U3BECTHA
TOMCKOI'O OPJAEHA OKTJBPbCKOM PEBOJIIOIIMHM ¥ OPJEHA
TPYJOBOTO KPACHOI'O 3HAMERU
[MOMUTEXHHUUECKOI'O HMHCTHUTYTA um. C. M. KH1>0OBA

Tom 228 . 1974,

BbIBOP NOMYCKOB HA H3IrOTOBJIEHHE
MAHOMETPHYECKHX NMPY)XHUH

B. I'. AOOHHH, M. II. IIYMCKHH

(IlpepcraBneHa HayuHO-TeXHHYECKHM CeMHHAPOM Kade(pbi
THPOCKONHKYECKUX TPHOOPOB M YCTPOHCTB)
LY

O6was ¢opma 3aBHCUMOCTH MexKJy JACHYCKaM{ Ha recMeTpHYeCKHe Ila-
paMeTpbl TPYXKHHB C OTKJOHEHUAMH XAPAKTEPUCTHK NPy KHHL OT HOMH-
HaJMbHBIX 3HAUEHHH MOXKeT OblTh B3ATa H3 TEOPHH NOTPELIroCcTell NpHOOPOB
[1]. Ecan mexay mokasanuem npubopa y, H3MepsAeMOH Be.IMUMHON X M Ma-
pamerpaMu ly, Mg, ... §o CYLeCTBYeT 3aBUCHMOCTDb

y=f(x, I, m,... q),

TO MaJiblM HpHupaLieHHeM napametpos Al, Am, ... Ag OyIdeT COOTBETCTBOBATh
npHpaLleHHe BeJHUHHBL Y

ol

3T0 ypaBHelHe MOXKET OblTh HCIOAB30BAHO AJSA YCTaHOBJEHHS 0GOCHO-
BAHHOH CHCTEMBbI AONYCKOB Ha IeOMETPHUECKHE ¥ MEXAHHYe:KHe NMapaMeTPH
NpyKHHbI, €CJH M3BECTHAa KOHKpeTHas ¢opma 3aBHCHMOCTH y=f[(x, [, m,

. ) MEeXAY OCHOBHBIMH XapaKTEPHUCTHKAMH TPYXKHHBI H ee TeOMeTpHue-
CKUMH H MEXaHHYECKHMH NapaMeTpaMHu.

Tak, manpumep, nonyuendas B. M. ®eomocweBeim [3] dopmyna aas
oTpellesleHHsT OTHOCHTEJBHOrO yraa pasruda TOHKOCTEHHBIX NPYKHH IJJIHII-
THYECKOT'0 CeUeHHUs
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MoxKeT ObITh HCIOJB30BaHAa, UTOOBI YCTAHOBHTL CBSI3b MEXKAY MOTYCKAMH
Ha reoMmerpuueckde napamerpul A, B, H, Ry © MaKCHMAaJIbHbLIM BO3MOXKHBIM
OTKJOHEHHEM BeJHUYHHLI OTHOCHTEJNBHOrO yrsaa pasrufa OoT ero 3HaueHws,
COOTBETCTBYIOUWIEI'O HOMHHAJIbHBIM 3HAYEHHAM reomeTquec (I/IX napaMmeTrpos.

31ech A, B—Goabmas u Manas NOJYOCH CpelHell JHEHH NOMNEpPeYHOro
ceueHMs NMpYKHUHBL;

H—TOJHHHHE[ CTEHKH IpVIKHHBI;

Ro— paAnyc oCH KaHaJja TNpYyKUHBL

Onnako noCKoabKy dopmyaa (1) cnpaBeasuBa JHIb AJS IIPYKUH C
CceyeHHeM 3IJIJIHNTHUECKOH (OpMbLI, OHa MOKeT ObITh HCIOJAb-OBaHa JJf aia-

ag=2 iy a’fnm+ +a; Ag.
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JIH3a TOJBKO TAKOTO COYETAHHS OTKIOHEHHH TeOMeTpPHYeCKHX MapaMeTpos,
IPH KOTOPOM CHOBa MOJYyuaeTcsd ceuyeHHe 3JIHNTHYecKOoH ¢dopmbl. Tax, mpu
3aJlaHHBIX OTKJOHEHHSIX pasmepoB noayocell sjunca AA u AB dopmyoi
(1) MOXKHO BOCHOJIB30BATLCA JHIUb B CJyyae, eCjii OTKJIOHEHHe pajuHyca Ha
KOHIIaX .60/bIIOH OCH YIOBJETBOPsieT YPaBHEHHIO

