3OHTATIBHOMY IIUISIXY B BUPOO-
HAYOMY TIPUMIIIEHH], TPUBEJAEHUN 0 BaJy ABUT'YHA CTATUYHUNA MOMEHT, 0OYMOBJIECHUMA
CUJIaMU TePTsl, MO’KHA OOUMCIIUTH 32 (HOPMYIIOI0

' dU
kp(G+G o)(ﬂ?"’f)

CcT . >
lPr]M

M

ne G',- 3arajbHa Bara He 3aBaHTAXKEHOTO MEXaHi3MYy; i - KOE€QIIIEHT TEPTs B OMOpax
XOJIOBHUX KOJIiC; f - Koe(iliEHT TepPTs KOUCHHS XOAoBUX Kouic; n,, - KK nepenau mexa-
Hi3MY; d, - qlaMeTp nand (IiINMIHKMKIB) KOJIC; k, - KOe(IIIEHT, O BPaXOBY€E TEPTA
pebopa komic 00 perkH, 110 BUHUKAE BHACIIIOK MOXKIIMBOTO MEPEKOCY KOHCTPYKIIT MO-
cTa abo BI3KHU.

UucenpHi 3HAYCHHST KOSPIIIEHTIB, IO BXOJIATH B (POpMYIy, HaBEACHI B JOBIIKO-
Biif JliTeparypi.

OT1xe, 3MIHU Mcr BUKIIMKAIOTHCS 3MiHaMH Bard G TepeMillyBaHOTO KOPUCHOTO
BaHTaXY, a TAKOXK 3MIHAMH YMOB TE€PTS B KIHEMaTHYHHUX JIAHKAX MEXaHI3MY.

Skio 3aranpHa Bara MEXaHi3MIB NEPECYBaHHS Bi3KIB MOCTOBHX, KO3JIOBUX Kpa-
HIB Ta MOAIOHUX 1M YCTaHOBOK, TO BU3HAYaJbHUN BIUIUB POOJISTH 3MIHM Baru KOPUCHO-
IO BaHTaXY.

Jliist MexaH13MiB HiepecyBaHHs OUTbII BaXKUX KOHCTPYKIIN, HATPUKIAJ MOCTOBUX
KpaHiB, BIUIMB KOPUCHOTO BaHTAXy HA CTAaTUYHI HaBAaHTAXXCHHS MPUBOAY HeBenuka. To-
My IMpHU MPOEKTYBaHHI €JIEKTPONPHUBOAIB TAKUX MEXaHI3MIB CIIiJl MaTH Ha yBa3l 3MIHU 1
IHITMX YMHHHKIB, 30KpeMa TepTs B mepenadax i pebopa komic o0 peitku. TouHoMy po3-
paxyHKY ILli 3MiHM HE MiIAl0ThCA. [X BIJIMB MOJKHA BPAaXOBYBATH OPIEHTOBHO, 3HUKYIO-

YK po3paxyHKOB1 MiHiMaJbH1 HaBaHTaxeHHs Ha 20 ... 30%.
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y P 3 E
e i
. Lld&d 2

4‘ J xf—x i - HnaTcpomaa}rca‘?TK}?BalﬁHM
BH * B m r————a!x"ﬂ
A

- 771 I JB

6/

N - nBuryHs; I'-ranemo; P- penyxrop; I11L - npoBinna mecrepHs; 3B - 3yOuacTuil BiHelb

Pucynok 4 - KinemaTtu4yHa cxema MeXaHi3MiB IiepecyBaHHs (a) 1 ToBOpoTy (0)

BianoBigHO 10 KiHEMAaTHYHOK CXEMOIO, HABEJEHOI Ha puc. 4, MPU rOpU30HTA-
JLHOMY TOJIOKEHHI MIaTQOpPMU 1 BIACYTHOCTI BIUIMBY BITPY CTaTUYHHM MOMEHT MeXa-
HI3MY TOBOPOTY MO>KHA BU3HAUUTH TaK:

2f(G+G',)Dy,
d,in

Mr =k

b

ne k,- Koe(iieHT, 1m0 BpaxoBye TEPTS peOOpi KOJIC OMOPHHUX BI3KIB MPO peiku adbo
POJIMKIB OMIOPHOTO POJIMKOBOIO KOJIa TIPO HANPSIMHI, a TAKOXK TEPTA B LIEHTPaJIbHIN Lar-
&1 oci o6epranus mwiarGopmu; D,, - 11aMETP POIUKOBOTO KOJa; d,- HiaMeTp POIUKIB (B
pa3i OMOPHUX BI3KIB - JlaMETp iX KOJIC); f - KOEPIIEHT TEPTd KOYEHHS POJIMKIB abo
XOJIOBUX KOJIC.

CrarnyHi HaBaHTaXCHHS YCTaHOBOK, IIO MPAIIOIOTh HA BIAKPUTOMY IMOBITpPi, MO-
KYTh ICTOTHO 3MIHIOBATHCS MPU HASBHOCTI yXwmiy abo mia Ai€ro BITPY. Y 3arajJibHOMY
BUIIAJIKy CHJIa OTIOPY PYXY AJI MEXaHi3My IepecyBaHHS MoOke OyTH IMpeACTaBlIeHA Y
BUIIISAI1 anre0paidyHol cyMHu (BIUIMB yXUITy TTIOKa3aHo Ha puc.4, 0):

F.=F,+F,+F,=(G',+G)sin B +k;,(G',+G)cos B+ p,S,,
¢
dU
kyp :2kp(,u7+f)/DK;

ne Dk - aiameTp X0A0BOro kojeca; 8 - KyT YXWly; p, - BITPOBHM THUCK, IPUHHATE 3a-
3BUYail MIpU BUOOP1 MOTYXKHOCTI enekrpoaBuryHa pisHum 150 ... 250I1a; Sg - mioma

HapyCHOCTI CIIOPYIH.
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[Tnoma mapycHoCTi ciopyau Moxke OyTH 3HaifIeHa TI0 BUPAKECHHIO
SB = kCSB,K + SB,F’
ne k. - KOeIIEHT CYyUUIbHOCTI KOHCTPYKIIii, urcenbHo piBHUM 0,3 ... 0,6 musa depm 1
0,7 ... 0,8 - nus MexaHi3MiB; S, ,,S, . - IUIONIA, OOMEKEHA KOHTYPOM KOHCTPYKIIi 1 BaH-

Taxy.

CratnyHMil MOMEHT B pa3si, KOJIU PEe3yabTyloya CHiia CIIPSMOBaHA MPOTU PYXY, T.

E. € ranbpmiBHUI, cIliJl BU3HaYaTH 32 (HOPMYIIOIO

M., =F.D,/2in,,,
a SIKILO MO PYXY, TO 3a (hOPMYIIOIO

M. =F.Dgn, /2.

VXU 1 BITpOBE HABAaHTA)XEHHSI B 3HAUHIM Mipl PO3IIKUPIOIOTH MEXI1 3MIHU HaBaH-
TaXEHb 1 3MIHIOIOTH iX Xapakrep. sl MexaH13MiB MOBOPOTY CTAaTUYHHN MOMEHT, 00Y-
MOBJICHUH BITPOM, MPH MOCTINHINA CUJII BITPY 3aJI€KUTh BiJl KyTa MOBOPOTY IIaTGHOPMHU.

HaliBa)xJIUBIIIIOI0 OCOOJIMBICTIO MEXaHI3MIB MEpPEeCyBaHHS 1 MOBOPOTY € BeJMKa
MeXaHIuHa 1Heplis, BIUIMB SKOT TUM OUIbIIIE, YUM Ba)KYe PYXA€ThCSI CHOPYIXKEHHS 1 YUM
BUIIE IIBUJKICTh pyxy. HaBeneHuil 10 Bajly JBUTYHa MOMEHT I1HEpIi PYXOMHUX Mac
YCTAHOBKH JUIsl MEXaHI3MIB NIEpeCyBaHHS 1 MOBOPOTY KPaHIB 1 A1 MEXaH13MiB TOBOPOTY
ekckaBaTopiB B 2 ... 20 pa3iB OuIbIIIE BIACHOIO MOMEHTY 1HEpIlii nBuryHa. Tomy mis Ta-
KHX MEXaHI3MIB MPHU BEJIUKIN 4acTOTI BKJIIOYEHb IMHAMIYHI HABAaHTAXXEHHS BU3HAYAIOTh
HEOOX1IHY MOTY>KHICTh JABUTYHA, a CTaTUYHI HABAHTAXKEHHS HEBEJIWKI B MOPIBHSIHHI 3
IUHaAMIYHUMU. Tak, eneKTponpuBo/l MOBOPOTY eKCcKaBaropa-apariaiina tumy ELL-15/90
npu Kytax moBopoty 90 ... 110 ° mpartoe TUIBKU B MEPEXITHUX PEKUMAX MYCKY 1 ralib-
MyBaHHsI. CTaTMYHE HABaHTAXEHHS I[bOTO MeXaHi3My He mnepeBulrye 10% HOMiHAIBHO-
ro MOMEHTY JIBUTYHA.

[Ipy HEeBeTMKOMY MOMEHTI 1HEpLii MeXaHi3My JAMHAMIYHUA MOMEHT B OCHOBHIM
CBOIll YacTWHI OOYMOBJIEHUN MPUCKOPEHHSM POTOpa ABUTYHA 1 HaBaHTaXye mnepenadi
MEXaHi3My He3HauHo. [HIIIl yMOBHU CKJIaJatOThCsl B €IEKTPONPUBOIAX IHEPLUIMHUX MeXa-
HI3MIB. TyT OCHOBHUM HaBaHTa)XEHHSIM Nepenay € AMHAMIYHE HABaHTAXKEHHsS, 00yMOB-
JieHa MPUCKOPEHHAM Mac MOBOpOTHOI miuardopmu. [lepenaya guHaAMIYHUX 3yCHIIb BU-

KIJIMKa€ JIOJIaTKOBi BTpaTu B pCIIYKTOpi, SIK1 0a)kaHoO B pPoO3paxyHKax BpaxXxOBYBATH, AKIIO
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JTMHAMIYH1 HaBaHTa)XEHHsI Mepead MOPIBHSIHHI 31 CTATUYHUMHU a00 TEPEeBUINYIOTH iX.

HaBenenuii fuHaMi4HUI MOMEHT JUIsl yCKY MOXKHA BU3HAYATH 13 CIIBBIHOILICHHS

&
_ pi(o)i|
M;mn =J €01 +Jy ,

UV

a il raJIbMyYBaHHA -

MﬂHH = JﬂBgﬂOﬂ + JMgaognM >

ne J, =Jy—J, - IPUBEIEHUN 10 Baly JABUTYHa MOMEHT iHEpUii BCIX MOCTYNAILHO 1

o0epTagbHO PYXOMUX Mac MEXaH13MY.
2.1 3aeoannsa Ne2

Bu3HaunTH MOTYXXHICTh, MOOYAYyBaTH HABAaHTAXKYBAJbHY JiarpaMmy 1 MepeBipUTH
M0 HArpiBaHHIO €JIEKTPOJBUTYH MPUBOAY MOBOPOTHOTO MEXAHI3MY OIHOKIBIIEBOTO €KC-
KaBaTopa JJisl YMOB, HaBe/IeH1 y Tabmuii 3.

BapianTu 3aBnanHs HaBeneHi B JogaTky A (tabmn. A.2).

