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A.b. E/[TUHOBHY, Benymuii KOHCTPYKTOP OT/ea 3y0JaThIX rmepenad
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PACYET PACHIPEJAEJIEHUA HATPY3OK 1O IUPHUHE 3YBBEB,
IMPOI'UBA BAJIOB, CWI, AEUCTBYIOIIIUX HA OIIOPBI, 1
MNOJYYEHUE CUTHAJIOB JJIAA JUATHOCTHUKH 3YBYATBIX
INEPEJAY B CUCTEME ASGEARS

B crarbe onmchIBaeTcs mpuMeHeHne nporpaMmmuoro komiuiekca ASGEARS st pacuera pacnpeneneHus
Harpy3oK I10 IUPHHE 3yObeB, MPOruda BajIoB U CHII, ACHCTBYIOIIUX HA OMOPHI TpaHCMHCCHIA. Bbina npu-
MEHEHa CIleNraabHas KOHeTHO-3IeMEHTHAsl MO pacueTa, (GyHKIHSI (GOopMBI KOTOPOH IOIHOCTBIO CO-
OTBETCTBYET AM(dEepeHIMaTbHOMY ypaBHEHHIO H3ri6a. Yucio cryneHeil Baja, UMEIOIMX Pa3HbIe AUa-
METpHI, He HMeeT OTPaHHYEHHI. YUUTHIBAaeTCs YII0BOE MM PafualbHOE 3aKpeIICHUE y37I0B, PaJHaib-
HBbIe CHJIbI WK u3rnbaromue MomeHTsl. ASGEARS mMeeT nsaTHaguaTH YpOBHEBYIO PEIIALMOHHYIO a3y
JTAHHBIX, B KOTOPOH XPaHSTCS JaHHBIE O pa3Mepax BaloB. Pe3ynbTaTsl pacueTa BEIBOAATCS B HCICHHOM
u rpaduyeckoM Buze. [lomydeHHbIC pe3ysbTaThl pacyeTa o porubax BaJloB IEPEArOTC B CHCTEMY pac-
geTa 3yOuaThIX Iepenad, I7ie PaCCUUTHIBAIOTCS PACIpeNelIeHUs] KOHTAKTHBIX U M3THOHBIX HAIPSHKECHUH
TI0 IUPHHE 3yObeB, JKECTKOCTh JIEMEHTOB CUCTEMBI, PaJiHalIbHbIC M KPYTHIbHbIC KoeOanust. IIpuBeneHb!
IIPUMEPHI BBOZIA JAHHBIX, PE3YIIBTATHI pacdera.

KuaroueBble ciioBa: ASGEARS, onopsl, Baiibl, TpaHcMuccust, QyHKIHUsS GOpMBI, pacripeneieHue
HArpy30K I10 IIHpUHE 3yObeB.

BBenenmne. I[Tporpammusrii kommiekc ASGEARS pazpaboran aBTopamu HacTo-
se paboThl, M1 B OCHOBHOM MpEIHA3HAYEH [UIA NMPOSKTUPOBAHMS aBHAITHOHHBIX
3yOuatheix nepenad [1-4] ¥ UMEHHO 3TUM OTIWYAETCSA OT JPYTUX H3BECTHBIX MPO-
rpaMM pacdeTa ¥ MPOEKTHPOBAHUS 3y0UaThIX nepenad. B o0meM ManmHOCTpOeHUH
9TOT MPOrPaMMHBIN KOMILIEKC Hcnonb3yercs non HazBaHueM AEROFLANK, ero
OTIIMYHUE B IPUMEHSICMBIX CTaHapTaX.

