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Barurok H.B., 3asima B.B., Pemeruno O.M
Jlyupkuii HalioHaIBHUH TEXHIYHUHA YHIBEPCUTET

I'PAJICHTHUN METO/{ YMCJOBOI ONTUMIBALII 3AJJAY HEJITHITHOT'O
IPOTPAMYBAHHS

Barnwk H.B., 3aBima B.B., Pemeruno O.M. I'pamieHTHHII MeTox 4HMCJIOBOI onTHMi3amii 3ajay HeiHiiiHOro
nporpaMyBaHHsi B CTaTTi pO3MNITHYTO 3aCTOCYBaHHS Tpafi€eHTHOIO METORY M 3a7ad HEJMiHIMHOTO MpOorpaMyBaHHS 3
obMexxeHHsMU. HaBenennii mpukiai.

Ki1i04oBi ci10Ba: onTuMizamist. rpaJieHTHI METOH, HENIHIMHE IPOrpaMyBaHHS.

®opwm. 8. Puc. 1. JIiT. 2.

Barnwk H.B., 3aBuma B.B., Pemerusio A.H. 'pagueHTHBII MeTO YHCI0BOH ONTHMH3ANMY 32124 HEJIMHEITHOT 0
nporpaMMupoBanms. B craTbe paccMOTpeHO NpuMEHEeHHEe IPaJUeHTHOr0 METO/a JUIS 3a7[ad HEJIMHEHHOTO IPOrpaMMHUpOBaHUS
C OrpaHUYECHUSMU.

KuroueBsble ¢j10Ba: ONTUMH3ALNS. TPAJAUCHTHBIC METO/IbI, HETMHEHHOE POTrPpaMMHUPOBAHHE.

Bagnyuk N.V., Zavisha V.V., Reshetylo A.N. Gradient method numerical optimization for problems of nonlinear
programming. The article deals with the application of the gradient method for nonlinear programming problems with
restrictions.

Keywords: optimization. gradient methods, nonlinear programming.

Jns 3amad HeNiHIMHOTO TpOrpaMyBaHHS HE iCHYE YHIBEpCaJbHOIO METOAY pO3B’SI3aHHSA, IO
3yMOBHJIO PO3pOOJNIEHHS 3HA4YHOI KUTBKOCTI PI3HMX METOMAIB PO3B’S3aHHS OKPEMHX THIIB 3a/ad
HeNiHIMHOro mporpaMyBaHHs. BimoMi TOYHI MeTOAM PO3B’sSI3aHHA HENMIHIHHUX 3a7ad, aje B TaKOMy pasi
ICHYIOTb TPYIOHOIII OOYMCIIOBAIBHOTO XapakTepy, TOMY s PpO3B’sI3aHHA HENIHIMHMX 3amad
BUIIPAaBIaHUM € 3aCTOCYBaHHs HaOIMKEHUX METOIIB.

I'pamieHTHI Meromu HanexaTb [0 HAOMIDKEHWX YHCIOBUX METOMAIB pPO3B’SI3yBaHHA 3alad
HENHIMHOr0 MporpaMyBaHHS, OCKUIBKH NAlOTh TOYHHN PO3B’A30K 32 HECKIHUEHHE 1 JIMIIE B OKPEMHUX
BUIAJKaxX 3a CKIHYEHHE YHCIO KPOKIB. 3 iX BHKOPHCTAaHHSIM MOXKHA PO3B’SI3yBaTH OyIb-sKy 3agady
HENHIMHOr0 mporpaMyBaHHS, 3HAXO[M4d, SK TMPaBWIO, JIHIIE JIOKAJbHUM eKcTpeMyM. Tomy
3aCTOCYBaHHS LHMX METONIB Ja€ HaWOUIbIIMU eQeKT a1 po3B’sA3yBaHHS 3a4ad  BHUIIYKIOTO
MpOrpaMyBaHHs, JIe JOKAIbHUH eKCTPEMYM € OTHOYACHO 1 rI100anbHUM.

PosrnsHemMo croyatky 3amady Makcumizaiii ¢yHkuii f(x), komu oOMexeHHS Ha 00JacTh 3MiHH
3MiHHUX X BiacyTtHi. [Tomyk excrpemanbHOro 3nadeHHs ¢yHkmii f(x) MoxHa mounHaTH 3 OYAB-SIKOTO
JIOITYCTUMOTO PO3B’sI3KY, HAIPHKIA, 3 TOUKH Xk = (X1k; .-} Xuk)-

T'padienmom VT(X) dynkiii f(x) B ToUIl Xk HA3UBAETHCS BEKTOP, KOOPAUHATAMU SKOTO € 3HAUCHHS
B IIi{l TOYII YACTHHHUX MOXIHUX TIEPIIOTO MOPSIKY BiAMOBIAHOI 3MiHHOT, TOOTO

V() = (i
gy X

)-

I'panienT ¢yHKIIT B 11l TOYII BKa3ye HANPSMOK HaHIIBHIILIOro 3poctanHs GyHkiii f (x).
[lepemimieHHs 3 TOUKU Xy B3JIOBXK T'PATIEHTY B HOBY TOUKY Xi+1 BiIOYBAa€THCs 1O NPSAMiid, pIBHSIHHS
SIKOT

X1 = X + A4V (Xk)' 1)

ne Ax — YMCIOBUH TapaMmeTp, BiJ BETMYMHHU SKOTO 3aJIeKHUTHh JOBXHHA KPOKY IEpeMillcHHS
AX, = A4 VT (Xk). Benmnunna Ay, mpu AKid gocsraeTbes HaOumbmmi mpupicT ¢GyHKUii, Moxe OyTH

BH3HAYEHA 3 HEOOX1AHOT YMOBH eKcTpeMyMy (pyHKIIT

Aty >

UeproBy TOYKY Xi+1 BH3HAYAEMO TICIIS OOYMCICHHS mapaMmeTpy Ax (U [bOTO MiJCTaBISIEMO

© Barurox H.B., 3asima B.B., Pemermio O.M
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3HaueHHs1 Ax B Gopmyny (1) Ha mourykoBii Tpaektopii). B mii ( Xy+1) TOYII 3HOBY 3HAXOIMMO I'PA/Ii€HT,
a pyX BiIOyBa€ThCs Jalli MO MPSAMIH Xis2 = Xks1 + Ak VI(Xks1) y HanpsiMky HOBoro rpamieHTy VT (Xks2) 10
TOYKH Xis+2, B SKIH JOCATAa€ThCs HaiOuThine 3HaYeHHs QyHkuii f(x) B mpoMy Hampsmky i T.1.
Po3B’s13yBaHHs TpUBaTUME JOTH, ITOKH HE OyJe JOCATHYTA TOYKA X*, B SKiil TpafieHT QYHKIIIT JOPiBHIOE
Hymo. B it Touni x* mineoBa dynkuis f(x*) i Oyne HaOyBaTn MakCUMaIbHOTO 3HAUYCHHSI.

Tenep po3rIsIHEMO BHIIAJ0K PO3B’sI3yBaHHS 33a]aui HENIHIHHOIO MPOrpaMyBaHHS 3 0OMEKCHHIMH.
[Mpunyctumo, 1m0 3agaya IMoOJSArac B HACTYIIHOMY: HEOOXimHO 3HaWTH MakcumyMm ¢yskmii f(x) 3a
0o0MeKeHb

aiXSbi, x>0, (3)

Kpim toro, Oymemo BBaxkaTH, 1o Gyukiis f(x) € esienymoio ougepenyitiosanoio gpynxyicro.

[Ipu po3B’s13yBaHHI MOXIOHMX 3a0a4 TPAIIISIOTHCS ABa BUIIAIKH !

1) minboBa GYHKIUS Mae €TUHHUA EKCTPEMYM, i BiH 3HAXOMUTHCA BCEPEAUHI 00JaCTi JIOMYCTUMHUX
po3B’s3kiB. Toxi mporec po3B’si3yBaHHsI 3aa4i (MOIIYK ONTUMAIbHOI TOYKH X*) HIYUM HE BiAPI3HIETHCS
BiJl y’K€ pPO3TJISIHYTOrO;

2) winboBa (yHKIS HaOyBa€_CBOrO EKCTPEMAJLHOIO 3HAYEHHS B TOYIl, II0 3HAXOJMTHCS Ha
TpaHMII JOMYCTUMOI 06aacTi. B 1iboMy BHIaIKy MOCHIZOBHICTE pO3B’A3yBaHHS 3aJadui HACTyMHA. SKIIo
MOYaTKOBA TOYKA Xy JIGKUTh BCEPEIUHI JOMYCTUMOT 001acTi (BCi OOMEKEHHSI BUKOHYIOTBCS SIK CTPOTi
HEpIBHOCTI), TO TepeMillyBaTHCs MOTPIOHO B HANPSAMKY TPali€HTY. AJie KOOPIHMHATH YEProBOi TOYKH

Xk 1= Xk + lka (Xk) TOBUHHI 3aJI0BOJILHATH OOMexeHHsM (3), TOOTO TMOBHHHI BHUKOHYBAaTHCh

HEpIBHOCTI
3 [Xk + A Vi (Xk )JS b (i =1,...,m);

Xy + Aka (Xk )2 0. )

Po3p’s3ytoun cucremy (4) dTiHIHHHX HEpiBHOCTEH, 3HAXOAUMO MPOMDKOK [M(;M’(] JIOITYCTUMHX

3HAaueHb MapaMerpy A , OPH SKUX TOYKA X; Oyae HaleXaTH NOIMYCTUMiH oOnmacTi. 3HayeHHS A, , fdKe
OZICPXKYETHCSI B Pe3yJIbTaTi po3B’sA3yBaHHs piBHAHHS (2)

\%i (Xk + Aka (Xk ) \%i (Xk )): 0,

*
IIOBMHHO HAJICXKATH IIPOMDKK A ;/l" . HKH_IO 3HAQYECHHSA A;, BUXOJMUTh 3a MEK1 ONPOMDKKY, TO 3a A
k' 7k k k

npuiimMaetbest Ay . Ilpn npomy deproa TOYKa MOLIYKOBOI TPAa€KTOPIi OMMHSETHCS HA IPaHHYHIA

riepIvIoONInHI, MO BiANMOBiAa€ HepiBHOCTI cucTeMu (4), BUXOISYM 3 SIKOI MPH PO3B’S3aHHI CHCTEMU
OTPHMAHO 3HAYCHHS A .

SIKIO TMOoYaTKOBa TOYKA Xy JIGKHUTh HAa TPaHUYHIN rinepruiomuHi (abo yeproBa Toyka MOLIYKOBOT
TPAEKTOPIT ONMMHUIIACH HA TPAHUYHIH TPAEKTOPIT), TO HANIPSMOK ITEPEMIIICHH BU3HAYAETHCS 13 PO3B’A3KY
HACTYIHOI JONOMDKHOT 3a/1a4i MaTeMaTHYHOTO IPOTrPaMyBaHHS:

T, =Vf (Xk ) e (max) (5)
ajn <0 (6)

JUISL THX i, TIPH SIKHX
ajn, = b; , (7)
Il =2, ®

© Barurox H.B., 3asima B.B., Pemermio O.M
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VYmoBa (7) BU3HaYa€ HAJIGKHICTh TOYKH X TPAHHMII JOIMycTUMOI obacti. YMoBa (6) o3Havae Te, 110
MepeMillleHHsI 3 TOUKU Xk IO BEKTOpY Iy Oyne BinOyBaTHCsA BCepeOuHy AOMyCTHMOI obiacTti abo mo ii
rpanuii, a ymoBa (8) HeoOXimHa aias OOMEKEHHS BETHYMHU [y [l HACTYMHOI TOYKH IOIIYKOBOT
TpaekTopii

Xt = X + kT
3HAXOJMTHCS 3HAUCHHS MapameTpa ):I: . Ilpu 11bOMY BUKOPHCTOBYEThCSI HEOOXiZTHA YMOBA EKCTPEMYMY':
(v beag ) i) =0
ITpoitec po3B’I3yBaHHS MPUITUHIETLCS MPU AOCITHEHHI TOUKH x: 41 B AKIH
Ty = VI (XE+1)' e =0.

3aHp0HOHOBaHHﬁ MCTO PO3IJIIAHEMO Ha HACTYITHOMY HpI/IKJ'Ia)_Ii.

Mpuknan 1. 3uaiitn makcumym dyukuii f =8X, +6X, — 2X” — X2 3a Takux oOMeKeHb
- X, +X, <1,
3X, +2X, <6,
X, 20, x, 0.

OnrumizaniitHuii nomyk novaru 3 Toukn X, = (1, 0.5).

Po3p’sa3yBanns. Touka Xy = (1; 0,5) nexuTs BcepenuHi nomycTuMoi o0nacti, 3HaueHHs QyHKLIi B
Touli X f(Xo) =8,75. 3a HampsAMOK mNepeMilieHHs B HACTYIHY TOYKY X; TNPHHMAaEMO HampsSMOK

rpazgienty Vf (x) = (8 —4%y;6 - 2x2) B Touli Xo = (1; 0,5).
I'pagient y toumi X, popiBHIOE Vf (XO) = (8 -4.16-2- 0.5) = (8 —4:6— 1) = (4;5) # 0. Buxogguu 3

ObOro, MOXHa 3aIrrcaT KOOpAnHaTU HaCTyr[HOI TOYKH

X = Xg + Ao VF(xg ) = (L05)+ 4(45) = {1+ 4205+ 51, ).

Bu3HauuMoO NPOMDKOK JONMYCTUMUX 3HAYCHMH JUI MapaMerpy Ay, IPH SKUX TO4Ka X; Oyne
HaJIeKaTH IONYCTUMIN obnacti. B iboMy Bunaaky cucrema HepiBHOCTeH (4) Mae BUTIISA
-1-42,+05+54, <1,
3+124, +1+104, <6;

1+44, >0;
0.5+54, 0.
3 po3B’A3Ky Li€i CHCTEMHU 3HAXOUMO IMTPOMIKOK l}“(') ;A0 J = [— 0,1;0,09]. Po3B’a3aB1n piBHAHHSA
dvt (2 )
0 . .
T Vi (1 01 (xg )= (4~ 1625 1040 J(415) =16 ~ 64 + 25 - 501 = 4111439 =0,

BU3HAYMMO 3HAYCHHs Mapamerpy Ay =036, npu skomy npupict ¢yHkuii Af gocsrae HaiGLIBLIOL
BEIIMYMHU. AJle 3HAYEeHHS AO = 0,36 HE HAIGKUTH MPOMIKKY lic');i(")J: [— 0,1;0,09], TOMY NpUUMaEMO
*
)“O =0,09.
Hosa touka X; = (1,36; 0,95) 3HaxomuThcs HAa TPAHUYHIN TpPAMill, sTka BU3HAYAETHCS JPYTHUM

*
00MEXEHHAM—HEPIBHICTIO (Ti€l0 HEPIBHICTIO, AKiil BIMMOBi A€ 3HAYCHHS Ao = 0,09). B Toui X; 3HAUCHHS

© Barurox H.B., 3asima B.B., Pemermio O.M
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¢byHkuii f(xl) =11,98 > f(xo): 8,75. OCKUIbKM TOYKA X; JEKHUTh Ha TPaHUYHIN MpsMid, TO HAPSIMOK

MepeMillleHHsI B HACTYIIHY TOYKY X, BU3HAYA€MO 32 BEKTOPOM [ (PyX B HamlpsAMKY rpaJi€eHTa BUBOAUTSH 3
nomyctuMoi obnacri). J{yis BU3HaYeHHs KOOPIMHAT BEKTOpa Iy 3aIUIIeMo J0MoMbKHY 3aiaqy (5) — (8):
3HAUTH MaKCUMyM (DyHKIIi

T, = V() 1 = (256:42)(n 1, )= (2560 +41,)
3a OOMEXEHb

| 2 2
Cuctema piBHSHB 1i€l 3amaui mae gBa poss’sizku: (0,5568;-0,8352) i (-0,5568; 0,8352).
Hincrasisiroun i po3s’s3ka y GYHKUIO T;, OZEPKYEMO, L0 MAaKCHMalbHE 3Ha4eHHs QyHKUil Ty #0 i
nocsraetbes mpu (—0,5568; 0,8352), Tob6To mepeminryBatucs 3 x; Tpeda B3A0BK BekTopy I = (—0,5568;
0,8352) mo npyriii rpannunii npsmii (Puc. 1). KoopnuHaTi HaCTYITHOT TOUKH X, TOPiBHIOIOThH

Xy =X + 711 = (136 - 0,55682,;0,95 + 0,8352, ),

a TpajlieHT
Vi (x, )= (2,56 + 2,22724 141 - 1672, ).

Xz
"fﬂ’rﬂj
L
X=X
£
& N 7198
—lr— N\ 375 )

4 A;

Puc 1. -'padiunnii po3s’s30k 3amaui

3HOBY BH3HA4Ya€MO HPOMDKOK NOMYCTUMHUX 3HA4YCHb Iapamerpa A;, IpH SKUX TOYKa Xxp Oyxe

HaJeXKaTH OMYyCTHMIN 00JIaCTi.

Jlo cucteMu OOMEXEHb, sIKi NMOBHHHA 3aJ0BOJIBHATH TOYKA Xp, HE YBilAe Apyre oOMeEXKeHHs,
OCKUIBKHM ISl TOYKA JIOKUTh HA TPAaHWYHIN HpsAMIil, BU3HAYCHIH MM OOMEXEHHAM. Po3B’s3ytoun nany
CHCTEMY, 3HAXOIMMO MTPOMDKOK

roan|_|_ .
12g:27)= [-1a01].
3 BUKOPHCTaHHIM HEOOX1THOI YMOBH €KCTPEMYMY
avi (2 |
1
day

OTPUMYEMO Ay = 2,2. Ane 3Ha4yeHHs A1 = 2,2 HE HaJeXHUTh MPOMIKKY [— 1,1;1,01], TOMY HpPHUHMaEMO

=Vt (x, )5 = (2,56 +2,22724; )x (~ 0,5568) + (4,1~ 1,67041; )< 0,8352 = 0

© Barurox H.B., 3asima B.B., Pemermio O.M
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AI =1,01. Hora Touka x, = (1,36-0,557x1.01; 0,95+0,835x1,01)=(0,8; 1,8) nexuts Ha MepeTHHI JBOX
TpaHUYHHUX MPSMHX, AKi BIAMOBINAIOTH MEpLUIiid 1 APYriid HEPIBHOCTSIM CHUCTEMH OOMEXeHb. Y Wil Touli
¢yHKIIS HAOyBae 3HAYCHHS 1‘(x2 ) =12,68 > f(xl) =1198 > f(xo ) =8,75.CHOBY BHU3HAYMMO HamNpsSIMOK

HEPEMIIIEHHS 3 TOUKH X, — BEKTOP Iz = (I21; I22) Ta PO3IIISIHEMO HACTYITHY 337124y’
3HAUTH MaKCUMyM (DyHKIIi
Ty = Vi(xy) 1y = (2,56 + 2,227 1,041~ 1,67-1,01)ryq + 1y )= (4,881, + 241, )

3a OOMEXEHb

‘rz‘ :w/rzz1 +r222 =1.

Cucrema piBHAHB 3amadi Mae po3B’s3ok I, = (0; 0). IlincraBnstoum opepKaHWi PO3B’S30K Y
¢yskmiro T, micraemo, mo makcumyM T = 0, a e o3Hadae Te, IO X € TOYKOK MaKCHMyMY IIUTHOBOL
¢GyHKUii B momycTuMiit o6aacti, T00TO X2 = x* i max f (x*) = 12,68. Sk BuaHO 3 puCyHKY 1, JiHis piBHS
f(x)moTHKaeTHCS 10 TPAHUIL TOMYCTUMOT 00aCTi B TOUII X,. PO3B’s130K 3HAMIECHO.

BucHoBku

CydacHi BUMOTH JI0 MATEMAaTHYHOI MiJrOTOBKH iHXKEHEpa JOCUTh BUCOKi. OCKUTBKH B OULTBIIOCTI
MPaKTUYHO BAXUIMBUX BUMAJIKIB aHAITUYHE PO3B’sI3aHHS 3a/ad OINTHUMI3allii Baxkke ab0 HEMOXKIIUBE,
HEOO0X1THO BOJIO/ITH YHCEITHHIMH METOJaMH, PO3PaXOBAaHUMU Ha 3aCTOCYBaHHS CydaCHUX KOMII FOTEPIB.

B cratTi po3risiHyTO 3aCTOCYBaHHS TPAIEHTHOTO METOAY, KOJMU HasBHI OOMEXKCEHHS Ha 00JIacTh
3MIHH 3MIHHHUX X.

1. Hedwonor I0.M., bamumpka T.HO. Metonu ontumizanii B mpukianax i 3agadax. HaBuanpamii mocioauk. — K.: Konpgop,

2011. - 324 c.
2. Pxescokuii C.B., AnekcannpoBa B.M. Jlocnimkenns onepauiii: [Tinpyunuk. — K.: Akagemeuzas, 2006. — 560 c.
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YK 621'317., 5
Binuncekuit U.U., Cractok M.O., Kepcos O.I1.
BiHHUIIbKWI HAIlIOHATBHUN TEXHIYHUH YHIBEPCUTET

JOCIIIZKEHHA BIIVIMBY TEMIIEPATYPHU CEPEJJOBUIIA HA TOYHICTD
JOIVIEPIBCBKOI'O YJIBTPA3ZBYKOBOIT'O BUTPATOMIPA

Bimmuceknii M., Craciok M.O., Kepcop O.I1. oc/tixkenns: BIUIMBY TeMIEPATYPH CEpPeIOBHIIA HA TOYHICTH
J0MJIepiBCHKOr0 YyJIbTPa3ByKoBoro BuTparoMipa. [IpoaHami3oBaHO OCHOBHI HEIONIKM JOIUIEPIBCBKHX BUTPATOMIpIB.
BcTanoBieHo HalOImBII CyTTEBI (hakTOpH, sKi BIUIMBAIOTh HA TOYHICTH BHUMIpPIOBaHHA. Po3paxoBaHO BIUIMB TeMIepaTypu
CepelIOBHIA Ha BEIMYMHY JOIUIEPIBCBKOTO 3CYBY. 3alpONOHOBAHO METOJ IiJBHINEHHS TOYHOCTI JIOINIEPIBCHKOTO
YABTPa3BYKOBOT'O BUTPATOMIpa.

KuniouoBi cioBa: Butpatomip, edexr Jlomnepa, DOMIEpiBChKUI 3CyB, MBHAKICTH 3BYKY B CEPEIOBHII, TeMIepaTypa
CepeIoBUIIA.

Bununckuii M.H., Craciok MLA., Kepcop A.Il. MccaenoBanne BJAMSHHSI TeMIEPaTypbl cpeibl HA TOYHOCTDH
JOILIEPOBCKOI0 YJIbTPa3sBYKOBOIO pacxoaomepa. IIpoaHanusupoBaHO OCHOBHBIE HEJOCTATKU AOMICPOBCKUX PACXOIOMEPOB.
Omnpenenensl Hamboliee CYIIECTBEHHBIE (DAKTOPHI, KOTOpBIE BIMSAIOT HAa TOYHOCTH HM3MepeHui. Paccumrano BimsHHe
TEMIEpaTypbl Cpelbl Ha BEIUYMHY JOIUIEPOBCKOrO cABHra. IIpeyloKEHO METOZA MOBBIIICHUS TOYHOCTH [JOILIEPOBCKOIO
pacxozomepa.

