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ONPEJEJIEHUE YCJOBUI YCTAHOBUBIIETI OCS PEXKUMA
PABOTbBI TEXHOJIOT TUE CKOM CUCTEMBbI

Byrtenko B.!., Huxutun A.U., Pazna6apa A.T.
(kagh. Mexanuxu, TPTY, e. Tacanupoe, Poccus)

OpHuM U3 BakHEHIINX (DaKTOPOB, BIMSIONIMM HAa TOYHOCTH TEXHOJIOTUUECKOH oOpa-
OOTKH, ABIISETCA KECTKOCTh TEXHOJIOTMYECKON CHCTEMBI CTAHOK — MPHUCIIOCOOICHHE — MHCT-
pyMmeHT — nerans (CITA).

Oco0yro BaXXHOCTH JKECTKOCTh YKa3aHHOW CHUCTEMBI UMEET NPHU Pa3MEpHO-YHUCTOBOM
obpabotke [1]. s Takoit 0OpabOTKH, aBTOPOM TPEIOKEHO OIICHUBATH JKECTKOCTh TEXHO-
normdeckoit cuctembl CIIN/] B ycTanoBuBIIEMCs pexume padboTsl. [Ipu 3TOM TexHoIOrHYe-
ckas cucrema CIIM]] B paboueM cOCTOSTHMM XapaKTepu3oBajach KOA(PQPHUIUEHTOM YCTaHO-
BUBILETOCS PEKUMa paboTsl K |, KOTOPBIiT IOKA3bIBACT, BO CKOJIBKO Pa3s yIPYTHe NepeMeltie-

HUA B CUCTEMC IIPU YCTAHOBUBIICMCS PCIKUMC yvp OTJIMYAKOTCA OT CTaATUYCCKOTO NCPEMCIIC-

HusA y ., WIK BO CKOJIBKO pPa3 CTaTH4YCCKasd KECTKOCTb W, 0O0JIbIlIE WIIM MEHBIIE KECTKOCTH B

YCTaHOBHBIUEMCS PEKUME PabOTBl W, T.€.
yJ’P Wcm
K, ="2=—m (1)
ycm WJ/P

Otky/1a )eCTKOCTb B yCTAHOBHBIICMCSI PeXUME paboTsl W, OyzeT paBHa

W= )

¥ JUISL €e ONpe/IesIeH!s He0OX0AMMO 3HATh 3HaueHUe Koo duuuenta K | Npu pasim4HbIX yc-

JIOBUSIX 00pabOTKU.
Jnist ycTaHOBIIEHHSI OJHOBPEMEHHOTO BIMSTHHS BCEX OCHOBHBIX (haKTOPOB Ha KOA(hHu-
uueHT K| HeoOXOIMMO MMETh OJIHY KOMIUICKCHYIO 3aBHCHMOCTb. B paboTe paccmarpusaet-

Csl pelIeHre ATOH 3a7a4M ¢ TOMOIIIBIO0 METOAa IJITAHUPOBAHUS dKCTIEpUMEHTA [2].
Hus Haxoxnenns koodduunenta K, Obuia COCTaBiIeHa MaTpui@ 2" pemmika ot

noHOTO (haKTOpHOTO JKcrmepuMenTa 2° (Tabm. 1), B KOTOPYIO OBITH BKIIOUYEHHI CIEAyONIHE
cemb (k =7) dhakTopoB: ¢ - TIyOMHA pe3aHus, S - 1Moja4ya, V-CKOPOCTh pe3aHus, d - AHaMeTp
00pabaTbIBa€MOIl 3arOTOBKH, (- TJIaBHBIM Yrosl B IUIaHE pe3lia, » - paJuyc MpU BepIIUHE
pesnau HB - TBeprocTh 00pabaThiBa€MOM 3ar0OTOBKH.

WutepBanbl BappHpOBaHUs KXIOTO U3 (PaKTOPOB BHIOMPAINCH HA OCHOBE IpE/IBAPH-
TETBHBIX OJHO(PAKTOPHBIX IKCIIEPUMEHTOB TaKUM 00pa3oM, 4YTOObI OCHOBHOW ypOBEHb (hak-
TOpa COOTBETCTBOBAIl HAMMCHBIIIEMY 3HAYCHUIO KOd(Puimenta K . DKCIEPUMEHTBI IIPOBO-

JUIACh HA TOKAPHOM CTAHKE CO CTaTHYECKOM KEeCTKOCTBIO W, = 1470 xec/ mm , onpenenen-

HOM B COOTBETCTBHUU C JEHCTBYIOIMMHU MeTOquKamu [ 1,3].

Yupyrue nepemenieHus: (PUKCUPOBATUCH HETIOCPEACTBEHHO Ha 00pabdaThIBAEMBIX I10-
BEPXHOCTAX UHIUKATOpoM ¢ LeHou aenenust 0,001 mm. Kaxxpiii u3 16 onbiToB noBTOpSiCs 5
pas, ¥ ynpyroe nepemMelieHne y,, ONpPEeIesoch Kak CpeiHee apupMeTHIeckoe u3 5 3Hade-

HUI.
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Tabmuma 1. Matpuma

No oI Xo X X, X3 Xy Xs X6 X7 y

Ta - t, MM Ml\f/(’)6 v,M/c | d,Mm o’ ?1_}?2’1 r, MM K,

1 + - - - - - - - 0,0915
P + + + + + - - - 0,8850
3 + + - - + + - 0,1570
4 n i i} + - - + 0,2310
5 + + - - + - + + 0,1345
6 + - + + - - + 0,0815
7 + - - + - - + 0,0638
8 + - - + + + + - 0,1040
9 + + + - - - - + 0,0377
10 + + - + - - + - 0,0649
11 + + - - + + - - 0,0479
12 + - + + - + - - 0,2842
13 + - + - + - + - 0,1518
14 + - - + + - - + 0,2392
15 + - - - - + 0,4713
16 + + + + + + + + 0,3828

3aBucuMocTh K = f (t,s,v, d,p,HB, r) MOXET OBITh NPEJICTABJICHA B BUJIC:

y=byxxy ...x, (3)

rje y - napamerp KOHEYHOTO pe3yJsbTara MpoLecca; X,, X, ...X, - OTACIbHbBIE TapaMETPHI.

ObpaboTtka marpuisl (Tabi.l) BEIMONHATIACH C NMPUMEHEHHEM JIOTapu(pMHPOBAHHS.
[Tepexon OT KOJUPOBAHHBIX TIEPEMEHHBIX K HATYPaJIBHBIM OCYIIECTBIIICS TI0 popmyJie [4]:

3 2(1n z=Inz_ )

Inz_ —-Inz_.

+1, 4)

i

re z - mapameTp npouecca (¢,s,v U T.1.).
[Tocne 06paboTku pe3ynpTaToB dKcriepumenTa Ha [[19BM 1o crnenmansHOM mporpam-
Mme [1, 3, 4] Obu1a osTy4yeHa ciaenyroast 3aBUCUMOCTD:

1,82_.0,19 0,75 ,0,4 0,3
1,49s " v>" e "r " HB

Ky tl,25d0,7 ' (5)

[Ipu noBepurenbHOlt BeposTHocTH | — = 0,95 npoBepka 3HaAYMMOCTH Kaxa0T0 (hak-
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TOpa MPOBOJWIIACK 1O ¢ - KpuTeputo (kpurepuil CThrofeHra) [2].
®dakTop NpU3HABAJICA 3HAUYMMBIM, €CITH COOJIIOANIOCH YCIOBUE

b, >1S,,, (6)

rac

S2
Sb' = _y; (7)
N

n

ZZ(lnyuq _lnyu)2
Sy = N(n—l) . 8)

B dopmynax (7), (8) Sf, - AUCTIEPCHsT BOCIIPOU3BOAMMOCTH PE3YJIBTATOB OIBITA; S -

KBaJIpaTHYHAs ONIMOKA BEJMYMHBI ) ; S, - qucriepcus koddduimenta perpeccun; S, - KBaj-

patnyHas ommoOKa kKo3dduimienta perpeccun; u u 1, 2... N - TOpSAKOBBII HOMEp OTBITA B

matpune; g = 1, 2... n- 4UCII0 IOBTOPHBIX HAOIIONEHUI; ¢ - TAOJMYHOE 3HAUCHUE KPUTEPUS
CrbroaeHra.

Pacuer moxa3zay 3HaUMMOCTH BCEX BBEJCHHBIX B MaTpHIly (GaKTOPOB Ha KOIPPUITEHT

K, .

VY craHOBIIEHHAs] 3aBUCUMOCTD (5) UMEET HEJIMHEHHBIM XapaKkTep U AaeT BO3MOXKHOCTh

pewmTs 3ajady HaxoxaeHus Koddduuuenra K M NPHHATH HEOOXOINUMBIC MEpbl Ul

YMCHBUICHUA BCIWMYHUHBI 3TOI'O KOB(i)q)I/IIII/ICHTa W IIOBBLIINIECHUE KECTKOCTU TEXHOJIOTHYECKOU
cucremsl CIIAJL. TlonydeHHass HenuHeiiHas 3aBuCHUMOCTE K = f (v,s,t,d,<p,r,HB) MOXKET

OBITh UCNOJb30BaHA TEXHOJIOIAMU IIPU TOUYHOCTHBIX pacueTax ONepaluil, BHIIIOJIHAEMbIX Ha
TOKapHBIX CTAHKAX CPEIHEH MOIIIHOCTH.

Cnucok sutepatypbi: 1. Mensenes /[.JI. YTouHeHHBIM METOI OTIpEICIICHNUS KECTKO-
CTH TexHoJiorndeckoi cucrembl //W3Bectus BY3o0B. MammuocTpoenue. — 1973, Ne 9. —
C.120-124. 2. bayman B.A. O B0O3MOXHOCTH NPUMEHEHHUS METO/I0B [UIAHUPOBAHUS IKCIIEPU-
MEHTA K aHAJM3y TEXHOJIOTHUeCKHuX mporeccoB //B ¢6. "IlyTu u pe3epBsl MoBbIeHUS P heK-
TUBHOCTH MPOMBILIIEHHOTO Tpou3BojicTBa” — bpsiHck, 1972. — C. 14-18. 3. CipaBoYHUK TeX-
HoJorus mamuHocTpoeHus. //Ilox pex. A.I'. Kocukooii u P.K. MemepsroBa. — M.: Mammu-
HocTtpoenue, 1986. T. 2 — C.261-303 4. Kanes I[1.I'. Ctatuctuueckue METOAbI UCCIIEIOBAHUS
pexy1iero uHcTpymenta. — M.: Mamunoctpoenue, 1974. — 23 1c.

HNCCIEAJOBAHUE PEXKUMHBIX IAPAMETPOB PABOTHI IOJIMMEPHbBIX
NOAMUITHUKOB TP PA3JIUYHBIX BUJAX CMA3BIBAHUSA

I'opkyma A.E., Crednsauko B.I'., llIsen E. /L., ’Knanos U.B.
(kagp. MCmanux, /JonHTY, kagh. OUN, [Houl'VIT, 2. Jloneyk, Ykpauna).
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[ToammnHUKY ¢ BKJIabIIaMU U3 NOJUMEPHBIX MaTEPHAJIOB HEUYBCTBUTEIbHBI K BUTY
CMa304HOTro Marepuaia. B kauecTBe cMa3Ku MOKET IPUMEHATHCS KaK MacJjio, TaK U BOJIA.

Bopna, xak cMa3bIBaromias KUIKOCTh UMEET JIyuline (Pu3n4ecKre CBOWCTBA B CPaB-
HEHHE C MAcJIOM: MEHBIIIYIO BA3KOCTh U OOJIBIIYIO TEIIIOEMKOCTh. DTH CBOMCTBA 00ecTeun-
BalOT MaJjible IOTEPHU HA TPEHUE U HU3KUHM TEMIIepaTypPHBII peXUM, UTO AAE€T BOZMOKHOCTh
paboTaTrhk C cCaMbIMHM MaJbIMU OTHOCUTEIbHBIMU 3a30pamu (10 y=0,0001).

[IpuHrMas BO BHUMaHKE, YTO [yl MOAIINIHUKOB THAPOJUHAMUYECKOTO TPEHUS MU-
HUMaJIbHAs TOJIIMHA CMA30YHOTO CIOS hyin M3MEpsIETCS HECKOJIBKUMH MHUKPOMETPAMH U SB-
JI1€TCSL 30HOM MUHUMAJIBHOTO 3a30pa YBEJINYEHHOU IIPOTSKEHHOCTH, TO OLIEHKON HECYyIIeH
CHOCOOHOCTH TMOJMMEPHBIX MOIIIMITHUKOB MOYKET OBITh IPUHSATA TEMIIEPATypa, ONpeeisie-
Masi 1o u3BecTHol popmye [1]:

(r]= [PV] ’

< M

to

riae Ky, — mapameTp TeIIo0TBOAA y3Jia TPEHHUS;
d, | — qmameTp u qJMHA MOAIIUITHUKA;
[T] — rparryHast 1oMyCTHMAasi TEMIIEpaTypa Ha paboyeil MOBEPXHOCTH BKIABIIIA;
f— xoapunmeHT TpeHusI.

I'pannunas nomyctumas temnepatypa [T] Ay moauMepHsIX HOJIIMITHUKOB CKOJIb-
YKEHUS TIPUBOJIUTCS B CIIPABOYHUKAX M IPUHUMAETCSI paBHOU paboueli TemmnepaType HOp-
MaIbHOH pa6oTs mogmumHuKa 70...80°C mpu cMassiBarmu Maciom 1 50...55°C mnpu cma-
3bIBAHUM BOJIOM.

BceneactBue Toro, 4To 1A 3alaHHBIX ycnoBui ucnbiTanuid BenanHa fdl/K,, mpuse-
nenHas B popmyie (1), mocTtosiHHa, TO TEMIEpaTypy B 30HE TPEHUS! OJJTHO3HAYHO ONpEEIsieT
pexuMHbIi napametp [PV] (mpousBenenue naBieHus Ha CKOPOCTb).

JlpyruM oCHOBHBIM IIapaMeTPOM, ONIPEAEISIONIUM TEMIIEPATYPY B MOJUMEPHOM
HOJILIUITHUKE, SIBJISIETCS MOMEHT CUJI COIIPOTUBIIEHUS ABMXKEHUIO, KOTOPBIN 0OpaTHO MpONop-
LIMOHAJIEH JJUaMETPaIbHOMY 3a30pY, PaBHBIM:

M=0,5pd*lpo/y, 2)

IZie | - BA3KOCTh CMa309HOT'0 MaTepHaia.

BBuay TOTO, 9TO BSI3KOCTH BOJIBI 3HAYUTEIBHO MEHBIIIE CAaMOTO MACJIOBSI3KOTO Maca,
TO TEII000pa30BaHKE B MOAIIUITHAKE MEHBIIE. DTUM oOecrieunBaeTcsi 00yiee HU3KHUIA TeMIIe-
paTypHbIi pexuM ero paboThI.

J11s1 oIy 4eHus] CpaBHUTENBHBIX JaHHBIX 110 OTPEACIICHUIO PEKUMHBIX MTApaMeTPOB
MOIIIAITHAKOB C TIOJIMMEPHBIMHU BKJIA/IBIIIAMHA OHU OBUIA M3TOTOBIICHBI M3 KarpoJioHa B u
macigauta KIT nnamerpom D=100 mm u jmmnoi L=80 u 100 mm.

BHyTpeHHss MOBEPXHOCTH BKJIA IBINICH OblIa 00paboTaHa 10 TapaMeTpa mepoxoBa-
Toctd R,=0,4...0,8 MKM.

[TockonbKy BTYJIKM U3 KalpoJIOHA M MAaCJITHUTA BIUTHIBAIOT BJIAry M pa30yXxaroT, TO
JUTS. yMEHBIICHHS TUTPOCKOMTMYHOCTH U CTAa0MIIM3AIIMH Pa3MEPOB UX KUTLSITHIHA B Maciie 12
4acoB.

HcnprTanns TpoBOIMIIMCH HA CTIEHUAILHOM CTEHJIE [T CCIIC0OBAHUS TTOIIITHITHH-
KOB ckoimxkeHusa JJoHl TY. B kauecTBe cMa304HOTO MaTepuaia NpUMEHsI0Ch Maciio «MH-
nyctpuansHoe 30» u Boa.

