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Abstract

Obviously, the quality standard of designed product depends on quality and optimality standard of designing
decisions, made by the participant of designing process concerning the specific object, specificity and adjustment
of mathematical apparatus, which helps to evaluate such optimality. The article suggests an approach to the estim-
ation of quality optimum level of designed product by means of integrated quality indices of the taken designing
decisions, taking into account designing specialization. The application of the suggested mathematical apparatus
helps to form the development plan of design documentation (design decisions plan). Its application allows ach-
ieving the optimum quality level of designed product. Such approach to the estimation of the quality of designed
product, with a glance of integrated quality indices of designed decisions making, provides the realization of the
main requirement of the State Standard ISO 9001:2009 concerning the permanent improvement of the quality of
designed product. It also helps to take into consideration the specificity and differences of each designing decision
according to the sections of design documentation
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B 06po6ui memanie muckom mae micue ouna-
Miuni 3a0a4i meopii npyincHocmi ma NAACMUUHOCHI.

3naiideno anaaimuume piwleHHs X6UNEB020 PIBHAHHA A H A n IT M LI H E

meopii npyxcnocmi. Iloxazano, wo nomixc apeymen-

mamu mpuzonomempuunux Qynxuiii € cnieeionomenns PI I.I.I E H H ﬂ X B M n E BO ro

6 ougpepenuiiiniic popmi. Ile poswuproe mozxcausocmi

pluenns, ne oomescytouu apeymenm Qynxuii ainiiinoro PI B H ﬂ H HH T EO P I.I.
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1. Beryn BIIJINBAIOTh Ha IlapaMeTPH Ipollecy Ta SKiCTh TOTOBOI

mpoAyKiii. JIo HUX MOsKHa BiHECTH BUCaAKy OOJTIB Ha

B nporecax 06po6Ku MeTasiB TUCKOM JIOCUTH YaCTO  TOPU3OHTAJbHO-KYBaJbHUX MalllMHAX, KOJU IJACTHYHA
JOBOAUTHCS CTUKATHCSA 3 AMHAMIUHUMHU 3ajadaMu, sKi  gedopMallis MOMUPIOETHCS Y3/I0BK CTEPKHS He MUTTEBO,




YTBOPIOIOYY HOTOBIEHHSA Y BUaJeHill iforo vactuni. Ta-
KOX IITAMIYBAHHS CKJIAIHUX TOHKOCTIHHUX BHPOOGIB Ha
yeTaTKyBaHHI i3 36i/bIIEHOI0 MBUAKICTIO TIepeMillleHH
BepXHbOTO myaHcoHa, Hasenclever (DPH). 3a panumu
pobotu [1] 3HMKYEThCSA NpysKHA HAedopMallis MexaHid-
Hoi cucremu, i Ha 1.25 MM BAAETHCS OTPUMATH TOBIUHY
TOHKOCTiHHOI yacTuHU MeH1e. [loscHIoETHCSA 11e TUM, 110
npysHa gedopMallisi cucteMu BigdyBa€eThes B yaci. Axio
niaactTuuHe GoOpMO3MiHEHHS Y ocepenky maedopmarii pea-
JII3YETHCS MBUJLIIE, HIXK TPy KHA eopMalis cucTeMu, TO
CJIJL yeKaTH, SMEHIIEHHS TPOMIKKY MixK OolKamu, OT:Ke,
3MEHIIIEHHsI TOBIIUHY BUPOOY.

BukopucTtoByoun Takuil mpoiiec NpakTHYHO, MOKHA
no6uTHcst 301TbIIEH ST TOYHOCTI [ITAMITY BAHHS, 3By KeH-
H4 110714 [onyckiB. /loBecTu 11e 1ikaBe sBUIIE TEOPETUUHO
MO’KHa TOxi, Kou Oyzie BiampalnboBaHa MaTeMaTU4YHA
MO/leJIb 3aMPOIOHOBAHOI IMHAMIYHOI 3a/1a4, KOJIU MOXK-
Ha 3icTaBUTH IPOIECU B Yaci /s MJIACTUYHOIL i IIPysKHOI
nedopmartii.

