H3BECTHA
TOMCHKOI'O OPJAEHA TPYJOBOI'O KPACHOI'O 3HAMEHH
[TOJTUTEXHHUYECKOI'O HHCTHTYTA umenu C. M. KHPOBA

Tom 172 1967

O NPEAEJIbHOA MOWHOCTH
KOMNEHCHUPYIOUIUX NPOCCEJEH (PEAKTOPOB)
C BO3AYWHLIM 3A30POM

H. O. KYTABHH, H. II. KOCTPHIKAHA

(TOMCKHH MOMHTEeXHUIECKHH UHCTHTYT)

B crathbe npHuBOAAATCS pe3yJbTaThl MCCAELOBAHHA KOMIEHCHPYIOLLIUX
Jpoccesieff ¢ BO3JYIIHBIM 3a30pOM, PAaBHbBIM BbICOTE OKHA CePAEYHHKA
(puc. 1). CepaeyHHK COCTOHT TOJAbKO M3 TAHUHPHOrOo sipMa, HaGpaHHOTO
3 C-006pasebix MA0JeH, BHINOJHEHHbIX DaJHaJbHOH IIHXTOBKOH TpaHcdoOp-
matopHo#t ctanu. Takass KOHCTPYKLUHs ceplAevyHHKa Bbibpaka ¢ LeJblo Mak-
CHMAaJIbHOTO CHHXKeHHsi A00aBOUHBIX NOTEpb B MNPECCYMOIHX YCTPOHCTBAX
cep/eyHHKa U B Oake.

B cratbe wucciaenoBaHel poccesd € JABYMA BapHaHTaMH OOMOTOK:
C MHOTOCJONHBIMH M KaTyIIEYHbIMH.
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MHorocnoitnass 06MOTKa ¢ IJyXUM 3a3eMJeHUeM HapyXKHOTO 3axKHMa
(koHua). BuyTpeHHuii KOHell BBIBOAUTCS Yepe3 LEHTPaJbHOE OTBEPCTHE B
sipMe U siBJsieTcss pabouyuM BBIBOAOM. BbicoTa cjioeB OOMOTKU yMeHbHIAET-
Csi B HampaBJeHWUM K LEHTPY, IMOSTOMY H30/ALUS OOMOTKM KacKajAHO BO3-
pactaer OT HAapYXKHOT0O CJ10Sl K BHYTPEHHEMY.

PeryaupoBanue npoccensi He paccMaTpHBaeTcs.

OcHoBHBIE COOTHONIEHHS Me:KJy pasMmepaMu japoccensi (puc. 1).

PaauanpHas wWupuHa ceueHUs: OOMOTKH:

b=mx+(m—1)a, (1)

rjie m - YHCJAO cjioeB B OOMOTKE;
X — paAHajbHasi INHPHEA MeAHu CJof;
0 — pajuajbHOe PacCTOSHHE MeXJYy MeAbl0 COCeJHHX CJ0eB O0OMOTKH,
COCTOsIllee U3 LIHPUHBI OCEBONO OXJaKAAAIOUlero KaHala H H30-
JSIHU [poBOAAa Ha [Be CTOPOHBI — i.
Hauna cpeaHero BUTKAa OOMOTKH:

ly = n (d+b)=5n (D—Db). (2)
D; d — Hapy:KHubIl M. BHYTPEHHHH JuHaMeTpbl OOMOTKH.
Ilnowans ceuenust MaTepuana OOMOTKH:
mxhy
= 0 3
rie h — BbIicoTa cpeaHero c/josi oOMOTKH;

y — OCeBOH pasMep 3JeMeHTAPHOrO NPOBOAHHKA.
HIupuna okHa cepieuHHKa:

a=D+28=d+2 (b+601) (4)
Bricota okna cepaeuHHKa:

H=h+2l; (5)
rne
g + 1
Iy = "2 , (6)
Ilupuna cTanu pacllenyieHHBIX SIpeM:
' 1
© = Dsin 80 _ (7
Hnow,am‘; CEUCHMsT CTaMH sipMa:
qc=ke nrt=k.nrD sin 130 , (8

1Jle N — YUCIo BeTBefl paciuennennoro spma. Has ¢ur. | n=8. POupma
BBC npumensier n=6-12.
PacueTeass gnuua cranu cepieyHuKa, NPHBEJEHHAS K (g

le=H+2r+280;+0,5D cos 180 - (9)

YpaBHeHue TemjaoBoro 0ajaHca CpefHero c/Josi 0OMOTKH Ha OfIHH TO-
FOHHBIH CaHTUMETp BHUTKA:

hxy
y+ i

kn2he =pk,A? oY )
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HJlHU

Kty e XY (11)

