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BBICOKO2®PEKTUBHOE TEXHOJIOI'MYECKOE OBOPYJIOBAHHUE.
TP OBJIEMBI ITPOEKTUP OBAHUA

KHHEMATUKA IINIM®OBAJIBHBIX POBOTOB-CTAHKOB
HA OCHOBE MEXAHW3MOB ITAPAJLUIEJIBHOU CTPYKTYPBI

Aiimen Cabax (xa¢p. TM u M, OHIIY, 2. Odecca, Ykpauna)

BBeaenue. [Ipoueccsl 00pabOTKH Ha TPYAHBIX U YHHUKAIBHBIX METAJUIOPEKYIIUX CTaH-
Kax XapaKTepHU3YIOTCS 3HAYMTEIbHBIMU KOJICOAHHMSAMHU MAapaMeTPOB 3arOTOBOK, W3MEHEHUEM
CBOWCTB HECYILEH CUCTEMBI CTAHKOB, F€OMETPUM pe3aHus U T.I. biarogaps MMUPOKUM TeX-
HOJIOTHYECKHUM BO3MOXHOCTSIM TPU  00pabOTKe JIeTalieil CI0XHON (GOpMBI U TEOMETPHUH
MEXaHM3MBbI ¢ mapamienbHoi cTpykTypoit (MIIC) mo3BomsitoT 0OpabaThiBaTh CIOMXKHBIE TO-
BEPXHOCTH C BBICOKUMHU MOKa3aTeIsIMU TOUHOCTH [1].

ITocTanoBka 3agaun. KputepuanbHbIMU YCIOBUSMHU IpPU NPOEKTUPOBAHUM POOOTOB-
CTaHKOB SIBIISIIOTCSL MOZeNMpoBaHue (yHKIMOHANBHBIX ABMkeHHH MIIC nmis oGecrieuenus
HEOOXOIUMBIX TPACKTOPHUH PEXYLIET0O MHCTPYMEHTA C 3aJaHHBIMM KMHEMaTU4YECKUMM Iapa-
METpaMH U BO3MOKHOCTb OTPA0OTKU OJHOW U TOH K€ TPAEKTOPHUHM 3a Pa3INUHbIE IPOMEXKYT-
k1 BpemMeHH. HeoOxoaumo pa3paOpTaTh METOJUKY M aJlTOPUTM OMNpEeNIeHus KHHeMaTH4e-
CKUX TMapaMeTPOB 3BEHbEB IUIATPOPMBI MPH OTPadaThIBAHUM IMKJIMYECKOTO Tpoliecca IILTH-
(oBaHUS KOHNYECKOH MOBEPXHOCTH.

Marematnueckass moaesb reomerpun aApmwkenunid MIIC. Ilpencrasurenem MIIC Ta-
KX POOOTOB-CTAHKOB €CTh TeKCaroJ Ha ocHOoBe maTt¢opMbl CTioapTa, KOTOPHINA BBHITIOJHEH
Ha 0a3e MeXaTpOHHBIX MOJIyJIel MOCTYNaTeIbHOTO nepemenienus (puc. 1) [2].

Koopnaunats! Touek A; HenoABUKHOW O0CHOBBI B 0azuce OXYZ u Touek B; mnatrgopMmsl B
MOJIBU’KHOM KOOpAMHATHOM Oaszuce SX;Y27,, CBI3aHHOM C IIATPOPMOM, BO BPEMsI IBHIKEHHUSI
w1aTGOpMbl HE MEHSFOTCS

ry —rycos60° —r,cos60

("AL6 04, 5 °A4’5)= 0 r,co830° —r,cos30° |, (1)

0 0 0
rgcos60° —ry —rycos60°
(S‘Bl,2 SB374 535’6): rgcos30° 0 —ryzcos30° |. )
0 0 0

[Ipu HyneBbIX 3HaYEHUSX OOOOIEHHBIX KOOPAMHAT COOTBETCTBYIOIIHME OCH CHUCTEM
SXoYoZou SoXoYoZy coBnamaroT. KoopauHaTe! Touek B; miaTgOpMbl B HETIOIBUKHOM 0a3H-
ce

"B=D, Ds, s °B=Dy "B, (1) (1) g ;So

— So

' 0 0 0 1

¢ —S¢ 0Y(1 O O c. 0 s, t,
R=lss ¢ 00 ¢ —s,|-| 0O 1 0y, t5=|2,}|, “4)

0 0 1){0 s, ¢ -s. 0 c, t,
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rae Dy g — MaTpula nepexoja oT CUCTEMbI KOOPJNHAT OXYZ x cucreme SoXoYoZo (Hauamb-
HOE TOJIONKEHUE MIaT(HOPMBI); Xg,» Vs, Zs, — KOOPIAMHATHI LEHTPA So B HEMOJBHKHOM CHC-
Teme OXYZ; DS0 s — Marpuna nepexozaa ot cucremsl SoXoYoZy x cucremsl SX;Y22;; R—-

MaTpHUIa CyMMapHOIO MOBOPOTA; fg — MATPHULA IapajuIelbHOIO IEPEHOCA OT HEMOBHKHOIO
6asuca SoXoYoZy) x moaBwxkHOMY Oasucy SX Y1Z;; mns ymobctBa 3amuch 00O3HaYEHA
¢, =cosa, s, =sina, ¢ =COS B, Sp = sinf, ¢, =cosy, s, =siny. IlpunaTsel crexyrouwme mna-
pamerpsl: r,=1,0m; r &0,5m; r #0,3m; x ,=0; » ,=0; z,=0,5m.

[TapameTpuyeckue ypaBHEHUS MOCTYIATEILHOTO JBIDKEHUS TUIAT(GOPMBI BMECTE € T. S
3a OJIMH MPOXO0J] HHCTPYMEHTA 110 KPYTY paguycoM 7 (puc. 2, a, 6) UMEIOT BUJI

n—h

t,=rgcosa, t,=rgsina, t,=H—(i- ), rg=n+AS-i, i=1..,n, (5)
rae H — BbICOTa yCEUEHHOTO KOHYCa; Fi, 12 — PaAMyChl Kpyra COOTBETCTBCHHO BEpPXHEH U
CpeIHel OCHOB YCEUEHHOTO KOHyca; AS — mojjaua HHCTPYMEHTA 3a OJIMH TPOXO/T; 71 — KOJINYe-

CTBO IMPOXOJOB; 0L — YTOJI IOBOPOTA IUIATPOPMBI BOKPYT BEPTHUKAJIBHOM och SZ.

