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TOMCKOTO OPAEHA TPYIOBOI'O KPACHOI'O 3HAMEHU TIOJIUTEXHHUYECKOTO
HHCTUTYTA umeuun C. M. KHHPOBA

Tom 191 1969

TEXHHKO-3KOHOMHYECKOE ONPENEJIEHHE
ONTHMAJIbHbIX PASMEPOB CIrJAXHBAIWOIHUX NOPOCCEJEN
CPENLHEN H BOJIbIIOM MOLHOCTH
C 3A30POM, PABHbLIM BbBICOTE OBMOTKH

JI. 1. DTHJIETKHH

{PexomenpoBaHa HAY4YHBIM CeMHHAPOM Kadelp 3JeKTPHYECKHX CTaHIUH
U 3JJEKTPHUYEeCKHX CHCTEM M CeTel)

B ormnuuue ot [1], umeronteil npubauxkenay (GoOpMyJy THOOBOH MOIL-
HOCTH, B HBC‘T‘OHHlEI;I CTaTbe IPUEOAHUTCS 6o.Jee TOUHOE BbIpaKeHHe MOUIHO-
CTH s ApOoccessi, HMEOIEero Ty e KOHCTpyKuHie, uto U B [1].

Uuaykuust BHyTpH OGMOTKH ¥ NO IMHDHHE ee pachpefessieTcsi, coraac-
no [2}, no 3akony tpameuuu (puc. 1).

Wunykuus BHyTpU 0OMOTKH B,

0,4=IW

— NOCTOSIHHAS COCTABJAAIOUIAS TOKA, NPOTEKAWIIEro 4ape3 0OMOTKY
apoccess, a,

B,

rie 1

Puc, 1
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W — uicio BUTKOB OOMOTKH;
H — nanuna Bosaymsoro 3asopa, cm.
Muayknua no mupubHe o6MoTKu By.
B;D ( 1 2x ) 2)
2b D/

MarnuTnplii 10TOK, co3naBaeMbifi OOMOTKOA H TNPOXOASUIMEA [O INHPH-
He OOMOTKH, HEOQUMHAKOBO CIEMNJSETCS C BUTKAMH OOMOTKH. MardauTHbii
IOTOK 3JeMeHTapHON TPYOKM paguyCcoM X PiaBeH

dd; Bi2nxdx. (3)

3TOT IOTOK CHENJARTCA CO BCEMU BUTKAMH, PACIIONOMEHHBIMHA BIVPaBO (Ha-

By =

pyXKy) OT TPpyOKM, T. €. C YHCJIOM BHTKOB —g—(-—%— — x).
O6iuee NOTOKOCUEMJIeHHe 10 LUHPHHE 06‘M(;17K‘H Gyner
=
Yy = fﬂBgl%—Y(l —%)X(%—x)dx "33 ™ Ve 9D —3b).  (4)
D—2b

INTorokocuenysente BHYTPH OIMCTKH

¢ = __“BZW (D — 2b). (3)
CymMMaipHOe MOTOKOCHeeHHe Pn.
-— 2
O, = nB;W [(D 42b) + g (2D — 3b)] . (6)

FaGaputHas MoOLHOCTL Jpoccens S.
S=aLl? (7)

rie L — MHIYKTHBHOCTb HPOCCed, 2H;
® — YacToTa MNPOMBILJEHHOH CETH.

1
L = %‘ | (8)

Coraacuo [1] ceueHHe HpPOBOLHHKOBOTO MaTepHana oOMOTKH (y C YdeToM
OCeBLIX KaHaJioB OXJaXKAeHH:A

- kobhxy
WIEFNY T - ©

H MJOTHOCTb TOKa A, BbrpaxKeHHass 4Yepe3d OCHOBHbIe TeOMeTpHUYECKHe pas-

MEpHI,
A= aP(x +1) (10)
b Xy

rae P —kby+y. (1)
T'OP,lla MOIUHOCTB EPWOOCE:JI’H B K84, Bblpa}Ke,HHaﬂ qefp93 FE‘OMET‘pque-
CKHE pasMephl, TIPUMeT BUJ
kZb%hixy®  [(D — 2b)? | b N
bﬁu+nw+m4j i '*GQDf%ﬁ’ (12)

S =K

rie
‘ K=04 r?wa - 10—



S — aBasiercd yHKume#d nsami nepemensslx: b; h; x; y u D. C yBeqn-
yeudeMm auGo h, aAubo X, mbo D MOLIHOCT> HEorpaHHYSHHO BO3pacTaer.
C poctom y Wad b MOLWHOCTH yBEJHUWBACTCS, a 3aT€M YMEHBILAETCH.

