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3BIPHA MPOTAXKA MNIABULLEHOT )XOPCTKOCTI TA OCOBJ/IMBOCTI 1T
NMPOEKTYBAHHA

Abpocimos MN.A., Martioxa IN.I". (kadp. MC, JoHHTY, M. [loHeLbK, YKpaiHa)

MpOTSXKKA — MHOr0/1€30BMIN IHCTPYMEHT Y AKOro pyx nofadi peanizoBaHo B CamOMy
IHCTPYMEHTI 3a paxyHOK MepeBuLLEHHS NOCNiAyUmMX 3y6LiB Hag nonepegHimm. IX 3acToco-
BYIOTb A1 0OPOOKM UMNIHAPUYHMX Ta (PACOHHMX BHYTPILLIHIX MOBEPXOHb, & TaKoX
30BHILLHIX MOBEPXOHb CKIaAHOT (POPMMU.

MpPOLYKTUBHICTb NPOTATYBaHHA [Ly)XKe BUCOKa. Tak npu o6pobui LUNiHAPUYHKX No-
BEPXOHb MPOTAryBaHHA NpU6M3HO B CTO pa3 6inbll NPOAYKTVBHE B MOPIBHAHHI 3 06p06-
KO OTBOPIB BMCOKOI TOYHOCTI 33 [0MOMOroH 3eHKepiB Ta pO3BepToK. Lle focAraeTbcs 3a
paxyHOK CYMIiLLIEHHS B MPOTAryBaHHI onepaLii YepHOBOT, HaMiBYMCTOBOI Ta YMCTOBOT 06pPO-
60K. B pe3ynbTaTi CKOPOUYETbCA HOMEHKNATYpa PiXKy4oro Ta BUMipHOBa/IlbHOr0 iIHCTPYMEHTA,
3MEHLUYETLCA YMCNO BEPCTaTiB Ta TEXHONONYHOI OCHACTKM. [poTAryBaHHS 3abe3sneuvye
TOYHICTb 06pO6KM NO 7-6-My KBasiTeTaM i napameTpu wopcTkocTi Ra=1,25...2,5 MKM; npu
BUKOPUCTaHHI TBepAOCMNaBHUX BUrNagpKyBayiB - Ra=0,080...0,160 MKM. MPOTSHKKN MarOThb
BMCOKY CTIilKICTb BHACNIJOK TOro, WO PiXKy4di KPOMKK TX 3y6OLiB pobnsTh 3a LMK 06p0bKM
HaNKOPOTLLWIA LUNSX B AECATKM pa3 MEHLUWIA, YAM PidXKy4di KPOMKM iHLUNX iHCTPYMEHTIB. Mpw
06po6Li MPOTAryBaHHAM /IErKO 3A4iMCHIOETLCA aBTOMAaTU3aLlis BUPOOHNLTBA.

Pa3oM 3 TUM MNPOTSXKKN — METANIOEMHWIA, CKNagHWIA Y BUrOTOBNEHHI | TOMY AOPOruii
IHCTPYMeHT. OfHaK BUKOHaHHSA MPOTSHXKOK 36ipHUMM [03BONSIE CYTTEBO CKOPOTUTU BUTPATK
KOLUTOBHOI LUBMAKOPI3a/IbHOI CTani i1 3a6e3MmeunmTi 3HauyHe 3AeLleBneHHs KOHCTPYKLIT iH-
CTPYMeHTa.

Ha kadegpi “MeTanopisanbHi BepcTat Ta iIHCTPYMEHTU” po3pobsieHa 36ipHa NpoTs-
XKa (Puc.1), ska mae Kopnyc 1, BUKOHaHWI AK YOTUPUKYTHA NPU3Ma, Ha SKOMY po3TalloBaHi
PiXKy4i enemeHTH 2, WO (iKCytoTbCAa rarikoo 3. Ha ogHOMY 3 TOpLIB PiXKy4oro enemeHTy 2
A1 BUK/TIOYEHHS! KOHTaKTY MOro He LWNihoBaHOT BHYTPILLHLOT NOBEPXHI 3 KOPMYCOM 1 BUKO-
HaHa riyxa po3Touka 4, npu UbOMy [iamMeTp F/IyxX0i PO3TOYKM 4 MnepeBuLLYE AiaMeTp Kona,
AKe € onMcaHuUM BiHOCHO A0 MonepeyHoro nepepidy 5 kopnyca 1. Ha npoTuneXxHomy Topui
PiXKY4oro enemMeHTy 2 BUKOHaHi Mapasie/ibHO rpaHAaM Mpu3MmU Kpi3Hi NPSAMOKYTHI nasu 6,
nepexpecTsi KOTPUX YTBOPKOE OTBIP. 3aKpWUTI, HANPUKaZ, HanpecoBaHUM KifbLem 13 nasn 6
cnyXatb Ans 3abesneyeHHs MOXIMBOCTI LUAIPYBaHHSA MIOCKMX MOCALOYHUX MOBEPXOHb 7
Hackpi3b Ta OAHOYACHO BWKOPUCTOBYHOTHCA $IK MOPOXHWUHWU A/ PO3MILLEHHS B HMX
rigponnacTMacu 8, KoTpa nif yac po60oTy NPOTSHKKN JOAATKOBO 3aKPIiNn/toe PxXyUnii eneMeHT
2. B 3aHbOMY XBOCTOBMKY Kopnyca 1 BUKOHYETbCS OTBIp B KOTPOMY PO3MILLYETLCSA MOp-
LWeHb 9, 3’efiHaHWI 3 perynboBaHMM rBuHTOM 10 3a fornomoroto WToky 11. MeuHT 10 cTBO-
PIOE TiApPOCTATUYHUIA TUCK, SKWIA Kpisb KaHaim 12 nepefaeTbCd B 3arOBHEH
rigponnacTMacold MOPOXHUHN PDKYYUX eNeMeHTIB 2, Wo 3abesneyye TUM camum OifbLu
HagiliHe 3aKpinNeHHs piXKy4mx eNemMeHTIB Ha Kopnyci. Ha Kopnyci piXky4doro enemeHTy 360Ky
nepeaHbOT NOBEPXHi (SKLWO € HeobXiAHICTb) MOXe OyTM BMKOHaHa KifbLeBa NpoToYka 3
YW iNbHEHHAM 14, sike 3a6e3neyye repMeTUYHICTb 3’ €HaHHS PXKYUMX eleMEHTIB MiXK CO6010.

CknagaHHs 36ipHOT NPOTAXKN BUKOHYETLCSA TaKUM YMHOM. Ha npusMaTuyHy LinsHKy
Kopnycy 1 oaaratoTbCs piXkydi enemeHTn 2, Ta (hiKCcytoTbCs raiikoto 3. MoTim B OTBIp 3aAHbO-
ro XBOCTOBMKA 3a/1MBalOTh PO3IrPITY rigponniacTMacy, NoK1 BoHa He 3’ABMTbCA 3 0TBOPY 15,
nicna yoro oTeip 15 3akpyBarTb FBUHTOM 16, a OTBIp B 38iHbOMY XBOCTOBWKY 3aKpVBalOThb
rBMHTOM 10 3 nopluHem 9, SiKi MatoTb MOXMBICTb peryntoBaHHs. Micns Uboro NPoOTSXKKY 3
rigponiacTMacol0 OXOMoMpKYTh 0 Temnepatypu 60°C. Adani rsuHTOoM 10 CTBOPIOHOTH
riApOCTaTUYHUIA TUCK KOTPWUMA MPUBOAUTL O BUHUKHEHHS HOPMa/lbHUX CW/T HA MOBEPXHI
rNyXol PO3TOYKM 4 PiXKYYOro enemeHTy 2, sKi 3abe3nedyaTb MOTPIOHY CUTY 3aKpPIneHHS
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PiXKy4oro enemMeHTy 2 i MOBHY BIifCYTHICTb MPOMIXKKIB. BHacNMigOK LbOro >OPCTKICTb
3aKpinneHHs 610Ky MOPIBHAHO 3 NPOTOTMMNOM 30iNbLUYETLCSA, & OTXKE, TOYHICTb | MPOAYK-
TUBHICTb 06PO6KMN.

[Mpn PO3KpPINIEHHI PDKYYNX enemMeHTIB HeobXifHO BUKPYTUTM rBUHT 10, mporpitu
NPOTSHKKY A0 Temnepatypu 120°C Ta 3n1UTy po3nsiaBieHy rigponiacTMacy, 3HATU raitky 3,
3HATU PDKYYi eNIEMEHTN 2.

3aKpinneHHs iHWWUX PDKYYNX eneMeHTIiB 3[INCHIOETbCA aHaloriyHo OnuMcaHoMy
paHiLue.

MpoeKTyBaHHA NPOTAXKN CKNafaeTbCA 3 3arajlbHO BiJOMUX eTaniB, a TakoX [0LaTKO-
BMX, LLLO 06YMOBJ/IEHI T KOHCTPYKLIEH.

[0 3arasibHO BiOMUX €TaniB, L0 BUKOHYIOTLCA B 3a/1€XKHOCTI Bif rpynu 06pobstoBa-
HOCTI MaTepiasly 3aroToBKM i rpyrnu AKOCTI NOBEPXHI NICMA NPOTAryBaHHsA, BIAHOCATLCA [1]:

- MpU3HaYeHHs MaTepiany piXXy4yol YaCTUHW;
- BMOOpY reOMeTpMYHMX napameTpiB 3y6LiB;
- NpW3HaYeHHs PEXUMIB pi3aHHs;
- BWM3HAYeHHs MapameTpiB KaHaBKW, HeOOXigHOT [ANd po3TallyBaHHS
CTPYXKKMU;
- po3paxyHKY CWUv NPOTAryBaHHS;
- po3paxyHKY KifIbKOCTi YOPHOBMX, YACTOBUX, Kaslibpytoum 3y6LiB Ta 1X
reoMeTpUYHMX NapameTpiB;
- BM3HAYeHHIO PO3MipiB NepeaHbOi | 3aHLOT HaNPaBNAKYUKX:
- po3paxyHKY po3MmipiB NPOTAXKKM NO JOBXMHI.
[opaTkosi eTanu NpoeKTyBaHHA CKIafarTh:
- BuMOIp maTepiany Koprycy NpoTAXKMY,;
- MepeBipKWN Ha MiLHICTb pi3bby Ha 3MWH B raiui 3;
- MepeBipKMN Ha MILHICTb KOPMyCYy NPOTSXXKM B HeGe3neuHim nepepisi;
- BW3HAYeHHS MOMEHTY, HeoOXifHOro Ans 3aTAryBaHHs rsuHTa 10, W0
CTBOPHOE TiAPOCTaTUUHUIA TUCK.

MaTepian Kopnycy npoTshXKKM BMOMpalOTb 3a PeKoMeHJauiamu BUOOpy Ma-

Tepiasny XBOCTOBMKa, a came cTaib 40X.
[MepeBipKy pi3b6by Ha 3MiH NPOBOAATL 3a (hopmyroto [2]:
O3 =4EPD}(/7ZE12 <[o,],
fe P —cuna npoTaryBaHHs (TAroBe 3yCu/ns BepcTara);
k — Kkoag. HaginHocTi (k=1,5);
d — cepegHii giameTp pi3bou;
[o,] - monycTuMi HanpyeHHs B MaTepiani raiku.
CepeaHiii giameTp pi3bby 3HaX0AATb NO hopMyi:
d=0850,,
a foNyCTUMI Harpy>XeHHSA — MO 3a/1eXHOCTI:
[O_,q] <ot /2,
o7 - MeXa TeKy4yecTu mMaTepiany Kopnyca.
MepeBipka Heb6e3neyHOro nepepisy KBagpaTy Ha po3Tar [2]:
O3 — P/ FHI‘l = [O-,q]a
pe F,, —nnowa Hebe3neyHoro nepepisy.

Mnowia Hebe3neyHoro nepepisy 3HaXo4MTLCA Mo hopMyi:
FHI‘I = Fn - FK’

Ae F, —noBsHa n/oLa nepepisy.
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Puc. 1 — 36ipHa NpoTsKa NiABULLEHOT XXOPCTKOCTI: a — 36ipHa NpoTsXKa; 6 — nepepis
A-A; B — piXXyunii enemeHT; r — Bug b; g — Bug B; e — BapiaHT BUKOHaHHS PiXKy4oro efemMeH-
Ta.
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F. — nnoLia KaHanis.
LLi niowyi 3Haxo4dTbCA 3a popmMynamMm:
F, =a’; F =z /4+d, 0O,

[ie a — [JOBXWHa CTOPOHM Mepepisy Npusmu;
d, — AiaMeTp LeHTPasbHOTO KaHany,

d, — AlameTp nigsigHOro KaHay;

|, — AOBXWHa NiABIAHOIO KaHany,

N, — KiNbKICTb MiABIgHMX KaHauiB.

Br3HauYeHHA MOMEHTY HeoOXigHOro A1 3aTAryBaHHA TBWUHTA, LLO CTBOPHOE He-
06XiAHWI rigpoCTaTUYHNIA TUCK, BUKOHYETLCA Mo opmyni [3]:

M = rc [Q[ﬂg(a+p)+ |\/IT,

[ie r, — CepefHiii pagiyc pisbowm;

a — KyT niginomy pisbou;

£ — KyT TepTs B pi3b0i;

M; — MOMEHT TepTA B MIiCTi KOHTaKTYy TOPLA FBUHTA 3 MOPLLHEM,;

Q — cuna, 3 AKO0 MopLUeHb NMOBMHEH TUCHYTW Ha ripo nnacTMacy.

Cuna Q 3HaxoAnTbLCA NO 3a/1eXHOCTI:

Q=pxm?2/4,

TyT p — TUCK B NOPOXHMHAX, LLLO 3arMOBHEHI rigponaiacTmMacoto;

d, — AlamMeTp NopLLHS.

3anpornoHoBaHa 36ipHa MNPOTSXKa MOXKe 3acTOCOBYBaTUCL MNpW 06po6Li OTBOpIB
Pi3HOT (hopmu, 3abe3nedyroum MigBULLEHHA TOYHOCTI | MPOAYKTUBHOCTI 06PO6KMK, 3a paxyHOK

36iNbLUEHHA 3ara/ibHOI XXOPCTKOCTI KOHCTPYKLIT, AKY 3abe3neyye rigponsactmaca, Lo 3anos-
HIOE MPOMIDXKKM MiDK KOPMYCOM Ta PXXYYMMU efleMeHTaMMm.

BucHoBOK

- Po3po6nieHa HOBa KOHCTPYKLiS NMPOTSHXKM NiABULLEHOT YOPCTKOCTI, Ha AKY
nofaHa 3asBka Ha Buga4vy nateHTy B [ep>XnaTteHT YKpaiHu,

- 3anponoHoBaHa MeToAMKa MPOeKTyBaHHS 30ipHOT MPOTSHXKKM  NigBULLEHOT
YKOPCTKOCTI.

Cnucok nitepatypu: 1. MpoTsxxku gna obpabotku oteepcTuid / [. K. Maprynuc, M.
M. Tsepckoii, B. H. AwmxmuH n gp. — M.: MawmHocTpoeHue, 1986. — 232 c., un — (b-ka nH-
CTPYMEHTU/bLUMKA). 2. MexaHikKa NpPYy>XXHUX AedopMiBHUX cucTeM. YacTuHa 1. HanpyrkeHo-
nedhopmMoBaHNiA CTaH CTePXXHIB: HaBy. noci6HuK / ®. J1. LeBueHko. — Kuis: ICAO, 1993. —
280 c. — poc. moBoto. 3. B. C. KopcakoB. OCHOBbI KOHCTPYMpOBaHUA NpUcnocobneHnii B Ma-
LUMHOCTPOeHUN. — M.: MalumHocTpoeHune, 1965. — 360 c.
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PACYET AOMNYCTUMbIX OTK/IOHEHWIA 9NTIEMEHTOB MEYN C
LWAFAROLLIMIU BANTKAMIK

Amnunnoros A.E., HnkHnk A.B., Cugopos B.A.
(kadp. MO3UM,kadh.conpoTwusneHns maTepuanos, JoHHTY, r. [loHeuK)

B pesynbTate npocefaHns OMOPHbIX KWHBEB HarpeBaTe/IbHOM Neyn ¢ Larakowmmm
6asiKaMn MeIKOCOPTHOMO MPOKATHOrO CTaHa MPOUCXOAUT OTK/IOHEHUE YacTel HUXKHEN pambl
OT MPOEKTHOro MOSIOKEHMS. [eOMeTPUYECKME OCK YacTell HVDKHE pambl OTK/IOHSAKTCA OT
reOMeTPUYECKMX OCein Liexa. B pe3ynbTare OTKNOHEHUS OCK NMPOUCXOANUT U3MEHEHWE YCOBUIA
paboTbl 31EMEHTOB MexaHU3Ma nepefsrkeHus. MNpoLeccbl U3MEHEHNS MOMOXEHUA MpoTeKa-
tOT MO AMHAMMUYECKMM 3aKOHaM BO BPEMEHU W1 BENIMUMHbI OTKNOHEHWIA MOCTOSAHHO U3MEHSIOT-
ca. MNpefcraBnsieT MHTEPEC pacyeT LOMYCTUMbIX NpefeNbHbIX OTKNOHEHWU NO BepTUKaIN U
M0 rOPU30HTA/IN OT reOMETPUYECKIMX OCEN Liexa.