Y CTaHOBIJIEHO, YTO B MOJIIIMITHUKAX C IMOJUMEPHBIMHU BKJIaIBIIIIAMUA OCHOBHBIM CPEJI-
CTBOM OTBOJIA TeIlIa U3 paboueii 30HBI SBISIETCS CMa304YHbBIN MaTepual u namnda, Tak Kak
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TOJIIIMHA CTEHKH BKJIAJbIIIA COBEPIICHHO HE MPOITyCKAET TEIJIO B KOPILYC MOAIIMITHUKA.
ITonTBEpKAECHUEM TOMY MOXKET CIIYKUTh CPABHEHUE PE3YJIbTATOB UCCIEAOBAHUN IO IIUITHH-
KOB C METAJUIMUYECKMMH U MOJIMMEPHBIMHU BKJIabIaMu. B paboTe [2] 6110 ycTaHOBIIECHO,
YTO JIJI METAJUIMYECKUX BKIIABIIICH YBEIUUYECHUE TEMIIEPATyPhbl CMa3Ky, I101aBa€MOU B
MOJAIINITHUK tzy, PA3HOCTb TEMIIEpaTyphl At MEX1y MAKCUMAIbHOU TEMIIEPATYPOH tmax U
TEMIIEPATyPOH BXOAA tyx, PABHOM At= tmay - tyx HE H3MEHSETCA. DTO OOBICHICTCS MAJIBIM KO-
JMYECTBOM CMa3KH{, IPOTEKAIOIINM Yepe3 pabodyo 30Hy, 00beM KOTOPO paBeH:

Q=1/2vlhppn, (3)

IJIe V— CKOPOCTh CKOJILKEHHUS;
] — muHa DOAIINIIHUKA,
hmin — MUHMMaJIbHAS TOJIIMHA CMa30YHOM TUICHKH.

dakTHyecKuii 00beM CMa3KH, pacCUNTaHHBIN 1O (hopMmyte (3) TOKa3bIBALT, UTO Ue-
pe3 Harpy>KeHHYI0 30HY MOJIIUITHUKA, SBISIOIIYIOCS OCHOBHOM 30HOM Teruioo0pa3oBaHus,
NPOKAYMBAETCS B JIECATKU, COTHU Pa3 MEHBIIIE CMa30YHOTO MaTeprala, YeM MOoJydaeTcs Mo
pacdery u3 ycluoBus HeJehOPMUPYEMOCTH CUCTEMBI IUT-TIOAIIAITAHK [3]. DTUM U 00BsICHS-
€TCs, UTO YBEJIMYCHHUE TEMIIEPATYPhl BXO/A tzx B TOAIMIUITHUKY C METAJUTHYECKUMHU BKJIA/IbI-
[IaMHU HE U3MEHSAIOT Pa3HOCTh TeMIepaTyphl At.

B 10 e Bpems, ecniu B paboueii 30He K 00,1aCTH MUHIUMAIBHOTO 3a30pa hmin pas-
MECTHUCh CKBO3HYIO KaHABKY MOCIEAYOIIEH NPOKAUYKON YepE3 HEE CBEXKEN CMa3KH, TO Ha-
Omomaercst cHIkeHue At. DTO yKa3bIBaeT Ha HATMUME HA TOBEPXHOCTH 1ar()bl HATUIIIIETO
TOpPSIYEro CI0s, KOTOPbI CMBIBAETCS MPOOJIBHBIM HUPKYJIAIMOHHBIM TOTOKOM CMa3KH
yJIydIIaeTcst TEIIOBOH OalaHC B TOAIIUITHUKE.

CoBepIieHHO MHasi KapTUHA HAOJIFO1aeTCs TP yBEJIMYECHU U TEMIIEpaTyphl BXOJa B
MOIIIMITHAKH C TIOJMMEPHBIMH BKJIAbIIaMH. ONBITHI OKAa3bIBAIOT, YTO MOIIMITHAKY C TIO-
JMMEPHBIMH BKJIaIBIIIAMHU OYCHb UyBCTBUTEJBHBI K TEMIIEPATYPE BX01a CMa304HOT0 MaTe-
puana.

Ha puc. 1 moka3ana 3aBHCUMOCTB POCTa TEMIIEPATYPHI OT TEMIIEPATYPHI MOJaBAEMOM
BObI. ClleIoBaTeNIbHO, YEM MEHBIIIE TEMIIEpaTypa M01aBaeMOT0 B MO IIMITHUK C TIOJUMEpP-
HBIM BKJIQJIBIIIIEM, TEM 00Jie€ yCTOWYUBBIN PEXKUM pabOThl OLIOPHOTO y37Ia.

Ha puc.2 nmokazana 3aBUCUMOCTB MPEACIBHON HECYIEH CTTIOCOOHOCTH IO KPUTEPHULIO
«PV» (mpousBeneHuIo NaBiIeHUs HA CKOPOCTB), KoTopas paBHsack 116 MIla/c mpu cmaske
maciioM. JlanpHeiiliee yBeIn4eHne 3TOT0 3HaUY€HHS BBI3BIBACT JIABUHOOOPa3HOE HAKOTUICHUE
TEIUIa ¢ PE3KUM POCTOM TEMIEPaTypHl M BHITUIABICHUEM BKJIA IbIIIA.

CpaBHUTENBHBIE UCTIBITAHUS TIOAIIUITHUKOB C MOJMMEPHBIMU BKJIAJIBIIIAMHA TIPU
CMa3Ke MUHEPAJIbHBIM MacJIOM M BOJOW MIOKa3bIBAIOT, YTO MaKCHUMaJbHAs TEMIIepaTypa npu
CMa3bIBaHHUH BOOH 3HAYNTEIBHO HIIKE, 4eM IPH cMasbiBaHuH MacioM (35...40°C), a ciemno-
BaTEIJIbHO, BKJIAJIBIIT UMEET OOJBIINN MOAYJIh YIIPYTOCTA M MEHBIIYIO MOJATIHBOCTb.

Ha puc. 3 npuBenena kapTHHa pacnpeaeIeHHus] TEMIIEPATy Pl 0 OKPYKHOCTH B
MOJIIIAITHAKE C KAIPOJIOHOBBIM BKJIAJIBIIIEM TP JIBYX BHAAX CMa3KH B PEICITBHOM PEKUME
ero paboTHl.
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Puc. 1. 3aBucuMOCTh pocTa TeMIepaTyphl B TIOJIIUITHAKE OT TEMIIEPATYPBI 1013~
BaeMo# Bonbl. icxomnubie mannbie: D=100mm; L=100 mMm; y=0,0025; 1-p=1,7MIla, V=7m/c;
2-p=1,7MIla, V=>5wm/c.
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Puc. 2. 3aBucuMocTh TEMIIEPATYPBI OT CKOPOCTH B MOIIUITHUKE C KAPOJIOHOBBIM
BKaagpimem D=100mm, L=100mm, y=0,0025; 1-p,=9,2MIla, cma3ka Maciom, 2-
Pep=9,2Mlla, cmaska BooMH, tg=1 8°C.

U3 puc. 3 CIeAyeT, 4TO B MPEIETbHOM PEXIAME pabOTHI MPH TEMIIEPAType toy=18"
MaKCHMaJIbHAs TeMIepaTypa 1l BobI coctaBiuia 50°C [pH 3TOM BSI3KOCTb BOJIBI H3MEHH-
nack ¢ 1,1 cer o 0,556 cct, st macna «Muanycrpuansaoe 30» ¢ 150 cer, 10 8 ccT npu
tma=92"C, 1 06y CIIaBIMBACTCS HM3MEHEHHEM MOLYIIS YIPYTOCTH MaTeprana B 1,7 pasa u3-3a
OoJiee BEICOKOI TeMIepaTyphl.

PacmmdpoBka ociiiorpaMm mpu JBYX BUIAaX CMa3KH NMOKA3bIBAIOT, YTO MPOTS-
YKEHHOCTh paboueil 30HbI /1t BOABI Ha S...10 0/0 MEHBIIIE, U 00BACHIETCS MEHBIIIEH T101aTIIN-
BOCTBIO M MEHBIIIEH €€ BA3KOCTBIO.

Hcnoms30BaHre TIOIIMIUITHUKOB € TIOJTUMEPHBIMU BKJIQIBIIIIAMHA TTO3BOJISIET 3aMCHHUTH
ocTpoaeduIMTHRIC aHTU(PPUKIIMOHHBIC MaTepHrala, TAKME KaKk OpoH3a u 6ab0wuT, 6€3 CHUKE-
HUSI €r0 HeCyIlled CIoCOOHOCTH.
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Puc.3. Pacnpenenenue remneparypsl IO OKPY>KHOCTH B MOJIIMITHUKE C KAIIPOJIOHO-
BBIM BKJIQ/IbIIIIEM.

Pesxumsl ucneitanuii: D=100mm, L=100mMm, y=0,0025; V=8m/c, P.,=9,2MI1a, 1-
cMa3Ka MacjoM, 2 — cMa3Ka BOJOM.

3aMeHa CMa3Ky M3 MUHEPAJIbHBIX Macell Ha CMa3Ky BOJOH YJIydlIaeT dKOJOTHIECKOES
COCTOSIHUE OKPYIKAOIICH CPEIIBI.

Cnucok aurtepartypsl: 1. Pozenbepr I0.A., BausiHue cMa30uHbIX Macell Ha JI0JITOBEY-
HOCTb ¥ HaZISKHOCTh MaiuH. — M.: Mammuocrpoenue, 1970. — 313c. 2. T'opkyma A.E., Caeros-
ckuit @.I1., Crebnsnko B.I'. PexuMHble mapaMeTpbl HOJUMEPHBIX U METAI0()TOPIIIACTOBBIX
MOJIIIUITHUKOB CKOJILKEHHUS C YUETOM TeMIlepaTypHoi noaaTimBocTh. — [IporpeccuBHbie
TE€XHOJIOTUH U CUCTEMbI MAlIMHOCTPOEHUs: MeXTyHapOJHbIN COOPHUK Hay4YHBIX TPYAOB. —
Houneuk: Houl'TY, 2000. Beinn 10. c.32-41. 3. Cuerosckuii ®@.I1. Pacuer u koHCTpyHpoBaHue
MOJIINITHUKOB CKOJIbKeHUs. « Texuikay, 1974.-100c.

CTPYKTYPHBIN AHAJIN3 CJTOKHBIX MEXAHUYE CKUX CUCTEM
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3axapuenko A./l., Iletpyxnosa H./I., Boctpokonosa M.JI.
(kagh. Mexanuxu, TPTY, e. Tacanupoe, Poccus)

CymiecTBy1oT 0011Me 3aKOHOMEPHOCTH B CTPYKType (CTPOCHHMH) CaMbIX Pa3IMYHBIX
MEXaHU3MOB, CBS3BIBAIOIIME YHCIIO CTereHei cBoOoapl W MexaHH3Ma C YHCIOM 3BEHBEB U
YHCIOM U BHJOM €r0 KMHEMaTHYeCKUX Hap. DTH 3aKOHOMEPHOCTH HOCST Ha3BaHHE CTPYK-
TYPHBIX (POPMYJI MEXaHU3MA.

Kaxxnoe 3BeH0, HaXOAICh B MPOCTPAHCTBE, UMEET LIECTh CTENEHeH nmoaBmKkHOCTH. Ec-
71 Takux 3BeHbEB k, TO 0011ee yncio crenenei moaBmxHocTu OyaetT 6k. CoennHeHNE 3BeHb-
€B B KMHEMAaTHYECKUE Mapbl HAKJIAIbIBAET CBSI3U HA OTHOCUTEIBHOE JABIKCHUE 3BEHBEB. JTH
OTPAHUYEHUS 3aBUCAT OT KJIacCa KHHEMAaTHUECKOU Mapkl, T. €. OT YUCIa YCIOBUH CBA3H.

UYucnno creneHeil MOJBMKHOCTH MPOCTPAHCTBEHHOTO MEXaHHM3Ma ONpEeNseTcs I10
dopmyue [1]

W =6n— 5p5 — 4p4 — 3p3 — 2p2— Pt (1)
Ecnu 3BeHbs MEXaHU3Ma JIBUKYTCS B OJHOM IUIOCKOCTH, TO MEXaHMU3M Ha3bIBAETCS TIOCKUM
U CTPYKTypHas (popMyJia IPUHUMAET BH

W =3n - 2ps — ps, TI€ N — YHUCIIO TIOABIKHBIX 3BEHBEB; Pi — YUCIIO Tap i-ro Kiacca.

B o6miee ynCo MOJ0KEHHBIX CBSA3EH MOKET BOUTH HEKOTOPOE YUCIIO  U30BITOUHBIX
(TOBTOPHBIX ) CBSA3EH, KOTOpBIE TyOIUPYIOT APyTHE CBSI3U, HE YMEHBIIIAs MTOIBIYKHOCTH MeXa-
HHM3Ma, a TOJBKO OOpAaIIaloT €ro B CTaTHUECKH HEOIpeaeNuMyto cuctemy. Torna ¢opmysl
NPUHUMAIOT BUJ:

W:6n—(5p5 +4p4+3p3 +2p2+p1 —q)
W=3n-(2ps+ps—q) 3)

B oOuiem cnyuae pemienue ypaBHeHuid (3) — 3T0 TpyAHas 3ajada, TaK KaK HEM3BECTHBI
W u q. Ognako B yacTHOM citydae, eciii W, paBHOE YUCITy OOOOMIEHHBIX KOOPIWHAT MeXa-
HI3Ma, HAWJCHO U3 T€OMETPUUECKUX COOOpaKeHUH, 13 ATOW POPMYJIBI MOKHO HAWTH YHCIIO
M30BITOYHBIX CBSI3CH.
q:W—(6n+5p5 +4p4 +3p3 +2p2+p1)
q=W—(3n+2ps+pas) 4)

Crnenmyer OTMETUTh, YTO MOCTPOUTH TOYHBIA IUIOCKHN WM C(HEpPHUUECKU MEXaHU3M
HEBO3MOXHO, TaK KaK HEBO3MOXHO JOOUTHCS TOYHOM MapauleIbHOCTH OCEH WM Iepeceye-
HUSL UX B OJHOW TOYKE, T.€. B JCHCTBUTENBHOCTH MEXAHU3M OKAa3bIBA€TCs MPOCTPAHCTBEH-
HbIM. [lo3TOMYy B HEM MOABIAIOTCS W30BITOUHBIE CBA3U. JIBH)KEHUE MEXaHU3Ma OKa3bIBAETCS
BO3MO>KHBIM JIMIIb IPY HAJIMYHN 3a30POB WM 3a CUéT nedopMaliuii 3BeHbEB, YTO TIPUBOIUT K
JIOTIOJTHUTENIbHBIM PEaKLMsAM B KUHEMaTUYECKUX MMapax U CHIKEHUIO HaJEKHOCTH MEXaHU3-
MOB. B cBsI31 € 3TUM NpUMEHEHNE MEXAHU3MOB C U30BITOUHBIMU CBSI3SIMU HEXKEIATEIbHO.

PaccMoTpuM mprMep npocToro HIapHUPHOTO YETHIPEX3BEHHUKA (puc.1)

3
2\ o 4
Puc.1. lllapaupHsIii ueThIpéXx3BeHHUK. //////1 7

I[JISI IMPAaBUJIbHO BBIITOJIHCHHOTI'O MEXaHHU3Ma

q=1-(3*3+2%4)=0
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Ecnu MexaHu3M H3roTOBJIEH € NMOTPEIIHOCTSIMU U 3BEHbsI IBUTAIOTCS HE B OJJHOM, a B

Pa3HBIX IMJIOCKOCTSX, €r0 HEOOX0AMMO paccMaTpUBaTh KaK MPOCTPAHCTBEHHBIH.
Tornanmpu W =1,n =3, ps =4
q=1-(6*3+5%4)=3
3HAYUT YEThIpEe KNHEMATUUYECKUE Napbl 5-ro Kjacca B IPOCTPAHCTBEHHOM MEXAaHU3ME
UCIOJIb30BaTh HEXKeNlaTeabHo. BMecTo 1ByX map 5-ro kiacca jydille IpUMEHUTh napy4-ro
KJacca 1 napy 3-ro kiacca. Torna
q=1—-(6*3+5%2+4*1+3*1)=0

PaccmoTpuM npumep MpoeKTUPOBAaHUS BOJHOBOM 3yOuaToii nepenayu (puc.2) [2]

I
IV 3 [ .
(— Lo o
V-[2|
\Y%

Y9774 Y74
—_-+t - — - - — — —+x | |
777 SIS

5- q=2 || \Y

Puc.2. IlpoekTupoBanue BOJIHOBOM 3yOuaToil nepesadm.