¢ y+i

IMnotuocts Toka B 0OMOTKe B afcm?;

’A:]/“(y—'ri), (12)
ky Xy

- & — IJIOTHOCThL TEIJIOBOTO. MOTOKa C TMOBEPXHOCTH OOMOTKH;
k; — ko3t duuHeHT, qubma}oumn 3aKpbITble 4acTH nmsepxnocmu cJ109
OOMOTKH H30JSAUHOHHBIMH ~TeTalsgMH;
p — yAeJbHOe COMpPOTHBJEHHe MaTepHana OOMOTKM MHpH pacqemon
TeMIneparype;
Ky — K03(QpHILHEHT YBEIHUEHHST AKTHBHOTO CONPOTHUBJEHHS OOMOTKH H3-
3a NoOBepXHOCTHOro 3¢ dekra;

Cm“X
= 13
A Ty +) (13)
rae
N ,
=af =, 14
c . (14)

f — uucao mepuomos Toka (ru) wu u0=4n 10—9
MoiuHocTh Apoccesss B K8a:

[TpuBenennas miowanbs BO3AYLIHOTO 3a3opa:

ie

QB:T(D_b)Z- (16)

MHayKuHsi B BO3JAYIIHOM 3a30pe:
B. — 04=IW}) 2 _ 0,41:1/2 Aq.. (17)
= B H | M
Bb{pax(emde MOLHHOCTH Apoccend Noc/e NOACTAHOBKH NEPEMEHHbIX!
m>h? xy(D — b)*
keH(y +1) 7
K =444 10-2)2 =2a (19)

S =K

(18)

MoiHocts apoccens (18) aBasiercs dyHkuMeR naTu nepeMeHsHx: D,
h, M, X 1 y H He HMEET HH MAKCHMYMa U ‘HH MHUHHUMYyMa IO NepeMeHHbIM
D h u y. Ona yBeaHuHBaeTcss ¢ POCTOM 3THX MepeMEHHbIX. 3aTO NPH HEKO-
TOPbIX 3HAYeHHsAX M U X Bbipaskenue (18) umeer makcumywm. [das onpene-
JEHUA . KPHTHYECKHX 3HAYEeHHH M W X BOCNOJb3yeMcH YCJOBHEM:

gs 0s '

B pesysabrate mnonyuaem aBa ypaBHEHHS:
o 2k D —2m (x+6) +8] —mk’;n [D—m (x+8) +8]=0, (21)
ke[D—3mx — (m—1) 8] — xk’;x (D—m (x + 8) + 6]=0, (22)

raevk’rm n k’;y — npoussogubie k. no m u x.
CoBMecTHOE pellleHHe 3THX ypaBHEHHH AaeT CJelyIOllHe COOTHOLICHHSL:
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~ 3(D+3)

1 —v

Mo = B5xF76
V 3 cyd(D +3) (5v+7)
- =U = 5
y-i v?
rae
v=x:80<1.

1+v°

(23)
(24)

(25)

s onpeneneHuss X MOXKHO HOJIb30BAaThCsl KPHBOH pHC. 2, MOCTPOeH-
Hoi anst U (v) mo npasoit wactu (24). Ilpu stom U onpepensieres us ne-

BOH uactu (24).

Momnocte S c1abo 3aBHCHT OT Y, MO-
3TOMY OCeBOH pas3Mep TPOBOJIHHKA MOMKeET
NPHHHMATbCS B OUCHb LIMPOKHX Mpeaesax.

Ilpun omnpeieneHuy npeteabHOR MoUl-
HOCTH JQpoccess Mo YCJOBHAM TPaHCIOpPT-
HbIX orpaHndenuit paamepor D uw H oyayr
OTPAHUUMUBATHLCS MAaKCHMAJbHBIMH JKeJje3-
HOJOPOXKHBIMH rabapuTaMH. B

[lpM npoeKTHpPOBaHHH poccens Ha
3ajaHHyl0o MowHocTs pasmep D moxHO
Hautd M3 (18), a BnicoTa H onpenenurcs
KaKHM-1100 yCJOBHEM, HalpHMep, YCIOBU-
€M MHHHMYyMa CyMMapHOTO Beca aKTHBHBIX
MatepHanioB (cramn — Q¢ U Mead — Qy),
HJIA YCJIIOBHEM MUHHMyMa Ce6ecTOHMOCTH
Japoccensi, HIH YCJOBHEM MHHUMaJbHBIX
pacyeTHbBIX 3aTpaT. JTH BONPOCH B JaH-
HOH cTaTbe He paccMaTpUBaIOTCA.