PacyeT [OMYCTMMbIX OTK/IOHEHWI MO BepTMKaan. PacyeTHas cxema npefAcTaB/ieHa Ha
pucyHke 1.

Puc. 1. PacueTHasa cxema

Mpy onyckaHWM OAHOrO KpaiHero katka (popkond yCNOBHO He MOKa3aH) Ha BeNYu-
Hy X (419 HarnagHOCTU NpeyBefinyeHa) NPOUCXOANT YANMHEHWe BeIMUYNHLI L Ha BENUYUHY
L”. BennuuHy npefenbHOro oTknoHeHusa X onpegenum no dopmyne: X = L"xsinga ; yron

L
OTK/IOHEHMs! O ONPeAenM Mo hopMyne: o = arccos il ; BE/IMUMHY NpeAenbHOro yaHe-
+

w_ NXL
HUs onpegenumM no dopmyne: L :ﬁ; rae N-npefensHoe ycunue B CTepXkHe (opkon-
X

x d?

(a, N :[G]XF; rge F-nnowafb ceveHuMs cTepXkHA qopkonda, F = dd ,d=130 mm; E-

moaynb FOHra ans ctanu, E=2,2-10° MMa; [o]-npeaen TekyuecTu,[0]=160 Mra; L=2200 MM;

2
Onpegenvm nnowaab cevyeHns CTepXHs dopkonda: F :w =13266,5mm?.
Onpegenum ycunue B ctepxkHe: N =160x13266,5 = 2122640H; onpegenvMm gonyctumoe
YI/IHEHWE: L"= 2122630><2,2 =1,608x10™*m = 0,16mm; CymmapHas ANVHa:
2,2x107x0,132

2200

2200,16
MpenenbHoe OTKNOHEHWE Mo BepTMKann: X = 0,16 xsin0,69 = 26,53mm;

L+ L"=2200+0,16 = 2200,16mm; ¥YT0/ OTK/IOHEHNA O PaBEH: & = arccos =0,69%
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BblBOA: NPV OTKNOHEHMWN KpPalHEro Katka 6onee yem Ha 26,53 MM Mpou3oinaeT asa-
PUAHBIA NOpPbIB (hopkonda.

PacyeT A0NYCTUMbIX OTKIOHEHUI NO rOpn3oHTaaun. Mpu NepeKkoce HUXKHEWR pambl, KO-
rga Kakas-nmbo Cekums M3MeHSIeT CBOe MOJIOKEHNe OTHOCUTENbHO FeOMETPUYECKMX OCeM,
MPONCXOAUT OTK/IOHEHME OCK CeKLMM NO ropu3oHTanun. Mpn aTom opkong okasbiBaeTcs B
ponu 6anku, 3alleM/ieHHON C OAHOW CTOPOHbI HEMOABWXHO, & C APYrov MMeeTcs BO3MOX-
HOCTb MepeMeLLeHNs Ha BEIMUMHbI pagnasibHbIX 3a30p0B. Mponucxoamt n3rné ocu opkondga,
KOrfa paccuvTtaH (POPKOrMbl TOMbKO Ha pacTsXeHue. PacyeTHas cxema NpeAcTasfieHa Ha pu-
CyHKe 2. N-ycunue, AeiicTBytoLLee Npu TporaHun pambl; L-anvHHa dopkonda, L=2200 mwm;

E-BenumHa OTKMOHEeHWA, BBeleHHasa AN ynpolleHua pacyeta, E=25 mm; N onpegenum no
2

(hopmyne: N = zxd X p; rge d-guameTtp MOPLUHA ruapounnnHapa,d=320 Mm; p-AaBneHue

2
macna B cucteme, p = 16 MIa; N = Mxm =1,28MH;

{

Mo _IPo E
S TN X
L

Puc. 2. Cxema K pacyeTy n3rmba ocv thopkonma

3anuLLuem ypaBHeHME /s Y Ha BENINUMHE X:

d? M
=5 =0 [
dx El,
YpaBHeHMe N3rnbaroLLero MOMeHTa OT BEIMYMHBI X:
Mx) =My + R xx=Nxy; [2]

Moactasue [2] B [1], nony4yunm;
d’y _ Mg +Pyxx N

XV 3
dx’ El, El, y 3]
Mpeo6pazosas [3] nonyunm anddepeHumansHoe ypaBHEHNE 2 NOpsaKa:
d’y =N M, P __
St ——Xy=—+ XX [4]
dx® El, El, El,

Myctb k% = # TOrfla ypaBHeHMe NpUMeT BUA:
Z

n 2 Mo Po v}
y'+ky = . + e X X -NINHEHOe HeOAHOPOAHOe AnddepeHUmanbHOe YpaBHEHNE;
A A
y" +k?y = 0 -nnHeliHoe 0fHOPOAHOE AN((hEpeHLMaNbHOE YPaBHEHWE;
3anuiuem xapakTepucTMYecKoe ypaBHeHMe:
R?+k* =0;
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PeLLeHusa nmeroT BUL;
R =ki,R =—ki;
O6uiee peweHve JIOAY:
y =clcoskx +c2sinkx;
YacTHoe peweHune JIHAY Haligem B BuAe:
y’=Ax+B,y" =A,y" =0, Torga

M P
k?Ax+k’B=—2+ -2 xx; [5]
El, EI,
Pewwws [5], nonyunm:
P M
= 20 B = 5 0 : [6]
k°El, k°El,
PeweHne JIHAY nmeeT BUA:
y =clcoskx +c2sinkx + 2P° X+ LVIO ; [6]
k°El, k°El,

MOCTOSAHHbIE MHTErpUPOBaHNS N CU/OBble HaYa/lbHble NapamMeTpbl OMpeseuM K3 yc-
NOBWIA 3aKPenIeHNs CTEPXXHA:

nprx=0 Q(0)=0,y(0) = 0; mpn x=L Q(1)=0,y(1) =1;

. P M
Tak kak y(x) = cLeoskx +c2sinkx + —2—x+—-"—, T0
k’El, = K2El,
Q(x)=d—y—c1ksin o + c2k coskx +—0 ; [7]
dx k?El,
c1 v c2 HaliieM 13 HayanbHbIX NapameTpPoB:
M P
al=-——"—c2=-—"—;
k’El, k°El,

. P
Q(1) = —clksinkx +c2k coskx + —-2—=0;
IZ
MoacTaBuB BCe B UICXOHOE YpaBHeHWE, HavaeM 3HaveHne M :

PO
= coskl -1); 8
° ksinkl( ) 8]
BennunHa y Ha annHe | 6yneT paBHa:
y()= -0 coski+H 0 Finki + 0 |+P°_(C°Ski_1):e; [9]
kEl, k°El, K’El,  ksinkIk2El,

Mpown3seas He06X0ANMble NPE0OPa3oBaHNA U MOACTAHOBKM, MOMYYUM KOHEYHble Bbl-
PaXKeHMs:

2
- ek“El, . [10],
| _Sinkl _ (coskl -1)
k ksinkl
_ ekEl, (coskl 1) , [11]

. _1\2 !
_sinkl _ (cos k_I 1) -
K ksinkl

4

"
rae |, -MOMEHT vHepLumu chopkonda, |, = R
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4
| =34X013 g 0o x10 5 me
? 64

El, -n3rnbHas ecTKoCTb,
=2,1x10" x1,402x10™° = 2944168,1HM?;

1,28x10° _
2944168, 1

0,025x% 0,659 x 2944168 1 Ccos O 659 %2, 2

M, = = —282,689H /m;
Py sin(0,659%2,2) (cos(o,§59 x2,2)-1) in(0’659 %2.2)
0,659 0,659sin(0,659 x 2,2)
2
p, = _ 0,025x0,650" x 20441681 - 4893x10°H:
5o sin(0,659%2,2)  (cos(0,659%2,2)-1)
’ 0,659 0,659 xsin(0,659 x 2,2)
B obwem Buge:
M (x) = —282,689 - 4,83x10° x x =1,28 x10° x y(x); [12]

- 282 4

cl=- =2,336x107"; 9
0,659° x 2944168,1 c2=- 4?93"10 = -5807,06;
0,659° x 2944168,1
9

y(x) = 2,336 x10™ x cos(0,659x) — 5807,06 xsin(0,659x) + 4893x10°

0,6592 x 2944168 1
_ 282
0,659 x 2944168,1
MofcTaBnM NonyyYeHHOe BblpaxeHue B hopmyny [12]:
M (x) = —282,683 — 4,83x10° x —1,28 x10° x
x (2,336 x10™ x cos(0,659x) ~ 5807,06 x sin(0,659) + 3,89 x10° x) =
= -282,683 - 9,81x10° x — 299,01c0s(0,659x) + 7,43 x10° sin(0,659x);
[MonyyeHHOe BblpaXKeHWe NOACTaBUM B hopmyny [2]:
— 282,683 —9,81x10° x — 299,01¢c0s(0,659x) + 7,43%10° sin(0,659x) = 282,689 +
+4,893x10° x —32000;
Mpoun3Beas npeobpaszoBaHms, NONYHUM:
—32000 +14,703%10°x + 299,01¢0s(0,659x) — 7,43 x10° sin(0,659x) = O;
YpaBHEeHMe PeLlnm € NOMOLLbHO KOMMbIOTEPHOIO NpunoxeHus MathCad 7 n nonyyumm:
x =3,2x107°m;
[aHHOoe peLleHne 0THOCUTCA K C/lyvato, Korga B KMHEMaTUYecKux napax CoegnHeHus
(hopkond - NPoyLUMHA OTCYTCTBYOT 3a30pbl, YTO Ha NPaKTUKe HEBO3MOXHO. BBMAY 3TOro Be-
NNYMHA NPeaenbHOro OTK/IOHEHUS OyAeT COCTaBNAThL X M/OC BENMUMHA 3a30pa. [onyyeHHoe

PeLLEeHNe XOPOLLO COrnacyeTcs C pe3ynbTaTamMmy NPaKTUYEeCKMX M3MEPEHWNIA Ha AeCTBYHOLLEM
06opyaoBaHUN.

X = 2,336 x10™* x cos(0,659x) — 5807,06 x sin(0,659x) + 3,83 x10° x;




NH>XEHEP, Ne 3, 2002 r. 113

ELEVATION DES INDICES ENERGETIQUS ET ECONOMIQUES PAR LES
MOYENS DE LA COMMANDE ELECTRIQUE DANS UN SYSTEME D’UNE
PRESSE DE PRESSAGE DEMI-SEC

Borissenko V.Ph., Melnikh A.A. (UTND, Donetsk, Ukraine),
Grigoriev S.V. (MIDIEL, Donetsk, Ukraine)

The questions of practical utilization of the energy conservation system the electric drive —
frequency converter — induction motor — for the press that permit to raise the quality of raw —
brick and reduce the expenditure of energy are considered in this article.

Les briqueteries modernes pour la réception de la brique crue utilisent les presses du
presage demi-sec. Une des presses de tel type est la presse “CMK-450"; le schéma cine-
matique laquel est présenté sur la fig. 1.

dy=1,2m T
J = d3=0,4m
— [
EEEEEE
I A SRS
M d1=0,25m HRRRP18L briques

Fig. 1. Schéma cinematique de la presse. M — moteur d’entrainement asynchrone; MP —
manchon pneumatique; TCT - transmission par courroie trapezoidale (6 couroies); C —
charge.

En qualité un moteur d’entrainement on a utilise le moteur asynchrone a cage d’écureuil
du type 4A avec le glissement élévé — P,=36kW; n,=695 min™; V,=380V; | Zem =6.0;
Maem=1.8; Mmin=1,5; M¢=2,0; 1,=1,2 kgm?; 1=0,85; cos ¢=0,85.

Le démarrage de tel systeme comme la regle est réalisé a vide selon le couple de résis-
tance déterminé par les pertes intérieurs de mécanisme et apres le systeme commence a fonc-
tionner avec la fréquence des presages h — cela se déterminé par la cinématique de la machine.

Le fonctionnement du noeud de presage approximativement peut étre présenté par le
diagramme suivant (fig.2):
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Fig. 2. Diagramme du fonctionnement du noeud de pressage — PMH et PMB - points
morts haut et bas; Vpoincon — Vitesse linéaire du poingon, Fmay , Fpress — efforts en poingon en
marche a vide et lors de pressage.

Pour I’analyse suivante du comportement et de I’ajustage du systeme nous determinons:

Le couple nominale du moteur - C, = 955:;.3“ =494,6Nm =500Nm
: : _n,-n, _
Le glissement nominal - g, = . =0,0733
0
0
Le glissement critique- g, =49, %JiJf o -10=0,2735
nat [Cn Cn D
O 0
La constante de temps électromagnétique du moteur, Ty - T, = L. 0,047s;
o9,
Nombre de transmission total - i, =i, [, [, =150;
Le couple a I’arbre du pignon hélicoidale grand
si C=C,dumoteur C,, =C, [, =500150 = 75kNm
Le moment d’inertie total du systéme réduit a la fréquence de rotation
du moteur - Is, kgmi . .
Iy =1y 1oy 1oy 5+ +1 ' =20,099+|" =201kgm?

k1 (. 2 K2 (. 2 + I oincon oincon
(Il EHZ) (Il EHZ |:ﬂ3) P P

I,
/

La valeur du moment d’inertie réduit du “noeud de poingon” |poncon en plus que des dix fois
moins du moment q’inertie du moteur. Cela nous dit qu’on peut négliger pratiquement par le
moment d’inertie |poncon et de I’autre c6té exclure de I’équation du mouvement les membres

contenant I (o, ).

Le nombre des tours du pignon hélicoidale grand - n,,, = & =4.63min™"
I0
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Le temps d’un cycle -t = % =12,95s

L effort de calcul lors de pressage été admit F =630t .

c_ pres

Déterminons le rayon réduit Ryeq lors de la transmission Cppy=75kNm

R, = CP%C _=onm.

La vitesse réduite du poincon:

Mn |]Z)n = Fc_pres |N/red /7701 Ved =0,048m/s

r
Iz(wz _a)l)
ayn_moy = Cn ~Liemt "o tyem = 2.92S
dyn_ moy

Le temps de démarrage du systeme si C

en C =15C, —t,., =1.95s
La caracteristiqgue mécanique du moteur (fig.3)

dyn_ moy

o=}

0

0 l
02

.
03 \\/
/

4
0.5

, N | o
15 20

3§ 1.0
Fig.3. Caractéristique mécanique du moteur d’entrainement.

Pour les indices donnéede la commande électrique le fonctionnement du systéme élec-
tromécanique de la presse est insuffisant selon tel criterium impotrant comme la qualité de
pressage — elle est estimée d’aprés la valeur de la humidité des briques crues . Aprés le
pressage les briques crues sont avancees au four ou elles passent le traitement final par la
cuisson. L’humidité exagérée du matériau initial méne a I’augmentation du temps de sejour
dans le four et comme le résultat — (méne) a la consommation élévé d’énergie.

Pour la réduction des pertes d’énergie lors de cuisson on a été propose de passer sur la
loi nouvelle de pressage de la charge dont elle permet d’éliminer I’humidité “surnormative”.
La réalisation de ce but a été executé grace a I’utilisation du systeme I’alimentation du moteur
a coté d’un convertisseur de fréquence (CF-MA), il realisant la loi desiréedu mouvement du
moteur et en méme temps — de pressage. La fréquence de rotation du moteur dans ce cas ne
réste pas constante, elle se change en fonction de la charge.

Aprés le fin de pressage le signal du capteur de la position SQ; passe au schéma de
commande par le convertisseur et a la sortie de celui-ci s’apparaissent la tension et la
fréquence élévée ce que mene au levage brusque du poingon; lors du travelling avant du poin-
con sur SQ; la consigne pour la tension et la frequence est diminuée et poingon commence a
presser la charge en extruisant d’elle I’humidité “surnormative”; processus est terminé lors du
traveling avant du poincon sur SQ;.
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Fig. 4. Diagramme de fonctionnement du noeud de pressage lors de I’utilisation du
systéeme — convertisseur de fréquence — moteur asynchrone (les lignes discontinues)

La position des capteurs SQ; et SQ, détermine les fréquences de rotation du moteur —
Wmax, Wmin, C’eSt a dire la fréquence maximale et minimale de la tension d’alimentation du
moteur— fmax, fmin.

Apres la vérification du taux d’humidité (&) dans la brique crue et dans le cas de sa
difféerence de la valeur admissible, par example, dans la grand c6té, il est possible de
réinstallation des capteurs (SQ1 et SQ2 le changement de la gamme de fréquence
d’alimentation fynax - fmin). @ l'aide d’augmentation de [I’effort final du pressage.
Habituellement apres telle correction il est réussi d’obtenir &cou< &adm que permet de diriger
toute la brique crue vers la cuisson et garantur la réception de la brique de haute qualité.

W
L

j —— |
ey - e, - frnux

Wa T

i min

A
0 C

1.0 2.0

Fig. 5. Caractéristiques mécaniques du moteur lors de la pression commandee.

Le diagramme de fonctionnement du noeud de pressage pour la commande électrique
fréquentielle est montré sur la fig.4. Les caractéristigues mécaniques du moteur lors du
pressage commandé sont présentées sur la fig.5.