2. AHaJi3 JiTepaTypHUX JaHUX i MOCTAaHOBKA MPOOIeMHU

Bigomwuii mupoxuii KpyT 3aBIaHb MEXAHIKH, IKUI 3BO-
JIUTHCS 10 PITIIEHHsT XBUJIEBOTO PIBHAHHS [2-5]:

’u_ , d’u

72:3. e (1)

ot ox

30KpeMa, PiBHAHHS TAKOTO BUJY ONUCYIOTH MPYXKHI
TOZIOB3KHi, KPYTsdi, MOMepeyHi KOJTMBAHHS CTEPKHIB i
TaK JaJi.

Pisustuust (1) BigHOCHMTBCS A0 PiBHAHB rinep6osiiu-
Horo Tuny. PillleHHSA Takoro TUIY PiBHSHb HEONHOPIi[-
HUX, CKJIAJHIMWX, B aHAJITUIHOMY BHU/i HpeJCTaBJICHI
B poborax [6-8]. Ckopucraemocs miaxomamu, cHopmy-
JbOBAHUMU B 1MX POOOTAX, 1 3AlUIIEMO JOCUTH IIPOCTY
3AJIEKHICTD!

u=C-Sind-SinA®, )

ne Ci A — noctiiiHi, XxapakTepusytoun npoiec; 0,
— HeBigoMi HYHKIIIT Yacy i KoopaAUHATH.

Oyukiii 0,0 — GesnepepsHi, MATH APYTi MOXiAHI 3a
YacoM i BiITOBITHIH KOOPAMHATI.

[TlincraBumo Bupaskenus (2) B piBusuuasa (1), micas
BiJITOBI/IHUX TIepeTBOPeHb oTpuMaemMo piBHsHuS (1) y
BUI

(6,-a’-6,,)-Cos0-SinA®+

2(6,A®, —a’0 A®, )Cos®- CosAd +

+(A®, —a’A®,)-Sin6-CosA®=0. (3)
ne 0, =a—e,A<I>X = IAD iTak gaJii.
ot ox

3. Mera po6oTu

MeToi0 po6OTH € OTPUMAHHS aHAJITUYHOTO PillleHHsI
XBUJIEBOTO PIBHAHHS TEOPil IPYKHOCTI IPU POITIL/L 11-
HaMi4HOI 3a1a4i B 06pOoOIi METAJIB THCKOM.

4. OcHoOBHA YacCTHHA JAOCJi’KEHb

Posringnemo crpoiiyoun BapiaHTU PillleHHS PiBHSH-
H4 (3). Ix geximpra:

1-uit Bapiant

0, =—aAd_, AD =-ab

2-uit BapiauT

6, =aAd_, AD =af_;
3-uit BapiaHT

0, =-aAd_, AD =af_;
4-wit BapiaHT

0, =aAD_, AD =-ab_

Ilincrasmstioun neprri aBa Bapiauty B piBHsaHHS (3)
OTPUMAEMO

(6, —2”-0,,)-Cos®-SinA® +
2(0,A®, —a’0,A®, )Cosd: CosAd +

+(A®, —a’A®,)-Sind-CosAD =0

Pisusannsa (3) mepeTBOPUTHCS HA TOTOXHICTH, SKIIO
0TIePaToOpH, O CTOATD B JIyKKaX Mepeji TPUTOHOMETPHUY-
HUMU (DYHKI[ISIMU TIEPETBOPSATHCS HA HYJI. 3TiJIHO 3 Ba-
piantamu 1 i 2 3’aBusucs cnpomienns B (3) 3 nepmumMu
noxigaumu. Posraguemo apyri moxXizHi, BUKOPHUCTOBYIOUHN
3amucy BapianTiB 11 2:

1-uii Bapiaut

6,=—aAd_, AD =-ab_,
0,=-aAd_, AD =-ab_,
2-uii BapianT

0,=aAd_, AD =ab_,
0,=aAd_, AD _=ab_.

