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BU3HAYEHHS PO3MIPIB KOHCTPYKTUBHUX
EJIEMEHTIB KOPITYCIB PEAYKTOPIB IIPUBO/IIB
HIJMOMHO-TPAHCIIOPTHOI'O YCTATKYBAHHS B
3AJIEXKHOCTI BIJI IX HAIIPYKEHO-IE®@OPMOBAHOI'O
CTAHY

IloctanoBka  mpodiaemu. CydvacHi  NPUBOAM  MIAHOMHO-
TPAHCIOPTHOTO YCTAaTKyBaHHs, OCHOBOIO SKHX € 3y0dYacTi pemyKTOpH,
NpalTh B yMOBax JIMHAMIYHUX HaBaHTaXeHb. BigoMo, AWHaAMIiYHI
HaBaHTa)XEHHS MOXKYTh 30UIbIIYBaTH B Ipoliecl pOOOTH 3HAYEHHS CHJI, SIK1
JII0Th Ha €JeMEHTH KOHCTpYKUii penykropa. Lli 3ycwmis 3MeHIIyIOTh
BTOMHY MIIHICTh KOpITyca, a B JEJKHX BHIIQIKaX — MPU3BOIATH O
pYHHYBaHHS CTIHOK Yy BUIJIAAl TpiMH. ToMy It 3a0e3MeueHHs MIIIHOCTI
KOPIyCIB PEOyKTOpiB, sKa O BpaxoByBaja IWHAMIYHI HaBaHTa)XCHHS,
HEOOXIJTHO B MpoIleci MPOEKTYBaHHS BU3HAYAaTH KOHCTPYKTHBHI €JIEMEHTH
KOPITYCY 3 YpaxyBaHHSIM HOT0 HaIllpyXeHO-Ae(OpPMOBAHOIO CTAHY IiJl €0
HE TUIBKM CTAaTUYHHUX, a 1 AMHAMIYHUX HABaHTaXEHb. Alle B ICHYIOUHX
METOJMKAX PO3PAXYHKY KOPITYCiB PEAYKTOPIB Il MUTAHHS HE PO3IIISAAI0Th,
a BCl KOHCTPYKTHUBHI pO3MIpH KOPIYCY BH3HAUalOTh B 3aJE€KHOCTI BiX
3HAYCHHS MIDKOCHOBOI BiACTaHl 3y0OuacToi mepemadi. Takui miaxix a0
BU3HAUYECHHS KOHCTPYKTHBHHUX  €JIEMEHTIB  KOpIIyCy peIyKTopa €
HeoOTpyHTOBaHMM. Hampukiaa, mnpu omHUX 1 THUX JK€ 3HAYCHHIX
MDKOCBOBOT BIJICTaHi, ajieé MPU PI3HUX 3HAUCHHSIX MOIYJS, MepeIaTOYHOro
yuciaa Ta TOTY)KHOCTI, sIKa TepeJaeThCs 3y04yacTor mepenadero,
HaBaHTAXEHHS Ha KOpHyc peaykropa OynyTh pi3Hi. Tomy BHHMKae
npobiieMa B po3poO0JIEHI METOJO0JIOrii PO3paxyHKY KOHCTPYKTHBHHX
€JIEMEHTIB  KOPIIYCIB pPEAYKTOpIB 3 ypaxyBaHHsIM iX HaIlpyXeHO-
ne(hopMOBaHOTO CTaHY.

AHaJi3 ocTraHHIX JocsirHeHb 1 nyOaikauii. [luranasvmu
pO3pOOJIEHHS METONIB BU3HAYEHHS ONTUMAJbHUX KOHCTPYKTUBHHUX
po3MipiB 3y0dacTux nepenay peaykropis 3aitmanucs K.I. 3abnoncekuii [1],
A.®. Kipiuenko [2], Humos B.IL. [3, 4 ] Ta iHmi. Ane po3pobieHi MeToau
CTOCYIOThCSl JIMIIE OKPEMHUX €JIEeMEHTIB 3yO0uacTuX KOJIC Iepenayl Ta
PO3pOOJIEHHIO KOMITOHYBAJIbHUX CXeM peayktopa. B poOoti [5] HaBenena
METOJMKAa BU3HAYEHHS pPO3MIPIB KOHCTPYKTUBHUX €JEMEHTIB KOpIyca
penyKTopa B 3alIe)KHOCTI BiJl MIKOCHOBOI BiZICTaHi 3y04acToi mepenadi 0e3
OoOrpyHTyBaHHS iX MIIHOCTI. PO3pO0JIEHHAM PI3HUX METOAUK PO3PAXYHKY
Ta IPOEKTYBaHHS TEXHIYHUX 00’ €KTIB, B TOMY YHCIIi 1 KOPIYCIB PEAYKTOPIB,
3 BUKOPUCTAaHHSM iHGOpPMAIiIMHUX TEXHOJOTiIH 3aiiManuch Oararto
JIOCHITHUKIB BHIIMX HaBYAJIBHUX 3aKiafiB YKpaiHu. Pe3ymbraToM Iux
poOIT € BIPOBAKEHHS B KOHCTPYKTOPCHKY IPAKTHKY TaKHUX CHCTEM SK
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APM WinMachine 3 BuKOpHCTaHHSIM [UIi pPO3pPaxyHKY KOpIYCIiB
PEIyKTOpIB Ha MIIHICTh METO/JA KIHIIEBUX €JIEMEHTIB. 3HAYHHMMA BKJIAJ Y
HOMY HampsIMKy BHECIM Taki BHWIII HaBUYAIbHI  3aKlIagul  SK
CXinmHOyKpalHChKHUI HallloHAIbHHUKM yHIBepcuteT iM. B. Jlams, Jlonenpkuit
HalllOHAJIBHUI TexHIYHUH yHiBepcuTeT, Harionansuuit ynisepcurer «KITI»
Ta 1HmI. Meroq KIHIEBUX €JIEMEHTIB € HaHOUIbII TEePCIEKTUBHUM
YHUCENbHUM METOJIOM, IO JIO3BOJISE 3/1MCHIOBATH aHali3 HaIpyKEHO-
nedopMoBaHOrO CTaHy. Imes meTomy monsirae B TOMY, IO TMPU aHAJI31
CYLITbHE CEePEeIOBUIIEC MOJICIIOETHCS PO3OMBKOIO HOT0 HA KiHIEBI 00acTi
(eqleMeHTH), Y KOXKHIHN 3 AKUX MOBEIHKA I[OTO CEPEOBUIIA OTTMCYEThCS 3a
JI0MIOMOT 010 Habopy 00paHuX (QYHKIIH, sIKi SBJISIOTH COOOIO MEPEMIILICHHS B
3a3HaueHid obOmacti. L{i dyHkuii 3agaroThess B Takid Qopmi, 1m100 BOHH
3aJI0BOJIBHSAJIM YMOBaM O€3MEPEepPBHOCTI OMUCYBAaHUX HUMH XapaKTEPHUCTUK
y BchoMy cepenoBuini [6]. Pesympratm po3paxyHKiB 3a JOIIOMOTOO
CHeliaJbHOro Bi3yasizaTopa 300paXXylOThCsl B KOJIpHIM rami, y BHUIIAIL
130J11H1#, 1110 3HAYHO YCKJIAJHIOE MPOLEeC YCBIJOMIIEHHS. ToMy Ha MpakTUIll
BUKOPUCTOBYBATH 1€ METO[ Iy’Ke€ CKJIAJHO Ta EKOHOMIYHO HE BUT1THO.
Pesynbrat aHamizy OCTaHHIX MOCSTHEHB 1 MyOJIKaIliii JO3BOIHIN
NOCTaBUTH 3ajady JJsi  PO3pOOJIEHHS  yJOCKOHAJIEHOI METOJ0JIOril
pPO3paxyHKy KOPIYCIB PEAYKTOPIB, sika O Jajia MOKIIMBICTh CUHTE3yBaTH Ha
OCHOBI BpaxyBaHHs iX HampyXeHO-1e(OPMOBAHOTO CTaHY KOHCTPYKTHBHI
CKJIAJIOBl €JIEMEHTH KOPIIYCiB 13 3a0€3MedYeHHsM iX MIITHOCTI B MpoIeci
eKCIuTyaTalii, B TOMY YMCIIi 1 Ipy Jii AMHAMIYHUX HAaBAaHTAXKECHb.