BocnoansoBaBuiuce
0S oS -
5 =0, (13) e 0, (14)

MOXKHO TIOJYUHTh Te ONTHMAJBHLIC 3HAUeHMsi by M Vo, TMPH KOTOPHX S 10-
CTHFEeT MaKCHMYMa.

(13) u (14) Ka0T COOTBETCTBEIHO

by=0,5D; (15)
_ __kaby
Yo = knb1 . 28 : (16)

Tak Kak KOHCTPYKUHsi HaAHOWPHOIC cepjeuHHKA JOJKHa MpeaycMmart-
pUBATh B BepXHeH IJIOOKOCTH OTB@PCTHE /S BbIBONHOTO BBHICOKOBOJABTHOTO
U30.19TOPa M B HUXKHEH NJOCKOCTH OTBEPCTHE AN MOAKJIOUCHHS HIH OT-
KJAKIOYeHUsd BbiBoJa OOMOTKH K H30/ATOPY, HeobX01HMO ONTHMAJAbHOE 3Ha-
yenie by 6pate ne 0,5D, a HeckoabKo MeHblle, T. €.

bo=kiD, (15%)
rie k,<0,5.
MaveneHdue Ke y B CTOPOHY yMeHbliesus Ha 30 Npoll. HJM YBeJHYeHUs HAa
45 mpou. oT Vo AdeT yMeHblleHHe MOILHOCTH BCero Julib Ha 2,2 npol. ot
CBOEro MAaKCHMaJbHONO 3HAUYGHHS.

Boibupas paguasibHBI pasmep NPOBOJAHHKA X H3 CYLIECTBYIOLUMX TH-
opasmMapop 0OMOTOYHOTO MPOBOAA, MpHHHUMAA by H Yo H HCX0Afl JHOO H3
rabapuTos KeJae3noil MoporH, Aubo U3 MHUHUMYMa pacxoja akTHBHBIX Ma-
TepuaaoB, Jau60 U3 MHEMMYMA PacueTHbiX 3amTpaT, MOXKHO MOJAYYHTD
0CTa/bHble HE3aBHCHMble TepEeMeHHbE, XapaKTepPU3YIOIHE JAPOoCCesb.

Jas onpelenends Beca JApocceid TPH 3aNaHHOH NOCTOSHHON HHILYK-
UMY B CTAJM Mo Bcell ee AauHe B HeoOX0IMMO ONMPEIEJHTb IOTOK, COo3ja-
BaeMbiii obmotkoil. CornacHo puc. 1

OTOK, CO37aBaeMblil 3JeMeHTapHOW TPYOKOH, Ha YyacTKe

D D —2b
2 2
. D — 2b
[ToTox, co31aBaemMblil BCeMH aMflepBUTKaMU, Ha y4acTKe 5 5
paBeH
D
EB
. D 2X __=Bsb - :
By — | =B, —b—(l — ﬁ) xdx =222 (3D - 4b). (18)
D%
2
[Totox suyTpu 0OGMOTKH
o = =B, @)_ . (19)

Caoxus (18) m (19), moayuum cyMmMMapHbii IOTOK, CO3AaBacMblii 0OMOT-
Koit apoccens @

D — 2b)® b
(pn:“B:i[( 4 ) + 6

(3D — 4b)] . (20)
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Hcxoxa u3 MpeanofoxKeHds, 4To [MOTOK, co3jaBaeMblii 0OMOTKOH, 3aMbl-
KAaercst TOJbKO Mo CTamM, T. €.