Finalement de mise en application du systeme convertisseur de fréquence — moteur
asynchrone (CF-MA) pour I’entrainement de la presse “CMK-450" a la briqueterie de
Otchérétino la qualité des briques est dévénue considérablement mieux; on a été diminué les
pertes d’énergie sur la cuisson et dans le moteur d’entrainement.
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PA3PAEOTKA MOAENEWN ANA ONPEAENEHNA KNHEMATWNYECKOI'O
KO3PDNUMEHTA TPEHUNA METAJIJTTMHECKOW CTPYXXKWN

MuTbKOo A. H., Heuenaes B. I'. (kadp. TM, JJoHHTY, r. [loHeuk)

B MalMHOCTPOUTE/IbHON MPOMbILLIEHHOCTU U3BECTHO HECKO/LKO CrOCO60B 3BaKya-
LMW CTPYXXKUN M3 30HbI Pe3aHus - yaaseHne € NMOMOLLbIO TMAPOCMbIBA, MHEBMOOTCOCA U Ap.
Mpn 1CMoMb30BaHNM TMAPOCMbIBA CTPYXKKA YAANSETCA MOTOKOM >XMAKOCTU. HefoctaTkom
3TOro cnocoba sasnsetca 60nbLuoin pacxog COTC, 4TO HelenecoobpasHo B 3KOOrMYECKOM,
9KOHOMWYECKOM M 3HEepPreTMYecKOM acrnekTe. Y60opKa CTPYXXKM MHEBMOOTCOCOM OCYLLEeCTB-
NAeTCA C MOMOLLbIO NOTOKa BO3ayxa. [ns MeTasIMUYecKol CTPYXKKKN, 0COBEHHO CTasIbHON U
YYryYHHOR, 3TOT MeTOA Hea((eKTUBEH U3-3a HEOOXOAMMOCTU OCYLLECTBNEHUS JOCTATOUHO
3HAUNTENILHOTO CUIOBOFO BO3AelcTBMS. lMpeanaraeTca cnocob aBakyauum CTPYXXKW Hanop-
HbiMn cTpysamn COTC, KoTopbli 60nee NMPOM3BOAUTENEH B OTHOLUEHUM 3KOHOMUYECKMX,
3HEPreTNYECKNX 1 IKCMyaTalMOHHBIX MoKa3aTenein. ITo onpegenseT LenecoobpasHOCTb ero
MCNONb30BaHMSA NPU (hpe3epoBaHM Na3oB, (YUTrypPHbLIX NabUPUHTOB U T.4.

C uefblo onpefeneHns napamMmeTpoB HarMopHbIX YCTaHOBOK, 06eCneyrBaroLLMX CBOEB-
PEMEHHYIO 3BaKyaLuo CTPY)XKK Npu (pesepoBaHun T-06pa3HbIX Na3oB paspaboTaHa Marte-
MaTuyecKas Mogenb npoLecca nepeMeLeHmns CTPYXXKN. BennumHoi, B HanbosbLLei CTeneHu
onpegenstoLwein NoTpebHoe 3HaYeHWe CUbl MMAPOAVHAMUYECKOrO BO3AENCTBMS HaMOPHbIX
cTpyin COTC, aBnsieTcs KOIPQULMEHT TPEHMS CTPYXKKM MO CTaNu.

HecmoTps Ha Ha/Mume 3HaYMTENIbHOrO yncnia PyHAamMeHTa/IbHbIX paboT B 06nactu
Tpn6oTeXHWKM [1 1 Ap.], 3aKOHOMEPHOCTW BANAHUA NapaMeTpOB TEXHOIOMMYECKUX CUCTEM
(napameTpa LepoxoBaTocTM RZ, faBneHus B nepemeLLaeMoM 06beMe CTPYXKKM P 1 BlaXx-

HocT W ) Ha conpoTuB/eHMe NepeMeLLLEHII0 CTPYXKKU NPAaKTUYECKN He YCTaHOB/EHbI (B Ha-
MIMeHbLLIE/ Mepe UCC/ief0BaHO COBMECTHOE B/SIHME 3TUX NapaMeTpoB).
Han6onee yao6HOW ANs MPaKTUYECKOro WCMOMb30BaHUsS (hOPMOV NpeAcTaBieHUs
(hYHKLIMOHANLHO CBA3M MEXY YKa3aHHbIMU NapaMeTpaMmit sIBNSETCS 3aBUCUMOCTb BUa
fc =F(Rz, p,W), 1)
roe fo — KOahPULUMEHT CONPOTMBNEHMS NEPEMELLIEHNIO CTPYXKKKN; Rz - mapameTp Lie-
POXOBATOCTM MOBEPXHOCTel T-06pasHOro nasa; p - /[aBfeHMe B MaccuBe MepemMeLLlaemoit

CTPYXXKW; W - BN@XKHOCTb YAQNSAEMOW CTPYXKKW.

B kayecTBe MCXOAHbIX AaHHbIX 415 MOYyYeHUsi CeMenCcTBa MOLEen MHOXECTBEHHOM
perpeccumn ynpasfisieMoro TeXHOMOMMYeCKOro BO3AENCTBUA MCMO/b30BaHbl pe3y/bTaTbl 3KC-
NepuMeHTa/IbHbIX UCCNeL0BaHWNIA, BbIMOIHEHHbIX HA MOTHOPa3MEePHONM CTEHA0BOM YCTaHOBKE.
VccneoBaHWs NPoBe/eHb! B (hopMe MOMHO(AKTOPHOrO akcnepumenTa (Md3) Buaa 3* [2].

cnonb3ys coBpeMeHHble CpefcTBa aBTOMaTM3auMM CO3L4aHUS MOZAeneld, MonyyeHbl
TPeXMepPHbIe HeNMHENHbIe PerpeccUoHHbIE MOAENN AN ONpPeAeneHns KMHEMaTUYeCKOro Ko-
ahMLMEHTA TPEHNS METINYECKON CTPYXKM BUAA

k
f =F(Rz,p )=y b, [Rz" [p™, )
j=0
rae b; - KO3(MUMEHTbI ypaBHEHUS MHOXeCTBeHHoW perpeccun ((j =01,...k);

I.,J: - nokasaTenn CTENeHW MNPy He3aBUCKUMbIX MEPEMEHHbIX YpaBHEHUs perpeccum; k -

'Y
YKMC/0 YNEHOB YPaBHEHUSA perpeccun.
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I"padmueckas nHTepnpeTauus mogenei Buga (2) npeacrasneHa Ha puc. 1.
Pa3paboTaHbl Takke mogenu suaa (3). Mogenu suga (3), otBeyas TpeboBaHUAM afek-
BaTHOCTW, 06/1afat0T 6O/bLUIE HArNSAHOCTBIO U KOMNAKTHOCTbLIO, UMEKOT NPUEMIEMYLo A5
NHXXEHePHbIX PacyeTOB MOrpeLLHOCTb:
W=0%

CrasibHasa cTpyXKa
f =0,057 [(Rz%*%® [p~03 Acp=5,04 % Amax = 10,4 %
AntoMUHMEBasA CTPYXKKa
f =0,026 Rz** p™*°" Ap=4,1% Amax = 12,1 %
UyryHHas cTpyXka
f =0,034 Rz [p 0% Ap=535%  Amnax=117 %.
W =100 % A3)
CranbHas CTPY>XKa
f =0,156 [Rz%%7 [p~23% Ap=213%  Apax=6,5%.
ANOMUHMEBAA CTPYXKKa
f =0,216 [Rz %% 028 Ap=2,03%  Apx= 9,45 %.
UyryHHas cTpy>Kka
f =0,114 [Rz%% p703% Ap=224%  Anx=6,6%.

AHanns pa3paboTaHHbIX MOfeNein No3BONWA CAeNaTh CeaytoLLme BbiBOAbI:

1. Pa3paboTaHHble PErpPecCMOHHbIE MOAENMN M3MEHEHUS KO3pdurumeHTa conpoTuene-
HUS NepeMeLLEHNIO CTPYXKKM MO MeTasily Ka4eCTBEHHO XOPOLLO KOPPECMOHAMPYOTCS C U3-
BECTHbIMW B TPUBOTEXHUKE 3aKOHOMEPHOCTSIMU M3MEHEHUS KMHEMATUYECKOro Ko3thdhuLmeH-
Ta TPEHUS MeTasia Mo MeTanny M afieKBaTHO YCTaHaB/IMBAOT COOTBETCTBYIOLLME KOIMYECT-
BEHHbIE COOTHOLLEHWNA B UCCNEA0BaHHOM AMana3oHe BO3MOXXHOr0 M3MEHeHWsi napamMeTpoB
CUCTEMbI YAaNneHnst CTPYXXKM 13 T-06pasHbIX Nasos.

2. Hanbonee npuemneMbiMK ANs NPaKTUYECKOrO MCMOMb30BaHUA C LENbI0 PeLLeHns
MOCTAaBNEHHbIX 3afay ABAAOTCA MOMMHOMMWANIbHBIE HEIMHENHbIE MOLEN MHOXECTBEHHOM
perpeccun 2-0ro nopsiaka, o6ecneynBaroLLMe 4OCTaTOUYHYO CTeneHb afeKBaTHOCTU U TOUYHO-
cTn. Mogenu 60nee BbICOKMX MOPSAKOB SABNAKOTCA CYLECTBEHHO 60/1ee rpoMO3aKMMU (XOTA
M BMOMHE MPUEMNEMbIMI ANS pacyeToB npu nomowwm NIBM), a mogenn 6onee HU3KMX MNO-
PSAKOB He 06ecrneynBaoT HEOOXOAMMYHO CTEMEHb afleKBATHOCTU Y TOUHOCTM.

Cnucok nutepatypbl: 1. Kparenbckuint .B. TpeHue un nsHoc.- M.: MalumHocTpoe-
Hue, 1968.- 480 c. 2. Heuenaes B. I'., MHUTbKO A. H. SKCnepuMeHTa/lbHOe onpefeneHne xa-
PaKTEPUCTUK TPEHUS MeTal/IMYeCKON CTPY)KKK / COBPEMEHHbIE METaIIOPEXYLLME CUCTEMbI
MaLLMHOCTPoeHNs / Matepuasbl 3-eit BceykpanHCKOW CTyLeHUYeCKOo KOH(epeHLun. Bbinyck
4-.- QoHeuk: JoHHTY, 2002. — C. 111 - 114; wn.



120 MogennpoBaHue, pacyeTbl U MPOEKTUPOBaHME C/TOXHbIX TEXHUYECKNX CUCTEM

YCTAHOBJIEHVE PALUMOHAJIbHBIX MAPAMETPOB UCIHOJ/IHNTE/IbHbBIX
OPI'AHOB O4YMCTHOI'O KOMBAVHA MB12 — 2V2P AJTA YC/10BW
SKCINMYATAUNMUN HA LUAXTE «KPACHOAPMEWCKAA-3ATNTAOHAA Ne 1»

Mop6atos M. A., KytkoBoii P. W. (kad. M, JoHHTY, r. [loHeUK, YKpanHa)

LLlaxToli «KpacHoapmeickas-3anagHas Nel» ¢ 2001 roga skcnayaTMpyeTcs O4MCT-
HOM KombGaliH MB12-2V2P npon3BOACTBA YELICKOro MallMHOCTPOUTE/IbHOrO 3aB0ja
STROJIRNY TOMAS B cocTaBe KOMI/IEKCa C MexaHu3npoBaHHoN Kpenbto MVPO 2800 u
KOHBeepom HB-227/732.

Ha ouncTHOM MalinHe MpUMEHeHbl TPEXIONACTHbIE LUHEKOBbIE WCMONHUTE/NbHbIE
opraHbl guametpom Dy = 1250 MM 1 WwinpunHoi 3axsata B3 = 650 MMm. Komb6aliH B yCoBUSX
1-i toxHOI naBbl 6710Ka Ne3 oTpabaTbiBaeT YronbHbIA NAacT d4 co CpefHUMU 3HAYEHUAMM
MoOLYHOCTM nnacta Hp = 1,71 M 1 yrna HaknoHa no npoctupaHnio « = 3°. CTpoeHue nnacra
NPenMyLLIECTBEHHO MPOCTOE, Yronb Mapku K ¢ nnoTHocTbo = 1,35 TIM®, Xpynkuii (nokasa-
Tenb CTeneHuW Xpynkoctn E =2,8), ¢ CONpOTMBASEMOCTHIO pe3aHMI0 B HEOTXKaTOM 30He
Ap =180 KH/m.

B HacTosweli paboTe MocTaBneHa W pelleHa 3ajada YCTaHOB/IEHWUS paLUOHaIbHbIX
napameTpoB LUHEKOBbIX UCMOMHUTENbHBLIX OpraHoB (M0O) ana athheKTUBHON aKcnyaTauun B
[laHHbIX YCNOBUAX.

B KayecTBe eAVHNYHbIX KOSIMYECTBEHHBIX (DYHKLIWMIA Lienn % pacCMOTPEHbI  KO3(MHU-

LeHTbI HepasHomepHocTU Ky, Ky BHelHNX Harpysok Ha V1O, oTpaxatoLume cTeneHb nx

CVUNOBOW YPaBHOBELLEHHOCTU, W yaeNbHble aHepro3atpatbl W npu pabote kombaiiHa CO CKO-
POCTbIO Nogaun Vnm:

= _ Myimax = Myamin .
71 = Kua M. , (1)
¥y =Ko = M y2max =M x2min : @)

Mch
Vs = KFy — (Fyl + I:yz)max _(Fyl + I:yz)min : @)
(Fys + Fy2)e

Y, =W = i N (4)

60 (B3 [(Hp Wnm Ly

3fecb 0603HaYeHbl: 1 U 2 — MHAEKCbl NPUHAANEXHOCTU COOTBETCTBEHHO K Orepe-
Xarouemy n otctarowlemy 0O;

M, — NpoeKuMs rNaBHOr0 MOMEHTa BHELLHEl Harpy3kn OT cun pe3aHuns Ha I-m (I =

= 1; 2) O Ha KoopAMHaTHYI0 OCb X, COBMajatoLLlyt0 C HOMUHa/IbHLIM Harnpas/ieHWeM [BU-
YXEHMA KombaliHa B0/b 0CK 33608,

Fy1 — Npoekums rnaBHOro BeKTOpa BHELLHEN Harpyski OT cin pesaHns Ha I-m MO Ha

OCb ¥, COBMafatoLLyt0 C HOMUHa/bHBIM MOMOXEHWEM OCU BpALLEHWst OpraHa WU HarpaB/eH-
HYH B CTOPOHY 3a608;

«max», «min» N «C» — WHAEKChI, OTPAXatOLLIME MaKCUMaNbHble, MUHUMaNbHbIE W
CPefiHVE 3HAUEHMS PACCMATPUBAEMbIX BE/IMUNH;
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Py — CPEAHVE 3HAYEHUS MOLLHOCTY Ha pesaHue Ha |-m VO;

VNM — CKOpOCTb NoAayn KombaliHa, COOTBETCTBYHOLLAS €r0 MaKCUMaIbHO BO3MOXHOA
TEOPETMYECKOW NPOV3BOANTENBHOCTY QM B BbiLLEYKa3aHHbIX YCI0BUAX IKCMyaTaLmn ¢ y4é-
TOM OrpaHMuKBatoLLMX QM (HaKTOPOB.

PaccmaTtpuBaemMble NPOeKLUN rnaBHOro MomeHTa M 1 rnaBHoro Bektopa F Ha Ko-
opanHaTHble ocv K Ha kaxxgom I-m 1O onpeensnnck no cnefyroLwmm BblpaXXeHUAM:

n
Mx = 0,5 D1 Ky [ 7; ; ©)
=1
Np
Fy = =Ko [ (Z; Siny; +y; [os g; Biny; +X; [8in 5 B8iny; ). (6)
Ei

34ecb K., — KO3(PULMEHT ocnabneHms Maccuea,;
n, — KONnN4ecTBO pe3LoB Ha V10, yuacTBytoLiyX B pe3aHuu;

Z;,Y;,X; — COOTBETCTBEHHO YCUNMS Pe3aHus, NoAaun n 60KOBOE, KaK NMPOEKLIMN BeK-
TOpa BHELHEN Harpysku Fy; Ha KaXaoMm i-M pesue;

i — LEHTPa/IbHbIA YTroN MeXAy Ha4yanom oTcUéTa 1 i-M pe3LoMm;

[B; — Yron Hak/oHa i-ro pesua no OTHOLLEHWUIO K HOMUHA/IbHOM NI0CKOCTW pe3aHus.

Mpoekumn F, 1 KOSMMMUMEHT K, ~ OMpeAensiMce B COOTBETCTBUM C

OCT 12.44.258-84, yunTbiBaloLemM CyMMY CpefHUX U AeTePMUHUPOBAHHBLIX COCTaB/AOLLMX
3TUX YCUNNIA.

[leTepMUHIPOBaHHBIE COCTaBNAOLME NPOEKLNA F; NPUMEHNTENbHO K NiacTy npo-

CTOrO CTPOEHMS YUMTHLIBAKOT NPUCYLLNE KUHEMATUKe PE3LLOB B COCTaBe LUHEKOBOro MO usme-
HEHUS TOMLWMHbI CTPYXXKM h; 1N KWHEMATUYeCcKWX YrfoB — 3afHero «,; W pe3aHus J,; B

hyHKUMM yrna y; . [leTepMuHUpOBaHHble cocTaBnsiolLme npoekuuii My, n Fy; o6ycnosneHsi

BblLLIEYKa3aHHbIMW (DaKTOpaMn 1 HEONMTUMAIbHOCTHIO CXeMbl Habopa (paccTaHOBKW) pesLoB
Ha LO.