2000

u
1600

\

N

7]
Puc. 2.

ez ¥ g2

MouHocTs Jpoccesisi HMeeT OUeHb CHIIBHYIO 3aBHCHMOCTb OT pasme-
pa d, YMEHbIIAsACh C €r0 POCTOM. DTO BHAHO M3 myHKTa 11 Tabn. 1, paHHbIE

KOTOpO#

noxyueHsl npd y=3; i=02; D=200; h=200; lo=10;

1=30;

6=10; 6=12; 2; 2)b (Bce pasMepnl B cantumerpax); k.=0,8; k,;=0,6;

B=16,5x2c; €¢=0,16 (;—T;,n=8‘; ¢=0,92 u d=9- 10 — gaa memu u ¢=0,575;

a=D50,6-10* — o AnIOMHHHS.

TaGauna 1
Marepuan M .
OGMOTHH ellb ANIOMHHHHA
T ) 1,2 2pr 2,5 1,2 201! 25
1 U wu3 (24) 362 609 760 1226 378 472
2 V nopuc.2 0,135 0,106 0,096 0,168 0,137 0,121
3 x u3 (25) 0,162 0,212 0,24 0,202 0,274 0,302
4 m Huz (23) 65 40 64 40 32
5 b Hz (1) 87,3 86,5 85,1 88,4 89 87
6 x ms (13) 1,242. 1,27 1,28 1,22 1,29 1,27
7 A u3 (12) 690 600 560 492 412 396
8 qu 3 (3) 1980 1600 1440 2430 2060 1820
9 B, u3 (17) 10150 7130 6000 8800 6300 5350
10 g, u3z (16} 9900 10050 10400 9750 9650 10060
11 S u3 (18) 305 153 112 228 115 86
12 q. wu3 (28) 6100 4340 3800 5200 3700 3250
13 r us3 (29) 10,4 7,40 6,46 8,85 6,30. 5,53
14 1. s (9) 373 367 365 370 365 363
15 1, u3z (2) 354 357 - 361 350 349 355
16 Q. u3 (27) 17,3 12,1 10,3 . 14,6 10,3 9,0
17 Qy 3 (27) 6.24 5,07 . 4,62 2,3 1,95 1,75
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Kak BHJHO u3 TabJHLbI, HEKOTOPble W3 ONTHMAaJbHBIX Pa3MepoB M Na-
PAMETPOB PACCMOTPEHHBIX BApHAHTOB Jpoccenell OKa3aJuch HeOOBIUHBIMH.
IToryuunace GoJibliass BeJMuiHa A00ABOYHBIX TOTEPb:

pa% = (k; — 1) 100=24-29, (26)

BUAMMO, TpHCyllas MHorocaofiHofi ob6motke. Oxasanach 3aBBIIIEHHOH H
AJTOTHOCTL TOKa B OOMOTKe (MYHKT 7), 4TO OOYCJOBUJIO YBRJAUYEHHBIE I1O-
TEPH B MEIH. '

Beca akTuBHBEIX MaTepHa/soB B ToHHax (nNyHKTW 16 B 47) ompenens.
JHCh M3 BBIPAMEHUH:

Qc=17cqclc 107° ¥ Qu = Tuqu 1 107" (27)
Ilnomans ceyenus cranu sApMa U padHajibHBIH pasMep sAipMa I onpe-

JeJAJIUCh M3 YCJAOBHsi NMOCTOSHCTBA MArHUTHOTO TIOTOKA NPH 3ajaHHOA HH-
AYKUHH B cTaau Be:

_ 9885
qc = B, (28)
dc . (29)
- kenDsin 180

Ilocsie noactaHoekd B (28) u (29) BHIpameHu# NS BXOASAMIUX BeJH-
YHH (¢, g H Bp Halaem

01 =Y ZmhD—b} /75, (30)
anHDsm‘l—gg ]/ ke(y +1i)

Paccmotpum Tenmepbh Apoccess ¢ HeNpepblBHOH KaTylIeyHOH, AHCKOBOWH
HJIH BHHTOBOH OOMOTK&MH.
OcHOBHBIE COOTHOLIEHHS pdsmMepoB u mapameTpos.
Panuansuas IIHpHHA OXHOW CTOPOHBI OGMOTKH
b=m (x+1i), (31)

rie M -— YHCJIO 3JEMEHTAPHBIX MPOBOAHHKOB B KATYILKE;
X — pajHaNbHbIfi pasMep MeAH 3JeMEHTapHOro MPOBOIHHKA.
Obuias MIOWAAL CeYeHHs MEeIH OLHOH CTOPOHBI OGMOTKH

h
qumX)’Fg, (32)

rae 0 —oceBoe paccTOsiHHe MEXAY MeNBIO COCeHHX KaTyIIeK, BK/0Yaio-
Iiee IIMPHUHY DPaAHAJbHOTO OXJaXAaIIero KaHaJja.
YpasHenue TenoBoro GajsiaHca KaTyWKH Ha OAMH TOrOHHBIH CaHTH-
METp eé AJKHbI