Oy, =P, ‘ (21)
MOAKHO ONpedeNuTbh CEYEHHEe CTadH (e;
qc-:kc'n'r'r, (22)
rie K. — kKoadduiHeHT 3amogHeHusa CTaad IakeTa;
1 — UYKCJO I1aKeTOB pacllellJeHHOro cepaeunuka (n=6-12);
I — pajJuaJbHbli pasMep Makera ceplewHuxa, Ci, .
T — TaHreHUWaJbHAs UPHHA MakeTa, CM; -
. 180° ,
t = D-sin . {23)
n
C 1pyroft cTOPOHHI,
G.=Ben-D-r (24
HJH
O
n
pe —Pn 25

Henoaesyva ycaosie MakcuMyMma MotiyHocTH (157), Boipaxkenue (25)
3aMULLISM:

By (1 — le)z_,_ k, . »
r = B, D [ 1 i (3 4k | . (26)
Bec craau sapem Qes,
QCH:QI{,b (D—b) kc T 'Yc, . (27)

rie ye — Vieabdblil Bec CTaJM.
Bec cranu crepxieit Qce.
Qec=n-r-1-ke (H+2r +28¢) * ye, (28)
rie 60— H3OMALMOHHOE PACCTOsIHHE OT OOMOTKHM A0 NakeTa CTa/d, CM.
Cymmapublit Bec ctand Qe.

Qe=Qecrn+ Qce. (29)

Bec mean Q.
Qu=qulm * Vo, (30)
rie IM—,ZU]HHa CpeAHEero BHTKa OOMOTKH, CHM, _
ly=n(D—b): (31)

Ya — VAeJbHBI# BEC NPOBOIHHKOBOIO MaTepHana.
Toraa ¢ yuerom (31) m (9) Bec MeaM MOXKHO NPEICTABHTH B CAeLYIO-
eV BHTe '

k,bhxy(D — b)
"M ) (y - 0

15T TEXHHKO-3KOHOMHUECKOTO HCCACI0BAHUHS HeoOX0IUMO BeC IpOBOI-
HHKOBOTO MaTepHaTa MPHBECTH K Becy CTaJqM Unu HaobGopoT. Toraa noJHbi
npuBeieHnblil Bec apoccesas Qn »

(%3‘ anQc"'BQM (33)
B (33, f .

B — KOO (UUMEHT TIPHBEIEHHs, XapaKTePH3YIOUIHH, BO CKOJIbKO pas
GoJblie yAe bHasd CTOMMOCTb MaTepHasa OOMOTKH yAEAbHOH CTOH-
MOCTH CTaJH B HU3IEJHH.

[TpeacraBnsier HUHTepec HeC/AeNOBaHUe BIHSHHS IeOMETPHUYECKHX pa3-

MEPOB JpoCCesisi, HCXOQsl M3 YCJ0BHS MUHHMAJLHOTO YAENbHOrO pacxona

aKTHBHBIX MAaTepPHANOB, T. €.

Qn _ Q¢
'S S

Qu = - (32)

+B . o (34)
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Borpaxkenne (34) ssasercs QyHKUMeH NSTH NepeMeHHbIX.

Qn

,:[JTF{ onmpeaeneHuss MUHHMAJAbHOIO 3HAYCHUA 7~ HeOBX0 MO COKpa-

S

THTh YMCA0 mepeMeHHbIX. Jljig 3TOre BOCNOIb3VeMCs YC/JA0BHEM MaKCHMYyMa

vouoctd (157) v sBhipaskenuem MoulHoet: (12). M3 (157) b 3amensaem ue-

pes D, 1. e. b=k;, D, a D Brpasum uyepe3 MOLHOCTb S.
Clte,10BaTesbHO,

4/ T12Sh,H(X = Dy + 97 _ (35)
V Kko'k,*h*xyP(3 — 8k, + 6k;¥)
Toraa (34) sButca (QyHKIHeH TOJbKO TpexX mepeMeHHbIX X, V # h.
9&__3 Sru(l — k) _ Hxy (1~ k)(y + a)M]/x iy
5 l/ aSP(x + i)T hT 2Pyx
oM/ EOCE DY B gam XDy 4 8P N
| T secEixyPT V'~ Satink, sy P

M2 2 S(x Dy 8 (36)
‘/ ak *H3h*xyPT

rie , I
0,47 nsin 80 / b,

a0, = 08TV g Y A
A ] ABckg B, 0

0,8y nsin 1807 4 F——— 0,32n37cnsin-@—

a; —=: n : b1 - ar, = n ,
) Be ]/ 12A%k 2 AB k.2 V uA‘ko
(37)

A=047%0-10-"; M=(3-6ki+4k?); T=(3—-8k+6k;?).