2,075

PLEW Zy CIBOeHHBII 2.0704
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MOCTVTIATENMBHAR
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CapoeHHbIT cepraeckini

TPEXTIONBILRHBIN mapHHp
Paimepsl B MeTpax
a) 0)
Puc. 1. CtpykTypHas cxema Puc. 2. TpaexTopusi JBMKEHUS KPOMKHU PEKYILEro UHCT-
reKcamnojia pymenta T. C (a) 1 ee reoMeTpUIECKUE mapameTpsl (0)

Paguyc Tpaextopun T. C MHCTPYMEHTA paBHAE€TCd R, =rs +7.. Jlna Toro, 4ro0bl pe-
KyIasi KpOMKa MHCTPYMEHTAa PaJNyCoOM 7. BO BpeMs HUIM(OBaHUS OCTaBalach MEPIEHIUKY-
JAPHON KacaTeIbHOHM K IMOBEPXHOCTH 00pabOTKH, HEOOXOAUMO IIaTGOPMY JUCKPETHO BO3-
BpallaTh Ha Yroyl oL K COBMELIEHHUI0 cucteM koopauHaT SX1Y1Z; u SX2Y>Z,. Texnonoruue-
CKUM YCJIOBHEM 3aBEpPIICHUS LIMKIa 00paOOTKU €CTh MOJHAs OCTAHOBKA MHCTPYMEHTA IOCIe
NUTM(POBAHUS IOBEPXHOCTH KaX/10T0 MPOXoa:

oy =—180°, ailog =—180°)=0, o, =—180°)=0,

o =180°, alay =180°)=0, o, =180°)=0 (6)

Jlis mocTpoeHus TaKTOBBIX KMHEMAaTHMYECKUX JUarpamm JBHKEHUS IIATGOPMbI QyHK-
LIUM NTapaMeTPOB MOBOPOTA IIAT(GOPMBI IPUHATHI B BUAE MOJMHOMA [2]
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2 3 2
N s s .. 2 2 e e 2
a=a, +Y15+Yz7+Y3 rE O =Y +Y2YS T V3Y0 B O =7Y3Yo +73Y0S; & =0y =Y3Yy =const,
rae s =vy,t — 0000IeHHbIH napaMeTp GOPMUPOBAHHA MHOKECTBA TPAEKTOPUIA;  — MapaMeTp
BPEMEHU; 7Y,, Y, V> Y3 — KOIDQUIMEHTHI, 00ecreunBaoLUIMe BBINOJIHEHUE YycinoBuil (6) u
IUIABHOCTh MEPEXOAHBIX MPOIIECCOB HA YYACTKaX Pa3roHa U TOPMOKEHHSI.
3HaueHMs MapamMeTpoB: yy=1c™'; ay=-7; ¥, Yy =0&,,, =0, ¢’ — HOMUHAIbHAS yIIIO-

HOM
Basi CKOPOCTH oOpauteHust wiarGopmsl; v, -vg = d,,,, = 0,15 ¢™> — HOMUHAIBHOE YIIIOBOE yC-
KOPEHUE; v, -yﬁ =0, =0,15 ¢ — rpaguenT yckopeHuii. Bpems oTpabGaThiBaHus LUK 00pa-
00TKH Tpu NUM(POBAHUN KOHUYECKONW TMOBEPXHOCTH MPH ATOM COCTABISCT £, = 63,5 ¢, mpo-
JOJDKUTENILHOCTD NIEPUOJIOB pa3roHa U TOpMOXKeHus ¢, = 0,7 ¢, IPOJOIKUTEIBHOCTD PBIBKA /,
= 0,1 c. Menss 3HaueHue ko3 unueHra y, o00OMEHHOTO MapameTpa s, MoIydaroT 3a o0pa-

OOTaHHBIM AJTOPUTMOM JAPYToe BpeMs OTpabaThlBaHUs TOMW )K€ TPACKTOPUH YK€ C APYTUMHU
KMHEMAaTHYECKUMU I1apaMeTpaMHu.

PaccTosiHus Mexay LiEHTpaMu INApHUPOB A, U B; M U3MEHEHMs JJIUH L; 3BEHBEB OIIpe-
nensrotest ¢ yaetom (1), (2), (3) u (4) mo popmynam

48, =\('B,~4,f +('B,~ 4} +("B.~'4,F, L =4B~L,, i=1..6, (7)

rac LOi — Ha4daJIbHBIC JJJIMHbI 3BCHLCB.

[lo pesympTaram pacueToB COTIACHO ypaBHEHUSIM (7) MOCTPOCHO COOTBETCTBYIOIIHE
JarpaMMbl U3MEHEHUSI ITTUH 3BEHBEB T1aT(GOpMBI BO BpeMeHH (puc. 3).

Li,m
0,1
Puc. 3. luarpamMMbl U3MEHEHUs
JUTMH 3BEHBEB TIAT(OPMBI:
HOMEpP KPUBOU COOTBETCTBYET
HOMEpPY IPHUBOJA ONPEIEICHHOTO
3BEHA

Pe3ynbrarhl paboThl 1al0OT BO3MOKHOCTH MPOBECTU HCCIIEAOBAHUS JUHAMHUYECKUX TIa-
pPaMeTpoB B MPOIIECCE BBHITIOIHECHUS PA3JIMIHBIX TEXHOJOTHIECKHX 00pabOTOK IMOBEPXHOCTEH
CJIOKHOTO MTOCTPOCHHS.

BeiBoabl. 1. Pazpaboran MeTo MOIENMPOBAHUS TPACKTOPUM IBUKEHHS MPOMBIIICH-
HOM HJ'IaT(l)OpMI)I Ha OCHOBC 3aJJaHHBIX KHMHEMATUYCCKHUX HHUKIIOIpaMM C YUYCTOM IpaarvCHTa
ycKkopeHuii 3a 00001IeHHbIM napameTrpoMm s. 2. [Ipemioxkena meroauka u o6paboTaH ajro-
PUTM OIpeAeNeHUs KUHEMaTHUEeCKUX apaMeTpOB 3BEHbEB IUIATPOPMBI IPU O0TpabaThIBAHUU
[UKJIMIECKOTO TpoIiecca NUTN(OBaHNS KOHUIECKONH TTOBEPXHOCTH.
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Cnucok autepatypsi: 1. Ky3aenos F0.M. KommoHoBku BepcTaTiB 3 MeXaHi3MaMu Ta-
panenbHoi cTpykTypu / FO.M. Ky3nenos, [1.0. Imutpies, I'.10. [lineBuu. — Xepcon: I1I1 Bu-
memupcbkuii B.C., 2009. — 456 c. 2. Yaglinsky V.P. Kinematics of robots with parallel
structure / V.P. Yaglinsky, S. Rost, D.M. Chlyzov / / MOTROL, MOTORIZATION AND
POWER INDUSTRY IN AGRICULTURE, Volume 10A. — Lublin, 2008. — P. 118 — 124.