Kunemarnueckue napsi:
- THOKOe Kojeco — xécTkoe Koyieco —1V kiacc;
- ruOKOe€ K0JIeco — FeHepaTop BOJIH —V KJiacc;
(IMCKOBBIM IIUPOKUIA)
- rubkoe xoseco — reaepatop BoJH — Il kiacc;
(muck co chepudecKoil MOBEPXHOCTHIO).
Uwcno n30BITOYHBIX CBS3CH
q=1-—(6%4+5*3+4*¥2+2%1)=2,
I'ne 4 - yucno nMoaBUKHBIX 3BEHBEB, 3 — YUCIIO Map 5-TO KJjacca, 2 — Yuciio nap 4-ro
KJacca, 1 — uucino map 2-ro kiaacca. B 3Toil cucteMe He KOMIIEHCUPYETCS HECOOCHOCTh
3BEHBEB 2 U 5 B IJIOCKOCTH PUCYHKA U B NEPNIEHIUKYIAPHOM miockocTu. [lepenaua numeer
IB€ M30BITOYHBIX CBSI3U M PA0OOTOCTIOCOOHOCTH €€ HU3KA.
Manunynarop po6ota (puc.3) uMeeT clieqyoue KuHeMaTuuecke napsl [3]:

7\ ¢ 7
Z 1
Puc.3. Manumynsitop poGora. /l
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Puci4. CrpykrypHas cxe-

Ma OTIOPHO-
ABUTATCIIbHOT'O amrapara
YeoBeKa.

1-2 — cepudeckas ¢ monaom — 4 Kiacc
2-3 — nocrynarenbHasi — 5 Kjacc

3-4 — BpamaTenbHas — 5 Kiacc

4-5 — BpamaresbHas — 5 Ki1acc

5-6 — BpamaTenbHas — 5 Kiacc

6-7 — cepuueckas ¢ najganom — 4 Kiacc
7-8 — BpaiaTenbHas — 5 Kiacc

Hucno creneHen noaBUKXKHOCTH

W =6n— 5ps — 4ps — 3p3 — 2p2— p1 = 6*7 — 5*%5 — 4*2
=9
[TorpenHOCTH KOHCTPYKIMY B H3TOTOBJIICHUN WA COOpKE
BEIYT K MOSIBIICHUIO M30BITOYHBIX CBS3CH U CHUKACTCS pa-
00TOCIIOCOOHOCTh MAHUTTYJISITOPA.

Teneps nepeni€M K BOPOCY O YUCIIE CTENEHEN CBO-
00161 7151 YeoBeKka. Teso 4emoBeKa — 3TO CIOKHBIN OHo-
Mexanu3M. Koctu — :kE€cTkre 3BeHbs, CyCTaBbl — KHHEMA-
TUYECKHE TIapbl ONPEICIEHHOTO KIlacca.

CTpyKTypHasi cxemMa OIopHO-/IBUraTeJILHOTO amnmapara
YyeJioBeKa npejcTasiieHa Ha puc.4. I3BecTHO, 4To JIJ1s BCe-
ro uenoBeka [4]:

-  TOIBIKHBIX KocTell n = 148;

- cycraBoB (map) Tpetbero kinacca p3 = 29;

- CYCTaBOB YETBEPTOroO Kiacca p4 = 33;

- CYCTaBOB IISITOTO Kiacca pS = 85.

Torga unciio creneneit cB0OOIbI AJis YeIOBEKa

W =6%148 — 29*3 — 33*4 — 85*5 = 244
Pyka u HOra UMEIOT TpUALATh CTENEHEN CBOOO b

W =6%22 - 5%15-4*%6—-3*1 =30

n = 22 — YUCJO MOJABMKHBLIX 3BEHLEB;

ps = 15 — maps! 5-ro kiacca;
p4 = 6 — mapsl 4-ro Kinacca;
p3 = 1 — maps1 3-ro kiacca.
Ecou B cycraBax MOSIBIAIOTCS HapyLIEHHUs, TO KJacc

napbsl USMCHACTCA. THosBisroTes I/136I>ITO‘~IHI)IC CBA3HU, BOSHUKACT 6OJ'II), TaK KaK IBHKCHHUC
6e3 nedopmMaliu HEBO3MOKHO.

PaCCMOTpCHHBIe BOIIPOCHI OYCHb BAXXHO 3HATH W IMOHHMMATLH IMPU HNPOCKTUPOBAHWU
CJIOKHBIX MCXAaHNYCCKHUX CUCTEM, HAITIPHUMED pO6OTOB C BBICOKOH IIOABUXHOCTBIO.

Cnucok autepatypsl: 1. Ilon penaxuueit @ponosa K.B. Teopus mexanusmoB u ma-
muH: Yueonuk s BTY3oB. — M.: Beicu. mik.,1987. — 490 c. 2.Ilox penakmueit Bonkosa
JLIL., Kpoiinea A.®. BonHoBbie 3yOuareie nepenaun — Kues: Texnuka, 1976. — 222 c. 3.
[Tox penaxuueii @ponosa K.B., Bopoosésa E.1. Mexanuka npomslnuieHHBIX po00TOB. KH. 2.
— M.: Beicm. mk., 1988. — 367 c. 4. 3aunopckuit B.M., Apyun A.C., CenysHoB B.H. buome-
XaHWKa JBUTATEJILHOTO anmapara yenoBeka. — M.: @uskynbrypa u cniopt, 1981. — 143 c.

OBOCHOBAHME IAPAMETPOB I'MI/IPOCTOMKH! JIBOVMHOM
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PA3IBUKHOCTHU CO CTABWIBHBIM 3HAYEHHUEM YCWINA
HAYAJIBHOTI'O PACITIOPA

Konapaxuun B.IL, l'onoBun B.JL. (kagh. I'M, [lonHTY, 2. Jloneyk, Yxpauna)

Croliku JBOMHOW rUIPaBIMYECKON Pa3aBUKHOCTH, IIUPOKO UCIIOIb3YyEMBIE B IIAXTHBIX
MEXaHU3UPOBAHHBIX KPEIsX, 00JaJat0T ABYMS CyIIECTBEHHO Pa3IMYHBIMU 3HAYCHHUSAMHU YCH-
musa pacnopa. Haubonbliee U3 HUX COOTBETCTBYET CIIydaro, KOrja XOJ IEpBOM CTYyIEHU HE
ucuepmnad. [locie ynopa mopurHs nocienHeil B rpyHAOyKCYy HAUMHAETCS JIBUKEHHE BTOPOM
CTYyIIEHH THIPOCTONKU. B mepBoM ciyuae ycuiue pacropa cOCTaBisieT Pyvax=puSmi, A€
Pmv — J1aBJICHHME B HanopHOU Maructpaiu, MIla, Sy — miomaas NOpIIHs NepBOil CTyNEeHH, M,
a BO BTOPOM OHO CHMYKAE€TCS NPONOPLMOHAIBHO PA3HULIE MEXKAY IUIOLIAJSIMU NOPIIHEN IIep-
BOU U BTOPOM CTyTEHEH, COCTABISAIONICH, HanpuMep, Uit Tuapocroek kpermu KJ190 2,1 paza.

[MockonbKy Tpu HOpMaIbHOW paboTe THAPOCTOWKY BHAYase BBIJIBUTAETCS IITOK Hep-
BOM CTYINEHH, TO NpH pabOTe Ha MJIacTax, MOIIHOCTb KOTOPBIX BBILIE CEPEAUHBI AUANA30HA
peryJMpoBaHusl BBICOTBHI TMAPOCTOMKH, BO3MOKHA paboTa Kpemu ¢ HU3KUMM 3HAYEHUSIMU
ycuiaus HadaynbHOTo pacropa. [Toaromy menecooOpa3HO MpeaycMOTPETh BO3ZMOKHOCTD IMPH
HEOOXOIMMOCTH NEepeHACTpauBaTh THAPOCTONKY IO BBICOTE ITyTEM OIyCKaHMs ILITOKA NEPBOM
CTYINEHHU C OJTHOBPEMEHHBIM BBIIBUKEHUEM ILITOKA BTOPOU CTYNEHH. ITOrO MOYKHO JOCTHYb,
10/1aBasi pabouy0 KUAKOCTD MO IaBJICHUEM B ILITOKOBBIE MOJOCTU TMIPOCTOMKHY NPH 3amep-
TOW TUAPO3aMKOM IOPIIHEBOM MOJIOCTH. B 3TOM ciyyae mpu onpeAeséHHOM COYETaHHH pas-
MEpPOB TOJIOCTEH OyaeT MPOUCXOAUTh OIyCKAaHHE ILTOKA NEPBOM CTYNEHH M BBIJBH)KEHHUE
IITOKa BTOPO# cryrenu. [locne pacmopa THApOCTONKY H yriopa e€ B KpoBJIO OyaeT hopmu-
pPOBAThCS HEKOTOPOE YCHUIIUE NIPUXKATHSL, 3aBUCALLIEE OT PAa3MEPOB MOJIOCTEM.

JlaHHBIN pEXMM MOYHO HCIOJIB30BaTh IIPU MEPEIBHKKE Kpenu ¢ noanopom. Ilpuuem
HOBBIN CII0OCOO CO3/1aHUsI aKTHBHOT'O MOANOPa NO3BOJIUT MOJIEPKUBATH TPAKTUUYECKHU OJIMHA-
KOBYIO MO JUIMHE JIaBbl BEJIWYUHY MOJIOpA, HE 3aBUCSLIYI0 OT MOTEPh JABJIEHUS, 00YCIOB-
JICHHBIX PA3HOCTHIO T€0/IE3NYECKHUX BBICOT B PA3HBIX yUaCTKAaX OYHUCTHOTO 3a004.

Beimeyka3anHbiil pexuM pabOThl THAPOCTONKH MOXKET 00eCHeYUTh CTOCUHBIA THIPO-
0JI0k HOBOM KOHCTpyKImHU (puc. 16). OH oTiMyaercs OT ruApoOI0Ka TPaJAUIIMOHHON KOHCT-
pykuuu (puc.la) Tem, 4TO MMEET JOMOJHUTENbHBI BXOJ 3 yHpaBlIEHUs OJHOCTOPOHHUM
THJIPO3AMKOM.

Bbi0op HEOOXOIMMOTO COYETaHHS Pa3MEPOB IMOJIOCTEH MPOM3BOIUTCS HA OCHOBAaHUH
IIOJIyYEHHOM 3aBUCUMOCTH ISl ONIPEIENICHNs] BEJIMYMHBI yCwns npwkatus F, koTtopoe B UTo-
re JI0JKHO 00ecneunuTh NEePEIBIAKKY KpPenM ¢ BEIWYMHON aKTMBHOIO mojamnopa He meHee 10
kH/M?. PacueTHas cxema st onpenenctns F npejcrasieHa Ha prc. 2.

[Sun(1=26) =Sy, (1 +28) — ApSy, (1+¢)]

F — pHM
Sm(l + 8)_ Snz(l - 8)

'Snz(l_8)_pHAc.SLu2(1+28)> (D

r7ie Ap — JaBlieHHE OTKPBITUS BCTPOEHHOTO 0OpaTHOTO Kianana, MI]a,
€ — KO3(QPUIMEHT, YUYUTHIBAIOLINNA JTOMOJHUTEIBHOE CONPOTUBIICHHUE JBHKEHUIO MOPII-
HS ¥ LITOKA, 00YCJIOBJICHHOE CWJIAMU TPEHHUS B YIUIOTHUTEIIbHBIX JJIEMEHTAX.
Pesynpratel pacuéra cuibl F, mo3BoJsionue OLEHUTh BIUSHUE T€OMETPUUYECKUX
pa3MepoB TUAPOCTOMKH, TMpeicTaBieHbl B Tabimmax 1, 2 u 3 (mns Bcex BapuantoB Dy =
150 mm, Ap = 0,8 MIlIa, e = 0,08-0.1).
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Puc. 1. T'uapocroiika co CTOCYHBIM THIPOOIOKOM TPATUIIMOHHOM ()
¥ HOBO (0) KOHCTPYKIMH

F
DLu2
S b,
T 5 DLul
= o=
D
<Z__1! A nl
pﬂc—/// ) ? Hanpasnenue ABrxeHus BTO-
} $ poii cTyneHu
RREE
LI
$ HanpaBnenue nBmxeHus
? #? ? ? ? IIEPBOY CTYTICHH
ptAp

Puc. 2. Pacuetnas cxema ruJipocToiKu
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Tabnuma 1. Pesymprarsel pacuéra cumnsl F npu Dip;=160 mm, D = 110 mm
Dur, MM 100 101 102 103 104 105 106 107
F, xH -75,1 -65,2 -55,3 -45,2 -35,0 -24,7 -14,3 -3,9
Tabmuna 2. Pezynbratsl pacuéra cuisl F npu Di=160 mm, Dy = 100 mm
Dup, MM 110 109 108 107 106 105 104 103
F, xH -75,1 -64,1 -53,5 -43,2 -33,2 -23.4 -14,0 -4,89
Ta6muna 3. Pesynbratsl pacuéra cuisl F npu D = 110 MM, Dy = 100 MM
Dm,mm | 160 | 162 | 164 | 166 | 168 | 170 | 172 | 174 | 176 | 178 | 180
F, xH -20,1 | -12,0 | 4,49 | -2,54 | 9,13 | 15,3 | 21,1 | 26,6 | 31,8 | 36,7 | 41,3

[Ipu BbIOOpE COOTHOIIEHUS AUAMETPAIbHBIX PA3MEPOB AKLEHTUPYEM BHUMAHUE Ha TOM,
YTO TOKA3aTeNM CTaHAAPTH3AIMHA M YHU(PUKAIUH HOBOW THAPOCTOWKH HE JOJDKHBI YXYII-
mmthes. [loaToMy mpuHUMaeM Takue pa3Mepsl, 1JIsl KOTOPBIX CYIIECTBYIOT CTaHIAPTHBIE YII-
JIOTHUTEIIbHBIE AJIEMEHTHI.

3HadeHHe yCHUINs aKTHBHOTO MONOpPa J0JIKHO ObITh He Meree 10 kH/M?. TTosTomy Mo-
T'YT OBITh IPUHSTHI CIIETyIONIHE 1Ba BapHAHTA:

a) Dii=170 mwm, Dy=150 MM, Di=110 MM, Dyp=105 mm;
6) Dmi=180 mm, Dy =150 MM, Di=110 MM, Dyp=105 mm.

TToAmop B MEpBOM CiIydae OCYIIECTBISETCS BCceMH d4eThipbMs croiikamu (10,1 kH/M?), a
BO BTOPOM — TOJIbKO 3a00HHBIM psigoM croek (13,8 kH/m?).

Taxum 00pazom, THAPOCTONKA € MpeAIaraéMbIMHU ITapaMeTpaMu U HOBOW KOHCTpPYKLHUEH
CTOEYHOTO T'MApo0sIOKa 00JaiaeT CyIECTBEHHBIMU NPEUMYIIECTBAMHU NEpe]l TPaAULIMOHHBI-
MU THIpOCTOMKaMu, o0ecnieurBas paboTy cO CTaOMJIbHBIM 3HAUEHHEM HadajbHOTO pacropa
U TEePEeIBIKKY KpPENu ¢ 33JJaHHbIM YCHJIMEM OCTATOYHOIO Hojropa. ITo o0ecrneuuBaer mno-
BBIIICHUE KayecTBAa MEXaHM3MPOBAHHBIX KperneW 0e3 CyIIECTBEHHBIX JOTOJHUTENbHBIX 3a-
Tpart.
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CTPYKTYPHO-OHEPI'ETUYECKASA UHTEPIIPETAIIMA ITPOLUECCA I

Jedenen B.A., ITonoanckuii MLA.
(kagh. TM, JI'TY, 2. Pocmog-na-/lony, Poccus)

[ToBepxHOCTHBIN cnoii mpu oOpabotke ameraneit II1J dopmupyercst B pesyibrare
CJIO’KHBIX CTPYKTYPHO (ha30BBIX SIBJICHHUM, MPOUCXOSAIIMX B JIOKAJIBHBIX ovyarax jaedopmupo-
BaHUsl.