Mera poOorun. Ha migcraBi pe3ynbTaTiB  TEOPETHUHUX 1
EKCIIEPUMEHTAIBHUX JTOCII/KEHh PO3POOUTH METOOJIOTII0 pO3paxyHKy Ha
MIIHICTh KOPIYCIB PEAYKTOPiB MiJHOMHO-TPAHCIOPTHUX YCTaTKyBaHb 3
ypaxyBaHHSIM iX HalpyKeHO-1e(GOpPMOBAHOTO CTaHYy.

Buxkiaa ocHoBHoro marepiajy. /o OCHOBHMX KOHCTPYKTHBHHUX
€JIeMEHTIB KOPIYyCY BiAHOCATH: TOBIIMHY CTIHKH KOpIlyca O, TOBUIMHY
BEPXHBOTI'0 NOsACY (hr1aHIs Kopiyca by; TOBIIMHY HUKHBOTO NOSICY KOpITyca
(6e3 6oOummek) p; TOBIMIMHY pebep Kopmyca m,; AlaMeTp OTBOpYy IHij
dbyHmamMeHTHI O0NTH d}; 1aMeTp OTBOPIB Mia OONTH OUIA MiAMIUIHUKIB db;
JiaMeTp OTBOpIB MiJ O0NTH JUId 3’€HAHHSA KOpIyca 3 KPHUILKOK ds3;
BIJICTaHb BiJl 30BHINIHKOT MMOBEPXHI CTIHKU KOPITYCY J0 Oci 00NTIB d|, dy, d3
— ¢;; LIMPUHY HIKHBOTO Ta BEPXHBOTO MOSCIB Kopmyca Kj; BUCOTY O00HIIIeK
iz 0onT dy — hg; 30BHIMIHIN TiaMeTp THI3AA M TAMUTHUKA D,; TOBXKHHA
THi3Oa i miAmunHuk /; piamerp mtudra d, Ta HWOro IOBXKUHY [,
HaMEHIIMNA 3a30p MDK 30BHIIIHIM JiaMeTpoOM 3yOuacToro Kojeca Ta
CTIHKOIO KOPITYCY A, a BiJl TOPIIiB — A].

Ha mincraBi pexomeHmanidi [5] OCHOBHMM YHHHUKOM, BiJl SIKOTO
3anexarb Maike BCi KOHCTPYKTHMBHI €JI€MEHTH KOPIIYCY € TOBIIHMHA HOTO
cTiHkd ¢. ToMy Ha MiJICTaBi PO3TIISIAY HAMPYKEHO-TehOPMOBAHOTO CTaHY
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KopIlyca BiJ 3yCHJIb, SKi JilOTh Yy mpoleci poboTu 3yOuactoi mepenaui,
BU3HAYMMO 3HAYCHHS TOBIIMHHU CTIHKH Kopryca J. st Hboro po3ristHeMo
CXeMy HaBaHTaKEHHS OJHOCTYNEHEBOI'O PEAyKTOpa, HANPUKIAL MPHUBOLY
KOHBE€pa 3 BUKOPUCTAaHHIM AacoBOi nepenadi (puc. 1).
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Puc. 1. Cxema HaBaHTaXX€HHS OJHOCTYIIEHEBOI'O PELYKTOpa