IIporpammasiii kommiaekc ASGEARS u cocTout u3 cneayromux noJcUcTeM:

1) reomeTpus HUIMHAPHYECKUX 3yOUaTHIX KOJIEC ¢ MOJU(DUIIMPOBAHHBIM HC-
XOIHBIM KOHTYpOM (TIPUTYIUICHHBIE KPOMKH 3yObeB, NOJHYTPEHHBIE OCHOBAHWUS,
MIpUTpaHUYHBIC 30HBL, U T.11.);

2) reoMeTpus IWIMHIPHYECKUX 3yOUaThIX KOJEC C HECHMMETPHUIHBIMHU
3yObAMU;

3) reoMmeTpHs UWIMHAPUYECKUX LIEBPOHHBIX 3yOUaThIX KOJIEC;

4) reoMeTpusi KOHHYECKUX C KPYrOBBIMU 3yObsIMH M apOYHBIX 3yOUaThIX KOJIEC;

5) nomycku 1o crangaptam ISO, DIN, 'OCT;

6) ™o KoryckoB Ha GopMy MoAN(UKAMY POGUIIS U HAIIPABJICHUS 3yObEB;

7) KJIIOYEBBIE SJIEMEHTHI HAJAJAKHU 3yOONIIH(OBATLHBIX CTAHKOB, B TOM YHCIIE
MOATOTOBKA (haiiyoB ynpasnenus *.pfl;

8) moctpoenue rpaduroB KOIPPUITUEHTOB POPMBI 3yObEB U TPAPUKOB yIEITh-
HOM JKECTKOCTH 3yObeB;

9) pacuers mpounoctu o 'OCT 21354-87, ISO 6336, DIN 3990;
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10) mocTpoeHre KHHEMAaTHIECKOW MOTPEITHOCTH METOJIOM PEIIeHUsT 00paTHOM
3aa9d TEOPHH 3aICIUICHHUS U PacyeT KHHETHIECKOH OTPEITHOCTH, YIUTHIBAIOIIECH
nedopmanuio 3yOses;

11) mopcucTeMbl pelieHns MHTETPATBHBIX U JUPPEPEHIINATHHBIX YPaBHEHUH;

12) mozxcucTeMbl pacueTa Mok HalpsHKEHUH C TIIyOOKUM aHaJIM30M TIIyOUHBI
3ajeraHuss KOHTAKTHBIX HANPSDKCHUA HA OCHOBE HHTETPANBHBIX YPAaBHCHHMA
B.JI. Ycrunenko — B.S. PyOenumnka;

13) MmonenupoBaHue X0/1a M3MCHEHUST KOHTAKTHBIX U M3TUOHBIX HAMPSKCHUM
OT BX0J1a 3yObeB B 3alleIUICHHE 0 BBIXOJA HETO U paclipeesieHIe HAPHKSHUH Mo
BCell muprHe 3yObeB;

14) monenupoBaHre U3MEHEHHUS TOIIIUHBI CJIOSI CMA3KH MEXKTy KOHTAKTHBIMH
MTOBEPXHOCTSAMH KaKIOTO 3y0a n TeMIepaTyphl B KaXKI0H TOUKEe KOHTaKTa C YIETOM
XapaKTepUCTHK Macla;

15) MmonenupoBaHue KPYTHIBHBIX U paUATBHBIX KOJICOaHUH, a TAKKE UX CIICK-
TPaJIbHOTO COCTaBa;

16) MmoienupoBaHKe JUHAMHYSCKUX CHII, ICHCTBYIOIINX HA ITOAIIUITHAKY;

17) pacder craliOHapHBIX U OU(PYPKAIIMOHHBIX aMILTUTYIHO-YaCTOTHBIX Xa-
PaKTEepUCTHK BHIIIETIEPEUNCICHHBIX MTPOIIECCOB,;

18) mpsiMbIe pacyeThl TI0 TaHHBIM HU3MEPEHHS TTOTPeITHOCTEH poduist 3yOheB KoJIec;

19) muarsocTrka 3y0UaThIX mepeaad.