PaccmarpuBas npouecc I/ ¢ kuHETH4ECKON TOYKH 3pEHMSI, BO BPEMEHU €0 YCIIOB-
HO MO>KHO pa3leNiTh Ha JBa nepuoia. B mepBoMm mepuoze B peopmMupyeMoM 3iieMeHTe Ho-
BEPXHOCTHOTO CJIOS 3apO’KIAI0TCS M HAKAIUIMBAIOTCS PA3IMYHOTO poja Me(PEKTH U MOBPEXK-
nenusi. Bropoit nepuon [T xapakrepusyeTcss paspylieHHEM JOKaIbHBIX MHKPOOOBEMOB C
KPUTUYECKON IIOTHOCTBIO J€(PEKTOB M MOBPEXKIECHUN B BUJE MaKpO- U MUKPOCKOIIMYECKOTO
HapyLIEHUs CIUIOIIHOCTH, OTCJIAUBAHUS, IETYIIEHUS U T.11.

[Mpumensiembie s onumcanus Mmexanusma [II1J[ mexanumdeckue teopun U paspado-
TaHHbIE Ha MX OCHOBE PAcCUETHO-aHAJIUTUYECKHE METOJbl NMPOTHO3HUPOBAHUS 3aKOHOMEPHO-
creii I/ 1 PpU3MKO-MEXaHUUECKUX XAPAKTEPUCTHK KAadyeCTBa MOBEPXHOCTHOTO CIosi Oa3u-
PYIOTCSI Ha LIEJIOM pPsijie JOIMYIIEHU. DTO BO MHOTHX CIIy4yasixX yHpOIIAeT 3ajady, U BMECTE C
TEM OTHAJISET €€ OT ACUCTBUTEIILHOCTH.

Kax noxassiBaroT uccnegoBanus [1,2,3], mpoBeeHHbIE B ’TOM HampaBJIeHHMH Hanbo-
Jiee YCTIeIIHBIA MyTh ONMUCAHUS (PU3NKO-XUMHUYECKUX MPOIECCOB, KOTOPBIE TPOTEKAIOT B pe-
IBHBIX MaTepHaiax Npu UxX aAe(GopMHUPOBAaHUH, SBISIETCS ITyTh SHEPTETUIECKON UHTEPIIPETa-
uuu nporuecca [II1J[. O6ocHOBaHa U YKCTIEPUMEHTATBHO TIOATBEPIKICHA Uest 00 SHEpreTuye-
CKOM 0JJ0OMH IPOLIECCOB IJIABJIEHHUS] 1 MEXAHUUECKOIO Pa3pyIlEeHUs] METAJUIOB.

®enomenosiornueckas cropona I1I1/] 3aknroyaercss B SKCIEPUMEHTAJIBHO YCTaHOB-
JICHHOM (paKTe 3HEPrOBPEMEHHOM 3aBUCUMOCTH YIPOUYHEHHS IOBEPXHOCTHOTO cios. Tak ec-
ym 1Ba rpouecca [T/ conpoBokaar0TCs yIpOUYHEHHEM, A CJIEI0BATEIBHO, BHY TPEHHEM M0~
BPEKIAEMOCTBIO 3JIEMEHTa TIOBEPXHOCTH KakK MpH 0oJiee BEICOKHX, TaK U 00Jiee HU3KUX Ha-
rpyeHusax. Toraa pazHula NOBEIEHUS JJIEMEHTA B 3TUX YCIOBUAX OyJET TOJIBKO B CKOPO-
CTH MOBpexaaeMocTu. Takum oOpaszom, paznmuusie npoieccs [I1/] henomenonornuecku

OKBHUBAJICHTHEI.

IIponecc IIII/] HOCUT CTaTUCTHUYECKUI XapaKTep, U B KaKIbli MOMEHT BPEMEHH JIe-
(dbopMHpOBaHMA 33JaHHBIM YCJIOBHUSIM COOTBETCTBYET OIpE/EICHHAs! CTENEHb MOBPEXKICHHO-
cTi. OHa OOBIYHO OIIEHMBAETCSl KOJIMYECTBOM IOBPEXKIECHUI B €AMHUIIE 00beMa MaTepuaa.
Kak TOJBbKO NOBPEXKIECHHOCTh MaTEpHANIa MOBEPXHOCTH JIOCTUTHET KPUTHYECKOW BEJIIMYUHBI,
Ha3bIBaeMoil KpurepueM MakcuManbHOU 3¢¢extuBHoctu [II1J], mpoucxonut mnpeneiabHOE
YIPOYHEHHE MaTepuaa B JOKaIbHbIX 00beMax. [Ipu aToM gocturaercs HauboabImni 3pPexT
III1/] ¢ TOYKM 3peHMs BIUSHUSA €r0 Ha SKCIUTyaTallMOHHBIE CBOMCTBA MOBEPXHOCTHU U JIETAJIN B
nenoM. [Ipu nanpHeimein 06paboTKe 3JIEMEHTHI TOBEPXHOCTH Pa3pyIIArOTCS.

O603HauuM yepe3 U KOIMYECTBEHHYIO MEPY MOBPEKAAEMOCTH JIEMEHTA ITOBEPXHO-

ctu B ipouiecce [II1J[, avepe3 U - ckopocTh moBpexaaeMOCTH. Toraa npu Jr000M CHIIOBOM
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Bo3zelcTBUU P, noBpexaaeMocTs U u3MeHsercst co ckopocTeio U , KoTopast B 00IIeM ciTydae
aBisieTcsl PyHKIMeH cuioBoro mapamerpa P, BpeMeHu ¢, TeMnepaTypsl 1 U ApYTUX Iapamer-
poB.

VYcnoBrue MaKCUMaIBHOTO YIIPOYHEHHS [IOBEPXHOCTHOTO CJIOS IIPEICTABUM B BUJIE:

U=Uo+jl}dt =U" = const.
0

OTtHOCHTEIIbHAS MOBPCIKAACMOCTD 3a BpCMA t onpeaAcsiCTCa COOTHOICHUEM

_ U@ _ 14
©=" U*lU(t)dt

Hcxons u3 mpennoioxkeHus: HeoOpaTUMOCTH TpoLiecca MOBPEXKIAEMOCTH AePOpMHU-
pyeMbIx 00beMoB, rpoiiecc I1I1]] Bo BpeMeHr MOXKHO MPEACTaBUTh, KaK MPOIECC HAKOTICHHUS
(cyMMHpOBaHHMs) MMOBPEKACHHOCTH MOBEPXHOCTHOTO ciios. HeoOpaTumelii XxapakTep mporuec-
ca [1I1]] mpuBOAUT K MOBBIIEHNIO MPOYHOCTH MOBEPXHOCTHOTO CIIOS, MOOBIBABIIIETO MO Ha-
rpy3koi. Eciii moBEpXHOCTh JETAIM NOABEPTHYTH MHOIOKPATHOMY BO3JEHCTBHIO YAEIIBHON
Harpy3k# P, TO KaXIOMy LUKy OyJeT COOTBETCTBOBATH COOTBETCTBYIOIIEE BPEeMsI i M OTHO-
CUTENIbHAsI TOBPEXKACHHOCTh Wi. A MpeneiabHOE YNPOYHEHUE MOBEPXHOCTHOTO CJIOS IPO-
M30M/IeT TOTJa, KOI/1a CyMMa OTHOCHUTENBbHBIX MOBPEKICHHOCTEHN CTaHET paBHa 1, TO eCTh
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rae Ui(t)- 3aBUCUMOCTh MHTEHCUBHOCTH HAKOILICHUS MOBPEKIAEMOCTH OT BPEMEHHU f, B Te-
YEHHUE [-T'0 UKIIA.

DTa 3aBUCUMOCTbH B MPUHITUIIE MTO3BOJIIET MPEACKA3aTh KOJIMYECTBO IIHUKJIOB HArpyxe-
HUust N 10 JOCTHKEHHSI B TIOBEPXHOCTHOM CJIO€ NPEAETLHON CTENIEHU YIPOYHEHUS, €CJIU 13-
BecTHa pyHKIHOHAIbHAs 3aBucumocth U (P,t,T,i...) .

[Ipenmoxkennslii moaxon Kk onmucannio Mexanmsma [II1J TpeOyer pemeHus cienyro-
IIMX KITFOUEBBIX 3a/1a4:

1. Bei6op mapamerpa U, cmocoGHOr0 0JJHO3HAYHO U MHTETPATBHO XapaKTEPU30BATh MTOBPEXK-
JIaéMOCTh TOBEPXHOCTHOTO cJios1 B mporuecce [T/

2. YcTaHOBIEHNE BHIAa KHHETUYECKOTO YPAaBHEHHS, CBA3bIBaromero nmapamerp U ¢ ycaoBus-
Mu aedopmupoBanus (yIeabHOE JaBjIeHUe, CKOPOCTh U Ap.);

3. ®opMyIMpOBaHHE KPUTEPHS O MNPENCIBHOM MOBPEXKIECHHOCTH MOBEPXHOCTHOIO CIIOS -
KpuTepus MakcuMaibHOH 3¢ dextuHoctu I/,

Pemenue »THxX 3amad OCyHIECTBISIOCh HA OCHOBE HaAYYHO 0OOCHOBAHHOM CTPYKTYD-
HO-3HepreTudecko moaenu nporecca [T, mo3Bossromet ¢ eAMHBIX METOA0JOTHYECKUX
MO3UIIMK paccMaTpuBaTh J00bIe potiecchl [TTT/].

B cooTBeTcTBHM ¢ TaHHOW MOJIEINBI0, MAKPOCKOTIMUECKOE SBJICHHUE TIJIACTHYECKOM Je-
dbopmaruu 3JIeMEHTa TBEPJIOrO Tejla pacCMaTPHUBACTCS KaK COBOKYITHOCTH OOJIBIIIOTO YHCIA

MHUKPOCKOTIMYECKUX AJIEMEHTAPHBIX AKTOB aTOMHO-MOJIEKYJIPHBIX INEPErPYIIUPOBOK, CBS-
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3aHHBIX C F€HEPUPOBAHMEM HCTOYHUKAMHU, IBHJKEHUEM, B3aUMOJECHCTBUEM M YHUUTOXCHHUS-
MU Ha CTOKaX pPa3jIMYHOTO POJia AJIEMEHTapHBIX AedekToB. [loBpexaaeMoCTh 31eMeHTa TBep-
JIOTO Tejla B XOJe IJIaCTHYECKOW nedopMaluy cBsi3aHa C HAKOIUIEHHEM B J€(OPMUPYEMBIX
o0BeMax pa3IMuHOTO poja JIEMEHTApHBIX Ae(PEKTOB U UX KOMIUIEKCOB. Pa3pyIienue Mmakpo-
CKOITMYECKOI'0 3JIEMEHTA TBEPAOIO Teja MPOUCXOIUT TOrJa, KOrna B ero 00bemax, OTBETCT-
BEHHBIX 3a pa3pyLICHHE, IUIOTHOCTh J€()EKTOB M TOBPEXKICHUN JOCTHraeT KPUTHYECKOU
(mpenenbHON ) BETUYUHBI.

3a KpuTepuil NOBPEXKIAEMOCTH IPUHATA BHYTPEHHSS DJHEPIHs 3alaceHHasl B pac-
CMaTPUBAEMOM 3JIEMEHTE MOBEPXHOCTH 32 CUET Pa3IMYHOT0 poaa A1e(EKTOB, U MOBPEKICHHH.
Y cTaHOBIIEHO, YTO K MOMEHTY Hayaja pa3pyLICHUs 3Ta 3HEPIHs COOTBETCTBYET IHTAJIBIINU
JJAHHOI'0 MaTepHaja B TBEPAOM COCTOSIHUM IPU TeMIeparype IuiaBieHus. /laHHas BenuunHa
MOJKET OBITh HEMPEPHIBHO MpOCIeKeHa B npouecce o0padoTku. Ilpu 3ToM HeT HEOOXOUMO-
CTH YUYHTBIBaTh napameTpsl mpouecca I[III.

B cootBercTBHM € TepMOAMHAMUYECKMMHU MpencrasieHusMu, npouecc I/ pac-
CMaTpMBaETCAd KaK KOHKYPEHIMS ABYX IMPOTHUBOIIOJIOKHBIX, B3aMMOCBSI3aHHBIX U OJIHOBpE-
MEHHO MPOTEKAIOUINX B 1e(OpMUpPYEMBIX 00beMax Tena TeHIeHIMH. PocTa mIoTHOCTH SHEp-
run UsH 3amaceHHOM B Telle 3a CUET Pa3IMUHOTO poja 1e(eKTOB, U MOBPEKICHNH, HAKaTUIH-
BaIOIIUXCSI B MaTepHalie B pe3ybrare paboThl TUIacTHUeCKoi aedopmanuu Wp. U cHIKeHHS
(BBICBOOOK/ICHHS) €€ 3a CUET Pa3IMUHOr0 POJia PEIaKCAMOHHBIX MPOIIECCOB, MPOTEKAIOIINUX
BHYTpH Je(OpPMHUPYEMOT0 JIeMEHTa Tella. BeICcBOOOXK/1aemMass dHEprusi, MPaKTHIECKH TOJTHO-
CThIO, PAacXOAYETCs Ha HarpeB pacCMAaTPUBAEMOTO 3JIEMEHTA U TEIIIO0OMEH C OKpY Karolei
cpenou q.

Wp=Usn+q
Usn=Uo+UT+Uodegp

riue, Uo - sHeprus 3arncenHas 10 o0padbotku; UT-remnoBast sHeprust aneMenTa; Uned - sHep-
TSl 3aTIaCCHHAs JeeKTaMU KPUCTAIUTMIECKOTO CTPOCHHUSI.

HpI/IBeI[CHHaSI MOJCIb TIMO3BOJKCT OIPCACIINTG BHJA KHHCTHYCCKOI'O YPaBHCHUA
U(Pt,T,i...), KOTOpOE CIIy>KUT OCHOBOM JJisi onTuMu3amu rpoieccon TTIT/1.

Cnucok surepatypsni: 1. MBanosa B.C. YcranoctHoe paspyuienne meTtamuioB. M.:
Meramnypruznar, 1963.-272c¢. 2. OcunoB K.A. HekoTopsie akTUBHpYEMBI€ TIPOIIECCHI B TBEP-
neix metaiviax u craBax. M.: AH CCCP 1962.-129¢.3. ®enopos B.B. TepmoannamMmuueckue
aCIEKThl MPOYHOCTU U pa3pylleHus TBepAbIX Telnl. TamkeHrt.: M3natensctBo «PAH», 1979.-
168c.

OCOBEHHOCTH INPOEKTUPOBAHUSA CUCTEMBI IIOJABE CKHU
N PETI'YJIMPOBAHUSA UCIIOJTHUTEJIBHBIX OPI'TAHOB OUUCTHBIX
KOMBAWHOB JIJIsI TOHKHUX ILIACTOB
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JIsicenko H.M., XonogoBa W.A. (xag. I'M. /JonHTY, 2. [loneyk, Yxpauna)

OpnHOM U3 OCHOBHBIX CHJIOBBIX CHUCTEM OYMCTHOI'O KOMOailHa SIBJISIETCSI CHCTEMa IOJ-
BECKH H PEryJMpoBaHus ero ucnonHutenbHbix opranoB (CITPO), Bkiarouaromas B cedst Hero-
CPEICTBEHHBIN UCTIONHUTEIbHBIN OpraH (Yalle BCEro IHEKOBOrO THIA), HOBOPOTHBIN peayK-
TOP W TUAPOJOMKpAT peryupoBaHus. [[puMeHUTENbHO K CEpUIHO M3rOTaBIMBAEMbBIM B Ha-
CTOsAIIEEe BPeMsi OYMCTHBIM KOMOaiiHaM MO>KHO BBIJICTIUTH CIIEAYIOIIME KOMIIOHOBOYHBIE CX€-
MBI 3TOU CHUJIOBOM CUCTEMBI. IDUBENEHHbIE Ha DUC. 1.

Puc. 1. Kommmonosounsie cxemsl CITPO

PaccmatpuBaemMbie KOMITOHOBOYHBIE CXEMBI XapaKTEPU3YIOTCS PACIIONIOKEHUEM THIAPO-
JIOMKpaTa peryJupoBaHus 00 BBIIIE KOpITyca kKoMmOaiiHa (puc.la — komOaiinel Tua PKY 13,
KIID, KII3M), nubo Hmxe kopiyca kombaiiHa (puc.16 — kombaiinsl Tuna Pxy 10, T'III500),
6o cOoky kopryca komOaiiHa (puc.lB, puc.lr — xombOaitaer Tuma — 1168, 1K101Y,
['M1200B, I'I12006).