KitoueBble ciioBa: pacxomomep, ddexr [lomnepa, AOMIEPOBCKUN CIBHUT, CKOPOCTH 3BYKa B CpeAe, TeMIleparypa
CpeJbl.

Bilynsky Y.Y., Stasiuk M.O., Kersov O.P. Investigation the influence of temperature of the medium on accuracy
of Doppler ultrasonic flowmeter. The basic disadvantages of Doppler flowmeters are analyzed. The most significant factors
affecting measurement accuracy are defined. Temperature of the medium effect on the value of the Doppler shift is computed. A
method of increasing the accuracy of the Doppler ultrasonic flowmeter is proposed.

Keywords: flowmeter, Doppler effect, Doppler shift, velocity of sound in the medium, temperature of the medium.

IMocranoBka HaykoBoi mpoOiaemu. EneprozOepexeHHs, eHeproedeKTHBHICTb, ONTHMAJbHE
BUKOPUCTAaHHS BUPOOHWYMX IOTYKHOCTEH 1 MPHUPOJHHMX PECYpPCiB CTalM KIIOYOBUMH HaMpPSIMKAMHU
PO3BHUTKY CY4acCHOT'O MIPOMHCIOBOIO MiANpUEMCTBA. MaKcHMaNnbHO TOYHE BU3HAUCHHS BUTPATH PiIKUX 1
ra3onoiOHUX CEPEeIOBUIIL € OJHUM 13 TOJIOBHHX CIOCOOIB MiJBUIICHHS eHeproedekTuBHOCTI. BimoMi Ha
CBOTO/IHI METOOM BHMMIPIOBAHHS BHUTpPAT HE € YHIBEpCAJIbHUMH, KOXKEH 3 HHMX Ma€ CBOIO 00JIacTb
3aCTOCYBaHHSI.

OCHOBHOIO TPOOJIEMOIO KOMEPIIIHHUX BIJIHOCHMH TPU IIOCTaBKaxX IUIMHHUX 1 Ta30M0Mi0HUX
cepeloBUI € nucOanaHc, MO BUHUKae Tpu (i3MYHOMY OOJIKY Biff IMOCTadajdbHHKA IO CIOKHBaya.
3aranpHUMH (DaKTOpamH, 110 BU3HAYAIOTh BUHMKHEHHS LBOr0 AMCOajaHCy, € MOXHOKM y BUMIPIOBAHHI
00’eMy pPEYOBUHH, BIIICYTHICTh JOCTOBIpHOTO OOJIKY Yepe3 HEBHCOKY TOYHICTh 1 OOMEXEHUH Aiana3zoH
JTYUIBHUKIB, HECIIPABHOCTI BY3:1iB 001Ky [1, 2].

OcHoBHa mpobiemMa MPaKTUYHOTO BUKOPUCTAHHS yIbTPa3ByKOBUX IOIUIEPIBCHKUX BHTPATOMIPIB
MOB’s13aHa 3 TUM, IO IIBUAKICTH PO3NOBCIOIKEHHS 3BYKY 3aJISKUTh Bijl TAKUX MMapaMeTpiB CepeIOBUINIA,
SK TeMIepaTypa, THCK, KOHLIEHTpaIist i T. 1. [3, 4]. [lns pinyH MBUAKICTh PO3NOBCIO/DKEHHS YIBTPa3ByKy
NPaKTHYHO 3aJIOKHUTH JIMIIC Bif TemrepaTypu i koHueHtpauii [5]. IIpore, HaiiOimpmmii BIJIMB Ha
pe3ynbTaTH BHUMIPIOBaHb Ma€ TEMIIEpaTypa, Tak SK HaBiTh HEBENHKI i1 mepenaad MOXYTh BIUIMHYTH Ha
ToyHicTh. ToOMy aKTyanbHHUM 3aBOaHHSM € JOCHIPKEHHS BIUIMBY TEMIIEPaTypd Ha TOYHICTb
JOTUIEPIBCHKOTO YIBTPa3BYKOBOTO BUTpaTOMIpa.

AHaJI3 10CTiKEeHb.

B [1, 2] onucano 3aranpHi mpoOJIeMU Cy4acHUX METOJIiB KOHTPOJIO BUTPAT.

B [3, 4, 5] HaBeneHo OCHOBHI MOXMOKM BHMIPIOBaHHS BUTPAT YJIBTPa3ByKoBUM MeronoM. B [5]
MPOAaHaJI30BaHO TOXMOKH YIbTPa3BYKOBHX BHTPAaTOMIPIiB 1 3allpOMOHOBAHO CIIOCOOM iX YyCyHEHHS.
HaBeneno ¢opMmynu po3paxyHKy CyMapHHUX MOXHOOK sl Pi3HMX METONIB yIbTPa3ByKOBOTO KOHTPOIIO
BUTpAT.

B [6] HaBeneHo OCHOBHI mapaMeTpu JOIUICPiBCBKUX BHTpaToMipiB. OmucaHa MaTeMaTH4HA
MoZIeTb BHMIPIOBaHHS BUTpaT merofoMm Jlomepa. HaBemeHo IMIBHAKOCTI PO3MOBCIODKEHHS 3BYKY Yy
PI3HHX piAMHA Ta Ta3ax Ui pO3paxyHKY JOIUIEPIBCHKOTO 3CYBY.

B [7] HaBeneno mMomudikoBaHe piBHSHHS CTaHy peajbHOro rasy Ban—nep—Baanbca. Buseneno
3aJIeKHOCTi KOHCTAHT PiBHSIHHS Bi mapamerpiB ra3y. [IpakTHUHO AOBEAEHO MPaBUWIBHICTh MATEMATUIHOL
Mmozeni. Ta HaBeneHO mapaMeTpy PI3HUX ra3iB, AKi MOXYTh OyTH BUKOPHCTaHI AJIsl pO3paxyHKiB.

© binuuceknit M1, Craciox M.O., Kepcos O.I1.
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B [8] excnepuMeHTaNbHO MepeBipeHO aJeKBATHICTh PO3PAaXYHKY HIBHIKOCTI PO3MOBCIOIKCHHS
3BYKy y Tras3ax. HaBemeHo 3HaueHHA TMOKa3HUKa afiabaTH pi3HUX Tra3iB Ta PiAMH TOpU Pi3HUX
TemIeparypax Ta (pi3sMYHUX CTaHax.

B [9] HaBeneno nokauiiiHuii Bapiant Gopmynu edekry Jomiepa.

B [10] mnpoBeneHO NOpIBHSIBHHN aHai3 yJAbTPA3BYKOBHX BHUTPATOMIPIB JUIS YHUCTHX 1
3a0pyJHEHUX CcepeloBUIl. HaBeaeHO METOAMKY pO3paxyHKy aKyCTHYHOTO IIepeTBOpIOBada Ta
ENIEKTPOHHUX BUMIPIOBAJIBHUX CXEM YIIBTPA3ByKOBUX BUTPATOMIIB.

BukJiax ocHoBHOT0 MaTtepiany i 0OIpYHTYBaHHSI OTPHMAHMX Pe3yJIbTATIB HOCTIKeHHS.

VY OinpiocTi BHUMAAKIB I’ €30€JIEMEHTH AOIUIEPIBCBKUX BUTPATOMIPIB PO3MILIYIOTHCS 330BHI
Tpyou. Lle ocobnuBo HEOOXiTHO y BHUIMAAKY BUMIPIOBaHHS 3a0pyJHEHUX i aOpa3sMBHHUX CEPEAOBHIL, alie
HEOOXiTHO BPaxOBYBAaTH JOAATKOBI TOXWOKH, CIPUYMHEHI 3aJIOMJICHHSM XBWJI Ha PO3IUTL JABYX
cepenoBu [5].

[Mpunmun  nii  [OMJEpiBCBKOrO BUTpaTOMipa TMOJSIra€e y BHUMIPIOBaHHI PI3HUII  YacTOT
(moTIIepiBCHKOT0 3CYBY), SIKa BU3HAYAETHCS 33 (JOPMYIIOIO:

Af :2-vq-f1o005a. 1)
C

ne Af — pizunns gacrorn majgarouoi i BigOWTOI yiBTPa3sBYKOBOI XBHII, V,— IIBHAKICTh YaCTHHKH B

IOoTOIL, f1_ 4acTOTa TaJaryoi XBUJ, O — KyT, MiJl SKHUM OINPOMIHIOETHCS YaCTHHKA B MOTOIi, C—

MIBUAKICTE 3BYKY B CEpPEIOBUIIIL.
[[IupuHa AOIUIEPIBCHKOTO CHEKTPY 3aJIGKHUTh BiJ| JiarpaMu CIPSMOBaHOCTI, ska (opMyeTbes
BHITPOMIHIOBAYEM 1 MIPUIMaYeM YIIbTPa3BYKy, TOOTO YMM BOHA IITUPIIA, TUM ITUPIIUM € CIIEKTP CUTHAIY.

Af—Zwa 2V COSO!I @)

Ha ocHOBi TeopeTnyHMX MaHUX [6] Ui IIBUAKOCTI PO3MOBCIODKCHHS YIBTPA3BYKY y PI3HHX
CEpellOBHIIAX PO3PaxOBaHO PI3HHULIO YaCTOT, fKa BUHHUKAE€ NPH MPOXOKEHHI depe3 IOIIepiBChKHUM
BUTPATOMIp UL TAKUX Ta3iB, sIK NOBITPs, XJIOPHH, METaH, TiAPOTeH Ta PigUH — BOJAA, METaHOJ, KEPOCHH,
riifnepuH. Po3paxoBaHo 4yTIMBOCTI INIMHHKX 1 ra30noJi0HMX cepeIoBHIL IPH 3MiHI MBUAKOCTI Ha 1 M/c.
Ha puc.l nomano rpadiku 3anexHOCTeH, OTpUMaHi 3a JONOMOIOI0 po3poliieHoi mporpaMu Ha MOBi
Python, pi3HuIi YacTOT ONPOMIHIOOYOT 1 BIZIOMTOT YACTHHKOKO MOTOKY YJIBTPa3BYKOBUX XBHIIb BiJl 3MIHU
LIBUJIKOCTI PEUOBUHHM JUIA Pi3HUX Ta3iB, HA pUC. 2 — AjA pinuH. JloriepiBcbkuil BUTpATOMIp MPALIOE TIPH
HIBHJIKOCTSIX OTOKY peuoBunH Big 0,1 m/c 1o 6 m/c.

Air - red;
Chlorine - blue;
Methanne - green;
Hydrogen - black

4000 . : : :

3500 | - Sensitivity: 1

3000 - VA = 426 HZ i
Chlorine = 669 HZ'

2500 |- Methanne: —'5'32?HZ s SR =

2000___...............Hydrogen 1Z5. ..., i

1500 : | : : ,
1000 ......... _
500

Frequency difference, Hz

i
0 1 2 3 4 5 6
Flow speed, m/s

Puc. 1. 3anexHOCTI pi3HMII YaCTOT BiJl 3MiHU MIBUAKOCTI MOTOKY rasiB Bix 0,1 m/c mo 6 m/c
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Water - red;
Methanol - blue;
Kerosine - green;
Glycerine - black

25000 : : ! .

20000 -5en5|t|vrty il
Water = 2851 Hz;

15000 b................ Methanol = 3836 Hz; dl

Glycerine = 2220 Hz; :

5000

Frequency difference, Hz

0 1 2 3 4 5 6
Flow speed, m/s

Puc. 2. 3anexHOCTI pi3HHMIIN YaCTOT BiX 3MiHW MBUAKOCTI OTOKY Bix 0,1 m/c 1o 6 m/c

[Ipote, mpu BUMIpIOBaHHI BUTPAT ra3iB 1 pilMH B PeaIbHUX YMOBAaX iCHYIOTh Pi3HI MOXWUOKH, SIKi
3anexarh Bif (i3UKO—XIMIYHMX BiacTHUBOCTel cepenoBuiia. CymapHa MOXHMOKa BHUMIPIOBAaHHS BHUTpPAT
JUISL YIIBTPa3BYKOBUX YaCTOTHHX BHTPATOMIPIB pO3paxoBYyeThCs 3a popmyrioro [5]:

D3k VT
Q=77 3)
2sin2a
ne D=Lsina, L — noBxuHa akyCTHYHOro NUISIXY Yy BHMIPIOBaHIl pEUOBHHI, k=VC /VD

BIJIHOIIIEHHs CEPEIHBOI IBMJKOCTI V. MO CIYEHHIO 10 CEPEIHBOI IMBMIKOCTI MO JiaMerpy Vp, Af —

PI3HHULST YacTOTH Majnarydol i BigOWTOI yJAbTPa3BYKOBOI XBHJI, ¢ — KyT, HiJ] SKHM ONPOMiHIOETHCS
YacTUHKA B MOTOLI.

3 ¢opmynu cymaproi moxubku (5) MokHA 3pOOMTH BHCHOBOK, IO MOXHOKAa BHMIipIOBAHHS
HaWOLIbIIE 3aNeKUTh Bil OBKHHM aKyCTHYHOTO IUIAXY Yy BHMIpIOBaHiii peuoBuHi L Ta Bix
norutepiebkoi pisHuni wacror Af | sika y cBoro uepry sanexuts Bin wacrorn mamarodoi xsmwii f, Ta

LIBHJIKOCT1 PO3MOBCIOKEHHS 3BYKY Y cepeoBuill C. BpaxyBaBum 11i mapaMerpH y po3paxyHKax MOXKHA
JOCSITTH MiABUILEHHS TOYHOCT1 JOIUIEPIBCHKOTO YIBTPa3BYKOBOTO BUTpAaTOMIpa.

OOpaHo KOHCTPYKIIIO BHUTpaTOMipa 3 BUINPOMIHIOBAJBHUM 1 MPUAMAIbHUM €JeMEHTaMH, SIKi
pO3TaIIOBaHI Ha MPOTHJIEKHHUX MOBEPXHSIX TPYOH. Y IIbOMY BHIAIKYy IOBXHHA aKyCTUYHOIO LUIAXY
XBHJII Oyne HaliMEHIO0, a TOMY BiIXWJIEHHS Ta 3aJlOMJICHHS XBWJIb OyIOyThb 3BeAEHI A0 MiHiMymy. Jlo
TOr0  Tapa3uTHI KOJIMBAaHHSA, SIKi PO3MOBCIOKYIOTH IO TOBEPXHI TPyOHM BiA BHUIPOMIHIOBadYa 0
npuiiMada B 0OXiJ TUIMHHOTO CepeloBHINA OyAyTh 3aTyXaTh uepe3 OOCHUTHb BEIUKY BifICTaHb MDX
1’ e30eNIeMeHTaMH. TakoX Uil YCYHEHHS Mapa3suTHUX KOJMBaHb MOXKYTh BHKOPHUCTOBYBAaTHUCH Di3HI
KOHCTPYKTODPCBHKI PillIeHHs JJ1s BiIBEIEHHS LIUX KOIUBAHb.

Opnak, HaOUTBIIT TOXMOKK MOKYTh BUHUKATH IPH BUMIPIOBaHHI JAOIJIEPiBCHKOI Pi3HUII YacTOT
Af | ska 3aMeKuTh Bil HIBUIKOCTI PO3IOBCIOMUKEHHS 3BYKY y cepemoBumli C. CaMe NIBHIKICTH

PO3MOBCIOJKCHHS 3BYKY Y CEPENOBHUII € HE TAONWYHMM 3HAYCHHSIM 1 3aJICKUTh B TEPIIy YEepry Bil
temnepatypu. IIBUAKICTH PO3MOBCIO/PKEHHS 3BYKY y CEPEIOBHINI PO3PaXOBYEThCA 3a (OPMYIIOHO
Jlamnaca:

o o

VP
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ne y — NMOKa3HUK axiabatu, R — yHiBepcanbHa rasosa crama, | — abcomoTHa Temmeparypa, V,, —
MOJISIpHUI 00°€M, P — T'ycTUHA.
B cBoto wepry momspHuii 06’em V., po3paxoByeTbcst 3 MOAM(DIKOBAHOrO PIBHSHHSA CTaHy

peansHOro razy Ban—nep—Baansca [7]:

a

RT =(V.-b)|P+—%
(Ve =b) (V, +c)T"

Q)

ne P —rtuck razy, a, b, C — 3minHi, sKi 3anexars B Gi3MKO—XIMI4HOr0 CTaHy KOHKpETHOro razy K,
M — TaOnu4Hi 1aHi A Pi3HUX Ta3iB.

Ha ocHOBi aHamizy JniTepaTypHUX JpKEpena 1 MaTeMaTHYHOI MOJIEeNi PO3paxoBaHO JOTUICPIBCHKUN
3CYB ISl TIOBITPS 1 TIAPOTeHY MPH Pi3HUX 3HAYCHHSAX TEMIEPaTypH i MIBHAKOCTI MOTOKY 3 M/c. Takox
PO3paxoBaHO 3MiHY JOIIEPIBCHKOTO 3CYBY IpH 3MiHI Temrepatypu Ha 1 rpamyc. Otpumani rpadiku
3aJIeXHOCTI JOIUIEPiBCHKOr0 3CYBY Bijl TEMIIEpAaTypH HaBEEHO Ha PUCYHKax 3, 4.

Air - black

Frequency difference, Hz

1150 _ _ : R
1100 | ... Sensitivity = 2.327460 Hz .. . ... .. T |
1050 i | I |
0 20 40 60 80 100
Temperature, Celsius
Puc. 3. 3anexHicTh NOMIEPIBCHKOTO 3CYBY Bil TEMIIEPATypH MOBITPS
Hydrogen - blue

340 !
330 '
320
310

Frequency difference, Hz

290} ... Sensitivity = 0.609260 Hz ... . ... ... T
280 i ; I
0 20 40 60 80 100

Temperature, Celsius
Puc. 4. 3anexHICTh JOMIEPIBCLKOr0 3CYBY Bijl TEMIIEPATypPH TiJpOTreHy

OTtxe, 3 puc. 3, 4 MO)KHA 3pOOMTH BHCHOBOK, IO 3MiHAa TEMIEpaTypu CYTTEBO BIUIMBA€E Ha
BEIMYHMHY JIOTUIEPIBCHKOTrO 3CYBY. 3a pe3ylbTaTaMH PO3PaxyHKIB MpH 3MiHI Temmepatypu Ha 1 rpamyc
PI3HULA YaCTOT 3MIHIOEThCS puoOau3HOo Ha 0.2%. SIKmio He BpaxoByBaTH TEMIIEpPATypy ra3y TO MOXHUOKa
npu 3MiHi Horo temnepatypu Ha 10 rpagyciB 30inpmunThCs Ha 1—-2 % B 3aJIeKHOCTI BiJf KOHKPETHOTO
BUIIQIKY.
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BucHoBku Ta NEePCHEeKTHBH MOAAJIbBIIOI0 JOCTiIKeHHS. BBC,Z[CHHSI TEMIICpATypu rasy, sK

JOJJATKOBOTO IMapaMeTpy, B PO3PaXyHKH BHUTPAT YIS JOILIEPIBCHKOT'O YIbTPa3BYKOBOTO BHTpaTOMipa
JIO3BOJIUTH CYTTEBO MiJABUINUTH TOYHICTh BHMIPIOBAHHS MPU MIHIMAIBHUX 3aTpaTax Ha peaii3aiio. A
MONANbBIN JTOCTI/PKEHHS BIUTUBY (hi3UKO—XIMIYHUX TMapaMeTpiB IUIMHHUX CEPEOBUI Ha TOYHICTH
BHMIPIOBAHHS BUTPAT JA03BOJSATH JOCSITTH MIHIMAJIEHOI TOXUOKU.
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9
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YJIK 004.93: 621.313
bontenkoB B.A. k.T.H., Anb-J[>xacpu ["'amans Xanen Moxammen.
Onecckuil HalMOHANBHBIN TOTUTEXHUYECKUH YHUBEPCUTET

UCCJIEJOBAHUE AKYCTUYECKHAX CUCTEM MOHUTOPUHI' A TEYEM
TEINJVIOHOCHUTEJIA

Boarsonkos B.O., Anb-/xkacpi I'amans Xanen Moxammen. /lociigkeHHs aKyCTHYHHMX CHCTeM MOHITOPHHTY
Teuill TemnoHocis. [Toka3aHo mepeBaru akyCTHYHUX CHCTEM MOHITOPHHTY T€di BOASHOTO TEIUIOHOCIS B €HEProyCTaTKyBaHHI.
Jlis cucteM 3acHOBaHA Ha peecTpallii MPOCTOPOBO PO3ZHECEHOIO CHCTEMOIO MiKPO(OHIB IIHPOKOCMYTOBOTO 3BYKOBOT'O CHUTHAITY,
IO TeHEepPYyeThCS IMEePerpiTUM TEIIOHOCiEM, SIKMH BHTIKae depe3 Tedito. OOpoOka BHMipioBaibHOI iH(OpMalii 3acHOBaHa Ha
TDOA Ttexuonorii. JIoCmikKeHO [OBa aITOPUTMH OI[iHIOBAHHS KOOPAHHAT TedYi PO3HECEHOK MIiKpPO(QOHHOI CHCTEMOIO.
[TopiBHSHHS aNTOpPUTMIB 332 KPHUTEPisIMA TOYHOCTI OMIHIOBAHHS KOOPIMHAT 1 IIBHAKOCTI OOYHCIEHb NPOBEICHO NIITXOM
KOMIT'FOTEPHOTO MOJICITIOBAHHSI.

KirouoBi cioBa: MOHITODMHT Tewiil TemuioHocis, akycruudi MikpodonHi cucremu, TDOA  TexHoIOriI,
TICEBAOOOCPHEHHS MAaTPHIIL.

Boarenkos B.A., Anbp-xkacpu I'amans Xanen Moxammen. McciiegoBanne akyCTHYeCKHX CHCTeM MOHHTOPHMHIA Tedeil
TemioHocuTe 5. [loka3zaHBl TpeMMyIIecTBa AaKyCTHUECKMX CHCTEM MOHUTOPHHIA Te4eH BOASHOIO TEIIOHOCHUTENS B
9HeproodopynoBaHun. JleHCTBHE CHCTEM OCHOBAaHO Ha PETHUCTPAlUH IPOCTPAHCTBEHHO PAa3HECEHHOH CHCTEMOH MHKPO(OHOB
IIMPOKOIIOJIOCHOTO 3BYKOBOT'O CHTHAJA, TEHEPHPYEMOro MEeperpeThbiM TEINIOHOCHTENIEM, HCTeKaromuM depe3 Teds. OOpaborka
u3MepuTenbHOi nHpopMaimu ocHoBaHa Ha TDOA TexHomoruu. VMcciaemoBaHbl Ba alrOPUTMa OLICHHBAHUS KOOPIMHAT TEYH
pa3HeceHHOH MUKpo(oHHOH cucreMoi. CpaBHEHHE alITOPHTMOB 10 KPUTEPUSIM TOYHOCTH OIEHWBAHMS KOOPAWHAT M CKOPOCTH
BBIYHCIICHHI IPOBEICHO ITyT€M KOMITBIOTEPHOTO MOACIPOBAHHSI.