PEHIEHHUE 3AJIAYH BA3ZKOIVIACTUYHOCTHU
METAJIVIOINTIOJIMMEPHOI'O CJ1051 HA IOBEPXHOCTH JETAJIN
TPUBOCUCTEMbI

Byrtenko B.U., Poctenko A.I'. (kagedpa mexanuxu TTH FODY, 2. Tazaupoe, Poccust)

Amnanuz PE3YJIbTATOB BBINIOJJHCHHBIX 3KCIICPHUMCHTAJIbHBIX I/ICCJICI[OBaHI/Iﬁ CICIIIIACMOCTH
METAJUIOTIOJIMMEPHBIX CJIOEB Ha MOBEPXHOCTAX JeTajel TpubocucteM mokasai [1], uro mis
KOKIOW CUCTEMBI ''MeTauI-noJinMep" CyIIEeCTBYET OINMpEeNICHHbIN Arana3oH Temiepatyp O,
JUIsL KOTOPOT'O CHPABEIIMBO COOTHOILIEHHE:

[1(¢,6) =T1(¢), (1)

t
rie ! = a(0) - TMPUBEJIEHHOE BpeMms, a 0(9) — DJKCIEpHUMEHTAIbHO OIpeaessemMas

GyHKIMs TeMieparypsl [2 — 4].
B pabote [5] moka3aHo, 4yTo B cilydae, Korja temmneparypa @ MeHseTcs BO BpEMEHH, B

'

¢yukuuu nomsydectH (1) mpuBeneHHoe BpeMs { CJIeTy €T ONpeeisaTh o Gopmyie

; _j dt
— . 5
) a(0) (2)

Ucnonw3ys ¢pyukuuio nomsydectH (1), cooTHomeHne (2) u M3BECTHHIC 3aBUCUMOCTH MEXK-
ny aedopmanusAMH e;, BpeMEHEM ¢ M TeMnepaTypoi @ [6], MOKHO NOJY4YHUTh CIEHYIOLIHE
TEPMOBSI3KOYTIPYTHE XapaKTEPUCTUKU ITOJTUMEPHOTO CIIOS Ha TIOBEPXHOCTH JICTAH TPHOOCH-
CTEMBI:

e;(t)= 1 TI(t —Af)ds; (AL);

1) = o(t)+3a(0)(O@-6,).
40) X.(0) (0) 0)(©0-0,) 3)
B 3aBucumoctsx (3) BenuuuHa At | ompenensieTcs yepes At aHayioruaHo gopmyie (2):
At
, dt
0 a(0)
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DKcIeprUMEeHTaNbHBIE UCCIIeIOBaHMS MMOKA3aJH, YTO OINpenaeisieMble (yHKIHH 06(9) Ta-

'
KOBBI, 4YTO MEXJy BPEMEHHBIMU NapaMeTpaMu [ U ¢t B ciity Gopmydibl (3) uMeeTcs: B3auM-

HOOJHO3HA4YHO€E cooTHOIIeHue. [loaToMy Temneparypy 0 (f ) B 30HE KOHTAaKTa JeTajeu Tpu-
0ocucTeM, UMEIOIIUX MOBEPXHOCTHBIM METAIIONOIUMEPHBINA CJION, MOKHO CUUTATh M3BECT-

HOW (pyHKIHMEW MPUBEACHHOTO BPEMEHH, T.€: t:0=0 (t ) Ecnu tenepp paccmaTpuBarh

'
UCKOMBIEe (DYHKIMH e,‘j > S ij u O xak QyHKIME TIPUBENEHHOTO BPEMEHH !, 10 coot-

HoteHus (3) MOYKHO TPEJCTaBUTH CISAYIOIINM 00pa3oM:

e, (1) = ]H(t' — At)ds, (AL);

E(t) =———o(t)+3a(0)(0-6,). )
K (9)

HccnenoBanust cOCTOSIHUSI U MOBEIEHUS METAJUIONOJIMMEPHBIX CJIOEB Ha MOBEPXHOCTAX
neraneit pudocuctem Meronamu OXKE-cnexktpockonuu u FTIR-cnektpockomnuu [1, 7] cBu-
JIETETBCTBYIOT O TOM, YTO TIPU OTPEAETICHHBIX TEMIIEPaTypHBIX PEXUMax 00pasyrouIrecs
OJI0YHBIC HAHOCTPYKTYPbI CTIOCOOHBI T€Ub, UCTIBITHIBASI OOJIBIITNE HEOOpATUMBIC ehOpMAIIHH.
Jnst onvcaHus BSI3KOTUIACTUYHBIX CBOMCTB METAUIOTIOJIMMEPHBIX HAHOCTPYKTYPHBIX CIIOEB,
(bopMHpPYIOIIMXCS HAa IOBEPXHOCTH AeTalieil TpubocucTeM, y100Hee BCEro MCIOJb30BaTh dii-
JIEPOBO MPEJCTABIICHUE IBIXKEHUS CILIOIIHOM cpebl [6].

IlycTe nesuarop

Sij=61-j.—65ij,6=§6kk (6)

TCH30pa MI'HOBCHHBIX UCTUHHBIX Haprl)KeHI/Iﬁ CBA3aH C IICBI/IaTopOM

..—19 '9511"9_3‘9 (7)
TEH30pa CKOpocTel nedopmManuii TeH30PHO-TMHEHHBIM COOTHOIIICHHEM BU/IA
20
_“Pu
Si T 3g i ®)
u

rae o U n 9 M — VHTEHCUBHOCTH TE€H30POB HAIPSIKEHUN U CKOPOCTEN Aedopmanuit
1 1
NN N
Oy =288 | 39 =|z0;0; | . (9)
2 3
CKAJIPHbIE COOTHOLIEHMS, JAOLIUE CBSA3b MEXIy MHBAPHUAHTHBIMM XApPAKTEPUCTHKaMHU Ha-

NPsKEHHOTO U 1€(pOpMHPOBAHHOTO COCTOSIHUM M 3aMBbIKarolie cooTHomeHus (8), B 00memM
BUJIC UMEIOT CTPYKTYPY

.= le,.9,.0,e8.1]
c=,le9,0,e,,9,.t] (10)
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3necs P, P, — nexoTOpBIE DYHKIMOHATBI YKA3AHHEIX TAPAMETPOB BPEMEHH f, YUUTEI-
BAIOLIUE HApsLy ¢ APYTMMH CBOMCTBAMM U BJIIMSHHME CABUIOB HA IUIOTHOCTH, BIIMSHUE JaBJc-

HUS Ha CONPOTHUBIICHHUE CIBUIY, BIMSHHUE TEMIEPaTypbl 0 , (a30BBIX NPEBPAIICHUI, TON3Y-
YEeCTHU U JP.