B KauyecTBe OCHOBHbIX ONTUMW3NPYEMbIX MapameTpoB Ana TpéxnonacTtHbiX NO, oc-
HaLLEHHbIX COBPeMEHHbIMWN TaHTreHUanbHbIMK pe3uamu PIT 501-16S, BbICTYNatOT KOHCTPYK-
TUBHbIE NapaMeTpbl CXeMbl Habopa: 415 BCeX pe3LoB (3a060MHbIX, KYTKOBbIX N KPalHMUX KyT-
KOBbIX) — LIarn pesaHus t'; ans KpalHWX KyTKOBbIX N KYTKOBbIX Pe3Li0B YNCI0 pe3LioB B /in-
HUAX pe3aHns m, yribl HaK/oHa Pe3LoB A N0 OTHOLLEHMIO K HOMUHA/IbHOW MNOCKOCTM pe3a-
HUA U UeHTpa/lbHbIE YIbl y;, XapaKTepusytoLlne MeCTOMo/IOXKEHNe Pe3LoB Ha pa3BEPTKe

LLIHeKa.
B KayecTBe OCHOBHOr0O OrpaHW4yMBaroLLEro (pakTopa BbICTYNaIM KOHCTPYKTUBHbIE
BO3MOXXHOCTM pacrofioXXeHus pesuefepxxaTteneii Ha opraHe.
Mpun npoektuposaHun VIO 6blIM MUCMOMb30BaHbI CNefyoLMe COBPEMEHHbIE TEXHUYE-
CKMe peLleHuns:
— LLIHEK CBaPHOW KOHCTPYKLWN; ero OCHOBHbIE COCTaBHbIE YaCTU — KOpnyc, 1060BM1HA 1 NO-
nactu n3 ctanm 17 1C; no60BMHA 1 NONACTM — U3 LITaMNOBaHHOIO NPOKaTa;
— KpenneHve VO Ha Bany — C MOMOLLbHO 3KCLEHTPUKOBOI BTY/KMK;
— pesueaepxatenn BpesaHbl B I060BMHY; YBENMYEHA TOYHOCTb COMPSHKEHUI «pesel-
pesueaepXKarTenb»;
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— BHYTPEHHSIS Pa3BO/Ka OPOLLIEHVS B Tefle IONAcTeli 1 N060BMHbI N0/, KaXablil pesell;
— Ha M3HaLLBaeMble MOBEPXHOCTY NIONacTeil HAHOCUTCS U3HOCOCTOWKOE MOKPbITHE.
Bcero 6b1/10 chopMnpoBaHo 13 BapuaHTOB CXeM Habopa pe3L|oB.
CpaBHeHVe KOHKYPVPYIOLLMX BapraHTOB OCYLLECTB/SNOCL HAa OCHOBE 6e3pa3MepHOro
VHTErpasibHOro KpUTepusi KauecTsa:

4
@r:_zl(7jr [B;). @)
£

3[eCb I — HOMep BapuaHTa;
j — HOMEP eAMHNYHON (DYHKLMW Lienn;
7 jr —YMCNEHHOE 3HaueHwe j-I yHKLMM Lienw, NpuBeAeHHOE K COMOCTaBNMOMY BUAY,
b; — Ge3pasmepHbIA KOIPHULMEHT 3HAUMMOCTM j-Ii (YHKLIMM Lienn, onpedensiemblii

Ha OCHOBE MeTO0/a 9KCMEPTHbIX OLIEHOK.
OnpefieneHe 7 ;. OCYLLIECTBNANOCH MO 3aBUCUMOCTY:

Vic =76 3 i, (8)

[fe 7 j6 ~4MCNEHHOE 3HaueHe 6a30BOro YPOBHA j-i €AMHNYHON (DYHKLWM Lienu.

B kayecTBe ) jg NpuHATBI 3Ha4eHns Ky,q, Kyy,, Kg, W a4na npototuna — noctas-
NEeHHOro ¢ Komb6ariHoM MB12-2V2P NO yellckoro npoussoAcTBa. 1o cornacoBaHuio ¢ 3a-
Ka34uKOM MpWHSATBI Criefytolimne 3HaueHus b;: by =b, =8, b, =b; =5.

[ins pacuéToB 7 jr OblIM COCTABNEHbI aNrOPUTM U MporpamMma. 3ajaBaeMoe YMCo

nonoxeHunii MO B TeyeHUM ofHOro obopota ¢ =0-360° N=18. MNpun onpeseneHNN 3Ha4eHWiA

Fyr = Fy1 +Fyp paccmMatprBasich Takue B3aVMHble MOMOXKEHUS OMEepeXxatoliero v oT-
CTalOLLEro LUHEKoB (MO Yray MoBOPOTa), NPU KOTOPbIX KO(MMLNEHTbI K, MMeNn Hau-
00/bLUEee 3HAYEHUNS, YTO COOTBETCTBYET HAUXYALLUM Cy4asM.
EfvHWYHBIE (yHKUMKM uenu ana 6asoBoro MO (vewwickuid opraH): ., =0,051;
KBT [Y

V25 =0285 755 =0108: y,5 =0351 .
T

B Tabnuue npviBefeHbl NOKasaTenn CPaBHEHWs AN TPEX HauWMydyllyMX BapyaHTOB,
06/1a/1aloLLMX HAUBONbLLIMMM 3HaYeHUsMU O, .

Tabnumua 1. Pe3ynbTaTbl CPaBHUTENbHOTO aHa/IM3a KOHKYPUPYHOLLMX BapyaHTOB.

r /4 ir 7/jr @I’

7 0,029 | 0,253 | 0,081 | 0,330 1,75 1,13 1,33 1,06 34,9

11 0,040 | 0,292 | 0,094 | 0,324 1,28 0,98 1,14 1,09 315

3 0,042 | 0,301 | 0,105 | 0,320 1,21 0,95 1,03 1,10 31,1
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B pe3ynbTate BbIMO/HEHHbLIX WCCNEAOBaHWIA MPeAnoYTEHVE OTAaHO 7-My BapuaHTy C
©, =349.
Hwxe Ha pucyHKe npusefeHbl rpatnkm 3aBMcmMmocTeld npoekuyii M, , M, n Fy ot

yrna nosopota IO ¢ ansa 6a3osoro yewickoro (byksa b) n 7-ro npegnoxerHHoro (1) Bapuax-
TOB.

da)

20000 M_M_m_#
£ 18000 ﬁ—-—-———l""—‘-\ﬁ—I—I———-"‘H\H—H——-“‘H\ﬁ
T 16000 A
=
= 14000

0 60 120 180 240 300 360
§ rpag
6) 14000
s b
£ 12000
< 10000
s I
8000
0 60 120 180 240 300 360
0, rpag
B)
I 35000 5
N
2> 30000
+ n
= 25000
w
> 20000
0 60 120 180 240 300 360
o, rpag

Puc 1. 'padmkm 3aBMCMMOCTEN MOMeHTOB M ,,, M, 1 ycunuin Fy oT yrna ¢.

Haunyuywunia BapraHT No cpaBHEHUIO ¢ 6a30BbIM 061aJaeT CiefyoWwmnMm OLEeHKaMu:
B 1,75 pasa 1 B 1,33 pa3a HWXe COOTBETCTBEHHO K, K, , UTO 0BECreyrBaeT yMeHblUEHME

YPOBHS [AVHAMWYECKOW Harpy>XeHHOCTU 3/1EMEHTOB CWJIOBbIX MOACUCTEM OYMCTHOIO KOM-
6aiiHa. Mpy 3TOM TakXe HECKO/bKO CHMXKaoTCs M, U yAenbHble 3HeprosatpaTbl Ha pe3a-

Hue W.
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SKCTMNEPUMEHTAJIbHbBIE NCCJIEAOBAHUA JNHAMNYECKUMX
XAPAKTEPNCTUK METAJIOPEXXYEIO CTAHKA

Mopobey, N.A., XopxopauH A.B., Boneiiko B.B., LLIabaH K
(AOHHTY, r. loHeUK, YKpanHa)

OfHVM 13 COBPEMEHHbIX HanpaB/ieHNIi COBEPLLIEHCTBOBAHWS METa/INIOPEXYLLMX CTaHKOB,
C Le/Iblo MOBbILEHUA UX NPOU3BOLNTENIbHOCTA, JOITOBEYHOCTM U CHUXKEHMUS Ce6eCTOMMOCTH
M3roTaBNMBaEMbIX [feTafieil, SBMASETCA OCHAlLLeHWe WX CPeAcTBaMU afanTWBHLIX CUCTEM
ynpasneHus [1,2] . OpgHako npu pa3paboTke afanTUBHOWN CUCTEMbI YNpaBneHUs He06X0AUMO
3HaTb XapaKTepUCTUKM AUHAMWUYECKON CUCTEMbI CTaHKa Kak B YCTaHOBMBLUEMCSA peXUMe pa-
00Tbl, TaK 1 B NepexoHble MPOLECChI, pernameHTUpyemMble PEXXMMHbIMU U3MEHEHUAMUN pabo-
Tbl CcTaHKa. C 3TOW Lenblo 41 onpefeneHnst peanbHbIX AUHAMUYECKUX XapaKTepUCTUK CO-
CTaBNALWMX Y3/10B METaNIOPEXYLLEro CTaHKa (3/N1eKTPpOMeXaHUYeCKUin NpuBoj, CUCTEMbI
«NPUCNOCO6/1eHNE-3ar0TOBKa-PEXYLLMNIA MHCTPYMEHT») OblIM MPOBEAEHbI CrieLMaibHbIe 3KC-
NnepuMeHTa/IbHbIE NCCNe0BaHUS.

JKCNnepuMeHTa/IbHble WCCNeA0BaHUA 3aKNHOYaINCL B TEH3OMETPUPOBAHUM MIHOBEHHbIX
YCUNWIA pe3aHunst, U3MEHSAIOWMXCA NOJ BO3AENCTBMEM CTYMEHYATOr0 Harpy>XeHUs CUCTEMbI
MeTaI/IopeXXyLLero ctaHka. Nepes NnpoeefeHVeM 3KCNepuMeHTa NpeaBapuTeIbHO BbINONHEHO
ero niaHMpoBaHue ¢ YYeTOM HENIMHEAHOCTU CUCTeMbI. [11 3TOro, BOCMO/b30BaBLKChL MNP
27 [3], no meToauKe [4] 6bIMM paccunTaHbl BOIMOXHbIE PEXVMbI PabOTbl CTaHKa, T.e. ynpas-
NnsieMble NapameTpbl NpoLecca pesaHns. B KayecTBe ynpas/isemMbIX NapameTpoB CUCTEMbI Obl-
NN NMPUHATLI NOAaYa MHCTPYMEHTA WM CKOPOCTb pe3aHuns 3arotoBku. B KayecTse meTasnnope-
XKYLLEro ctaHka npu UccnefoBaHuAX Obll MPUHAT TOKApPHO-BUHTOPE3HbIA CTaHOK MOAEeN
16K20. B KayecTBe 3aroTOBKM - Oblnia NPUHATA LWIMHAPUYECKAs 3aroToBka AvameTpoM 50
MM 13 ctanm 35 FTOCT 1050-74. [Ans SOCTUXKEHWUSA NOCTaB/eHHOW LieNn 3aroToBka umena 9
O[VMHaKOBbIX KOMMJIEKTOB, COCTOALUMX M3 NPOTOYEHHbIX MOSACKOB C Mepenajamy JUameTpoB
50 — 48 - 44 MM. KOHCTPYKTUBHOE BbIMNO/IHEHNE NMPOTOYEHHbLIX MOACKOB MO3BO/ANO PE3KO
YMEHbLUUTL FTYOUHY pe3aHus, YTO UMUTUPYET CKaYOK CWU/bl pe3aHus rnpu 06paboTke 3aro-
TOBKM, puc.1.

MpW TOYEHUM TaKOI 3aroTOBKM B pe3yfibTaTe pe3koro U3MeHeHUs rnyouHbl pe3aHus ¢ 2
MM 0 1 MM MPOUCXOAUT CKAYOK YCUIMIA pe3aHns, (PrKcaums KOTOpbIX NO3BONSET CYAUTb O
OVNHAMUYECKNX XapaKTepUCTUKax 3/1eMEHTOB CUCTeMbl. [11aH NpoBeAeHUs 3KCnepuMeHTa U
napameTpbl PEXMMOB pe3aHuns npunBeLeHbl B Tab/. 1.

[na nonyyeHns peanmsaumm ycunuii npouecca pesaHns U NepexofHbIX XapakTepucTuK
3/1EMEHTOB AMHAMMYECKON CUCTEMbI Oblna MCNOMb30BaHa U3MepUTebHas U TEH30MeTpUYe-
ckad annapaTypa. OHa cocTosNa U3 TEH30METPUYECKOT0 AaTunKa ycunmsa pesadua [, nuHum
cBsi3n JIC, TEH30METPUYECKOr0 YCUNUTeNs Y, peructpupytoLlero npuéopa P, puc.2.

B KauecTBe faTtumka Cu/bl pesaHnsa Ucnoab3oBasica AMHaMmoMeTp Y /M, B Ka4ecTBe TeH-
30METPUYECKOTr0 YCUNNTENS - CTAHAAPTHbLIA YCUNUTENb Mo4enn Y T-4, B Ka4eCcTBe perncTpu-
pytoLlero npméopa — 6bICTPOAENCTBYIOLWMIA camonuwyLmii npuéop mogenn H338-1I1. Us-
MepuTeNibHasa annapaTypa no3sosisna 6e3bICKaXXeHHO (C MOrpeLHoCTbIO 40 5%) hukcrposatb
N3mMepsieMble BENIMUMHbI B MHTEPBa/IE YACTOT KOe6aHMn MIHOBEHHbIX BEMUNH CU pe3aHns
f0 50 Iy,
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U 44
[J 48

J 50

Puc. 1. Bug 06pabaTtbiBaemoii 3aroTOBKM

Ta6nuua 1. — MnaH npoBeeHNs 3KCNePUMEHTaNbHbIX UCCNea0BaHUI

Ne Mogava YacToTa BpaLye- [ nybuHa pe-
onbiTa | S, Mm/00. HWS N,06/MUH 3aHus t, MM

1 0,7 1000 2-1

2 0,6 1000 2-1

3 0,5 1000 2-1

4 0,7 800 2-1

5 0,6 800 2-1

6 0,5 800 2-1

7 0,7 630 2-1

8 0,6 630 2-1

9 0,5 630 2-1

NcC Yy

Puc. 2. Cxema n3mepeHuii

PY

Bua MeTa/I/IOPEXYLLEro CTaHKa, OCHALLIEHHOTO [AaTYMKOM CWMbl U M3MEPUTENbHO-
perucTpupytoLLieit annapaTypoii, NnpueeaeH Ha puc.3.
Ha pwvic.4 npuBefeH (hparMeHT peann3aLui YCUnms pesaHns npu o6paboTKe 3aroToBKM

C napameTpamu akcnepumMeHTa Ne3 , cornacHo paspaboTaHHOro nnaHa, Taén.1.

Pe3ynbTaTbl NPOBEAEHNsI 3KCMEPUMEHTA MO3BONSAT pa3paboTaTh MOAeNb MpoLecca pesa-
HUS B NporpamMmmHoii cpeae Simulink ¢ y4eTom peanbHbIX 3HAUEHUI AVHAMUYECKNX XapaKTe-
PUCTMK METaNNIOPEXYLLEro CTaHKa MpW MPOEKTUPOBAHUM PEryNPYIOLLEro YCTPOACTBa
afanTUBHOW CUCTEMbI YNPaB/IEHNS.
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b= = e ]
v

o 11 2 3% 5 6 7 8 9 1071799 M3 te

Puc. 4. dparmeHT peanusalumn yCUnus pesaHus npu ycroBmsx YepHo-
BOr0 TOYEHWS 3arOTOBKM

Cnucok nutepatypsbl: 1. Gorobez 1., Golubov N. Adaptronsysteme in der Werkzeug-
maschine fir die spanabhebende Formung — Entwicklungsmethoden und Entwicklungspro-
zesse im Maschinenbau. 5 Magdeburger Maschinenbau-Tage.- Berlin, Logos-Verl.,2001,-
S.45-51. 2. Topobey WN.A., Tony6os H.B., bopens O.A. Pa3paboTka KOHCTPYKUUM MeXa-
TPOHHbIX CUCTEM (Ppe3epHbIX CTaHKoB — C6.TpyfoB MexayHap. Hay4.-TeXH.KOH(epeHLum
«COBpEMEHHbIE TEXHOMIOTUW, Ka4yecTBO, pecTpyKTypmsauusa» TMCR-2001 B r.KuinHese 23-
25 mas 2001 — KnwuHes, 2001, Bbin.1, ¢.382-386. 3. bontsaH A.B., F'opobey V.A. Teopus
NHXXEHEPHbIX 1CCNefoBaHnin: YuebHoe nocobune —[JoHeuk, [AoHHTY, 2001.- 139 c., un. 4.
CnpaBoYHMK TexHonora-mawumHoctpoutens. B 2-x 1. T.1 /Mog pes. A.l'. Kocunosoi n P.K.
Meluepskosa. — 4-e n3g., nepepab. n gon. — M.: MawumHocTpoeHue, 1985. — 656 c.
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AHANN3 AMHAMWYECKWNX CBOVCTB NoACNCTEMBI NPUBOAA
NCMNOSTHNTEJIbHbBIX OPITAHOB KOMBANHA C BUBPO3ALLNTHBIM
YCTPONCTBOM

"'ynsaes B.I"., MauaH 4.U.
(kad. MopHble MmawmHbl, JOHHTY, r.[loHeuK, YKpavHa).