2.2 Ilpuknao po3paxyHKy npugeooy no6opoOmHo20 MeXaHimy

00HOKIBULE8020 eKcKasamopa

1. BupoOGasiemo BUOip MOTYKHOCT1 IBUTYHA BUXOSIYM 3 JUHAMIYHOTO HaBaHTa-

KCHHA. CepengosBameHa HOTY)KHiCTB ABUI'YHA IIOBOPOTHOI'O MCXaHiBMYC

T +J 2 .10° . 2
:( rt ﬂ)wp 10—3:(4’9+4’4) 107-0,42 -10‘3:109,37 KBT.

cep.6
t 15

BuxigHa noTyXHICTh 1J1s1 BUOOPY ABUTYHA MTOBOPOTY MPHU YOTHUPHOX JIBUTYHAX:

, _ Py, 109,37

cep.g 4

=27,34 kBT
[lonepenubo BuOUpaemo ABUTYH moctiiiHoro crpymy 2I1H-200L 3 HactynmHumu
XapaKTepUCTUKaMH: HOMIHaJIbHA MNOTYXHICT, P, =30kBT; HOMIHaIbHA YacToTa
: 2 -
n, =150006/xB; MomeHt imepmii skops J, =0,3 kr-M°; TpPHBaIICTh BKIIOYEHHS

TB,, =100%.
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Tabnums 3 - BuxigHi nani 17 po3paxyHKY NMPUBOAY MOBOPOTHOTO MEXaHI3MY

OJTHOKIBIIIEBOTO €KCKaBaTopa

ITapametp Ilo3naueHHs | 3HauyeHHS
MowmeHT iHepiii O6epTOBI/IX2 YaCTUH €KCKaBaropa 3 Ha- Jy 4.9.106
BAaHTAXEHUM KOBIIIEM, KI*M ’
MomeHT iHepI1ii 00epTOBUX YaCTHH €KCKaBaTopa 3 IMo- I 4.4.106
POXKHIM KOBIIIEM, KI'-M° ’
Po3paxyHkoBa cTajia HIBUAKICTh m1argopmu, 3-1 w, 0,42
Yacrora obepranns miatdopmu, 00/XB n, 3,6
Yac noBopoTy miaaTGopMu 3 HABAHTAXKEHUM KOBIIIEM Ha Z, 15
pPO3BaHTAXKEHHS, 3
Yac naysu, 3 t, 6

2 BwuzHauaeMoO HOMIHAJILHUII MOMEHT JBUTYHA

P, 30000
M, =1 =27 191,08 Hou:
", 157 v

wn,  3,14-1500

=157 ¢\,
30 ¢

Wy =

3 BwusHauaemo 3arajibHe nepecaaBajibHC 9YUCIIO MCXaHiSMy

p=lu 1500 41667,
n, 3,

4 BuzHauaeMo cCyMapHUM MOMEHT 1HEpIIii MeXaHI3MY 3 HaBAHTAKEHUM KOBILIEM,

HpI/IBeIIeHI/Iﬁ A0 BaJly IBUI'YHA

J 4,9-10°
Y Jy=—L—4a,J, :’9—02+0,3:7,36 KIM.
i 4-416,67

a,, -1l

1€ a,, — KUTBKICTh MPUBOAHUX JBUTYHIB
5 DBuzHayaeMo CyMapHUI MOMEHT 1HEpI[li MEXaHI3MY 3 MOPOKHIM KOBILIEM, MPH-

BCIIeHI/II‘/'I A0 Baly ABUTYHA

J 4,4-10°
Jo=—L g J =—"————14.0,3=6,64 kr-m2.
Z 1 a, 'i2 08Y 2 4416,672 KI''M

6

6 IlpuiiMmaeMO MOMEHTH JBUTYHA!
- cronopinns - M, =1.8M,, =1,8-191,08 =343,94 H-m;

- Bigciuennsa - M, =0,9M_, =0,9-343,94=309,55 H-m.
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7 BuszHauaeMo IMHAMIYHHI MOMEHT IIPHU PO3TOHI JBUTYHA 3 HABAHTAXKEHUM 1

HOpO)KHiM KOBIIEM

M — (Mei()c - O’ 1]\417 ) + (Mcm - Meidc) —
oun 2 H
‘M.
(309,55 -0,1-191,08) + (343,94 — 309,55)
= : =162,41

MowmeHT onopy 11aThopMu, SIKUM MOXKE 3710JaTH KOKHUM JIBUTYHOM MpU poOOTI
3 YCTaJICHOIO MIBUAKICTIO
M, =0,1M, =0,1-191,08=19,1 1H-m.
8 CepenHe 3HaAUYCHHS MOMEHTY, 110 PO3BUBAETHCS JIBUTYHOM IPU PO3TOHI 3 HaBa-

HT@)KEHUM 1 TOPOXKHIM KOBIIIEM

(M, +M,,) (343,94+309,55)
ol = 5 = 5 =326,74 H-m.

9 Yac po3roHy ABUTYHA /IO CTAJIOI IIIBUKOCTI 3 HABAHTAXKCHUM KOBIIIEM

157
162,41

_N g P _ _
tgp—ZJBMH =17,36- =711 ¢

oun
10 Kyr, Ha sikuii miiatdopma MoBEpHETHCS IPHU PO3TOHI 3 HABAHTAKEHUM KOBILIEM

ot 0,053-7,11

HA8 “HAB

~1,34 pag; o, =4 7 053 ¢

a =
e 2 2 A 416,67-7,11

Hae
11 TanpMIBHUI MOMEHT ABUTYHA 3 HABAHTA)KEHHUM 1 MOPOKHIM KOBIIIEM

_

M ,
r 2 ¢ 2
+2-19,11=200,63 H-wm.

~0.AM, )+ (Mo, ~M,y) - (309.55-0.1-191,08) + (343,94 -309.55) |

8ioc

12 Yac ranpMyBaHHS ABUT'YHA IIPHU PyCl 3 HABAHTAKEHUM KOBIIIEM

b, =7, A“;H =7,36-23§763 =5,76 c.
B s

13 CepenHiit MOMEHT MPH TAJIbMYBAaHHI 3 HABAHTAXEHUM 1 TIOPOKHIM KOBIIEM

M,,=(M;-M,)=(200,63-19,11)=181,52 H-m.

cep2
14 KYT, IIOBOPOTY HJ'IaT(I)OpMI/I Inmpu I'aJIBMyBaHHi 3 HABAHTAKCHHUM KOBIIEM

ot 0,065-5,76

He ~He

wy 157
i-t, 416,67-5,76

He

—0,065 ¢,

o =

X =1,08 pan;, o _ =
e 5 pan; o,
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15 3naiinemo KyT, Ha KU MIaTGopMa MOBEPHETHCA 3 YCTaJIEHOIO IMIBHJIKICTIO 1
4ac MOBOPOTY MPHU PYCl 3 HABAHTAXKEHUM KOBIIEM
t, =t ~t,, —t,=15-7,11-576=2,13 c;

tw, 2,13-157
a, === =0,8 pan;
e g 416,67 pan

Sa=a, +a, +a, =1,34+0,8+1,08=3,22 pax.

H.ycm

16 Yac po3roHy ABUTYHA /IO CTAJIOI IBUJIKOCTI 3 TIOPOXKHIM KOBILIEM

N 0 157
t, = Jp—1 =6,64-— =642 c.

Ooun

17 Kyr, Ha sikuii miiatdopMa MoBEpHETHCS MPHU PO3TOHI 3 TOPOKHIM KOBIIEM

2

0 - Dy Ly _ 0,059-6,42
np :Z

» - Oy _ 157 _
"ot 416,67-6,42

=122 pan;

0,059 ¢,

18 Yac ranpMyBaHHS IBUT'YHA IIPU pycl 3 TOPOKHIM KOBLIEM

t =ZJ/H-A“;H =6,64-233763 =52 ¢
r ’

19 Kyr, Ha sikuii miiatdopma MoBEpHETHCS MPU TaJIbMyBaHH1 3 MOPOKHIM KOBIIIEM

~0,072 ¢

£ 2.5,2?
o = Culic _ 0,072:52" o L. 157
2 2 C i, 416,67-5,2

20 3HaiinemMo KyT, Ha KWW TOBEpPHEThCA IIaTdopma 3 YCTaJeHOK HIBUIKICTIO 1
4ac MOBOPOTY MPHU PYyCi 3 MOPOKHIM KOBIIIEM

Qo = 2@ —at,, — @, =3,22-1,22-0,97 =1,03 paz;

n.ycm

_ an.ycm _ 1, 03 416, 67

t, = =2,73 c.
w0, /i 157

21 TloOGynyeMo HaBaHTa)XXyBaJbHY Alarpamy (puc. S).

22 Bwu3HauaeMo €KBIBaJICHTHUH MOMEHT:

M _ ldialtHae_Fldi[te+14c2172tHe+14c2p]tnp+142[tn+1431121n5
Exe —
ﬁtnuen

B \/326,742-7,11+191,082-2,13+181,522-5,76+326,742-6,42+191,082-2,73+181,522-5,2
35,35

:20734H‘M;
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t =t

noeH pod

+t,=29,35+6=35,35 c;

oss =liae T1, 1, +1, +1, +1, =15+6,42+2,73+5,2=29,35 c.

M. H*u Haanraxenuit [HopoxxHiit
w,1/c 40
320 7—|
M(t
240 Mcpltn.p. ( )
Myt Mt
160 — " T p2ne
e A

20 W(t)

160

240
M cp2 tne
320 1
A

-400
i]

4 M ¢
4 B 12 16 a0 24 gt np. H"n i

Pucynok 5 - HaBanTaxxyBajibHa Jiarpama JABUT'YHa

23 BuzHaunMO pO3paxyHKOBHUH KO€(DIIIEHT TPUBAJIOCTI BKIIOUCHHS

29,35

t
P 100% =

po6 o 2

-100 = 83,03 %.

Bpoxp% =

83,03

=188,98 H-m.

B,,

M <M, , 3Ha4uTh, ONEPEIHBO OOPAHHIi IBUTYH 3a/I0BOJIBHAE 3aJaHUM Mapa-

MCTpaM CIICKTPOIIPUBOAY CKCKaBaTOpPA.

20



3 CTATUYHI I JUHAMIYHI HABAHTAKEHHSA
EJJEKTPOIIPUBOJA IIJHOMHMUX I TATOBUX MEXAHI3MIB

VY BcixX BUNAJKax, KOJU HEOOXITHI MEpeMillleHHS poOOYOoro opraHy MallMHH IO
BEPTUKAIBHUX 1 MOXWJIUX TPAEKTOPIAX TOCUTHh BEJIMKI - CKJIaJat0Th JIECSATKH, COTHI 1 Ha-
BITh THUCSAY1 METPIB, HAHOUIBII MPOCTUM 1 YHIBEPCAJTbHUM MEXaHI3MOM IEPEMIIICHHS €
nigiomMHa abo Tarosa nebiaka, IpU3HAYeHA IJI Tepeaadl 3yCuilb BiJ MPUBOY A0 PoOO-
4oro OpraHy 3a JIONMOMOTOI0 MiAHOMHOTO a00 TATOBOTO KaHATY BIAMOBITHOI JOBKUHH.
3a mpuHIUIIOM PoOOTH JIEOIIKM MOAUISIOTHCS HAa OHOKIHIIEB] Ta JBOKIHIIEB], a 32 KOHC-
TPYKIII€I0 OpPraHy HaBUBKU KaHaTy - Ha OapabaHHI JieOiIKU Ta JI€OIIKK 3 KaHATOBEIY-
YUMU [IKIBAMU.

OnHOKIHIIEB1 JIEOIAKM € HEBPIBHOBRKCHUMHU MIAHOMHUMH MeXaHi3Mamu. Sk npu-
KJIaJ] Ha puc. 6 mpejcTaBieHa KIHeMaTuyHa cXeMa KPaHOBOi KPIOKOBOI MiAHOMHOI J1e0i-
IKd. SIKIIO HEe BpaxoBYBaTH BTpAT Ha TEPTA, MPUBEACHUI 10 Bajdy JBUTYHA MOMEHT,
00yMOBJIEHUI Baroo BaHTaXy, MOXHa BUZHAYUTH 3a JOIIOMOTOI0 CITiBBIIHOIICHHS

_ (G, +G)Dy

2ipiy,

M

6 b

ne G =mg - Bara BaHTaxy, 0 Mae Macy T; G =m,g - Bara BaHTa)K03aXOILTIOBAJILHOTO
npuUCTporo (200 MiIHOMHOT MOCYIMHH ), Maca SIKOTO M, i,,i, - epeAaBaabHl BITHOCUHU
peaykTopa i moiicnacra; D, - 1ilametp 6apabaHa.

MomeHT M, € aKTUBHUM MOMEHTOM, CIIPSMOBAaHUM B OiK cycKy. BiH 3MiHIO€TBCS
IIPU 3MIHI Bar'd BaHTaXYy, 110 MIIHIMAETHCS, ajie HE 3aJIeKUTh BiJl HAMPAMKY pyxy. Tomy
IIPU BIJICYTHOCTI BTPAT HA TEPTS JBUTYH JAHOI JIEO1IKM B CTATUYHOMY PEXKUMI MPU i1~
HoMmi mpairoBaB OM B pyXOBOMY PEXHMI, a TIPU CIYCKY - B FaJIbMIBHOMY.

VY peaibHOMY Me€XaHi3M1 IPUCYTHI BTpaTH TEPTs 1 0OYMOBIIOIOTh HASIBHICTh pea-
KTHBHOTO MOMEHTY M., AKHI 3aBKIU NEPEHIKOIKAE PyXY, 3MIHIOIOUH CBI HaIpsMOK
(3HaK) mpu 3MiH1 HanpAMKY pyxy. [Ipu boMmy cymapHuil npuBeaeHUi 10 BaJly JBUTYHA
CTaTUYHUNA MOMEHT € ajlreOpaiyHOI0 CyMOIO MOMEHTY M,;, 0OyMOBIIEHOTO Baroo rnepe-
MIIIyBaHOT'O BAHTAKY, 1 MOMEHTY BTPaT M.

v pa3i HepeMiH_ICHHH JOCHUTDb BaXKKHX BaHTaK1B MOMEHTH BTpPAT IIpHU po3paxyHKax
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CTATUYHUX HABAHTAKCHb MOXYTb 6YTI/I BanOBaHi 3a JOIIOMOI'ORO BiI[HOBiI[HI/IX 3HAa4YCHb

3aranpHOoro KKJI[ mexanizmy. [liniiom HOMiHAJIBHOTO BaHTaxy G=G, ,:

HOM

Mcr = MB.HOM + MTEP.HOM = MB.HOM /7717.H0M >

ne My o =(Gy+Gpoy )Dy /2000,

N rost = Mo MronMsnon - - 3araapHuit KK nebinku npu migiomMi HOMIHAJIBHOTO

BaHTa)Ky, 1o BanOBy€ KKI[ BCiX JIAHOK KiHeMaTI/I‘{HOFO JIJAHOKOIra YCTaHOBKI/I:
M tiom > oue > M. 5owm
Baaxaroun KKJ]| He 3a1€KHMX BiJl HAIPSIMKY PyXy, Ul PEXKUMY CITYCKY HOMiHAaJIb-

HOT'O BAHTAXY OTPUMYEMO!