(B-+AB)?
A+AA

Mexny TeMm, oTKIOHeHHe AR; 3aBHUCHT OT CAy4YaHHBIX NPHUYHH H He HOM-
ynpHsieTcsl ypasHeHHo (2). Dopmyanl JJs pacyera MNPYKHH C OBaJbHBIM,
NJ0CKOOBAJIbHEIM H BOCbMepKOOOGpAa3HBIM ceueHHeM, NoJydeHHble B paboTe
[2], mMoryT ObITh HCIIOJbL30BAaHB AJf YCTAHOBJEHHS 3aBHCHMOCTH MEXIY
OTKJIOHEHHSIMH TeOMeTPHYECKHX NapaMeTpPOB H COOTBETCTBYIOIIHMH HM H3-

A
MEHeHHUSIMH BeJIHUYHH: OTHOCHTEJbLHOrO yma?Y pasruba TNpPy:KHHE, pacuer-

R,+AR, = 2)

HOrO HATNPSIXKEHHS Cayp, TATOBOTO MOMeHTa M, M H3MeHeHHS o6bema I0JIOC-
td AV. Ilpu 3TOM MOXKeT ObITb OLleHeHO BJIHSIHHE HA XapaKTePHCTHKH IpY-
JKHHBl OTKJOHeHHH BequunH A, B, R, H, Ry, Moayas ynpyroctd E u Koap-
dunuenta I[lyaccona p. ITockosbKy npH BBIBOAE (OPMYJ IpeiAoJiaraJoch,
YTO CeyeHHe CHMMETPUYHO OTHOCHTEJbHO [BYX OCel, MOI'YT OBITb OLEHEHEI
TOJIBKO TaKHe OTKJIOHEHUS PA3MEPOB, KOTOPble He HAPYIIAKOT CHMMETPHH ce-
yenus. Tak, noJsydyeHHble (OPMYJibl He NO3BOJSIOT HCCJEJ0BAThb CIy4yaH, KOr-
J1a panuychl R; Ha KOHIax OO0JbIIOH OCH ceYeHHS He COBIIAXAOT IO BEJH-
yuHe. He MoxKeT OBITH HCCJEAOBAHO BJHSHHE TEXHOJOTHYECKOH pPa3HOCTEH-
HOCTH ¥ HECOBNAAeHHs PAaJHYCOB Ry Ha HAapyXHOH H BHyTpPeHHeH CTOpPOHax
CeyeHHs.

HccneayeM CBsI3p AONYCKOB Ha MapaMeTphbl NPYXKHHBI C H3MEHEHHEM
nepeMelleHHs KOHIla NPYXHH ¢ MaJoH MOCTOSIHHOH TOJIIIMHOH CTeHKH.

3aBHCUMOCTb IiepeMelleHHsl KOHLa NPYXKHHBL OT ee NapaMeTpoB OIpe-
Aeasiercs GopMyJoH

¥y ‘ Ci(byry)
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12(1—92)Jr re

h=p-T (y )A

3aecp A — nepemellleHHe KOHLA NPYXKHHBI,

['(y) —xosdduuneHt, 3aBHCALIHA OT BEeJHUMHH LEHTPaJbHOTO Yria
AKTHBHOH 4YacTH H OT KOHCTPYKTHBHOIO 0QOpMJEHHUSI KOHLA IPYyXKHHBI
(puc. 1);

b, r, h, ro— Ge3pa3MepHble OTHOILIEHHA COOTBETCTBYWOIIHX Pa3MepoB K
Aspne 0oJbMOH MOJAYOCH CeueHHS.