YCcnoBus akcnayatauum 3Ha4MTeNlbHOM 4acTU OYMCTHBIX KOM6aliHOB BecbMa TsKe-
/Nble: BO3pacTaeT [ONSA NIaCTOB C/I0XKHON CTPYKTYPbl, KPOMe TOro, 3HauuTeNbHas YacTb aH-
TpauuToB B JloH6acce paspabaTbiBaeTcs KOMbGainHaM1 C MPUCEYKOI NOPOoL KPOBAW U MOYBbI.
JKcnnyartayms KombaiHOB B TaKMX YC/IOBUAX XapaKTepu3yeTcs Pe3kMm POCTOM AMHAMUKM
paboyero npovecca, NoBbILEHVEM ANHAMUYECKMX HArpy30K B CUNOBbLIX CUCTEMAX U CHUXKe-
HVEM HafeXXHOCTU.

TakuM 06pa3oM, 3aga4a CHUKEHUSI JUHAMUYECKON Harpy>XeHHOCTW B CUIOBbIX CUC-
TemMax KOMbaiiHOB NprobpeTaeT akTyaslbHOCTb.

OLHNM 13 BO3MOXHbIX peLLeHni 3afa4n CHKEHNS AVMHAMUYECKOW Harpy>XeHHOCTW SBNseT-
CA NPUMEHeHNe BUMOPO3aLLMTHBIX YCTPOICTB (B3Y), 4aCTUYHO MOroLaowmx Konebaresb-
HYIO SHEPTUI0 B CUCTEME 3a CYET ONTUMabHBIX YNPYrogeMnupyowmnx napametTpos B3Y.

Havnb6onee uenecoobpasHbiM MeCTOM BCTPOVikM B3Y crepyeT cumTaTb COeAMHEHUE
NCMOJSTHUTENbHbLIX OPraHoB, ABMAKLIMXCA BXOAHbIMW 3BEHbAMMU CUCTEMbI, C BXOAHLIMU Ba-
naMmu TpaHcmuccuun. M3 Lenoro psaga takmx B3Y Hanbonee npefnoytUTeIbHbIMU ABAKOTCA
B3Y KOHCTpyKumK, paspabotaHHoin AN n TM3 nm. C.M.Kuposa [1].

B atnx B3Y ynpyrasg MHOroanemMeHTHas CBA3b BbIMO/IHEHA B BUAE paboTaroLmX Ha
N3rné akcmasibHO-PacnosioXKeHHbIX LUIMHAPOKOHNYECKUX U LUAMHAPOMapabonnyeckmx
CTEPXKHEN 13 NPY)XXMHHOM CTann Mapkn 60C2A, UMAMHAPUYECKME KOHLEBbLIE YHaCTKM KOTO-
PbIX B3aMOJENCTBYHOT C NOBEPXHOCTAMWN OTBEPCTUIA B CTYMULIE U BO BTY/IKE.

OcCHOBHas feMnN@upyroLLas CBA3b Peasm3yeTcs Ha 0nopax CKOMIbXEHUS LLIHeKa OTHO-
CUTENIbHO CTYNULbI B BUAE LUINHAPUYECKMX CONPSraembIX NoBepxHocTein [2].

MONOXUTENbHBIA OCHOBHOM MOMEHT 3aKNtoyaeTcs B AeMN(UMPOBaHUN KPYTUbHBIX
KonebaHuin, ofHaKo, Aaxe 6e3 yuéta apdekTa AemnpupoBaHMsS ANMHAMUYECKMX Harpy3oK
KOHCTPYKUMA LiHeKa ¢ B3Y o6nagaeT 60nee BbICOKON HAAEXHOCTHIO 3a CYET pe3epBMpOBa-
HUSA B KOHCTPYKLMWN COeJMHEHNA LLIHEKA C MPUBOAHbLIM BasioM [3].

BCé >Ke OCHOBHbIM ABNSETCA BAUAHME B3Y Ha AMHaMUYecKue CBOMCTBA NOLCUCTEMDI
npueoga WCNoNHUTENbHbIX opraHoB (MMO). CpaBHUTENbHbIA aHannM3  AMHAMUYECKMX
ceoict MIMO 6e3 B3Y n ¢ B3Y (Ha npumepe KombaiiHa PKY-10) nokasbiBaeT NpeBOCXos-
CTBO KOHCTpYKLMKM ¢ B3Y. Bo-nepBbiX, KOIWMDULMEHT XECTKOCTM TpaHemuccum Cq, (CM. puc
1) cepunitHO BbiNyckaeMoro KombaiHa coctasnsieT 1700 Hm/pag, XECTKOCTb TpaHCMUCCUA Y
nocnegoBaTenibHO BKIOYEHHOro B3Y (Cgsy=2678 Hwm/pan) coctasnset 1040 Hw/paa. Bo-
BTOPbIX, KOAPPULMEHT NOrOLWEHNA TPAHCMUCCUN 7 NMPU BK/IKOYEHUN B KOHCTPYKUMO B3Y
nosbicutca ¢ 0,13 go 2,47. B-TpeTbux, KOIMMOULMEHT Bapuaumy KpyTAWMX MOMEHTOB
TpaHCMUCCUMM KOMbaliHa [2] cHu3uTCcs B pesynbTaTe BBedeHUs B3Y B cuctemy ¢ 0,475 go
0,275, 1.e. B 1,73 pas3a.

[ns onpegeneHnsi CO6CTBEHHbIX YacTOT M pacyéta aMnInTYLHO-4aCTOTHOW XapakTe-
puctnkn (AYX), npeactaBuM 3M1EKTPOMEXAHUYECKYHO CUCTEMY MPUBOAA OYUCTHOIO KOM-
6aiiHa (OK) B BUe 3KBUBAIEHTHON AMHAMMUYECKO MOAEeNW, NpeiBapuTe/IbHO YNpPOCTMB eé
(B3anMofelicTBMEM NPUBOLOB OTCTAIOLLErO U ONepeXaroLLero LWHEKOB NpeHebperaem).

Ha puc.1 Co; 1 C;, COOTBETCTBEHHO XKECTKOCTU YNPYruX CBS3ei Mojenei apurare-
na v TpaHcMucenn, Bor U Biz KOIMMULMEHTBI feMNUPOBaHUA ABUraTeNs U TPaHCMUCCUM
(ans geuratens 3KB34-200, Co; =11600 Hm/pag, Bor =100 Hmc). 1y =1,48 krm* 1 1, =0,198
KrM? COOTBETCTBEHHO MOMEHTbI MHEPLMU POTOPA JBUTATENS U LHEKa (AUHaMUYecKme
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Puc. 1. kBMBasieHTHaa AMHaMmunyeckas mogens Mo

({2 _. 72

g — )
1l

XapaKTepuUCTUKN NpuBeLeHbI K Basly ABUraTens).
[na [aHHON AUHAMUYECKON MOLENN pacyéT COBCTBEHHbIX YaCTOT OCYLLECTBNSAEM CO-
rnacHo [4].

|__Jl/2
P :% o T Cp +CL2 E on T Cpp +C£ _C01 B312 ] (l)
hae g 1 1, 4H 1, 1, L0, O ’

Pewwas ypaBHeHue (1), nonyyaem Py =75,1 ¢l Py =109,2 ¢t m COOTBETCTBYHOLLME
UM yactoTel fio =12 'y, f,c =17,4 U,
AMNINTYLHO-4aCTOTHbIE XapaKTEPUCTUKMN ANS YYaCTKOB: WCMONHWUTENbHbIA OpraH — 3/eK-
Tpoasuratens (Hoz (W)) M NCNONHUTENBHBIA OpraH — peaykTopHas rpynna (Joz (w)), paccun-
TaHHble Mo 3aB1CMMOCTAM [1], NpeAcTaBneHbl Ha Puc.2.

e =J Al Blo) @

M*(@)+N*(@)’
_ |C*(@)+D’(a)
ﬂoz(w)_\/Mz(w)_l_Ng(w)’ (3)

M (w) =1, 0, [ _[CIZ [ﬂll + |2)+ﬂ01 LB, +Cy D]z]BUZ +Cy [Ty ;
N(w) = [_ﬂn [ﬂll + Iz)_ﬂm EII1] Fo +(,B01 [C12 +C01 55’12)93?

_ v, [Cy
roe B, (o)=12—12 4
A 12() 2 @
w =2 [f, (5)

Ha rpadmkax poi(w) 1 Ho2(w), NONyYeHHbIX Npu gonyLeHnn, 4to Crp= oo 1 Brp=0,
BUAHbI [1BA MAaKCUMyMa Ha COOCTBEHHbIX 4acToTax, CM. puc. 2 lMofoXuTesibHoe BUAHUE
B3Y 3ak/t04aeTcs B YMEHbLUEHUN MaKCUMa/IbHbIX KOS(MMULNEHTOB LUHAMUYHOCTH.
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20 25 TfTa
Puc.2. A4X MMO ouyncTHOro KombanHa ¢ B3Y

Mpn  yuyéTe XECTKOCTM TPaHCMUCCUM W e€ Ko3pdumLveHTa AeMnMpoBaHns Noyya-
eM rpaukn 4 (W) N w5, (W), U3 KOTOPbIX BUAHO, YTO PE3KO BO3PacTaeT MakCUMaibHas am-

NAUTYAA, U MaKCUMYMbI BYX rpafikoB HaXo4ATCA Ha 6/IM3KUX YyacToTax. STO MOXET ObITb
06yCcnoBieHo 60/bLIMM 3HaYeHMeM KO3((ULMeHTa CBA3aHHOCTY O [5] napumaibHbIX CUCTEM
“ aBurartens” - “TpaHcmuccns ¢ B3Y”.

£
=2y, —; (6)

i

rae Yz — KoauumeHT ynpyrom cessu;

€ — KO3(D(MUMEHT PacCTPOiKM NapumabHbIX YacToT;

[ns BTOpPOro BapuaHTa KO3P(UUMEHT paccTpoiky yactoT €=0,78 , KOAQpUUMEHT
cBsiaHHOCTM 0 =1,16, 4YTO 06yCNaBNMBAOT 3HAUUTENLHOE MOBbILLEHWNE AVHAMUYECKOW Ha-
rPY>XEHHOCTW 3fieKTpoaBurarens, 6e3 CyLleCTBEHHOI0 CHDKEHUS KO3pduLmneHTa ANHaMmNY-
HocTn 5 .0fHako ana Mo 6e3 B3Y €=0,98; y,=0,36; 0=16,2 , 4TO CBUAETENb-CTBYET O

HebnaronpuaTHOM COYeTaHUW NapameTpOoB.

[ns nonyyeHns nydilero BapuaHTa codetaHms napameTtpos MMO n B3Y Heobxoan-
MO MPOBECTU [OMONHUTENbHbIE UCCNEeL0BaHNA, N3SMEHUTbL KOHCTPYKUUO B3Y 1 TpaHcMuc-
CUN TakK, YTOObI YaCTOTbI NApLMaSIbHbIX CUCTEM CYLLECTBEHHO OT/INYA/IUCD.

Cnucok nutepatypsbl: 1. Manees I'.B., N'ynses B.I"., Boiiko H.I". n gp. MpoekTnpo-
BaHWe 1 KOHCTPYMPOBaHVe ropHbIX MalUnH 1 KOMIMJIEKCOB: YUebHUK Ans By308B.- M.: Heppa,
1988.- 368 c. 2. I'ynaes B.I"., Fop6atos M.A.,KpueyeHko HO.A. MeToguka ycTaHOBNEHMS
paLUMOHa/bHbIX NapaMeTPoB BUOPO3ALLMTHBIX YCTPOMCTB B MOACUCTEMAX MPUBOAA OUNUCTHbIX
KOM6ainHOB //YTonb YKpauHbl.- 1991,No5, c. 38-41 3. lNynses B.I'., lopbatos MN.A., Kpus-
yeHKo FO.A. AHan3 HaféXHOCTU CMUCTEeMbl MPUBOAA UCMOHUTENbHBLIX OPraHoB OUYMUCTHbIX
KOM6ainHOB € B1OPO3aWMTHLIMKU YCTporcTBaMu //I13B. By3oB. MOpHbI XypHan.- 1990, Ne7,
c. 85-91 4. TMaHoBko HA.I'. OcCHOBbI NPUKNAAHOW Teopun YNpyrnx KonebaHwin. —
M.,MawumHocTpoeHue,- 1967. —316 c. 5.Ctpenkos C.I. BeeaeHune B TEOPUIO KonebaHwWit. -
M.,Hayka,- 1964,-437c.
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AHAJTIN3 N1 COBEPLLEHCTBOBAHWME IBYXCTOEYHbIX LLNTOBbLIX
KPEMEW OJTA MJTACTOB C MAJTOYCTONYNBOW KPOBJIEN

'ynaes B.I",, N'ynaeB K.B., J1aBopko E.FO.
(kadp. MopHble MalumHbl, JOHHTY, 1. [JoHeuK, YKpauHa).

Knaccnmkayms WMToBbIX MexaHn3MpoBaHHbIX Kpeneid (LLLMK) no kuHematuyeckmm
npusHakam B1-B4 v o60cHOBaHMSA LefecoobpasHOCTV MPUMEHEHMS HA MONOrOHAK/IOHHbIX
nnactax ¢ MasoycToinumeoii kposnein LLUMK ¢ knHematuueckum nacrnoptom Bl (kpenu Tuna
KOA4, M137, ABT-07/15 v gp.) paccMoTpeHbl B paboTe [1]. B3aMoaencTBume Takux Kpenein
c OOKOBbIMW MOpofamy B paboyeM [manasoHe PasfBMXKHOCTU XapaKTepusyeTcs psgaom no-
NOXMWTENbHLIX 0CO6eHHOCTEN. K KX uymciy OTHOCATCS: (DOPMUPOBAHME TOPU3OHTA/IbHO-
COKUMAIOLLMX YCUWIA OT NEPEKPbLITUIA KPenu Ha KPOoB/tO (3TO CNOCOGCTBYET COXPaHEHWIO ee
YCTOMYMBOCTM) U MOHMXKEHHBIA YPOBEHb BHYTPUCEKLMOHHbIX Harpy3oK, 4TO MO3BOMSET
YMEHbLUNTb MaTepuasioeMKOCTb CEKLMI Kpenu Npu 3afiaHHOM YPOBHE HafeXXHOCTU.

B Toxe Bpemsa Ha waxtax [JoHeuKoro 6acceliHa, Haxo4aT NPUMeEHeHue [ABYXCTOeuY-
Hble LMK Tnos KM500T, MVP02800-09/24 n HekoTopble Apyrne ¢ KMHemMaTukoin B3.
HepoctaTtkom 3Tnx LMK ABNAKOTCA CYLLECTBEHHO HE OAMHAKOBble 3KCMyaTalOHHbIe Ka-
yecTBa Mpw paboTe Ha nniacTax pasIMYHON MOLLHOCTU. ITO OOBACHAETCA M3MEHEHWEM Ha-
NpaBneHNs CMeLLEeHNA NepeKpbITUA OTHOCUTENIbHO KPoBaM ( K 3a60t0 unm oT 3a60s) nof
[eliCTBMEM TOPHOIO AaBneHus npu paboTe Kpenu B pasHbIX 06/1acTAX ee pasdBMdKHOCTY [1,
2].

PaccMOTpuM npeg/iaraeMblii METO[, aHan3a M COBEPLUEHCTBOBAHUSA [BYXCTOEYHbIX
ogHopagHbix LMK ¢ kuHematukoit B3 Ha npumepe kpenu Trna KM500T gns niactoB
MOLLLHOCTbIO 1,25-2,5M, npuMeHsieMoli npy oTpaboTke nnacTa l; mowHocTbio 1.55-1,62M Ha
WaxTe «TpyLoBCKas».

MapameTpbl YeTbipex3BeHHOro MexaHusma Kpenv KM500T (l1;=740mmMm, 1,=382,4MM;
1,=820MmMm; 1,=602Mm; BM=1733,6MM; B,= -8,8°; B4=34°) 06ycnoBnMNBalOT TPaeKTOPMIO ABU-
YEHUA TOUKM M (OCK LUapHMPHOIO COefMHEHUS MepeKpbITUA C orpaxaeHvem) suga B3 ¢
[BYMs TOUYKaMu nepernba B paboyemM AmanasoHe pasfBUXHOCTU Q14> @12 @1, TAE Q1 — YION
NMoBOPOTA 3af|HEr0 pblvara YeTbIPEX3BEHHWNKA, @ Q15 N P14 3HAYEHUS YIa @1, COOTBETCTBYHO-
LLie BEPXHEN 1 HKHEN rpaHuLam paboyero gnanasoHa [2 ].