TEP.HOM — MB.HOMn.ﬂ.HOM .

N - nBurys; T - Mexaniuauii raneMo; P - penykTop;

II - monicnact; KI' - rakoBa mijBicka

Pucynok 6 - KinemaTn4Ha cxema OJHOKIHIIEBOT MiAHOMHO1 JieOi1Ku (a)

1 cxeMa 3yClib Y MOXWJIOMY yCTaHOBIII (0)

Howminansni 3nauennss KKJ[ abo 3amarorsesi, abo nepeOyBaroTh 3a JOBIAKOBUMHU
nanuMu (auB. nonatok). [lpu BanTax, BiniMiHHOMY Bij HoMiHaiasHOTO, KKJ]I MOkHa BH-
3HAYUTH 32 €KCIIEPUMEHTAIbHUMH KPUBUMU, HABEJICHUMU Ha pUC. 2.

[Tig#ioM MOPOKHBOTO BaHTAK0O3aXOILTIOBAILHOTO TIpucTpoto (G = 0):

My =Mpy + Moppp

IS MBO :GODE /2iPi17’ MTEPO :MBo(l_nﬂo)/nﬂO'

[Tpu BaxkkoMy BaHTaxko3axoruiroBaabHOMY npuctpoi (Go/(Go +Gpom)>=0,1) 3Ha-
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yeHHS M, Takox Moxke OyTu 3HaigeHo 3a 3aranbHuM KK/ nebinku n,, npu miniomi
MyCTOTO BaHTAYK03aXOILTIOBAJIBLHOTO MIPUCTPOIO:
Mcrz :MBO /77J70
[Ipu nerkomy BaHTa)ko3axoritoBaiabHI Mpuctpoi (Go/(Go +Gyoym )<0,1) Bu3HAa-

YUTHU JOCHUTH TOYHO 3HAYCHH: 17,;, HPAKTUYHO HECMOXKIINBO. v IbOMY BHIIAAKY PO3paxy-

HOK Mcr, JOLUIBHO MPOBOAUTH 32 BUCIOBOM M .., =M, + M BuzHaunBmum nomnepe-

TEPO >
JTHBO 3HAYE€HHSA M cp.

MoMeHT TepTs B 3arajilbHOMy BHUIAJKYy € CKJIQJHOI (DYHKIIIEIO MIBUIAKOCTI 1 MO-
MEHTY M,, MepeaaHoro JaHKaMu KIHEMaTHYHOTO JIaHIIoTa migioMHO1 ycTtaHOBKH. OJ1-
HaK 3 IPUUHATHOIO JIJIsi TPAKTUKH TOYHICTIO MOXKHA TMPUUHATH Mrgp JIHIHHO 3aJI€XKaTh
BiJI MEPEIaHOTO MOMEHTY:

Mrgp = Mxy + bMj,
ne Myx - MOMEHT, CTBOPIOBaHHI BTpaTaMH XOJOCTOTO XOAy; b - mocTiiiHUN KoedilieHT
BTpaT, IPOIMOPIIHHUX MepeaH0i KIHEMaTHYHO1 JIAHITIOTOM HaBaHTA)KEHHI.
s pexxumy migiiomy BaHTaxy My = Mg, 1 ToMy
M., =0+b)M,+M,,.

3BiACH, SIKIO 33JaTUCS 3HAUYEHHSIMU M, 1 M ,, 1 3HAUTH (HaNpUKJIaJ, 0 KPUBUX)

BIJIMIOBIJHI iM 3HAYEHHS 7, 1 7, TO

MyMy,, 1 1)'
MB]_MBZ Ure N

M. =

XX

— 1 (MB] _MBz
MB] _MB2 Nm N2

)—1.

OTpuMaHi TaKUM YMHOM BUpa3u sl My, 1 b MOXKYTh OyTH BUKOPUCTAHI1 JJI PO3-
PaxyHKy 3Ha4eHHS M., Ipu Oy/b-AKOMY HaBaHTa)KEHH1 1 B TOMY YHMCJII JUI1 BU3HAYCHHS
Miepo. CTaTMUHUNA MOMEHT MpPU CIYCKY HMOPOXKHBOI'O BaHTAXKO3aXOIUTIOBAJILHOTO MPHU-

ep0
CTPOIO TOPIBHIOE:
Mo, =My, +M'

TEPO >
ne M',,, - MOMEHT BTpaT IpH CIYyCKY MOPOKHBOTO BAHTAK03aXOILIFOBAJIBHOIO MPHU-
CTpOIO.

TYT MOMCHT HABAHTAXXCHHS JIBHUI'YHA B 3aJIEXKHOCTI BiII Barm BaHTAa>K03aXOIlJIFOBa-
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JHHOTO MPUCTPOIO0 MOXKe OyTH abo pymiiHuM, abo ranbmiBHUM. [Ipu BaxkkoMy BaHTa-
KO3aXOIUTIOBaIbHI MPUCTPOi Mpo™> M'rgpo, MOMEHT M'cr, € pymiiHUM (raabMiBHUM
CITyCK) 1 KOT0 3HaUCHHsI, BBaXKatouu M'tgpo = Mrgpo, MOXKHA 3HANUTH 32 (HOPMYIIOIO

Mpy =My (2-1/14).

[Ipu nerkomMy BaHTa)K03aXOIUTIOBAJIbHI MPUCTPOI MOKIIUBO CIIBBIIHOIIECHHS Mpo
<<M'rgpo, IPH SKOMY BTPATH TE€PTS B MEXaHI3MI JIOJIAIOTHCS CILILHO MOMEHTOM BiJ Ba-
I'M BaHTA)K03aXOIUIIOBAJBLHOTO MPHUCTPOIO 1 PYIIIMHUM MOMEHTOM JBHUTYHA (CHUJIOBUH
cnyck). ¥ npomy Bunaaky nousatrts KKJI ve mae ¢i3udHOro ceHcy, i po3paxyHoK 3Ha-
yeHHs1 M'.;, He0OX1THO BECTH, BPaXOBYIOUH MPH 11bOMY, 1110 Mp=0 1 ToMmy M'rgpo = Mxx.

Bci oTpumani cniiBBIIHOUIEHHS! MOXKYTh OyTH BUKOPUCTaHI JUIsl pO3paxyHKy CTa-
TUYHUX HaBaHTaXEHb OAHOKIHIEBUX MOXUIUX MiAHOMHUX J1e0in0K. [Ipu oMy 3amicTh
Bard migHiMaroTbea 4acTuH Gy + G HeOoOX1AHO MIACTABIISATH BIAMOBIIHI 3HAYEHHS HATI-
ry migiomMHoro kanaty ne6inku F. 3ycuins y kaHari BpiBHOBaXKY€ CKIIAJOBY CHUJIIU Ts-
KIHHS Fp 1 CUITy ONIOpY pyXY, 0OyMOBJIEeHY TepTsIM Frpp:

F=F,+*F,, =(G+G,)sinftk,,(G+G,)cos 3,
Jie 3HaK IUTIOC BIIMOBIMA€E MiTHOMY, MIHYC - CIYCKY BaHTaxYy; krgp = Fygp/Fy - BIIHO-
HIEHHS CUJIM TEepPTS 0 CHJIM HOPMAJIbHOTO THCKY. B Opi€eHTOBHUX po3paxyHKax MOXHa
npuiimatu krgp = 0,08 ... 0,15.

Bu3HaueHHs CTaTMYHUX HABAHTAXKEHDb € BAXKJIMBUM €TarlOM MPOEKTYBAaHHS €JIEKT-
pornpuBony. BoHo HeoOXxiHe 1711 MOOYIOBM HaBaHTaXXyBaJbHOI JliarpamMu, BUOOPY TO-
TY>KHOCTI JIBUT'YHA 1 IEPEBIPKHU HOTO MO HArpiBaHHIO. XapakTep HaBaHTAXKEHb 1 MEXI1 iX
3MIHU B 3HaUHIM MIpi BU3HAYAIOTh PEKUMU POOOTH 1 BUOIp CXEMU E€JIEKTPOIIPUBOY.

JluHamMi4H1 HaBaHTaXEHHS EJEKTPOINPHUBOAY OJHOKIHIIEBOI MiIHOMHOI JIEOIIKH
MOB's13aH1 3 HEOOXIIHICTIO MYCKIB, peBepCiB 1 raJbMyBaHb. [Ipu 3aaHoMy NpUCKOPEHH1

€ o » SIke 3a3Buyaii 0OMeKeHa TEXHOJIOTTYHUMU YMOBaMH, TMHAMIYHUHA MOMCHT IBUTY-

Ha MOXe OyTH BU3HAUEHUM 13 CITIBBITHOLIECHHS

dw
My = I 2= 28 1.

VY uiii popmyni JT dBisi€e co000 CyMapHUN MPUBEAEHUN O Bajy JABUT'YHA MO-
MEHT I1HEpIIii, 0 BKJIOYa€e B ceOe MOMEHT 1HEpIlii poTopa JBUTYyHA 1 MPUBEICHUN MO-

MEHT 1HepIi BCiX 00epTajJbHO 1 MOCTYNAJIBbHO PYXOMHUX Mac ycTaHOBKH. [Ipu pobouiit
24



HIBUAKOCTI JIEOIIKHU v, <2m/c OCHOBHY YAaCTKy B MOMEHTI JY CTaHOBUTb MOMEHT 1HEp-
uii aBuryna: JX =(1,2...1,6).J ;. Jls OLIbII IUBMAKOXIAHUX YCTAHOBOK BILIMB HABEICHUX

Mac MEXaHi3My OUIbII 3HAYHO.

Sk Oyno BiA3HAYEHO, PO3MVISHYTI OAHOKIHIIEB1 JICO1IKM € HEBPIBHOBAXXKECHUMH Me€-
XaH13MaMU, HABAHTAKEHHS NIPUBOJY SIKMX BU3HAYAE€THCS CYMOIO Bar BCIX MIJHIMAIOTHCS
YAaCTHH - KaHaTy, 3aXOILTIOI0YOT0 MPUCTOCYBAHHS 1 KOPUCHOTO BaHTaxy. HeBaxkko Oaun-
TH, 10 TaKi MEXaHI3MH MOCTIMHO 31HCHIOIOTh JOJAaTKOBY pOOOTY MO MiAHOMY 3aXor-
Joro4oro npuctpoto. [Ipu cycky IBUTyH OBHUHEH T'aJIbMYBaTH HE TUIBKU ONYyCKAETHCSA
KOPUCHUM BaHTaxX, ajie 1 6anacTHuil BauTax Go. Lli ¢pakropu nmpu3BoAsSTH 10 3aBUIICHHS
MOTY>KHOCT1 €JeKTPOJABUTYHA TUM OUIbII 3HAYHOTO, YMM OLIbIIE Bara BaHTA)K03aXOII-
JOBAJILHOTO MPHUCTPOIO, a TAKOXK J0 BIAMOBIAHOTO 30UTBIIEHHS MUTOMOI BUTPAaTU €Hep-
rii Ha OIMHMITIO KOPUCHOTO BaHTAXY.

VY cramioHapHUX NIAHOMHHUX YCTAHOBKAX L€ HEAONIK YCYyBa€ThCS BUKOPUCTAH-
HSIM JIByXKIHIIEBUX MIIHOMHUX JIeO1I0K. SIKIIO yCTaHOBKAa OOCIYroBY€e TUIBKH JIBa PiB-
Hsl, Bara MiIMOMHOI MOCYIUHU BPIBHOBAXKYETHCS Baroko JPYroro Takoro * MiIiHoOMHOT
nocynuau. [Ipy 1boMy AOCSTaeTbCS TAKOXK 30UIBIIEHHS MPOAYKTUBHOCTI YCTaHOBKHU
npuOIU3HO BBIY1, TaK SIK Oneparlis mijaiomMy BaHTaXy MOEAHYETHCS 31 CITyCKOM MOPOXK-
HBOTO IM1IHOMHO]1 TTOCYIUHHU.

SIkuo ycTaHOBKa MOBMHHA OOCIYroBYBaTH KUIbKa PIBHIB, HAIllPUKJIaJ] MOBEPXIB
0araTornoBepxoBOro OY/IMHKY, TAKE CYMICHUITBO HEMOXIIMBO. Y IHMX BUIAJKaX 3aMICTh
JPYroro miOMHOT MOCYIMHH HABIIIY€ThCS 0aJIacTOBUI KOHTPBAaHTaX - MpoTuBara. Ba-
ra nporuBard Gy, 3 METOIO JOJATKOBOIO 3HM)KEHHA HEOOXIIHOI IOTYKHOCTI JABHI'YHA
BUOUparOTh migiioMHa nocyauna Gy 6uibmioi Baru. [Ipu 11boMy BpiBHOBaXKYETHCS 1 Hac-
THHA KOPUCHOTO BaHTAXKY

Gup =Gy +0aGyey
1€ a - KoeiIieHT BPIBHOBAKEHHSI.