Haiizem oTHOCHTebHOE M3MeHeHHe TiepeMelleHHsl KOHIA TPYKHHB, CO-
OTBETCTBYIOLE€e 3aJaHHBIM OTKJIOHEHHAM napaMeTpOB
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AA, Ab, (Ay), Aro, Ak, Ar, AE, Ap —3agaHHble OrKJOHEHHS. napa-
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Puc. 1.

6C o€ oC oC or
0b’ dr’ ab’ ory oy
OCHOBaHuM ¢opMya H rpadukoB, npuBefeHHbix B paGore [2].

[IycTb HEKOTOPOMY OCBOEHHOMY HJIH INPOEKTHPYEMOMY TEXHOJOTHUe-

CKOMY Iponeccy COOTBETCTBYIOT KOHKpeTHbIe 3HAUYCHHA OTHOCHTEJBbHBIX IIOT-
AA Nb A
7‘, _b—,..., —, AOCTHKHMEBIC TIpH pPaBHBIX 3a"parax. HpHMeM
P

OIHY H3 OTHOCHUTEJbHBIX HOI‘peLHHOCTEIjI, nanpuMep —A—, 31 3TAJOHHVIC Ii

Yactuole PpOH3BOAHBIC MOI'YyT OblTb BBHIUHCJAEHDI H

peltocten

BBLIYHCJIHM KO3 (PHLHEHTH

Ab Ar, Au
B I
B=RA4> "nTaAAg v TAAC

A A A

Gdopmyna aas ofperesNeHUss OTHOCHTEJALHOH [MOTPEHIHOCTH Mepemelle-
HHUSl KOHILA NPYXXHHBI MOXKeT ObITb NpeicTanJselia B BHAE
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[TycTh 6 — DONyCTHMOe 3HauyeHHe OTHOCHTeJbHOH IOTPEeIHOCTH BEJH-
yHHbl A. UToGB 00ecrneudTh 3aJaHHBLIA AONYCK HAa BEJIHYHHY A NPH HAaHMEHb-
LIHX 3aTPATax, HGOOXOAUMO YCTAHOBHTH cefyiowme npelejbHbEle 3HAUYEHHS
OTHOCHUTEJIbHBIX NOTPEelIHOCTefi mapaMeTpoB: :

AA o Ab AA Ap AA
i = (5)
A IaAI‘{_nblabl—i—...—l*ﬂlLlap'l b A W A

[TockonbKY OTKJOHeHHs] 3HAueHHH napameTpoB OT HOMHHAJBHBIX 3HA-
yeluil HOCAT CAYYalHBIH Xapakrep, BEpPOATHOCTb TOrO, YTO OTHOCHTEJ/bHAf
MOTPEelIHOCTh BEJUUHHBL A JOCTUTHET NpeleIbHOTO 3HaueHHus 6, oueHb MaJja.
B cayuae, ecsin pacuiHpeHHe JONYCKOB Ha OTKJOHEHHsI NIapaMeTpoB NO3BO-
JsieT CHU3HTH [POH3BOACTBEHHBIe 3aTPaThl, MOXHO AONYCTHTH TakKoe pac-
IWHpeHHe 3a CYeT TOTrO, YTO KaKasi-TO 4acTb NPy KHHB OyJeT H3TOTOBJEHA C
OTKJOHEHHAMH BEJHUYHHBI A, BHIXOISIIUMH 3a npelesabl Aonycka. [Ipu sTom
JocTHraeMblil 2h(eKT JOJKeH IPEeBOCXOANTh NoTepH OT Opaka.
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Puc. 2. Ap+Aly — IOMHHANBHOE 31aYelide nepeMmelleits
KOHLA TIPYXKHHBI K JOTYCK, VCTAHOBJEilIbe HPOEKTHPOBILH-
KOM;

| — 06/1aCThb BO3MOKHBLIX OTKJIOHEHHII HCTHHHOIO HOMHHAJMb-
HOrO 3SHAueHMs NepeMelleHHs KOHLA NPYXKHHB OT 3Haue-
1S Ag, YCTAHOBACHHOTO HPOEKTHPOBIIMKOM,;

+Aopacy — HOMYCK, HCXOAA M3 KOTOPOro CJAEAYeT Onpene-

JATh JONYCKH Ha 3HaUeHUd NDapaMeTpoB

CoorHomennus (5) moJAyueHs B NPEANOJONKEHHH, UTO MepeMellelHe
KOHIIA TPYXKHHBI, COOTBETCTBYIOIlee HOMHHAJbHBIM 3HAUEHHAM IapaMeTpos,
H3BECTHO.