Mpn pabote Kpenn KM500T Ha nnactax MOLWHOCTb2,5-2,1m (06nacTb 1) rugpo-
CTOWKaMn 1 YrnoBbIM rMAPOAOMKPATOM (DOPMUPYHOTCS HanpaB/eHHble Ha 3260 rOpPU30H-
Ta/IbHO-CXMMAIOLLME YCUINA 1 cuna TpeHus Fn OT NepekpbITUiA Ha KpoB/ko. Mpy aToM cuna
TPEHUs OT KPOBNW Ha MEepeKpbiTUe HanpasfieHa Ha 3aBasl, YTO YMEHbLUAET Harpysky S B
LwapHupe M 1 0bycnoBnnBaeT OTHOCUTE/IbHO HEBLICOKME Harpy3ku T B nepefHUX v T, — B
3aHNX pblyarax.

[Mpn yMeHbLUEHWUW BbICOTbI cekumnm He (MowwHocTu nnacta) fo 2,07m ocb wapHupa M
NpoXoAnT Yepe3 MepByr0 TOUKY Mepernbda npw (p1:109,3°. Mpn sTom cuna TpeHus F, ot
KPOBNWN K NEPEKPBLITUIO MEHAET Harnpas/iieHne N CyMMUPYeTCA C MPUNOXEHHbIMU K HEMY T0-
PU30HTA/IbHBIMM  COCTaBNAIOLLMMIA CUA, Pa3BMBaeMbIX TMAPOCTOMKaMu (2PC) n yrnosbiM
rmapogomMkpaTtom (Pr). MoaTomy Ha rpaHuLe obnacteit 1 1 2 NPOUCXOANT CKauyKooOpasHbIii
MPUPOCT Harpysok S, T 1 T,. STW Harpys3ku npy paboTe Kpenu Ha niactax MOLLHOCTbIO Me-
Hee 2,1 M (06nacTb 2) B HECKO/IbKO pa3 Bblwwe, Yem npu He=2,5-2,1m [2].

Mpwn paboTe kpenn KM500T B 06nactu 1 (Bbllle NepBoi TOUKK Nepernba) KpmMBu3Ha
TpaekTopumn To4KM M 06yCNoBNMBaET NPY KOHBEPTeHL M 60KOBbLIX NOPOJ NPOCKa/b3blBaHWe
NepeKpPbITUA OTHOCUTEIbHO KPOB/IN B CTOPOHY 326051 U NOMOXUTE/NbHbIE 3HAYEHNS KNHEMa-
TUYecKoit xapaktepuctukun (Y, (¢,) >0). Huxe Toukn nepernba (06nactb 2) Kp1BM3Ha Tpa-

EKTOpUN TOUKM M XapakTepusyeTca oTpuLaTe/lbHbIMU 3HaYEHNAMN KNHEMaTNYEeCKOM Xapak-
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TEPUCTUKM (Yrna MeXay HOpPMasblo K Mo4YBe M KacaTeflbHOM K TPaeKTopuM TOYKK
M (y,, ($,) <0), 4yTo NPUBOAMT K PE3KOMY POCTY Harpy3oK S, T1 u T,. puc.la.

OC06eHHO BbICOKME Harpy3ku Ti u T, hopmmpytoTca npu pabote kpenu KM500T
BOMIM3W HWKHEN rpaHuLbl ee paboyero amanasoHa, KOTOpov NPUMEPHO COOTBETCTBYET BTO-
past Touka rnepernbda Ha TPaeKTopuKn ABVKEHNA OCK WapHUpa M npw cp1:146,5°. 3meHeHne
Yw, CW/bI TPEHNA F Harpy3ok S, T; 1 T, B 3aBUCMMOCTY OT BbICOTbI CeKuum Hc (yrna @)
npu peansaunn ee NPOEKTHbIX CUI0BbIX NapaMeTpoB 2P.=3330kH, P=479kH n Harpyske
Ha orpaxzeHue Q,=300 kH, xapakTepunsyeTca faHHbIMW Tabn.1.

Tabnnua 1 — XapaKTepuCTUKM B3aMMOAENCTBUA C OOKOBLIMM MOPOZaMM  Kpenu

KM500T nipu BbicoTe cekumii He=2,5 — 1,27 M 1 KoathpmumeHTax TpeHuna y = 0,3

@1, rpan 90 100 109 110 120 130 140 146 147
Hc, (91),m 2,5 2,27 2,10 2,07 1,89 1,69 1,45 1,27 1,24
v (91), rpag | 37,9 12,9 0,3 -0,6 -5,3 -51 -2,3 -0,2 |0,2
Fn (1), kH 867 830 829 -818 -759 -738 -726 -707 695
S (1), KH 66 -161 -266 -1925 | -1987 | -2109 | -2308 | -2482 |-1119
T, (91), kH 2591 | 2233 | 2133 | 7079 |5557 |5105 |5351 |5798 | 3164
T1 (91), kKH 2148 | 2427 | 2598 |8275 | 7113 | 7022 |7954 |9200 |5180

W3 T1abn. 1 crnepyet, 4TO nogaepXxaHue Kposam cekumsmm kpenr KM500T Ha nna-
CTax MowHocTbio 2,07-1,27M CONPOBOXAAETCA NMPU KOHBEPreHL MU MOpos CMeLLeHNEM ne-
pekpbITUiA Ha 3aBan (yw<0). 3TO nNpMBOAUT K (OPMMPOBAHUIO TFOPU3OHTASTbHO-
pacTArnBatoLLMX YCUNniA B KpoB/e (4TO CNocoBCTBYET ee 06pYLLEHUAM) U BbICOKUX BHYTPU-
CeKUMOHHbIX Harpy3oK (Timax = 9200kH, Tomax = 5798 KH). INMPOYHOCTb CUNOBBIX 3/1EMEHTOB
CeKLMM JO/MKHA COOTBETCTBOBATL MakKCUMaIbHbLIM 3KCMNIyaTalMOHHbIM Harpyskam. Nostomy
mMaTepuanoemkocTb Takmx LLLMK cyuwiectBeHHO Bblile, yeMm LMK ¢ knHemaTukoit B1 npm
OJHOM 1 TOM >Ke CONPOTMB/IEHUN CEKLMIA KPenu.

YCTpaHUTb OTMEYEHHbIe CYLLECTBEHHbIE HEAOCTATKN ABYXCTOeYHbIX LMK C KuHe-
MaTUKOM B3 MOXHO, NMPUMEHUB B MX COCTaBE YeTbIPEX3BEHHbIE MeXaHW3Mbl C pauuoHasb-
HbIMK NapameTpamu [3, 4]. Vcnonb3ya pekoMeHgauun [3], 4Ns MOAEPHU3MPYEMOW Kpenu
KM500M c¢ pabounm guanasoHoM 1,35 —2,5M NpUHUMAEEM YeTbIPEX3BEHHbIA MeXaHW3M C
paunoHanbHbIMK napameTpamu: |; = Iy = 880mm; 1,=440mm; I3 = 1100mm; BM = 1540mm; B,
= 0°% B4 = 26°. OcTasbHble KOHCTPYKTUBHbIE M CUIOBbIE MapaMeTpbl cekumii kpen KM500M
NPUHATLI TAKUMK XKe Kak 1 ana kpenn KM500T: 2Pc = 3330 kH, Pr =479 kH, Qo = 300 kH.

[ns vccnefoBaHNA KMHEMATUYECKMX XapakTepucTuk kKpene KM500T n KM500M
1CMosib30Basiack MaTemaTuyeckas Mofesb U nporpaMma “knHematunka LMK “[1, 2].

YK = fK[wl’EK(E’F_)KC )]' (1)
roe Y, - BbIXOAHOM BEKTOP, KOMMOHEHTaMW KOTOPOro ABNAKOTCA KoopauHatbl (X,

Yu), TOUKU M, YIibl Yy U Vs, ONPEAENsitoLLye NOMOXEHNA KacaTe/lbHOM U HOPManu K Tpaek-
TOPUM TOYKM M 1 ipyrvne KNHeMaTUYecKme XxapakTepucTukm [1];

f, - BeKTOpP-(hyHKUMA Npeobpa3oBaHMs BXOAHOr0 napameTpa @; (yrna noBopota 3aj-
Hero pblvara) B BekTop Y, [2];

P, - BEKTOp NapaMeTpoB Kpernu, KOMMNOHEHTaMy KOTOPOro ABNAIOTCA:

P, - BEeKTOp napamMeTpoB YeTbIPeX3BEHHMKa (MPUBEAEHbI BbILLE);

P, - BEKTOP NMapamMeTpoB CEKLMN, YUNTLIBAIOLLMIA B PACHETHON CXEMBI.
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C 1cnosnb3oBaHMEM Pe3ynbTaToB pacyeToB NMo Mogenw (1) BbIMONHEHO MOLEeNNpoBa-
Hue B3ammogencTems Kpenein KM500T n KM500M ¢ 60koBbIMKM nopogamu Ha 6a3e mogenu
[1,2]
Y, = TR (PP )] (2)
3pecb Y, - BbIXOAHON BEKTOP, KOMMOHEHTaMV KOTOPOro ABNAKOTCA peakuuy KpoBu
(R1, R2) n nousbl (R3, R4), cunbl TpeHWs Ha nepekpbiTun (Fn) 1 ocHoBaHUU (Foc) W BHYTPK-
CeKLMOHHbIe Harpysku (S, Ty, Ty); (pesynbTaTbl MOAENMPOBaHUA NPUBEAEHbI Ha pUc.l);

f, - BEKTOpP-(hyHKLWSA Npeobpa3oBaHMs BXOAHOIO BekTopa Y, B Bektop Y,[2]; P, -

BEKTOP napamMeTpoB CGKLI,I/IVI Kpenn, KOMNOHEHTaMM KOTOPOIro ABAAKTCA pcc - BEKTOp Cunno-

BbIX MapamMeTPOB CEKLMIA N P, - BEKTOP KOHCTPYKTMBHbIX NapamMeTPOB CEKLMIA, BANSIOLMX
Ha Harpysku ¥ Y4uTbIBAOLMX BUA pacuyeTHoOl cxembl (BekTopbl P, u P, MpuHWManuch

O/MHaKOBbIMW A1 aHaM3npyeMblX Kpenei). Cuna TpeHus F, 3HauyeHus QyHKLUUKN Yy (@1) Y
BHYTPUCEKLMNOHHbIE Harpy3kn kpenu KM500M npu peann3auun ykasaHHbIX Bbllle NpPOeKT-
HbIX CU/IOBbIX NMapaMeTpoB 1 KO3MMULMEHTAX TPEHUS Hn = Hoc= Ho= 0,3 NpuBeAeHbI B TabN.2.

Tabnuua 2 — XapakTepuCTUKWM B3avMOAENCTBUA C OOKOBbIMM MOpOZaMu Kpenu
KM500M nipu BbicoTe cekumii He = 2,5 — 1,35m

. rpag 95 105 115 125 130 135 140
He, M 25 2,33 2,11 1,86 1,71 1,55 1,35
[ (91), TPaa 39,2 15,0 40 07 0,7 13 2,1

Fp KH 1070 930 899 886 877 859 825

S, kH 921 439 263 95 - 21 - 185 - 443
T,, KH - 265 113 317 542 687 863 1070
T,, KH 21 333 612 1013 1314 1738 2392

Kak cnegyet un3 1abn. 2, Bsaumogencreme kpenu KM500M ¢ 60KoBbIMY MOpojaMun B
npefdenax paboyero AgmanasoHa 1,35-2,5M xapakTepusyetcst Yu(¢Q1)>0, NONOXUTENbHLIMU
cnaboyobIBalOLLMMM 3HAYEHUAMU CUMbI TPEHWSA Fq, HanpaBieHHbIMW B CTOPOHY 32605 U He-
BbICOKMMUW BHYTPUCEKLMNOHHBIMU Harpy3kamu. Harpysku B nepegHux Ti v 3agHUX T, pblya-
rax rnpy NpPoYMx paBHbIX YCOBUAX BO3PACTatOT C YMEHbLLEHNEM MOLLHOCTU niacta (BbICOTbI
cekummn Hg). Hambonblias Harpyska T hopMMpYHOTCA B MepefHuX pblyarax npu pabore
BO/IM3M HWKHEW rpaHuubl paboyero guanasoHa u cooTBeTcTByeT 2392 KH. B ToXe Bpems,
(cm. Tabn.1) B kpenn KM500T, paboTatoLuein Ha naactax MOLHOCTbIO 2,07 — 1,27 M Harpys-
Ka Ty B NepefiHMX pblyarax n3MeHseTca B Amana3oHe 8275 — 9200 kH.

CpaBHUWTENbHbIN aHa/IM3 pe3y/ibTaToB MOAENMPOBaHUA B3aMMOAENCTBINA C GOKOBLIMM
nopogamu LMK KM500T 1 LLUIMK KM500M (cm. Takxke puc.1l) CBUAETENbCTBYET O 3HaYU-
TeNbHbIX NPenMyLLLECTBAX MOAEPHU3NPOBAHHON Kpenu, napaMeTpbl KOTOPOV COOTBETCTBYHOT
xapaktepuctmkam LMK ¢ kuHemaTmnyeckum nacnoptom B1l.

Cnucok nutepatypsbl: 1. IN'ynses K.B. O60CHOBaHME KMHEMATUYECKUX U CUMOBbIX
napameTpOB LMTOBLIX MEXaHW3MPOBaHHbIX Kpenei NofAepXuBatoLLe-orpaguTeibHoro Tuna
AJ15 OUMCTHbIX 3a60eB. ABTOpeR. ... ANC. KaHA. TeXH. HaykK, [oHeuk, 2001. — 21c. 2. I'yns-
eB K.B. MartemaTnyeckas Mofenb 419 UCCNef0BaHWsA B3aUMOZAENCTBMS LMTOBbIX Kpenen ¢
6okoBbIMM ropogamun. Haykosi npayi  OJoHATY. Bwunyck 16. Cepis: ripHu4o-
enekTpomexaHiyHa, [doHeubk, 2000, -¢.92-101. 3. I'ynseB K.B., CemeHueHKO A.K. CuHTe3
MEeXaHM3MOB CBSA3W LMTOBbLIX Kpeneil Ha 6ase LWapHUPHOro YeTbipex3BeHHUKa //13B. BY30B.
opHbI XypHan. —2000, Nel, c. 57-63. 4. 'ynses K.B. ccnefoBaHue 1 coBepLUEHCTBOBa-
HVe Kpenei nofaepXXusaroLle-orpagmTensHoro Tmna. Haykosi npaui JoHATY. Bunyck 27.
Cepis: ripHMyo-enekTpomexaHiyHa. [oHeubk, 2001, - ¢. 177-193.
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MOAEPHU3ALINA NCMNOTHUTE/IbHOIO OPIAHA
OPOBNJ/IbHO-3AKNTAAOYHOM MALWWHBI “TUTAH-1M”

KoHgpaxuH B.T1., ByxuH A.T".
(kadh. «I"opHble MawwmnHbI», JOHHTY, 1. [JoHeuK, YKpauHa)

E>xerofiHoe nosiyyeHne nNopoabl OT NPOBeAEHUS U PEMOHTA BbIPabOTOK U NpUCeYeK B
OYMCTHBIX 3a0605X Ha LLaxTax YKpavHbl B HACTOALLEe BPEMSi COCTaB/AET OKO/0 145 MAH.T, U3
HUX TOMBbKO 7 M/H.T OCTaeTcs B LwaxTax. Bcero us waxrt YKpauHbl BblaHO 6onee 2 Mnpa.T
nopofbl, KoTopas pasmellieHa B 1270 nopoAHbIX oTBasiax, 3aHUMarowmx 6onee 30 Tbic. ra
3emnun. 13 300 ropawmx nopoAHbIX oTBaioB oH6acca B aTMocepy BblbpackiBaeTcs 4o 500
TbIC.T. ra3000pa3HbIX BPeLHbIX BELLECTB.

[na cokpalleHns KomyecTBa Nopojbl, U3BIEKaeMOi U3 LWaxT, He06X0AMMO UCNOSb-
30BaTh 3aKafKy BblpaboTaHHOro NPOCTPaHCTBa. 19 MexaHU3aLum 3aKnajouHbIX paboT npu
NMpPOBeAeHUN NIACTOBbLIX MOATOTOBUTENbHBIX TOPHBIX BbIPaboTOK JOHrMNpoyrieMallem pas-
paboTaH nepeaByKHON APOOMNIBbHO-3aKNaA0uHbIA KoMMeKe “TutaH-1M”. B pesynbTaTe akc-
NepUMEHTa/IbHbIX UCCNeA0BaHNIA 4POBUNKIN KOMM/EKCa yCTaHoBeHO [1], uTo B paboyem pe-
XXNMe HarpysKu Ha MUCMOSIHUTE/IbHOM OpraHe M B NPMBOAE HOCAT SIBHO BbIPQXXEHHbIN AWHa-
MUYeCKuii xapakTep. AIMHaMUYHOCTb Harpy3oK 06yc/ioB/eHa pagoM PakTopoB. B HacTosLei
paboTe npoaHasM3MpoBaH OAMH W3 TNaBHbIX (DAKTOPOB -CXema PacrnoNOXeHUs Apo6ALMX
3y6beB, KOTOPLIA ABMSETCA YNPaB/seMbIM, U ero BAUSAHUE MOXKET 6GblTb ONTUMU3MPOBAHO Ha
CTaAuun NPOEKTUPOBaHNA MaLLUMHbI. N8 CHXKEeHWs HepaBHOMEPHOCTU Harpysku paspaboTaHa
HOBas CXema pacrosioXXeHus 4pobALLMX 3yObeB Ha UCMOMHUTENbHOM OpraHe Apobuiki KoM-
nnekca “TutaH-1M”, npuBefeHHaa Ha puc.1l. Ha 3ToM »Xe pUCyHKe nokasaHa TpaauLuMOoHHasA
CXema pacrosioXKeHus 3y6bes.