KuroueBbie ¢j10Ba: MOHUTOPHHT TEYCH TEIUIOHOCHTENS, aKycTHueckiue MUKpodoHHbIe cuctembl, TDOA TexHomoruy,
TNICEBA000PAIICHNE MATPHIIBL.

Boltenkov V.A., Al-Jasri Gamal Khaled Mohammed. The study of acoustic coolant leak monitoring systems.
The advantages of the acoustic monitoring system leaks water coolant in power equipment has been shown. Their action is based
on registration of broadband audio signal generated by superheated coolant flow with spatially separated system of microphones.
The measuring information processing is based on TDOA technology. We studied Two algorithms for estimating the leak with
microphone system has been studied. Comparison of algorithms for estimating the coordinates by criteria of accuracy and
calculations speed has been performed with computer simulation.

Keywords: coolant leak monitoring, acoustic microphone system, TDOA technology, pseudoinverse matrix.

IMocTanoBKka Hay4YHOIi MpodJeMbl. B ycioBusSX MUPOBOro IeduuuTa YHEProHoCcuTeNe ocoboe
3HaYCHUE NPUOOPETAIOT CpPeACTBa HUX CTporodl skoHomMuHu. OmHuUM U3 3(PPEKTUBHBIX MyTeH TaKOH
S9KOHOMUH SIBIISIETCSI TPUMEHEHHE CHCTEM MOHHTOPHHIa M paHHEro oOHapyKeHHWs Teded BOASHOIO
TEIUIOHOCHUTENST B DHEPreTHYECKMX YCTaHOBKax. PaHHee OOHapyXKeHHe TeUd U e¢ JIOKaau3alus
MO3BOJISIIOT NIPEAOTBPATUTh AAIbHEHIIEE Pa3BUTHE aBAPUMHON CUTYallUH B TEIJIOTEXHUYECKOM
arperare W IMPENOTBPATUTh IMOTEPU TEIUIOHOCUTENSA, KOTOPBIMHU COIIPOBOXKIAECTCA TEYb.
CymiecTByeT psii METOJIOB MOHUTOPUHTA T€UYEH B TEIJIOPHEPreTHUECKUX ycTaHoBKax [1, 2]. Ha
puc. 1 npuBeneHa kinaccuuKamus 3TUX METO/IOB.

MeToabl MOHUTOPUHTa TeYen
TennoHocuTens

KonTponb BnaxHocTn

WK ananason

MaccoBblit KOHTPONb
KoHtponb

OGBLEMHbIA KOHTpONb

[t o]
foormaarren]

KoHTaKTHbIe AaT4nkn

BeCcKOHTaKTHble
AaT4nKy (MUKTOhOHbI)

Puc.1l. Knaccupukanusi MeTo0B MOHUTOPUHTA Tedel TENJTOHOCHTEJIS.

Merozas! KOHTPOJISI BIa)KHOCTH OCHOBAHBI Ha PETMCTPALMK JIOKAIBHOTO BO3PAaCTaHUS BJIA)KHOCTH
BO3IyXa B paiioHe Teun. Takue METOABI TOCTATOYHO YYBCTBHTENBbHBI [3] (MX YyBCTBUTENBHOCTH IIO
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pacxomy TEIUIOHOCUTEIISl cocTaBiisieT 5-15 kr/4ac), HO UX MpUMEHEHHE TPeOyeT pacCTAaHOBKH OOJBIIOTO
YHCNIa JIATYMKOB BIQKHOCTH B KOHTPOJIMPYEMOM IOMEUICHHH TEIUIOIHEPTEeTUYECKOTro MPEANPHUATHS U
OOJBLIOrO YHMCIIa KaHAJOB Iepeiayd HM3MEPUTENbHONW HWH(pOopManuu. MeTonsl BHICOHAOIIONCHUS B
BuauMoM win uHppakpacHom (MK) nmanasone (remoBuueHue) Hambonee 4dyBcTBUTENbHB: B MK
JMana3oHe OHU MOryT 3aUKCHPOBAaTh TE€Yb C PACXOAOM A0 lKr/dac, OIHAKO HMX MPAKTHYECKOE
NPUMEHEHHUE CBSI3aHO C MOCTOSHHBIM BHU3YaJbHBIM KOHTPOJIEM OIlepaTopa MM MPUMEHEHUEM CIIOXKHBIX
NPOrPaMMHBIX CHUCTEM HWHTEIUICKTYAJIbHOIO paclo3HaBaHUsI O0pa3oB B PErUCTPUPYEM BHUACOMOTOKE.
Metombl KOHTpOJISE OanaHca TEeIJIOHOCHUTENST — MacCOBble WJIM O0ObeMHBbIe — ( CpaBHEHHE MacChl WU
o0beMa Ha BXOJE M BBIXOJC arperara) OTHOCHTEIBHO JIETKO PEANM3YIOTCS, HO MX YyBCTBHTEIBHOCTb
kpaitne Hu3zka — 150-200 xr/gac. OT Bcex MEpEUUCIECHHBIX HEAOCTATKOB CBOOOAHBI aKyCTHYECKHE
CHCTEMbI MOHUTOPHHIA Te4el. AKYCTUYECKHE CHCTEMbl OCHOBAHBI HA PErUCTPAIMH IIMPOKOIIOIOCHOTO
aKyCTHYECKOr0 CHTHala, BOSHUKAIOIIETO MPH MCTECYCHHUH IMEPerpeToro TErIOHOCUTENs yepe3 AeheKT B
MeTajule. AKYCTUYECKHE METOJbI MOT'YT OBITh OCHOBAaHBI Ha Pa3MELICHHH Ha JJIEMEHTaX KOHCTPYKIIUH
KOHTAKTHBIX aKYCTHYECKHX IaTYMKOB, KOTOpPBIC PETHCTPUPYIOT aKyCTHUSCKYI0 BOJHY OT TE4H,
pacnpocTpassomytocs B Merawie [4].HemoctaTok TakMx CHCTEM 3aKIIOYAETCs B BBICOKOW CTOMMOCTH
KOHTAKTHBIX aKyCTHYECKHMX JaT4yukoB. HamOornee mpuemieMblM BapUaHTOM CHCTEMbl MOHHMTOPHHTA
Tedyel SIBIISICTCS MPUMEHEHHE OCCKOHTAKTHBIX aKyCTHYECKHX CHCTEM, DJIEMEHTaMH KOTOPBIX SIBIISIFOTCS
NPOCTPAHCTBEHHO —pPa3HECCHHBIC MUKpOQOHBI — aKycTuueckas ceHcopHas cerb (ACC) -
PETUCTPHPYIOIIUE aKyCTHYECKHH CHTHAal OT TEe4YM, PACHPOCTPAHSIOIIMICS B BO3AYLIHOW cpene
nomenieHus. ACC noctatouHo 3 QeKTHBHBI 1Isi OOHAPYKEHHS TeUeH TEIJIOHOCUTENS B 000pYAOBaHUU
ATOMHBIX M TEIJIOBBIX JJIEKTPOCTAHIIHM, OOMIEPHBIX CUCTEMaX M TEXHUYECKOH JTUarHOCTUKH COCTOSHHUS
JPYTUX COCYIOB, padOTAIOMINX O AaBiIeHHEeM. X 4yBCTBUTENBHOCTD 10 pacxoay coctabisier 20-30 kr/
yac. [Ipomecc MOHHMTOpPHMHTA Teueil Jierko aBTOMaTu3upyercs. IIpocTpaHCTBEHHOE pa3HECCHUE
MHUKpPO(GOHOB TO3BOJISIET HE TOJILKO OOHAPYKUTH T€Ub, HO M OLICHUTh MECTOIOJI0KECHHE TOUYKU HCTCUCHUS
TEIUIOHOCUTEIS, T.€. JIOKAIU30BaTh Te4b. OJTHAKO CIOKHOCTH 00pabOTKY M3MEPUTEILHON HHPOpMALINT 1
XapaKTEPUCTUKH TOYHOCTH JIOKAJIM3aLUH TEYH B aKyCTHMYECKUX OCCKOHTAKTHBIX CHCTEMaX H3yYCHBI
HenoctaTouHo. Kpome Toro, BaKHYIO poiib B MPOLIECCE MOHUTOPHHIA TEYEH HMIpaeT OIepaTHBHOCTD
KOHTpOJIS, T.C. BpEMs, 3aTpayMBacMoe Ha OICHKY KOOpPAMHAT TEYH — 4YeM paHbIIe Tedb OyAeT
JIOKaJTM30BaHa, TEM MEHEE TSHKEIBIMU OYIyT ee mOociencTBrs. [103TOMY HeIbI0 HeCaeI0BAHUS SBIISCTCS
CPaBHHTEIBHBI aHAIM3 AJITOPUTMOB JIOKAJTU3ALUH TEYM TEIUIOHOCUTENS C IMOMOIIBI0 aKyCTHUECKOM
MUKpPO(GOHHOH CHUCTEMBI, TO3BOJSIONINX OICHUTh KOOPIMHATHI TEYH C JOCTATOYHOH TOYHOCTBIO H C
MUHHUMAaJIBHBIMH 3aTpaTaMH IPOLIECCOPHOTO BPEMEHHU.

M3no:keHne OCHOBHOTO MaTepHasia M O00OCHOBaHWE TOJYYEHHBIX Pe3yJIbTATOB
ucciaenoBanus. [ oneHKH KoopauHAT Teyw mpeiaraercs npumenuts 1DOA (time difference of
arrival) Texaomorun oOpaOOTKM M3MEPUTEIbHON aKycTHueckoid mHpopmanuu [5]. OHM OCHOBaHBI Ha
OIICHKE Pa3HOCTH BPEMEH INPHXOJa CHTHAJIOB Ha KAXKIYIO mapy MHKpPO(pOHOB. [TycTh MCTOYHHUK 3ByKa

pacronoxen B Touke S . Torma mukpodona 1, pacronoxkennoro ua paccrosauu 0, , chepuueckas Bonna
nocturner uepe3 spems t, =d,/C, roe C- ckopocth pacmpocTpaHeHus 3ByKa (MpU HOPMAIBHBIX
ycnoBusix B Bo3aymHoi cpene C =331 m/c ), mukpodona 2 (d,) uepes Bpems t, =d, /C, mukpodona 3

(d;) uepes Bpems t; =d, /C (puc. 2).
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Puc.2. Ilpuanun peiicteus TDOA cucreMbl.
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HOCKOJ’ILKy BpeMA ITpUXO0Ja HCIIPCPHIBHOI'O CUIrHaJia Ha MI/IKqu)OHI:I B IIACCHBHOM CHUCTEME
HU3MCPUTH HCBO3MOXKHO, nepefmeM K U3MCPCHHUIO paBHOCTCﬁ BpPCMCH ITpUxoaa. HYCTB HUCTOYHUK 3BYKa

pacronoxeH B Touke ¢ koopamHaramu (X, Y, Z,), @ Mukpodons! 1,2,3 — B ToUKax ¢ KOOpIHHATAMH
(X4 Y1:24) s (X5, Y,,2,), (X5, Y3, Z5) coorBercBerHo. Toraa pasHOCTH BpEMEH NPHXO/A BOIHBI OT

HCTOYHUKA Ha MUKPO(OHBI COCTaBST:

Ty = ef (% =X)2 + (Yo = ¥2)? (20 = )2 = (% = %)* + (Yo = ¥2)* + (2o - 2,)* },
Ty =L cf (%o = %)% + (Yo = ¥2)? +(20 = 2,)* —y(%o = %3)? + (Yo = ¥2)? + (2o - )" |,
Tia =1 ef (% = X)2 + (Yo = V1) + (2o = 23)% —y/(X = %5)2 + (Vo — Va)? +(2 —25)° }.

[Tomy4eHsl Tpu ypaBHEHHS, ONKCBHIBAIOLIME JABYIOIOCTHBIE THUIEPOONOMIBI BpamleHUs. OTH
MOBEPXHOCTH SIBIISTIOTCS TTOBEPXHOCTSIMU TTOJIOKEHUS (MCTOYHUK 3BYKa MOXKET HAXOJHUTHCS TOJNBKO Ha
ITUX TOBEPXHOCTAX). VX TOYKa mepecedeHWs JaeT KOOpAMHATHI Teud. [l JBYMEpHOro ciydas
TpeOYIOTCS TPU ypaBHEHHS, IJsl TPEXMEPHOTO - YEeThIpe ypaBHEHHs, T.e. deTbipe MukpodoHa. [lms
MUKpPO(GOHHOH cucTeMbl, cocrosuieil u3 N MHKPOPOHOB MOKHO IOCTPOUTH CHUCTEMY YpaBHEHHH IS
Ka)/I01 YEeTBEPKHU JaTUNKOB!

\/(Xo —X) 2+ (Yo = Vi) + (2, - 2))° _\/(Xo _Xj)z +(Yo _yj')z +(2, _Zj)2 =CTj,
\/(Xo —X) 2+ (Yo = Y1) + (2, - 2))° _\/(Xo _Xj)z +(Yo _yj')z +(2, _Zj)2 =CTj,

\/(Xo —X)?+ (Yo = ¥i)* + (2, - 7)* _\/(Xo _Xj)z +(Yo _yj')z +(2, _Zj)2 =CTj,
i=1..,N,j=1..,N,k=1...,N,i=j=k.
Pelenne 5TON CHCTEMBI JAa€T OLIEHKY KOOPAMHAT MCTOYHMKA 3ByKa (Teuw). B pealbHBIX YCIOBUSAX B

TCXHOJIOTUYCCKUX TOMCHICHUAX NPUCYTCTBYIOT AKYCTHYCCKUC NIYMBI pa60Ta10Luero O60py,[[OBaHI/I$I,
MMO3TOMY B OLCHKH PA3HOCTU BPEMCH IIPUXOJa 6YZ[YT BHCCCHBI CJ'Iy‘lafIHLIe OOrpCeIHOCTH. Pasnoctu

BpPEMCH IIpUxoaa Tij OLCHHUBAIOTCA NTYTEM ONPCACICHHUA MaKCUMyMa BBaI/IMHO-KOppCHHL[I/IOHHOfl

dynxiuu (BK®) curnanos S, (t) u s i (t), 3aperucTpupoBaHHBIX TAPO MUKPO(POHOB ¢ HOMEPAMH |, |

Ha MHTCPBAJIC Ha6J'IIOZ[eHI/I$I T:

0<t<T

)
7, = argmax % [si (s (t+7)dt
0

HJIN B AUCKPCTHOM BUJC IJI CKOJIB3AIICTO OKHA I[HHHOfI L
L-1
7; =argmax Y s;[n]s;[n—Az].

1
0<n<(L-1) np

J7ist monmy4eHusl yCpeAHEHHOH CTaTUCTHYECKOM OLEHKH KOOPAMHAT TeYH HEOOXOAMMO MPOBECTH
NPOCTPAHCTBEHHOE ycpenHeHne mo BceM N MukpopoHam cuctembl. s pemieHus Takod 3amauu
BO3MOXKHBI JIB€ CTpaTeruu. [lepBasi COCTOMT B PEIICHUU CUCTEMBI JUIsl KaXK/I0H YeTBEPKU MUKPO(POHOB, HE
JeXKAIUX B ONHOM IUIOCKOCTH, M TOCIENYIOUIEM YCpPEOHEHHH. PelieHne CHCTEeMBbl THIepOOIHYEcKUX
YpaBHEHUH, KOTOpas SIBISETCS CYIIECTBEHHO HENWHEHHOH, HEO0OXOOMMO TNPUMEHEHHE YHUCICHHBIX
METOOB, Hampumep, Meroga JleBeHOepra-MapkBapara. OTO  OCTaTOYHO  pPeCypcoeMKast

4
BbIYUCIHTENbHAs onepauus. Hampumep, st cuctems! u3 24 MukpodoHoB HeoOxoxumo permuts C,, =
10626 cucrem ypaBHenuid. Takas cTpaTerusi OUEBUAHO HEMpHeMIIeMa H3-3a OOJNBIIOrO BPEMEHH CUeTa.
Bropast cTpaterus COCTOMT B TOM, YTO Pa3sHOCTH BPEMEH NPUXOIA PACCUUTHIBAIOTCS OTHOCHTEIBHO
OIHOrO OMopHOro Mukpodpona , T.e. pemaercs cucrema ux (N —1) Henuuelinsix ypaBHeHuWH. Ty
CTpaTeruro U OyaeM NMPUMEHSTh B JAJIbHEHILICM.
. M
Paccmorpum apyroit TDOA anroputm onenku koopaunat Teu [6]. Iycts  {(X,, Vs Zo ) bmes -

xoopamHatel M MukpodoHOB, a (X, Y, Z) - HEM3BECTHBIE KOOPIMHATHI HCTOYHMKA. OG03HAUMM Yepe3

t,, BpeMs pacrpocTpaHEeH!s CUI'HaJla OT UCTOYHHUKA 10 MUKpO(pOHa M, C - CKOPOCTb PACIPOCTPAHEHUS
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3BYKa, TOIJJa PACCTOSIHHE OT UCTOYHMKA 10 MUKpodoHa M paBHo R, =cCt . Beemem 7, =t —t;-

Pa3HOCTh BpeMeH Ipuxoaa Mexay Mukpobonamu mu 1 (7, =0). Torna
cr,=c(t,-t)=R,—-R,.
Ortcrona
M+2Rl +ct, =0, m=23K ,M.
T
Rf —R;

Jns BTOpOro MuUKpooHa: + 2R, +c7, =0.

Berunras 3T0 ypaBHEHHEM U3 aHAIOTHYHBIX ypaBHeHui s M = 3,4,K ,M noxyunm cucremy

YpaBHEHUH!
2 n2 Y
Rl — Rm _ RZ — Rm

cTh cTh

+ct,—c7,=0, m=34K M. (1)

BO3B€,Z[CHI/IC B KBaJpaT KaxXJ10ro u3 ypaBHeHI/II?'I JacrT .
RZ-R2=x2+y2 +22 —x2 —y2 =22 —2X,X =2,y — 22,7 + 2XX,, + 2y, + 212
B pe3yibrate moacTaHOBKH 3TOro pe3ynbrara B (1) nmeem:

Ci(xl2 F Y22l X2+ Y A+ 2E = 2X X = 2Y, Y — 22,2+ 2X X+ 2y, Y +2Z,Z) —
m

m=34K ,M.

—i(xl2 + Y422 =X+ YS + 25 —2X X = 2Y, Y — 22,2+ 2X,X + 2,y —22,7) + CT,, —CT, =0,

CT,,
m=34K ,M.
HepenmueM MOCJICAHCC YPAaBHCHUC 60)’[66 KpaTKO

A x+B,y+C,z+D, =0,
3]1eCh BBEICHBI CIICAYIONINE 0003HAUCHHUS :
1 1
A, =— (2% +2X,) —— (2%, — 2X,),
CTp CT,
1 1
Bm :_(_zyl +2ym) __(Zyz _zyl),
cT,, cT,
1 1
Con=—"(22,+22,)-— (22, - 22,),
CTpy CT,
1 1
D,=Cry—Cry+— (X + Y2+ 22— X3+ Y2 +22) ——— (X + y2 + 22 — X2
CThy CT,

3anuiieM noayueHHyo cuctemy u3 (M — 2) ypaBHeHHii B MATpHYHON (opme:

_AS BS CS - D3 ]
A4 B4 C4 - D4
X
y =
z
_AM BM C:M i L™ DM i

2 2
5 =Y —13).

19

Jlns M > 5 cuctema MoxkeT GBITH pemena otHocuTenbHo (X, Y, Z) METOIOM TICeBIOMHBEPCHH MATPHIIBI

Mypa-Ilenpoy3a. Takum oOpa3oMm, myTeM BBEACHHs AOMOTHUTEILHOIO OMOPHOIO MHUKPO(QOHA MOKHO
pEeLNTh 3aJady OMNpEeAeNeHUs] KOOpPAWHAT UCTOYHHKA 0€3 TPYyJOEMKOH BBIYHUCIUTENBHOW HpPOLEAYPHI
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pelIeHNs] CUCTEMBI THIIEpOONNYecKUX ypaBHeHHM. LleHol nHeapu3anuy 3aqaun siBisieTcs: 1oOaBlIeHUE
JIMIITHETO MPUEMHUKA B 3JIEMEHTAPHYIO PACUETHYIO STUEHKY.

Jns uccienoBaHusi 00OMX alNrOPUTMOB ITyTEM KOMIIBIOTEPHOTO MOAEIMPOBaHUS pazpaboTaHa
Mozenupyomias nporpamma B cucteme Matlab. OcHoBHBIMU QyHKIMHSAMEU TPOrpaMMBI SIBIISTFOTCS:
— 3aJlaHUe YHcia U KOOpOMHAT MHUKPO(OHOB M CKOPOCTH 3BYyKa, KOTOpas B OOILEM ciydae SIBISIETCS
(dyHKIMEH TeMIepaTypbl BO34yXa,
— 3amaHue (pparMenTa 3amMucy 3BYKOBOI'O CMTHaja, M3Iy4aeMoro HCTOYHHKOM B Buje ¢aiina B hopmare
wav,
— (popmupoBaHuE CHUTHAJIOB, TPHHUMAEMBIX Ka>KIBIM IPUEMHUKOM, U3 COOOpaKEHUH T€OMETPUH 3a1auu
Y 3HAYEHUS CKOPOCTH 3BYKQ,
— HaJO)KEHHE aJJUTHUBHOIO HIMPOKOIIOJIOCHOTO T'aycCOBa IIyMa Ha CHUTHAJ Ha Ka)JOM NPUEMHHKE B
COOTBETCTBHH C 3a/laHHBIM OTHOLICHUEM CHUTHAN/IIYM,

— OLICHKA 33/IEPIKEK T;; IO MAKCUMYMY B3aUMHO-KOPPENISAIMOHHON QyHKimu curnainos S; (t) u s;(t),

3apCruCTpupoOBaHHbIX napoﬁ CCHCOPOB C HOMEpaMu i, J JJIs1 CKOJIB3A1IECIO OKHaA ,E[JlI/IHOﬁ L

L-1
#; =argmax Y s;[nls;[n- Az],
0<n<(L-1) i=g
- (l)OpMI/IpOBaHI/Ie CHUCTCMBbI FI/IHep60J'H/I‘{eCKI/IX ypaHeHPII?'I n €€ pCIICHUC MCTOIOM ﬂeBeH6epra-
Mapxksapnra,
- (l)OpMI/IpOBaHI/Ie MaTpU4IHOIr0 YpaBHCHUA U €ro PCHICHUC MCTOA0OM IICCBJJOUHBCPCUN Mypa—Her0y3a,
— pacyer Cpe[[HeKBaZ[paTI/I‘-IHoﬁ OIINOKH OLICHMBAHUA KOOPAWHAT HCTOYHUKA.
Hﬂﬂ MOACIUPOBAHUSA MIMPOKOIIOJIOCHOIO aKyCTHUYCCKOIO CHUrHajla OT TCYU B 060pyI[OBaHI/II/I

BBICOKOT'O JABJICHUS WCIIOJNB30BAJICS PO30BBIA 1mym [7] , T.e. curHan co crmektpom Buma 1/ f% (f -
gacTora), « ~1 B quanaszone (0-20) k[, @parMeHT cHrHaia u ero CreKTp MmokKa3aHbl Ha puc.3

01

Power Spectral Density Estimate via Welch
65 T T T

0.08
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-0.02 |u

-0.04

-0.06

A ‘ . . ‘ . ‘ ] i i i i
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Frequency (kHz)

a) 0)

Puc.3. Bpemennasi kapTuna (a) u cekTp (0) aKyCTH4eCKOT0 CHTHAJIA.