B cootnomenusax (10) Bennuuna eH ABJIACTCA CTeneHpto aedopmarun. CTeneHs je-

dbopMarmu SBIISIETCS aHAJIIOTOM MHTEHCUBHOCTH JedopMalii B TEOpUU MalbIX jaedopmanuii
¥ MOKET OBITH OTIpe/ieieHa U3 COOTHOILICHUS

de,
7 F (11)
Wi
de de
@ 0 12

1
rjae 19u — WHTEHCUBHOCTH TEH30pa CKOpocTel aedopmanmii (9). B obmem ciydae crerneHb

nedopmamn €, onpenensercs nuddepenumansHpM ypapaeruem (11).

CrnenyeT oTMeTHTH, uTO cooTHOomeHHs (10) aroT BechbMa OOIIYIO U IOCTATOYHO CIIOXKHYIO
(GOpMYJIMPOBKY TEOPHUM BA3KOIUIACTUYHOCTH METAJUIONOJMMEPHOIO CJI0S Ha MOBEPXHOCTHU
netaim TpubocucteM. OQHAKO, KaK IMOKAa3bIBAIOT PE3YJIbTAThl BBINOJHEHHBIX TEOPETHKO-
HKCIEPUMEHTAIBHBIX HCCIIEI0BAHUN COCTOSIHUS M TOBEIECHUS HAHOCTPYKTYPHBIX CJIOEB Ha
MOBEPXHOCTAX JeTajneit Tpudocuctem [1, 7], B OOJBIIMHCTBE CIIy4aeB MOKHO BOCIIOJIb30BaTh-
cs1 0oJiee MPOCTHIMU 3aBUCUMOCTSIMH, B KOTOPBIX BMECTO BTOporo cootHouienus (10) npunu-
MaeTcsi OObIMHOE yCIIOBUE HECKMMAEMOCTH MaTepuala

9 =0(e=0), (13)
a MHTCHCUBHOCTH HAIPsDKEHUH SBISIETCS (YHKLIMEH TeMIlepaTypbl, HTHTEHCUBHOCTH CKOPO-
cTeii neopmaruii U creneHu aedopmanum

o, =D(0,9,.¢,) (14)
CootHomenue (14) MOXKHO MPEACTABUTH B BUJIC

o, = 3y9H(1—w);

u=u.e,)o=00,9,.,) (15)
NpUYeM, TaK KaK QyHKIHS D o6wrm0 YIIOBJIETBOPSIET YCIOBUSAM
oo oo
or 89,

YCJIOBHBIN KO3 (QUIMEHT BSI3KOCTH i BCETJa MOXHO BbIOpATh Tak, 4TOOBI BBINOJHAJIOCH yC-

JIOBHE ‘a)‘ <1 (31ech @ — Mepa BEPOSITHOCTH PacCMaTpUBAEMOTO COCTOSIHUSL (opMHpye-

MBIX OJIOUHBIX HAHOCTPYKTYP B METALIONOJIMMEPHOM CJIOe, ompeaeiseMas Kak Yuclio BO3-
MOKHBIX MHKPOCKOTIMUYECKUX COCTOSIHH, OTBEYAIOIIEMY JAaHHOMY MHUKPOCKOIIMYECKOMY CO-
crosianto [6]). Mcxoas m3 9TOr0, IJIs pemieHus 3a7a4 BSI3KOIIACTHYHOCTH METAIIOTIOIMMED-
HOTO CJIOS Ha IMOBEPXHOCTH JIETAIN TPUOOCHCTEMBI MOYKET OBITH MPUMEHEH METOJI THIPOJIH-
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HAMHUYECKHUX MPUONKEeHM [§8], aHATOTUYHBIM MIMPOKO HCIIOJBE3YEMOMY METOAY YIMPYTHUX
petieHuit [9].

Cnucok aurtepatypsi: 1. byrenko B.JM. Hayunbsie ocHOBBI HaHoTpuOosnoruu. — Taranpor:
Nzn-so TTU FO®Y, 2010. — 275 c. 2. Unprommn A.A., [Tobenps b.E. OcHoBbl MaTemMaruye-
CKOHM TeopuH TepMo-BA3Ko-ynpyroctu. — M.: Hayka, 1970. — 387 c. 3. ®eppu k. Bssko-
yHpyTHe CBOWCTBA NOIUMepoB. — M.: MI31-Bo uHOCTp. utepatypsl, 1963. — 257 c. 4. Volterra
V. Fonctions de lignes Couthier — Villard. Paris, 1913. 5. Byrakos U.W. Ilon3y4ects moJm-
MEpPHBIX MaTepuajioB (Teopusi u npuioxkenus). — M.: Hayka, 1973. — 496 c. 6. Orubanos
[1.M., Jlomakun B.A., Kumikun b.I1. Mexanuka nosmmepoB. — M.: U3n-s8o MI'Y, 1975. — 528
c. 7. byrenko B.M. KoHTakTHOE B3auUMOIEWCTBUE MAaTEpUAJIOB IIPU TPEHUU U pe3aHuu. — Ta-
ranpor: U3n-so TTU FODY, 2009. — 245 c. 8. Unpromun A.A. HekoTopbie BONIPOCH TEOPUU
mactrnaeckoro teueHus // U3sectuas AH CCCP, OTH, 1958, Ne 2. — C. 186 — 199. 9. Unkro-
mvH A.A. IInactuunocts. — M.-JI.: I'octexusaar, 1948. — 537 c.

METOAUKA YACTOTHOI'O AHAJII3Y BUTTA IITIMHAEJIIB

TI'opaees O.D., loninkeBny P.M., Ananacenxo O.B., laBuaiok O.1.
(kagh. KIIB ma TM, JIHTY, m. Jlyyvk, Ykpaina)

TouHicTh 0OEpTaHHS MIMTUH/EINTIB, TTOPSI 13 TBEPHICTIO, TEMIIEPATyPHOIO CTAOLIBLHICTIO
1 IMHAMIYHUMH BJIACTHBOCTSIMH INTHHJEIBHOTO BY3Ja, Y 3HAYHIA Mipi BU3HAYAE TOUHICTH 1
NPOAYKTHUBHICTH BEPCTATa B IIIOMY.

OCHOBHUMH JIKepenaMu OWUTTS IIMHAKH IITAHISIS, 110 LEHTPYE, (OutTs HHII/IHZICJISI) i
OuTTS Oci 0OepTaHHS HIMUHIENII €: eKCIEHTPUCHUTET MOBEPXHI MIMWKK IIMUHACIS 1 OTBOPY
HIIIIMITHAKA /10 BUMIPIOBAJIBHOT MOBEPXHI (A0 MWHKU IIMHHACIS, O LHEHTPYE, YU IFIIIH/I-
pPUYHOI MOBEPXHI ONMpPAaBKH, BCTAHOBJICHOT B KOHIYHOMY OTBOpI HIMHMHAETS; HEKPYTICTh 1
XBWJIICTICTh MOBEPXHI IMUKKK; Oi9HE OUTTS MO MOBEPXHI MIMKUKH; HEKPYTIICTh 1 XBHIISICTICTD
MOBEPXHI MIAMUITHUKA. BenuanHa OWUTTS MNUHJES BU3HAYAETHCS CIUTLHOO JTIEI0 IUX I10-
XUOOK, 10 BHUSBJSIIOTHCSA 3 PI3HUMHU aMILTITYJ010, 4acTOTOIO 1 ¢a3oro. CkiamHa B3aeMOJIis
JeTanel MiIIUITHAKA i1 9ac Horo oOepTaHHs 1 HEMUHYYE iXHE MPOKOB3YyBaHHS MPHU poOOTI,
JAIOTh MIJICTaBy PO3TIANATH OUTTS HMIMUHJENA K CTAIl[iOHAPHUH BUIIAJKOBHUN TIPOIIEC.