Urobs1 peanm3oBath nepedncierHsie BosMoskHocTn ASGEARS ncnons3yet 60its-
IIAE MACCHBBI UCXOJHBIX JAHHBIX BKITIOYAOIIMX, HAMPUMEP, 3aBHCHMOCTh BS3KOCTH
Maclia OT JIaBJIeHUs, MeTol (JOPMUPOBAHMS MEPEXOAHOIN KPUBOW WITH IMHUPUHY KAHABKU
MEXTy TOyIICBpOHaMH 3youaToro koseca u 1.1, [lostomy ASGEARS mmeer mstHauaTe
YPOBHEBYIO PEISIIIMOHHYFO 023y TAHHBIX, K&K YPOBEHB KOTOPOH JOMTYCKAeT BBOJ J0 256
TIapaMeTpOB 3yOUaToON Mepe/iad, CyIIECTBEHHO YIPOIIAIONTYIO IPOSKTHPOBAHNE.

KoHTpons mMpaBHIBHOCTH BXOAHBIX JAHHBIX H PE3yJIBTATOB pacueTa M MOJIEIH-
POBaHUS BBITIOTHSIETCS C TOMOIIBIO ABYX WIIM TPEXMEPHBIX N300paKeHUH.

HcxoaHble MPUHIUNBI pacyeTa BaaoB. PacyeT ClI0XKHBIX MHOTOCTYINEHYA-
TBIX ¥ MHOTOOTIOPHBIX BaJIOB BBIMOJHSACTCS YUCIEHHBIMHA MeToaMH. OOBIYHO cUH-
TAETCsl, YTO YHUCIICHHBIE METOABI — 3TO METOABI puoIKeHHble. OTHAKO, €CIIH IPO-
rub sneMeHTa Bajia OnpeenaTs no hopmyine x;(z) = N, iT Y, i =1.2,..n, a GyHKIHUIO
(OPMBI U BEKTOP IepEeMEIIEHUH BBIPAa3UTh B BUJIE:

(z—zi)z(z—zl-_l)
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e BXoAsure B (hOpMyJIbl BEIIMUMHEI ITOKa3aHbl Ha PUCYHKE 1, TO pe3ysbTaThl pac-
yera OyAyT TAKMMH XKe, KaK PH aHAINTHIECKOM pacueTe.

CBs3b C BHEIIHUMH X'
CHJIaMH, y4eT TpaHH4-
HBIX YCJIOBHI M TEXHHKA
MPOrpaMMHOM pean3a-
LMK TIPUBEJICHBI B pabo-
Tax [5, 6], utorosebie pe- O
3yJBTAaThl BKJIOYEHBI B
MPOrpaMMHBIH KOM-
miekc ASGEARS [1-4].

Pacyer Ba/ioB B Zi
ASGEARS. Bsonx wuc- Ziy
XOJIHBIX JIaHHBIX C HC-
TI0JIb30BaHKEeM 0a3bl laH-
HbIX B ASGEARS nokazan Ha pucyHke 2. Pe3ynbTar pacyera noka3aH Ha PUCYHKe 3.

Konup.Puc | CoxpaHnTb n3meHeHws B Cneur Coeur on.
Dazy aaHHbX WecTepHU Koneca MNapam.

[ CopTupoBaTb No Bo3pocTaHuio koopawHat [ Benowmoe [lobdaBuTb ¥nananutb

Pucynok 1 — Cxema quckpeTn3anuy Bajia KOHEUHBIMU SJIEMEHTaMU

N9y3nﬁ|KnopnMHaTb|‘ “ |ﬂMﬂMETp|LUMpMHﬂ |Cw1a |MUMEHT | Ocesan |KecTkocTb
an-Ta |y3non [Mm] |"' ‘J’ |BH*Tﬂ[MM'laﬂ*Tﬂ[MM'lhwﬂl |[hwﬂ|,fMM]|cunﬂ Fx ‘unupu,N,"mm
1 -100 X 0 0 0 0 0 0
2 0 25 100 20000 0 0 0
3 100 % 25 100 0 0 0 0
[« | [|
Pucynok 2 — BBo1 HCXOIHBIX TaHHBIX
P=20000H; d=25 mm; L=200mMM
Cymer (1) Cusr (3 )
=-9999.999 com( 2 ) —-5999.998
= 20000
Sy e -
[ Maxcumanbhbin nporue Vron nporuba |
[ 0413904mm [ 0.006209 pagyan |