2s(kgb + kyy) = pk 4% mxy, (33)

rjae kg, ky — KO3 HUHEHTHI, YUTbhIBAWOIIIUe 3aKpbiThle 4YaCTU TMOBEPXHO-
By y

crei b "y H30AAUHOHHBIMH  J€TATAMH.
Obo3znauum :

2Ry waa; Kyt kg2 ky kbt y =P, (31)
p
Torpga nAorsocts Toka B 06MoTKe uM3 (33)

A_‘/“Pk(’;:;“ -, (35)
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KospdunuedT ysesuyeHuss akTHBHOTO COTIPOTHBJIEHHS MPHBEAEM K Clle-
JAyoHeMy BHLY:

C2 b2 X4 y2
9(x + i)*(y +9)*
Torna BblpakeHue MOUIHOCTH AJS APOCCENSsT C KaTyileYHOH OOMOTKOM:
bx yh? P(D — b)?
K H(x41) (v +0)?

B 3ToM ciyuae MOLIHOCTH Apoccens ABAsieTCs (PYHKIHeH MepeMeHHbIX
D, h, b, x u y. Ilpu yBenuuenuu D u h MouHOCTL Jpoccensi HenpepLIBHO
BO3pacTaer, a NPH H3MEHEHUH MepeMeHHBIX b, X H y BbIpaxkeHnue (37) ume-

er Makcumym. [as onpenesneHdss KPHTHYECKHX (ONTHMAJbHBIX) 3HAYEHHH
3THX TIEPEMEHHBIX MOXKHO BOCIOJB30OBATHCS YCJIOBHEM:

oS 4S 38

k=14 (36)

S =K

(37)

b =(; ox = 0: W =0, (33)
DTo faer TpU YPaBHEHHS:
K [(kab+P) (D —b) —2bP]—bP (D -—b) k';p =0, (39)
ki —x (x+1) kK'px=0, (10)
ke[6 (y+P) — kuby]—y (y+98) Pk'ry = 0; (41)
riae :
K, kry' ¥ Ky’ — mpousBonuble or k no b, x u .

Myrem uckmouenus k, uz (39) u (40), (40) u (41) nahinem agBa Ho-
BbIX YpPaBHEHHHA! '
P (D —b)i— (x+2i) {(knb+P ) (D —b) — 2bP]=0; (42)

(x+2i) [8 (y+P) —kuby] — i8P=0. (43)

IT0 N03BOJSIET 3aMEHHTh CHOXKHYIO cucTteMy ypaBHenu#t (39)—(41) Gonee
npocroi cucremoit (40), (42) u (43). OgHako W 3Ta CHCTeMa OKa3bIBaercst
OUeHb CJAOXKHOM AAd coBMecTHOro pelexHus. [Tostomy orpanHuumcs obLUM
COBMECTHBIM pelieHHeM ABYX ypaBHenu# (40) u (43) OTHOCUTENbHO X H Y,
a uccnefoBanue BbipaxeHuss (37) Ha MAaKCHMyM IO nepemeHHod b mpous-
BeeM YHCJEHHO.

M3 ypaBuenuss (40) rnoche nmoacraHoBKu 3HaueHuit Kk u k'yy, Hafimem

3 (x+1i) (y+08) =cbx? l/?.?f.jl;éz_ (44)

3HaueHde y u3z (43):
ky bl (X i )

kob(x+21)—3(2x +-31) ~ (45)
[ToacraBus y u3z (45) B (44), Haitnem
7 3(kgb — 3) U \4
V knbcl : Vaov+3 (
vV=x:1

Ha puc. 3 npusBeaena KpuBasi, MOCTPOEHHAast MO MpPaBOH YacTH BbIpa-
xeuust (46). Onpegenus U (opu H3BecTHOM b) u3 JeBo#t wactu (46), mo
KpHBOH puc. 3 HaXOAuM V H, CJNeNOBATENbHO, X.