[IpumeHHuTETPHO K OYUCTHBIM KOMOaHAM, TIPeIHA3HAYCHHBIM JIJIsl BEIEMKH 00Jiee TOH-
KHX IJIACTOB, TAKOE PACTOJIOKEHHE THIPOIOMKpaTa HE SIBIISETCS pPAIMOHAJIBHBIM C TOUYKH
3peHusi rabaputoB MauuHbl. [loaToMy mpeacraBisieTcss LenecooOpa3HbIM il KOMOaiiHOB
JIAHHOTO KJIacca YKa3aHHBIM THIPOJOMKPAT KOMIIAKTHO yCTAHOBUTH HETIOCPEACTBEHHO B KO-
IIyCe€ OCHOBHOI'O PEIyKTOpa.

Baxubeim y3nom CITPO sBRsitoTCS TakyKe OMOPHBIE CTYIHUIBI TOBOPOTHOTO PEAyKTOpA.
B HacTosiiiee Bpemsi Kak B OT€UECTBEHHBIX, TaK U B 3apyOEKHBIX OYUCTHBIX KOMOaHaX IIH-
pOKOE€ pacnpoCTpaHEHHE HAIlJI0 KOHCTPYKTUBHOE HCIOJHEHHE JAaHHBIX Y3JI0B Ha OCHOBE
OTIOp CKOJIBLKEHHUsI, MPUYEM HE 3alUIICHHBIX OT BO3ACUCTBHS 3arps3HSAIONIMX (HaKTOPOB
BHEIIHEH cpenibl. Takue onopHbIe Y3Ibl, KaK MOKa3aJl OMbIT HKCIUTyaTallid 0COOEHHO BBICOKO-
HYHEPTOBOOPYKEHHBIX OUYHMCTHBIX KOMOANHOB, XapaKTEPU3YIOTCS CPAaBHUTEIILHO HEBBICOKOM
JIOJTOBEYHOCTHIO BCIIEACTBUE TMOBBIIIEHHOTO M3HOCA X COMPATaeMbIX MOBepXHOcTen [1,2].
AJbTEpHATUBHBIM PEIICHUEM B JAHHOM CIy4ae MOXET OBITh HCIOJIh30BAHNE B OTIOPHBIX Y3-
Jax MOBOPOTHOTO PEAYKTOpa MOJIIUIHUKOB KadeHUsl, KOTOPBIC MPU OO0ECICYCHUH yIO0BIIC-
TBOPUTEIBHBIX YCIOBUH MX (QYHKIIMOHHPOBAHUS (TPEXKIE BCETO C MO3UIMU CMA3KH) MOTYT
cyiiecTBeHHO noBeicuTh pecypc CITPO B nenom.
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Ha ocHoBanum BBINICH3I0KEHHBIX COO6p3)K€HPIfI MNPUMCHUTCIIBHO K OYUCTHBIM KOM-
6aﬁHaM, Nnpe€aAHasHaA4YCHHBIM JI1 BBICMKH TOHKHX ILUIaCTOB, B l[aHHOfI pa60Te npeajaracTcsa
koHCcTpyKkTHBHOE HcnosHeHue CITPO, cyTh KoTOpOro npeacTaBieHa Ha puc.2.
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Puc.2. Koncrpykrusnoe ucnosnnenue CITPO

B kopmyce OCHOBHOIO peayKTopa pexXylled 4acTh TEXHOJOIMYECKU BBINOJIHAETCS
CKBO3HOE€ OoTBepcTHe auameTpoM 150MMm. B 3T0 oTBEpcTHE BCTaBIsIETCsl CTakaH IO MOCAJKE
H9/f9, xoTopsiii umeeT pa3mep BHyTpeHHero auamerpa 125H9 u xapakrepusyercs BBICOKOM
YUCTOTOM 00pabOTKH. YKa3aHHBIN CTaKaH BBITIOJHAET POJIb WIMHIPA THAPOIOMKparTa. B ot1-
JUYUE OT CTaHAAPTHBIX THIPOJAOMKPATOB paccMaTpUBaeMblii TMIPOJOMKpPAT HE UMEET ILUTO-
KOBO# TOJIOCTH, a €ro pa3Mep MO0 JJIMHE JOJDKEH ObITh BIIUCAH B Ta0apuT Kopiryca KombOaiiHa
400mM. B nopuine BbIpe3aeTcsl a3 ¢ TOUHBIMU pa3MepaMu, KOTOPBIN CONPSratoTcs C phlya-
TrOM ITOBOPOTHOTO PEAYKTOPA.

PrruakHplii MEXaHW3M, BOCIPUHUMAIOIINN YCUIME CO CTOPOHBI THAPOJIOMKpATa, Mpe-
CTaBJIAeT cO00M cripoPUINPOBaHHBIN 3y0, KOTOPBIN BCTaBJSIETCS B a3 MOPIIHSA THAPOIOM-
KpaTa B IIpoIiecce MOHTa)ka MOBOPOTHOTO peaykTopa. /s obecrieuennss HEOOXOAMMOMN BETH-
YUHBI BPAILAIOLIEr0 MOMEHTA MPU PEryJIMPOBaHUN MOJIO0KEHHUS UCHOJHUTEIBHOTO OpraHa 1o
MOITHOCTH IIJIaCTa IJIEU0 phlyara J0JDKHO ObITh He MeHee 250MM. CtakaH ¢ 00enx KOHIIOB
3anupaercs KpbIIIKaMu, KOTOPbIE K KOPIIYCY peayKTopa KpensTcs 6osiramu. B kpbilikax Bbl-
MOJIHSIOTCA KaHaJbI 71 I0Ja4u paboyel )KUAKOCTH.

Kunemaruueckuii pacuer paccmorpeHHoi koHCTpykuuu CIIPO BbinmonHeH B cOOTBET-
CTBUHU C PACUETHOM CXEMOM, MpUBEAECHHOM Ha puc. 3.

HcxonHbIMU AaHHBIMM JJISL pacuera SBISIOTCA: JIUAMETP HCIIOJHUTENIBHOTO OpraHa
D,~=0,75m; nnuHa noBopoTHoro peaykropa 1=0,816m. Heo6xonumas BenmurHa X0/1a MOPIIHS
U3 KpailHETO HUKHETO I0JIOKEHUS B KpaliHee BepXHee MojloxkeHue A MoxKeT 6aTh paccuuTaHa
U3 CIEAYIOIIETO BBIPAKEHUSA:

A=0,0 sina, +0,0-sina,,

roe 010 =1,=0,255M — myHa peIvara; yIisl o) O — OIPEAEISIOTCS U3 BRIPAKEHHUS
P ’
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Puc. 3. Pacuernas cxema CITPO

[Tocne moicTaHOBKU pealibHBIX pa3MepoOB HOIYYUM, UYTO XOJI MOPLIHS, COOTBETCTBYIO-
MK HOpMaJIbHOM paboTe kombaiiHa B Auana3oHe 3aJaHHbIX MOIHOCTEN Hmin. .. Hmax , OyaeT
paBeH 103mm.

MakcumanbHasi Harpy3ka Ha ruapoaoMkpar CITPO mosxxer popmupoBaTbes g 2-X Xa-
paKTEpHbIX CIy4YaeB:

a) Y BCTPede OHOTO Pe3lia HCTIONHUTEIFHOTO OPraHa C KPeNMKHMM BKJIFOUSHHEM B YrOJBHOM IDIACTA C JaJbHE MMM €ro Hpo-
pe3aHueM;

B) IpU BCTPEYE HECKOJBKUX PE3LI0B HCIOJHHUTEIHHOTO OpraHa ¢ KpElNKMMHU BKIIIOYe-
HUSIMH C TIOCJIEY FOIIIMM MOHOTOHHBIM OIIPOKU/IBIBAHUEM JIBUTATEIS.

Jlis onpenenenust MakCUMallbHOM Harpy3ku Ha rugpoaoMkpar CITPO ucnosbzoBanach
nporpamma «NAGRUS», pazpaborannas Ha kadenpe «l'opueie mamunaby Joul' TY mpume-
HUTEJIBHO K MEPCOHAIBLHOMY KOMIIBIOTEPY Ha ocHoBe cranpaprta npenmpustus CTII — 50-
0137 «Kom0aiinbl ourictHble. CHCTEMBI MOJIBECKU U PETyJIMPOBAHUE UCTIOJHUTEIBHBIX Opra-
HOB. BrIOOp mapameTpoB u pacueT max Harpy3Kny».

B pesyipTare pacuera yCTaHOBIIEHO, UTO B IIPOLECCE MPOPE3aHUS] TBEPAOTO BKIFOUECHUS
IpU yCTAaHOBUBIIEMCSI peXuUME paboThl KoMOaliHa peakuus TWAPOJOMKpara OyJneT paBHa
242,7 xH, a npy MOHOTOHHOM OIIPOKHUIBIBAHUU JIBUraTesss — cooTBeTCcTBEHHO 376,9xH. [lns
YCTaHOBJICHHBIX 3HAYEHUH peakUuu TUAPOJOMKpaTa YpOBEHb HACTPOMKHU IMPEIOXpPaHUTENb-
HOTO KJIallaHa, BCTPauBaeMOTro B TMIPOCHCTEMY YIPABICHUS PACCMOTPEHHON KOHCTPYKTHB-
Hoit cxembl CITPO, mosxet ObITh puHAT paBHbIM 30MITa.

Cnucok sutepartypsbi: 1. Epemun E.C., ®unaroB A.®., bonsmant JI.B. HagexHocTs
komOaitna KIII-3M.-Hayun. Tpynet KHUYU, 1974, No48, Kaparanaa, c.160-164. 2. Konapa-
xuH B.I1. Jlunamudeckue Harpy3Kkd U KoJieOaHUSI B CUCTEME MOJIBECKH M PETYJIUPOBAHUS T10-
JIO’KEHUSI ITHEKOBBIX HMCIIOJHUTEILHBIX OPTaHOB OYMCTHOTO KOMOaiiHa M MyTHU UX CHUKCHHS.
Huc...kann. TexH. Hayk-onenk, 1980.-225¢.

METOAUKA U CPEJACTBA OIIPEJAEJIEHUA XAPAKTEPUCTUK TPEHUSA
METAJJIMYE CKOM 1 HEMETAJIJIMYE CKOM CTPYKKH
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HeuenaeB B.I'., Tuutbko A.H. (xap. TM, [JonHTY, 2. [loneyk, Ykpauna)

IIprMeHeHne ruIpoaUHAMUYECKUX CUCTEM TPAHCIOPTUPOBAHUSA U yHAJICHUS MeETall-
JMYECKONW M HEMETAJUIMYECKON CTPYKKU M3 paboueill 30HbI COBPEMEHHBIX METAJUIOPEKYIIHX
CUCTEM aBTOMATHU3MPOBAHHOI'O IPOU3BOJCTBA IIO3BOJISIET B 3HAYUTEIBHOW MEpPE IOBBICUTH
NPOU3BOAUTEIFHOCTh U TOYHOCTh MEXaHUUECKO# 006padoTku [1-3 u mp.].

Cuna conpoTHBIIEHUS] NEPEMEIICHUI0 METAJUIMYECKON CTPYKKH, OCYIIECTBISIEMOTO
TUAPOJMHAMUAYECKOW CHCTEMOW TPAHCIOPTUPOBAHMSA IO Ia3y IPAMOYIOJIBHOTO CEYCHHUs
IUIOIIAJIBIO S, ONIPENENAeTCs U3 BBIPAXKEHUS BUa

F=0,5-z-y~g-S-[fmp+(e"’/—1)], (1)

TN fmp - XapaKTEPUCTUKA TPEHHS CTPY>KKH IO MOBEPXHOCTAM Ma3a.

Amnanmu3 BeIpakeHus (1) mokaspIBaeT, UTO BENUYMHA [ SBJISIETCA CIOKHOW MHOTOMA-
paMmeTpuueckoil (pyHKIHEH, B CyIIECTBEHHON MEpe 3aBUCSIIECH OT XapaKTEePUCTUK TPEHUS fryp.
CrnenoBarenbHO, XapaKTEPUCTUKU TPEHUS MOXHO pacCcMaTpuBaTh B KA4ECTBE YNPaBISIEMBIX
apaMeTpoB TEXHOJIOTMYECKOTO BO3AEHCTBHUS Ha paboune MpOoLEecchl paccMaTpUBAEMbIX CHC-
TeM. [To3ToMy ycTaHOBIIEHHE 3aKOHOMEPHOCTEN U3MEHEHUS U 3HAUEHUM XapaKTepUCTUK Tpe-
HHS B KOHKPETHBIX yCIIOBUAX (DyHKIIMOHUPOBAHUS SBIISIETCS] BAYKHBIM IPEIBAPUTEIHLHBIM yC-
JIOBHEM ONTHMAJIBHOTO MPOEKTUPOBAHUS M CUHTE3a T'MIPOJIMHAMUUYECKUX CHCTEM TPAHCIIOp-
TUPOBaHMS.

Opnaxo, MpupoJa ¥ MEXaHW3M MPOTEKAHUs POLIECCOB TPEHUS B 30HE KOHTAKTUPOBa-
HUSI TIEpeMelIaeMOi CTPYKKU ¢ pabOYMMH MOBEPXHOCTIMHU TPAHCIOPTUPYIOIINUX YCTPOHUCTB
TaKUX CHUCTEM B HACTOSIEE BpeMs M3y4E€Hbl HEJOCTATOYHO /IS pELIEHUS 3a7a4 ONTHUMaJIbHO-
ro NPOEKTUPOBaHUS U CHHTEe3a. DYyHKUMOHAJIbHBIE 3aBUCUMOCTH XapaKTEPUCTUK TPEHUS OT
COCTOSIHUS (LIEPOXOBATOCTU U Ap.) pabOUMX MOBEPXHOCTEN, CKOPOCTHU MEPEMEILEHUS, JaBie-
HUSL U 1p. IPUMEHUTENIBHO K 3a/ladyaM MPOEKTUPOBAHUS CHUCTEM TPAHCIIOPTUPOBAHUS HE yC-
TaQHOBJICHBI.

B Toxe Bpemsi, U3BECTHO, UTO MapaMeTPhbl COCTOSIHUS [TOBEPXHOCTHOTO CJIOS U JApY-
r'M€ YCJIOBHS TPEHUs CYLIECTBEHHO BIMAIOT HA 3HAYEHUE XapaKTEPUCTUK TpeHus. Tak, B co-
OTBETCTBHE C [4], 9TO BIUSHUE B OOIIEM BHJIE OTPAKACTCS 3aBUCHMOCTBIO

f = CrRa™v* (CyNY’, )

rae f - KodQPUIHEeHT TPCHUS CKOJIBKCHUS;
Ra - mapameTp mepoxoBaToCTH;
V - CKOPOCTb CKOJIBKCHHS,
N - Harpy3ka B 30HE KOHTAaKTa;
Cra»X,¥,2, N - dMnupuueckue Ko3GOUIUEHTHI.

I[JISI TpCHI/ISI CKOJIBXKCHUS HapI)I CTaJib - CTAJIb 3aBUCUMOCTBb UMECT BUJ
f =0,148Ra*%®v"% (0,1N) % 3)

AHanu3 3aBUCUMOCTH (3) MOKa3bIBAET, UTO HIEPOXOBATOCTH MOBEPXHOCTU TPEHUS OKa-
3bIBAET CYIIIECTBEHHOE BIIMSHUE HA KO3 PUIIMEHT TpeHUs (TaK, U3BMEHEHHE IEPOXOBATOCTH B
30 pa3 nmpuBOAUT K M3MEHEHMIO KO3(dduuueHnTa TpeHus B 2 pasa). [Ipu 3Tom HaubosbiIee
BJIMSIHME HA MPOLIECC TPEHUS HIEPOXOBATOCTh OKa3bIBAET MPHU OOJIBIIMX CKOPOCTAX M MaJbIX
Harpy3kax. YMEHbIICHHE IIEPOXOBATOCTH BO BCEM JMANa30HE MU3MEHEHMS CKOPOCTH CKOJIb-
JKEHUS U Harpy3KH NPHUBOJUT K CHIKEHUIO KOA(hduLIMeHTa TPEHUS.

WccnenoBanusi, Ha OCHOBaHUM KOTOPBIX MOJIy4€Ha 3aBUCUMOCTD (3) AJis maphbl CTajb-
CTaJlb, IPOBEACHBI HA CIEUAIBbHON MallMHE TPEHUA 10 CXEME MIApOBOM MHIECHTOP—IUIOCKUM
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oOpasew. Takas cxema Harpy>keHusl B 3HAUMTEIIbHON Mepe He COOTBETCTBYET (PU3MUECKOMN
KapTUHE TPAHCIIOPTUPOBAHUS CTPYKKU I'MIPOJAMHAMUYECKMMHU cucteMamu. [loaTomy pesyib-
TaThl paboThl [4] MPaKTHYECKH HE MOTYT OBITH PACIpPOCTPAHEHBI HA paccCMaTpUBaeMbIE CHC-
TEMBI.