CxeMy HaBaHTaXCHHS YCKJIIATHUMO TUM, IO BXIIHUW Bal, 3 SKUM
3’€IHYETHCS BaJ €JIEKTPOJBUTYHA 32 JOMOMOTO0 My()TH, Ta BUXIIHUN Ba
31 MIKIBOM I1acOBOi Tepeaadi BUXOIATh B OJHY CTOPOHY. ToOTO B 1bOMY
BUMAJKY BUHHUKAE HANOLIBII MOXIMBHN HaNpyXeHO-AePOPMOBAHHUIA CTaH
OJIHI€T CTOPOHM Kopmyca. B mporieci nmepegaui o6epTroBoro MomMmeHTy 7 Ha
KOpITyC J1I0Th HACTYIHI 3yCUJUIsA: R| — cuja BiJl He CIIBBICHOCTI My(TH, siKa
3’€[IHy€e BaJl €IEKTPOABUIYHA 3 BXIJHUM BajoOM peIyKTopa; Y4 — peakuis
ommopu A BiA aii xomoBoi cunu F; ta Rj; Xy — peakuis omopu A Bim mii
pamiansHOi cunu F; Z4 — peakiis onopu A Bia Aii ockoBoi cunu Fy; Yp, Xp,
Zp — peakii onopu B Big aii Bignosiano cun Fy, F,, F, Ta R|; R, — cuna Bix
nii BiAMOBIAHOI mepenadi (MacoBoi, JAHIIOIOBOI, 3yO4yacToi TOIO) Ha
BuxigHuii Ban omnopu C, sikuii nepeaae odbeptoBuit MmomeHT 72; Ye, X, Zc,
Yp, Xp, Zp — peaxuii onop C 1 D Bin aii Bignosiguo cui Fy, F,, F, ta Ry; a,, —
M1)KOCbOBa BiJICTaHb.

Posrnsinemo nit0 cui Ha KOpIyc peayKTopa B Iepepisi, SKHiM
3HaXOOWTLCI B IUIONIMHI, IO CHIBIAZa€ 3 BICCIO BXIAHOTO Bajlia Ta
HarpaBjeHa 1O HOpMasi JI0 OCHOBU Koprycy (puc. 2). [ns posrasgy
HaNpyXeHO-1e(OPMOBAHOTO CTaHy KOpIlyca BiA 3YyCHJb, $IKI [iIOTh B
nporeci podoTH 3y09acToi mepenadi, IPUHMaeMO PO3PAXYHKOBY CXEMY Y
BUTJISIAL pamu, popma Ta po3Mipu sIKoi 300pakeHi Ha puc. 3.
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Puc. 2. [lonepeunuii nepepi3 Kopiryca peaykropa Ta cxema ioro
HABAHTAKECHHS
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Puc. 3. Po3zpaxynkoBa cxema

AHaIi3yl041 NPUHHATY CXeMY MOXKHA 3ayBa)XKUTH, 1110 BOHA Ma€ TPU
3aBUX 3B’SI3KM, TOOTO KOHCTPYKIISI TpUYl CTaTUYHO HeBU3HauyeHa. [
PO3KPUTTS I1€] HEBU3HAYEHOCTI, a TAKOX JUIl BUSBIECHHS HEOE3MEeYHOIro
nepepizy Ta 3HaA4€Hb BHYTPILIHIX CHJI B HbOMY CKOPHUCTYEMOCS METOAOM
CHIL

BuKOpHUCTOBYIOYH METO]] CHJI, YTBOPIOEMO CTATUYHO BH3HAUEHY, TaK
3BaHy OCHOBHY CHCTEMY, 32 PaxXyHOK 3HATTS 3aliBUX 3B’S3KiB CTaTHYHO
HEeBU3HAUCHOI cucTteMH. Ilicis 1bOro HaBaHTAKYEMO OCHOBHY CHCTEMY
HEBIJJOMUMH PEAKTHBHUMH CHIIaMH X, X, Ta X3, SKi 3aMiHIOIOTh BIAKUHYTI
3B’SI3KU paMH, 1 3aJJaHMM HaBaHTAXKCHHSM. J[J1s1 CIIPOLIICHHS PO3MIISATY I[LOTO
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MUTaHHS BBEJEMO HACTYIHE: MO3HAUYMMO JAif04i 3ycHIuIs depe3 P;, a came:
Ry uepes Py; Y4 — Po; Yp — P3. Jlyis BU3HAUCHHS MEPEMIIIeHb HABAHTAKUMO
OCHOBHY cucTeMy cuiamu X, X» Ta X3, npuiiMarouu ix 3HaYCHHS PIBHUMHU
onuHMI, a came X; = 1, X, = 1, X5 = 1. Ha miacraBi 3aKkoHy HE3aleKHOCT1
Iii CHJI KOXHE 3 TMEepeMIllleHb CHUCTEMHU MOXKHA TPEACTaBUTH SK CyMY
nepeMileHb B il 3aMBUX HEBIIOMUX CHJI, TOOTO Ay = 0;X; 1 IEpeMillleHb
B/l 33JaHOT0 HaBaHTAXEHHA A;. B 1poMy BUNanKy cHCTeMa KaHOHIYHUX
PIBHSIHb Ma€ BUTJISI:

X611+ X301, + X305 +4,, =0;
X1521+X2522+X3523+A2p =0, (1)

[Tpn oGuncieHi koeIMi€HTIB 0 1 BUIBHUX WIEHIB A;, KAHOHIYHHX
PIBHSHB UIS IJIOCKUX paM, SIK MPaBUJIO, HEXTYIOTh BIUTMBOM HOPMAaJbHHUX 1
MOTEepeYHHX CHJI 1 OepyTh 70 yBaru JiMile 3ruHajibHI MOMEHTU. B Hamomy
BUNAJKY HEXTYEMO CUiIaMu Xy, Z4, Xp 1a Zp.

Jis Bu3HaueHHS Koe(illi€eHTIB KaHOHIYHHUX pIBHAHb BUOEpEMO
OCHOBHY CHUCTEMY, siKa 300pakeHa Ha puc. 4.