Sk mpukiag Ha puc. 7 MpeAcTaBlIeHa KIHeMaTuyHa cxema JBYXKIHIIEBOI JiPTOBOI
7e011KH 3 YepB'SYHUM PEAYKTOPOM 1 KAHATOBEIYUUM IIKIBOM. Pe3ynbrytoue 3ycuiis Ha
KaHaTOBEly4OMY IIKiB1 BU3HAYAETHCS PI3HUIICIO HATATY TUIOK MIJHOMHOIO KaHATY:

F=F-F,.
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3 ypaxyBaHHsM cui TepTd B HanpsiMHux kabinu F'TP 1 nporusaru F ="rgp, a Ta-
KO Barv 1 M migiioMHOro KaHaty gx Harary F; 1 F, BusHauatucs:
F=G+G,+qyxtF',,,
F,=Gpp+q(H—-x) £ F",.
3 ypaxyBaHHSM CIIBBIAHOLIEHHS PE3YJAbTYI0UE 3yCUIUIS CKIIae:
F=G-0aGyup, +qxCx—H) 2 (F'1pp+ F'yp),
7e 3HaK "Turroc” BIANOBIAA€E miagioMy KaOiHH, a "MiHyc" - CIIyCKYy.

Pesynbryroue 3ycumiga F 3pydHo mpeacTaBUTH y BUIIIAAL alreOpaiyHOl cyMuU ak-
TUBHOTO 3ycwiuis fg 1 peakTuBHOTO, 00yMOBIeHOTO TepTaM 3ycuiuist Frep. L1 ckiamoBi
BH3HA4YaTh BIAMOBIAHO aKTUBHY Mg 1 peakTuBHY MTgp CKJIa/10BYy MPUBEAEHOTO JI0 BATy
JIBUTYHA CTaTUYHOTrO MOMEHTY Mcr. CkianioBa Mtpp MOBUHHA BPaXOBYBaTH, KpIM TEePTS

B HalpsSIMHUX BCE BTPATH Ha TEPTS B MIAHOMHOI JICO1IKHU. TOI

[G+qy2x—H)—aG,,, 1Dy

M. =M, +M,, = +M

2, TEP *
31 CHiBBIIHOUIEHHS BUILIMBAE, 110 CTaTUYHMM MOMEHT 3aJIeKHUTh BiJ 3aBaHTa-
KEHHs KaO1HU 1 BiJ KoedillieHTa BpIBHOBaXXEHHsI « . KpiM TOro, npu BeIUKii BUCOTI IMi-
aiiomy H Ha cTaTMuHMII MOMEHT MOXE POOUTH ICTOTHUM BIUIMB Bara riulok kasaty. [Ipu
BOMY MOMEHT Mct € QYHKITIEIO HUISXY.
Skio Bucorta mingioMy HeBenuka, ckianoa dx (2x- H)=0. Toai npu migiiomi HO-
MiHaJgbHOTO BaHTaxXY (G = Gpom) 1 MOpoxkHBOiI KabiHU (G = 0) cTaTUYHUN MOMEHT MO-

KHa BU3HA4YUTHU 3a JOIIOMOI'ORO CHiBBiI[HOH_IeHBI

_ (1=)G 00 Dy 1y

MCT]:MB+MTEP_ Y,
oM 7. Hom
5
aGHOMDK 1
Mcrz = _MB + MTEP == 2 N z.om »
P

e 1, o - KK miaioMHOT yCTaHOBKM 3 ypaxXyBaHHSIM TEPTS B HaNPsIMHUX, BIIMOBIJI-

HUN HOMIHAJIbHOMY HaBaHTaKCHHI.
CraTn4HHI MOMEHT IIPH CIIYCKY

_ (1=)G 4 Dy 1y

' _
M CT1 _MB _MTEP - Nz tom >
2i,
aG,,,,. D
" _ _ HOM “— K .lll
M CT2__MB_MTEP__ 7 .
1M1 oM
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[IK

N """""""""'

N - nBurys; T - ranemo; P - penykrop; KIII - kanatoBenyunii mikis; K - ka0ina;

I[Ip - mpotuBary; BK - BpiBHOBaxxye kanat; 1K - minfiomHuii kanat
Pucynok 7 - KinematuyHa cxeMa JBYXKIHIIEBOI MIHOMHOT JIEOI KU

BrnuB koedirieHTa BpiBHOBaXKEHHS 0L HA HEOOX1IHY OTY>KHICTh IBUTYHA MOKHA
OLIIHUTH 3a JIOTIOMOT'0I0 CEPEIHbOKBAIPATUYHOIO MOMEHTY HaBaHTaK€HHS My, 3a1aB-
IIUCh NMEBHUM IUKIJIOM pobotu. [IpuiiMemo, Hampukian, M0 MUK CKIAJAETHCS 3 M-
HOMY HOMIHAJIBHOTO BAHTAXY 1 CIIyCKY IMOPOXHBOT KaO1HH.

Bgaxatrouu tyj = tc = tp, OTpUMy€EMO:

M. = M62‘T1+M%Tl :GHOMDK.lU f(l_a)z"'az ‘
“ 2 20,1 1 ow 2

SHAYCHHA O=Clopr, HpI/I SKOMY Mae€ MiC]_Ie MIHIMaJILHE 3HAYCHHS MCK; MOXXHa BH-

3HAYUTH, PUPIBHABILU 0 HYIIA MOX1IHY M1JKOPEHOTO BUPAKEHHS
d 2
%(1—2a+20¢ )=0, Xonr =0,5.
[Ipu Benukiit Bucoti nigiiomy H Ha cTaTMuHUil MOMEHT 3HAUYHO BIUIMBA€E HEBPIB-
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HOBa)XCHMM Bara mifiiiloMHoro kanary. Ll Bara 3MmiHIO€ThCS B (DYHKIII KOOPIUHATH X 1
MOPYIIYE AOCITAETHCA BUOOPOM @ = dyyy, PIBHOMIPHICTH HaBaHTaXXEHHS. 3a paxyHOK
BOTO HEOOX1JIHA MOTYXHICTh JIBUTYHA, sIK OyJlO MOKa3aHO BHIIE, 30UIbIIYEThCS. Tomy
MIPU BEJIMKIM BUCOTI MiHOMY 3a3BUYail BAAIOTHCS 10 BPIBHOBAXKEHHS Bard IMiJAHOMHOTO
KaHaTy 3a JOMOMOror KoMImeHcaliiHoro (BpiBHOBaxye) kanary BK. Jlns takux ycra-
HOBOK HaBeZICH1 BUIIIE CMIBBIIHOIICHHS 3aCTOCOBHI MTPU OyAb-sIKii BUCOTI MIAHOMY.

[Ipu po3paxyHKy IBYXKIHLIEBUX MIAHOMHHUX J€0110K, B SKUX 3aMICTh MPOTHUBArU
BUKOPHUCTOBYETHCS JPYTrUi MiAHOMHA MOCYJIMHA, MOXHA KOPUCTYBAaTUCS OTPUMaHUMU
BHILIE CITIBBIIHOIIECHHSIMH, BBaXkaroun o = 0.

JluHami4H1 HaBaHTaXCHHsI JBYXKIHLIEBHUX MIJAOMHUX YCTAHOBOK BHU3HAYAIOTHCA
CYMapHOIO HaBEJICHHUM MOMEHTOM 1HEpIli YCTAHOBKHU 1 JOMYCTUMHUM NPUCKOPEHHSIM.
Tyt BaxMBO MaTH Ha yBa3l, [0 CYMAPHUA MOMEHT IHEpIi 3aJeXKUTh BiJl CYMHU BCIX

IMOCTYIIAJIBHO PYXOMHUX MaAC:

2
%
Jy =Jp + o +(mpy, +my  +my, +m,()—w2 ,

ne J,, - IpUBEeIeHU MOMEHT 1HepIii BCiX 00epTOBUX Mac JeOiaKu; — /7> i e> K

MacH BIAMOBIAHO MPOTUBAru, MiAHOMHOI MOCYIWHH, BaHTAXY, MIJHOMHOTO 1 KOMIIEHCa-
IIAHOTO KaHATIB.

Tak sK MOTYXXHICTh JBUT'YHA BHU3HAYAETHCS PI3HUIICIO KIHIIEBUX HAaBaHTAXCHb, a
MOMEHT 1HEpIii MOB'I3aHUN 3 CyMOIO iX Mac, OCOOJMBICTIO JABYXKOHIIEBAs IMiIHOMHHX
7e0110K € BEJTMKUII MOMEHT 1HEpIlii MeXaHi3My, 110 MePEBUIIYE B 2 ... 5 pa3iB MOMEHT

IHepIIii ABUTYHA.

3.1 3aeéoannsa Ne3

Po3paxyBatu noTyXHiCTb, MOOYNYBaTH HABAHTAXKYBAJIbHY Jlarpamy mpuBOIY Ila-
XTHOTO MiIHOMHUKA 32 YMOBHU, HaBeleHUX B Tabi. 4. [lepeBipuTu IBUTYH 10 HArpiBaH-
HIO.

BapianTu 3aBnanHs HaBeneHi B Jogatky A (tadmn. A.3).
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3.2 Ilpuknao po3paxyHKy npugooy uaxmHno20 niOUOMHUKA

. . . 0
(3 BpIBHOBaXEHUM KaHATOM 1 IIKIBOM TepTs, = 90)

Tabnuns 4 - Buxiani nani Jjs po3paxyHKy NPUBOAY LIAXTHOTO MiANMOMHHUKA 3

BPIBHOB2KEHUM KaHATOM 1 IIKIBOM TEPTS

napameTp MO3HAYCH- | 3HAYEHHS
I'muOuna maxrtu, M H 640
Bara kopucHOTo BaHTaxy, KT Gy 4000
Bara kumiti, kr Gk 3500
Bara BaroneTku, Kr Gy 2000
Bara ronoBHoro 1 BpiBHOBa)Kye KaHariB, (KI/M)B Gan 8
JiameTp 1mKiBa TepTs, M Dg 5
MoMeHT 1HepIlii IKiBa TEePTs, KI-M2 J6 50*103
JliamMeTp HaIpaBJIsSOuoro mKisa, M Dy 4
MOMEHT iHep1ii HaPaBISIOYOro MIKiBa, KI-M J 10*103
HowminanbHa MBUAKICTE MiTHOMY, M/C VH 5
TIpHCKOPEHHS MPH MifHoMi, M/c” aj 0,9
VroBinbHeHHS pH TigioMi, M/c” a3 0,9
TpuBanicTs UK, 3 ty 180

1 YactoTra oOepTaHHs 1IKiBa TEPTH:

V60 _ 560

=19,11 00/xB;
xD, 3,145

zn 3,14-19,11 -1
a :—:—:2 C .
30 30
2 TloTyXHICTb JBUTYHA

P 9,8kG,,V, k' _9,8-1,15-4000-5-1,3
1000 1000

=293,02 kBT,

e k =115 — koedillieHT, 110 BpaxoBye TepTs (LaxXTHU omip); k/ =13 — KoedilieHT, mo
BpPaxOBY€ HEBPIBHOBAKEHICTD MITHOMY.
O6pano AJl tuny AIP355M4 3 HacTynmHUMHU XapakTepUCTHUKaMHU: HOMIHaJIbHA

HOTYXHICTb Py = 315 xkBT; HOMiHanpHa mBUAKICTE 71, = 1470 00/XB; MOMEHT 1HEpLii
_ 2
poropa j, =7 Kr-M".

3 IlepenaBanbHe 4uCIO peAyKTOpa:

ny 1970 _ 76 97
n 19,11
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4 MoMEeHT onopy Ha Bajly JBUI'YHA:

9,8-k-Gyy-D, 9,8-1,15-4000-5

M, = 1465,16H - .
2.0 2-76,92
5 TlpuiiMaemMo TphOXIEPIOAHI TAXOTPaMU POOOTH.
Yac npuckopeHss f
f == _555¢,
a, ,
Insx, mpoxigHui 3a #
tt0,9-5,55°
hlzall = 2 2 =13,86 M.
2
Yyac ynoBUIbHEHHS 3
t, =21 = > _555 ¢,
a, ,
Insx, mpoxigHui 3a 13
£ 0,9-555
h3=a33 = 2 2 =13,86 M.

2 2
115X piBHOMIPHOTO PyXY

hy, =H —(h, +h,)=640-2-13,86 = 612,28 M.

Yac piBHOMIPHOTO pyXy

h 12,2
t _ M 012 8:122,46 C.
vy 5

Yac maysu: t, =t, — (¢, +1, +1,)=180 — (5,55 + 122,46 + 5,55) = 46,44 c.

6 Hasenemo MoMeHTH 1HEpLii 0OEPTOBUX YACTUH J0 Bally IBUTYHA

5

2 2
J =1,3J06+(J50p+2JHw)Gj :1,3-7+(50-103+2-1o-1o3)-(76192] =20,93 KI-M’,
1

ne 1,3 - koedilieHT, 0 BpaxoBye MOMEHT 1HEPIIil peAyKTOpa, 3'€AHYBaJIbHUX MYPT Ta
rajbMIBHUX IIKiB1B IPUBOY.
7 Bara yacTUH CUCTEMHU, 1110 PYXA€ThCA MOCTYNAIbHO

> G =G, +2G, +2G, +G,, L, =4000+2-3500+2-2000 +8-1408 = 26264 KT,

ne L, =2-H-11=1408 m; 1,1 - 1OBXUWH KaHaTy 11032 IAXTOO.