MogenrpoBaHue TPOBOAMIOCE I MUKPO(GOHHOW CHCTEMBI, KOH(UTYpalysi KOTOPOi MoKa3aHa
Ha puc.d. Oto ACC u3 24-x MUKPOPOHOB, PACIONOKEHHBIX 4-Ms KOJbLAMH MO0 6 MHKPO(OHOB,
OXBaTHIBAIOIASl 30HY PACHOJIOKEHHS YCIOBHOTO TEIUIOTEXHHYECKOr0 arperatra, B KOTOPOM MOXKET
BO3HUKHYTh Teub. VcTOYHMK 3Byka (T€4b) S pacmolioXeH B TEOMETPHYSCKOM LIEHTPE CHCTEMBI
(KOOpJMHATHl UCTOYHUKA W3BECTHBI TOYHO). OILlIGHKa MECTOIOJOKEHHS TEYH PACCUYMTBIBACTCS IBYMSI
QITOPUTMAMU: TYTEM YHCICHHOIO PEIICHHS CHCTEMBI TUINEPOONTUYECKUX YpPaBHEHHUH U IyTeM
NICEBA0OOpALICHHST MATpHIBl C JajJbHEWIINM pacdyeroM cpeaHekBaapaTudeckoil omubku (CKO)
OLIEHMBAaHMA KOOPIUHAT UCTOYHUKA. MUKPO(OHBI BKIIOYAINCh B CUCTEMY YPaBHEHH IOCIEI0BATEIBEHO
c natu (HaumHas ¢ 1m0 1s5) 1 1o 24-x. OuenuBanacek CKO oreHMBaHUS KOOPIMHAT M IMPOLIECCOPHOE
Bpems cuera (mpu momomM omepatopoB tic, toc). MopenupoBaHHe OCYIIECTBISUIOCH Ha Ha
nporpammHo-anmapatHoi wiatgopme: CPU Intel Core i5 2450M 2.5 I'Tu; RAM: 6 I'b DDR3
1300 MI't;; OC: Win7, Matlab 7.1
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Puc.4. Kondurypauusi MUKPO(OHHOIT CHCTEMBI.

MuKpogOHBI BBOAWINCH B CUCTEMY YpaBHEHHUH TOCIeI0BaTeNbHO, HaunHas ¢ msate (1; ... 1s) u manee, 10
24-x. OnenuBanace CKO orneHuBaHuS KOOpPIMHAT M TIPOIECCOpPHOE BpeMms cyera (MpH MTOMOLIM
orepatopos tic, toc). MonenupoBatue oCyIIECTBISIIOCh Ha HA TIPOTpaMMHO-anmapaTHoi miatdopme:
CPU Intel Core i5 2450M 2.5 Tu; RAM: 6 I'b DDR3 1300 MTI't;; OC: Win7, Matlab 7.1

Ha puc.5 mpencraBieHpl TUIMYHBIE Pe3yJbTaThl MOKa3aTeledl KadyecTBa MONyYEeHHBIE NpU
OTHOIIICHUU CHTHAI/IIyM, paBHOM 5 nb (mHuMM 1 OTHOCATCS K TPSMOMY PCIICHHIO CHCTEMBI
TUIEpOOINYECKUX YPAaBHEHUH, TMHAN 2 — K PELICHUIO ITyTeM NCeBI000PAIICHUS MATPHIIBL.

1] 600 ——r T T

08} g u':.
07t
06} 1
05t ]

oaf
1

03f g 200 y- .21
A / ' = /
By _ = 100} o i
ikl 5 iy’ g o B-B-Ean - M‘E—E’E
E\E_E’d \‘ A B_H/B—ﬁ_.
ol el W S 04-_&12:&—?—6_10 s
16

4 B 8 10 12 14

TMponsccopuos Bpant, Me

Cumtfika oLEHIEANITA KOOPITNAT, &
[
T

ig 20 2 24 14 16 18 a x 24

Yircno garomos -
Uiecno Damanmos »

a) 6)
Puc.5. lokazaresm kadecrBa cuctembl: a) CKO oneHuBaHHsI KOOPAMHAT Te4H,
0) mpoieccopHoe BpeMsl cueTa.

AHanu3 NpUBEACHHBIX PE3YIbTaTOB MOAETUPOBAHUS MO3BOJIAET YCTAHOBUTD CIEAYIOLIEE!
1. TouHOCTH OlLIEHMBAaHMUS KOOPJMHAT TEYH MPH 00OMX METOAAX pacdeTa MPakTHUECKU OIMHAKOBA U MPH
OTHOWIEHWW curHaw/myM S5 nb cocraBiser ~ 10 cM, YTO BHOMHE AOCTATOYHO AJISI MPAKTUUECKUX
MIPUMEHEHUM.
2. C poctoM 4mciaa MUKPO(OHOB B CHCTEME OIIMOKA OLEHUBAHUS KOOPAMHAT PE3KO YMEHBIIAETCS MPH
YBENTMYEHUH dYrcia MUKpo(oHOB mpumepHo a0 10, nmanpHeiiniee yBenTW4eHHE 4YHCIa MHUKPO()OHOB B
CHCTEME HECYIIECTBEHHO BJIMSIET Ha YMEHBIICHUE OIIHOKH.
3. MeTon NCEBIOMHBEPCHUHM MATPHIBI IMO3BONSET MONYYUTh CYIICCTBEHHBIH BBIMTPHIN (MIOYTH Ha
MOPSZOK) MO BPEMEHU CyeTa 10 CPaBHEHHIO C PEIICHHEM CHCTEMbI THIICPOOIMYSCKUX YpaBHECHHH,
MpUYeM YKOHOMHS BpEMEHH pacuera pacTeT ¢ YBETUUYCHUEM YHCIa MUKPO(OHOB B cUCTEME.
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BriBoAbI W mepcHeKTUBBI JAdbHEHINMX HccJaeq0oBaHuil. VI310XKeHHBIE pPe3ylbTaThl
WCCIICZIOBAHUN TIO3BOJIAIOT CJIENaTh CJACAYIOIIUE BBIBOABI. AKYCTHUECKHE MHKPO(POHHBIC CHUCTEMBI
SIBJISIIOTCSL BECbMa TCPCIEKTUBHBIMHU JJI1 PEIICHUS AaKTyaJbHOM HAy4YHOM M MpPaKTUYECKOU 3a7auu
MOHHUTOpPUHITA Teuel TemnoHocutenss. McciaegoBanbl J1Ba airoputMa OLEHUBAaHMUS KOOPAMHAT TEUU
CHCTEMOM pa3HEeCEHHBIX MUKPO(OHOB ¢ ucnonb3oBanue T DOA-TEeXHOIOTHI: alTroOpuT™M, OCHOBaHHBIN Ha
pEIICHUU CHUCTEMBI THUIEPOOIMYECKUX YPaBHEHHH, W aITOPUTM C IICEBIO0OpAICHUEM MaTpPHIIbL
ANTOpUTMBI KCCIENOBAHBI C TOYKM 3pPEHUS TOYHOCTH W ONEPATUBHOCTH, OINpPEACTseMON BpeMEHEM
pacyera KoopauHatT Teud. Ha oCHOBEe KOMIBIOTEPHOTO MOACIUPOBAHUS YCTAHOBICHO, YTO AJISI CUCTEMBI
n3 24 mukpodonoB CKO oneHnBaHMs KOOPAWHAT TEYU NPH OTHOMICHUHM CUTHAN/IIyM 5 nb cocrasiser
npumepHo 10 cm. Ilpu 3TOM anropuT™M IICEBJOMHBEPCHM MATPHIIBI SBIISICTCS CYIIECTBEHHO Oolee
OBICTPOJICHCTBYIONINM, YEM METOJI, OCHOBAHHBIN HA PEIICHUY CHCTEMBI THIIEPOOTUISCKUX YPaBHCHUN.

B kaudecTBe HampaBieHMs NaTbHEUIINMX MPAKTUUYECKUX HMCCIEHOBAHUI CIENyeT yKa3aTh IOHUCK
ONTUMATbHOW KOH(MUTYpalMd MHUKPO(POHHOW CHCTEMbl W 4YHCIA €€ JJIEMEHTOB, OOCSCIICUMBAIOIINX
TpeOyeMble XapaKTePUCTUKH KaueCTBa MOHUTOPUHTA.
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YK 539.3
Boprauk K.4., Yyxpiit C.C
Jlyupkuii HalioHaIBHUKA TEXHIYHUHA YHIBEPCUTET

AJTOPUTM ABTOMATHU30BAHOI'O IPOI3/1Y B TPOMAJICBKOMY TPAHCHOPTI

Boprauk K.5., Yyxpiii C.C. AnroputM aBTOMaTH30BaHOI0 NMPOi3Ay B IPOMajJcbKoMy TpaHcHopTi. Po3pobieno
ANTOPUTM PO3PaXyHKY MACaXHUPIiB B TPOMAICEKOMY TPAHCIIOPTI.

KirouoBi ciioBa: AnropuTM, caMo00CTyroBYBaHHS, €JIEKTPOHHA OIIaTa KBHUTKA, CMapT-KapTka, OOpTOBHIA
aBTOKOMIT FOTEP.

Boprauk K.f., Yyxpuii C.C. Aaroput™M aBTOMATH30POBAHHOr0 Npoe3a B O00IIECTBEHHOM TPAaHCIOPTe.
PazpaboTaHHbIil aITOPUTM pacdeTa MaccakupoB B OOIECTBEHHOM TPAHCIIOPTE.

KnioueBble ciaoBa: AnropuTM, camMoOOCTyXMBaHME, JJIEKTpOHHas OIulaTa Omilera, cMapT-Kapra, OOpPTOBOH
ABTOKOMITBIOTED.

Bortnyk K., Chuhriy S. Algorithm for automated public transport. The algorithm of calculating passenger in
public transport..
Keywords: Algorithm, self-service, electronic payment card, smart card, board avtokomp'yuter

J7st po3po0KH anropuTMy IependadaeMo, mo s KoM(QOPTHOTO cepBicy Mmacaxkupa B
IpOMaICKOMY TPaHCIIOPTi HOro HEOOXiJHO 3a0€3MEeUNTH CYyYaCHUMH E€IEKTPOHHUMH CIIOCO0OaMH OIIaTH
npoizay B rpomajacbkomy tpancnopti (I'T). [ToTpiOHO 3ayBakuTH, 10 B JaHii CTATTI MH HE TOPKAEMOCS
TaKUX MOHATH MACAKUPA, K 3PyUHICTh CUIIHb, TEMIIEPATYpHU CaJIOHY 1 T. ..

[Maca>kup MOBMHEH MaTH MOXJIMBICTH OTpUMaTH 110 Tpoizaku B I'T indopmariro npo :

Ccrocié mpoi3ay Bi MyHKTY «A» 10 MyHKTY «B»;
rpadik pyxy I'T;
MOXJIMBOCTI BUKOPHCTaHHSI PI3HUX BUIIB TPAHCIIOPTY IS,
MOI3JIKH,
IUTSAX SIKUH MTOTPIOHO 370/1aTH;
iH(OpMAaIio PO MYHKTH MPOI3AY Ta MEPECAAKH ;
3aTpayeHui yac Ha Mpoi3;
iH(OpMaIio PO HAPSIMKH,TOBOPOTH LUIAXY, BIIPI3KH LUIAXY;
CIIOCOOU OILIATH,
IIHY MPOI3Y;
KOM(OpTHICTE cepBicy;
.

e e & s

—_-
=

[MinmpuemctBo «Bizop-21» Bxke cTBopmiio cepric «Ilomyk mapupyTy» B kommiekci MAK, o
JoIoMarae nacaKupy oTpuMaTH HeoOxinHy iHpopmanito. Po3pobieni BaBiraropu BKC-03 ta BKC-04 3
BUKOPHCTaHHSIM aBTOKOMIT toTepa (AK) maroTh 3Mory 3a0e3mnedyBaTi HaCTYyITHI cepBicu
«ABTOMATH30BaHOTO MPOI3AY» :
¢ pasoBa oruiaTa mpoi3ay — eJIeKTPOHHE KOMIIOCTYBaHHS PAa30BOT0 KBUTKA 3 aBTOMATUYHUM

BHU3HAYEHHIM THITY KBUTKA,
¢ oIUIaTa mpoi3ay 3a AOMOMOrO0 Pi3HOBUAY cMapT - kapTok MIFARE;
* oIJIaTa mpoi3y 3a JOTMOMOrol MOOLTBHOTO TenedoHa, cMapT(hoHa, IIaHIIeTa Ta IHIIMX

*,

MOOUTBHUX MPUCTPOIB.

Kommnekec MAK sBiisie co0010 LNKOM YKpaiHCBKHH BHPIO 1 BCi IUKIIA PO3POOKH Bix
KOHCTPYIOBaHHsI, CTBOPEHHS 3pa3kiB Ha 3/ mpuHTepi, TUTTA HopM, po3poOKa Ta BUTOTOBIICHHS
SNICKTPOHHUX TUIAT, HAIIMCAHHSI IPOTrPaM € YHIKATbHUMH.

B naHiii craTTi 3ynMHUMOCS HAa HAMH PO3POOIEHOMY Cy4YaCHOMY ajJTOpUTMi OIUIATH MPOi3AY
«MobinsHa Omnarta [poizny» abo «MOII».
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Le#t anroput™ BKItOYAE:
% CTBOPEHHSI CHCTEMH CaMOOOCITyTOBYBaHHS MACAKUPA,

R/

¢ 3IifiCHEeHHS eIEKTPOHHOI OIJIaTH NPOi3Ly 3a JOMOMOI0I0 MOOUTBHUX MPUCTPOIB.

MOII moxe mparroBaTH Juiie npu oonaauanHi ['T :

R/
0’0

00opTOBUM aBTOKOMII 10TepoM cuctemun MAK;

X3

S

[TynmsTOoM Bomis;

X3

S

KIIIEHT-CEPBEPHUM IPOTPaMHUM 3a0€31eUECHHSIM;

X3

S

MOOLTPHUMHY KaHAJIAMHU 3B’ SI3KY;

R/
0’0

IUTATDKHUMU CEpBiCaMy MOOUTFHHUX OIEepaTopiB a00 MPOrpaMHUMH JOAATKAMHU
cucremu MAK.
3okpema, [lyabT Bozis Mae Burnsia (puc. 1.)

Cnioci6 onnatu:

YepeoHui — AK , FoToBUI” 3enennn — BKC ,MoToBUI” M - MOGinbHUN
Yophun — AK , He rotoBuin” YopHuit — BKC , He rotoBuit” npucTpin;
C — cmapT kapTka;
\ \ K — KBUTOK.

MAK | GPS DATASIM[M: 1| I 5 | foa—Bl B2
9:01:15( ¢

ABsTtosaBog ( go LlYMa ) [oouic K
9:02:30 | 0709 | M
9:04:25 | C
3 XB 9:05:03 c

9:06:35| M | 0710

0709

9:15:00 9:07:57

e s

fonosHa Tyunicrs 38'A30K CraH

Puc. 1.-- 300pakenns expany Ha [1ynbTi Bogis.

MOII Bkaw4ae B cefe pi3Hi MOOLIBHI cmoco0m omuiaTv, siKi BHOMpPAa€E macaxup, NpH

JAOIIOMO3I:

1. IMnarixanx cucTeM MOOUTFHHUX ONEPATOPIB,

2. SMS-on1aT MOOITBHUX OIEPATOPIB;

3. Caiity s MoOLTBHOT ortaty npoizmy: mobile-mak.lutsk.ua;

4. CTBOpeHOro 10AaTOKY (MporpaMm) Jjisi onepauiiiHuX cucTeM MOOUTPHHX Tered OHiB!

Android, Windows Phone, iOS.
KopoTko onuimemMo koxkeH i3 cnoco0iB MOOLTHHOI OITIaTH:

© Boptauk K. 4., Uyxpiit C.C
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1. IlnarikHi cucTeMaMn MOOIIBHUX ONepaTopiB:
1.1 MTC — nocnyra «MoOinbHI mIaTexi».

http://www.mts.ua/ru/services/upravlenie-schetom/mobilnye-platezhi/mobilnye-platezhi-
sovmestno-s-portmone-mobile

Jis i€l mociyry migxoauTh OyIb-IKui MOOLTEHUHN TeneoH, cMapT(OH, TUTAHIIET Ta
iHII1 MOOLUIBHI IPUCTPOI.

Jnst 3BU9aiiHOr0 MoOiIbHOTrO Tene(oHy 3A1CHEHHS OIIaTH MPOXOAUTH MPOCTHM
Habopom Homepa *135#, nabopom GopToBoro Homepa I'T, cymu onnatu ta
MiATBEPIKYIOUOr0 KOy OIepaTopa.

Amnainoriuno «MoOinbHI TaTexi» OyIyTh MpaoBaTy 1 JUIs 1HIIUX MOOLIBHUX
HIPUCTPOIB.

[Mocnyra Ge3komTOBHA.

1.2. Kuiscrap — nocimyra «MoOinbHI TporIi».

https://money.Kyivstar.ua/
IMocnyra npatoe ananoriuno MTC.
1.3.  Jlaiip — nocmyra «MoOiIbHI TIATEXi».

https://mpay.life.ua/
[Mocnmyra npairoe ananoriuno. MTC

2. SMS onsiaTta MOGIILHUX ONIEPATOPIB.

Criyx0a KOpOTKHX MOBIIOMJICHh - 3a JOMOMOTOor SMS -mochiaHp € MOXIIUBICTD 3/1HCHIOBATH
oraTy npoizay. CXoxe Mpalroe y OCHOBHUX OMEepPaToOpiB MOOUTEHOTO PUHKY.

3. CaiiT 119 MoGiLTBHOT onu1aTi mpoi3ay: mobile-mak.lutsk.ua;

CaiiT CTBOPIOETBCS 3 MPOCTHM iHTep(delicoM KoprucTyBada. B momist BBOIYy BHOCHTBCS :
- HOMep TenedoHy 3 SIKOr0 He0OXiTHO 3HSTH KOIITH 32 OIUIATY,
- HOMep OOopTYy;
- tun T3 — BUOip 3 BUMIAAAFOUOTO CITUCKY;;
- Tun Oinery — BUOIp 3 BUMAAal04Y0ro CIHCKY.
[Ticnst BBOY BKa3aHUX JaHUX MPUXOMUTH SMS -TIOBiTOMIICHHS 3 KOJIOM IMiATBEPIKECHHS,
SIKM# HeOOX1/THO BHECTH y BiIIIOBiTHE TIOJIE.
V Bianoigs npuxoauts CMC 3 kogoM, HoMepoM OOpTy, TUTIOM OineTy, IKUH 1 CBiTUUTh
PO oIIaTy.
Jlns wiei mocmyru HeoOxifHe migknroueHs a0 [atepuery (gprs,wi-fi), cmaprdon ado
TUJTAHIIET.

4. Jonarok (mporpama) miast OnepamniitHux Cucrem (OC) Mo6LIbHUX TestedoHIB :
Android, Windows Phone, iOS. pass Android, Windows Phone, iOS.
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[Ipamtoe muie Ha cMapTdoHax 3 BuieBkazanumu OC. lonaTok Oyae MiCTUTH aHANOTI4HI MO 1
JIOTIKY 3TiITHO MyHKTY 3, ane opopMIiIeHi y BUTIIAL okpeMoi mporpamu. KpiM Toro nani mporpamu Maro
OyTH 3aBaHTaXEHI B Mara3uHu JOMATKIB it KoxkHOT OC BiIOBiIHO.

Jlost i€l mocayru HeoOXinHe mifenHanHs 1o [nTepuer (gprs,wi-fi) ta BigmoBiqHuil MOOUTEHHI
MPHUCTPIH.
KonTpons Ha mapuipyti. [Ipy nmpoBeeHHI KOHTPOJIIO HAa MapUIPYTi KOHTPOJIEPOM TEXHOJIOTTYHOIO
KapTKOI0 KOHTpoJiepa OJIOKYeTbcs poOOTa BCIX BaJiaTOpPIB Ta AaBTOKOMITIOTEPA, IMACAXKUP
Npea'sBiisie TMPOKOMIIOCTOBAaHWM B BaliAaTopi  KBUTOK ab0 aKTUBOBaHY CMapT - KapTKy.
KonTtponep Bi3yanbHO ONpUALISE CIPaBKHICTE KBUTKA Ta MEpeEBIpsie IpyKOBaHy iH(opmarliio,
abo Ha enekrpoHHoMmy mpuctpoii koHTposiepa (EIIK) mepesipsie HasBHicTh aktuBaiii B T3
npen’sBIeHoi cMapt — kaptu. s mepeBipku omnatu 3a jnornomororo MOII macaxup mae
npea'sBiIsITH SMS- noBiTOMIICHHS 3 KOZIOM MiATBEPPKEHHsI OIIATH MIPOI3LY.

3anpornoHoBaHa MOOUIbHA CHUCTEMa OIUIATH IPOI3Ay BiMNOBiZAa€e CydacHOMY pO3BHTKY IT-
TEXHOJIOriH, 3a0e3nedye MaKCHMalbHY 3pY4YHICTh IIacakupaM Ta € HOBITHBOIO, fKa IIe He
3actocoByBanacs B I'T Ykpainu.

1. http://www.mts.ua/ru/services/upravlenie-schetom/mobilnye-platezhi/mobilnye-platezhi-sovmestno-s-portmone-mobile
2. https://money.kyivstar.ua/

3. https://mpay.life.ua/

4. mobile-mak.lutsk.ua;

© Boptauk K. 4., Uyxpiit C.C
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YK 514.18
Eropuenkos B.A.
HanmonaneHbli aBHanioHHbI yHUBepcuTer, MHCTUTYT asponiopToB, Kues

HNPUHIAILI IOCTPOEHUA MOJIEJW CBETOBOM CPEIbI IOMEIIEHUM C
KPUBOJIMHENHBIMHA ITIOBEPXHOCTSIMH

€ropuenkos B.O. Ilpunnunu no0yxoBH Mojesdi CBIiTJIOBOro cepeJoBHINA NpHMilleHb 3 KPHBOJiHIiHUMHU
noBepxHAMHU. B po6oTi oTpuMaHO pIBHSHHS, 3a JOIOMOIOI0 SIKOTO ()OPMYETHCS TOYKOBA MHOXKMHA ISl TinepOOIivHOIL,
THAPHYHOI Ta O04apHOi MOBEpXOoHb. lle SABISETBCS OCHOBOIO UIS BH3HAYEHHS NPHHIOUITIB MOJCIIOBAHHS CBITJIIOBOIO
CepeIOBHIIIA IPHMIIIEHb 3 TAKUMH HOKPUTTSIMU

KiiouoBi ci0Ba: cyqacHa apXiTeKTypa, TOUYKOBE UHCICHHS, CBITJIIOBE CEPEIOBHINE, TOYKOBE PIBHSIHHS, KPUBOJIIHINHI
MMOBEPXHi, OCBITIICHICTb.