Puc. 4. OcuoBHa cucrema

OnuHWYHI enmopy 3THHATBHUX MOMEHTIB M|, M,, M3 BiJl OMTMHUYHHUX
cun X, =1, X, =1, X5 =1 300paxkeHi Ha puc. 5 a, 0, 6.
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Puc. 5. Entopu 3ruHanbHUX MOMEHTIB BiJl OIMHUYHHUX CHII

Emropa MoMeHTIB M, Bii 3allaHOrO HABaHTAXKEHHS 300paKeHa Ha
puc. 6.
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Puc. 6. Entopa 3ruHaibHIX MOMEHTIB BiJ] 33JJaHOTO HAaBAHTAKEHHS

IIpu Bu3HAueHi Koe(ILIE€HTIB O; KaHOHIYHMX piBHAHb (1)
BpPaxoByeMO Te, IO Ii Koe(illieHTH po3MimieHi 3 000X OOKiB TOJOBHOI
JiaroHani MaTpulll Koe(ill€HTIB KaHOHIYHUX PIBHSAHB 1 HA OCHOBI TEOPEMHU
PO B3a€MHICTh NIEPEMIIIEeHb BOHU MAlOTh BIACTHUBICTH O = Oy, KpiM 11p0TO,
CTaBUTBHCS YMOBA, IO JKOPCTKICTb OKPEMHUX MIUISHOK pamu crana. Ha
MiJICTaBl HaBEIEHOTO Ta 3 BHUKOPUCTaHHSIM croco0y Beperarina
OTPUMYEMO:

_y L 2 _2 3,
EI§11—2{2(a+h)(a+h)3(a+h)} 3(a+h) ;

EI§22 :2(%bk bk %bkj+(a+h)bk bk :blgligbk +(a+h):|,
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Elo5y =2(b; - 1- 1)+ 2[(a+h)-1-11=2[b, +(a+h)];

EIS,, = EIS,, :—%bk(a+h)-bk —%(a+h)2 b, :—%(a+h)-bk by +(a+h)]; (2)

El6,5 = Ely, =2[%(a+h)2 ~1}+bk (a+h)-1=(a+h)[b; +(a+h)];

BusHavaeMo BUJIbHI YWICHN KaHOHIYHUX PiBHSHB (1):

EIA, ), =—%h[a+(a+h)]~(Ple+ch)—%h[a+(a+h)]-P3c—%bk(P3c+Ple+PZC)(a+h);
1 1

1
ElA,, :—h(P1e+ch)-1—h-P3c-1—E(P1e+P20+P3c)-bk -1,

3 ypaxyBanHaM (2), (3) cucrema kaHOHIYHUX piBHsIHB (1) HaOyBae
BUTIIAY:

%(a+h)3 X, —%(a+h)~bk by +(a+M)]- X, +(a+h)[b; +(a+h)] X5 =
=%h[a+(a+h)]'(Ple+ch)+%h[a+(a+h)]«P3c+%bk (Psc+Pe+ Pyc)a+h);

—l(a+h)-bk [by +(a+h)]- X, +b,§{gbk +(a+h)]X2—bk[bk +(a+h)]- X5 =
2 3 (4)

1 1
=—h-c-b, -P, —Ebkz[g -c+§(Ple+P2c—P3c)};

(a+M)[b, +(a+h)]- X, =b,[b; +(a+h)]- X, +2[b, +(a+h)] X5 =

1
=h(Pe+Pc)+h-c P +5(Ple+ch+P30)-bk.

Po3B’s130k cucremMu piBHAHb (4) y 3araJlHOMY BUIJISAL JIy’Ke
TPOMI3JKUMA, ajie Ha TiJICTaBl HABEJEHOTO BU3HAYAEMO BUIbHI YJICHU
KaHOHIYHMX PiBHAHB (1), sIKi JO3BOJISAIOTH BU3HAYATH BHYTPIMIHI 3ycHuuist N
Ta 3TUHAJIbHI MOMEHTH, B TOMY YUCI 1 M p,x.

BararouuncenbHi po3paxyHKH MOKa3ajH, IO BHYTPIIIHE MOB3JOBXKHE
3ycwiutst N TPaKTUYHO HE BIUIMBAE Ha MIIHICTh TOBIIUHH CTIHKU O KOPITYCY
B MIOPIBHSIHHI 31 3TMHOM. BUXO0As4M 3 yMOBU MILHOCT1 Ha 3TUH, OTPUMYEMO:
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LS.

2

6Mmax
5= / I Q)

ne [o] — nomycTuMe HampyKeHHSI Ha PO3TAT MaTepiaiay KOPITYyCy peIyKTopa;
L =a, + [(D) + D)/2] — noBxuHa HeOE3MEYHOI0 NEPEPi3y CTIHKU KOPITyCY;
a,, — MDDKOCHOBA BI1JICTaHb;
D, D, — niameTpu 30BHIIIHIX KiJ€Ih MIAIIMITHUKIB BEAYYOTO Ta BEICHOTO
BaJjiB BIAIIOBIAHO.

Haii6inpmri HOpMalnibHI HamnpyKEHHS Ha PO3TAT y CTIHKax KOpIycy
BH3HAYAEMO 3a 3aJICKHICTIO [7]

N, M

_ 'ma ma
Gmax - AX + VVZX S[G]’ (6)
e Nmax — MAaKCHUMaJIbHE BHyTpiH_IHe 3yCHUJIA, SKC )116 Ha CTOpOHi
MAaKCUMAaJIbHOI'O 3IrUuHaJIbHOI0 MOMCHTY, A - I1omia HepepiSy CTiHKI/I

KOPIYCY; Mmax — MAKCUMAIIBHUI 3THHATBHUIA MOMEHT, SIKHH Jli€ Ha CTIHKY
Kopiycy; W. — ocbOBHI MOMEHT Mepepi3y CTIHKH KOPIYCY.

Buxonsuun 3 TOBIIMHM O CTIHKM Ta pekoMeHpamii [5], Oymwm
OTpUMaHI1 3aJIe)KHOCTI JUIsl CHHTE3Y BCIX 1HIIUX KOHCTPYKTUBHUX €JIEMEHTIB
KOpILYCY.