Ha mnpaktuke prmqo TOYHO YCTAHOBHTb BequHHy nepeMelleHHs A
KOHIA TPYKHHBI, COOTBETCTBYIOLIYI0 HOMHHA/JbHBIM 3HAaYeHHSIM NapaMer-
poB. Heo6xonumMo CUHTATLCH € TeM, UTO HOMHHAJbHOE 3HAUEHHE NepeMelie-
HHsI KOHIlAa TIPY:KHHBI Ha NPAkKTHKe Bcerja OyAeT 3a4aHO ¢ HEKOTOPBIM OT-
KJOHEeHHeM OT HCTHHHOTO 3HAYeHHS, CJeJ0BaTeJbHO, IPH BLIOOpe A0IycKae-
MBIX OTKJIOHEHHI NapaMeTpoB MOXKHO PACCUHTBHIBATH TOJbBKO Ha 4acTb INoJs
JIOTIyCKa, YCTAaHOBJIeHHOrO AJs A (pHc. 2).

BeaencTBre TOro, 4To pa3Mephl IIPYyKHHH Ha paGouux uepTexax 3ajla-
I0TCA HMHaye, YeM IPH TEOPeTHUYeCKOM pPAaCCMOTpPEHHH, HEKOTOPble OTKJOHE-
HHSI TlIapaMeTpoB, KOTOpble 3JeChb I0JararTCs He3aBHCHMBIMH, MOIYT OKa-
3aTbCSl B3aHMOCBS3aHHBIMH. DTO CJeAyeT YYHTLIBATb IIPH NPHUMEHEHHH
paccMOTpPEeHHOH MeTOLHKH B KOHKPETHBIX pacyeTax.

ITono6HBIM e o6pas3oM MOKHO NpOaHaJHU3HPOBATHL BJIHSIHHE OTKJOHE-
HHH TeoMeTPHUYEeCKHX H MeXaHHYeCKHX llapaMeTpPOB Ha BeJHYHHY MaKCH-
MaJ/bHblX HalNpsXKEHHH, TArOBOTO MOMEHTa H H3MeHeHHS o6bema IOJIOCTH.

I[Tpumenp.

Paccunrtath IOoNycKH Ha OCHOBHble NMapaMeTpsl NPYKHUHB IJis H3Mepe-
uus paBjeuus Ao 0,6 xe/cm?, pasMepbl KOTOPOH yKa3aHBl Ha pHC. 3, HCXOAA



M3 YCJIOBHSI, YTO OTKJOHEHHS BENHUHHBI TIeDEeMelleHHSI KOHI[A MPYHKHHBI OT
HOMHHAJbHOrO 3HaueHHs He JOJUKHBI NpeBbliath 6 =4=20%. Moayab ynpy-
roctu £=1,28-108 ke/cm?, xosdpduument ITyaccoma wu==0,32. Paccmatpu-
BAEMOH NpPyXKHHe COOTBETCTBYIOT CJEAYIOUlHe 3HAuUeHHs mapaMerpoB: A==
=1,88 cu, b=0,194; r,=0,0425, r=2,86; h=0,0106; F'=1,28-10° xe/cm?;
n=0,32; yv=4,2.