Ha Benmmunny nmoxu0Oku (opMu (HEKPYTIIICTH) 1 HA HIOPCTKICTh IOBEPXHI BUPOOIB THITY
TiT 0OepTaHHs BUPIMIAJBHUNA BIUIMB, POOUTH CYKYITHHI BIUIMB yCiX CKJIaJOBHX OWTTS IITHH-
Jielisl, 4acToTa o IKMX HE JOPIBHIOE 4YacT 0Tl @, oOepraHHsa mmmHAenad. CkianoBa OWTTA

IIIMMHAEI 3 4aCTOTOK (@ =, Ma€ BH3HA4YaJlbHE 3HAYE€HHS JJIs TOYHOCTI 0OpOOKH BUpPOOIB

Ha (pesepHuX 1 3yOouumdyBabHUX BepcTaTax (0abkax BUpoOy), a TAKOXK Ha BepcTaTax 3 aB-
TOMAaTUYHOIO 3MIHOK IHCTpyMeHTa. AMIUIITYAa CKJIaJ0BOI OUTTS 3 4acTOTOW @ =@, , K

npaBuio, nopiBHioe 80-90% yciei BenuunHU OUTTS; TOMY BOHa Ma€ BUpIIIAJbHE 3HAYEHHS
IpH TEepeBIpIll BepcTaTa MO TaKUX MapaMmerpax, K OUTTS MOsiCKa IIMUHJIENS, 10 LEHTPYE,
OUTTS KOHIYHOTO OTBOPY LUMMHAIEIS 1 T.II.

Mix OUTTAM IIMUAHAESA 1 OUTTAM OCl OOepTaHHs IIMUHACIS HEMAE OJTHO3HAYHOI BiJl-
noBinHOCTI. Lle 3B'd3aHO B mepiny uyepry 3 THM, U0 y MiJIIMITHUKAX, HA SKUX MOHTYIOTBCS
LIMKH/IE1, HEMa€ IPSMOTo 3B'SI3Ky MDK HEKPYTJICThI0 AR ONOPHHUX MMOBEPXOHb IINHUHACIS 1
€KCLUEHTPUCUTETOM e MIAIIUITHUKIB I[0J10 IXHIX OTBOPIB.

60



NHXEHEP, Ne 12, 2011 r.

BBICOKO2®PEKTUBHOE TEXHOJIOI'MYECKOE OBOPYJIOBAHHUE.
TP OBJIEMBI ITPOEKTUP OBAHUA

Bumipu, npoBeneni Ha Benukii rpyni nuripyBanbHUX BEpCTaTiB, y TOMY YMCIHI SIKi
3HAXOATHCS B €KCIUTyaTallii, MoKa3aiu, M0 KOPEJSIIHHNMA 3B'I30K MikK OUTTSIM IIMUHACTS 1
ourtsam H oci oOepTaHHs IUHIETS BiACYTHE. e Bkasye Ha HEOOXiTHICTh (TIPH OLIHIII SKOC-
Ti WINMHACIBHAX BY3JiB BEPCTATIB) PO3AUILHOIO BU3HAYCHHs OMTTs H , mimHAens i Gurrs

H ociobepTaHHs IIUHIEIS.

[IpuBenena HwXK4YE METOJMKA YACTOTHOTO aHANI3y OWTTS IINMHAEIS J103BOJISIE BHPI-
HIUTH L0 33724y .

3anuc OWTTS IIMHUHACIS MOXE BUKOHYBATHCS 33 JIONOMOTOI0 KOHTAKTHUX YM O€3KOH-
TaKTHUX JATYHKIB, 3'€IHAHUX MiJCHIIOBAYEM 1 3alMUCYyI0YUM TpucTpoeM. OTpuMaHa KpuBa
pO30MBa€ETHCS HA PIBHI IHTEPBAIM, YUCIIO AKUX KpaTHE YUCIY # 00OPOTIB IIMUHAEI, 3p00iie-
HUX Tpu 3amuci OuTTa. CyKynHICTh OpAMHAT KPANOK MOALUTY SIBJIs€ cO00I0 AUCKPETHO 3aaHy
byHKLIO y(7) OUTTS WIUHIEIS, 1€ He3aIeXHa epeMinHa ¢ sBJsie c000r0 yac abo KyT HOBO-
porty.

Bupinenns nepioIn4HOT CKJI1a0BO1 BUNIAAKOBOT PYHKIIT (1) MOXKHA 3AIMCHATH 32 J0-
MOMOTO¥O0 1 CTIEKTpaIbHOTO po3kiagaHHs. OHAM 3 METOMIB OIIHKH CIIEKTPATBHOT IILTHHOCTI
CTallOHAPHOTO BUIIAJKOBOTO IpOIeCy € Oe3mocepeqiHe 3acTOCyBaHHA nepeTBopeHHs Dyp'e
JI0 peaizallii BUIAaAKOBOTO Tpoliecy. Skmo peamizamist y(z) 3anana Ha iHrepBaii gacy (0,T),
TO OIIHKA CIEKTPATBHOI MLUTHHOCTI 00YUCITIOETHCS TI0 hopmyi (1):

2

S LT N o

[IpakTryHO opMyH IJIs1 OOUUCIEHHS CIEKTPAIbHOT MIUIBHOCTI MO JUCKPETHO 3a/1a-
Hil (unuciom N kparnok) GyHKIii y(?) Mae BUI:

S()=- o)+ ()] @

e u(e) = %z WK)cos(@kT /N vw)= %z W(K)sin(@kT/ V).