Posrnsinemo el po3B’SI30K ISl OKPEMHUX BHIIAJAKIB, a OTpPUMAaHI
pe3yNbTaTu IpOoaHaII3yeMO Ta y3arajJbHUMO.

Ilpuxknao. Bu3HauuTH TOBIIMHY CTIHKM O KOpIyca, SKUN
BUTOTOBJICHHA 3 CIpOr0 YaByHYy, OIHOCTYIICHEBOIO peAyKTopa 3
npsiMO3y0OI0 Tepeaadeto, sika Mepenac HOMIHANBHY MOTYXKHICTh Py = 27
KBT mpu KyTOBi# IIBUIKOCTI BXIHOTO Bajna w; = 75,88 paxn/c. Ilepenaroune
yucno u = 4; Mmoaynb m, = 4 mm; z; = 20; z; = 80; f = 0% a,, = 200 mm;
NiIUIHUK BXigHoTro Baia Ne 207 (D = 72 MM); NIAMUITHAK THXOX1AHOTO
Bana Ne 209 (D, = 85 mm); 3rigHO puc. 2 1 3 3HaYEeHHS KOHCTPYKTUBHHX 1
CWJIOBHX IapaMeTpiB i pO3IIILIaEMOro peaykropa taki: by = 100 mm; a =
h =175 mm; ath =350 mm; ¢ =75 mm; e = 150 mm; T = 3544 H-m; R =
Py=12xH; Y, =P, =28 xH; Y3 = P; =2,8 kH; nonmycrume HanpyXeHHs
Ha PO3TAT JIJIS CipuX NTUTHX 4aByHiB [¢] = 60...80 MIla [7].

Buxonsun 3 HaBeIeHMX BUXITHUX JTaHUX, 3HAYCHHS KOEQIIIE€HTIB
KaHOHIYHMX piBHSIHb (1) 3 BHKOpUCTaHHAM 3ajexHocTell (2) OynyTh
TaKUMHU:

EIS,, =817; EIS,, =4167; EIsy, =90; EIo,, = El0,, =-7875; EIS,, = EIJ,, =
1575; EIJ,, = EIS,, =-450.

BusnHauaemo  BiNbHI  WI€HM KaHOHIYHMX piBHsSHL (1) 3
BUKOPUCTAHHSIM 3ajiexxHOCTeH (3):
EIA,, =-380625; EIA,, =50250; EIA;, =-13500.
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Kanoni4H1 piBHSHHS 1Tl HAIIOTO MPUKIAAY OyIyTh:

817X, —7875X, +1575X, = 380625;
—7875X, +4167X, — 450X, =—50250;
1575X, — 450X, +90.X, =13500.

3 mMX piBHAHb 3HAXOJUMO 3HAYCHHS 3alBHX HeBimomux: X; = — 5,4
kH-mm; X5=8,64 xH-mym; X3 = 287,65 kH-mm. Kpim 1iporo, Moment M, =
Pie+ P,ce==1,2-150+2,8-75 = 390 xH-MM™.

Toni MakCUMaIbHAHN 3rUHAIBHAI MOMEHT
M =M, +M,, +M,,+ Mp =-5,4+8,64 +287,65+390 =680,89

kH-MM.
Busnadaemo noBxuHy HEOE3MEUHOTO Mepepi3y CTIHKU KOPIYCY

L=a, +[(D1 + D>)/2] = 200 + [(72 + 85)/2] = 278,5 mMm.

Bu3HayaeMo TOBIIMHY CTIHKM KOpHyCy 3a 3alexHicTio (5) 3
ypaxyBaHHSIM JIOMYCTUMUX HanpyxeHsb [o] = 80 MIla

3
5= [0:680.89-10° 13 5\,
278,5-80

OTtpumaHuii pe3ynbTaT HepeBipseMO 3 PeKOMEHIAIisAMH [5], 3rigHo
SKUX TOBILMHA CTIHKH KOPIYCY PelyKTOpa MOBUHHA OYTH B yCiX BHUIAAKaX
He MeHue 8 MM. KpiM 1poro, /st BU3HaAU€HHs TOBLIMHU CTIHKU KOPILyCY
peayKTOpa peKOMEHI0BaHa 3aJIEKHICTD [ 5]
0=0,025a,+3. (7)

3rigHo 3anexHocti (7) Ui Hamoro npukiany o = 8§ MMm. Ha nam
NOIJIAJ  BU3HAUEHHS TOBIIMHM  CTIHKM  KOPIYCy peaykTopa 3a
pexkoMeHnamisiMu [S] € HeoOrpyHTOBaHUM. lle TOSICHIOETHhCS HACTYITHUM.
MixochoBa BIICTaHb I PEAYKTOpA, SIKUH PO3MIISHYTO B MPUKIAIl, ay =
200 MM mnpu mnepemaui notyxHocti P, = 27 xBt. Ilpu 3011b1IeH1
MOTY)KHOCTI, HapUKIaJ B JIBa pa3u 30UIbIIYETbCS MOAYJb, a MIXKOChOBa
BIJICTaHb MOXE 3IHIIUTUCS B MeXax a,, = 200...250 MM npu BiIMOBITHUX
3HAUEHHSAX TMepellaTOYHUX YHCeNl, a TOBIIMHA CTIHKH KOPOYyCy 3a
pexkoMeHnamisiMu [S] Oynme 3aiMiiatvcs HE3MIHHOIO, IO MPU3BOAUTH 0O
CYNEpPEYHOCTI 3 OCHOBHHUMHU TIOJIOKEHHSIMH PO3PaxXyHKY €JEMEHTIB
KOHCTPYKIIIA Ha MIIHICTh Ta 3 JAHHUMH 3aBOJIB, K1 CEPIMHO BUTOTOBIISIOTH
penykropu. Hanpukian, ogHoctyneneBuii peaykrop L-200H (a,, = 200 mm)
npu nepenadi moTyxHocTi 50 kBT Mae TOBIIMHY CTiHKH KOopmycy =14 Mm,
a nBoctymneHeBuid peaykrop 2112-200H npu nepenaui noryxkuocti 112 kBt
—0=20 MmMm.
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HagBeneni gaHi TOBIIMHYU CTIHKH KOPITYCY peayKTopa MaiKorncbkoro
PENYKTOPHOIO 3aBOJly € pe3yJbTaToM 0araropidyHoi KOHCTPYKTOPCBKOI
NPaKTUKA B TPOIECI NPOEKTYBAaHHS Ta BUNPOOYBaHHSA pPEIyKTOPiB, a
pO3paxyHKH, sIKi TOB’s3aHl 3 BH3HAYEHHSM TOBIIMHH CTIHKH KOPIYCY
peIyKTOpa, TIOKa3ajly JIOCTOBIPHICTh BU3HAUYEHUX  pe3yibTaTiB 3
BUKOPUCTAHHSM 3ajiexxHoctei (1) — (6).