Eropuyenkos B.A. I[IpyHIHNBI NOCTPOCHHUS MO/IEJIM CBETOBOI cpe/ibl IOMEIIEHUIT ¢ KPUBOJIHMHEHHBIMHI 0BEPXHO-
cramMu. B pabore nmomydeHo ypaBHeHHE (H)OPMUPOBAHUS TOUEIHOTO MHOXKECTBA JUISl THIICPOOIMIESCKOH, IMIMHAPUIECKOH U 60-
JapHOU MOBEPXHOCTEH. DTO ABIAETCS OCHOBOH ISl ONPEEIEHHS IIPUHINIIOB MOAEIUPOBAHMS CBETOBOH Cpebl IIOMEINCHUH C
TaKUMH OKPBITHSIMA

KiioueBble cji0Ba: cOBpeMEHHas apXUTEKTypa, TOUCUYHOE HCUHCICHNE, CBETOBAs Cpesia, TOUCUHOE ypaBHEHHUE, KPHUBO-
JIMHEHHBIC IOBEPXHOCTU, OCBELICHHOCTD.

IocranoBka npodiaemsl. Hayano XXI| Beka xapakrepuzyercst 00raTcTBOM U pa3HOOOpa3ueM CTHu-
Jedl B TOPOICKOM apXHMTEKType: OT Kiaccuiu3ma 10 aBaHrapiaa. CeroiHsi BCTPEYAIOTCS 3MaHHS CaMbIX
pas3HbIX (OpM: IHUIMHAPUIECKHX, CHEPUIECKUX, MHOTOTPAHHBIX U Pa3IMYHBIX HECTaHIAPTHBIX 00HEMOB.

HeoObryHas1, mpuuyainBasl apxXuTeKTypa 3aHni, TpeOyeT HeCTaHAapTHBIX MOAX0I0B B KOHCTPYK-
TOPCKUX pelreHuid. B HUX cBocoOpa3HBIME SBISIFOTCS KaK CBETOBas Cpefia, Tak U (GOpMUPYIOLINE €€ CHC-
TEMBI €CTECTBEHHOI'O OCBEILICHHS.

OpnHa M3 OCHOBHBIX 3a]a4 CIEIHAIMCTOB HAWTH TaKWe MPUHIUITEI MOJICTUPOBAHHS CBETOBOH Cpe-
Ibl B TAKUX 3JaHUSAX, KOTOPBIC MO3BOIMIN Obl MaKCHMAIIbHO MPUOIHU3UTH MapaMeTphbl CPEeIbl K OINTH-
MaJbHBIM 3Ha4eHUsM. T.e. apXHTEKTOpaM HEOOXOAMMO HE TOJBKO CO3JaBaTh OOBEKTHI, TAPMOHHYHO
BITMCBHIBAIOIINECS B OKPYKAIOIIYIO CPEy, HO M 3HATh, KAKHE MapaMeTpbl PH 3TOM MOIYYaroTCs B TIOMe-
IICHHUSX U HACKOJILKO OHH OTJIMYAIOTCS OT MPHPOTHBIX.

AHaJIM3 MOCTeIHUX HccaeqoBanui u myOaukanmii. Kinaccndyeckrne MeTopl pacuera napamMmeTpoB
CBETOBOI'O ITOJISl OT KaKOro-T100 MCTOYHMKA [1] OCHOBaHBI Ha MOJCYETE BEIUYMHBI TEIIECHOTO YIila U3Iy-
YaeMOro 3JIEMEHTa METOJIOM MHTETPUPOBAHUS. DTOT METOJ SBJISCTCS TOYHBIM JUIS CBETOINPOEMOB YacT-
HOT'O MOJIOKEHHS ¥ MPocThiX hopm. Ho Ui 31aHuMit 1 MPOEeMOB He CTaHIAPTHON ()OPMBI BO3HUKAIOT IPO-
OJIeMBI C OIPEICIICHHEM T'PAaHHI] HHTETPHUPOBAHUS. JTO OOCTOSATENBCTBO CHIKACT TOYHOCTh PAcYETOB M
YBEIMYHMBACT KOMIBIOTEPHOE BpeMsi pabOThI.

B Hacrosimee Bpems CO3JaHO Psii MOILIHBIX MPOIPAMMHBIX NPOIYKTOB JJISI CBETOTEXHHYECKOTO
npoektupoBanus (Lightscape, 3D Studio Viz, Radiance [2] u ap.). OnmHako B pacyeTHBIX aJropHTMax
ATUX MPOrPaMM 3aJI0KEH METOJ KOHEYHBIX AJIEMEHTOB, PELICHHE KOTOPOr'0 OCYIIECTBIISCTCS YHCICHHO.
Ecnu cBeTOBOM 3JI€MEHT HaXOMUTCS B IUIOCKOCTH OOLIErO MOJOKEHHS, TO Ul y4€Ta ero MOJI0KEHHs B
MPOCTPAHCTBE BO BpPeMs pacyéroB HEOOXOAMMO HCIIOJIBb30BAHUE, TaK HA3bIBAGMBIX, MAaTPHIl MpeoOpa3o-
BaHMI (MaTpHIa MOBOPOTA, MAaTpHIla EPEX0/ia U T.J.), YTO MPUBOJIMUT K HETOYHOCTSIM B pacuerax, 3HayH-
TEIBHO YBEITHMYMBACT BPEMS BHIYMCIUTEIBHBIX ONEPALUil U HArPY3Ky Ha IIEHTPAJIbHBINA MPOLIECCOp U OIle-
PaTUBHYIO AMSTh.

®dopmyHpoBaHue HeJH cTaThU. Llenbio qaHHON paloTHI sIBIIsieTCs pa3padoTKa MPHHIMIIOB T0-
CTPOCHUSI MOJICIT CBETOBOI'O MOJISI TOMEIICHUS C KPUBOJIWHEHHBIMH TTOBEPXHOCTSIMU Ha OCHOBE HCIIONb-
3oBanus BH-ucuncnenus (toueqnoe ucumcienue bamoowi-Haiiapima) [3].

B ornmume oT Opyrux MaTeMaTHYECKHX allapaToB TOYEYHOE MCYUCICHUE MO3BOJSET padoTaTh
HETIOCPEICTBEHHO C 00BEKTOM, B KAKOM OBbI POCTPAHCTBE OH HE HAXOIHJICS, @ HE C €ro MPOCSKIUAMHU. DTa
ero 0COOCHHOCTh BO3MOXKHA OJ1aroyiapsi MCIOIb30BAaHUIO OCOOBIX ITAPaMETPOB, KOTOPbIC SBISIFOTCS HHBA-
pHaHTaMH MapajuIeIbHOTO MPOeHUpoBaHus. Takoi MOAXOM MO3BOJISIET PEIIMTh TpeOyeMmylo 3axady Oe3
UCIIOJIb30BaHUsI MaTPHII IIPEOOPa30BAHUIA.

OcHoBHas 4acTb. [IpencraBuM cede moMenieHHe, UMEIOIIee MOKPhITHE B BHJE, HAaNpuMep, 00-
yapHoro cBoa (puc.1).

© Eropuenkos B.A.
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OmpenenuM ypaBHEHHE TayCCOBOW MOBEPXHOCTH Yepe3 3aJaHHbIE KOOPIUHATHI BEPIINH CHMILICK-
ca ACBBy (myHkTHpHBIC THHUM). 3a1aUM OMOpPHBIC KOHTYPBI MMOBEPXHOCTH TPEeMs JIyraMu mapadoi ¢
TIOMOIIIBIO M3BECTHBIX (B ypaBHeHHs (3)) ToUeUHBIX ypaBHeHHH [3]:

Puc. 1. Pacuernas cxema IIOMCIICHHUA C 60‘{apHBIM CBOIOM.

HewussectHbie KOOPpAWHATHI OIPCACIAOTCA C UCITIOJIB30BAHHUEM CICAYIOIIUX COOTHO].HCHI/Iﬁ, Xapak-
TCPU3YIOIIUX MOKA3ATECIIb KPUBU3HBI IIOBEPXHOCTHU W

Cl_Blzcs_Blzcs_Alzw_ 1)
C-B C,-B, C,—4,

Bripa3uB mapaMerpsl, BXOIAIIME B 3TO BBIPAXKEHHE, Yepe3 KOOPAMHATBHI CUMIUIEKCA, MOIydaeM
CIeqyIoIMe ypaBHEHMS !

A= A(1L—-2u)® +2u(@L+w)(L—u)) + B, (1—u) - B(L—u)(2uw-+1-2u);
B; =2Au(l-u)(1-w)+ B (1-u)+ Bu[2w(l-u)+2u -1J; (2)

C; =2Au(l-u)(l-w)-B(l-u)(2uw—2u+1) +B;(1-u) +C[(L - 2u)% + 4uw(l—u)].
3necsk Aj, Cj, Bj - rexymue touxku gyr AjAsA, CoC1C u BoB1B;

0< u <1- mapamerp, OnpeACTSIOMNANA COOTBETCTBYIOIINE AYTH: u=j/n, rme j =0, 1, 2,
3,...n.

IIJ'ISI OIIPEACICHUA TOYCUYHOI'O YpaBHCHHU A IMTOBCPXHOCTHU C napa6on1/1qecx0171 KpHBHSHOﬁ COCTaBJIsIEM
YpaBHCHUC

M; = A (1-v)(1-2v)+4C,v(1-v)+Bv(2v-1). 3)

[Tocne moacTaHoBKH BeIpaxkeHHid (2) B ypaBHeHHE (3) moiydaeM OKOHYATENBHBIH BUJI TOYCYHOTO
YpaBHEHUS UCXONHOW NMOBEpXHOCTH B cumiiekce A CBBy:

M, = A[(1-v)(1-2v)(@+2u@-u)(w-1)) + 2uv(l-u)(1-w)(3—-2v)] +
+B[2u(l-u)(w-1)(2v(2v-1) -1 +v(2v-1)-(1—-u)]+ B,(d—u) + 4)
+4Cv(1-v)[(1—2u)* + 4uw(l—u)]

Peanusanus aToro ypaBHeHus B cpene Maple npencrasiena na puc. 2.

90
o
7iH
50 60}
40 so-]
40

20+
10

‘ \ 0
4 i a0 20
60 5o o 10 50 0 M40 e gy 60

w=0,8 w=1 w=1,2
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Puc. 2. Buszyanuzaius TOY€YHOrO ypaBHEHHSI IOBEPXHOCTEH BTOPOTO MOPSI/IKA
mpu W=0,8 — runap; W=1 — mununp; W=1,2 — Go4apHBIN CBOI.
Ecnu dersipe cocemHre TOUYKM CKaHUPOBAHUS MPUHATH 32 OCHOBAHUE 3JIEMECHTAPHON MUPAMHUJIBI C

M3BECTHOM SIPKOCTBIO, Ly, kolv?, a ee BEpIIMHA HAXOIWUTCS B PACUCTHON TOYKE JAHHOW TIOCKOCTH (pHC.
D

ev !

3), TO OPOCKIHUA BEKTOpA TCJICCHOI'O yIjla Ha HOpMaJlb R k »TOi#l mIockocTH & Cp, OIMPCACIIUTCA IO U3-

BecTHOMH (hopmyne Bunnepa.

(i G+1)
@{+1)

(i+1)j
Bl

i i1
Bio+n ‘ DG

Puc. 3. K OIMMPEACIICHUTIO IPOCKIUU BEKTOPA JICMCHTAPHOI'O TCJICCHOI'O yTIja.

VYTl ojj OnpenensaoTcs TakKe C MCIOIb30BAHUEM TOYEYHOI'O MCYMCICHUS HA OCHOBE METpUYe-
cKHX orepaTopoB [3] cnenyrommm obpa3om (Ui mpuMepa MOKa3aHo OMpeeTICHUE YIIIOBBIX apaMeTpOB
TOJIBKO JUISl OTHOM TPaHM):

™ — arccos (Xij — Xy )(X(i+1)j B XN) + (yij Yy )(y(i+1)j B yN) + (Zij —Z )(Z(i+1)j B ZN) (5)

y 2 2 2 2 2 2
\/l:(xij _XN) +(yij _yN) +(Zij _ZN) ][(X(i+1)j _XN) +(y(i+1)j _yN) +(Z(i+1)j _ZN) ]
Bennunna COSﬂU MCKOY pacquHOf/'I IMJIOCKOCTBIO U I'PAHBIO BﬂeMeHTapHOﬁ mapaMu bl ONIpEACIACT-

Ci KakK Yroj MCKAYy UX HOpMAJISAMU. HOpMaJ'H: K IINTIOCKOCTHU MijM(i+1)jN B IMTOKOOPAWHATHOM aJITOPUTMC
OIPEACIUTCA TaK

(i+1)j _ .
Xi " =Yl — YaniZi TYn| Zi ~ L | T O] Yien; — Y |
(i+1)j _ .
Yij = LiXivnj ~ L%y T IN| Xy~ X(i+1)j + Xy Z(i+1)j —Zj | (6)

(i+1)j _
Zi =X Yiey — Xy Yi T XN Yi T Y | T YN Xasyj — X

B PE3YIbTATC KOCUHYC yTJIa MCKAY INIOCKOCTAMU ONPCACIIUTCA CICAYIOIUM 06p330M

(i+1) j (i+1) j (i+1)
e X Xi O+ YRYi O+ 257
Cosﬁing)j _ R “%j R Jij R =ij

I - . .92 . .92 . -2
(i+1) j (i+1) j (i+1) j
DT+ L T o[

TZIe Xr, YR, Zr — KOOPAMHATHI TOUKH, ONMpenensionel equanyayo HopMaib NR k ocBeraemoit miormake.

()

OHnHu 3a7a10TCs TaK, YTOOBI OTPE30K OBUT MEPIEHANKYIISIPEH K TUIOMAKE, a €T0 MOIYJb ‘ NR‘ =1. [Tono0-

HBIM 00pa30M OIMPEIENSIIOTCS KOCUHYCHI YIIIOB JUIS APYTHX TPaHei S11eMEHTapHOW MUpaMUIbL.
Torga BennM4rHA MPOEKIUN BEKTOpA 3JIEMEHTAPHOTO TEJIECHOIO YIiIa HAaXOAUTCA U3 CIEAYIOIIEro
BBIPAKCHHS

D _ (i+1) j (i+1) j (i+1)(j+1) (i+1)(j+1) i(j+1) i(j+1) ij ij
Op = E(aij COS:Bij F 0y Cosﬁ(iﬂ)j + a(i+1)(j+1)cosﬂ b (e T ai(j+l)cosﬂi(j+l) ) (8)
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D

gv !

OCBeH.[eHHOCTB B paC‘lCTHOfI Touke E JIK, OT Y4aCTKa MOBCPXHOCTU B Ipeaciax BHCMCHTapHOﬁ

‘{eTprexyFOJ'ILHofz'I mUupaMu bl OIIPEACIICTCA 110 (bOpMyJIe .
D_ D _D
Esu - Leuaeu (9)
A 06]]_[351 OCBCIICHHOCTH OT Bcel MMOBCPXHOCTHU B pacquHOf/'I TOYKE N Z[aHHOﬁ IIJIOCKOCTHU 6yL[eT
paBHa:

EL=YL, 00 (10)

e=1v=1
Bennunna MOAYJIA CBCTOBOI'O BCKTOpa B Hpeaciiax 3HeMeHTapHOﬁ LIeTI:»IpCXI"paHHOf/JI nrupaMu bl
ONpeCACIUTCA TAKIKC I10 (bOpMyJ'IC (10) Ero nmaygaio PACIIOIOXKCHO B TOYKE N, a HalTpaBJICHHUEC COBIIAAcCT C
HaIlpaBJICHUEM OT paC‘ICTHOIZ TOYKHU OO IICHTPpAa OCHOBAHUSA 3HeMeHTapHOﬁ mUupaMHuabl, KOTOpLIfI MOXKET
ONpCACIIATHCA KaK CCpCArnHa OI[HOﬁ u3 ,I[Hal"OHaHefI

D D D
Lsussu (XSU — XN )

XEZ - D 2 D 2 D 2’
\/(Xsu _XN) +(y5u _yN) +(Zeu _ZN)
Lo, (Y. = Yy)
yESJ — = Zé,u !.L)D & 2N = - , (11)
\/(Xsu _XN) +(y5u _yN) +(Zeu _ZN)
ZED _ LLDUG?U(ZE) — ZN)

CJOC ) (R -y ) (@2 -2,

A KOOPpAWHATBI CBETOBOI'O BEKTOpA OT BceH MOBCPXHOCTHU B ,Z[aHHOfI pacquHOﬁ TOYKEC OIIPCACIIATCA
KaK CyMMa KOOPAWHAT KOHCUHBIX TOUYCK BCKTOPOB BCCX 3JICMCHTAPHLIX IMUPAMUL. Hmes COCTaBJIAIOIIUEC
CBCTOBOI'0 BCKTOpAa HETPYAHO OMNPCACIUTL BCIUYUHY €0 MOOYJIA. VrioBas BeICOTa CBETOBOI'O BCKTOpa
(OT FOpPI30HTaJ'ILHOﬁ HJ'IOCKOCTI/I) OIpEACIIUTCA

ZEP -z
@Ey = arctg = 2L = (12)
\/(Xgu - XN) + (ysu - yN)
1 a3UMYT CBCTOBOI'O BCKTOpAa OT OCU Y
D XE,EJ — Xy
ﬁ EN = arctg m (13)
1) N

Cpe):[Hsm C(i)CpI/I‘{GCKaH OCBCIHICHHOCTE B ,Z[aHHOﬁ TOUYKC MOMCIHICHUA B MPEALIaxX 3JICMCHTAPHOI'O
TCJICCHOT' O yIJjia OmpeAcACTCA 11O CJ'ICI[YIOH.ICﬁ (bOpMYJ'IC

dr D D
ESD - O’ 25L€ua)sn ' (14)
rjie @ — BETMYMHA YJIEMEHTAPHOrO TeIECHOro yria (puc. 4), cp.

BennunHa TenecHoro yria, 3aKiIlO4YEHHOrO B IIpesaenax
AL rpaHell yka3aHHOW NHpaMHABI, ONpPEAENseTcs MO CIeAyIoLen

= A\ M iy
Do Blen  gopuyne [4]

A p
?ﬁ(m)oﬂ) a)s?f =27 - 2(7[ B Akvk”) (15)
p k=1

rJie P — KOJTMYECTBO IPaHEH dIeMEHTapHON MTHUPAMHU/IH;

Axx+1 — BETIMUHHA BHYTPEHHETO ABYTPAHHOTO Yriia MEXIy
TTOCKOCTSIMHU, MTPOXOSIIUMHI Yepe3 PACUCTHYIO TOUKY U K-Tyio
u k+1-10 rpaHu SlIEMEHTAPHOW MTHPAMUIBI.

Jlns ompeneneHus MOCTACTHEr0 TaKXKe HCIONb3YyeTcs
To4YeuHoe ucuucicnue [3].

VckoMBIii yronm Mex Ty MIOCKOCTSIMH OMPEACIIeTCS KakK
yroil MeXIy WX HopMaiasiMu. HopManu K TUIOCKOCTSIM MPOBO-

¢ Puc. 4. K omnpenenennio siemeH-
TApHOTO TEJECHOTO yria.
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aarcst w3 Toukn N. Koopaunatelr BTopoit Touku HopMmanu K mockocTH  MijNMiy;,
(+D)] [ i+D) ] (i+1)] o(i+1)]
Sij (Xij »Yij Z

1 4 ) , OOPEACTATCA U3 CICAYIOIINX 3aBUCHMOCTEH :

(i+1)j _ .
Xij - yijz(i+1)j - y(i+1)jzij + Yy Zij ~ i i T2y Yin i yij |
(i+1) (i+1)
(i+1)j _ .
Yij = LiXivnj — Zasnyi X T O | X5 T Xiayj | TN vy 4 | (16)
i (i+1) (i+1)
i+1)j _
Zi =X Yy — Xy Yi T XN Yi T Y | T YN Xisy g — X

Koopaunatel Hopmamu ko BTOpoit mI0ckocTH Mis1)iNMira 1)

(i+1)(j+1) _

Xieni = Y i+ ~ Vi (i TIN| Lisyg T LisyGey | T I | Yoy ~ Ve |
(i+1)(j+1) _ _ _ _ .

Yimi = Za X ~ LG Xini T2 X~ Xingen | TXN] Ziagey T Zag | (A7)
(i+1)(j+1) _ _ _ .

Zivni = X i Yo ~ X GenYami T X8| Yo = Yo | T IN] Xiayga ~ X

B pesynbrarte yron mexny miockocTssMA MijNMs)j # M(+1NMir1)j+1) Onpenenures cienyromum
o0pazom:

(I+1)(j+1)  (i+1) j (I+1)(J+1) |, (i+2) (I+1)(j+1) 5 (i+1) j
i X T Ve Yy 0 ‘a4

- 2 - 2 - 2

(I+1)(j+1) , (i+1) j (I+2)(j+2) |, (i+1) ] (I+1)(J+1) 5 (i+1) j
\/|:X(i+1)j Xij 1 Yii VY T Zayj g
Takum 5xe 00pa3oM BBIYUCIIAIOTCS U APYTUE YIIIbl MEXKIy TPAHAMHU.

[MToxcraBuB 3HaYeHHs YriIoB B popmyity (25) moiaydnuM BEIMYMHY TEIECHOTO YIJIa dJIeMEHTapHOM
MUPAMUIBI

A, = arccos (18)

a)gli =A,+A+A L+ A -2 19)

Oo1ee 3HaueHne cpeaHell chepruiecKkoil OCBEIIEHHOCTH MOy4aeM CYMMHPOBAaHHEM OCBEILEHHO-

CTell OT Bcex oupamMuzg
) 25(22@@2 j (20)

e=1lv=1

Takum 00pa3oM, OCHOBHBIC MPUHIMIIEI MOJETHUPOBAHUS CBETOBOW CpeAbl IMOMELICHUS, CIeayIO-
ye:

1. Ompenensiercsi TOUEUHOE ypaBHEHUS BCEX MMOBEPXHOCTEN JaHHOT'O IIOMELICHUSI.

2. ©opmupyeTcst TOYeUHOE MHOXKECTBO Ha 3TUX MOBEPXHOCTAX momeleHus. Onpenensiores diie-
MEHTapHbIE TUPAMHIBL.