Pucynok 3 — Pesynbrar pacuera

Tenepp paccMOTPHM, KaK U3MEHATCS OTMOPHBIC PEaKIMU U MPOrud Baa, eciu
K UIMEIOLINMCSI IBYM OIIOpPaM J00aBUTh TPETHIO, PACTIONIOKHB €€ M0 CEPEIUHE MEKIY
JIEBOM OTIOPOi 1 cepeinHOi Basta. BBOI HCXOTHBIX JAHHBIX C HCIIOJIB30BAHUEM 0a3bl
naHHbIX B ASGEARS nokasas Ha pucyHke 4, a pe3yspTaT pacueTa OKa3aH Ha pH-
CYHKE 5.

Kak BuIHO 13 pe3yabTaToB pacyera Nporud U CHIIbl, ISHCTBYIOIINE HA OTIOPHI,
CYIIECTBEHHO M3MEHHIINCh, KaK IO BEIMYUHE, TaK U IO HANPABICHHUIO JCHCTBHIO
cui. IIporu® ymeHbIIMIICA WIECTh pa3, MPH 3TOM HAarpy3Kd Ha KpalHHE OIOpEI
YMEHBIIHMIIHCH, a 100aBJICHHAs ONOPa BOCIIPUHIMAET Jake OOJBIIYI0 HATPy3Ky, 4eM
JIEUCTBYIOIIAS CUIIA.

JlanpHeilme uccneoBaHus MOKa3aal, 9YTO PACCTOSHUE MEXKy OIOpPAMHU CBS-
3aHO C CHJIaMU, JEHCTBYIOIIMMH Ha OTOPHI, TUIIEPOOINIECKON 3aBUCHMOCTBIO: YeM
OJIKe paccTOsTHUE MEXXIY OIIOpaMy, TeM OoJblIasi Harpy3Ka Ha HUX JIEHCTBYET.
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Konup.Puc | CoxpaHWTb M3MeHeHua B Cneur cnsur on.
Da3zy maHHbx WeCcTepHH Koneca Mapam.

[ CopTupoBaTb No Bo3pocTaHWio keopauHat | Benomoe [MobasuThk ¥nananutb

N‘-"y3na|KDDpnMHaTb|“ "‘ |uMﬂMBTp||.|JMpVIHﬂ ‘Cnna |MUMEHT |Oceran |KecTkocTb

an-Ta |y3nnB [Mm] |"' ‘,f |3ﬂ-Tﬂ[MM|3n-Tﬁ[MM:‘hwﬁ| |[hwﬁIjMM]||::Mna Fx ||:|n|:|ph|_N,fmm
1 -100 X 0 0 0 0 0 0
2 -50 ¥ 25 100 0 0 0 0
3 0 25 100 20000 0 0 0
4 100X 25 100 0 0 0 0

‘ >

Pucynok 4 — BBoa HCXOIHBIX TaHHBIX

Bcenencteue  ympy-
et 2 ) P=20000H; d=25 mm; L=200mMm TUX ,Z[B(I)OpMaHI/Iﬁ BaHOB,
—-24444.15 00pa3yroTCcs OTKIIOHEHUS
B IIOJIOKEHUM KOHTAKT-
HBIX TUHUH 3yObheB 3yOua-
cwm( 3 ) TBIX KOJIEC.