ITicnis BU3HAYEHHS TOBILMHH CTIHKU KOPITYCY PeAYKTOpa BUKOHYEMO
nepeBipKy HaOUIBIINX HOPMaIbHUX HANPYKEHb Omax HA PO3TST y CTIHKAX
KOpPITYCy 3a 3alexHicTio (6). s nboro HeoOX1qHO BU3HAYUTH BHYTPIIIHI
MO370BXKHI CHJIM N; METOJOM BHpI3aHHsS BY3JIIB, aje MIC/I PO3PAXYHKY
nonepeuHux cui (J; 3a 3aJeKHICTIO
_ My — My (8)

Xin
s

o ]

ne My;, — MOMEHT Ha TOYaTKy By3JIa CIIOPH MOMEHTIB; My; — MOMEHT Ha
KiHII1 By3JIa €IFOPU MOMEHTIB; / — BiICTaHb MK JIIFOUNMU MOMEHTaMu My;, 1
M.

Hinsuka 31 ctoporu AB (puc. 1) Q4 = — 0,864 xH; minsHka 3i
croponu CD (puc. 1) Ocp = — 0,936 xH. Bcl iHm11 monepeyHi CUIM MEHII
BiJl HaBeJIeHUX MpUOIU3HO B Ba pa3u. [licas BU3HAUYCHHS MOMEPEYHUX CHII
1 moOynoBM IX €MIOpUM BHU3HAYAIOTh TO3J0BXKHI CHUIH, SIKI OyayTh
pe3yibTaToM Jii momepeyHux. s HAmOro mpukiagy Nmax = 0,936 kH.
Toni 3a 3anexHicTIO (6)

_0.936-10° _6-68089-10°

O = —=280,7 MIla = [o].

278,5-13,5 2785-13,5

Pesynbratu po3paxyHKy Ta nepeBipKH BU3HAUYEHOT TOBLUIMHU CTIHKH
KOPITyCY PEeIyKTOpa MOKa3ylOTh, 110 MAaKCUMaJIbHI HAIIPY)KEHHS MTPAKTHYHO
HE TMEpeBUUIYIOTh JOMYCTUMHMX, 1 MIIHICTH KOpIyca peryKTopa
3abe3neuyerbcs. KpiM 11bOro, MOXHA 3ayBaXKUTH, 110 NPUHHATI 3HAYECHHS
JOMYCTUMHMX HAaNpyXeHb MpHMaluci MNpU YMOBI pPO3TITYy €JIEMEHTIB
KOHCTPYKLIi Koprycy. Y BHINAQAKy CTHCKAHHS €JIEMEHTIB KOHCTPYKIIil
JOTIYCTUMI1 HampykeHHs 3pocTaioTh a0 120...150 MIla. B Toil xe wac
KOpITyC TpaIfoe B Pi3HUX YMOBAX 1 TOMY JOMYCTHMI HAINPY>KEHHS MOKHA
npuiimatu B Mexax 80...100 Mlla, a ue no3Bossie 3MEHIIUTH TOBIIUHY
CTIHKH Kopiyca npubnussao Ha 10%.

Takosx, OyJ0 BCTAHOBJICHO, IO CHIiBBIJHOIICHHS MaKCHUMAaJIbHOTO
3TUHAJIBHOTO MOMEHTY Mpay, IO JIl€ HA CTIHKM KOPIIyCY PEayKTOpa, 10
00epTOBOrO0 MOMEHTY 1| € CTaJOI0 BEIIMYMHOIO, KA 3HAXOAUTHCSA B MeXax
1,8...1,95. Tomi 3 MeTOI CHOPOUICHHS pPO3pPaxyHKIB MaKCHMalbHUN
3TUHAIBHAN MOMEHT M2 MOKHA BU3HAYATH 3a 3aJI€KHICTIO

M. =(18.19957. 9)
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JIns BU3HAYCHHS BCIX 1HIIMX KOHCTPYKTHBHHX E€JIEMEHTIB KOPITyCY
CKOPHUCTYEMOCS PEKOMEHAIlISIMH, SIKI HaBeJIeH1 B poboTtax [5, 7]. HaBeneni
peKOMeHaIlli Ta BIAMOBIMHI 3aJIEKHOCTI IJIS BU3HAYEHHS BCIX IHIIUX
KOHCTPYKTUBHHX €JIECMEHTIB IIOB’s3aHI 3 TOBIIMHOIO CTIHKHA KOpITyca o,
3HAUEHHS SIKOI OTPUMAHO HA TiJACTaBI TEOPETHYHUX IIOJOKEHb OMOPY
MarepiaimiB, TOOTO OCHOBHUX IIOJIOK€Hb  PO3PaxyHKY  €JIEMEHTIB
KOHCTPYKIIH Ha MilmHicTh. ToJi CHHTE3 BCIX IHIIUX OCHOBHHX
KOHCTPYKTUBHUX €JIEMEHTIB KOpPIyCYy 1 KPHUIIKH PEIyKTOpa MOKHA
BUKOHATH 3 BUKOPUCTAHHSAM HAaCTYIIHUX 3aJIexkHOCTEH [5, 7]:

- TOBLIMHA BEPXHBOTO NosAcy (uiaHs kopiyca by = 1,50;

- TOBILIMHA HUKHBOTO MOsICy Kopiyca (6e3 6o0wutek) p = 2,50;

- TOBIIMHA pebep kopiyca m, = 0,850;

- IiameTp oTBOpY mix ¢pyHaamentHi 6ontu d; = (1,6...2)0;

- IlameTp OTBOpIB i Oosity 611 migmunuukiB dp = (0,7...0,75)d;

- llaMeTp OTBOPIB Mix OONTH A1 3’ €ITHAHHS KOpITyca 3 KPHUIIKOIO d3
=(0,5...0,6)d;

- BIJICTaHb BiJl 30BHIIIHBOI MMOBEPXHI CTIHKH KOPIIyCY JI0 OCi OONTIB
di, dr, dy —c;=2,7d"7;

- IIUPHUHA HUKHBOTO Ta BEPXHBOTO MOSCIB KOPITyca B 3aJI€KHOCTI Bijl
niaMeTpiB 00nTiB dy, db, d3 — K; = 5,9di0’7;

- 30BHINIHIN AlamMeTp THi3Aa i migmunauk D, = Dy + 44; ne Dy, -
30BHINIHIN AlaMETp IMiAMIUITHUAKA;

- BECOTa 000uIIEK Mmig 00T d> OUIS MiAIMIHUKIB — Ag = 0,4D,;

- JOBXKHWHA THI3Aa Mia migmuneuk [ = by + [ ne b, — mmpuHa
MiIIAITHUKA; [, — poOoYa JOBKHWHA KPHUILIKHA MiAMUIHUKA (B TOPIS, SKAN
BIIUPAETHCS B 30BHINIHE KUIBIE MMIAIMIUAIHAKA, 10 TOPI GiaaHIs, 10
MPUTUCKAETHCS IO KOPITYCY);

- HAMEHIIHMI 3a30p MIX 30BHINIHIM J1IaMETPOM 3y0UacToro Kojeca
Ta CTiHKOIO Kopiycy A = 1,29, a Big TopuiB — 4| = J;

- TOBIIIMHA CTIHKU KPUIIKU peaykropa o; = 0,80;

- TOBIIMHA MOSICY KPUIIKHU peaykropa b, = 1,59;

- nmiamerp wrudra d,, = dz (yrounwerbca 13 JCTY) Ta ioro
noBxuHa [, =30 + 5;

- IOBXKWHA BaHHU KOpNyCy Lg = Xa,,+0,5(dy1 + darsx) T 25; 1€ Za,,; —
CyMa MDKOCBOBHMX BijJICTaHe BCiX CTYNEHIB pPENyKTopa; d, — JAlaMeTp
BEPIINH 3YyOIliB BEIy4Oro Kojieca MBUIAKOXIAHOTO CTYMEHS; dyp 4y AlAMETP
BEpILKH 3y0I11iB BEICHOTO KOJIeCa OCTAHHBOTO TUXOX1THOTO CTYIICHS;

- IIWPUHA BAaHHYU KOPITYCY: IS OJHOCTYIICHEBUX PEIYKTOPIB B, = B)
+ 20; 11 IBOXCTYNEHEBUX PEOYKTOPIB By = By + Byrex + 30; me B —
NIMPUHA BEAYYOTO KoJieca IIBHUIKOXIJHOT CTyneHi; By e, — I[MUPHHA
BEJICHOTO KOJieCa OCTAaHHBOI THXOXIJHOI CTYMEHi; 3aralbHy I[HUPUHY
BeIy40oro abo BEJEHOTO KOJIIC BU3HAYAIOTH 3 ypaxXyBaHHAM HIMPUHH BiHIISA
b, abo b, Ta BUCTYIMIB 32 MEXI UIMPUHU BiHIIIB MAaTOUYUHHU (SKIIO TOBKHUHA
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MATOYMHU OLTBIIIA IMUPUHHU BIiHIISL, TO IIMPHHA Kojeca B; JOPIBHIOE JOBXKHUHI
MaTOYHHH ),

- IOBHA IIMPHHA KOPITyCy penykropa By = B, + 21.

[Ticns oTpuMaHHS 3aJIeKHOCTEH JJI BU3HAYEHHS KOHCTPYKTHUBHUX
€JIEMEHTIB ~ KOPIIyCY  HEOOXIHO BHU3HAUYUTH BapiaHTH  MO>KJIMBOI
KOMIIOHOBKHM KOpmycy penaykropa. [lns oZHOCTYMiHYacTOro peaykropa
cXeMa KOMIIOHOBKM KOPITyCY BH3HAYa€ThCsl O€3MOCepeiHbO 3y04yacToro
nepeaayeto, sika J03BOJISIE BU3HAYUTH BC1 HEOOXITHI pO3MIpU SIK KOPITYCY,
TakK 1 KPUIIKH.

JIist  IBOCTYIIHYACTOTO PEAyKTOpa MOJKJIMBI JIEKIJIbKA PIZHUX
BapiaHTIB KOMIOHOBKH [ 1], siki 300pakeH1 Ha puc. 7.