3. Jlas Kaxkaoi mupaMubl ONPEAEssIIOTCS YIIIOBBIE MTapaMeTphl U MPOEKIHUS BEKTOpa TEIECHOTO
yria.

4. YKe U3BECTHBIMH METOJAMH BBIUMCISIOTCS OCBEIIEHHOCTU B LIEHTPE Ka)IOW IUIOMIAIKU U €€
SIPKOCTb.

5. B mpezpenax sneMeHTapHOW MUpaMHIBI ONpeEnesieTcs dJeMEeHTapHasi OCBEIIEHHOCTb B pacyer-
HOW TOUYKE, MPOEKIIHN CBETOBOI'O BEKTOPA, ETO MOAYJIb U YIJIOBBIE TApaMETPBI.

6. Ilyrem cymMMupoBaHHs U WTEpalMy ONpenenserca oOmias BeTMYnHa CBETOBOIO BEKTOPA M €T0
YIIJIOBBIE TApaMETPHI.

7. UYepes OByrpaHHbIC YIIIbI MEKAY TPAHAMHU SJIEMEHTAPHBIX MUPaMUJ, BBIYUCISIIOTCS BETHYHHBI
3JIEMEHTAPHBIX TEJECHBIX YTJIOB.

8. Ompenensiercs cpenuss chepryeckas OCBEIIEHHOCTb OT KaXIO0H IJIOMIAIKH .

9. Ilyrem cymMMHpOBaHUS M UTEPALIH ONpeaesieTcs o0Iias BeNuIrHa cpeaHeil cepuyeckoit oc-
BEIIEHHOCTH B KaKJJOM pacYETHON TOUKE.

BeiBoabl. B pesynbrare onpenencHsl MPUHIMIBI TOCTPOSHHUS MOJAEIN CBETOBOTO MOJIS MOMeEIle-
HUH, UMEIOIIUX MOKpBITHE B (hopMe Turepdonnyeckoro napadononaa, QHIUHIPAa U O0YapHOTO CBOJA.
OTH NPUHIMITB MOTYT OBITH MOJOXKEHBl B OCHOBY Pa3pabOTKH MPOrpPaMMHBIX MPOAYKTOB Ul pacyera
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mapaMeTpoB CBETOBOI'O IMOJIA TaKUX HOMC]J.[CHI/Iﬁ. HOZ[O6HI:IC MPUHOHWIIBI MOTYT OBITh KCIIOJIE30BAHbI JJIsL
(bOpMI/IpOBaHI/ISI MOI[GHGI;'I CBCTOBOI'O ITOJIA HOMCIL[GHI/IfI C ApYIruMH MOBCPXHOCTAMMU.
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V]IK 629.113(071):004.01:004.4
Karanrok A.K., I'omomrok H.A.
Jlyupkuii HanioHaBHUK TEXHIYHUHA YHIBEPCUTET

BUMOI'M MO0 BIACTEXXEHHS TPAHCIIOPTHHUX 3ACOBIB 3A TOIIOMOI'O1O
PAJIOHABITAINIMHUX METOJIB.

Karanwk O.K., Tomomroxk H.A. Bumoru miogo BiicTeskeHHI TPaHCHOPTHIX 3aco0iB 32 10MOMOroOI0
pagioHaBiraniiiHux MeToaiB .Y cTaTTi pO3TIILAAETHECS ONKC TA 3aCO0U Paio9acTOTHOI iIeHTH(IKAI] PyXOMOTO TPaHCIIOPTY.
Kuniouosi ciioBa: Panionasirariiai MeToan, MiCIe3HaX0MKEHHS, TPAHCIOPTHI 3aCO0H,paiioyacTOTHA iNeHTH(IKais

Karaniwok A.K., Tonogmwok H.A. TpeOoBanus 1o OOHAPY:KEHHI) TPAHCIOPTHIX CPEICTB ¢ IOMOIIbIO
panioHaBiranMoHHiX MeT0O10B. B crarbe paccMaTpuBaeTCsi ONMMCAaHUE METOJOB PaIHOYacTOTHON MACHTU(PHUKALINK JBIDKYIIETO
TpaHCIopTa.

KaroueBble ciioBa: PamnoHaBHTAIIBIOHHBIE METOJBI, MECTOHAXOXKICHUE, TPAHCIIOPTHBIC CPEACTBA, PAaTHOYACTOTHAS
AACHTU(HUKAIIS

Kaganyuk A.K. Golodyuk.N.A. Requirements on finding outrpancnopruix facilities by means of
panionasirammonnixmethods. Description of methods of radio frequencyauthentication of motive transport is examined in the
article.

Keywords: Radionavigayshin methods, location,transport vehicles, radio frequency authentication

Micre3HaxoHKEHHS TPAHCIOPTHHUX 3ac001B, MIHHUX BaHTaX1B, PyXOMHX 00’€KTiB HaOyBa€ Bce
OuTbIIOi 3HAYEHHA B TMOBCIIEHHOMY JKHTTI 1 €. BKpall aKTyaJdbHi TNpPH CTBOPEHHI Cy4acHOI
iH(PaACTPYKTYpH HA CHOTOICHHS

[Ipobnema mosnsrae B TOMY, 1110 HEOOXiJIHO BH3HAYUTHUCH 3 KIACH(IKAIIED CUCTEM i CIIOCO0IB
MiCIIe3HaXOKEHHSI TPAHCITOPTHUX 3aCO0IB.

[Migxin, skuii OyB pekoMeHaoBaHWM MIiKHApOTHUM KOHCYJIBTATUBHUM KOMITETOM IO pajio
(MKKP) Mixuapoauoro Coro3y Enekrposs'ssky B 3Biti 904-1 XVI Ilnenapuoi acambiei ([yOpoBHUK,
1986 p.), HEOOXIAHO MEPErIAHYTH 1 B3SIBIIN HOTO 32 OCHOBY, CTBOPUTH CyYacHE BU3HAUYCHHS B JTAHOMY
HampsIMKy. 3TiJHO 3 BHU3HAYCHHSM, JaHHUM B I[bOMY JOKYMEHTi, B CHCTEMax aBTOMAaTHYHOIO
(aBTOMAaTH30BaHOT0) BU3HAUCHHS MICI[E3HAXO/PKEHHS TPAHCIIOPTHOrO 3aco0y (Hamami, Ciiayrodu
aHIIIOMOBHI aOpesiatypi, - AVL - Automatic Vehicle Location systems) wicue po3TairyBaHHs
PYXOMOTO TPaHCHOPTHOTO 3aco0y, B Tpyli HOMY MOMIOHWX, BH3HAYAETHCS ABTOMATUYHO IO Mipi
MepeMillleHHs fioro B Mexax pgaHoi reorpadiunoi 3oHum.Cucrema AVL 3BuUYaiiHO cKiagaeTbes 3
MIICHCTEMHU BU3HAYEHHS MICLSI PO3TAIIYBAHHS, MIICUCTEMH TIepeaayl TaHUX 1 MIICUCTEMHU YIIPABIIHHS Ta
00poOku naHux. 3a mpusHaueHHsM AVL cucreMu MoOKHA PO3JUTMTH HA: AUCHETYEPCHKi cucreMu, B
SIKUX 3JIACHIOEThCS IICHTPAJi30BaHUH KOHTPOJIb B TICBHIM 30HI 3a MICIIeM pO3TallyBaHHS Ta
MEPEMIIIICHHSIM PYXOMHUX O0'€KTIB B pealbHOMY MaciuTadl yacy OJHUM a0o JEKiThbKOMa JUCTIeTYepaMu
CHCTEMH, IO 3HAXOASATHCS Ha CTAIliOHAPHHUX OOJaJHAHUX JUCIIETYCPCHKUX IEHTpaX, 16 MOXYTh OyTH
CHCTEMH OIIEPAaTHUBHOIO KOHTPOJIO IMEPEMIIICHHS aTPYIbHIX aBTOMAIIHH, KOHTPOII0 PYXOMHUX 00'€KTIB,
CHCTEMU TIOIIYKY BHKPAJICHUX aBTOMAIIHH; CHCTEMH TUCTAHIIIAHOIO CYyNMPOBOAY, B SIKUX TIPOBOIUTHCS
JUCTAHIIMHUN KOHTPOJb TEPEMIIICHHST PYXOMOTO 00'€KTa 3 JIOMOMOTOH CIIeIiaIbHO 00JaJHaHO1
ABTOMAIIMHKA a00 IHIIOrO TPAHCIOPTHOTO 3aco0y; HaWYacTille Taki CUCTEMU BUKOPHUCTOBYKOTHCS TIPH
CYIIPOBOII IIHHKX BaHTa)KiB a00 KOHTPOJIi ITEPEMIIICHHS TPAHCIIOPTHHUX 3aCO0IB; CHCTEMH BiTHOBJIEHHSI
MAapHIPYTy, BUPIIIaJIbHI 3aBJaHHS BU3HAYCHHS MapuipyTy abo Miclh repeOyBaHHS TPAHCIIOPTHOI'O
3aco0y B peXKUMI IMOCTOOPOOKH Ha OCHOBI OTPHMaHUX THM YH IHIITUM CIIOCOOOM JIaHMX; IMOAIOHI CHCTEMH
3aCTOCOBYIOTHCS TIPH KOHTPOJII MEPEMIIEHHS TPAHCIIOPTHUX 3ac00iB, a TAaKOXK 3 METOK OTPUMAaHHS
CTaTHCTUYHUX JIAHUX TIPO MAPIIPYTUh

Konkperni peamizamii AVL cucTeM 4YacTo BKIIOYAIOTh B CBIM CKJIAJ TEXHIUHI 3aco0H, IO
3a0e3MeuyIoTh KiIbKa CIIOCO0IB BU3HAYEHHS MICIISl PO3TAllyBaHHS. 3aJIeKHO Bia po3Mipy reorpadidHoi
30HH, Ha skid gie AVL cuctema, BoHa MOoXke OYTH: JIOKAJBHOI , sIKi. po3paxoBaHi Ha MaJIMH pajaiyc Iii,
0 XapakTepHO B OCHOBHOMY JUISi CHCTEM JMCTAHIIMHOIO CYIPOBOAY;30HATBHOI, - OOMEKEHOI, SK
MPaBWJIO, MEKaMHU HACEICHOr0 MyHKTY, O0JNACTi, perioHy; riaodajbHOl, - U sIKOi 30HA Jii CKJajae
TEpUTOPIi AEKUTBKOX JepiKaB, MaTEpUK, TEPUTOPIIO BCi€l 3eMHOT Kyli. 3 TOUKH 30py peanizauii QpyHKIii
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MicrieBu3HaueHHs AVL crucremMu xapakTepu3ylHOThCs TaKUMH TEXHIYHHMH TIapaMeTpamMu SK TOYHICTBh
MICIIEBU3HAUYCHHS Ta MMEPIOAMYHICTh YTOUHEHHS AaHuX. OYEeBHUIHO, IO IIi MapaMeTpH 3aJIeKaTh BiJl 30HU
nii AVL cuctemu. UuM MeHIe po3Mip 30HHU fii, TUM BHUIIEC MOBUHHA OYTH TOYHICTH MiCIIeBU3HAYCHHS.
Tak, s 30HAJTBHMX CHUCTEM, IO JIOTh Ha TEPHUTOPil MICTa, BBAXKAETHCS IOCTATHBOI TOYHICTh
MiclieBU3HaueHHsl (3BaHa TaKOX 30HOK HeBHM3HaueHocTi mnonoxkeHHs) Bix 100 mo 200 m. Jesxi
CreliajdbHI CHCTEMH BUMAralOTh TOYHOCTI OJWUHUIIL METPIB, JUIS TJIOOATBHUX CHUCTeM OyBae
JIOCUTH TOYHOCTI OJIMHHIIL KUTOMETPIB.

JlJis 30HAIBHUX JUCIIETYEPCHKUX CHUCTEM 17€abHOI MOXKE BBaXKATHCS OTPUMAHHS JaHUX IIPO
MICI€3HAXO/KEHHS PyXOMOro 00'€KTa JI0 OAHOTO pa3y Ha XBHINMHY. CHUCTEMH JTUCTAHIIIHHOTO CYIPOBOY
BHMAararoTh OUTBIIOT YaCTOTH OHOBJICHHS iH(OpMAITii.

Meroau BU3HAYEHHS MICIIsl pO3TallyBaHHs, BUKopucToByBaHi B AVL cucremax, o kiracudikarii
MKKP moxHa po30UTH Ha TPH OCHOBHI KaTEropii: MeToau HaOIMmKeHHs (SKi y BITYM3HSHIN JIiTepaTypi
TAaKO)K HA3MBAIOTHCS 30HOBUMH METOJAMH), METOJM HABITAIliifHOrO YHCICHHS 1 METOMM BH3HAUYCHHS
MICIISt pO3TalTyBaHHS O PaJlioyacToTi.
Hwxkue po3riasiHyTi 0coONMBOCTI amaparypd 1 CHCTEM MICLHEBHU3HAUCHHS, SIKi PEalTbHO MOXKYTb
BHKOPHCTOBYBATHCS B CYYaCHUX YMOBAX.

AKTyaJbHiCTh HAYKOBOI POOOTH TOJSTA€ B TOMY, IIO 3a OCTaHHI POKH PUHOK YCTaTKyBaHHS
TPaHCHOPTHOI i, B TEPIIy Yepry, aBTOTPAHCIIOPTHOI EICKTPOHIKH IIBHJIKO MPOTPECYE i BIUTHBOM
PO3BUTKY aBTOMOOUIBHOTO PUHKY — OnHi€l 3 0a30BUX ramy3ell €KOHOMIKH B OUIBIIOCTI MPOMHCIOBO
pO3BUHEHHX KpaiHax. Jl0o aBTOMOOUTEHOI ENEKTPOHIKM KpiM TPAAMIIIHHUX TPUCTPOIB, TaKHX, 5K
MPOIECOPH YIPABIIIHHS ABUTYHAMH 1 pSKHUMaMH PYXY ChOT'OJIHI IOIYYAETHCS YCTATKYBaHHS CIICKTPOHHOT
HaBirauii, MOOLTBHOTO Paiio3BsI3Ky Ta IMepeaadi JaHuX. Y BEIHKHX MicTax €Bpomu, Takux, sk [laprk
[1], Bproccens Ta iH. BctaHoBieHi cydacHi ACYT, 1o 3abe3nedye migBUIICHHS OC3MEKH MacaKHPiB 1 Jae
MOXJIMBICTB JTUCIIETYEpAM JOTPUMYBATHCS PO3KIIAJIIB PYXY, CBOEYACHO OTPUMYBATH i PO3IIOBCIOIKYBATH
iHpOpMaLil0 MPO MICLE3HAXOHKEHHS! Ta CTaH TPAaHCIOPTHHX 3ac00iB, a KOpPHCTyBadaM MiCBKOT'O
TPaHCTIIOPTY MATH MiIBUILEHUA KOM(OPT 00CTYrOBYBaHHSI.

Cynyrtaukosa cucrema GPS NAVSTAR Bce Oibllle BAKOPUCTOBYETHCS K T'€OJC3UYHUMH, TaK 1
IHMME CTy’)k0aMu JiIsi pO3B’si3aHHS PI3HOMAHITHUX 3a7ad Teonesii, Hasiramii Ta TpaHcrmopty. s
3a0e3neueHHs MoTpeO CIIOXKMBAYIB y HAIIl Yac y CBITI BUKOPHUCTOBYIOTH HEIIEPEPBHO if0ui pedepeHITHI
(permanent reference GPS stations) abo mepmaHeHTHI cymyTHHKOBI pamioHasiramiiiai craniii (IICPHC).
Po3pobnenHst HaykoBo 0OIpyHTOBaHOI mporpamu 3ryiieHHs icHytouoi mepexi [ICPHC B Ykpaini nacts
MOXKJIHBICTh MaKCHMAJIbHO €(EKTHBHO SIK 3 T'€OJAC3MYHOI Ta HABITALIMHOI, TaK 1 3 €KOHOMIYHOI TOYKHU
30py BCTAHOBJIOBAaTH HOBI cTaHmii. Ilig 4yac BH3HA4YeHHS KOOPAMHAT NyHKTIB BimHOocHO IICPHC
mudepenttiiiaumu GPS -  BUMIpIOBaHHSMHU iCHye mpoOjieMa TMOMEPEAHBOr0 PO3PaXyHKY TOYHOCTI
BH3HAUCHHS KOMIIOHGHT BEKTOpiB. BcTaHOBIEHHS 3B’A3Ky MiX TapaMeTpaMH T'€OMETPHUYHOI
koH(iryparii Cy3ip’s cynmyraukis GDOP (Geometric Delution Of Precision), TpuBasticTio criocTepexeHb,
JIOBXKUHOIO BEKTOPiB Ta TouHICTIO GPS - BUMIproBaHb ajio 6 3MOr'y MPOrHO3YBAaTH TOYHICTH BU3HAYCHHS
BEKTOpIB Ta BUKOPUCTOBYBATH iX s onrtumizanii modymoBu GPS - mepex. Po3pobneHHs HaykoBo —
OOTpYHTOBAaHOi ~ TEXHOJOTii  ONTUMAJIBHOIO  MPOCKTYBAaHHS  IMEPMAHCHTHUX  CYIMYTHHKOBUX
panmionasiraniianx Mepesk (IICPHM) m03BOMHMTH MOCATTH €KOHOMIil BUTpAT HA PO3BUTOK TEOAC3IUUHUX
MEpEeX MPU BUKOPUCTAHHI 1X T€OJIe3NYHIMH Ta IHIIUMH CITyKOaMH.

IIpo6seMor 3 MIIIIOCH, MUTAaHHS BUOOPY ONTHMANBHHX POOOYMX YACTOT I KOHKPETHOIO
CEaHCy paJlio3B’A3Ky, TOMY IO PO3MOBCIO/DKCHHS XBWJIb B JIAHOMY JIiama30Hi 3aJie)KaTh BiJl CTaHy
ioHOc(hepH, IO CYTTEBO BIUIMBAE HA SKICTh 1 HaAIdHICTD pamio3B’s3Ky. B ocTaHHi poku 3 SIBHIIMCEH
MOJIEMHU JIEKaMEeTPOBOTO Aialla3oHy, 110 3JaTHI IepenaBaTd iHGOpPMaLIIo Mo paliokaHaTy 31 MIBUIKICTIO
9,6 k6it/c Ta BigHOCHO HeBenuKko (mo 9 10— ) MOBIPHICTIO MOMUJIKK Ta BIAPOAMIH 3aI[IKABICHICTh 10
KOPOTKOXBHJIBOBOTO pajTio3B’si3ky. Taki cBiroBi migepu sik Harris, Codan, Motorolla ta gesxi BiTuusHsiai
HIiINPUEMCTBA MOYaId BUPOOHHUIITBO PamioCTaHIIiH, mo peani3yoTs anroputmu (ALE — Automatic Link
Establishment), mo 06a3yrorbcst Ha MOBTOpHOMY 3amuTi (DParMeHTIB IMOBIZOMIICHb Ta BHIIPABJICHHI
MMOMHJIOK y MacmTadl pealbHOro Yacy 3 MiHIMaJIbHUM BTPYYaHHSM JIIOJMHU B 1iel npouec. [Ipu nsomy,
npu po3podui HAmIOi CHCTEeMH, BHCYBAa€ThCI BHMOra MaKCHUMAalIbHOI MPOCTOTH 1 HaMIHHOCTI
peaizoBaHUX TEXHIYHUX 3aco0iB. SIBHUM (DakTOpOM, MEpemKomKaAIOUUM TPUBAIOMY BUKOPHUCTAaHHIO
CPHC sBasteTbcst 0OMEXEHICTD 1X (YHKIIOHAIBHIX MOKIHBOCTEH.
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Ha Bupimenns nanoi 3azadvi, Oyiy HampaBlieHHI 3yCHIUIA OUIBILIOrO YMCIAa BYEHUX 1 HAYKOBHX
KOJIEKTUBIB . OCHOBHOIO METOIO0 iXHBOI POOOTH € pO3pOOJICHHSI TEOPETHYHUX OCHOB 1 MPAKTUYHHUX
peKoMeHaliii ontuManbHoro npoekryBanus Mepexi IICPHC na teputopii Ykpainu misa 3abe3nedeHHs
notped reonesii, aepodororeonesii, KagacTpy, TPaHCIIOPTY, MYHIIHMNAJIbHUX Ta PATYBaJbHUX CIYXO, a
TaKOX NMPOrHO3YBaHHS TOYHOCTI Ta €PEKTHBHE 3aCTOCYBaHHS BHMIPIOBaHb y PEKHMi pEaqbHOro 4acy
BigHocHo [ICPHC. [lns nocarHeHHs: MeTH B poOOTi pO3B’sA3yIOThCS TaKi 3a1adi:

1. Po3po0neHHs MpUHIMITB, METOAMKH Ta aITOPUTMY ONTHMANBHOTO mpoekTyBaHHs GPS -
Mmepexi [ICPHC Ykpainw.
2. TeopeTnuHe OOTPYHTYBaHHS Ta PO3POONEHHS METOJMKH BHM3HAYEHHS IHTErPajIbHOrO
KpHTepito KoH]irypauii cy3ip’st cymytaukis|GDOP.
BcranoBnenns  ¢yHkuioHanpHOI  3ajexHocTi  TouHocTi GPS - BuMiproBaHp  Bin
3nayeHb |GDOP, noBxuH BEKTOPIiB Ta TPUBAIOCTI CIIOCTEPEKEHb.
4. HoBenenns exoHomiuHoi epextuBHOCcTi moOynoBu [ICPHM cranmiit B Ykpaini mis ii

OCHOBHHUX CIIO)KMBAaYiB.

o ocnoBrux kpurepiii PHC BizHoCATS :

— 30Hy (oOmacth) um aii poOOYy 30HY CHUCTEMH, 3aJaHy CEKTOpOM orisiay (Mmouryky) mo
BHUMIPIOBaHUX NIapaMeTpax 00'eKTa;

— yac oy (MOLIyKy) 3aJaHOr0 Y CEKTOpa MIBUAKICTH OTIISAY;

— 00yMoBJIeHi napamerpu (KOOpAWHATH), IXHE YUCIIO 1 TOYHICTH BUMIpY;

— 3JIaTHICTb CUCTEMH PO3PI3HATH 00 €KTH ;

— IPOIYCKHY 3JaTHICTE;

— 3aBaJOCTIHKICTD,

— HaAIfHICTE.

OCKiNbKHY i MapaMeTpy MHUPOKO BUKOPUCTOBYIOTH ISl OLIHKHU SIKOCTI (yHKLIOHYBaHHS Pi3HUX
CHCTEM, BapTO JaTH IiXHI 3arajJibHi BH3HAYEHHS, IO HaJaJli MOXYTh OyTH YTOYHEHI CTOCOBHO [0
konkpernux tunis PHC.

30HOI0 [1ii HA3UBaOTh 00JACTh MPOCTOpPY, y SKil cucTemMa HaJiifHO BUKOHYE (YHKUIl, IO
BiJMOBiAAIOTH 1l MPU3HAYEHHIO.