Puc. 3

aC, dC, dC oC or

3HayeHusa Koacp(pﬁuneHTOB C;, C, T, npou3BoaHBIX =5 5?, 36" ar.’ %

onpeleJuM o rpadukam [2]:

C,=0,185; C=00024: TI'=5,3: aa—(;‘z_c,m;
9C: —0,06: 2%~ —0,01: %C~0,03. 1 0.
ary ob or, dy

[lo dopmynam (4) BuluMCAHUM 3HaueHHS KO3GDDHIHMEHTOB aq ==1; a, =
=—0,18; a,=—0,9; a,=—1,07; @,=293; a,=1; ap=—1; a,=—
--0,007,

3HaueHHe KO3(HIHEHTA a, ONpeleJeHo B NpeiNoJokKeHHHd, 4To pac-
CMaTPUBAETCS TMepeMelleHHe A TOYKH Ha OCH NPYKHHBI, Z00TBETCTBYIOLUEH
KOHILly aKTHBHOM YaCTH NpPY:XHHBL. [IpakTHueCKuil HHTepec MPEACTABJSET
nepeMelleHHe TOYKH KpelJIeHHs! TAMH MeXaHu3Mma, oOBIYH) TakKkKe HaXo.s-
LleHCs Ha OCH NpPYXKHHBI, HO PaCHOJIOXKEHHON HAa HEKOTOPCM PACCTOSHHH OT
KOHIIA aKTHBHOW uacTH. Tak, ecad NpPeANOJOXKHTb, UTO I'0J0XKEHHe TOUKH
KpelVieHUus TATH onpelensercd LeHTpaabHeiM yraoMm 270° a jayra akTHBHOM
4aCTH CooTBeTCTBYeT yray 240° To npm momouwy rpaduka 2 Ha puc. 1 Haii-
nem: oy ==0,25. Boobuje, 4To6bl YMEHbLIMTh BJAHSHHE TeXHOJIOrHUECKOH 110T-
PELIHOCTH UEHTPAJBHOTO YI/d y HA BeJHUHHY IepeMelleHils KOHIA MpyiKH-
Hpl, CJaelyeT BLIOWPAaTb 3HAYeHHs y, COOTBETCTBYIOIUHE TMOJIOTOMY YUaCTKY
rpajpuxa I'(y). Ilpn sToM IAst OPYXKHHB C YAJHHEHHBIM HAKOHEYHHKOM
MOXKHO OpaTb MeHbIINe 3HAUCHUS 7.

[TpennosoxKum, 4TO OTHOCHTE/NBHASI TOUHOCTb NMapaMéTPOB, COOTBETCT-
Bylollasi yCTAaHOBHBINEMYCS IPOHM3BOJACTBY, XapaKTepH3ye 'Csi CJAeAYIOUIHMH
KO3 dHLHEHTAMH:

Ny=Hy=H, =Ny =Heg=n,=1; n,=3.

Torxa oTHocHTeJbHOE OTK/IOHEHHe BEJHUYHHBI llepeMelleHHst KOHLA Npy-
JKMHBI, COOTBETCTBYMOI€e 3aJaHHLIM MOJIOXKHTEJbHBIM OTKJIOHEHHAM napa-
MeTpOB, onpenenasieTcs no opmyJe:
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Ak — A_A__O’lgA_b _0,5& *1,07A_h 19,93 Ar 40,25 (Ay)*
A b f1 h rO Y
_AE —0,007 A_P‘
E p

ITo aGcoaloTHOH BeJuuYHHe H 3HaKy KO3(GhHLHEHTOB B NPaBOM YacCTH
¢dhopMyJBl MOXKHO NOJYyYHTb HarJsfJHOe NpPeACTaBJEHHE O BJHSHHH OTKJO-
HeHHH mapaMeTpoB Ha OTKJOHEHHe BeJHUMHBI MepeMellleHHs KOHUA NPYXKH-
HBI OT HOMHHAJbHOTO 3HaUeHHUs. TaK, OTKJOHeHHe 3HaueHHdA Ko3dhdHIHeHTA

U OT HOMHHAJILHOTO OKAaXXE€T OUCHb MaJoe BJHSIHHE Ha BCJAHYHHY A. Hau-
| AN Ar, An AE
6oJiblilee BJAHSAHHE Ha BEJIHYHHY T OKa3bIBAlOT NOTI'PEITHOCTH I‘_, F, f
- A 0
AA