Hecneaosanna Ha MHHUMYM YIedbHOIO pacxoja MoKasaJH, 4To € poc-
TOM MOLIHOCTH BeC IPHBEISHHbIX MaTepHa/oB B €1MUHLEe MOUYHOCTH YMeHb-
waetcst. OnTumanpHbie 3HayeHUsT BBICOTH OOMOTKH ho moaydatoTcst tedodb-
IWHMH [10 OTHOWEHHIO K ee AHaMeTpy. DJieMeHTapHble pa3Mephl MPOBOHH-
Ka Xo M Yo NMOJYYAIOTCS HCKOHCTPYKTHBHBIMM, T. €. OUeHb MAaJIBIMH, TaK,
115t mowyHoetH S=110% x8a; y<0,1 cm; x<<0,1 cu. U3meHenne X mpu y, 4

Qn

he 71aer MeHblllee H3MEHEHH MPH Xo H hg.

M3menenue h npu X, 4 yo B CTOPOHY YMEHbLIEHHsI HA D TIPOIL. AaeT H3-

MeHeHHe %l Ha 0,7 Npol. OT MHHMMAJbLHOTO 3HauedHs, a yBeJHYeHHe Ha
O Tpol. AAeT HU3IMEHEeHHE —o— Q" Ha 3 MpouU. OT MHHHMAaJbHOI'O 3HAYEHHH.

Boabuivi n:p&xmqecxuu MHTepeC MOPelCcTaBasieT UCCASNOBAHHE APOCCe-
J5T Ha MHUHHMYM pacueTHbIX 3aTpaT. MccaeoBaHue NPOBOAHIOCH MO METO-
THKe [3].

HMexoaa U3 MOUWHOCTH Apoccens, NPHHATOH HHIYKUMHM B CTaJH U gony-
CTHMOHN YIelbHOH IJIOTHOCTH TeIWIOBONO IOTOKa € MNMOBePXHOCTH OOMOTKH,
MOKHO ONPeLeJHTh OUTHMAJIbHbie 3HAa4YeHHST OCHOBHBIX Pa3MepoB ApoccenA
NyTeM MWHUMH3ALKH DAaCYeTHBIX 3aTparT, COCTOSILUX H3 PacxolioB Ha npo-
M3BOJACTBO M SKCIUIYAaTALHIO 1poccelisl, a TaKyKe KamHTaJoBJIOXKeHHH Ha J10-
GaBOYHYIO MOILHOCTh CHCTEMbl ¢ TONJMBHOH 0a30H, CBA3aHHYIO € IKCIaya-
Talued xpoccend.

[TpuMeHHTENbHO K CILJAaXXHBAIOWUM ApoccensaM oOliHe pacyeTHble 3a-
TpaTel 3 Ha mpHoOpeTeHHe W 3KCONYATAUHIO JAPOCCe]si BbIPA3ATCH 4depes
BeCa AKTHBHBIX MaTepHaJ/JoB B CJAeLVIOLEM BHIe:
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3=(Ai+A;z) Qe+ (BAI+E-A)Qy, (38)
rie A;; Ay 1 E — noctosHuble.
Honoassyst (15”) u (35) Ans cokpalieHHs nepeveHHBIX, MOXKHO NOJY-
YMTh PACYETHble 3aTPaThl B (DYHKIHM TpPeX MepeMeHHbIX: X, y H h.

— (A + Aga, LS £ O V i
| 242 U.P’s(y

+ ay(Ay - AOM l /Stix + Dy +9)°
ak,“HxyPT?

: 1

' LAy SMEE /S 0y - 8
1 ab(Al T AZ) T ] aki"H‘ghgxyPT

/ - P . )
SHxy(1 — x4)° | g, _ﬁ‘_V SHP(x + i)(1 — k)*
T@Px + DT ‘v 7, xyT

+ BAja7y

(39)

MocaeqoBanusi Ha MHHUMYM pacueTHBIX 3aTpar ellle pa3 MoATBEPIHIH, UTO
ONTHMAJIbHOe 3HAYEeHHe IUPUHBL OOMOTKH Do MoJaydaeTcsl paBHBIM IOJOBH-
He ee auamerpa, u 3aBucumocth 3=f (k;) (puc. 2) B uHTepBase k;=
=0,35-0,5 noutn JauHeiHas. OnTuManbHoe 3HAYEHHE OCEBOTO pa3Mmepa
NPOBOJAHHKA Yo, HATIPOTYUB, MO CPABHEHHUIO C YCAOBHEM MaKCHMaJbHOH MOUL-
HOCTH M3MEHHJIOCh B GOJBIIYIO CTOPOHY M JOCTHINIO TAKHX Da3MepoB, KO-
TOpble MPOMBIIIEHHOCTBIO HE BBINYCKAKTCsH, T. €. Yo=(2,7+3,3) Ymax,