I'panui  pobouoi 30omm  PHC  xapakTepu3yloTbCsl  MPHUIYCTUMHUMH — MOTPILIHOCTSAMH
MICIIE3HaXOKEHHS 00'€KTa MU 3a1aHOMY PiBHI MEPELIKO/,

Maitke 3aBXI1 OJHUM 3 TIapaMEeTPiB, 110 BU3HAYAIOTH poO0UY 30HY, € JabHICTH Jii CUCTEMHU.

[lix ganpHicTIO Aii CHCTEMH PO3YMilOTH MaKCHMajlbHA BifCTaHb, Ha SKOMY 3a0e3ledyeThes
ofep KaHHS 3aJaHUX TOKa3HUKIB cucTeMu. HaifuacTime MakcuMaibHa AajbHICTD Jii CUCTEMH 3aJICKUTD
BiJl PUITYCTUMOI MOXMOKM NPH BUMIipi KOOpAMHAT i mapamerpiB pyxy o0'ektiB. Ilim mampHicTio mii
BUSBJICHHS! MalOTh Ha yBa3l MaKCUMaJIbHY AaJbHICTh, HA SIKii BITHOIIECHHS CUTHATY A0 IIyMY II€ JOCHTb
I HOro BUSBJIEHHS 3 3aJaHOI0 IMOBIpHICTIO. [HOZ1 30Ha mii cuctemMn oOMexkeHa 3 OOKy MiHIMalbHHX
3Ha4eHb. Y [bOMY BHUIAJAKYy CHCTEMa XapaKTepU3YETbCS [BOMa IapaMeTpaMHu. MiHIMaJbHOIO 1
MaKCHUMAaJILHOKO NAJIBHICTIO il.

Yacom orsiay (MOIIYyKY) HA3UBAKOTh Yac, HEOOXiIHE JJIsl OHOKPATHOTO OIJISY 3aJaHO1 30HH [l
cuctemu. Bubip vacy ormsny 3B's3aHMN 3 MAHEBPEHICTIO IO CHOCTEPIraloThCsl YU KEPOBAHHUX OO'€KTIB,
00CSIroM TpPOCTOPY OINISITY, PIBHEM CHUTHally 1 MEpEIIKoJ], a TAaKOX IOpyd TaKTHYHHX 1 TEXHIYHUX
XapaKTEePUCTUK CHCTEMHU.

Yucno BUMIpIOBaHUX KOOPAMHAT, TaK CaMo SIK 1 TOUHICTb IXHBOTO BUMIpPY, BU3HAYAE MOKIMBOCTI
CHCTEMH TIPH il MPAaKTHYHOMY BUKOPHCTaHHI.

ToOYHICTb CUCTEMH XapaKTEPU3Y€ETHCS MOTPILIHOCTSIMU MIPY BUMIpPI KOOPJUHAT 1 apaMeTpiB pyxy
o0'exra. [IprynHamMu moOrpimrHOCTEH € HEJOCKOHAIICTh 3aCTOCOBYBAaHOTO METOAY BUMIpY  amapatypH,
BIUIMB 30BHIIIHIX YMOB 1 pagionepemkos, cy0'eKTUBHI SIKOCTI olepaTopa, SKIIO MPOLecH OAEp:KaHHS i
peanizaiii iHpopMaIlii He aBTOMaTH30BaHi. BUMOTY 10 TOYHOCTI CUCTEMU 3aeXaTh Bij 1 MPU3HAYCHHS.
HeBumnpaBaaHe 3aBUIIEHHS BUMOI 0 TOYHOCTI NMPUBOIAMTH IO YCKJIAJHEHHS CHUCTEMH, 3HIKEHHIO 11
eKOHOMIYHOCTI, a 1HOM1 1 HaAIHHOCT] QPyHKIIOHYBaHHS.

3IaTHICTIO CUCTEMH PO3PI3HATH 00 €KTH Ha3UBAIOTH 3[4ATHICTh PO3ALTBHOTO BUMIpPY MapaMeTpiB
JIBOX UM JEKUTBKOX OJIM3bKO PO3TAIIOBAHMX Yy MPOCTOPI UM 00'€KTIB PO3AUIBHOTO KEpyBaHHS HUMH.
BinnoBimHO po3pi3HAIOTH 3MATHICTh, IO JTO3BOJSE, TIO MAIBHOCTI 1 KYTOBUX KOOPJIWHATAX, & TAKOXK IO
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BIIMOBIIHUM CKJIQJIOBUM IIBUJAKOCTi. 3MaTHICTh, IO JO3BOJNSE, KUTBKICHO NPHUIMHSATO OI[IHIOBATH
MIHIMaJbHOIO PI3HHMLEIO 3HA4YCHb BHMIPIOBAHUX IapaMeTpiB CYyCigHIX 00'€KTiB, Tpu SKii BOHH
CIPUIMAIOTHCS] CUCTEMOIO PO3ALILHO.

V panioHaBiranii 3BUYaifHO 3HAXOJSATh BJIACHI KOOPAMHATH 00'€KTa (€AMHOrO Ui BUMIpHUKA) 1
MOHATTSI PO3PI3HATH 00 €KTH YACTO 3B'A3YIOTH 3 MOXIJIMBICTIO BU3HAUEHHS CUTHAIY, IO HECE KOPHCHY
iH(opmaio mpo micue o00'ekTa, 3 pi3HUMHU NapasUTHUMH CHTHANIaMH (BiZoOpaxeHHSIMH Bif ioHOChepH,
MICIIEBHX MPEIMETIB 1 T.I.), MOAIOHMMHU 32 (POPMOIO KOPHUCHOMY, ajie JOCTOBipHOI iH(dopmamii mpo
00yMOBIIEHI KOOPAMHATH HE YTPUMYIOUHMH.

[IpomyckHa 30aTHICTH XapaKTEPU3YEThCS YUCIOM O0'€KTIiB, IO OOCTYTrOBYIOTHCS CHCTEMOIO UM
OJHOYACHO B OJMHUIIO Yacy. [IpomyckHa 374aTHICTH 3aleXUTh Bil MPHHOUIY Aii cUCTeMH 1 pany ii
TaKTHUYHUX 1 TEXHIYHUX MapaMeTpiB i, 30KkpeMa, poOodoi 30HU, TOYHOCTI 1 3AaTHOCTI, IO J03BOJIsAE. Tak,
PHC, y sKMX BUKOPHCTOBYETHCS OIHA JIiHiA 3B'S3Ky (PI3HUIEBO-AAJBHOMIPHI YHM KYTOMIpHIi
paxioMasqHOrO TUIY), BOJIOAIIOTH HEOOMEXKEHOIO MPOMYCKHOO 3/IATHICTIO, TOMY IIIO MOXYTh OJJHOYACHO
o0cTyroByBaTH Oy/Ib-SIKE€ YUCIIO 00'€KTIB.

[IpomyckHa 3MaTHICTH JadbHOMIDHHUX CHCTEM, 3aCHOBAHMX Ha NPUHLMUMI 3alUTy H aKTUBHOI
BifMoBiAi (AB1 JiHIT 3B's13Ky), OOMEKEHa BiAMOBiAaueM, y IKOMY [T GOPMYBaHHS BiAMOBIIHOTO CUTHATY
Ha KOXKEH 3allUT HEeoOXiJHO SIKUiich yac. Y LbOMY BUNAJIKy NMPONYCKHY 3JAaTHICTh XapaKTEepU3YIOTh
IMOBIpHICTIO OOCITYrOBYBaHHSI 3a/aHOTO 4YMClIa O0'€KTIB MPH 3aJaHOMY MEpioli MOBTOPEHHS 3aIlUTIB
KOXKHHM 3 00'€KTIB, 10 3HAXOAATHCSA B POOOUil 30HI CHCTEMHU.

3aBayocriiikictio PHC — 37aTHICTh HAIiifHOrO BUKOHAHHS 3aJ]aHUX (DYHKIIH B yMOBaX BILTUBY
HEHaBMHCHHX 1 OpraHi3oBaHUX Mepemkos. [lepemkono3axuieHicTe BU3HAYAETHCSI CKPUTHICTIO pOOOTH
CHCTEMH 1 ii 3aBaJOCTIHKICTIO.

ITix CKPUTHICTIO CUCTEMH PO3YMIIOTh TOKa3HMK, IO XapaKTepU3ye TPYIHOIII BHUSBICHHS il
pobOTH 1 BUMIpH OCHOBHHMX MapaMeTpiB BHUIPOMIHIOBAHOI'O paJiOCHTHAILy, a OTKE, 1 CTBOPEHHS
CIeliabHO OpraHi3oBaHuX (MPUITBHUX) mepemKko]. CKpPHUTHICTh 3a0e3MeuyeThCsl 3aCTOCYBAHHSAM
TOCTPOHANPABIEHOIO BUIPOMIHIOBAHHS, BUKOPHUCTAHHSIM HIYMOMOAIOHMX CHTHANIB 3 HU3BKUM PIBHEM
MOTYXXHOCT1, 3MiHOIO OCHOBHHUX MapaMeTpiB CUTHATY B Yaci.

KinbkicHOrO oIiHKOW 3aBafocTiikoCTiPHC € BigHOINEHHS CHTHANY 10 MEPeIIKOAX Ha BXOII
npuiiMada, TpH SKOMY IOXHOKa BHUMIpY 3aJaHOrO IMapamMeTpa HE MEepeBeplIye MNPHUILYCTUMOI 3
HEOOXiZHOIO IMOBIPHICTIO; MpPH IBOMY IOBHHHE 3a0e3MeuyBaTHCS BHUSBICHHS CUTHAy 3 3aJaHOI0
IMOBIDHICTIONPY  TMPUIYCTUMHUX  3HAYEHHSIX  IMOBIPHOCTI  NMOMMJIKOBOI  TpuBoru. HeoOxigHa
3aBaJIOCTIHKICTh JIOCATAETHCS palliOHAJIbHUM BHOOPOM IapaMerpiB paJiOCHTHATy CHUCTEMH, a TaKOX
xapakTtepuctuk JJHA 1 npuctpoiB npuiiomy it 00poOKH curnaiy.

OcCHOBHY yBary HeoOXiJHO MPUIUTATH HAJIHOCTI Ta Mpane3NaTHOCTI cuctemu. HamifHiCTh —
BJIAcTUBICTb 00'ekTa 30epiraTh B Yaci y BCTaHOBJIEGHMX MeEXax 3HAUCHHA IapaMerpiB, IO
XapakTepu3ylOTh 3JAaTHICTh BHUKOHAHHS HEOOXigHMX (YHKUIH y 3aJaHuX pexXuMax 1 yMoBax
3aCcTOCyBaHHs, 30epeeHHs 1 TpaHcmopTyBaHHs. lle Bu3HauenHs HamiiiHOCcTi 3a JICT 27002— 82 €
YHiBepcalbHUM 1 HijikoM BinHocUThCs 10 PHC i mpucTpoiB, 3 SKMX BOHU CKIAAAIOTHCA.

VY 3anexHOCTI BiJ MPHUYWH, M0 BHUKIUKAIOTH BiJIMOBJICHHS B POOOTI CUCTEMH, PO3PI3HSIOTH
HACTYIHI PI3HOBUIU HAIHOCTI:

— amapaTypHy, 3B'si3aHy 31 CTAHOM anaparypH;

—  mporpamMHUM, OOyMOBIIEHMM  CTaHOM  MNporpaM  OOYHCIIOBAJIBHUX  IPUCTPOIB,
BHUKOPUCTOBYBAaHUX Y CHCTEMI;

— (yHKLIOHAJBbHY, TOOTO HAIHICTH BUKOHAHHS OKpeMHUX (YHKIIH, MOKIAICHUX HA CUCTEMY, 1,
30KpeMa, BUTITH W oOpoOku iHopMamii. Y 1mpoMy 3MICTi MEpEHKOA03aXHIIECHICTh TAKOX MOXe OyTH
BigHEeceHa 70 (GYHKIIIOHAIBHOI HaIIHOCTI paliOCUCTEMH.

ExoHOMIiYHI TMOKa3HWKM CHUCTEMH, Maca i rabapuTH CKIAAOBHX ii MPHUCTPOIB € BaXKIMBHMHU
napamMeTpaMy, 10 BIUIMBAIOTh HA CYKYIHY OL[IHKY SIKOCTi CHCTEMH.

Jlo  OCHOBHUX TEXHIYHMX XapaKTEPUCTHK PaJiOCUCTEMH  BIIHOCATHCA  MapaMeTpH, LIO
Oe3mocepeHHO BU3HAYAIOTH il TakTH4HI XapakrTepucTuku. CtocoBHO PHC OCHOBHMMH TEXHIYHHMH
XapaKTEepUCTUKAMH €

— METOJ OrIIsiAy (momryky) i BUMIpY KOOpAUHAT
1 mapameTpiB pyxy 00'eKTa;
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— pobodi 4YacTOTH, CTaOUIBHICTh, TOTYXKHICTh, BHUJ MOJIYJAIIi, I[IUPHUHA CIEKTPa
BUITPOMIHIOBaHUX KOJIHBAaHb,

—dopwma, mmpuHa, KoedillieHT CIpsIMOBAHOCTI aHTEHH,;

—YyTJIUBICTD i CMyTra MPOIyLIEHHS IPUHOMHOT0 MPHUCTPOIO;

—BH/I 1 TapaMeTpy IPUCTPOIB BiLoOpaXkeHHs 1 3HIMaHH iH(opMaii,

—rabapuTH 1 Maca MPHUCTPOIB, IO CKIAJAIOTh CUCTEMY, CIIOKMBAaHAa HUMH €HEPTis Bif IKepen
XapuyBaHHSI.

Hanani B3a€eMO3B'SI30K TAKTHYHHX 1 TEXHIYHUX XapaKTEPUCTHUK Oyze pO3TIsSHYTa U KOHKPETHHX
tunis PHC.

HoBuMm B pimenHi npo6jeMn € iHTeICKTyalbHi TPAHCIOPTHI CHCTEMH, SIKi 3'IBUJIMCS HE Tak
JABHO, ajie PO3BUTOK IX KOHLEMIIH MOXKHA MPOCTIAKYBAaTH oYnHAa04U 3 70-X pOKIB MUHYJIOTO CTOMNITTS,
Ha sIKi mpumnazae nepion po3BuTKy nepmux ITC B SAmnowii.

Bona 3opienToBaHa Ha iHQoOpMaliiiHe 3a0e3medeHHs] yciX CyO0'€KTiB CyYaCHMX TPAaHCIIOPTHHX
KOMYHIKaI[iii: BJIaCHHKMA BaHTaXy (BaHTa)KOBIANPAaBHHKH), aBTOTPAHCIOPTHI MiANPUEMCTBA, BOIi,
MEHEDKEPHU CTPAaXxOBUX KOMIIaHid, €KOJOTiYHI Ta CaHiTapHi iHCHeKUii Tomo. ba3oBol0 KOMIOHEHTOIO
OUIBIIOCTI CHCTEM JAWCIeTdepH3alii TPaHCIOPTOM € CHUCTeMa 'aBTOMAaTH30BAHOTO MiCIE3HAXOMKEHHS
TpaHcmopTHoro 3aco0y — AMT3" (Automatic Vehicle Location—AVL). Cucrema AMT3 Hanmae
MOXIIUBICTD JUCIETYEPCHKOMY LIEHTPY Y peaibHOMY MaciuTali yacy CIiKyBaTH 3a MiCII€3HAXOIKESHHIM
Ta rpadikoM pyxXy TpaHCIOPTHHX 3ac00iB, OMEPaTHBHO KOHTPOJIIOBATH BHKOHAHHS 3aBJAHHA Ta IpPU
HEOOXiZAHOCTI Mepepo3NMOAUIATH IX Ha PI3HMX MaplpyTax 1 HampsMax, HaJaBaTH NpU HEOOXiJHOCTI
TEXHIYHY, MEOUYHY a00 iHIIY JOMOMOTY.

Intepec 1o CPHC Buknmkanuii iX yHIBEpCANBHICTIO. Y paMKax OIHI€T CHCTEMH MOXKIIKBE
pillIEHHS BEJIMKOT0 KOMILIEKCY Pi3HUX 3a1ad.

Haii6insm nepeniektuBanmMu € CPHC "NAVSTAR" (CHIA) i "TJIOHACC" (Pocis).

Ha cydacHOoMy erami 1HTGHCMBHO OOrOBOPIOIOTBCS MEPCIEKTUBU CTBOPEHHS  IHIIAX
cynytHukoBux cucreM Ty GPS: I'mobanbHa eBpomeiicbka reocrarionapna cucrema (EGNOSS) ta
GALILEO. Acouiamisi eBporeiicbkux aBiakommaniii (AEA) BumpaBmamu KOPUCTh OCTAHHBOI CHCTEMH,
paxyroun EGNOSS 3ananTo m0opororo y HOpiBHSHHI 3 il XapaKTepUCTUKAMHU.

B nmanuiit yac BBaxaeThcs JOIUIBHUM BBeneHHs A0 ckiamy CPHC perioHanbHHUX JONATKOBUX
cucrteM, IO 3a0e3NeuyroTh peanmizalilo HalOmbpml CcyBOopuX BHMOr chnoxuBauiB. Lli crpykrypu
JO3BOJIAIOTH ICTOTHO MiABUINUTH TOYHICTH OOcepBamiid, BHABIATH 1 iNeHTHU(IKyBaTH MOPYLICHHS B
pexumax pobdorn CPHC, nenpumyctume mnoripimieHHs sKocTi ii (yHKUIOHYBaHHS Ta CBOEYACHO
norepeKaTH Mpo Lie CIOXKKBadiB, TOOTO BOHW MOXYTh 3[iMCHIOBATH KOHTPOJb LUTICHOCTI CHCTEMH Ta
MiATPUMYBATH PESKUM AUPEPEHLIHHIUX BUMIPIOBAHb.

Ha ocHOBi aHamizy TeHJICHIIH pPO3BUTKY HaBira- wiiiHoi amaparypu (HA) xopucryBauiB
panioHaBiramiii- Hux cucteM (1 — 6) MOXJIMBE BU3HAYCHHS HACTYITHUX HarpsiMiB po3BUTKY (HA):

1. YnockoHalleHHs XapaKTEPUCTUK anapaTypH:

1.1 nmixBUIIEHHS XapaKTEPUCTUK TOYHOCTI;

1.2 migBuIIIEHHS HaIIHHOCTI, 3aBaJIOCTIMKOCTI Ta €JICKTPOMArHiTHOI CYMiCHOCTI,
1.3 3a0e3meueHHs] aBTOHOMHHX METO/IiB KOHTPOJTIO IUTICHOCTI CHCTEMH;

1.4 momMpeHHs MepeniKy cepBiCHUX 3aBlaHb;

1.5 3MeHIIeHHs rabapUTHUX XapaKTePUCTHUK,

1.6 3MeHIIeHHS BapTiCHI anapaTypu.

2. Ilommpennas QyHKIiOHATBHUX MOMKJIMBOCTEH amapaTypu:

2.1 3a0e3medeHHS MOXJIMBOCTI B3a€MOil amapa- Typd 3 aBTOMAaTH30BAaHHMHU
iHpOpMaLitHIMHU CHCTEMa- MU Ta CHCTEMaMH YIPaBIIHHS PyXOM;
2.2 3a0e3neyeHHS MOMIJIMBOCTI KOMIUICKCYBaHHs amapaTypd 3 aBTOHOMHHMH
HaBIraliiHUMH CUCTEMaMHU 00’ €KTa,
2.3 3HaXOKEHHS KYTIB Opi€HTaLil B IPOCTOP1, MOMPAaBOK CUCTEMH KypCy Ta 1HIII.
3. Cneuianizamisi anapaTypy 3a HACTYITHUMH TH- IAMH:
3.1 BiliCBKOBA;
3.2 3aranpHOrO MpPU3HAYECHHS,
3.3 crenianpHa.
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4. CtBopeHHs yHi()iKOBaHUX (PYHKIIOHALHUX EIIEMEHTIB, BY3JIiB, OJIOKIB.

BucHoBknHaBiTh KOPOTKHH OIS METOIB i amaparypd MiCIIEBU3HAYCHHS JIO3BOJISE 3POOUTH
BHCHOBOK, III0 HE ICHY€ YHIBEpCaJbHOI CHCTEMH, 3JaTHOI 3aJOBOJIBHHTH BCi BUMOTH KiHIIEBOTO
KOpUCTyBayda. 3aBIaHHS CTBOPSHHS E(PEKTUBHO MPAIIOI0UYUX CHCTEM MICI[EBU3HAYCHHS BUSBISIETHCS
HabaraTo ImUpIIe BHOOPY KOHKPETHOro MeToAdy. MOo)kHa BHJAUIUTH HACTYNHI  IPOOJIeMH
3aralbHOCHCTEMHOTIO IIJIaHy, SKi HE00XiTHO BpaXOBYBaTH 3aMOBHHKAM i PO3POOHUKAM IMOIIOHUX CHCTEM.
Benuke 3HaueHHs Mae HasBHICTh Ha mepen0adyBaHOI TEPHUTOPii PO3TOPTAaHHS CUCTEMHU BiJNOBiIHOT
IH(PPACTPYKTYpH JUIS CTBOPEHHS IIJCUCTEMM Iepeaadi JaHuX. Tak, HasBHICTL CHCTEMU OOUMCIICHHS 1
IUPOKOMOBHOI ~ Tepenavi Koperyrodoi iHdopmarii st poOOTM HaBIramiiHOi amapaTypud B
mdepeHIianbHii  pexumi  (aHATOTiYHIA, HAmpHKIam, pagioMaskoBod cuctemi CayxOu OGeperoroi
oxoponu CIITA) 103BOIUTE 3HAYHO MiJBUINUTH TOYHICTE MiclieBH3HaUeHHs 3 BukopucTanusm CPHC 6e3
3HAYHOTO YCKIIaTHEHHS 00pTOBOro oOnamHaHHsa. HasgBHICTE crcTeM MOOLTBLHOTO 3B'SI3KY 3 CTIIBHUKOBOTO
1 MIKPOCTUTFHUKOBOIO CTPYKTYPOIO JIO3BOJUTH 3MEHIIUTH TOTYXHICTh OOpPTOBOrO mepeaaBaya, IIo
CKOpOYy€e TabapuUTH YCTATKyBaHHsS, CHPOIIYE MHTAHHS eHepro3adesmneucHHs (OCOOMHMBO B peKHMax
MPUXOBAHOI YCTAHOBKHM), YCKIATHIOE BHUSBICHHS OOPTOBOTO YCTATKYBAHHS 3JIOBMHCHHKAMHU. Y CBOIO
4epry MIKpOCTUTBHHKOBA CTPYKTypa CHCTEM 3B'S3Ky MOXKE CTaTH OCHOBOIO I TOOYJOBH 30HOBHX
CUCTEM MiCI[eBU3HAYCHHS abo JTIO3BOJTUTH BHpINIyBaTH MUTaHHS MICIICBH3HAYCHHS
'pamioneneHranionHuMi  "MetogamMu. OKpeMO CTOATh TUTAHHS CTBOPEHHSA EIICGKTPOHHUX  KaprT,
mpu3HavYeHuX Uil ekcroryaranii 3 AVL cucremamu, ix akryamizamii. Haliwacrimie reoindopmartiiiai
CHCTEMH, IO 3aCTOCOBYIOTBCS JJIs BUPINICHHS 3aBJaHb MICIICBH3HAYCHHS, OKPIM 3BHYAWHUX (YHKIIIH
BiT0OOpaKEHHS TTOBHHHI BUKOHYBAaTH (DYHKIIil KOPEKTYyBaHHS JaHUX, MEPEPAXyHKY NaHUX, OTPUMAHHUX B
PI3HUX CHCTeMaX KOOPIWHAT, JIOTIYHOI MPHUB'I3KH TPAEKTOPIH pyxXy MOOLIBHHUX 00'€KTIB IO €ICMCHTIB
TPAHCIIOPTHOI MEPEeXi 3 ypaxyBaHHSIM MOJIENi PyXy MOOLTBHOTO 00'eKTy. 3 i€l TOUKU 30py TepeBaru
MaTUMYTh Ti CHCTEMH, B SKMX OPTaHi30BaHA OIEPaTHBHA KOPEKIlis JOPOXKHBOI 0OCTAHOBKH, ax JI0 00Ky
iH(opMaii mpo NpoOKK Ha OKPEMHUX IiISTHKAX TPAHCIIOPTHUX MaricTpaieH.