WznoxenHoe omnpenenser He0OXOAMMOCTb MPOBEACHHS CIEUAIbHBIX UCCIIEIOBAHUMH,
HANpaBJICHHBIX HA OINpPEJEICHUE XapaKTEPUCTUK TPEHUS CTPYKKH B 00JaCTH BO3MOXKHOTO
U3MEHEHUs TTapaMeTPOB (PEKUMHBIX M COCTOSIHHSI TOBEPXHOCTHOTO CJIOS pabouux 3JeMeH-
TOB) THAPOAMHAMUYECKMX CUCTEM TPAHCIOPTHUPOBAHUS U YCTAHOBJIEHHUE 3aKOHOMEPHOCTEH
UX U3MEHEHHUSI METOJaMU PErpecCUOHHOIO aHAIMU3a.

CrpykTypHas u napameTpudeckasl ONTUMHU3ALUN PACCMATPUBAEMBIX CUCTEM IIPEAIIO-
JIaraeT UCHOJb30BAaHUE 3aBUCUMOCTEH, OTPAKAIOLINX CBSI3b MEXKIY MapaMeTpaMH (COCTOSHUSA
MOBEPXHOCTHOTO CJIOSI, pSKUMHBIMH | JIp.) U XapakTepucTukamu Tpenus. Haunbonee yaoOHoM
JUISL TIPAKTHYECKOTO MCTIOJIB30BaHUS (POPMOIA MPEICTABICHNSI TAKOM CBSI3U SIBISIIOTCS 3aBUCH-
MOCTH BHJIA

Jwp = S (Ra, p,v, W), (4)

rac f mp " XapaKTCPUCTHUKA TPCHHA B KOHKPCTHBIX SKCIITYaTAIMOHHBIX YCIIOBUAX]

Ra - mapamerp mepoxoBaToCTH;
P - JaBJeHHE CTPYKKH Ha paboure MOBEPXHOCTH TPAHCTIOPTUPYIOIINX YCTPOWCTB;

V - CKOPOCTb IEPEMEIIECHUS CTPYKKY;
W - nanmnaue wim orcytcteue COTC.
JIy1s moJstydeHust 1OCTOBEPHBIX J1aHHBIX, 00ECIEUNBAIONINX [OJyUYEHUE 3aBUCUMOCTEN
Busa [4], pazpaboTaHa METOJMKA MPOBEICHUSI IKCIIEPUMEHTAIBHBIX HUCCIIEIOBAHUM, MpETy-
CMaTpHBAONIAs MPOBEICHUE MOTHO(akTopHOTO dKcrepumenTa ([1DD). C nenbio mpoBeaeHUs
YKa3aHHBIX KCIIEPUMEHTAJbHBIX MCCIIEIO0BAHUN CIIPOEKTHPOBAHA M M3rOTOBJIEHA IOJHOPA3-
MepHasi ycTaHOBKa (puc.l), OCHOBHBIMM COCTaBHBIMU 3JIEMEHTaMU KOTOPOMW SIBJIAIOTCA: CHC-
TE€Ma MPUBOJIa (TOKAPHBII CTAHOK); CUCTEMA NepeMelieH s (OCHOBOM KOTOPOM SIBJISIETCS CIie-
LMAJIbHBIA TOJBIKHBIA OyHKEp); cuUcTeMa H3MEpPEHUN (TEH30METPUYECKUI YyCHIIUTENb
8AHY, ceeromydeBoii ocmwwiorpad H-117, 9BM Pentium-2, nuHHE CBS3U, 3JIEMCHTHI
yIpaBJIEHUS U Jp).
[Ipn npoBeaeHnN UccIe0BaHNUI BApbUPOBAHHUIO 110/JIEKAT
- mapameTtp mepoxoBatoct Ra = var (Ra = 1...100 mxm);
- CKOpOCTh TiepemMenieHus OyHkepa v = var (v = 0,5...1,5 m/c);
- naBneHue cTpyxku p = var (p = 0,005...0,02 Mlla);
- Hasmuyue wim otcytctBue COTC;
- (pM3MKO-MEXaHMIECKHE CBOMCTBA CTPYKKH (IIJIOTHOCTh, THII CTPYKKH U 1Ip.).
Pa3paboTanHass MeToJMKa W MPUHATHIE CPECTBA €€ pealu3alud IMO3BOJSIOT KOp-
PEKTHO OIpENeNnTh SKCIIEPUMEHTAJIbHbIE TaHHbIE JJIS1 TIOJYUYEHUs] CEMENCTBA MOJIMHOMHAIb-
HBIX YETBIPEXMEPHBIX JIMHEWHBIX U HEJIMHEHHBIX MOJIENIel MHOXKECTBEHHOU perpeccuu 1...6
nopsAakoB. [t y1o0cTBa NPaKTUYECKOTO UCIOJIb30BAHUS M KOMIIBIOTEPHOTO aHajaM3a MOJie-
JI1 MHO>KECTBEHHOM perpeccuu NpeicTaBIIIOTCS B BUJIE

_ k L J .G
yzfmp(Ra’p,V):Zbi'Ral'p v, (5)
i=0

rae b, - ko3hGUIMeHTbl ypaBHEHHUs MHOXeCTBeHHOI perpeccun (i=0,1,...k);
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Il Lo
3 A A : _BAHU H-117 | |
| — 4
| P-2 |
2 I
L _ - ———1
]7 5
1 A (yeenuueno)
\\ F l'n 6
< " ET LR TE R TEET U}(A,:H/
R ASTEAp THAPTEAP TP IRPTEPTIN
7
—g Ty, Vi

Puc. 1. Cxema yCTaHOBKM [JJIs1 IPOBEJEHHUSI HKCIEPUMEHTAIBHBIX HCCIEI0Ba-
HUHA: | — TOKapHBIA CTAaHOK; 2 — TEH30METPHUYECKHIA JTUHAMOMETP; 3 — TOABMKHBIM OyHKED;
4 — cucreMa U3MepeHHit; 5 — cTpyxka; 6 — cMeHHas mra (Ra=var); 7 — onopHas IUUTA.

1;,J;,G; - NOKa3areay CTENEHU PU HE3aBUCUMBIX IIEPEMEHHBIX YPABHEHUS PErPECCHMN;

k - 4uCIO YIEHOB ypaBHEHHS PETPECCHUH.

PaccmaTrpuBaemble yeTbIpeXMEpPHBIE MOJEIN, OTBEYAs IPEIbABICHHBIM TpeOOBaHUAM
ONTUMAJbHOIO MPOEKTHUPOBAHUS U CHHTE3a T'MIPOJMHAMHUYECKHX CUCTEM TPaHCIOPTHPOBa-
HUSI CTPYKKH, @ TaKXKe TPeOOBaHUSM aJIEKBaTHOCTH U TOYHOCTH, B TOXKE BPEMsI HE [TO3BOJISIIOT
BBIIIOJHUTh I'paUUECKyl0 MHTEPNPETAlMI0O U BU3YAIM3ALUIO IOJIYYEHHBIX pE3YJIbTaTOB.
Kpowme Toro, 1ist pemienust psjia NpoeKTHBIX 3a/1ad 0osiee yI0OHBIMHU ABISIOTCS TPEXMEPHBIE,
a He yeThlpexMmepHble, Moaenu. [loaTomy pazpaboTaHHas METOAMKA PETYyCMATPUBAET TAKKE
CO3/IaHME CEMEHCTBA TPEXMEPHBIX NOJIMHOMHUAIBHBIX MOJEJIEH MHOKECTBEHHOW PErpeccuut
JU1sL GUKCUPOBAHHBIX TUCKPETHBIX 3HaUEHUH V 1...6-r0 MOPSIKOB B BHUJE, AaHAIOTUYHOM 3a-
BUCUMOCTH (5)

k
y'= fop(Ra,p)=>bl-Ra' - p”'.
i=0

Nckomblie monenu (4) MOTYT OBbITh TaK)Ke€ MPEJICTABJICHbI B BUE

by by

y:fmp(Ra’p’v)za.Rabl -p v,

re a K03(pPUIMEHT YpaBHEHUs PETPECCU;
bi, by, b3 — MoOKa3zaTenu CTENEHU COOTBETCTBEHHO JJIsl MapaMeTpoB Ra, p,v.

Cnucox mureparypsl: 1. Kynpun A.M., Tuxonnos A.M. ['uapoTpaHcnopT cTpyKKu.
M: MammnocTtpoenue, 1978. 80 c. 2. Bnaco A.®. Y aaneHue NblJIM U CTPYKKUA OT PEXKYIIUX
WHCTPYMEHTOB. -3-€ Wu31., mepepad. u gom. - M.: MamuHoctpoenue, 1982.-240 c. 3. Kynpun
A.N. I'uapoTpaHCHoOpT CTPYKKH C UMITYJIbCHON mojadei »kuakoctu /CTaHKU U UHCTPYMEHT.
—1975. - Ne 12. - C.11. 4. Cycno A.I'. TexHonoruueckoe o6ecrieueHrue napaMmeTpoB COCTOs-
HUS ITIOBEPXHOCTHOTO cJIos AeTtanei. - M.: MammuHoctpoenue, 1987.- 208 c.
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PA3PABOTKA KHHEMATHWYE CKO MOJEJIN ®YHKIIMOHAP OBAHUA
TEXHOJIOI'TYECKOI'O MO YJIA

OuabxoBckast 0.0., Mmenko AJL. (kag. TM, [{onl TV, e. [loneyk, Ykpauna)

TexHOIOTHYECKHIA MOLYJIb COCTOUT U3 OJIOKOB TEXHOJIOTHMYECKOTO BO3IEUCTBH. ok
TEXHOJIOTUYECKOTO BO3ACHCTBUS MPEAHA3HAUEH JUIsS BBINOJIHEHHS MOA(DYHKIUH MEXaHHWYe-
CKOH 00paboTku kiacca (GyHKIWA P2, a BCIOMOTaTeIbHBIN OJIOK TEXHOJIOTHYECKOTO BO3/ICH-
CTBHSI —UI BBITIOJIHEHUs oOecnieunBaromieit pyHkimu kinacca Gpynkuuit P1 [1], onnako Bcmo-

v MOTaTENbHBIA OJIOK TEXHOJOTHYECKO-
A T'0 BO3CHCTBUS HE BCETAa MOYKET BXO-
e e JUTH B COCTaB TEXHOJOTHYECKOTO MO-
Ty JIsl.
L
Pabota TEXHOIOTMYECKOTO MOIYJIS
f Jz g OCHOBaHA HA TEXHOJOTHYECKUX J[BU-
X -
I na- X xeHusix. [Ipuyem 3Tu IBHKEHHS MO
Ty TyT OBITh BBIPQKEHBI MPHUHIUITHAAIB-
/; X! a HBIMH KHHEMAaTHYECKUMH CXEMaMH.
be3 pa3paboTky KHHEMAaTHIECKUX MO-
) neneil GyHKIIMOHUPOBAHUS 3aTpyJIHE-
Y HO CO3/IaHH€ KOHKPETHBIX BapHaHTOB

Puc. 1. DieMeHTapHEIE [BIKEHHS B Tex-  TEXHOJOTHYECKHX MofyJeH. Paccmor-

HOJIOTHYECKOM MOJTyJTE PUM TOJIyueHHe KHHEMATHIECKOH MO-
JIeJM Ha pUMepe 1-ro 6JI0Ka TEXHOJIO-

—C

N~
f

TMYECKOT0 BO3/ICUCTBUS.

Kak m3BectHo [1], nBukeHue npenmera o0pabOTKH, M OJOK TEXHOJIOTUYIECKOTO BO3-
JIHCTBUSL MOYKHO OITUCATh MHOXeCTBOM (GyHKumid. Kaxxnas QpyHKIWms sBIseTCs MPsIMOJIMHEH-
HbIM JIBIDKEHUEM WJIM BpAIICHUEM OTHOCUTEIBHO OCU B JIEKApPTOBOW CHUCTEME KOOpPIMHAT
(puc. 1).

3neck x,x',y,)',z,z' - IPSIMOJTMHEHHBIEC MOJIOKHUTEIBHBIE W OTPHUIIATEIBHBIC JBIIKE-
HUS BI0JIb COOTBETCTBYIOIIMX OCEH;

a,a',s,6',c,c' - BpamarenbHbIe MOJOKUTEILHBIC W OTPUIATEIbHBIC JIBHKCHHS OTHO-
CUTEJIbHO COOTBETCTBYIOIIUX OCEH.

bnok TexHo0orn4eckoro BO3AEHCTBUSI UIMEET OpyJUe BO3AEUCTBUS (MHCTPYMEHT Me-
XaHWIEeCKOH 00paboTKH), KOTOpoe (HYHKIIMOHUPYET B COOTBETCTBHH C OTIPEIEIEHHBIM 3aKO-
HOM JIBWKEHHS, KOTOPBII OMUCHIBAET KUHEMATUKY (PYHKIIMOHUPOBAHUS HHCTPYMEHTA.

AHaMM3Upys CyIIECTBYIOIINE POTOPHBIC JTMHUU MOXXHO BBIJICIHTDH TPYIILy HauboJliee
YaCTO BBIMIOJIHIEMBIX Ha HUX OTEpalyii MexaHndeckoi oopaboTku. PaccmoTpum ux Ha npen-
MeT cocTaBlieHUs] QyHKIUI ABUKEHUS NpeaMera 00paboTKH U pexyllero nHerpymenTa. J{is
HaIJISIIHOTO NpeJICTaBIeHNs MH(GOpMAalUY pe3yJIbTaThl aHAJIW3a CBEJEHbI B TAOIUIBI 1.

Lne f,(t), f, (), f(t)- 3aKOH NPSIMOJIMHEIHOTO JBIDKCHIS, COBIIA/IAIONICTO C HAIPaB-
JIEHHEM COOTBETCTBYIOLIEH OCH;

S @) [, (D), f.(¢) - 3aKOH NPAMOJIMHEHHOTO JIBIKCHNS, HECOBIIA/IAIOIIETO C HAlpaBJIe-
HHEM COOTBETCTBYIOIIEH OCH;

. (@), f. (1), f.(t) - 3aKOH IPSAMOTO BPAIATEIBHOTO ABMKEHHUSI, OTHOCHTEIBHO COOTBETCT-
BYIOILIEW OCH;

f., @), f, (), f.(t)- 3akoH 0OpaTHOrO BPAILATEILHOIO JIBUKEHHUS, OTHOCUTEIBHO COOT-
BETCTBYIOIIEH OCH.
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Tabmmma 1. Pe3yabraTsl KHHEMAaTHUECKOTO aHAJM3a HEKOTOPBIX cXeM 00paboTKH, HC-
M0JIb3yEMBIX B POTOPHBIX JINHUSIX
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[Ipoananu3upoBas NpUBEAECHHBIE B TAOIUIIE CXEMBI U (POPMYJIBI MOYKHO COCTABUTH

KH.

000011eHHBIE (hOPMYJIBI, OTIUCHIBAIOIINE 3aKOHBI JBWKEHUS JIJIsI Pa3IMYHbBIX BUIOB 00padoT-

1 TOueHnsT Hapy>KHBIX M BHYTPEHHUX MOBEPXHOCTEN 3aKOH JBHKEHUS UMEET BUIL:
-1 peameTa o0paboTKu:
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Fly ()= fo Q) ANV @) AV L) AV fa @) AV LE) AV @) AV fe(t)

-JUTSL PEKYIIEr0 MHCTYMEHTA':
Fpu(t) = o @) AV G ANV E) AV @) AV G) AV e @) AV [ () AV
/\fo(ZO)/\vfx'(tl) )

st 06paboTKM OCEBBIM HHCTPYMEHTOM 3aKOH JIBM)KEHHS UMEET BUJI:
-1 IpeameTa 00paboTKu:

F2,,0)= .V e AV )

-JIJIsL PEXKYIIEro MHCTyMEHTA:
szu(t) = fz’(t) /\Vfc’(t)/\vfc(t) .
st peszepoBaHUs Ma30B 3aKOH JBUKCHUS UMEET BH/T:
-JIJIs1 TIpeiMeTa 00paboTKu:

F3,,@)=f,OAVfeOAVOAV]();

-JIJIsl pEXKYILEro MHCTyMEHTA:

F3pu(t):fy(t)/\vfc'(t)/\vfc(t)'

O4eBHIHBIM CTAaHOBHTHLCS, YTO (DYHKLUS JABIKEHHS JFOOOTO MpenmeTa oOpaboTKu H
(GYHKIUS ABMKEHUS JIIOOOTO PEXKYIIETO HHCTPYMEHTA B MIPOCTPAHCTBE MOXKET OBITH OTHCaHa
IIOCPEICTBAM CJIEYIOIIErO BBIPAKCHHUS :

F=f,(0) AL AL O AV L (O AV () AV fo(6) AV
AVF O AL O AL O AV O AL AV

Wckmoyas Te WM MHBIE COCTABIIAIOIINE B JAHHOM BBIPAKEHUHM MOKHO IMOJIYyYUTh Ya-
cTHbIE (hOpMyJIbl ABMKEHUH mpeameTa 0OpabOTKU WM PEXKYILEro MHCTPYMEHTA B MPOLEcce
00paboTKH, KOTOPHIE OBLIIH MOTYUYEHBI paHee.