3 11bOr0 BUXO/JUTh
0,-2°-0,=0; ,AD -2’0 AD =0;

AD, —2’AD _=0. (4)

Y crpaBexnuBocCTi BUpa3iB (4) MOXKHA IepEKOHATHCS,
MiICTAaBJIAIOYY APYTi MOXiHI. ¥ PISHUX NOEJHAHHAX 1Y XK-
KU, 1[0 CTOSITh Me€peJl TPUTOHOMETPUYHUMU (DYHKIIAMU B
piBusHHI (3) MepeTBOPIOIOTHCS HA HYJII.

JlificHo,

(faA@,,)-(FaA®,,))-CosO-SinAd +
2((vaA® AD,)-a(FA®D, ) AD, )Cosh- CosAD +

+(($aen)—($aeLX ))~Sin9~CosAd> =0.

OTxe, pitnenns piBaanuag (1) mae BUTIAL

u=C-Sin6-SinA® ,




npu

0, =TaAD , AD =Taf, . ®)

CuaigigkpecaunTu, 1o ymoa (5) BU3HAYA€E HE caM B/
dbyHKI1i1, 1o 3ag0BosbHsE piBHsAHHIO (1), a 0OMeKEHHs,
SIKi HaKJIaAal0ThCd Ha QYHKITII.

Bapiantu 3 i 4 He 3abe3neuy0rTbcsi HEOOXIAHUMU
CTIPOIIEHHAMY TP MiAcTanoBIi 3anexuocti (5) B (1),
3 YOr0 BUXOAMTH, MO (5) MPU HACTYMHUX AOTMYIEHHSIX
0, =—aAd_, A® =20 i 0, =aAD_, AD =-ab_  He € pi-
menusaM pisagnug (1). Caix nigkpecautu, mo Gyukirii 6
i AD o1HOYACHO KO’KHA MOKYTb 3aJIeskKaTH 1 Biji yacy i Bij
KOOPAMHATH ocepeiKy aedopmairii.

Ha 6asi oTpuMaHOro pesyJbTaTy pillleHHS MOKHA
NPeACTaBUTHU B GiJIbII CKIAAHIIIOMY BU I

u=C,-(C,Sin6+C,Cos6)-(C,SinA® +C,CosA®)., (6)

MigcraBasitoun (6) B (1) i rpynyoun, 39BASI0OTHCA
ornepartop, aki Oyau orpuMai panime (4):

[ciC,(0,-a%,,)-C,C, (A0, —a*Ad, )~

—2C,C,(0,A®, -2, A, )-C,C,[ (6, +a-AD, )(6,—a-AD, )+
+(A®D, +26,)(A®, 26, )]} Cosd-SinAD+

+{CC,[ (6, +a-AD,)-(6,~a-AD,)+(AD, +2a6,)(AD, —a0, )]
~2C,C,(6,A®, -2’0, A® )+C,C,(AD, —a’Ad )+  (7)
+C,C, (6, —2%6,, )} Sin6-SinA® +{2C,C, (6, A®, ~2’0,AD, )
~C,C,[(6,+a-A®,)-(6, —a-AD )+(AD, +2a6, )(AD, -af, )]+
+C,C, (0, —2%,, )+ C,C, (A®, —a’Ad, )}-Cos6- CosAd+
+{C/C,(6, -2’0, )-C,C (6, -2’0, )-

-C,C, [(6,+a-A®,)-(6,-a-AD, )+(AD, +a6, )(AD, 26, )]

~2C,C, (0,A®, ~a’0,A®, }}Sin6- CosA® =0.

B potieci mepetBopens B piBHAHHI (7) 3’ SIBASIOTHCS Ti
K ciriBBigHOIEHHS (4), 0 i B piBHsAHHI (3). Ile, He3Baxa-
oYM Ha Pi3Hi MOEHAHHS, 3HOBY BBe/IeHUX KOeDiIienTiB, i
TPUTOHOMETPUYHNX QYHKILI.

Taxum umboM, pimenHs (6) 3a70BOJIbHATHME PiB-
usnnsg (1) 3a yMOBU, KOJIM MAIOTh MiCIle Bi/JHOIIEHHST MiX
byHKIiIMU BULY:

0, =FaAD_, AD =7Faf, .