8 Haenenuii MOMEHT 1HEpIIiT Bi MOCTYNAJIbHO PYXOMHUX Mac

30



2 2
5
J' =362 | =26264- —27.74 xrad
=2 (a)Hj (153,86j B
7om, 3141470

=153,86¢".
30

e o, =

9 3aranbHui IPUBEIEHUN MOMEHT 1HEPIIii
g, =J,, +J) =20,93+27,74=48,67 kr-m’.

10 JdunaMiyHUN MOMEHT MPHU MPUCKOPEHHI1

g =2 133805795 2,
Yt 5,55 ’ ’

Mdun] = 8]‘]np = 279 72- 48, 67 = 1349, 13 H'M,
11 JAunaMiyHUN MOMEHT MpPHU YNOBUIbHEHH1

_ 153,86 _ 27,72 ¢
5,55

— wde

3

M,,,=¢J,, =27,72-48,67=1349,13 H-m.
12 MowmeHT, 1110 PO3BUBAETHCS IBUTYHOM
M =M,+M, A =146516+1349,13=2814,29 H-m;
M,=M,=1465,16 H-m;
M,=M,-M,, ,=1465,16-1349,13=116,03 H-m.

13 BbynyeMo HaBaHTaxyBaJbHY Alarpamy (puc. 8).
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w,l/c 4
153,86
tl o 2 i t3 tn /,c
. |0 5,55 128,01 133,56 180
el/c
27,72
tc
0 5,55 128,01 133,56 180
MuuH,
H*m
-27,72
1349,13
tc
0 5,55 128,01 180
Mo,
H*m
-1349,13
1465,16
N H tc
M 0 5,55 128,01 133,56 180
Hiv | 281429 Ml
I 1465,16
116,03
N i tc
0 5,55 128,01 133,56 180
P.kBt 433,01
22543
4 S . B
6 ﬂ Iz
0 5,55 128,01 133,56 180

Pucynok 8 - HaBantaxxyBaibHa jiarpama Jo 3aBJaHHS 3

14 3a HaBaHTaXyBaJIbHOI JlarpaMi BU3HAYA€EMO €KBIBaJICHTHUI MOMEHT

M}t +M;t,+M; -t

0,751, +1, +0,75-1,+0,5-1,

—1411,7 H-wm,
2:0,75-5,55+122,46 +0,5 - 46,44

B \/2814,292 +5,55+1465,16” -122,46 +116,03” - 5,55
ne 0,75 - koedilieHT, 110 BpaXOBY€ MOTIPIIEHHS] YMOB OXOJIOAKEHHS IPU IIYCKY 1 Tajlb-
MyBaHH1; 0,5 - KO€IIIEHT, 1110 BpaXOBYE MOTIPIICHHS YMOB OXOJIOPKEHHS 3yMTMHEHOTO
JBUTYHA.

15 TlepeBipka IBUTYHA IO MTEPEBAHTAXKYBAIBHOT 37]aTHOCTI
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M,, M, 281429

max

M, M, 14117

=1,99<2.

16 EkBiBajeHTHa NOTY>KHICTb JIBUTYHA
P, =M, -, =1411,7-153,86 = 217,2 kBT.
P, < P, 3HaunTh, nonepeaHb0 OOpaHUN IBUTYH 3aJ0BOJIBHAE AAHUM IapaMeT-

pam eJeKTPONPUBOY IIAXTHOTO MiTHOMHHKA.

3.3 3aeéoannsa No4

BubOparu nBuryH nsst BaHTaxHoro Jidra (puc. 9), skio 3agaHo:

- Viox = 0,75 M/c - HOMiHaJIbHA MIBUAKICTH Ji(TA;

- Jgm = 0,8 M - 1ilaMeTp KaHATHOTO IIKIBa;

- my = 3200 kr - Maca ka0iHu;

- my = 1500 Kr - Maca HOMIHAJIbHOTO BaHTaXY;

- o= 0,45 - xoediieHT BPiBHOBAKECHHS;

- MNuuo= 0,7 - KKJI midra;

- a=0,5 M/c” - IPUCKOPEHHSI TIPHU TYCKY;

- H=9wm - Bucora nigiiomy;

- b - gac may3u;

- Ny = 65 - yucI0 HUKIIB B TOIUHY.

[uks poOOTH - M1IIIOM HOMIHAJFHOTO BaHTAXYy, May3a, CIYyCK MOPOXKHBOI KaO1HH,
nay3a. BapianTtu 3aBgaHHs HaBeleHl B 1oaaTky A (Tadn. A.4). Y po3paxyHKax NpuiiHs-

™: G, -3a3aBganaam 3; L, =2-H-1,1, lle 1,1 - koedimieHT 3amacy 1o JOBKHHI.

HOM

3.4 Ilpuknao po3paxyukKy npueooy 6aHmax cHo2o0 jigpma

1 BUKOPUCTOBYIOUM METOAMKY BHKOHAHHS 3aBJIaHHS 3, MOMEPEIHbO BUOUPAEMO
JBUTYH 1 BU3HAUYA€MO TepeaBajbHE YUCIIO PEIYyKTOpa .

2 Yac nycky 1 raibMyBaHHs IPU 3a1aHOMY NPUCKOPEHHI

v
_t = nom/ 0,75/ _
l‘n—l‘e— 4— 095—1,50.

33



i r
P
LLL &
777 777
~ F2 F1
Y VY
JKII -
I — nBuryH;
. K
I' — ranpMma;
P — penykrop;
KIII — kaHaTOBE Iy UHii LIKIB; T
K — xabuHa; TIp ~Bp
IIp — npoTtusora;
Bp — BpiBHOBaxytouMii KaHAT
a1\ P2~
Z 0>

Pucynok 9 - Cxema BanTaxHoro nidra

3 Inax, npoxiiHUIA 3 YCTaJE€HOIO MIBUAKICTIO

g mon'n _g 507515 oo
cm 2 2 ’

4 Yac pyx 31 CTaN0I0 MBUIKICTIO

H
— cm _ 7,88 -
tcm = g = 0’75—10,5 C.
HOM

Tak K t,<<f., BHOIp IBUT'YyHa BHpOOISEMO IO HaBaH-

TaXyBaJIbHOI Jllarpami.
F,Y ; ,Y X
S Bara mporuBaru: an =G,+aG,,,, ne Gy, - Bara
GO+GH0M
H HOMIHAJILHOTO TiAHOMHOTO BaHTaxy; Gy - Bara kaOiHU;o -

KoeQilieHT BpiBHOBaXkeHHs (puiimatots 0,4 ... 0,6).

HasBHicTh MMPpOTHUBArU IPU3BOAUTL OO0 BI/IpiBHIOBaH-

Hs rpadika HaBaHTaXXEHHS JABUTYHA, IO 3HIKYE HOro Harpi-

BaHHs B MPOIIECI POOOTH.

6 CrarnyHUN MOMEHT MpU MiJHOM1 HOMIHAJIbHOTO BaHTAXYy
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Mcml

(=G A (1-0,45)14700-0,8

qn 2-53-0,7
p '1.HOM

=87,3 H-wm,
ne G =m_g=1500-9,81=14700 H.
HOM  HOM

7 CrarnyHUN MOMEHT IPU CITyCKY MOPOKHBOT KaO1HU

G von M 0.45:14700-0,8

in 2-53-0,7
p " 1LHOM

Mcn2 -

=-71,5 H-m.

8 Yac poOoTH IBUryHa IpH MiHOMI 1 CITyCKY

t t +t +t =10,5+1,5+1,5=12c.
caiom

plztp2: cm n

9 Yac nuxiny (He0OX1aHO 3pOOUTH BUCHOBOK ITPO CITIBBITHOIIEHHS t 11 1 tp)
~3600/ _3600/ _
ty, = /VM = 3600/, =555 c.

10/lificHa TpUBaIICTh BKIIOYCHHS

12+12

t,+t
TB, =-2—12.100% =
0 t

P 2

-100% = 43,5 %.

11 CepenHbokBazpaTUYHUN MOMEHT HaBaHTa)keHHA npu [1Bx

M. TB. =

p) =80H - m.

M, + Mot _\/87,3-12+71,52-12
Bt, +1,,)+1 12+12

12 TlepepaxyemMo M xrp, A0 HAWOIMKYOTO KaTaIOKHUM

M =M ﬂ—SO 43’5—835 H
ckIB,,, ~— " ckIB,\TB, 40 M

13 Heo6xinHa moTyxHICTh ABUTYHA TIPU TBy0 = 40%

= =1.4. .99.1073 —
PH€0640% _KS‘MCKTB a)p =1,4-83,5-99-10 ~ =11,5 kBm,

HOM

2w} 2-0,75-53
g ﬂmu 0’8

-1 .. .
e @ =99¢", x;, = 1,4 - Koe]illieHT TMHAMIYHOTO HAaBaHTAKCHHSI.

14 Busnauyaemo Jy, IlepeBipseMo IBUTYH IO HAarpiBaHHIO (METOJA CEpPEeAHIX BTpaT

a00 €KBIBaJICHTHUX BEJIMYMH) 1 110 MEPEBAHTAXYBAJIbHOI 31aTHOCT1 A BIIMOBIAHO 10 Me-
TOJIMKH, BUKJIQJICHOT B TIPUKJIAJI1 1O 3aBAaHHS 3.

[Ipu po3paxyHkax HEOOX1IHO BpaxyBaTl HaCTYITHI MOMEHTH:
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G, L

npom. + Kau K *

1
Jo, =125J,,, Js=13J,,+J,, (—j 2G=G,+G, +G

I
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4 BUBIP JIBUT'YHIB J1J151 MEXAHI3MIB
BE3IEPEPBHOI JIi

Bulip moTy)HOCTI IPUBOJHUX ABUTYHIB HACOCIB 1 BEHTUJISITOPIB, SIK MPEACTaB-
HUKIB MallIMH O€3MepepBHOI 1ii, 3M1MCHIOETHCS 32 POpMYyJIaMH:
- ISl BEHTUJISITOPIB

__ Opsgh
* 13600-1000

- JUTS HACOCIB

__ OH,pg
7,0n 36001000

ne H, h - Bucora BcMokTyBaHHs, M; Q - BUTpara, M>/TOx; p - LIUTBHICTh PEYOBUHHU,
KI/M’; g - IPUCKOPEHHS BUTBHOTO TaiHHs, M/C .

[ToTy>XHICTh TPUBOIHOI CTAHIlI MalIMHK OE3MEPEPBHOIO TPAHCIIOPTY BU3HAYa-
€THCS BIJMIOBIIHO JO PO3PaXyHKOBOI CTATUYHUM HaBaHTaxeHHsM Fcr 1 3a1aHor0 mBUI-

KICTIO pyXy KOHBE€epa L:

P —x chU —x (TH6 _Tc6 W
c 3 3 ’
nP 77p

e, - KK]I penykropa nmpuBonHOi cTanuii; k; = 1,1 ... 1,3 - xoedimieHT 3amnacy, 1o

BpPaxOBY€ HETOUHICTh PO3PAXYHKY CHIIH OIODY.
MomMeHT ornopy Ha Basly JBUTYHIB NMPUBOAHOI CTAHIIl MPU BIIOMOMY IepeaaBa-
JHHOMY BIJTHOILIEHH1 PEAYKTOpA 19 BU3HAYUTHCS 32 (HOPMYIIOIO

F._D

_ cm

0 3 . 5
2i 1,
ne D- HiaMeTp IIPUBOAHOIO €JIEMECHTA.

HowminanbHa NOTY>KHICTh IBUTYHIB BUOUPAETHCS 3 YMOBH, 10 Pron=>Pc.

4.1 Ilpuknao po3paxyHKy npueoOH020 08U2YHA BIOUEHMPOBO20 800AHO20 HACOCA

Bubparu AJl 3 k. 3. poTopoM 11 BiILIEHTPOBOTO BOASTHOTO HAacOca 3 MPOTYyKTHB-

. 3 . .
HicTo Q=30M 4 o). TpH  Harmopi H=20 M, mBuzakicTh 00epTaHHs Hacoca
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n:14500% . KKJI nacoca n,=0,55. Temneparypa HaBKOJMIIHBOIO CEPEIOBUIIA

t.,, =+45°C. TpuBanuil pexxum pobotu. J[BUTyH Oe3mOCepeiHbO IOB'I3aHUii 3 HACo-

C:

COM. Ipanny4Ha t =105°C.
Piwienns

1 TloryxHICTb, HEOOXiHA JIJIsi MPUBOAY HAacoca

3
p _YOHg _10°-30-20-98

Hac 073 = 2,97KBm,
n 0.55-3600

1€ Y - UIUIBHICTh PIJIUHU, IO MEePEKAYYETHCH, Ky3  Voow=10’ Ky3 ;
M M

g=9,8 %z.

2 Tak sk AJl po3paxoBaHHil JjIsi HOPMAJIbHOI pOOOTH MPHU TeMIepaTypl HABKOJIMIII-

HbOro cepenopuma ¢, =35°C, A rpannyHo pomyctuMma temmneparypa ¢t = =105°C,

posp. 2pam.