[ns aHanm3a apMeKTUBHOCTM NPELN0XKEHHON CXeMbl MOXHO B MEPBOM MPUGIMKEHNN
paccmaTpuBaTth ApoOUMbIA MaTepuan B BUAE YNPYro-BA3KOW BHELUHEA cpefbl, COMPOTMBIe-
HMe paspyLUeHN0 KOTOPOM NPSMO NPOMOPLMOHANLHO YMCTY OAHOBPEMEHHO BO3LENCTBYHO-
WX Ha Hee 3yObeB. [pn 3TOM MOMEHT CU CONPOTUBNEHUS, COOTBETCTBYHOLLUIA YYacTUIO B
paspyLLUeHnn 04HOro ApobsLero 3yba poTopa, MOXET XapakTepu30BaTbCs YC0BHOW 6e3pas-

MepHOI BenmunHoii  AMc=const. Mpn U3BECTHOIN CXeme Habopa 3yObeB POTOPA MCMOMHM-
Te/IbHOr0 opraHa 1 NPUHATOM LOMYLEeHU Npouecc (hopMMpoBaHUSA CUT COMPOTUB/IEHUSA Ha
NCMOMTHUTENIbHOM OpraHe MOXXHO NOSYYUTb NYTEM CYMMUPOBaHMS Harpy3oK Ha KaXiom 3y-
6e, pacnonoXXeHHOM B 30He paspyLueHus [1].

Ha pucyHke 2 npeactaBneHbl rpaiuky U3MeHeHUS MOMEHTa CWU/T CONPOTUBNEHNS M,
Ha UCNONHWUTENIbHOM OpraHe ApPO6WIKM, NOMyYeHHble rpado-aHaIMTUYeCKUmM mMeTofom. Kak
BUAHO Ha puC.2, npefaraemas cxema Habopa ApobaLmX 3yobeB 06ecrnevnBaeT CyLLeCTBEH-
HOE CHWXXeHVe HepaBHOMEPHOCTU Harpysku. KosduumeHT BapraLmm MOMeHTa Cul Comnpo-
TuBneHns M. ans npegnaraemoit cxembl paBeH 0,2 , 4TO B 3 pasa MeHblLUe YeM y 6a30BOW
CXeMbl. YKa3zaHHOe CHVXKeHMe KOoapguumeHTa Bapuvauuy onpeaensieT CyLIeCTBEHHbIN PoCT
[ONrOBEYHOCTN MaLUMHBI.

[elicTBUTENIbHO, 3KBMBAJIEHTHAs Harpyska onpepenseTcs Kak [2]:

M3y=K;Mpax,
roe Myax- MaKCUMasibHast INTeNbHO-AeACTBYIOLLAsA Harpy3Ka
Muax=Mep(1+3V),

Mcp - CPEeAHASA LINTEeNbHO-AEVCTBYIOLLIAA HAarpys3Ka;

V - KO3(h(hMLMEHT Bapmauuu,

Ks - KOA(WMLMEHT ONrOBEYHOCTM, KOTOPbIV B 06LLEM ClyYae paBeH:
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Puc. 1. Cxema Habopa apobsawmx 3ybbeB TpaamumoHHas (a) v npeaniaraemas (6)
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Puc. 2. 'padik MOMEHTOB C1N CONPOTUB/IEHWS HA POTOPE APOOWIKMA KOMMIEKCca
“TwutaH-1M” (a) n Ha npegnaraeMomM UCMosIHUTeNIlbHOM opraHe (6)
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q =9 (Npu pacyeTe Ba/I0B Ha M3rMOHYHO BbIHOC/IMBOCTD);

g = 3 (npw pacyeTe 3y6beB KOMEC HA KOHTAKTHYH BbIHOC/IMBOCTD);
Ny - 4YMCNO LIMK/IOB HarpyXXeHus aeTanu;

N, - 6a30B0O€ YMC/IO LMKIOB;

M5 - KO3(W(DMLMEHT 3KBUBASIEHTHOCTMN.

NU.H - mac H1+3VCH
Ne m, H+3p H

3 npuBegeHHbIX (hOpMyn HETPYAHO MOMYYUTh BbIPaXKEHWE, XapaKTepu3ytoLLee npu-

POCT AONTOBEYHOCTU [eTaneil, 06yCNOBNEHHbIA CHUDKEHMEM KO3(MLMEHTA Bapualum Ha-
rpy3ku (MHAEKC C COOTBETCTBYET TPAAULIMOHHON CXEME, MHEKC H — MPe/iaraeMoii cXxeme):

I"pachnKm NonyyeHHol 3aBUCUMOCTY NpeacTaBNneHbl Ha puc.3.
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MPYPOCT J0NTOBEYHOCTY

KoagpdpuuneHt Bapuayum

Puc. 3. MNpupocT A0NrOBEYHOCTW B 3aBUCKMMOCTM OT KO3((MLMEHTA BapuaLuum npu

pacyeTte BaJIoB Ha M3rMbHYH BbIHOC/MBOCTL (1) M Npu pacyeTe 3ybbeB KOMEC Ha KOHTaKTHYHO
BbIHOC/IMBOCTL (2)

Kak BUAHO 13 puC.3, CHMXEHME HEPaBHOMEPHOCTM Harpyskn 3a CYET MUCNO/b30BaHUA

HOBOW CXeMbl Habopa 06yC/I0B/IMBAET MOBbILLEHME PACUYETHON A0MTOBEYHOCTU HE MEHee YeM
B 1,8 pa3a. Takum 06pa3omM, paspaboTaHHas cxeMa MOXeT ObITb PeKOMeHL0BaHa A/1 UCMNo/ib-
30BaHNA B AP0OMNbHO-3aK1aA0uHbIX KOMMEKCaX « TUTaH-1M».

Cnuncok nutepatypsbl: 1. KO.A. KpacHukos, 3.4. XypruH v gp. Ontummnsanms npu-

BOJa BbIEMOYHbIX M Npoxofyeckmux mawnH.-M.: Hegpa, 1983.- 264 c. 2. OCT 24.070.06.
MalUuHbI OYUCTHbIE. BbIGOP CMNEKTPOB 3KCM/yaTalMOHHON Harpy>XeHHOCTU TPaHCMUCCUIA.
MeTtoguka.-M., 1974,
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ONnTMMN3ALNA CXEMblI HABOPA PE3LIOB NPOXOAHYECKOI'O
KOMBAWVHA KCI1 32-2

KoHgpaxuH B.T1., XuueHko A.N., Apues UN.A.
(kacp. 'M, JoHHTY, [loHeuK, YKpaunHa)

PaunoHanbHaa paccTaHOBKa pe3L0B Ha WCMONHWTENbHOM OpraHe MpOX04YeCKOro
KOMbaiiHa MMeeT BaXXHOe 3HaYEeHMe, TaK Kak NMo3BO/SAET CHU3NTb HEPAaBHOMEPHOCTb Harpys3Ku,
a TaKk)Xe NOBbICUTb YCTONUYMBOCTb KOMOaiHa, YTO ABNSETCS aKTya/lbHbIM BOMPOCOM /11 KOM-
6aiiHOB CO CTPENOBUAHLIM UCMONHUTENbHBIM opraHoM (L0).

OnTyMU3aLMa cxembl Habopa pe3L0B MPOM3BOAWIACH MO aNropuTMy, KOTOPbIA Mo-
3BOJISIET YCOBEPLLEHCTBOBATL CXeMy Habopa nyTeM U3MeHEHWS Yr/i0B YCTaHOBKYW Pe3LL0B, Npu
3TOM pesLbl He CMELLAOTCA Ha HOBbIE IMHUW pe3aHus, TO ecTb CXema paspyLleHus oCTaeTcs
NPeXHeln 1, cnegoBaTebHO, YAe/bHble 3HeprosaTpaTbl He M3MeHATCS. Mpy onTUMMU3aLmMn
YUMTLIBINCL Pa3Mepbl pesliefepkarens, YTobbl UCKUUTL BO3MOXXHOCTb WX HASIOXeHWS
Apyr Ha gpyra. Kputepvem ontuMusaummn Oblia BolbpaHa 6e3pasmepHas BefMyMHa, paBHas
CyMMe OTHOLLEHWIA AnCrepcrii MOMeHTa COnpoTMBAeHMS M. 1 NPOeKLUMiA peakuuy Ha ocn Fy,
Fy , F;, Ana ncxogHoi n onTMMU3NpOBaHHON cxeM Habopa.

PacyeT ycunuii pesaHust 1 nogayv npomssoaunca B cootsetcTaum ¢ OCT 12.44.197-
81 [1].
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Puc. 1. PacyeTHast cxema

Pe3ynbTaTbl ONTUMM3aLMM NPeACTaB/eHbl B Tabnmue, B KOTOPOW AaHbl KO3 nLMeH-
Tbl BapuaLym MOMeHTa COMpPOTUB/IEHUSA U NPOEKUWIn peakumin Fy , Fy , F, , ang ncxogHom un
ONTUMU3MPOBAHHON CXeM Habopa Mpy TUMUYHBLIX peXumax paboTbl KOMOaiHa, a Takke Ha
PUCYHKe B BMfe COMOCTaBNEeHUS TPaPUKOB M3MEHEHUS MOMEHTOB COMPOTMB/IEHNS 3@ OfUH
o6opoT BpatyeHus NO.
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Tabnumua 1. CpaBHeHME UCXOAHOW M ONTUMMU3MPOBaHHONM cxeM Habopa O KCI 32-2
no KoshurLmeHTaM Bapmayum

KoHTakTHaa npou- | KoadduumeHTsl Bapraumm
HOCTb Py, MMa M. Fx Fy F,

Cxema Habopa

0,066 0,395 0,051 0,062 ncxopHas

500 0,051 0,323 0,046 0,045 ONTUMU3NPOBaHHaA
200 0,066 0,734 0,051 0,06 ncxopHas

0,051 0,603 0,046 0,043 ONTUMU3NPOBaHHaA
900 0,066 3,191 0,051 0,058 ncxoaHas

0,051 2,58 0,046 0,041 ONTUMU3NPOBaHHaA

BbicoTta cnost H, m

0,106 0,132 0,085 0,106 ncxopHas

0.4D 0,089 0,107 0,081 0,092 ONTUMU3NPOBaHHaA
06D 0,066 0,734 0,051 0,06 ncxofHas

’ 0,051 0,603 0,046 0,043 ONTUMU3NPOBaHHaA
08D 0,035 0,318 0,033 0,034 ncxofHas

’ 0,028 0,216 0,029 0,017 ONTUMU3NPOBaHHaA
D 0,016 0,115 0,029 0,027 ncxopHas

0,034 0,174 0,026 0,042 ONTUMU3NPOBaHHaA

nybuHa BHeppe-

HMA L, m
06L 0,089 4,473 0,054 0,079 ncxoaHas

K 0,089 4,071 0,054 0,079 ONTUMU3NPOBaHHaA
08L 0,075 1,133 0,054 0,071 ncxoaHas

e 0,084 1,442 0,052 0,084 ONTUMU3NPOBAHHASA
L, 0,066 0,734 0,051 0,06 ncxoaHas

0,051 0,603 0,046 0,043 ONTUMU3NPOBAHHASA

Kak B1AHO 13 Tabnuubl, Npy ONTUMMU3aLMKN CXeMbl Habopa JOCTUTHYTO CHUXEHME KO-
apmumeHTa BapraLmMm MOMEHTA COMPOTMBEHNUS U KO3(ULMEHTOB Bapumaumn NpoeKuumil
peakuuu Fy, Fy , F, . Tak Ang 0CHOBHOroO pexuMa paboTbl KO3(MMULIMEHT BapnaLMnm MOMEHTa
COMPOTUBMEHUA CHU3UNCA Ha 23 %, YTO BEAET K CHUMXKEHUIO AUHAMUYHOCTY Harpysku B CUC-
Teme npmsoga MO; KoadduumeHTbl Bapuauum Fy, Fy , F, 4na 3TOro pexxuMa ymeHbLIUANCh
COOTBETCTBEHHO Ha 18 %, 6 % 1 28 %, 4TO 06ecneynmBaeT MOBbILLEHNE YCTOWUYNBOCTM KOM-
baiHa.

CnepyetT OTMETUTb, YTO B HEKOTOPbIX Cy4asX ONTMMU3MPOBaHHas CxeMa Habopa
NMEET HECKO/bKO XYy/ALIMe NnoKasaTeni N0 CPaBHEHMIO C MCXOAHON CXeMoil Habopa (cm. Tab-
nnLy). B 4aCTHOCTK 3TO MMEET MeCTO MpU pexxnmMe paboTbl KoMbaliHa ¢ ry6MHON BHepeHNS
WO, pasHoii 0,6L 1 0,8Ly , a TaKXe Npu paboTe C BbICOTOW €104, paBHo gnametpy LO. Op-
HaKO 3TV PeXMMbl PaboTbl He ABNAIOTCA XapaKTepHbIMU, MO3TOMY B Lie/IOM MOXXHO CUATATb,
4TO ONTMMU3UPOBAHHasA cxema Habopa pe3L 0B 06ecrneynBaeT CHKeHWEe HePaBHOMEPHOCTY
HarpysKku BO BCEX MPeLCTaBUTENbHbIX peXmumax pabdoThl.

MpoBefeHHbIe pacyeThbl Ha YCTA/IOCTHYHO MPOYHOCTL U YCTa/IOCTHYHO A0NT0BEUYHOCTL
BbIXOAHOIO Basia peaykTopa npueoga MO nokasbiBatoT, YTO MPWM  ONTUMMU3UMPOBAHHON CXeme
Habopa ero pecypc ysenuuuncs Ha 38 %.
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Puc. 2. VI3meHeHe MOMEHTa CONPOTMBAeHMS 3a 1 060pOT BpaLleHNs Npu UCXOAHOM
(a) 1 oNnTMMKU3NPOBAHHOIA (6) cxeme Habopa.

Taknum 06pa3om, npu paéoTe MO ¢ oNTUMM3NPOBAHHO CXeMOIi B NPeACTaBUTENbHbIX
peXXMmax 06ecreymBaeTcsi CHUXEHWE AMHAMUYHOCTM Harpysku, MOBbILLEHVE YCTOWYMBOCTM
KoM6aitHa 1 [JONIrOBEYHOCTM MaLLVHbI.

Cnucok nutepatypbl: 1. OCT 12.44.197-81 KombaiiHbl NpoXxogyeckme co CTpPeno-
BUAHLIM UCMONHUTEIbHBIM OpraHoM. PacyeT aKcnyaTauMoHHON Harpy>KeHHOCTU TpaHCMUC-
CUM UCMONHUTENbHOro opraHa. - M.: Munyrnenpom CCCP, 1981. - 59 c.
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AHAJTUTUYECKUE NCCNEAOBAHUNA HEMMHENHOCTU ®U3NYECKNX
MPOLECCOB NP OBPAEOTKE METAJ1/10B PESAHVEM

KpusuxuH B.C., ByTteHko B.W. (kadenpa mexaHvku, TPTY, r. Taradpor, Poccus)

CoBpemMeHHOe COCTOSIHME MALLUMHOCTPOEHUS U PasBUTUE PbIHOYHLIX OTHOLLEHWI B
CTpaHe BblABUraeT Ha MNepBblil NNaH Co3AaHne BbICOKOAIMMEKTMBHBLIX MalLMH U 060pya0Ba-
HWS, OCYLLECTBNEHMS KOMINIEKCa MEPONpPUATUIA NO COBEPLUEHCTBOBAHUIO TEXHOMOMNIA MeXa-
HMYECKOW 06pabOTKM METa/IOB W Cr/iaBoOB, MPUMEHEHWO HOBbIX MaTepuanoB M CO34aHMIO
HOBbIX MeTOA0B 06paboTKW. MOBbILLEHME KavyecTBa M HALEXHOCTU MaLLUMHOCTPOUTENIbHON
NPOAYKLNM MOXET ObITb AOCTUIHYTO 3a CHET YNYULLEHNS 3KCNyaTalUMOHHbIX CBOICTB AeTa-
Nelt MallvH, KOTOpble B 3HAYMTE/IbHOM CTEMNEHN 3aBUCAT OT KayecTBa MOBEPXHOCTHOMO C/OS.
WHorga nocnegHyvM B 60/bLUEN CTENEHN ONpefensieTcs pecype aKcnayatauuy getaneid, Yem
XapakTepucTnKamMmy TOYHOCTU 06paboTKU. ITO 0OBACHAETCA TEM, YTO 3a CYUET fedeKToB no-
BEPXHOCTHOr0 CNosA B Matepvane aetany NpoucxoanT 6onee 6bICTPOe HaKOMIeHEe NOBPeX-
[EeHWI, NpuBoAsLLee K 06pa3oBaHNIO TPELLMHbI, ee PasBUTUIO U PaspyLLUEHUIO MaTepuana ae-
Tanu.