[3 criBBigHoOIIEHD (4) MaeMo nudepeHItiaabHi piBHSIH-
HSI B IIPUBATHUX TOXiIHUX, Jie I03BOJSIOYNMEU (DYHKILisI-
MU 6yayTh QYHKIIT, 1110 BBOAATHCS B po3rasaa 0 1 AD . I1i
PIBHAHHA 110 KOHCTPYKIII i TUIIY BiANIOBiJal0Th PIBHAHHIO
(1). 3 ypaxyBaHHSAM OCTaHHIX 3ayBaxkeHb 1 (1) Maemo

u=C,(C,Sin6+C,Cos8)-(C,SinA®+C,CosA®),

0, =FaAD , AD =Fad,_, (8)
0,-2a’-0, =0; AD, —a’AD_=0.

3 obsikom (8) HeBM3HAYEHICTD s HYHKIINH 0 1 AD
JIIKBi/JOBaHa, OCKiJIbKU iCHYIOTDH AudepeHIiaabHi piBHSIH-
HSI, 10 T03BOJIAIOTH 111 GyHKIIT 3HaliT. OfWH 3 BapiaHTiB
MOzKe OyTu OTPUMAHUI y pasi pocToro pieHHs rinep6o-
JiYHOro piBHsHus s AD, AD —a’Ad =0, To6TO

AD=A-xt.

IIpu ubomy
6,=a-A-t, a0, =AX.
InTerpyioun, orpumaemo

2
e:Aat

X2
+f(x), 0=A—+1(t),
2a

ab0o

2
9=1~A(a~t2+xj.
2 a

Cnin mepekoHaTHCs, 3a/10BOJIbHSIE PYHKINisT O Timep-

Goniunomy pisusnuio 8, —a’-0,_ =0. [licas nigcranosku
. . 1

Mae Micme ToToxHicTh Aa—a’A-==0. [Ipu mpomy He

a
BUKJIIOYAETHCA, 11O ITPUBEJCHUM BUIIE CHiBBi[[HOH_[eHHHM

3a/I0BOJIBHAIOTHCA PillleHHS OTPUMaHi METOIOM PO3IOji-
JIV 3MIHHUX.

3 Tpe/CTaBJIECHOTO IPUBATHOTO PIlllEHHSA BUIHO, 1110
apryMeHTU TPUTOHOMETPUYHUX DYHKIIi He € DYHKIIEIO
TiZIbKNM 0/1HOTO 3MinHOro. KojkHa 3a1e/k1Th 0ZIHOYACHO BiJ|
yacy i KoopAuHatu, aJe i GyHKIlii pi3Hi i BU3HAYAIOTHCS
cuiBBigHomeHHstMu (5) a6o (8) i He € siHiiHUMU,

Bpaxosytoun, mo xBuJieBe piBHAHHS JiHiliHe, ocTa-
TOUHMIA Pe3yJIbTaT MOKHA IIPEJCTABUTH Y BUIJIS/L CyTep-
MO3UIIii pinenp

i=n

u=YC,- (cmsmei + ciychsei). (ciﬁSinAicpi +C,,CosA,®, ) ,
i=1

0i,, =FaA @, , AD, =7Fab,, )

ix? 1,x

ei.tt - 3.2 .ei,xx = 0 7 A(I)i,tt - azA(Di,xx = 0 N

Pimennsa (8), (9) MoxxHa IIPUBECTU 0 BXKE BiOMUX
pilenb, ki BukganeHi B pobori [3]. Bukopucrosywouu
METOJ{ PO3MOAITY 3MiHHUX, OTPUMAHO BUPAKCHHS U, !

u, =(AHCOSnl%nuat+Bﬁin?ﬁt)Sin%-x . (10)

BerarmoBumo BimoBifAHICTh KOediIiEHTIB B PillIeHHAX
(8) 1 (10) i BUBHAYMMO CHiBBiIHOMIEHHS MiXK QPYHKITISIMU.
OueBUIHO

C,=B,, C,=A Tn

o="".at,
1 a

n’

Toxi 3 ypaxyBaHHSM CIIPOIIEHb MAEMO
u, =(A,Cos0+B,Sin6)-SinAd .

ITokaskemo, 110 MixK YHKIIIMU, IPUBEJIEHUMU B PO-
6oti [3], icuytors criBBigHOmeHHS BUAY (D), (6) 1 (8).