Busnauaemo HeO6XiIIHy HOTy}KHiCTB CICKTPOABUI'YHA:

PHac 2’ 97

\/T‘)‘”’(l+a)—a 28(1+0,4)—0,4

=3,32xBm,

T

HOM

ne t,,=t,, —t, =105-45=60°C; 7, =t —t, =105-35=70°C; o.= 0,4 - BigHOIIEH-
Hs TIOCTIMHUX BTpAT (BTPATHU B MIAIIMITHUKAX, BEHTUJISAX) IO 3MIHHUX, 10 3aJ€XaTh BiJl
HaBaHTaKECHHS.

Bubupaetscs auryn AK 52 - 4 3 HOMiHaTbHUMU TapaMeTPAMMU:

- P,=45kBr,

- — 00
1n,=1400 Ag.

4.2 Ilpuknao po3paxyuKy nomyxcHocmi npueooHoi cmaHnuyii KOHeeEpa

Bu3HaunuTH MOTYXHICTH JBUT'YHA NMPUBOAHOI CTaHIII KOHBEEpa 1 BUOpAaTH Mo Ka-

TaJIOTy, SIKIIO JIaHO:
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T,s=30-103 H - maTar y 30irarouiii To4iii;

T,..c= 40:103 H - HaTar B Hablirae Touili;

1, = 0,9 - KK]I penykropa;

i,= 65 - mepenaBajbHE BIIHOLICHHS PEIyKTOPa;

Jl= 0,53 M - niameTp npuBOHOTO OapabaHa;

v= 0,6 M/C - BUAKICTh PyXy KOHBE€pA.
Piwenna

1 IIBuakicTs ABUTYHA KOHBEEPA

v/ 20,665/ -1
o= //456._ 0.53=147 <.

2 MoMeHT onopy Ha BaJly IBUT'YHa!
M =x chﬂ6 . (THa6 _T36)ﬂ6 _ 1’3(40—30)-103 -0,53

0~ "5 5T 2 26509
p"p pp

=58,8 H-m,

ne F., - cratuune HaBaHTaxxeHHS; K; = 1,1 ... 1,3 - KoedimieHT 3amacy, 10 BpaxoBye He-
TOYHICTh PO3PAXYHKY CHJIU OTIOPY.

3 IloTyXHICTh ABUTYHA

P=M-0-107 =58,8-147-107> =8,64 «Bm.
3a karayiorom Bubupaemo aBuryH AK 61 - 4 3 xapakrepucTukamu:
P,=10 kBr;
n,~1420 006/xB.
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TIOTIATOK A §
BAPIAHTU 3ABJIAHB 10 CAMOCTIVHOI POBOTH

Tabnuus A.1 - Bapiantu 3aBmganb g0 3aga4di Nl

No Oy o, Vr | Fc | Feo n i Dk | to to2 1
1 2 3 4 5 6 7 8 9 10 11 12
1 5 6 1,0 | 5100 | 2800 | 0,79 18 0,25 40 35 20
2 4 6 0,9 | 4800 | 2900 | 0,81 15 0,3 35 30 25
3 6 5 1,1 | 6000 | 3500 | 0,65 12 0,35 45 40 30
4 7 6 0,85 | 6100 | 3200 | 0,8 13 0.4 50 45 30
5 5 4 1,2 | 4200 | 3000 | 0,85 16 0,35 35 30 25
6 4 5 1,0 | 4500 | 2500 | 0,9 14 0,3 40 30 20
7 6 7 0,8 | 5500 | 3500 | 0,86 17 0.4 50 40 40
8 7 6 0,7 | 6100 | 3600 | 0,75 20 0,35 60 50 30
9 7 5 0,95 | 5800 | 3300 | 0,8 19 0,45 55 35 25

10 6 4 1,2 | 5400 | 2800 | 0,85 21 0,3 45 30 20
11 5 7 0,65 | 6500 | 4000 | 0,7 10 0,25 40 45 35

12 4 3 1,5 | 5100 | 3200 | 0,75 11 0,3 35 35 20

13 4 4 1,3 | 5000 | 2700 | 0,7 18 0,35 20 25 20

14 5 5 1.4 | 5200 | 3700 | 0,85 17 0.4 30 30 30

15 6 6 0,9 | 5600 | 3900 | 0,8 16 0,25 45 50 35

16 7 7 0,95 | 6000 | 4000 | 0,75 15 0,35 50 45 30

17 4 7 0,6 | 5800 | 3500 | 0,85 14 0.4 35 40 25

18 5 8 0,65 | 6000 | 3600 | 0,7 13 0,3 40 35 20

19 6 8 0,7 | 6200 | 3800 | 0,75 12 0,35 45 45 25

20 7 8 0,75 | 6500 | 4000 | 0,8 11 0,45 55 50 30

21 5,5 6 0,65 | 5150 | 2850 | 0,9 18 0,25 35 40 20

22 4,5 6 1,5 | 4850 | 2950 | 0,86 17 0,3 30 35 25

23 6,5 5 1,3 | 6050 | 3550 | 0,75 16 0.4 40 45 30

24 7,5 6 1.4 | 6150 | 3250 | 0,8 15 0,25 45 50 30

25 5,5 4 0,9 | 4250 | 3050 | 0,85 14 0,35 30 35 25

26 4,5 5 0,95 | 4550 | 2550 | 0,7 13 0.4 30 40 20

27 6,5 7 0,6 | 5550 | 3550 | 0,75 12 0,3 40 50 35

28 7,5 6 0,65 | 6150 | 3650 | 0,7 11 0,35 50 60 20

29 7,5 5 0,7 | 5850 | 3350 | 0,85 18 0,45 35 55 20

30 6,5 4 0,75 | 5450 | 2850 | 0,8 15 0,35 30 45 30

31 5,5 7 1,0 | 6550 | 4050 | 0,75 12 0.4 45 40 35

32 4,5 3 0,9 | 5150 | 3250 | 0,85 13 0,35 35 35 30

33 4,5 4 1,1 | 5050|2750 | 0,7 16 0,3 25 20 25

34 5,5 5 0,85 | 5250 | 3750 | 0,75 14 0.4 30 30 20

35 6,5 6 1,2 | 5650 | 3950 | 0,8 17 0,35 50 45 25

36 7,5 7 1,0 | 6050 | 4050 | 0,79 20 0,45 45 50 30

37 4,5 7 0,8 | 5850 | 3550 | 0,81 19 0,3 40 35 25

38 5,5 8 0,7 | 6050 | 3650 | 0,65 21 0,25 35 40 20
1 2 3 4 5 6 7 8 9 10 11 12
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39 6,5 8 0,95 | 6250 | 3850 | 0,8 10 0,3 45 45 40
40 7,5 8 1,2 | 6550 | 4050 | 0,85 | 11 | 0,35 | 50 55 30
41 5,5 5 1,0 | 4550 | 2550 | 0,79 | 18 | 0,35 | 40 45 30
42 4,5 4 0,9 | 5550 | 3550 | 0,81 | 15 0,4 | 45 50 30
43 6,5 6 1,1 | 6150|3650 | 0,65 | 12 | 0,35 | 50 35 25
44 7,5 7 0,85 | 5850 | 3350 | 0,8 13 1045 ] 35 40 20
45 5,5 5 1,3 | 5450 | 2850 | 0,75 | 20 | 0,35 | 30 35 25
46 4,5 4 1,4 | 6550 | 4050 | 0,8 19 | 0,25 ] 35 40 20
47 6,5 6 0,9 | 5150 | 3250 | 0,85 | 21 0,3 30 35 25
48 7,5 7 0,95 | 5050 | 2750 | 0,7 10 | 0,25 | 40 35 35
49 7,5 7 0,6 | 5250|3750 | 0,75 | 11 | 0,25 | 50 45 35
50 6,5 6 0,65 | 5650 | 3950 | 0,7 18 | 0,35 | 45 50 30
51 5,5 5 0,7 | 6050 | 4050 | 0,85 | 17 0,4 | 40 35 25
52 4,5 4 0,75 | 5850 | 3550 | 0,85 | 16 0,3 35 40 20
53 4,5 4 1,2 | 6050 | 3650 | 0.9 14 | 0,35 | 45 45 25
54 5,5 5 1,0 | 6250 | 3850 | 0,86 | 17 | 0,45 | 50 55 30
55 6,5 6 0,8 | 6550 | 4050 | 0,8 16 0,3 35 55 25
56 7,5 7 0,7 | 5150 | 2850 | 0,75 | 15 | 0,35 | 25 45 20
57 4,5 4 0,95 | 4850 |1 2950 | 0,85 | 14 0,4 30 40 35
58 5,5 5 1,2 | 6050 | 3550 | 0,7 13 | 0,35 | 30 35 20
59 6,5 6 0,65 | 6150 | 3250 | 0,75 | 12 0,3 30 20 20
60 7,5 7 1,5 | 4250 | 3050 | 0,8 11 04 | 40 30 30
Tabnuus A.2 - Bapiantu 3aBmganb 10 3agadi No
No J””G @,,C" '://9’ to,C | tp,c || No J””G @,,C" '://9’ to,C | tp,C
1 2 3 4 b 6 7 1 2 3 4 5 6 7
1 5 4 0,3 | 28 | 10| 10 |[16| 10 9 0,26 | 2,7 | 8 | 8
2 6 4 0,28 | 34 | 10| 8 (17| 11 9 028 | 28 | 7 | 8
3 7 6 035 | 32 | 10| 12 |[18| 12 10 0,24 | 2,6 | 12 | 10
4 8 6 04 | 30| 8 | 8 |[19]| 13 10 0,22 | 25 |14 | 14
5 9 6 0,35 | 2,9 |12 | 12 20| 9 6 0,28 | 32 |10 | 9
6 10 7 0,3 |29 10| 8 |[21| 12 7 0,24 | 2,7 |12 | 12
7 11 7 0,28 | 2,8 | 8 | 10 22| 10 8 0,36 | 24 | 8 | 10
8 12 7 024 | 2,7 | 12| 12 |23| 5,5 5 0,5 | 3,5 | 15|15
9 13 8 0,28 2 |10 | 12 (24| 5,7 5,2 04 | 34 | 14| 14
10| 14 10 0,3 | 2,6 |12 ] 12 ||25| 5.8 5,2 0,3 | 3,3 |13 | 13
11 5 4 04 | 34 | 14|14 |26]| 50 48 | 035 | 32 |12 | 12
12| 6 5 0,38 | 3,2 | 13| 13 | 27| 48 46 | 045 | 3,6 | 16 | 16
13| 7 6 0,36 | 3,1 | 12| 12 | 28] 5,2 48 | 0,55 | 34 | 11 | 11
14| 8 7 0,32 | 3,0 | 10 | 10 29| 4,9 4,6 04 | 35 |12 12
15| 9 8 030 | 29 1 9|1 9 |30 5,5 4,9 0,6 | 40 |10 | 10
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Ne J”’”G'" @,,C" > to,C | tp,c | Ne J”’”G'" @,,C" 5> to,C | tp,C
1 2 3 4 5 6 7 1 2 3 4 5 6 7
31| 4,5 4,3 0,65 | 3,8 | 13|13 |46| 5.8 5,2 0,35 | 3,5 |17 | 17
32| 4,0 4.4 0,42 | 3,6 | 15|15 (47| 4,0 3.8 0,3 3,0 | 10 | 10
33| 4,8 4,2 035 | 3,5 |14 |14 |48 | 4,1 3.9 0,35 | 3,1 | 11 | 11
34| 44 4,2 0,3 36 | 1717 |49 4,2 4,0 0,4 32 |12 | 12
35| 4,2 4,0 0,4 40 |14 | 14 |50 | 4,3 4,1 0,45 | 3,3 | 13 | 13
36| 5,0 4.4 0,5 3,1 |12 |12 |51| 4.4 4,2 0,5 34 |14 | 14
37| 5,4 4,5 0,4 37 116 | 16 | 52| 4,5 4,3 0,55 | 35 |15 |15
38| 5,2 4,7 0,3 34 |14 | 14 |53 | 4,6 4.4 0,6 36 |16 | 16
39| 5,3 4.3 0,45 | 5,0 | 10 | 10 |54 | 4,7 4.5 0,65 | 3,7 | 17 | 17
40| 5,5 4.5 035 | 42 | 12| 12 |55] 4.8 4.6 0,6 3,8 | 18 | 18
41| 5.1 4.8 042 | 45 |11 | 11 56| 49 4,7 0,55 |1 39 |19 | 19
42| 54 4,0 045 | 48 | 15| 15 |57| 5.0 4.8 0,5 40 | 18 | 18
43| 5,6 5,1 0,6 4,1 | 10 | 10 | 58| 5,1 4.9 0,45 | 4,1 | 17 | 17
4| 54 4.4 0,55 | 46 | 13| 13 |59 | 52 5,0 0,4 42 | 16 | 16
45| 5,3 4,3 0,65 | 3,0 |16 |16 60| 5,3 5,1 035 | 43 |14 | 14
Ta0Omusa A.3 - Bapiantu 3aBganb g0 3agaul Ne3
H, | GkB,| Gk, | GB, |Gkan, D0, J6’2 Du.,| Ju.m, Vi, ap, a,
Ne KI'M 2| ml/e > > | tm,e
M KI' KI' KI KI M| 10° M KIM™ | 10" m/c” | m/c