——. [lo dopmynam (5) naiimeMm

A
- *
A b kR, Y E
Ar_g A4 7
r A

= —3

[Ipy HeoOXOAMMOCTH YMEHbUIHTb BO3MOXKHbLIE OTKJOHEHHS BEJHYHHBI A OT
HOMHHAJABHOTO 3HaueHHss Hauboabliuil 3hdeKT MoxKeT OBITH HAOCTHUTHYT
yMeHbIllIeHHeM JONYCKOB Ha Te NapaMeTpbl, AJs KOTOPBIX KO3(p(QHUHUEHT «
HMeeT 60JbLIYI0O a0COIIOTHYIO BeJHYHHY. Tak, yMeHplleHHe AONYCTHMOH OT-
HOCHTEJBHOH TIOrPeIIHOCTH NapameTrpa fp B 2 pasa NO3BOJSET YMeHbIUUTH

BeHUHHY <= Ha 18%. Takoe ke yMeHblileHHe OTHOCHTEJbHOH IOrPEIIHOCTH

Ak
napamerpa b NpUBOAUT K YMeHbIIEHUIO BEJTUUHHEL ~- Ha 1%, 1. e. B 18 pas

v

MeHee 3(Q(QeKTHBHO.

[IycTe BMecTO mapaMeTpoB rp H b Ha yepTexke NPYKHHBI 3aJaHbl pas-
Mephl, yKazaHHele Ha puc. 4. Ilonarast MJst IPOCTOTHI, YTO MapaMeTpwl A K
A uMeT HOMHHAJbHOE 3HAauyeHHe, NTPOAHAJH3HDPYEM CBSi3b MeXKIy BO3IMOXK-
HBIMH OTKJOHEHHSIMH NapaMeTpoB ro U b. IIpeanosioKuM, UTO BO3MOXKHEIE
OTKJIOHEHHSI OT HOMHHAJbLHOTO 3HAaueHHa AJA pasMmepa B,,, orpaHuueHs Be-
auuuHoi A-Ab, nas pasmepa R — sequunHoit A-Arg. OTHOcHTesbHAas TIO-
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' Ab
TpelIHOCTb NapaMerpa b Oyjer paBHa - OTHOCHTeJIbH 32 TIOTPENIHOCTh Na-

pamerpa Ry, 6yxer paBHa
Ary—+-Ab _A_rQ+ b Ab

—_—

ro r, ro, b

[ToacraBuB B ¢opmynay (4) 3HauYeHHS OTHOCHTEJEHBIX IOrPellHOCTeH

A
napamerpos b u Ry, Halizem, uto Ko3dpduUHeHT OpH —;-0 COXpaHsIeT Npex-
+& ) '

' A
Hee 3HaueHue o, a KosapduuueHT npu 5~ HMeeT CIe 1IN0 BeJInIHiy

ITocne NOACTAHOBKH UHC/JOBLIX 3HAUEHHi BeJHUYHH NOAyYaM o =0,019,

YTO 3HAYUTEJBHO MeHbIe TpexKHero3HaueHHss oop=—0,18. Takum o6pasom,
3ajlaHde MapaMeTpoB ro U b NPYKHHBI B COOTBETCTBUH ( pHC. 4 B paccMart-
pHBaeMOM cJyyae NPHBOLUT K 3HAUUTENbHOMY YMeHBLUICHHIO BJHAHUS TOT-
PEeMIHOCTH mnapamerpa b Ha BeJHUHHY NepeMelleHHsT KO 11a NPYKHUHBL

* JIMTEPATYPA

1. B. A bonuaep, H. 1. ®Ppuanneunnep. ApnauuoHusle npuGopel. OBGopoHrHs,
M., 1960.

2 M.TLL IlymMckui, O.C. 3unxenny, IO.I1. MunueHr os. Exneas HEXKEHep-
Hasi MeETOAMKA pacueTa OCHOBHBIX THIOB OJHOBHTKOBBIX MAHOMETPHUECKHX npyxuH. Mss.
TIH, r. 192, 1969.

3. B.U. Deonocnesn. Pacuer TOHKOCTEHHBIX TPYSOK DyproH.t aiiunTHueckoro ceue-
HHS 3HepreTHYeck#M MeTogom. OGoponrus, M. 1940.