L “in-a, ACDX:$, A®, =0, 0 =0.

[lizcraBisgioun B CIIiBBIAHOIIEHH S
0, =FaAd_, AD =7Fab ,
TePeKOHYEMOCS, IO BOHU 3a/[0BOJIEH], MAIOTh BUTJIS]

T-n T-n
. —_— 0=a-0.

TN . TN
ODOyukiii 6= T~at i A= TX 3a/JI0BOJIbHAIOTD
rapMOHITHUM AudepeHIliadbHIM PiBHAHHAM (8)
0,-2°-0,=0; AD, —a’AD_=0.

Taxum ynaOM, pyHKIii y Bupaskenni (10) 3amoBosb-
HSI€ BKa3aHUM CIIiBBiJiHOIIEHHAM (DYHKIIiN TIpejacTaBiie-
HUX B pimmeHHAX (8) i € YacTKOIO pillleHHS.

Crin minkpecautu, mo B pimenusnx (8), (9) Busna-
YaeThCcd He BHUJ caMuxX (GYHKIH, gIKi 3a70BOJBHSIOTH
XBUJIEBE PIiBHSHHS, a YMOBU iCHYBaHHS WX (DYHKIIiH,

1o (GopMyJII0€ 3arajibHi MiAXOAM OTPUMAHHS ITYKAHOTO
pimenHs.

IIpu nponionoBaHiii MOCTaHOBII i pillleHH] 3’SIBJISIETHCS
MOJKJIMBICTh PO3IIUPEHHSI KPyTa BUPIINIYBAaHUX 3aB/aHb
3a paxyHOK Gi/blIoi pi3sHOMAHITHOCTI TPAHWUYHUX i IO-
YATKOBUX YMOB.

5. Bucnosku

1. ¥V 006pobiui meTasiB TUCKOM MalTh Micie pis-
HOMAHITHI ZAMHAMIUHI 3aBJaHH4, IO BUMAaraloTh CBOTO
pileHH.

2. OTpuMaHo aHAJITUYHE TPUBATHE PillleHH XBUJIe-
BOTO PiBHAHHS.

3. Busnaueni ymoBu icHyBaHHS (pyHKIiH, 10 BXO-
ISITh B PillleHH s 3aja4di.

3. 3ajeXHOCTI apryMeHTIB TPUTOHOMETPHUYHUX
¢yHKIi# pi3Hi i BUBHAYAIOTHCSA OJHOYACHO /IBOMA 3MiH-
HUMHM, 4aCOM i KOOPZMHATOIO, 33/I0BOJIbHSAIOUHN IIPU 11bO-
MY IPUBEIEHNM yYMOBAM iCHyBaHHS TaHNX (PyHKITiH.

4. YMmoBU icHyBaHHS (QYHKIIIH 1110 BXOASITH B 3aIlPO-
MMOHOBaHEe pillleHHS 3ajadi, 3a0BOJIEHI B)Ke BIIOMUMN
BUpaszaM#, OTPUMAaHUX METO/IOM PO3ITO/iNy 3MiHHUX.
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Abstract

The dynamical problems of the elasticity and plasticity theories occur in the process of metal forming. In the
article, an analytical solution of the wave equation of the elasticity was obtained. The dif ferential relations, con-
verting the wave equation into an identity, were obtained, using the product of trigonometric functions with arg-
uments, defined by time and space variables. The conditions of solutions, which are different from the solution,
obtained by the method of separation of variables, are described. The arguments of function can be nonlinear dep-
endences from the variables. The restrictions were imposed on the function arguments, suggesting that the latter
may have different order, just to satisfy the conditions of solutions. Another peculiarity of the solution is the pre-
sence of two simultaneous variables in expressions of arguments. It was shown that between the arguments of tri-
gonometric functions there is a correspondence in differential form. This expands possibilities of the solution, not
limiting the argument of function by linear dependence. The suggested solution accommodates well-known solut-
ions, and is considered more general in comparison with the expressions obtained by the method of separation of
variables. This allows expanding of the range of dynamic problems for the account of greater variety of boundary
and initial conditions.

Keywords: metal forming, elasticity theory, dynamic problem, harmonic function