Pesyabratel uccitenoBanust Belpaxenusi (37) Ha MakCHMyM NHO Tepe-
MeHHO#K b npuBesenst B Tabu. 2. Mecnenosanue npousseneno npu ky=0,78;
ky =09; d=1; 1,2; i=0,01; 0,I; a=13,5-10% 1y=00=10. OcraabvHbie wuc-
XO/Hble [AaHHble PABHBI NPHHATHIM paHee.
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Ta6auna 2

3HaueHHe b l 10 ’ 20 ' 30 ’ 50 ‘ 70 ' 80 ' 90 100
i= 0,01; §=1
1. U us (46) 5,45 3,95 3,26 2,54 2,12 2,02 1,90 1,80
2. x u3 (46) 0,125 0,085 0,065 0,050 0,040 0,038 0,035 0,032
3. y us (45) 1,24 1,03 096 090 087 086 085 0,83
4. K. us (38) 1,038 1,057 1,064 1,092 1,102 1,115 1,119 1,117
5. A Hs (35) 320 340 350 365 375 378 381 388
6. r u3 (29) 9.3 15,7 20,3 25,8 26 25 233 21
7. Dy Hy 239 252 261 271 272 270 267 262
8. S us (37) 55 169 324 650 900 970 1020 1000
9. Q¢ H3 (27) 11,5 20,2 26,7 34,6 - 35,2 33,6 31,2 27,7
TH
10. Q u u3 (27) 5,45 9,15 12,2 16,5 18,9 19,5 19,8 19,3
‘ TH : :
i =0,1; §=1,2.
11. U nz (46) 1,66 1,23 1,02 0,80 - 0,67 0,63 0,60 0,58
12. X u3 (46) 0,29 0,20 . 0,16 0,12 0,10 0,090 0,085 0,08
13. y us (45) 1,32 1,08 0,95 0,88 0,83 0,81 0,80 0,79
14. K H3 {36) 1,12 1,15 1,16 1,18 1,19 1,19 1,19 1,19
15. A us (35) 336 371 400 435 487 490 495 487
16. r us (29) 7,5 12 - 14,8 18 18,4 14,9 11,5 8,2
17. Hy 235 244 250 256 257 250 243 236
18. S us (37) 34 99 175 323 410 450 454 445
MBa - .
19. Q¢ w3 (27) ™ 97 16 20 24 25 20 15 11
20. Qu H3(27) TH 4,2 6,4 7.7 9,7 10,5 10,3 10,2 10
17a Dp 255 264 270 276 277 270 263 256

Baercs maJio, NO3TOMY pacyeTHoe 3HaueHwe b == (0,35+0,4) D.
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Kak BHAHO u3 Tabu. 2, makcMMyM MOWHOCTH japoccenss S (b) noctu-
raetcs npu b =90. Oxrako npu b>70--80 momHOCTL Apoccens yBeJHYH-

6
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4 /
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2 Ve
! A /
: /A
[/ 2 ¥ 6 F ] ) 2
Puc. 3.

Hccnenoanust nmokasanu 3h(eKTHBHOCTb CHUMKEHHs TOMILUHBI H30J5-
UH{ 3JI€MEHTAPHBIX NPOBOAHHKOB sl NOBBIIEHHS TNPELEJNbHOH MOUIHOCTH
Apoccens. Jlns H30JSUMH NapaJJelbHbIX NPOBOJHUKOB JAPYr OT ApYyra He-
006X0AHMO OrpaHHYMBATLCA SMAJbIO, BUTKOBYIO M3OJSIIHIO JKENaTeNbHO Bbl-
MOHATL MOJOCKOH H3 3JIEKTPOKAPTOHA MJIM JIPYTrOro Martepuana.



I3 cpaBuenunsi Taba. 1 U 2 BHAHO, 4TO MHOTOCJOHHAST OOMOTKA TPH OJ-
HHX M Tex Ke YCJOBUSIX JaeT MEHbHIYI0 MOIHOCTb Apocce/ist, 4eM KaTy-
IeYHan, '

Jnst MOBBIILIEHHST MaKCHMaJbHOH MpeaebHOH MOIIHOCTH JApoccead Io
CP4BEHEHHIO ¢ JaHHBIMH TabJ. 2 MOXKHO YBeJAHUHTb raGapHTHbHIE pasMepsl
ebleMHOM yactd Hy u Dy (nyHKTH 7 ¥ 17) 10 npeaesbHO AOHYCTHMbIX XKe-
~J1€3HOA0POKKBIMH TabapHTaMH, MOXHO TaKkKe YBEJWUYHTb Y/EJbHYIO TemJao-

m
0THayy ¢ NOBEPXHOCTH OOMOTOK ¢ mpHHsiToro e=0,16 o RO 0,24 npu nipu-

MEHCHUH ﬂpHHyllHTeJIbHOI':I HUPKYJASALHUH MacJa.