OO01m1re BeIpaXeHUsI KHHEMATHKH [T TIpeaMeTa 00paboTKU U pexyLIero MHCTPYMEH-
Ta UMEIOT BUJL:

¥, (0) = F1,, () UF2,,(6) U F3,, () U...U Fj,, (1),
W, (6)=F1, (1) UF2,, (1) UF3,,() V.0 Fi,, (1),

OOmiee BeIpaXeHNE KUHEMATHKH (DyHKITMOHUPOBAHUs 0JI0Ka TEXHOJOTHYECKOTO BO3-
JNIEUCTBUS UMEET BHUJI:

no

D=V, (HUY,, ().

Takum 00pa3oM IMOJTydeHA YHUBEpaIbHAS KUHEMATHYeCKass MOCNh (PYHKIIMOHUPOBA-
HUSI TEXHOJIOTUIECKOTO MOTYJISI, TIO3BOJIIIONIAS TIOJYYUTh KHHEMATUKY JIBIDKCHUS TIpeMeTa
00paboOTKM U PEKYIIEr0o MHCTYMEHTA JJisl 000 neranu. Vcronp3oBaHue MOTYyUYEHHONW MO-
JIETA MOYET OOJIETYUTh M YCKOPHUTH MPOIECC MPOSKTUPOBAHUS POTOPHOTO O00OPYIOBAHUS H
pa3pabOTKX MPHUHIIUIHAILHO HOBBIX CXeM 00pabOTKU U3IEIIHA.

Cunucok autepatypsl: 1. Umenko A.JI. PazpaGoTka METOI0B CTPYKTYpHOTO U Tapa-
MCTPHYCCKOI'0 CHMHTEC3a TCXHOJOTMYCCKUX CHUCTEM HCIPCPBIBHOTO HeﬁCTBHH JJIA C60pO‘IHI)IX
nporieccoB: ABTopedepar quccepTayu Ha ... K. T. H..-Jlonenk, 1998, - 199 c.
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MOBBIIEHUE Y®®EKTUBHOCTHU PABOTBI OUMCTHOI'O KOMBAMHA

Hetpymkun I'.B., HleBuyk M.B. (xa¢. I'M, /[onl TV, 2. /loneyk, Yxpauna)

N3BecTHO, uTO 3 (PEKTUBHOCTh pabOTHI OUUCTHOTO KOMOaiHa ompeensieTcs, B 4acT-
HOCTH, €r0 IPOU3BOJAMUTEIHFHOCTBIO M COPTHOCTBIO JoObIBaeMoro yrisi. OMHUM M3 CrIOcCOOOB
MOBBIIICHHUS TPOU3BOAUTEIFHOCTH KOMOAaiHa M yJIydIlIeHUus] COPTHOCTU JOOBIBAEMOTO YTJIA
SBIISICTCS TIOJEP)KAHNE HA 33JJaHHOM YPOBHE ONTHUMAJIBHOTO COOTHOIICHUSI CKOPOCTH Iepe-
MeleHus: kombaiina Vi u ckopoctu pe3anus Vp. Ha pucynke nzobpaxena npuHIMTHAIBHAS
cXeéMa IPUBOJAa MCIOJIHHUTEILHOIO OpraHa OYHCTHOTO KOMOaiiHa, MO3BOJIIOILETO Pean30-

BaTh aBTOMATUYECKOE MOIepKaHue TpeOyemMoro cooTHomeHus Vi k Vp.

ﬂ\ IT1 no
N——

P2

Y/

rH 1

NATT

Puc. Cxema nmpuBo/1a UCTIOTHUTEIBHOTO OpTaHa OYUCTHOTO KoMOaiiHa

[IpuBOoA MCHOIHUTENBHOTO OpraHa COJEPXKUT 3JIeKTpojaBHUraTess D/, KOTopblil co-
earHeH 4yepe3 peaykrop P; ¢ BxomueiM 3BeHOM | muddepennmana ] u, kxpome TOTO, TpH-
BOJUT B paboty ruapoHacoc I'H ¢ perymupyemoii mpou3BOIUTENBHOCTHIO, THAPABINYECKU
cBs3aHHbIl ¢ ruapoasurarenem I'J[. IIpowmsBomurensHOCTh ruaponHacoca ['H m3mensercs
NPONOPIMOHAIILHO CKOPOCTH IMEpeMelleHHs] KoMOaifHa 3a CYeT COOTBETCTBYIOIIEH CBSI3H C
MexanuzMom nepemenieHuss MIL. Porop runpoasurarens ['J] coearHeH co BTOPBIM BXOIHBIM
3BeHoM 2 nuddepennuana J[. Berxognoe 3BeHo (Boauio) 3 auddepennmana [l coequnsercs

yepe3 3y0uaryro mepenady ¢ HCTIOJHHUTENbHBIM opraHoM (mmHekoMm) MO komOaiiHa. Takum
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00pasoM, BpallieHue oT A1eKkTpoasurarens O /] nepenaercsa nByMs MOTOKaMHU Ha BXOJAHOE 3Be-
HOo 1 muddepenmuana [ u uyepe3 runponepenauy I'H — I'J[ Ha BTopoe BXOqHOE 3BEeHO 2 nud-
¢depenmmana /[, a ¢ BEIXOAHOTO 3BEHA 3 BpallCHUWE NMEPEAAeTCss HAa WCIOJHUTEIbHBIN OpraH
No.

[Ipn HyneBON CKOPOCTH IEPEMELICHUS CUTHAI OT MexaHu3ma nepemernenus MII k
rupoHacocy I'H oTcyTcTByeT M ero mpou3BOAMTEIBHOCTh paBHA HyJt0. BeieactBue 3Toro
CKOpPOCTh BpalieHus poropa ruzapoasuratens 1'J[ u BxogHoro 3BeHa 2 audpdepenimana /[
PaBHBI HYJIIO U BpallleHUE OT AleKTpoaBurarens JJ] nepenaercst TOJIbKO Ha BXOJHOE 3BEHO 1
muddepennmnana /[ , a ¢ BBIXOJIHOTO 3BeHa 3 Ha HCTIONMHUTENbHBIN opran U O.

C yBenuyeHWeM CKOPOCTH KoMOaifHa CUTHAII OT MexaHu3Ma nepemernenus MIT kom-
OaifHa BO3pacTaceT, COOTBETCTBEHHO YBEIWYUBAECTCSI MPOU3BOIUTENBHOCTD ruapoHacoca ['H,
BCJIE/ICTBHUE YEr0 YBEJIMYMBAETCS CKOPOCTh BpallleHHs poropa ruapoxasuratens I'J[ u coot-
BETCTBEHHO BXOJHOTO 3BeHa 2 nudepennuana /[, KoTopslii CyMMUpyeT CKOPOCTH BpalleHUs
BXOJHBIX 3B€HLEB | 1 2 Ha BLIXOAHOM 3BeHe 3. Tak Kak mocieaHee KUHEMaTHIECKU CBA3aHO C
UCHIOJIHUTENBHBIM opranoM MO, To yBeanunBaeTcsl TakkKe CKOpocTh pe3anus. [Ipu ymeHnsbie-
HUM CKOPOCTH TMOJa4Yu KoMmOaifHa CurHan oT mexaHm3ma nepemermienuss MIT komOaitna
YMEHBILIAETCS,, COOTBETCTBEHHO YMEHbIIAETCS IMPOU3BOAUTENBHOCTh I'mapoHacoca H, cko-
pocTh BpaieHus: potopa rugpoasuraresns ['/], BXogHoro 3BeHa 2 ¥ BBIXOIHOTO 3BeHa 3 aud-
¢depenumana /1, ceszanHoro ¢ ucnoiHutesnbHbIM opraHoM MO. Ilpu naneHeiliem ymeHsblie-
HHUM CKOPOCTH I0J1a4 KOMOaiiHa MpOu3BOAUTENFHOCTH THApoHacoca ['H cHavanma mocturHer
HYJISI, @ 3aT€M TIOTOK JKHUAKOCTH OyJIeT peBepCHUpOBaH U MPOU3BOAMTEIHLHOCTh HAacoca OyaeT
BO3pacTaTh, BCJIEACTBHE YErO YBEJIUUUTCS CKOPOCTh BpallleHus: potopa rujgpoasurarens '] u
BXOJHOTO 3BeHa 2 auddepenimana /[ B oOpaTtHyto cropony. JAuddepenmuman /| Berauraer us3
CKOPOCTH BpallleHUs] BXOJHOTO 3B€Ha | CKOPOCTh BpallleHUs] BXOJHOTO 3BEHA 2, BCIEJICTBUE
YEero CKOPOCTH BPAILEHHS BBIXOIHOTO 3BE€HA 3 M KMHEMAaTHMYECKH C HUM CBA3aHHOI'O HCIIOJI-

HUTEJIBHOTO OpraHa YMEHBIIAKTCS, T.€. YMEHBIIAETCSI CKOPOCTh PE3aHMs.

Takum oOpa3oMm, mpeasaraeMasi KOHCTPYKLUMSI MPHUBOJAA HCIOJHUTEIBHOIO OpraHa
MOJJIEP/KUBAET MTOCTOSIHHBIM COOTHOILIEHUE MEKYy CKOPOCTSMH IEPEMEIIEHUS U pe3aHus, a,
CJIEZIOBATENFHO, TOJIMHY CHUMaeMo#l cTpykku. [Ipu BeIOOpE ONTHMAILHOTO 3HAYEHHUS TO-
CJIEJTHEH, MO3BOJIAIONIEH MOBBICUTh MPOU3BOAUTEIBHOCTh KOMOAHA M YIYUYLIUTh COPTHOCTh
J0OBIBAEMOTO YIS, HEOOXOIUMO PYKOBOJCTBOBATHCA PEKOMEHJALUSIMU, U3I0XKEHHBIMU B

[1].

Cnucok aurepatypsl: 1.Ilo3un E.3., Menamen B.3., Ton B.B. Pa3pymenue yruei

BBIEMOYHBIMU KOMOaitHamu. — M.: “Henpa”, 1984. — 286 c.
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HEKOTOPBIE ITIPOBJEMBI IIPOEKTUPOBAHUA
N TEXHUYECKHUE XAPAKTEPUCTUKHU KOHCTPYKIINHN

PetusoBa JI. I., Hukutun A.W. (kagh. Mexanuxu, TPTY, e. Tacanpoe, Poccus)

[IpoekTupoBanue 1000 KOHCTPYKIMM HAYMHACTCA C MPEABAPUTENBHOTO JTara, Ha
KOTOPOM B 3aBHCHMOCTH OT TPEOOBaHU, NPEABABISEMBIX K OyIylIel KOHCTPYKIMH, OIpe-
JeNA0TCs €€ 0011Ke napaMeTphbl U XapakTepUcTUky [1].

JlanbHOCTD ToJIeTa SIBJISAETCS OHUM M3 CAMBIX TJIABHBIX TPEOOBaHMMA, PEABSBIISIEMBIX
k JIA. Kak oGecniednth MakCUMaJbHYIO JATbHOCTD MOJIETA M OT YETo 3aBHCHUT 3Ta XapaKTepu-
CTHKa?

B pabote paccMoTpeH yacTHBIN citydai jerarenbHoro anmnapara-JIA ¢ pakeTHbIM JIBU-
rareneM. IIpy HEKOTOPBIX yNpoILaIUX JOMYIIEHUSIX IBUKEHHUE LIEHTpa MacC pEaKTUBHOIO
JIA MoXHO paccMaTpuBaTh Kak ABMKEHHE TOUKHM IEpEMEHHOU Mmacchl [2]. B ciyuae n3meHe-
HUSI Macchl TOYKH TOJIKO 3a CUET OTIEJICHUs] YacTul (CIEJIaHHAs BBIIIE OrOBOPKA O THUIIE
JBUTATENS ) €€ MPSMOJIMHENHOE IBM)KEHNE B TOPU30HTAIBHOM TUIOCKOCTH ONUCHIBAETCS YpaB-
HEHHEM BHJA!

-0-“Ly =M 1)

1 2 N
rje Q=§CX P SU” - cuna n06oBoro conpotuBiaeHus, F-paBHOEHCTBYIOINAs BHEMIHUX CHIL,

dM
IIPWIOKEHHBIX K TOUYKE, V,-OTHOCUTEIIbHAS CKOPOCTh M3JIy4aeMbIX YaCTHIL, 7 - CEKyHJI-
t
HBIM PacxoJ MacChl U3IIy4arolero HEHTpa.
[Ipu ropuzonTansHoM BUKeHUM JIA B 10001 MOMEHT BpEMEHU
1 2
Mg= 5 C,pSv (2)

C.uC , COOTBETCTBEHHO KO3 PUIMEHT JTOO0BOTO COMPOTUBIICHHUS, U KOA(DPHUIIHEHT

NnoAbEMHOM cuiibl. YuuthiBas (2), ypaBHeHue (1) npumer BuA:

Md_uz_%_dﬂy/r (3)
dt K dt

Y
rae K=— - asponunammuueckoe kauectso JIA.
X

VYpasuenue (3) 3aBucuT oT BuAa QyHKuuH M (f), T.e. OT 3aKOHa M3MEHEHHS MAacChI
TO4KH. B 00m1em ciaydae 3akoH u3MeHeHus: Macchl umeeT Bun: M = M, f(¢), tae f(t)- MoHO-
TOHHO yObIBatomas pyHknus ot 1 go 0, M - HauaneHas Macca JIA. B Teopetnyeckux pado-

Tax HauOOoJIbIlIee MPUMEHEHHE TIOMYYIIIN JBA 3aKOHA U3MEHEHHSI MACChI: JIMHEHHBIN 3aKOH U -
MoKa3aTeJIbHBIM 3aKOH M3MEeHEeHUs Macchl [1]. B manHoit paborte, kpome JTMHEHHOTO U MOKa3a-

1
TEJFHOTO 3aKOHOB U3MEHEHUsSI MACChl, TIPEIaraeTcs eme OuH 3aKoH: (1) = Toor I[To Bumy
+at

(YHKIIMKM HA30BEM €T0 TUNEepOOIMYeCKHM 3aKOHOM M3MEHEHHUSI MacChl (& - MOCTOSIHHBIN KO-
s dunmeHr).
Jlis muHEHOro 3aK0Ha M3MEHEHHST MacChl UMEEM :
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dv_ g, o, "
da K l1-of

Jnis Toro 4ToOBI MPOUHTETPUPOBATH (4), Hy)KHO 3HATh, KaK OyJeT U3MEHATHCS a’po-
JUHaMuuYeckoe kadectBo JIA, cooTBeTCTBYIOIIEEe BEIOPAHHOMY PEXUMY TMOJIETA. AdPOIMHA-
MHU4YecKkoe kauecTBo K ecTh GyHKIHMS yriia aTaku o W uucia Maxa Ma . [Ipu ropuzoHTas-
HOM nojiete JIA yron araku ocTaeTcsi BEIMYMHON MTOCTOSTHHOM. 3aBUCUMOCTb a3pOIMHAMUYE-
CKOTO KadecTBa OT 4yrciaa Maxa Ha 00J1acTH BceX BO3MOXKHBIX CKOPOCTEH OyIeT UMETh CIIOXK-
HBII BUJ, OINpEeNIieMbli dKCTIEpUMEHTaIbHO I Kaxaoro JIA. CrempoBartensHo, B 00IIeM
cily4yae ypaBHeHUE (4) MPOUHTETPUPOBATH HEBO3MOXKHO. OHAKO €CTh UHTEPBAJIbl CKOPOCTEH,
Ha KOTOPBIX K MpuOIM3UTENbHO MOCTOSHHO [2]. B 3TOM ciydae mociie uHTerpupoBanus (4)
HOJTyYHM:

u=uo—gé—Vrln(l—at) )