= 20000 Cume( 4 )

=-3998.989 Yyer nporuba Ba-
e J --| JIOB IIPH pacyeTe pacnpe-
& - AeJIeHHsI HATPY30K O
(1) mupuHe 3y0beB 3y04a-
ThIX KoJ1ec. B ASGEARS
OJTHOBPEMEHHO PACCUHTHI-
BaeTcs 1Ba BaJla M OIpesie-
JSIETCSl CyMMapHOE YTIIOBOE OTKIIOHEHHE Y (PUCYHOK 6,a) KOHTAKTHBIX JTMHUH.
F =-22979

[ Maxcmaanswsi npor b Vronnpornga |

| oo0es1iomm [ 0001466 pamman |

Pucynok 5 — PesynbTar pacuera

R = 11802 R=12179

R =-1002

a
Pucynok 6 — M306paxeHnue: a — GopMsbl iporuba BajioB; 6 — pacipeeieHus YASIbHbIX
Harpy3oK Io LIHpUHE 3yObeB 6€3 KOPPEKLMU HAIPaBICHHUS 3yObeB

Pe3ynbTaThl pacueTa OTKIOHEHUH B MOJI0KEHUH KOHTAKTHBIX JINHUN MPUHUMA-
FOTCS TIOAICUCTEMOI pacueTa MOTPENIHOCTEH U Jjaliee ¢ Y4ETOM IapaMeTpoB JHHA-
MHUKHU PAaCCUUTHIBAIOTCS M BEIBOJSITCS B BHJC rpaynIecKUX H300paKeHUH (PHUCYHOK
6,0), I aHamM3a C IEJbI0 TOCIEAYIOMIETO0 pacyeTa KOPPEKIUH HAIMpaBICHHS
3yObeB (PUCYHOK 7,a) ¥l IOBTOPHOTO pacyueTa paclpeIeieHUs] Harpy30K IO IIHPUHE
3yObeB (pUCYHOK 7,0).
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Pucynok 7 — N3o0paxenue: a — MOTUPUIMPOBAHHOM OBEPXHOCTH 3y0beB KoJec; O —pac-
HpeJIeeHus yASIbHBIX HAarpy30K 110 IHPHHE 3yObeB ¢ KOPPEKIMEeH HanpaBlieHHs 3yObeB

INocse ycTpaHeHHs] KOHICHTPALME HAMPSHKCHUH U 00ecTieYeH s 3aJaHHbIX Xa-
PaKTEepHUCTHK Nepeaadn, TPOEKTHPOBAHKE 3aBEPIIACTCS BHIBOIOM IIPOTOKOJIA pacyeTa.

Ha pucynke 7,6 BUIHO, 9YTO MAaKCUMAIIbHbIC yCIbHBIC HATPY3KH MPUXOISTCS
Ha OJHONIAPHYIO 30HY 3aueIUieHHs 3yObeB. B nByxmapHOM 3alleruieHus. Harpys3ku
MIPUMEPHO B J1Ba pa3a MeHbIe. B padore [1] ¢ mporpammbl ASGEARS omnmcano, kak
BBIPOBHSATH 3TH HAarpy3KH U IOBBICHTH HECYIIYIO CIIOCOOHOCTB IepeayH.

Ot Bxoza 3y0ObeB B 3allETVIEHHUE 10 BBIXO/A U3 HETO €CTh KOJIEOaHUsI Harpy30K
(puCyHOK 6,0, pUCYHOK 7,0) —3TO CIIEJICTBUE JMHAMUYECKHUX ITPOLIECCOB, BO30YX1a-
€MBIX TIEPEMEHHON JKECTKOCTBIO 3yObEB M MOTPEITHOCTAME MPOQHIIS 3yObeB KOJIeC.
Ot konebanus (pUCYHOK 8), BO30yxnmasich 3alerieHHeM 3yObeB Koiiec, UMEIOT

OCHOBHEIE S NapameTael m=4.750 1= 33, 22= 43 x1=0.200 x2=-0.209 Alfa=28.0 AfaN=28.0 b1= 62.0 b2= 62.0 ha1=0.900 ha2=0.900 betta= 0.0
®naHk c1=18c2=18r1=356r1N=35r2=35r2N=35F=222255000022222211000000000000000000000100475047500110
Tun Onarka 30 Aopodess. CTT0HOCTY Q1 = 4-4-4-Aa Q2 =4-4-4-Aa OT Topya= 82 000

n= 6218.06/M1H; P=  32837.0 H W= 1466.1 keT.fz= 3420, f0= 3376 nfl= 6138,

6 207 218 229 240 251 262 273 284 294 49
10
5
0

40 251 262 273 2B 294 305 316 327 338 349
OOIPEIHQOCTE M ©THUEA, MEM
40 251 262 273 28B4 294 305 316 327

HHEEEENRN
Sss8ss8888s

1E€. 196 207 218 225 240 251 26 273 uﬁR 338 345
¥ 'poMOllI;EOCTI: Berviiefo Honels o mitimi sanemies BT
]