Mpy M3roTOBMEHUN MHOTUX OTBETCTBEHHbIX AeTasleil MalMHOCTPOEHUS npeobnajatoT
onepauum MexaHU4eckoli 06paboTKK, B YaCTHOCTM, 06pabOTKN NE3BMIHLIM MHCTPYMEHTOM.
CunTaeTcs, UTO OKOHYaTe/lbHas MexaHn4yeckas pasMepHas 06paboTka feTanel ABnseTcsa nep-
CMEKTMBHON ANA AanbHelLero pasBmuTS TEXHONOMMIN MaLlLMHOCTPOoeHNs. OaHaKo ony6anko-
BaHHble pe3yNbTaTbl UCCNEA0BaHW NPOLLECCOB 06pabOTKM METa/INIOB pe3aHNeM MOoJyyeHbl
NPeVMyLLECTBEHHO Ha OCHOBE 3KCMEPUMEHTOB [ANA KOHKPETHbIX YCMOBWIA, UTO 3aTpyAHAeT
nccnefoBaHne Ux B 06LLem BUAe. V3BeCTHbIE TEOPETUYECKME 3aBUCUMOCTI, 0OBACHSAIOLLME Te
NN WHble SIBNEHUSA MpoLecca pe3aHns MEeTa/NoB, TakkKe He YUYMUTbIBatOT BeCb KOMIIEKC
B3aMMOCBA3aHHbIX BE/IMYMH, TaK KakK MosyyeHbl OHWU, KakK MpaBusio, C Y4eTOM MpenmyLLecT-
BEHHOr0 BNMAHMS NN60 CMN0BOro, MO TENI0BOro (PakTopoB. Bce elle ocTatoTCA HeU3y4yeH-
HbIMW BONPOCLI KOMM/IEKCHOI0 B/IMAHUSA MapameTpoB MpoLiecca pe3aHus Ha KayecTBO Mosy-
4aemMoro NOBEPXHOCTHOIO C0s,, TOYHOCTb 06PabOTKM M 3KCN/yaTalMOHHbIe CBOWCTBA AeTa-
.

WccnepgoBaHme HanpsXeHHOro COCTOSHMS MaTepuasia B 30He pe3aHusi NPOBOAMIOCH C
MCNONb30BaHNEM METOAA /IMHUIA CKOMbXXEHWS, KOTOPbIA MO3BONSET peluaTb 3ajaqn nnactu-
YECKOro TeyeHus MeTasia NyTeM HaXOXAEHUS BO3MOXHOIO MO/ NIMHUIA CKOMbXKEHWS U Bbl-
SIBNEHNA XapaKTepa pacnpeaeneHns HanpshkeHuin (puc.l).

Mpy NOCTPOEHUN NNHWIA CKOMbXEHMS Npefnonaranocb Hanmuve AByX obnacTert Me-
Tanna B 30He pe3aHunsi - abCOMOTHO XKECTKOW U MNAaCTUUECKOW, NPUYEM K XKECTKMM 06/1acTaMm
OblN OTHECEHbI KaK AeOPMUPYIOLLMIA MHCTPYMEHT, TakK 1 MeTa/il BHE NNaCcTUYECKON 30HbI.
Cuntanochk, YTO NOrpaHNYHbIE IMHUW CKOMbXXEHWS, KaK U Nobble apyrve B rnose nnactuye-
CKOr0 TeYeHMUs, MMeNN MOCTOAHHOe 3HaYeHWe KacaTe/lbHOro HanpsXeHus, KOTOPoe YAoB/e-
TBOPSA/O YCIOBUIO NAacTUYHOCTY [1].

MycTb Hayano koopauHat oceil X, Y Bbl6paHo B Touke A (pucl). OcyulecTsnss no-
BOPOT OCY Y MPOTYB YaCOBOV CTPENKM Tak, 4To6bl ocb X' coBnana ¢ HOpMasbio K MAOCKOCTM
AOB, MOXHO NMONYYUTb MIOCKOCTb, HA KOTOPOM AEWCTBYHOT MaKCUMa/lbHble HampsKeHWs
caBura, paBHble K, 1 HOpMa/ibHble HanpshKeHWs, paBHble p. ECAM NpUHATL CXemy [AeincTBus
CVN NpY NPAMOYTo/ibHOM CBO60AHOM pe3aHun meTasnnos no H.H.3opesy [2] 1 pekomeHaye-
MOE UM COOTHOLUIEHMe B+w=45°, rae B - yron cABura, w - Yron JeicTBus, NosyyaeTcs, uTo
BooGpaxxaemas nMHMS AB, yepe3 KOTOPYI YCUIne He NepefaeTcs, OKaKeTCs HaK/OHEHHOW

T
noz yrnom 7y K nnHum casura AO.
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Puc.1. Cxema CETKM IMHUIA CKOMbXKEHUS, NOCTPOeHHas Ha NnHuK casura AO
Ha nuHum AB ox=0. [1ns Toukn E Ha NepBoil NMMHUM CKONbXXEHWSI U3 YPaBHEHUSA OX=-

p+Ksin20. Torga npu 6 :% nonyyaetcs p=K. MNoctosHHas C1 ang 3TOW NIMHWKN cABUra, Uc-

X045 U3 rpaHMYHOro ycnosus, 6yaet pasHa K + ZK% = 2,57K . ns Toukn F Ha 3TOI Xe

NIMHAN CKONMbXeHUS Npy B=0 KaK HaxoAALLeACs Ha BTOPOI NMHUM CKOMbXEHWS NOSTyYaeTcs
pr =257K . Takum o06pa3om, WMeeT MeCTO CpeAHee rWApPOCTaTUYECKOoe [aBfieHune
p=2,57K. BennunHa K paBHa npefeny Teky4yecTn matepuana Ha casur tm. Npu ncnonb3osa-
Oy
el

henaemoe and HHOCKO,qe(t)OpMleOBaHHOI'O COCTOAHNA N3 BblPaXKEHUA
3 2 2
Oy _\/Z(O-X_Jy) +3Txy

o T o o
3 rpaHn4YHbIX ycnosuu npu 6 :E MOTyT ObITb HaneHbl KOMMNOHEHTbI HaNps>XeHnn

HUW YCNOBUS NNacTUYHOCTM Museca 7, = rae Op - 3deKTMBHOE HanpshKeHWe, onpe-

Ha nepeaHelt NOBEPXHOCTN MHCTPYMEHTA:
_ . . o,to,
o, =—-p+Ksin20; o, =-p-Ksin20; r, =-Kcos20; o, _T' 1)

[ns onpefeneHns CUNOBbIX 3aBUCUMOCTEN, BOHUKAIOLWMX NPy 06paboTKe MeTanoB
pe3aHueM, 3a OCHOBY 6blfia NPMHATA CUCTEMA CUJ1, NPUIOXKEHHAS K BEPLUMHE PEXYLLEro Knu-
Ha MHCTPYMEHTa M NPUBEAEHHas Ha puC.2.

CornacHo puc.2 cuctema cun, AeiCTBYHOLLMX B 30He pe3aHus, CBOAUTCS K paBHOAEN-
cTBytoleri RO 1 cocTaBnsAOLWMM: aKTUBHON cune pesaHus PO, gelicteyrowlein no ocn OY, pe-
aKTVBHOW cune pesaHus Pz, feicTaytoLlein no ocu OZ n 06ycnoBneHHOW HECUMMETPUYHBIM
AEeACTBMEM BHYTPEHHMX CWUM, CUME TPEHUS 3aHel MOBEPXHOCTN UHCTPYMeHTa 06 obpabathbl-
BaeMyto NoBepXHOCTb AeTam P, - 5.

Bbinn nonyyeHbl GopMynbl AN ONpeaeneHns pagnanbHO COCTaBNAIOLLENA CUbl pe-

3aHuS Py, BAMSIOLLENA Ha (hopMMpoBaHMe (M3MKO-MEXaHUUYECKOro COCTOSHUS MaTepuana

MOBEPXHOCTHOrO C/10s o6pa6aTb|BaeM0|7| netanm,
o, Bz Hcoss —sing)

\/5|§|nﬂ(1 —=sing Iﬂosﬁ)[ljl tga(z')
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%)
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Puc.2. Cuctema cus, NpUNoXKeHHas K BEPLUMHE PEXYLLEr0 KHA MHCTPYMEHTa

TaHreHUMaNbHas COCTaBASIOLLAs CUbI pe3anust P, npu 3Tom MOXeT 6bITb onpese-
NeHa no hopmyne
R =R 5% =(R, —R, (1,) 169 =R {i-tex, (1, )9, 3)
__ tg(45°+5)
p ) ! (4)
1+ f,0g(45° + 5,)
BbINONHEHO aHa/IMTNYECKOE MUCCeAoBaHNe KOIPMULMEHTA TPEHNA MEXAY CTPYXKKOIA

1 nepeaHeli NOBEPXHOCTbIO MHCTPYMEHTA B 30HE MIACTMUYECKOr0 KOHTAaKTa, KOTOPOE MO3BO-
NMNO MONYy4YNTb CredytoLlyto (hopMyny AN ONpeaeneHnst cpeaHero KoaduumeHTa TpeHus

fS Ha y4aCTKe BHYTPEHHUX NMTaCTUHECKNX CABUTOB!:

roe tga

7 [C"
f, = S —, ®)
c-¢C,)
Gmax [( 1
rae Ts - HanpshkeHue cABUra marepuana;
n - NMOKa3aTe b, 3aBMCALLMIA OT COOTHOLLEHMS COCTAB/ISAOLLMX CUJT Pe3aHNS;
Omax - HaMPSHKEHWe, co34aBaeMoe CXOASALLENA CTPYXXKON Ha MHCTPYMEHT Y €ro pexy-
LLLeA KPOMKM;

C - 06Las [/IMHA KOHTaKTa CTPYXXKM C nepejHeit NOBEPXHOCTLI MHCTPYMEHTE,;

C, - I/MHa NNacTMUECKOro KOHTaKTa CTPYXKKY C Mepe/Heii MOBEPXHOCTbIO UHCTPY-

MeHTa.

MccnenoBaHo BAMSIHME BHYTPEHHUX (haKTOPOB MPOLIECCa Pe3aHUsi Ha 3acTOMHbIe SB-
NeHUs, NO3BO/MBLLEE YCTaHOBUTb, YTO TpaHchopmaums (opMbl HapocTa Ha nmepefHei no-
BEPXHOCTV MHCTPYMEHTA, MPOMUCXOAALLAs NPV U3MEHEHWUW YCIOBUIA TPEHUS B 30HE pe3aHus,
Crnoco6CTBYeT BO3PacTaHWIO pafiMyca KpUBM3HbI 3aBMBaHUS CXOAALLE/ CTPYXKW, a BbicOTa

HapoCTa Mo [/IMHe KOHTAaKTa ero ¢ nepeiHeii NoBepXHOCTbIO MHcTpymenTa H , namensieTcs

cornacHo 3aBUCUMOCTH
H,=H - [SH I (6)
C-1, X

roe  H - makcumanbHas BbICOTa HapoCTa Ha nepeaHeli NOBEPXHOCTU UHCTPYMEHTA;

X — TeKylLlas KoopauHaTta BAo/b NepeHeli NOBEPXHOCTU MHCTPYMEHTA.

MonyueHa aHaIMTMYecKast hopMyna onpeaeneHns CTOMKOCTM PEXYLLETN0 UHCTPYMEH-
Ta:
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T =Cexp((C, +mInV)V +(C, +xInS) +(C, +yInt)0d). @)

MonyyeHHas (yHKLMOHANIbHAA 3aBUCUMOCTb OTPaXKaeT BANUSHWE OTAENbHbIX 3/1eMEH-

TOB pexxuma pesaHus (V,S,t) Ha CTOMKOCTb MHCTPYMeHTa T M OKasblBaeT Ha IKCMOHeHLWab-

HbI1 XapakTep CBA3N Mexay Humu. dopmyna (7) faeT NoMHY KapTUHY M3HOCA MHCTPYMEHTA

3a BeCb MEepUOL ero CTOMKOCTW, TaK KakK B ABOWHON /IOrapuimMmUyecKoin cucteme KoopauHar
OHa BbIPaXaeTCcs AOCTATOUYHO CNI0XHOW KPUBOIA.

MpegnonaraemMass CTOMKOCTHaA 3aBMCMMOCTb CnpasefiMBa A1 H06bIX YCNosuii 06-

paboTKM METa/IOB pe3aHMeM He3aBMCUMMO OT BUJA PEXYLLEro matepuana v NpUHATOro Kpu-

Tepus  CTOMKOCTM  WHCTPyMeHTa. [n1a  onpedeneHnss  Hem3BeCTHbIX — MapameTpoB

C,C,,C,,C,,m, X, Y focTaTo4HO 3HaTb CEMb 3HAUYEHU CTOWKOCTM MHCTPYMEHTA MpU 3a-

[aHHOM COYeTaHUM nogayn S, rnyouHbl pesaHns t 1 CKopocTu pesaHus V . ToacTasnss ms-
BeCTHble BenununHbl T,V,S,t B thopmyny (7), NofyyatoT CUCTEMY CEMMU YPaBHEHWIA, peLLeHne
KOTOpOI METOZOM NPUGAVKEHWNIA NO3BONSET ONPeAeIMTb UCKOMbIE MapameTpbl.

WccnefoBaHne HeNMHERHbIX NPOLLECCOB 06pa3oBaHmMst U pacnpoCcTpaHeHMs Ten0BOro
MOTOKa B 30He pe3aHunsi NO3BOJINIO0 TEOPETUYECKM NMOCTPOMTL TEMMepaTypHOe nosieHa nepes-
Hen NOBEPXHOCTM MHCTPYMEHTa /19 KOHKPETHBIX YCN0BUiA 06paboTkuM (puc.3), aHam3 KoTo-
pOro nokasblBaeT, YTO MaKCUMyM TeMrepaTypbl PacnooXeH Ha HEKOTOPOM PacCTOSiHUW OT
pexyLeii KPOMKN MHCTPYMEHTA MO HarpaB/eHMIo CXoda CTPY)XKKW. B Tol vacTu, rae nepeg-
HsAS MOBEPXHOCTb UHCTPYMEHTA MPUKPbITA 3aCTOWHON 30-
HOI, TemnepaTypa TPEHUS HMXKE, YeM B MeCTax Hemno-
CPeACTBEHHOrO KOHTaKTa CTPYXXKW C MepefHeil noBepx-
HOCTbIO WMHCTPYMEHTa. JKCMepuMeHTa/lbHOe WUCCefoBa-
HMe npouecca M3Hoca NepefHein MOBEPXHOCTU WHCTPY-
MeHTa MoKa3aso, YTO MakKCUMaibHast rnyouHa NyHKU 13-
HOCa pacrosfioXXeHa NPUMEPHO B TOM XKe YaCTU KOHTaKT-
HOM niowankM, TrAe W MakCUMyMbl TemrepaTypsbl
(pnc.3). Taknum o6pa3oM, BbICOKas TemrepaTtypa pesaHus,
06YyC/IOBNEHHas TPEHNEM Ha KOHTaKTHbIX M0LWaAKax NUH-
CTPYMEHTa, XapaKTepu3yeT He TONIbKO BESIMYMHY W T/1y-
OVHY pacrnpocTpaHeHNs OCTATOYHbIX HaMPSHXKEHWIA B MO-
BEPXHOCTHOM C/oe [eTanu, HO Y Bbi3blBaeT MHTEHCUBHBIA
ANPPY3NOHHBIR M3HOC MHCTPYMeHTa [3].

BbINOMHEHHbIE MCCNef0BaHNA OTKPLIBAIOT HOBble
BO3MOXXHOCTM B YrNpaB/ieHUN KayeCTBEHHbIMW MoKasaTe-
NAMW MOBEPXHOCTHOMO CNOSA AeTasn nyTem npucnocobsie-
HUSA CTPYKTYpbl MaTepuana K U3MeHAIOWMUMCS YCOBUSAM

pestia skcnnyatauun.  O6ecreyeHue  3KCM/yaTaLyOHHbIX

CBOWCTB AeTaneli co3gaeT NoACcUCTEMY YMpaB/eHust Mpo-

LleccaMmu 06paboTKM 1 NPUBOAUT K MHTEHCU(MKALMN TEXHOMOMMYECKUX MPOLLECCOB, YTo, be-

3YCNOBHO, MOBbLICUT WX 3PPEKTUBHOCTb B pamkKax eAMHOro  3KcnayaTalMOHHO-
TEXHOM0rMYeCKOoro npovecca.

Puc.3. TemnepatypHoe nosne
Ha nepeaHelr MOBEPXHOCTU
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1937. - 451c. 2. 3opeB H.H. PacuyeT npoekuun cunbl TPeHUSA Npu pesaHun.- M.: Mawrus,
1958. - 254c. 3. byteHko B./. ®opmnpoBaHme 1 M3HalMBaHMe NOBEPXHOCTHOrO C/1os AeTa-
nwn. — TaraHpor: M3a-so TPTY, 1999. — 193c.