WuTerpupys (5), nojlyduM 3aKOH ABUKEHHS Ha aKTUBHOM y4YacTKe MOJIETa:

2
S =, +7 =5 Ve gy in(i—anr) ©)
2K«

Pemum ucxoas w3 (6) cienyroomlyro 3KcTpeMaibHyo 3anady. [lycTe 3aman oTHOCH-

M
TEJILHBIN 3a1ac Macchl, T.€. Me =(-at))= f, (M -macca JIA 6e3 Tormsa, f, - BpeMs ak-
0

TUBHOTO MOJETA), TOTJA

= (7)

[loxncrasnss (7) B (6), momyuum 3aBucumoctb S(ar). Haiins skctpemym 3toil PpyHK-
LIUH, [TOJTyYHM:
g o KIA=1)w+V)+V, foIn(/ )T

Al 2 8
2g(=1.) ®

AHanorndHsIM 00pa3soM PeLIMM 3aJady HAaXOXKACHHS S, I IOKA3aTeNbHOTO U I'd-

HCp60J’II/I‘I€CKOFO 3aKOHOB M3MEHEHU Macchl. B CJIy4dac MoKa3aTCJIbHOI'0 3aKOHaA :
2
_ K(Qu, -V, In(/,))

S 82 ©)
Jlis runepOoaMyecKoro 3aKoHa:
_ _ 2

" 2¢(1-1.)°

W3 Beipakenuit (8 — 10) BUAHO, YTO AANBHOCTh aKTMBHOI'O MOJETA PacTET ¢ yBeIHYe-
HHEM KadecTBa K M OTHOCHTENBHOI cKopocTH oTOpackiBaeMbix yactuil V. [2]. Ha npakTuke
V' 3aBHCHT OT KOHCTPYKIHMH COIUIA ABHIaTels U CKOPOCTH NMPOTEKAHHS PEAKIHH OKHCICHH

torummBa [3]. KagectBo K 3aBucur ot koHCTpyKImn JIA (dbopma drozensika, Kpbuia, XBOCTO-
BOT'O OTIEPEHU ).
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Jlist ompeeNnenns ONTUMAIBLHOTO PEXUMa M3MEHEHUs Macchl JIA MOCTPOUM 3aBUCH-
mocta S ,(f,) M pasIMYHBIX 3aKOHOB M3MEHEHHS] MAcChl IPH CICIYOIUX YCIOBUSX:

v, =660 M/c (cBepx3ByKoBast ckopocts) K=3 u V, =2500 m/c (uist peansHbIx paker V, co-

r r
craiser 2000-3000 m/c) [3]. U3 Tpéx 3aKkOHOB M3MEHEHHS MacChl HanOoJiee ONTHMAaIbHBIM
SBJIICTCS TPEIJIOKEHHBIN B JaHHOW paboTe — runepOonmyeckuii (puc.l, BepXHss KpuBas).
MeHnee BbITO/IEH TOKa3aTeIbHbIN 3aK0H (puUC.1, cpenHss KpuBas).

S

a

1.5+10

1.2+10

+10

G+10

3"1IIIIS

fe

0 02 04 06 0 1
Puc.1.

Peanmu3zanus pa3nuuHbIX 3aKOHOB U3MEHEHHs Macchl JIA cBsi3aHa ¢ KOHCTPYKIIUEH pe-
aKTHBHOTO JBUTaTeNs. M3-3a 0COOEHHOCTEN yCTPONCTBA PAKETHBIX JIBUTATEIeH HA TBEPIOM
TOIUIMBE PETYyJIMPOBATh CEKYHHBIA PACXOJ1 TOIUIMBA B TAKOM ABUraTeisie TpyAHO. s BbI-
MIOJIHEHUS 3TOH 3a]a4M BO3MOKHO MPUMEHEHHE PO (QUINPOBAHHON TPYIIH (TIPETIATCTBUS, Ha
Iy TH UCTEUCHHS Ta30B B COIUIE), BIyBaHHE T'a30B B 00JaCTh KPUTHYECKOTO CEUYCHUS C LIENBIO
€ro YMEHBLIEHHUS, BIIPBICK B KAMEPY CrOpaHus KaTaau3aropa Wil HHTMOUTOpa, UCIO0JIb30Ba-
HHE 3BYKOBBIX KOJI€OaHUI /I yBEIMUYEHHUs] CKOPOCTH peakluy, crennaibHoe npoduiuposa-
HHUE MOBEPXHOCTU ropeHus [3]. B KUAKOCTHBIX pAKETHBIX ABUTaTENIAX PETYJIMPOBKA CEKYH/I-
HOTO Pacxojia OCYILECTBISAETCS HAMHOTIO NPOIIE: U3MEHSETCS CEKYHHBIM PACX0/1 JKUAKOTO
TOIUIMBA WJIM OKUCJIUTENS (T.€. peXXUM UX MOJauM B KaMmepy cropanus). Mtak, 17st peaibHbIX
KOHCTPYKLMH fBurateneit JIA pemeHue onTUMU3allMOHHON 3a7ja4ul, KaK BUJIHO, TpeOyeT yué-
Ta (aKTOPOB, CBS3aHHBIX HETIOCPEICTBEHHO C MPOOJIeMaMu TEXHUIECKON pean3aliun pas-
JIMYHBIX 3aKOHOB U3MEHEHMS MAcCCHI.

Cnucok autepatypsi: 1. Bepemarun B.A. MeTtos! uccnenoBaHus ABMKCHUS Peak-
THUBHBIX anmapartos, [lepmb; 1968. 2. Kocmonembsanckuit A. A. Kypc TeopeTudeckoit mexa-
HUKH, 4.2.-M.: [IpocBemienue,1966. 3. ®punencon E. C. OCHOBBI pakeTHON TEXHUKH,
M.:131. Muno6oponst CCCP,1973.
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O MOJAEJINPOBAHUN U UCCJIEJOBAHUN HEKOTOPBIX 3ATAY
MEXAHUKH C IOMOUIBIO KOMITBIOTEPHOU TEXHUKHA

PetuBoBa JI./l., Paznadapa A.T. (kageopa mexanuxu, TPTY, e. Tacaupoe, Poccus)

HWcnons3oBanue KOMHBIOTepHOfI TCXHUKHU B HAYYHBIX W MNPUKJIAJHBIX 3aga4ax MCXaHH-
KN CTallo O6BI‘-IHBIM SABJICHUECM. OI[HaKO A0 HACTOAIICTO BPCMCHH KOMIIBIOTCpHAd TCXHHUKaA
eIIe HeIOCTAaTOYHO MCIOJB3YETCsl, TaK KaK HAXOJUTCS Ha CThIKE MH(MOPMATHKH U Klacchde-
CKOM MEXaHUWKH.

B nanHoli pabore pa3paborana mporpamma Jijisi MOJICITHPOBAHUS M KAYECTBEHHOTO HC-
CJICA0BaHUA JABWIKCHUA MCXAHUYCCKHUX CHUCTCM B YACTHBIX ClIy4dasaX. HporpaMMa COACPIKUT
cpencTBa JUis COCTaBJICHUS AU(PPEPEeHIIUATBHOTO ypaBHEHUS W €r0 PEUICHUs], MMO3BOJISET
MpoOBOAUTD Ka4eCTBEHHBII aHaJN3 peumicHuA B 3aBUCHUMOCTU OT Pa3IMUHBIX 3HAUCHUN Ha-
YaJIbHBIX MapaMCTPOB ABUIKCHUA.

B pabote paccMarpuBaeTcs HECKOJIBKO 3ajay, JJid aHaJlM3a PEIICHUsT KOTOPBIX pa3pa-
0oraHa mporpamMma Ha si3pike [lackailb ¢ MCIOTB30BAaHUEM CTAHIAPTHBIX MOAYJIEH rpadude-
CKOTO BBIBOJIA HA 9KPaH, OPHEHTHUPOBAHHBIX HA pa0OTy B Cpelie ONEepanuoOHHON cucTeMbl Mi-
crosoft Windows 95/98.

1. B xauecTBe mepBOM 3a/1auu C MOMOIIBIO MPOrpPaMMBbl Ha IKPaH KOMITbIOTEpPA BHIBO-
AUTCA TPACKTOPUU JABUIKCHUA MEXaHN4YECKON CHUCTEMBI B 3aBUCUMOCTH OT napaMeTpOB ABU-
JKEHHUs B OTPaHWYEHHOM 3a1a4ye HproToHa.

TpaekTopus ABMKEHUS Tela MOJ JEHCTBHUEM CHJIbl TATOTEHHS 3€MIIM OIpENEsseTCs
Ha4YaJIbHBIMU YCJIOBHUAMU U UMECT BU:

p
= 1
g 1+ecos((p—(p0) ’ M

rne p,e,0 - COOTBETCTBEHHO MapameTp, SKCIEHTPUCHTET U UCTUHHAS aHOMAJWS MCXOTHOU
OpOUTHI.

B 3aBucuMocTu OT 3Hau€HUS NapaMmeTpa e BO3MOXKHBI CIEAYIOLIUME TPU THUIA TPACKTO-
pHii:
1. e<l,npuV, =/2gR <11,2Kkm/c ; TPACKTOPHAMH TOYKH SIBISIOTCS Pa3iMYHbIC SJUIAICH B
3aBHCUMOCTH OT MapameTpa p;
2. e=1,npu V, = \|2gR =112 ku/c; TpackropusiMu Oy Iy T mapaGoIibL;
3. e>1,mpuV, = \|2gR > 11,2 xm/c; TpaekTopru UMEIOT HOpMY THIIEPOOIL;

4. e=0,npuV, = \/g_R = 7,9 km/c ; TPACKTOPHSIMH SBISIOTCS. OKPYKHOCTH (pHC. 1).

2. B xauecTBe BTOPOI 3a7auu C NMOMOIIBIO MPOrPaMMBbI, COJEpIKaIlel cpeacTBa AJis
KauyeCTBEHHOI'O aHAJIM3a €€ PELICHUs], ONPENEISIIOTCS TPACKTOPUH BBIX0OJIa JIETATEIbHOTO all-
napara u3 cepbl JeHCTBUSI IJIAHETHI UJIM CITyCKa Ha MOBEPXHOCTh 3€MJIM C MECTHOM Kpyro-
BOM CKOPOCTBIO. Pe3yibTaThl aHanM3a BBIJAIOTCS Ha SKpaH KOMIbIOTEpa (IIpUMEp MpUBEIEH
Ha puc. 2).

[Tonaraem, 4To anmapar npeaBapUTEIbHO BBIBEJEH Ha IJIAHETOLIEHTPUUECKYIO OpOUTY
U €€ TPAeKTOpus ABMXKEHUS olpezensercs ypaBHeHueM (1).

B HexoTOpBIif MOMEHT BpEMEHHU f( amnmapaT epeBOJUTCS B INIOCKOCTH OPOUTHI Ha MPO-
rpaMmy MoJieta ¢ MECTHOM KPYTOBOM CKOPOCTBIO

V=yuir, (2)
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TAC r-pacCTOAHUC OT LICHTPA IUIAHCTHI, Ll - IIOCTOSSHHAA Faycca.

Vo

l'unep6ona

IMapaboma

OKpyXHOCTh

Puc. 1.Tpaekropun nuxenus JIA mo opouTe B 3aBUCUMOCTH OT HAYAJIbHOW CKOPOCTH

. Bo : )
9000000.0 Ro :
— T ~—— Uu'i 9000000.0
. |8600.0 Uo :
\ | fAg : 6600.0
/ \D.0 Ao !
| Hnin H D . D
\ /| s000000. 0 Bnin

. - 8705019 .7
N yd Bnax .
y 45476196 .9 Bhnax -
aoarse 9000000.0

Puc. 2. Dnnuntuueckas (a) u cnvpaibHas (0) TpaeKTopuu IBHkeHus JIA

CkopocTh anmapara B TOYKE OTJIETa ¢ UCXOAHOM opouTsl (1) MokeT OBITH paBHa OpOu-
TAJIFHOW WITM TIPH TIOMOIIM UMITYJIbCA PEAKTHBHOW TATH CKOPPEKTUPOBAHA /10 BEITMYUHBI Me-
CTHOW KpyroBoi ckopocTu. [lanpHeilliee NBUKEHUE ammapara Mo Mporpamme ckopoctu (2)
MOJJIEP/KABACTCS KacaTeabHOW peakTUBHOM Tiarou. IlonokeHue anmapara onpenensercs mno-
JSIPHBIMHA KOOPJAMHATaMHU @,7 C TMOJIIOCOM B IIeHTpe TuiaHeThl. JuddepeHnnanbapie ypaBHe-

HU IBWKCHUA allriapara 1o TPaCKTOPUH IIEPEX0Ja UMECIOT BUA!

: m___dmr
m(r —re* =—M—2 VIE_’
| 3)
amre

m(r o+ 2ro) =¥V, ,
(ro+2ro) R
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rnae Vi — s dexTrBHAs CKOPOCTb.

[Tepsiii 3HaK B cucteme (3) yaepKuBaeTcs NpHU MepereTe Ha BHENHIOK opouty. OnHO
U3 ypaBHEHUH CUCTEMBI TU(EpEeHIAIbHBIX YpaBHEHUH (3) MOXKHO 3aMEHHUTh TakuUM JTH(D-
(epeHImaIbHBIM PaBeHCTBOM (4):

rrre —r @’ + up—r* ro-2rr* =0 4)

VYpaBuenue (4) u nmporpaMma moJjeTa amnmapara ¢ MECTHOM KpyroBOM CKOPOCTBIO (2)
NPHUBOJIAT K CJIEAYIONIEMY PaBEHCTBY, BBIPAKAIOIIEe TPACKTOPHIO BBIXOJIa ammapara u3 cde-
PBI IEHCTBHYS TIAHETHI M TIPEJICTABISIET COO0M TorapuMUIECKyI0 criupaiib (puc. 2, 0):

r=r, exp[(¢—9,)cigy], (3)

IZIe Y - MOCTOSTHHBIN CTIMPaJbHBIN YTroj, KOTOPBI 00pa3yeT BEKTOp CKOPOCTH arapaTa ¢ Ha-
IPABJIEHUEM PaJNyCa-BEKTOPA, KOTAHICHC KOTOPOTO PaBEH:

t v
CIgY =——=—F/——
2
Vo
Jnst kpyroBoit opOuTH Y =7/ 2.
be3nMmmysbCHBIN TIepexo| anmapaTa ¢ dJUIMNTHYeCKol opOuTsl (1) Ha norapudmmde-
CKYIO criipalib (5) BO3MOYEH B OKPECTHOCTH aIlOIICHTPa, M YeM OOJIBIIE e, TeM OJKEe K aro-
nentpy. s kpyroBoit opoutsr y = /2, T.e. ciupans (5) BEIPOKIAAETCS B Ty )K€ KPYTOBYIO
opoury. Jlns mapabomuueckoit opoutsl Y =0 3TO MOXKET UMETh MECTO TOJILKO B O€CKOHEU-

HOCTH. J{JIs1 JUIMNTHYECKON OPOUTHI painyC-BEKTOP TOYKH OTiIeTa 0€3 UMITyJIbCa pEaKTHBHOMN
TATH ONpenessieTcs o Gopmyie

[Tepexox w3 Apyrux TOYEK HMCXOTHOM OpOUTHI Ha JorapudMHuUecKyro crmpais (5), a
TaKXKe ¢ KPyTrOBOUW OPOUTHI BOBMOIKEH TOJIHKO C HCIIOJIb30BAHHEM HMITYJIbCA PEAKTHBHOM TATH
B MOMEHT OTJICTa.

PaspaboTrannas mporpamMma Mmo3BOJISIET PACIIMPUTH ATOPUTMUYECKHA YHCIIO 3a/1a4 pac-
CMOTPEHHOTO THIIA JIJISI UX KA4€CTBEHHOTO HMCCIICOBAHUS C TPUBJICYCHUEM OOJBIIOT0 YUCIIA
peabHBIX JaHHBIX.

Cnucok sutepatypsi: 1. Hukutun H.H. Teopernueckas mexanuwka. - M, Beicmias
mkosa, 1990. 2. Bepemarun B.A. Metoasl vcciae1oBaHusl ABUKEHUS JIETaTEIbHBIX armnapa-
ToB. [Iepmb, 1968.