Pesynbratn 00poOKM 3ammcy OWUTTS IIMTMHIETS BepcTaTa, BUKOHAHO1 1o Gopmydi (2),
nokasasi Ha puc. 1. SIk BUIHO, MOpsix 3 OUTTAM, OOYMOBIICHUM €KCLEHTPUCUTETOM, 3 4acCTO-

TOI0 (@, BUJAUICHA CKJaJ0Ba OUTTH, sika 00yMOBJIEHA XBUILICTICTIO HOBEPXOHb MiIIUITHHUKA i
piBHa 0,450, , mo n00pe 30iraeTbesl 3 TEOPETUUHUM 3HAUYEHHSIM 4YacTOTH OOepTaHHA AOCIIi-
JKyBaHoTo mimmunuuka @, = 0,44810w,. OTpuMaHi 1aHi BKa3ylOTh TAKOX 1 Ha T€, 110 TOY-

HICTH ()OPMU MOBEPXOHB MiIIHITHUKA OyJia BUCOKOIO.
st cipotiieHHst aHamizy 3aMiHUMoO TiepeTBopeHHs Dyp'e po3kiiaganusaM y psig Oyp'e.
ITe MOJIMBO, TOMY IO IOMIHYOU1 MOXUOKH MIAMIMIHUKA (OBAJIbHICTh, OTPAaHIOBAHHS ) BUSB-

JAKOTHCS 3 YacTOTOI, KPaTHIA 4acTOTI @,, a MBHIKICTh NPHUOIM3HO JOPIBHIOE IMOJOBUHI

HIBUJIKOCTI 00epTanHs mmnuHaens. Posknananns B psag @yp'e ana ¢yHkuii y(¢) y upomy Bu-
NaJIKy 3aluiieThbest:

N
y=a,+ Z(am coskp +b, sin kgo), (3)

k=1
ne ¢ =2xm/N,am— MOPSAKOBUI HOMEp TApMOHIKH.
Koedinientu psay @yp'e 004uCIO0ThCS 10 GopMyJiax:

1 N
a, =— ;
0 N;)’k
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N
a, =£Zyk cos(2zmk/N);
N3

N
b, :%Zyksin(Zﬂmk/N); (4)

k=1

n

) AL

Vo J NUBNAVENY NN

0450, o, 20, 3o, 4o, 50,

Puc. 1. Pe3ynpTaTi 4aCTOTHOTO aHANI3Y 3anKCy OUTTS HIMUHAEIS 32 JOTIOMOTOI0 HeTepe-
pBHOTO nepeTBopeHHs Pyp'e.

OO0po6ka 3ammcy OwtTiB mmuHAES 0 Gopmynax (3) i (4) po3paxoByeThCs 3a J0-
MIOMOTOI0 KOMITTOTepa I0 CreniaabHild nporpami, Hanmcanoi B Borland Delphi 7, sika mpu-
BezieHa Hipkde. KpiM BU3HaueHHs KoedillieHTIB po3kianaHus B psija Pyp'e nependadene 00-
YUCIICHHS OPAMHAT V,,V,,V;, V,,; KPUBUX OuTTH 1 posmaxis H, H, ,H,,H, OuTTS mux

KpuBHX. KpuBi OUTTS SIBIAIOTH COOOI0 CyMH TapMOHIK PO3KJIAJaHHS KPHUBOI OWTTS B Psif
®dyp'e, cKIaeH] 32 HACTYITHUM TpaBuiioM. [lepira ckinagoBa OUTTS ABJsE COO0I0 CyMy BCIX

FapMOHIK 3 4acTOTaMHU @ > @, ; KUIbKICHAa XapaKTepUCTHKa Ii€i ck1agoBoi — po3Max H,.
L ckiagoBa 3HAYHOIO MIPOIO0 BU3HAYAE MOPCTKICTH MOBEPXHI 00po0roBano1 neram. py-
ra CKJaJoBa — rapMOHIKa 3 YaCTOTOI0 @ = (@, ; KIJIBbKICHA XapaKTepUCTUKa — po3Max H,.
Tpers cknamoBa — cyMa BCIX FapMOHIK, YaCTOTH AKUX @ < @, ; KUIbKICHa XapaKTepUCTUKA —
po3max . 1la ckianoBa BIUIMBaE Ha KPYIUIICTh JAeTanl. BigHoBieHa kpuBa OUTTS oci 00e-
pTaHHS LINMHIENIS SBJIs€ cOO0I0 CyMy BCIX T'apMOHIK CHEKTpa OWUTTS IUMUHJENIS, 4YaCTOTH
AKX @ # @,; ii opAuHATH Y, + Y, = ¥ — y,. Po3mMax H BiIHOBIEHOI KpUBOi OMTTS sIBIsE
c00010 y3arajJlbHeHy XapakTepHUCTUKY TOYHOCTI 00epTaHHs wnuHaens. Posmax /| - ue y3a-
rajlbHeHa XapaKTepHUCTUKA BIUIMBY MOXMOOK KOMIUIEKTY T1J1 KOUEHHSI Ha TOYHICTh 00OepTaH-
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Hs mrmHaens. Posmax H, siBisie co0010 MOABOEHUM NMPUBEAECHUN eKCIIEHTpUCcUTeT. Po3max
H, — 11e y3arajJbHeHa XapaKTE€pUCTHKa BILUIMBY IOXUOOK (OPMHU JTOPLKOK KOUEHHS HA TOY-

HICTh 00EpTaHHA MINMUHEIS, OCKUIBKY B 1ill 0071aCcT1 YaCTOTH 3CyBY OCi OOEpTaHHS IINUH-
nenst 00yMOBJICHI TepeBaKHO 00€PTaHHAM BHYTPILIHBOTO KUTBIIS MiIIUITHUKA.

[Iporpama Correl nanmcana B cepenouii Borland Delphi 7. 3a HaBeneHOO MeTOIU-
koto o mporpamu Correl crBopenuii monyns DPF nuckpernoro neperBopenns ®@yp’e. Sk
NpUKJIa] po3paxyHKy oOpaHi 1aHi 3anucu OutTs mmnmHaens Bepcrata 16K20T1 B maboparopii
MeTasopizaibHuX BepcTariB kadenpu KIIB ta TM Jlymnpkoro HarioHaJbHOTO TEXHIYHOTO
yHiBepcuTeTy. HailOimbin mpocTi BUMIpH TOYHOCTI OOepTaHHS INMHUHIEIS, IO MPOBOAATHCS
NpY CTAHIAPTHHUX ICOUTAX BEPCTATIB HA TEOMETPUYHY TOUHICTH, 3B'13aH1 3 OIIHKOIO pajialib-
HOTO i OCBOBOTO OUTTS 32 IONIOMOTOI0 IHIUKATOPA.