1 2 3 4 5 6 7 8 9 10 1,1 12 13 14

1 | 320 | 3000 | 2800 | 1500 6 40| 35 3.8 8 1,2 0,8 1,0 50

2 | 360 | 3000 | 2800 | 1500 6 4,0 | 35 3.8 8 1,2 0,8 1,0 50

3 | 400 | 3000 | 2800 | 1500 6 4,0 | 35 3.8 8 1,2 0,8 1,1 50

4 | 440 | 3000 | 2800 | 1500 7 45| 35 3.8 8 1.4 0,7 1,1 60

5 | 480 | 3000 | 2800 | 1500 7 45| 40 3.8 8 1.4 0,7 1,1 60

6 | 500 | 4000 | 3500 | 2000 7 45| 40 3.8 8 1.4 07 1,0 60

7 | 550 | 4000 | 3500 | 2000 7 45| 40 4,0 10 1,0 0.9 1,0 60

8 | 600 | 4000 | 3500 | 2000 8 5,0 40 4,0 10 1,0 0.9 1,0 70

9 | 620 | 4000 | 3500 | 2000 8 5,0 40 4,0 10 1,0 0.9 0.9 70

10 | 640 | 4000 | 3500 | 2000 8 50| 50 4,0 10 1,2 0.9 0.9 70

11 | 680 | 4000 | 3500 | 2000 8 50| 50 4,0 10 1,2 1,0 0.9 80

12 | 700 | 5000 | 4200 | 2500 9 6,0 50 4,0 10 1,2 1,0 0.9 80

13 | 720 | 5000 | 4200 | 2500 9 6,0 50 4,5 13 1.4 1,0 1,1 80

14 | 760 | 5000 | 4200 | 2500 9 6,0 50 4,5 13 1.4 1,0 1,1 90

15| 780 | 5000 | 4200 | 2500 9 6,0 60 4,5 13 1.4 0.9 1,1 90

16 | 800 | 5000 | 4200 | 2500 9 6,0 60 4,5 13 1,0 0.9 1,0 90

17 | 840 | 5000 | 4200 | 2500 9 6,0 60 4,5 13 1,0 0.9 1,0 90

18 | 880 | 6000 | 5000 | 3000 11 (6,5 70 4,5 13 1,0 0.9 1,0 90

19 | 900 | 6000 | 5000 | 3000 11 (6,5 70 4,5 13 1,2 1,0 1,2 | 100

20 | 920 | 6000 | 5000 | 3000 11 (6,5 70 5,0 15 1,2 1,0 1,2 | 100

21 | 940 | 6000 | 5000 | 3000 12 16,8 70 5,0 15 1,2 1,0 1,2 | 100

22 | 960 | 6000 | 5000 | 3000 12 16,8 80 5,0 15 1,6 0.9 1,1 120
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23 | 1000 | 6000 | 5000 | 3000 14 16,8 80 5,0 15 1,6 0.9 1,1 120
1 2 3 4 5 6 7 8 9 10 1,1 12 13 14
24 | 500 | 2000 | 3500 | 2500 10 [ 4,0 30 3,0 8 1,7 1,2 1,5 65
25 | 550 | 2250 | 3750 | 2500 10 42| 32 3,5 9 1,6 1,1 1,3 70
26 | 600 | 2500 | 4000 | 2500 10 [ 4,5 35 4,0 10 1,5 1,0 1,2 75
27 | 650 | 2750 | 4250 | 2500 10 | 4,8 38 4,2 10,5 1.4 0.9 1,1 80
28 | 700 | 3000 | 4500 | 2500 10 | 50| 42 4,5 12 1,3 0,8 1,0 85
29 | 750 | 3250 | 4750 | 2500 10 | 55| 48 4,8 12,5 1,1 | 0,85 1,1 90
30 | 800 | 3500 | 5000 | 2500 10 | 5,8 50 5 13 1,2 0,7 0.9 90
31| 850 | 3750 | 5250 | 2500 10 | 5,0 52 5,5 14 1,1 10,75 0,95 | 95
32 | 900 | 4000 | 5500 | 2500 10 | 6,2 55 6.0 15 1,0 0,6 0,9 | 100
33 | 950 | 4500 | 6000 | 2500 10 | 6,5] 58 6.2 16 1,2 0,7 | 0,95 | 110
34 | 1000 | 4000 | 5250 | 2500 10 | 5,0 50 5,5 14 1,1 10,75 0,95 | 95
35| 950 | 4000 | 5000 | 2500 10 |52 54 5,5 14 1,2 0,8 1,1 90
36 | 800 | 3750 | 4750 | 2500 10 | 5,0 55 5,0 13,5 1,5 0,6 0.9 75
37 | 750 | 3500 | 4500 | 2500 10 [ 4,5] 30 3.2 8,5 1.9 0.9 1,2 70
38 | 700 | 3250 | 4250 | 2500 10 [ 4,0 30 4 10 2,0 1,5 1,5 60
39 | 650 | 3000 | 4000 | 2500 7 42 | 32 4,5 12 1,7 1,2 1,1 80
40 | 600 | 2750 | 3750 | 2500 7 6,5 58 6 15,5 1,5 1,0 1,2 75
41 | 550 | 2500 | 3500 | 2500 7 4,0 30 3 8 2,0 1,5 1,8 60
42 | 500 | 2250 | 3250 | 2500 7 45| 35 4,2 13 1,5 1,0 1,2 85
43 | 450 | 2000 | 3000 | 2500 7 3,0 25 3 10 2,5 1,8 2,0 50
44 | 400 | 2100 | 3100 | 2500 7 38 28 4 12 1.9 1,6 1,8 70
45 | 850 | 3750 | 5250 | 2500 7 50 50 6 15 1,6 1,1 1,2 95
46 | 700 | 3500 | 4500 | 2500 7 55 35 5 13 1.4 0.9 0.9 80
47 | 600 | 3000 | 4000 | 2500 7 4,0 30 4 12 1,2 0.9 1,0 85
48 | 600 | 2000 | 3000 | 2500 7 4,0 30 3 8 1,7 1,2 1,5 65
49 | 650 | 2500 | 3500 | 2500 7 42 | 32 3,5 9 1,6 1,1 1.4 70
50 | 700 | 3000 | 4000 | 2500 7 45| 35 4,0 10 1,5 1,0 1,2 75
51| 750 | 3500 | 4500 | 2500 8 4,8 | 38 4,2 10,5 1.4 0.9 1,1 80
52 | 800 | 4000 | 5000 | 2500 8 50| 42 4,5 12 1,3 0,8 1,0 85
53 | 850 | 4500 | 5500 | 2500 8 58| 50 5 13 1,2 0,7 0.9 90
54 | 900 | 5000 | 6000 | 2500 8 50| 52 5,5 14 1,1 0,6 0,8 95
55 | 950 | 5500 | 6500 | 2500 8 6,0 55 6 15 1,0 0,5 | 0,95 | 100
56 | 1000 | 6000 | 6000 | 2500 10 65 58 6.5 16 09 0,851 0,95 | 105
57 | 1050 | 6500 | 5000 | 2500 10 |52 54 5 14 0,8 10,95 1,1 110
58 | 1100 | 7000 | 4000 | 2500 10 [ 4,0 30 6.5 16 0,7 | 1,05 1,2 | 115
59 | 600 | 2020 | 3020 | 2500 6 4,0 30 3 8,5 1,7 1,2 1,5 65
60 | 650 | 2555 | 3500 | 2500 6 42 | 32 3,5 9,5 1,6 1,1 1.4 70
Tabnuus A.4 - Bapiantu 3aBmganb g0 3agadi No4
H | m,, | m,, Dx., | Jk.mn, | VH, a,

Al K: xr | Dro | m | kem? | mie | m/c? Iﬁfﬁl N,

1 2 3 4 5 6 7 8 9 10 11

1 32 13000 280 0.6 | 0.85 3.5 0.8 1 0.9 10

2 36 | 3000 280 0.6 | 0,85 3.5 0.8 1 0.9 10

3 40 | 3000 | 280 0.6 | 0,85 3.5 0.8 1 0.9 10

4 44 | 3000 | 280 0.6 | 0,85 3.5 0.8 1 0.9 10

5 48 |3000 | 280 0.6 | 0.85 4.0 0.8 1 0.9 10

6 50 |4000| 350 0.6 | 0.85 4.0 0,7 1 0,85 ] 10

7 55 14000, 350 0.6 | 0,85 4.0 0,7 0,95 10,85 ] 10




8 | 60 4000 | 350 [055]| 0.8 | 4.0 0,7 10951085 10
1 2 3 4 5 6 7 8 9 10 | 11
9 | 62 14000 | 350 [055]| 0.8 | 4.0 0,7 10951085 10
10| 64 |[4000| 350 [0,55] 0.8 3.0 0,7 1095 10.85] 10
11| 68 |[4000] 350 |055]| 0.8 3.0 0,7 10951085 10
12| 70 |5000| 420 [0,55] 0.8 3.0 0,7 1095 10.85] 10
13| 72 | 5000| 420 [0,55] 0.8 3.0 0,7 10951085 10
14| 76 |5000| 420 [0,55] 0.8 3.0 0,7 1095 10.85] 10
15| 78 |5000| 420 [0,55] 0.8 6.0 0,7 10951085 10
16 | 80 |5000| 420 [0,55] 0.8 6.0 0,7 10951085 10
17| 84 |5000| 420 [0,55] 0.8 6.0 0,7 10951085 10
18| 88 |6000| 500 [045] 0.8 7,0 0,7 10951085 10
19| 90 |6000] 500 [0.45]| 1,25 | 7.0 0,7 10951085 10
20| 92 |6000| 500 045125 | 7.0 0,7 1,5 10,85 ] 12
21| 94 6000 | 500 045|125 | 7.0 0,7 1,5 10,85 ] 12
22| 96 | 6000 500 0,45 1,25 | 8.0 0,6 1,5 1 0,7 | 12
23| 10 |6000| 500 045 125 | 8.0 0,6 1,5 1 0,7 | 12
24| 50 2000, 350 045|125 | 3.0 0,6 | 085 ] 07 | 12
25| 55 |2250| 375 1045125 | 32 0,6 | 085 ] 0,7 | 12
26| 60 |2500| 400 045 125 | 3.5 0,6 | 085 ] 07 | 12
271 65 |2750| 425 1045] 125 | 3.8 0,6 | 085 ] 07 | 12
28| 70 |3000| 450 045|125 | 4.2 0,6 | 085 ] 07 | 12
29 | 75 3250 475 | 0.4 | 1.25 | 438 0,6 | 085 ] 07 | 12
30| 80 |3500| 500 | 0.4 | 125 | 5.0 0,6 | 085 ] 07 | 12
31| 8 |3750| 525 | 0.4 | 125 | 5.2 0,6 | 085 ] 07 | 12
32| 90 |4000| 550 | 04 | 14 | 5.5 0,6 | 085 ] 0,7 | 12
33| 95 14500 600 | 0.4 | 1.4 | 5.8 0,6 | 085 ] 0,7 | 12
34| 10 4000 | 525 | 04 | 14 | 5.0 0,6 | 085 ] 0,7 | 12
35| 95 4000 | 500 | 04 | 14 | 5.4 0,6 | 085 ] 0,7 | 12
36| 80 |3750| 475 | 04 | 14 | 5.5 0,6 | 085 ] 07 | 12
371 75 |3500| 450 | 04 | 14 | 3.0 0,6 | 085 ] 07 | 12
38| 70 |3250| 425 |04 | 14 | 30 | 055 | 10 | 0.7 8
39| 65 |3000| 400 |04 | 14 | 32 | 055 | 12 | 07 8
40| 60 |2750| 375 | 05| 14 | 58 | 055 | 1.5 | 0.7 8
41| 55 |2500| 350 [ 05| 14 | 30 | 055 | 0,7 | 0,7 8
42| 50 |2250| 325 |05 | 14 | 35 |055 | 0,7 | 0,7 8
43 | 45 |2000| 300 |05 | 14 | 25 | 055 0,7 | 0,7 8
44| 40 |2100| 310 {05 | 14 | 28 | 0,55 | 0,7 | 0.7 8
45| 85 |3750| 525 | 05| 14 | 50 | 0,55 | 0,7 | 0.7 8
46 | 70 | 3500 | 450 | 05 | 14 | 35 | 0,55 | 0,7 | 0.8 8
47| 60 |3000| 400 | 05| 14 | 3.0 | 0,55 | 0,7 | 0.8 8
48| 60 |2000| 300 | 05| 14 | 3.0 | 0,55 | 0,7 | 0.8 8
49 | 65 |2500 | 350 05 14 | 32 | 065 | 0,7 | 0.8 8
50| 70 3000, 400 |0,65| 14 | 35 | 0,65 | 0.7 | 0.8 8
51| 75 |3500, 450 |0,65| 14 | 38 | 0,65 | 0.7 | 0.8 8
52| 80 |4000, 500 |0,65| 135 | 42 | 065 | 0.2 | 0.8 8
53| 8 14500, 550 ]0,65| 135 | 5,0 | 0,65 | 03 | 0.8 8
54| 90 5000, 600 |0,65| 135 | 52 | 065 | 04 | 0.8 8
55| 95 |5500, 650 |0,65| 135 | 55 | 0,65 | 0,5 | 0.8 8
56 | 10 | 6000 | 600 10 | 6,5 58 1075 06 | 08 | 14
57| 15 16500 | 500 10 | 52 | 54 [ 075 04 | 08 | 14
58 | 11 | 7000 | 400 10 | 40 | 30 [ 075 | 06 | 0.7 | 14
59| 60 |2020 | 302 6 40 | 30 1 0751 05 |05 | 14
60| 65 |2555]| 350 6 42 | 32 10751 15 105 | 14
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JTOJIATOK B (JIOBIJIKOBHI)
TEXHIYHI XAPAKTEPUCTUKH EJJEKTPOJBUT YHIB
Tabnuns b.1 - TexniyHa XapakTepucTHKa aCHHXPOHHUX €JIEKTPOIBUTYHIB 3 (ha3-