Puc. 7. Cxemu KOMIIOHOBKH JBOCTYIIHYACTUX PEAYKTOPIB

PosrnsHemMo  1mi  BapiaHTH  KOMIIOHOBKM  JIBOCTYMIHYACTHUX
PEeayKTOpIB: po3ropHyTa (pUC. 7, @ 1 6); PO3rOPHYTA 3 PO3MOJALIOM MOTOKY
HOTY>KHOCTI Ha MEPLIOMY CTyIeH1 (puc. 7, 6); pO3rOpHyTa 3 PO3NOAIIOM
MOTOKY MOTYXKHOCTI Ha JIpyroMy cTyneHi (puc. 7, 2); cruiBBicHa (puc. 7, 0).
3a  nmanumu  KuWiBCBKOrO  peayKTOpPHOTO 3aBOJy CIHIBBICHa cXeMma
KOMIIOHOBKH (puc. 7, 0) Mae Takl HEJOJIKU: 1) HEMOXIIMBICTH yHI(iKarii
3yOuyacTuX KOJIIC /Ul peAyKTOPIB CYCIHIX TUIIOPO3MIpiB; 2) HEMOXKIMBICTh
BUTOTOBJICHHSI PEYKTOPIB 3 BaJlaMH, K1 O Manu J1Ba BUX1IHUX KiHIA. Kpim
I[bOTO PEAYKTOPH, SIKi BUTOTOBJICHI 32 LI€I0 CXEMOIO KOMIIOHOBKH, MalOTh
Outbllly Macy 1 OUIbII CKJIAJHY KOHCTPYKLIIO y TOPIBHSHHI 3 I1HIIMUMHU
cXeMaMH KOMIIOHOBKM. ToMy IIf cxemMa KOMIIOHOBKM He 3Haiiuia
MIXPOKOTO BIIPOBAKEHHSI.

Haii0Oinbiie BHOpOBaJKEeHHS 3a MOMUTOM 3aMOBHHKIB OTpuMala
pO3rOpHyTa cXeéMa KOMIOHOBKH (pHC. 7, a 1 6), sKa JTO3BOJISIE BHACIIIOK
OJIHAKOBO1 KOHCTPYKIIi BUKOHYBAaTH YHi(iKaIlil0 KOJIC MIBHAKOXIAHOTO Ta
TUXOXIJHOTO CTYIIEHIB JBOX CYCITHIX TUIIOPO3MIPIiB PEIyKTOPIB.
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CxemMu KOMIIOHOBKH 3 PO3IMOJAUIEHUM MOTOKOM (puc. 7, 6) 1 (puc. 7,
2) MaloTh OCHOBHHH HEJONIK y TOMY, IO HEMOJIIMBO BIIPOBA/UKYBAaTH
yHiikamiro Kojic Ta B IbOMY BHUIAAKy 3HA4HO 30UIBLIYETHCA
TPYIOMICTKICTh BHUTOTOBJICHHS TakKMX peAyKTopiB. ToMy 3a OCHOBY Ist
CHHTE3Y KOpIIyCY peayKTopa Ta HOro KOHCTPYKTUBHHX €JICMEHTIB
MPUHAMAEMO PO3TOPHYTY CXEeMY KOMITOHOBKH (pHC. 7, a 1 0).

[TpuiiHATI A7 CUHTE3y KOPILYCY ABOCTYIIHYACTI PEAYKTOPH Ta ix
KOHCTPYKTUBHI €JIEMEHTH 32 CXeMaMH KOMIIOHOBKH 3TIIHO 3 puc. 7, a 1 6
HEOOXIJJHO apryMEHTYBAaTH, B IKMX BUIIAJIKax MpUiMaTu cxemy 3a puc. 7, a,
a B AKUX BHIIQJIKaX — CXeMmy 3a puc. 7, 6. [{ns nporo HeoOXiTHO 3pOOUTH
HepeBipKy BeIy4oro Bajla MIBHJIKOX1JIHOI CTyNEH1 Ha JeopMallito MPOTHHY
3a CXEMOIO puUc. 7, a

y=Jf(E FL B, L) <[y]=0,01m,, (10)

ne F,, F, F, — komoBa, 0Ch0Ba Ta pajaiajibHa CHUJIM BIAMOBIIHO, SIKI AIIOTH Ha
3y0dacTe KoJieco B Mpoleci nepeaadi 00epToBOro MOMEHTY; Ly — BiJICTaHb
MDK omopamu (IIJIIMIHUKAMHM) Baja; [y] — JomycTHUMe 3HaueHHs
nedopmartii nporuHy.

VY Bumaaky, Koiau BHUKOHYeThcst ymoBa (10), mpuiimMaemo cxemy
KOMITOHOBKH 3a puc. 7, a. SIkmo ymoBa (10) He BUKOHY€EThCS, MPHUIMaEMO
cXeMy KOMIIOHOBKH 3a pHc. 7, 0.

BucHoBku:

1. Po3po0ieHo MeTo po3paxyHKy MIITHOCTI KOPIIYCiB PEIyKTOPIB 3
BUKOPUCTAaHHAM METOJYy CWUJI JJisi BU3HAYEHHS BHYTPILIHIX 3YCUJIb, SIKI
JII0Th HA HOTO CTIHKHM, L0 3HAXOJATHCS y MPYKHBO-Ie()OPMOBAHOIO CTaHi,
KU BUHUKAE B MpoILieci poOOTH pelyKTopa i/l HABaHTaKEHHSIM.

2. Po3pobnennii MeTo]; po3paxyHKy MILIHOCTI KOPITYCiB PEIyKTOPiB
MOK€ BHUKOPUCTOBYBAaTHUCS HE TUIBKM JUISI PO3paxyHKy KOpPIIyCiB
OJTHOCTYIIEHEBUX pPEOyKTOpiB, a 1 OararocryneneBux. Ilpu npomy
JIOTYCTUM1 HampykeHHs MokHa Opartu B Mexax 80...100 Mlla, mro
JI03BOJIsIE 3MEHIIUTH TOBILMHY CTIHKH Kopiyca npu0nu3Ho Ha 10%.

3. BcraHoBieHO, MO0 CHIBBIZHONIEHHS MDK MaKCHUMaJIbLHUM
3TUHAJIBHUM MOMEHTOM Mpn,y, 11O JIl€ Ha CTIHKM KOpPIyCY peayKropa, 1
00epTOBUM MOMEHTOM 7] € CTajiol0 BeIHYMHOI0. lle CriBBiTHOIICHHS
3HaxoauThes B Mexkax 1,8...1,95, mo mo3Bosisie cipoCTUTH PO3PAXyHKH B
MpoIlieci BU3HAYEHHS TOBIIUHU CTIHKH KOpPITycCa.
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