BumiproBaibHOI0 633010 CIYKWTh IIWHKA INMHHIENSA, M0 IEHTPYE, TOXUOKY (OpMH
AKO1 BXOJATDH Y pe3ydbraT BuMipy. s BuMipy OUTTS npu pobodomMy oOepTaHHI 3aCTOCOBY-
I0Th 0€3KOHTAKTHI MepeTBOpIoBadi (IHAYKTHBHI, €EMHICHI, (hoToenekTpuyHi Ta iH.). [Ipu 1p0-
MY BUMIPIOBaJIBHOIO 0a3010 CIyKHTh, K MPABUIIO, TOYHE OTPABJICHHS (LMIIHAPUIHA YU ce-
pUYHA), SIKa BCTAHOBJIEHAa B KOHYC ImuHemd. [Ipu GpoToenekTpuuHNX MeTo/ax BUMIPY 3a-
MIiCTh ONpAaBJICHHS MOK€ BUKOPHCTOBYBATHCS TOYHE CEepUUHE UM IMIIHIPUYHE J3EPKaJIO.
Hwxde npuBoaUTHCS pe3yIbTaTH PO3PAXyHKY 3a MPUBEACHOIO METOIHUKOIO.

fi'_._.._ . Py
Fle Crpasxa
lonosna |Auania pany “Trend” | Baaemui kopensuii | Ficrorpama | IN®ypue | i i il K i Py | 1N | Npornoa

Bugepirtiaianosinis Kpurmani 1navenns Rk Tafamns BxiTENx JapEnx

IHAYEHHA NOBIPYOro PIBHE L1} 95% | 97.5%| 995%) 99959 ~
WESEN 0.9969 09993 1

048 095 099 0999
02054 08783 09587 03911
07233 08114 09172 09741
06634 0.7545 06745 0.9503
0E215 07067 08343 09249
05822 06664 07977 08993
05434 06319 07645 08721
05214 05021 07348 08471
04573 0576 07073 08233
04762 05529 08835 080
04575 05324 06614 0.78
04403 05139 06411 07604
04253 |0.4973 06226 0.7413
04124 04821 DE0S 07247
04 04683 05857 0.7084
03837 04555 05751 05932
03783 0.4438 05614 05789
03857 0.4329 05487 06652
03588 04227 05388 06524
BUNANKOBUX BEAMUMH X1 1 x2 21 03515 04132 05255 06402
BIATOPraeTbea 2 03432 |0.4044 05151 05287
3 0335 |0.3361 05052 06177
24 03287 03882 04958 06073

] =
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KinkicTe 3MiHHMx n= |2
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lM|

=

)

o

-
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w
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Kputuune
FHAYEHHA
KOoegilliEHTY
rkopenauii Rkp =

=

[o,1496

w

=

]

£

Foapaxy A KOBMDILIEHT
kopenauil Fxy = -0,1126
FinoTesa npo niHiAHY
CTOXACTHYHY IANEXHICTE

)

@

@

B

BeranoeuTH 5 03233 03809 04863 05974
AOBXHHY paay = 26 02172 03739 04785 0583
ans [1 20 =l 27 03115 03673 04705 0573 |
AOCAILKEHHA ] 03061 0.361 04623 05703 1291~ 129 1.000 =
29 02009 0355 04556 0562 Beegite NeNe croennie Tafanni 108 Bm3sasenHs ix Kopeasnifinoro 3BAIKy:
30 0236 03434 04487 05541 PoapaxysatH TA NPOBIPUTH
Aogat & npotokon 3 02913 0344 04421 05465 rinoTesy npo sHauywicts Foxy Kopeannis crosnmis X [1 j Ta x|2 ;[
2 02869 03388 04357 05332 = 1
o 7 W c
.OHHCIHTH npotokon | §3 9?32”6 92138 gllgﬂm EE?EE il xopenauif | BueecTtu rpamikn
| |Data\\'\‘ At Cnpaexa | Ha ronosxy | Buxin |

Puc. 2. T'onosHe BikHO mporpamu Correl

Ha puc. 2 nanano ronosue BikHO niporpamu Correl, Ha IKOMY 3a7al0ThCsSl BUX1/THI JIaH1
PO3paxyHKy 1 OBIpYMH PIBEHb BU3HAYEHHS OCHOBHHMX CTaTHUCTUK TUHAMI4HOTO psay. Llei
psia siBisie coOOK0 MOCTIIOBHICTh MOKa3iB 1HAWKaTopa Ha 10 obepTax MIMMHACNS 3 JTUCKPET-
anM roBopoToM uepe3 30°. To6To Ha 1 06epT mImHHAETI0 10BOANTECS 12 mepioxis (TOUOK)
BHUMIPIOBaHb.

63



NHXEHEP, Ne 12, 2011 r.

BBICOKO2®PEKTUBHOE TEXHOJIOI'MYECKOE OBOPYJIOBAHHUE.
TP OBJIEMBI ITPOEKTUP OBAHUA

Ha Bxmamni «{I[1®ypee» (puc. 3) exciepumeHTanbuuil psan y(k) ourrsa (po3max H) i
posmax [, konmBaHb 3 4aCTOTOIO @, OAHOTO 00epTy. KonmBaHHs 3 4acTOTOO @, BinbOyBa-
IOTHCS 3 aMIUTITY 1010 4 = 2,243 MKM 1 XapakTepu3yIoTh yucte OuTTs mmuHaens. Lle Mmoxna
O6aunTh B Tabmuii koedinieHTIB pany ans rapmoniku Nel(, nepiox sikoi — 12 Toyok. bauumo
TakoxX 3 rpadiky «/luckpernuit ciektp @ypre», M0 CHEKTp Ma€ 4 SICKPaBO BIJOKPEMIICHUX
gactotu (rapmoHiku) NeNe: 10, 20, 30 i 40, mo BiAMOBINAIOTH KOJMBAHHSAM 3 YaCTOTAMU (W,
wn/2, ®,/3 1 w,/4. 1le HU3PKOYACTOTHI CKJIaI0BI BH3HAYalOTh pU 00poOIli MOBEPXHI JIeTali
BIITIOBITHO : €KCHEHTPHUYHICTD (4 = 2,243 MxMm), emincHicTh (4 = 1,029 Mxm), orpasky 3 (4 =
0,5 MmxMm) 1iorpanky 4 (4 = 0,25 Mkm).

W Rocnigmenna sanapKon: npouecn (= | [ |
Ele  Crpasea

Fonosua | Ananis pray “Trend™ | Baaemni

i | T AN+ ypee ’ i |k
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Puc. 3. Brianka «/{[1®ypoer. ExcriepumenTanbuuii psas y, ourrs i posmax H,
(mo1BO€HMI IPUBEIEHI I EKCIIEHTPUCHUTET ) KOJIMBAHB 3 YACTOTOO W, OJHOTO 00epTy

CyMapHuil BIUTMB IMX CKJIAIOBUX HaBeJeHWH Ha puc 4. baunmMo, mo 1i KOJMBaHHS
NPaKTUYHO CITIBIIAIAI0Th 3 po3MaxoMm H.