0 0Q0 00 000 2500 3000 000 Q0 5000

n |
0 & l‘bf 1500 2000 2500 3000 3500 4000 4500 5000 5500 600 6%0
CuefTp/Biubpofoimdets "B fiters Foreda Mo o Sansanetnsd, "B

Pucynok 8 — PacuerHple HenmHelHbIC Koj1eOaHuMs 3y0UaThIX KOJIEC CaMOro MOIITHOTO B MHPE
penykropa BuHTa nBurarers JI27 mis camonera AH-70 u cniektp koseOaHmii 3y0UaThIx KoJiec
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OOJIBINYI0 SHEPTHIO, OT JBYX [0 MSTHUACCITH KUIOBATT, IOITOMY, €CJIM HE MPUHSIThH
CHeLUaIbHBIX MEp, MOTYT CTaTh MPUYMHON Pa3pyIICHHs JUCKOB, JIONATOK TYpOUH,
TpyOOIPOBOAOB U APYTUX DIIEMEHTOB KOHCTPYKIHH.

B cucreme ASGEARS umerorcst cpenctpa, st pacdera SHEPTUN KOJIEOAHHIH,
CPEICTBA I MX YMCHBIICHHUS U UCIOJIB30BAHUS PE3yJIbTATOB pacueTa sl IeJcH
JIUArHOCTHKY 3y0UaThIX Iepesay.

XapaKTeprCTUKH HEJTMHCHHBIX KOJIcOAaHHH BO BPEMEHHOW OOJIACTH U CIICKTP B
YaCTOTHOM 00JIACTH SIBIISFOTCS MPU3HAKAMH JIJISI UATHOCTHKY 3y04aThIX TIepe/ad.

BeiBogbI:

1. C noMompto mporpammuoro komiuiekca ASGEARS paccunThIBaroTCs CHITHI,
JISWCTBYIOIIUE Ha OMOPHI ¥ IPOTHOBI BAJIOB.

2. JInst ycTpaHeHUs] KOHIEHTPAlMK HAIPsDKEHUH Ha 3yObsX Kojec IMpHUMEHs-
eTcst MoanGuKanus O0KOBOI TOBEPXHOCTH 3yObEB.

3. JlomonHMTENBHBIE ONOPHI BAJIOB CYIIECTBEHHO YMEHBIIAIOT NPOTUO BaJIOB,
HO MOT'YT CTaTh IPUYHWHOI MHOTOKPATHOT'O yBEINYEHHs HArpy30K Ha OMOPHI BaJIOB.

4. IIporu6 BayoB — 3T0 (HaKTOP, CYIIECTBEHHO BIUSIOMNN Ha KOHIIEHTPAIHIO
HanpsoKeHUH B 3y0UaThIX Mepeadax.

5. Curnaisl BUOpaIuii 3y04aThIX iepeiad B IEPBOM IPUOTIKEHNH aIeKBaTHBI
¢bu3nYecKnM MporueccaM MePeCcONpPsKEHNS 3yObeB KONIEC peayKTopa, II03TOMY MO-
T'YT OBITH MCIIOJIb30BaHbI JIsl TUarHOCTUKY 3y0UaThIX Mepenad.

6. ITporpammMuslii kommiekc ASGEARS ycnenrHo npuMeHsics Ipyu NpOeKTH-
poBanuu 3youatsix nepenad B ['Tl "VBuenko-IIporpecc", naroraBimBaeMbIx npes-
npusatueM "Motop Cua", r. 3anopoxse 1 AO "Camrot", r. Mocksa.
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