Japuk 205 40,

4 .3r:puA’j=0,’5

130

120 1

10 1

K,

100 ;
0 02 04 05

Puc 2

r1€ ¥max — MaKCHMAaJbHBIH OCEBOH pa3Mep TPOBOIHUKA, BbITYCKAEMOTo
TIPOMBILLJIEHHOCTBIO.

Ecau npuMeHsiTh He Yo, @ Ymax, TO pacuyeTHble 3aTpaThl BO3PACTYT.
Ha puc. 3 nsobpaena 3aBucumocTs 3=f (y) aas wowmnoctu S=10° ksa.
rae 3a 100 npou. NpuHMsATHl PacueTHble 3aTPaThl, COOTBETCTBYIOLLHE ONTH-
MaJabHOMY 3Ha4YCHHIO V.

Ecau Ke CTPEMUTBCS BCe-TAKH K JPOCCENI0 ¢ MUHHMAJbHBIMH pacyeT-
HBIMU 3aTpaTaMH, TO Heo6XONHMO NMPUMEHATh CIBOEHHble IHCKOBbIE KaTyul-
ku. OnTuManbHoe 3HayeHHe BHICOTHI ho cmpeMutcs MOMYYHTb KOHCTPYKLHIO

Ipoccelist ¢ MaJoil BeJMUYHHOM BO3AYILHOTD 3a30pa U OOJBLIMM 3HAYeHH-
eM D, 4yTo NOATBEPKAAET HeoOXOAMMOCTb BBEIEHHS OCEBBIX KaHAJOB OX-
JAAXKAEHUA,

b "
C pocToMm oTdoweHuss — =K, hy, JuHeAHOo yMeHpliaeTca (puc. 4).

D
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3 npu Y#Y, {00

Ab 3 npu Y=y,
108
104

100

% ! y
0o 2 44 6 8 cv

Puc. 3

co | h,
20

18 A, -f( K,) g S =10kba
4

121

S
X

¢ 92 g4 05
Puc. 4

Hecnelopanust TpOBOAHANCE Al IPOCCeNel MOIHOCTbIO S = 103; 104 10°
M 5-10° k6a npu caeayIOWKX JAaHHBIX: HHAYKIMS B cTaqu Be=1.,6 T/; Be-
JUUMHA paJyaJbHOTO KaHanma oXjaxienus 6=1,4 cu [4]; yreabHas niot-
HOCTB TeNJIOBOTO NOTOKA ¢ oOMOTKM e=0,16 6T/cm? umpHHa «ImeMeHTap-
HOM» xarymkH by=9 cm; ky=0,78; k;=0,5; 0,45; 0,2. Uzonsaunonuoe pac-
CTosiHHe MexX1y OOMOTKOW M CTa/bic Apoccens 8,=20 cM: VIeAbHHI Bec
crami  ye=7,65-10=% xke/cm3; ynenpubli Bec MemH yu=38,9- 10-3 kz/cu3;
p=3.5; a=13,5-10% Kosadhbuuuentor A, Ay u E noacuuTbBaauth no me-
ToMKe, H3Ja0xeHHol B [3] ¢ yueTom [5].
A,=0,084; Ay;=0,204; E=8,1-10-5.

OnpejlenieHHe ONTHMAJBHBIX 3HAUEHHI MepeMeHHbX X, VY 1 h aad Bol-
paxenuit (36) u (39) HmpPoOBOAMIOCH HA 3JEKTDOHHOH LHGPOBOH BBLIUHCIH-
TeabHo# MawmHe (DLIBM) BpiuncaurenpHero uedmpa TOMCKOro moautex-
HHYeCKOTO HHCTHTYTaZ *.

* PaboTel MO0 MHHUMH3AIMH pPacyeTHBIX 3aTpar Ha OJI[BM BbINOJAHEHB! COTPYA-
HUKOM KadeApbl ajekTpuyeckux cranuuifi TIIM Baawkopoit JI. M.
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