HUM poTopoM npu Hanpy3si 380 B, yactororo 50 I'1y 1 [1B=40%

= ool o [\l b
s 8 < = 2 23| 253 s
Tun & EX| o % Sy g = <ﬁ — % | & &
2 qLO o o :m zm Em = E
o | ~ @) — =

MTFO012-6 2,2 180 | 7,6 | 0,68 | 64,5 11 144 | 56 10,029 | 59
MTF111-6 3,5 | 895 | 10,4 | 0,73 70 15 176 | 85 10,049 | 76
MTHI111-6 3,0 | 895 | 10,5 | 0,67 65 13,5 | 176 | 83 10,047| 76
MTF112-6 5 1930 ] 44 | 0,7 75 15,7 | 216 | 137 0,067 | 88
MTHI112-6 4,5 1 910 | 13,9 | 0,71 69 15,6 | 203 | 118 | 0,067 | 88
MTF211-6 7,5 | 930 | 21 0,7 77 19,8 | 256 | 191 | 0,115] 120
MTH211-6 7 1920 | $2,5 | 0,64 73 19,5 | 236 | 196 | 0,115] 120
MTF311-8 7,5 | 695 | 22,8 | 0,68 73 21 | 245 | 265 |0,275| 170
MTH311-8 7,5 1 690 | 23 | 0,68 | 71,5 21 | 245 | 265 |0,275| 170

MTF311-6 11 | 945 | 30,5 | 0,69 79 42 | 172 | 314 0,225 | 170
MTH311-6 11 | 940 | 31,5 | 0,69 78 42 | 172 | 314 0,225 | 170
MTF312-8 11 | 705 | 30,5 | 0,71 77 43 165 | 422 10,312 | 210
MTH312-8 11 | 700 | 31 | 0,69 78 43 165 | 422 10,312 | 210
MTF312-6 15 | 955 | 38 | 0,73 | 83,5 60 | 235 | 638 0,312 ] 210
MTH312-6 15 | 950 | 38,5 | 0,73 81 46 | 219 | 471 | 0,312 | 210
MTF411-8 15 | 710 | 42 | 0,67 81 48 | 206 | 569 |0,537| 280

MTH411-8 15 | 705 | 43 | 0,67 79 48 | 206 | 569 |0,537| 280
MTF411-6 22 1965 | 55 | 0,73 | 83,5 60 | 235 | 638 | 0,5 | 280
MTH411-6 22 1960 | 55 | 0,73 | 82,5 60 | 235 | 638 | 0,5 | 280
MTF412-8 22 | 720 | 65 | 0,63 82 57 | 248 | 883 | 0,75 | 345
MTH412-8 22 | 715 | 66 | 0,63 | 80,5 57 | 248 | 883 | 0,75 | 345
MTF412-6 30 [ 970 | 75 | 0,71 | 85,5 73 | 255 | 932 | 0,675 345
MTH412-6 30 | 965 | 76 | 0,71 | 84,5 73 | 255 | 932 | 0,675 345
MTHS511-8 28 | 705 | 71 | 0,72 83 64 | 281 | 1000 | 1,07 | 470
MTHS512-8 38 | 705 | 89 | 0,74 85 77 | 305 | 1370 | 1,42 | 570
MTHS512-6 55 |1 960 | 120 | 0,79 88 105 | 340 | 1630 | 1,02 | 520
MTH611-10 45 | 570 | 112 | 0,72 84 154 | 185 | 2320 | 4,25 | 900
MTHG611-6 75 | 950 | 154 | 0,85 87 180 | 270 | 2610 | 3,27 | 810
MTH612-10 60 | 565 | 147 | 0,78 85 154 | 248 | 2140 | 5,25 | 1070
MTHG612-6 95 | 960 | 193 | 0,85 88 176 | 366 | 3580 | 4,12 | 830
MTH613-10 75 | 575 | 180 | 0,72 88 145 | 320 | 4120 | 6,25 | 1240
MTH613-6 118 | 960 | 237 | 0,84 90 160 | 473 | 4660 | 5,1 | 1100
MTH711-10 100 | 584 | 246 | 0,69 | 89,5 | 233 | 272 | 4560 | 10,2 | 1550
MTH712-10 125 | 585 | 300 | 0,7 | 90,3 | 237 | 372 | 5690 | 12,75 |1700
MTH713-10 160 | 586 | 392 | 0,68 91 244 | 408 | 7810 | 15 [1900
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Tabnums b.2 - TexHiyHa XapakTepuUCTHKa aCUHXPOHHUX JABUTYHIB 3 KOPOTKO3aM-

KHEHUM poTopoM mipu Harpy3i 380 B, yactororo 50 I't1 1 TIB = 40%

= T T *
-
aa s < <ﬁ S | X s s z 2| < ok S
Tun = Bl o8| 8 | ES| s * : | 272 | g 2
| F o & | O s T = | = =

MTKF 011-6| 1,4 | 875 | 5,2 | 0,66 |61,5| 41 41 15 0,02 47

MTKFO012-6| 2,2 | 880 | 7,2 | 0,69 | 67 | 66 66 22 | 0,027 | 353

MTKF111-6| 3,5 | 885 |94 0,79 | 72 | 103 | 102 | 35 | 0,045 | 70

MTKHI111-6| 3,0 | 910 | 9,5 | 0,7 | 68 | 97 97 32 10,045 | 70

MTKF112-6| 5,0 | 895 | 13,8 10,74 | 74 | 172 | 172 | 53 | 0,065 | 80

MTKHI112-6| 4,5 | 900 |12,7] 0,75 |71,5| 155 | 154 | 50 | 0,065 | 80

MTKF211-6| 7,5 | 880 |19,5] 0,77 |75,5| 216 | 206 | 78 0,11 80

MTKH211-6) 7,0 | 895 [20,8 | 0,7 | 73 | 226 | 216 | 88 0,11 | 110
MTKF311-8| 7,5 | 690 [21,6 | 0,7 | 74 | 324 | 314 | 95 | 0,275 | 155
MTKH311-8| 7,5 | 690 | 21 | 0,7 | 74 | 324 | 314 | 95 | 0,275 | 155
MTKF311-6| 11 | 930 |28,5] 0,76 |77,5| 382 | 373 | 130 | 0,212 | 155
MTKH311-6/ 11 | 910 |28,5] 0,76 |77,5| 383 | 373 | 130 | 0,212 | 155
MTKF312-8| 11 | 700 | 29 | 0,74 | 78 | 500 | 461 | 150 | 0,387 | 195
MTKH312-8| 11 | 700 | 29 | 0,74 | 78 | 500 | 461 | 150 | 0,387 | 195
MTKF312-6| 15 | 930 | 36 | 0,78 | 81 | 589 | 579 | 205 0,3 195
MTKH312-6/ 15 | 930 | 36 | 0,78 | 81 | 589 | 579 | 205 0,3 195
MTKF411-8| 15 | 695 | 40 | 0,71 | 80 | 657 | 638 | 185 | 0,537 | 255
MTKH411-8| 15 | 695 | 40 | 0,71 | 80 | 657 | 638 | 185 | 0,537 | 255
MTKF411-6| 22 | 935 | 51 | 0,79 |82,5] 765 | 706 | 275 | 0,475 | 255
MTKH411-6| 22 | 935 | 51 | 0,79 |82,5] 765 | 706 | 275 | 0,475 | 255
MTKF412-8| 22 | 700 | 60 | 0,69 [80,5| 981 | 932 | 295 | 0,75 | 315
MTKH412-8| 22 | 700 | 60 | 0,69 [80,5| 981 | 932 | 295 | 0,75 | 315
MTKF412-6| 30 | 935 | 70 | 0,78 |83,5| 981 | 932 | 380 | 0,637 | 315
MTKH412-6/ 30 | 935 | 70 | 0,78 |83,5| 981 | 932 | 380 | 0,637 | 315
MTKH611-8| 28 | 695 | 67 | 0,77 | 83 | 1128 | 1128 | 336 | 1,075 | 440
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Tabnuns b.3 - TexHiuHa XapakTepUCTHKA €JIEKTPOJABUTYHIB MOCTIHHOTO CTPYMY

cepii [l 3aKkpuUTOro BUKOHAHHS 3 MPUPOAHUM oXonomkyBaHHAM nipu [1B = 40%

= . 3Mmilane [Tapanensue
T [TocninoBHe 30ymKEeHHS
z 30y/IKEHHS 30y/IKEHHS
SR Il T S S T VR O 0 A T Ll 0 I R M,
5 kBt| A (:(B H*m |kBt| A ?g/ H:"M kBr| A 00/xB H*m
J12 |24 15 [ 1150 86 |24 | 14 |1230] 67 | 2,4 | 14 |1200/1230| 57/57
J12 13,6 22 1040 | 191 | 3,6 | 21 |1140| 140 | 3,6 |20,5/1060/1080| 103/90
J122 |48 28 | 970 | 270 | 4,8 | 27 | 1120 | 181 | 4,8 1120/1150| 127/108
J131 | 6,8 138,5| 900 | 382 | 6,8 | 37 | 910 | 282 | 6,8 | 37 | 850/880 | 230/201
° JI32 19,5] 53 | 760 | 675 | 9,5| 51 | 840 [ 490 | 9,5 | 51 | 770/800 | 373/319
S m J41 | 13 | 71 | 730 | 930 | 13 | 70 | 740 | 726 | 13 |69,5| 700/720 | 549/476
'g S JI806| 17 | 92 | 640 | 1420 | 17 | 88 | 730 |1050| 16 | 84 | 700/710 | 765/677
g o JI808| 24 | 125 | 615 | 2650 | 24 | 124 | 650 |2000| 22 | 112 | 620/630 |1450/1295
= JI810| 35 | 182 | 610 | 4210 | — | — | — | — | 29 | 148 | 590/600 |2160/1910
JI812| 47 242 | 560 | 6020 | — | — | — | — | 38 | 192| 555/565 |3190/2795
J1814| 66 | 335 565 | 9100 | — | — | — | — | 55 | 280 | 550/560 |4810/4270
JI816| 85 | 430 | 540 [ 12750 | — | — | — | — | 70 | 350 | 525/535 |6870/6030
JI818 100 | 500 | 515 |17150| — | — | — | — | 83 |415] 460/470 |9025/7950
J122 | 5,6 16,5/ 1300 | 181 | 5,5 | 16 | 1530|125 5,6 |15,5[1510/1550| 90/78
§ﬂ32 12,6| 34 | 1200 | 635 |11,5] 33 |1260| 322 | 12 |31,5(/1200/1240| 270/235
2 q-21806 23 | 60 [1010] 1080 | — | — | — | — | 21 | 55 |1050/1060| 677/510
'§ JI21 |44 ] 26 [ 1340 | 176 | 44 | 25 | 1550 | 122 | 4,4 |124,5|1460/1500| 90/78
= J122 | 6,5] 37 | 1300 | 265 | 6,5 | 36 | 1475|181 | 6,5 | 34 |1510/1570| 127/108
= m 31 19,5 52,5[1190| 412 | 9,5 | 51 |[1360 298 | 9,5 50,5]1360/1420| 206/181
= Q32 |13,5] 72 | 1100 715 |13,5] 66 |1200]522| 13 | 68 |1190/1240| 363/304
41 | 18 | 96 [1060| 940 | 18 | 95 | 1160|680 |17,5/90,5|1120/1160| 520/446
JI806| 23 | 120 | 1010| 1375 | 23 | 118 | 1060 |1000| 21 | 110 |1050/1060| 726/643
JI808 | 30 | 155 | 850 | 2450 | 30 | 152 | 860 [1900| 26 | 134 | 810/825 |1325/1175
J21 | 3,1 10 |1230] 116 | 3,2 | 10 |1310| 82 | 3,1 | 9,5 |1280/1300| 61/54
JI31 | 521 16 | 900 | 255 | 53 | 16 | 900 | 200 | 5,2 |14,5| 890/910 | 142/128
5 J41 112,5/34,5] 760 | 696 | 13 | 35 | 740 | 540 |12,5| 34 | 710/720 | 392/348
Sm /808 24 | 63 | 6152160 | — | — | — | — | 22 | 56 | 620/630 |1128/1030
'g S A810| 35 | 91 | 6103200 | — | — | — | — |29 | 74 | 590/600 |1715/1510
£ |I812] 45 | 115] 590 | 4270 | — | — | — | — | 36 | 92 | 560/570 [2350/2060
= JI814| 66 | 168 | 565 | 7310 | — | — | — | — | 55 | 138 ] 550/560 |3870/3380
JI816| 85 | 215|540 | 9810 | — | — | — | — | 70 | 175 | 530/540 |5400/4760
JI818] 100 | 250 | 515 | 13730 — | — | — | — | 83 |205| 460/470 |7210/6380
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