BUBECT rapMoHisd B YacTras siy Cepeane Al = {500 i 5
il L P 1.500 AHanorogi curHanu ansa paay X
v Pag X 1716 1734 §lPaa X
Cysia Beia | 1717 1735 55 i
« Cuma V 118 1/36 5
11 119 1437 45
172 ¥ 1720 1738 al
173 wn 1739
1/4 1722 ¥ 35
1/5 1423 /41 3
/6 1724 1742 25
17 1725 1743 2F
1/8 1/26 1744 15
114 1727 1745 3
« 1710 1728 1746
1M 1723 1247 05
12 « 1730 1748 ]
113 13 179 s 3 VLA
114 132 1750 A Y - . & 4 1 i y Y J . L 4 Y - - A
mns 3 1/ 15 G "_ F .\ ¥- .!_ .” oY ." " £ .'\ _-"’ .-_ F- L " "'. #-
BubpaTth . i i i i 3 i i i i )
P Bueecri rpadbinn 10 20 n 50 &0 70 80 90 100 110 120
BE e Toumm
~ | f—a L) Crragoni Biapkpemnen: - Pazowm Bigompemneni Pazom yoi crnagosi

Puc. 4. CymapHmuii BIUTUB CKJIQI0OBUX 3 YaCTOTAMU Wy, 0,/2, 0,/3 1 w,/4
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BrumuB gopikok 1 Tim KO4eHHs (4acToTu w; < w, , po3Max Hz) HaBeleHU HA puc. 5,
CyMapHe 3HaYeHHsI I[bOTO po3Maxy ckiagae npudmusno H; = 0,6 .. 0,7 mxm. @opmy i€l Kpu-

BO1 HaJIJaHO HAa HIKHBOMY TpadikKy.

HHBECT! FApMOHIKM B YACTEAX BUL

Cepeane Al = 1 500

Axanoroei curHanu gna pagy X 2

SaranbHoro Nepiony

v Paa X 1716 1734 6{Pag X--:
Cyma pciz 117 1735 ssfr ]
v CymaV | 1418 1/36 .
vin 1719 1737
v 172 1720 1738 45
v 173 1721 1739 -
v 174 1122 1740
v 1/5 1/23 1741 35
v 176 1724 1742 3
v 177 1725 1743 ae
v 1/8 1726 1744
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1710 1728 v 1146 =
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v 179 127 1745 o i I A Vo v i v [ | 4
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Puc. 5. BiuituB JOpbKOK 1 T KOYEHHS (4acTOTH @; <®, , po3mMax H3)

CyMy BCiX TapMOHIK 3 4aCTOTaMH @, > @, — po3Max H, HaBeJeHO Ha pHc. 6, cymapHe

3HA4YEeHHS IIbOTO PO3Maxy ckianae npuomusHo H = 4,5 mxMm. Lls ckimamoBa 3HAYHOIO MipOIO
BH3HAYA€E MOPCTKICTh TOBEPXHI 00pOOIFOBAHOT JeTalTi.

BusecTi r. B B Ci Al = .
e e F 1,500 AHanorosi curHanu ans paay X 2
¥ Panx v 1716 ¥ 1734 4
« Cyma scinv 1717 ¥ 1735 f
¥ CymaV v 1718 ¥ 1736
11 v 119 ¥ 1737
142 ¥ 1720 ¥ 1738 :
143 v 1721 » 1/39 !
1/4 v 1722 » 1740 i
1/5 ¥ 1723 ¥ 1/41 0
1/6 v 1724 v 1742 .
147 v 1725 ¥ 1743 1
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¥ 115 ¥ 1733 1/51 !
Bubpatn + + + -
n
Bl 20 A 50 60 70 80 90 100 110 12
Pag X Cenagoel Pasom Pasom yci cenagosi

Puc. 6. Cyma BCiX rapMOHIK 3 4aCTOTaMU @, > @, — po3Max H,

Posmax H BIIHOBIEHOI KpHBOi OUTTS @, # », HAAaHWK Ha pHC. 7 1 ABJIsLE€ COOOIO y3a-

raJibHEHY XapaKTepUCTUKY TOYHOCTI 00epTaHHs mmnuHaes, H = 4,8 MKM.

65



NHXEHEP, Ne 12, 2011 r.

BBICOKO2®PEKTUBHOE TEXHOJIOI'MYECKOE OBOPYJIOBAHHUE.
TP OBJIEMBI ITPOEKTUP OBAHUA
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Puc. 7. Po3max H BiTHOBIEHOT KpUBOi OUTTS @, # @,

[IpoBenennii nuckpernuii Pyp’e — aHami3 KPUBOI OUTTS MIMUHAEIA JO3BOJMB MOBHIC-

TIO JiarHOCTyBaTH sKicTh 30upanssa 11IB i BIumMB OKkpeMux NOTpIlIHOCTEH HAa TOYHICTH 1

AKICTh 0OpOOKH NpU TOB3/I0BXKHBOMY TOUiHHI. Pe3ynpTytodi mapameTpu HbOTO aHaTi3y Ha-
naHl y TabnuaHo1 popmi (Tads. 1).

Tabmms 1

Pe3ynbTyroui napaMeTpu 4aCTOTHOTO aHai3y KPHUBOi ) OUTTS IIMUHIEIS

3HaYCHHS, BruB Ha TOYHICTE 1 SIKICTh
Ne [Tapamerp Yacrotn
MKM 00poOKu
1 | Po3max y Bci 7,5 Bci mapamerpu
2 | Posmax H W, # 0, 4.8 TouHiCTh 0OCpTAHHS IITTUHICIIS
3 | Posmax H, W, >0, 4,5 HIopcTKICTh 1 XBUIBICTICTD
4 | Posmax I, W =0, 2,243 HecnibgichicTs
5 | Posmax H;s wi <oy 0,6...0,7 [ToxnOKu JOPIOK KOUCHHS
Posmax NeNe W, /2+w,/3+ .
6 21344 o, /4 1,2 XBHIFCTICTh
Po3max 0e3 .
7 NeNe 2,3 i4 W, >0, 3.3 [opcTkicTh

Cnucoxk Jgitepatypu: 1. 3axapos [1.0. Po3paxyHok Ha KOMI'IOTepax CTaTMYHUX Jedopma-
il BaJIIB Ta MIMUHACIIB 3 BUKOPUCTAHHSIM MAaTPUYHOTO METOJY TOYATKOBUX IMapameTpis.
Jyuek: JIATY, 1999. — 25 c. 2. Meroan MOJETIOBaHHS MPH JOCTIIPKEHH] Ta MPOEKTyBaHHI
BEpCTaTiB 1 TeXHOJOTYHUX cucteM: HaBuamshuii mocioauk / O.®.T'opaees, [1.0.3axapoB. —
Jlyupk: JIATY, 2004. — 213 c. 3. CucreMu aBTOMaTH30BaHOIO NMPOEKTyBaHHS BepcraTi: Ha-
BuanbHui ociouuk./ O.®. I'opaees, [1.0. 3axapos. — Jlymnpk: JIJITY, 2000. — 123 c.
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