Bucnosok

HaBiThe KOpOTKHIi OIJISIT METOJIIB 1 amapaTypu MICIICBH3HAYEHHS JIO3BOJISIE 3pOOUTH BHCHOBOK,
0 HE ICHY€ YHIBEpCaJIbHOI CHUCTEMH, 3JaTHOI 3aJ0BOJBHUTH BCI BUMOTH KIHIIEBOTO KOPHCTYyBaya.
3aBJaHHS CTBOPCHHS e()EKTUBHO IMPAIIOI0YUX CHCTEM MICIICBH3HAYCHHS BUSBIISIETHCS HAOAraTo IIUPIIE
BHOOPY KOHKPETHOro MeToay. MoKHa BUAUTUTH HACTYITHI MPOOJIEMH 3araJlLHOCUCTEMHOTO IJIaHy, SKi
HEOOXi/IHO BpPaxOBYBaTH 3aMOBHHMKAM 1 PO3pOOHMKAM TMOMIOHMX CHUCTeM. Benuke 3Ha4YCHHS Mae
HasBHICTh Ha mependadyBaHOI TEPHUTOPIl PO3rOpTaHHS CHUCTEMH BiIMOBIAHOI iH(GPACTPYKTYpH IS
CTBOPCHHS IMIJICKCTEMU Tiepeiadi JaHuX. Tak, HasSBHICTh CUCTEMHU OOUHCIICHHS 1 IIMPOKOMOBHOI Iepeaadi
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Konocosa O.IL, ac.
HamionansHui TexHIYHUHN yHIBepcuTeT YKpaiHu «KUiBChKHIA MONITEXHIYHUI IHCTUTYT

TFEOMETPUYHE TA MATEMATUYHE MOJAEJIIOBAHHS ITPOIECY IMTPOCOYEHHSA
OPIEHTOBAHUX BOJTOKHUCTUX HATIOBHIOBAYIB PIIKUMHA ITOJIMEPHUMMH
3B’A3YIOUNMHU

Kosocoa O.I. TI'eomerpuuHe Ta MaTeMaTH4YHe MOJe/IIOBAHHSI TIpolecy MPOCOYEHHS OPiEHTOBAHUX
BOJOKHHCTHX HANOBHIOBAYiB PiAKMMH mNoJdiMepHMMH 3B’SI3ylOUMMH. POrIsHYTO NpHKIamM MpaKTHIHOI ajanTamii
METOJOJIOTI]  T€OMETPHYHOTO 1 MaTeMaTHYHOTO MOJENIOBAHHS Ul JAETepMiHAIil IapamMeTpiB TEXHOJIOTIYHOTO IIPOIECy
MIPOCOYEHHSI OpPI€HTOBAaHWX BOJOKHUCTHX HAIOBHIOBAdYiB pPO3YMHAMHU IIOJIMEPHHX 3B’S3yIOUNX. BH3HaueHO  KOMILIEKC
CTPYKTYPHHX XapaKTEPHCTUK T€OMETPUIHOI MOZEINI Opi€HTOBAHMX BOJIOKHUCTHX IOJIMEPHUX KOMIIO3UTIB, & caMe IOPUCTICTS,
OUTOMY BHYTPILIHIO MOBEPXHIO Ta edexruBHuUi (TimpaBmiunmii) Kamisipauit pagiyc. OTpUMaHO 3a[0BiNbHE CITIBIIJAHHS
TEOPETHYHUX 1 NPAKTUUHHUX PE3yIbTaTiB JocTikeHb. Ha OCHOBI MIKpOCTpYKTYpHOTO aHaiizy ImumiiB SKICHO BCTaHOBJICHA
e(eKTUBHICTG 3aCTOCYBaHHS YIBTPa3ByKOBOI O0OpOOKM Ipu oiepkaHHi Kommo3uTiB. JlocmimkeHo, mo B 00pobieHOMY
HHU3bKOYACTOTHUM YIBTPa3BYKOM 3aTBEPIIIOMY KOMITO3HTI IIPAKTUYHO BiZICYTHI CTOPOHHI BKJIIOYEHHS MIJK BOJIOKHAMH, a caMi
BOJIOKHA PO3IOIUICH] MPAKTHYHO peryisipHo. OTpruMaHi pe3ynbTaTé AAI0Th MOXKIIMBICTH ONTHMI3yBaTH KiHETHUHI ITapaMeTpH
IpoIeCy MPOCOUCHHS Ta KOHCTPYKTUBHI MapaMeTPH MIPOCOTYBAIBHOTO 00J1a {HAHHS.

KiiouoBi cioBa: reomMerpnuHe MOJETIOBAHHS, MAaTeMAaTHYHE MOJEIIOBAHHS, MOJENb, CTPYKTYpa, IIPOTHO3YBAHHS,
MPOIIEeC, TEXHOJIOTis, IPOCOYEHHS, MapaMerp, MoiMep, 3B A3yl0ue, BOJIOKHO, KOMIO3HUT

KosocoBa E.II. I'eomeTpnueckoe 1 MaTeMaTH4yeckoe MOJeIMPOBAHHE Ipolecca MPONUTKH OPHEHTHPOBAHHBIX
BOJIOKHHUCTBIX HAMOJHUTENEH KUJAKUMH IOJIMMEPHBIMH CBSI3YIOIMMH. PaccMOTpeHB! IIpHMeps! MPAKTHIECKON aganTayn
METOJOJIOTHH TEOMETPUYECKOr0 M MAaTEeMaTHYECKOr0 MOJETHPOBAHUS U ACTCPMUHAIMM IIAPAMETPOB TEXHOJIOTMIECKOTO
mporecca MPONUTKH OPHEHTHPOBAHHBIX BOJIOKHHUCTBIX HAIONHUTENEH pacTBOpPAaMH IIOIMMEPHBIX CBs3yomux. OmnpenencH
KOMIIIEKC CTPYKTYPHBIX XapaKTePUCTHK F€OMETPUIECKOH MOJEIH OPHEHTHPOBAHHBIX BOJIOKHUCTHIX ITOJTHMEPHBIX KOMIIO3UTOB,
a WMCHHO MOPUCTOCTH, YyHENbHAS BHYTPEHHSS MOBEPXHOCTh M J(P(eKTHBHBIN (THAPABIMYECKHI) KAMULIPHBIA paguyc.
[TomryqeHo ymOBIETBOPUTENHHOE COBHAJCHHE TEOPETHUECKMX U MPAKTHYECKHX pe3yabTaToB ucciemoBanuii. Ha ocHoBe
MHKPOCTPYKTYPHOI'O aHaJHM3a HUIA(OB KaYECTBEHHO yCTAHOBJICHA 3(h(HEKTUBHOCTh NMPHMEHEHUS YIBTPa3BYKOBOH 00paOOTKH
[P MOJYIEHHH KOMITO3UTOB. Y CTAQHOBJICHO, YTO B 00paOOTaHHOM HHM3KOYACTOTHBIM YIBTPA3BYKOM 3aTBEPICBIIEM KOMIIO3UTE
MPAaKTHYECKH OTCYTCTBYIOT IIOCTOPOHHHE BKJIIOUCHHS MEKTy BOJOKHAMHM, a CaMH BOJIOKHA pacHpeesIeHbl HPaKTHIeCKU
perymspHo. [lomydeHHbIe pe3yabTaThl JAlOT BO3MOXKHOCTH ONTHMU3UPOBATh KHHETHUYECKHE IapaMeTphl MpoIiecca MPOIUTKH 1
KOHCTPYKTHBHBIE TapaMETPhI IIPOIUTOYHOTO 000PYHOBaHHSI.

KnioueBble ci0Ba: reoMerpudeckoe MOICTUPOBAHME, MAaTEMAaTHUECKOe MOJCIUPOBAHUE, MOMAETb, CTPYKTYpa,
MPOTHO3HMPOBAHMS, TIPOLIECC, TEXHOJIOTUS, IPOIHUTKH, TTAPaMETP, TONUMED, CBS3YIOIIEe, BOJIOKHO, KOMIIO3UT

Kolosova E.P. Geometric and mathematical modeling of the impregnation process of oriented fibrous fillers by
liquid polymeric binders. The relevance and practical examples of adaptation of the methodology of geometric and
mathematical modeling for determination of process parameters of impregnation of oriented fibrous fillers by solutions of
polymeric binders is considered. The complex of the structural characteristics of the geometric model of oriented fibrous
polymeric composites, namely porosity and specific internal surface of the effective (hydraulic) capillary radius is determined. A
satisfactory agreement between the theoretical and practical research results is obtained. On the basis of microstructural analysis
of thin sections is qualitatively established the effectiveness of ultrasonic treatment for formation of composites. It is found that
in low frequency ultrasonic treated hardened composite there is almost no foreign inclusions between the fibers, and the fibers
themselves are distributed substantially regularly. The results obtained make it possible to optimize the kinetic parameters of the
impregnation process and design parameters of the impregnation equipment.

Keywords: geometric modeling, mathematical modeling, model, structure, prediction, process, technology impregnation,
parameter, polymer, binder, fiber, composite.

IMocranoBka npodaemu. [IpocouyBanbHO-CymMbHE O0MAAHAHHS IIHPOKO 3aCTOCOBYETHCS TPH
BUTOTOBJICHHI PEAKTOIUIACTUYHUX apMOBAaHHUX IOJIMEPHHUX KOMIIO3ULIMHUX MartepiamiB, i, 30Kpema,
nperperiB  [10J4]. OCKUIBKM  OCHOBHUMH  CTPYKTYPHHUMH  €IEMEHTaMH  OYAb-SIKOTO  BHIY
BHUIIE3a3HAYCHOr0 OOJaIHaHHS € BY3JIM [ NPOCOYYBAaHHS 1 HACTYIHOTO CYLIiHHS,  BHHUKAE
HEOOXiZHICTh MPOTHO3YBaHHS MAapaMeTpiB TEXHOJOTIYHOTO TMporecy mnpocodeHHs. OcTaHHIA B
OCHOBHOMY 3yMOBIIIOE ITPOAYKTHBHICTh MPOCOUYBAIBHUX JIiHiH, a TAKOX AKICTb MOJIMEPHOI MPOIYKLii,
110 OACPKYETHCS.

[IpocouyBaHHs 3MIMCHIOIOTH Ui HaJaHHS BHCYLICHUM MaTtepiajiaM, IO MPOCOYMIINCS, MEBHUX
BJIACTUBOCTEH (MII[HOCTi, BOJIOTO- i BOTHECTIMKOCTI, MPYXKHOCTi, 3a0apBieHHS 1 T.m.). BrmacHe mporiec
NPOCOYYBaHHS BKIIIOYAE B ceOe HACTYIHI OCHOBHI cTafii [1114]: HaHeCeHHs MPOCOYYBAIBHOIO CKIIAIy Ha
NOBEPXHIO apMYIO4Oro BOJIOKHUCTOro HanoBHioBaya (BH) um 3anypennss BH y mpocouyBanbHy BaHHY;
NPOHMKHEHHS MPOCOYYBaJbHOrO CKiagy B Makpomopu BH; mudysio mpocouyBanbHOro ckimamy 1o
MIOBEPXHIi BOJIOKOH; AU(Y3i10 MPOCOYYBAIBHOTO CKJIay BCEPEIHHY BOJIOKOH.
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[Mpore BKa3aHi cramii HE MarOTh YITKUX KOPJOHIB, OCKUIbKM peanbHi BH  BomomiroTh
HEOJTHOPIMHOIO CTPYKTYyporo. Jlo TOro  Ha pi3HUX AUTHHUIMX BHINEBKA3aHI CTajil MPOCOYYBaHHS
MPOTIKAIOTh 3 PI3HOIO MIBHJIKICTIO, IO HEP1AKO MPUBOAUTSE 10 iX MOEAHAHHS.

He 3Baxaroun Ha JOCATHYTI yCHmixu y (OpMyBaHHI, mepepoOr, a TakoX Ofep:KaHHI apMOBaHUX
KOMIIO3MTIB, KOHCTPYIOBaHHS HAaMOTyBaJbHUX BHpOOiB Ha 0a3i opieHToBaHWMX 1 pynoHHux BH i
nomiMepaux 3B’sa3ytounx (I13), a Takox mpouecu Ta oOnagHaHHS IS IX BHPOOHUIITBA O LUX Iip y
OUTBIIOCTI BUMAJKIB 0a3ylOThCSd Ha EBPUCTHMYHUX HadaiaXx 1 0COOMCTOMY IOCBimi po3poOHukiB. lle
MPU3BOAUTE A0 HEpaliOHAIBHUX, 1 TUM OUIbIIEe A0 HEPEHTAO0ETbHUX KOHCTPYKILIH Ta BHUPOOIB 3 TaKUX
KOMITO3UTIB.

Buxonsun 3 BHIEHaBEACHOTO, BUKOPUCTAHHA T€OMETPUYHOTO T4 MaTEMaTUYHOTO MOJEIIOBAHHS
IpU TPOEKTYBaHHI TEXHOJOTIYHOIO MPOLECY MPOCOYYBAHHS YABISETHCA TOJOBHOIO JIAHKOIO B
MiABUIICHH] NPOXYKTHBHOCTI MPOEKTYBAaHHS W TEXHIKO-€KOHOMIYHHMX MOKA3HUKIB OyIb-IKOrO BHIY
00naHaHHSI IBOTO TUITY 3arajoM. ToMy HEOOXiJTHO JOCIIUTH IO MPOOIeMy OUTBII JeTabHO.

AHani3 gocaimkens i myOaikaniii. Y 3aranbsHOMY BUIAAKY CTPYKTYPY apMOBAHOTO HONTIMEPHOT O
KOMIIO3UTY YSBISIFOTH SIK KamiisipHO-miopucte cepenosuine (tino) [5]. PymrifiHumMu cuiaamu mpouecy
NPOCOYYBAHHS € caMe KallIspHe BCMOKTYBaHHs [5], a TakoX cwid, IIO BIUIMBAKOTh Ha po3umH 13 i
MPUCKOPIOIOTh Horo pyx ycepeamny BH, a0o opieHTOBaHOro 4u OJHOCTIPSMOBAHOTO BOJIOKHHCTOTO
HaroBHIoBa4a (OBH).

Hum cunam mepemkomxkaroTh omip Tewii pozumny I13 y mopax BH i moBepxHeBe HaTSITHEHHs
pozunny [13. Ockinbku npocouyBanns BH pozunnom I13 MoxxHa po3rasaaty sIK BUTICHEHHS MOBITPA 3
nop i kaninspie BH ta 3aminy foro posunnom I13 [1], meii mpouec MoxkHa Kiacu(iKyBaTH SK OJHH 3
MPUKIAIIB KamIapHuX ABuIl [5].

TpuBanicts nepeOyBanHs BH B mpocodyBaibHOMY po3uuHi (Y4ac MpocOYyBaHHS) BU3HAYAETHCS
HIBUKICTIO PyXY TOJIOTHA 1 po3MipaMy MPOCOYyBaIbHOI €MHOCTI (BaHHH). Y po0oTi [1] mporonyeThest
ommc npouecy npocouyBants BH pinkuwm I13 nmpoBomuTa 3a monomororo Bizomoro piBHsHHs Japci (1):

2k,e, \P
V= 8() ’ ®
n t
ne V — mBHAKICTh IpocodyBaHHs (abo 30inbmenns Bmicty [13); S — mmoma nosepxHi BH, mio
npocouyeTbes; K, — eKCIepHMeHTalbHa KOHCTaHTa; &, — mnopucticte BH; # — B's3kicTs po3uunny I13;

P — THCK pu mpocodyBaHHi; t — yac mpocoyyBaHHSI.

PiBustans (1), 30kpema, mokasye, mo s 30utpmenHs Bmicty [13 (abo mBuakocti V) y cTpykTypi
BH BaBiui HeoOxinHO B yoTHpH pa3u 30utbmmTH vac nepeOyBannsa BH y poszuuni I13. ¥V Toii xe yac
ymict 13 (abo mBuukicte V) € oOepHeHO mpomopiiiHUM B'sA3KocTi po3umHy I13, ska, sK Bimomo,
3aJIOKUTh BiJl TEMIIEpPAaTypH pocouyBaHHs [1].

Bigomo [6018], mo 6a30BMM NMUTaHHSM TpHU JCTEPMiHYBaHHI NapaMeTpiB KIHETHYHOTO PIBHSIHHS
npolecy MPOCOYYBAaHHS € KOPEKTHE 3HAXODKEHHS XapaKTepPUCTHK reoMeTpuyHoi ((pi3uuHOi) Mojeri
ctpykrypu OBH, Ha OCHOBI sIKOi OTPUMYIOTH 1€ PIBHSIHHS, a CaMe IMOPUCTOCTI &, MUTOMOI BHYTPIIIHBOT
HOBEPXHI S,,, Ta epeKTUBHOro (TigpaBIiYHOr0) KaNUIIPHOTO pamiycy [., TOrO YM IHIIOrO THILY
BUKOPHMCTOBYBAHOTO JUIsl MpocouyBaHHs Tury OBH.

byno nocnmimkeno, mo mpu moOynoBi reomerpuuHoi (¢ismunoi) momeni crpykrypu OBH €
JOLIUTBHUM BHMKOPHCTaHHS CTPYKTYpHOro MiaxoAy (a came MiIKpOCTPYKTYpHOTO aHalli3y HEepeTHHY
koMno3uty Ha ocHoBi OBH) 1ns BU3HAueHHS IIyKaHWX MapaMeTpiB, 30Kpema, e(eKTHBHOIO
(rigpaBIiYHOrO) KamuIsipHOro pajuiycy I, [8].

[Ipy npomMy HaWOUIBII ageKBaTHUM YsBIeHHsIM cTpykrypu OBH € ctpykrypa kaminsipHO-
nopuctoro Tina. OCcTaHHA CKIAAAEThCA i3 CUCTEMH MapajelbHO-3BUBUCTUX KaNUIAPIB Pi3HUX padiycis,
SKy JUIS BHIIQAKOBOI (CTOXacTHYHOI) BEIMYMHHM iX pPO3MILICHHS MO)KHA aJeKBaTHO OIKCATH 3a
JIOTIOMOT00 (DYHKIIIT pO3IoaiTy mop paziycy p mo po3mipax ¢(p) [5].

BianoBigHO 10 BUKOPUCTOBYBAHOTO MiX0AY B podoti [8], micis 3aTtBepninus nmpocodyenoro OBH
3a BH3HauyeHoro 3ycwiisl HaTsarHeHHs OBH mpu mpocouyBanHi poOmsaTh Mikpouuti) HOro meperuny y
MOMIEPEYHOMY 10 BOJIOKOH Hampsmi. [lami y mepetnHi Mikpouutidy eKclieprMEeHTaIbHO TOCITIKYIOTh
PO3MOLT TOBXKHH €KCTXOP/ BOJIOKOH (BiICTaHEeH MK CyMi>KHMMH BOJIOKHAMH), 200 (DYHKIIiIO0 PO3NOALITY
o(p)= G(¢) BunankoBux mop 3a posmipamu . IIpu 1IbOMY EKCTXOpAW SBISIOTH Yy HAlIOMYy BHIAJIKY
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eKBiBaJICHTHUH (e exTuBHMIT) miameTp (4M MOABIHHUI paniyc I.;) MOp, NPUUOMY JOBXKHHH EKCTXOPJX
HOCSITh BUNIAJAKOBHUI XapakTep.

JlerepMiHaiito TeopeTHYHOI KpuBOi posnoniny ¢(p)= G(£) mpoBomsTh 3a YMOBH HaWKpamioro
HaOKeHHs (ToOTO MiHIMaJIBHOTO BiIXHMJICHHS) TEOPETUYHOI KPUBOI PO3MOALTY 10 €KCIIEPHUMEHTAIBHUX
opauHat. Hamami 3a gomoMororo 3HaiineHoi (GyHKIIT po3mominy HoBXHH ekctxopna ¢(p) = G(¢)
OOYMCIIOIOTh TOPUCTICTD &, MUTOMY BHYTPIIIHIO TIOBEPXHIO S,,, Ta ¢()eKTHBHUI (a00 CKBiBaJICHTHUIA)
KaIuIsapHuit paaiyc Iy mykanoro OBH sk kaninspHoO-nopucroro Tina.

Hini crarri. Merolo paHoOi poOOTH € 3acTOCyBaHHS METONOJOrI T€OMETPUYHOTO Ta
MaTEeMaTHYHOrO MOJENIOBAHHS JIsi MPOTHO3YBaHHS IapaMeTpPiB TEXHOJOTIYHOro MpOoIecy MPOCOUYEHHS
OpiEHTOBaHMX BOJIOKHUCTHX HAMOBHIOBAYiB PIAKMMHU IONIMEPHUMH 3B’S3YIOUUMH, MIO JO3BOJIUThH
ONITUMI3yBaTH KiHETHYHI MapaMeTpu LBOro MPOIECY Ta KOHCTPYKTHBHI MapaMeTpd MpPOCOYYBATBHOTO
o0TagHaHHS.

OcHoBHi Marepianu mocaimkennsi. Y poOori [10] Oyna posrnsHyra reoMeTpudHa MOJEHb
CepeIOBHIIA OpPIEHTOBAHOTO BOJOKHHCTOro moiiMepHoro kommo3uty (OBIIK) y Burmsaai cucremu
OWITIHAPUYHUX BOJIOKOH, OCi AKHX Yy 3arajbHOMYy BHUIIaJKy MapajeibHi i pO3TalloBaHi y By3Jax
nozBifHOMEepionnuHOi (peryisipHOl) PEeLIiTKH MapaneaorpamMiB, a MPOCTIp MiX BOJOKHAMH 3aIllOBHECHUIN
sarBepaiiuM I13. BusnauenHs mnapamerpiB 1i€i reomerpuyHOi Monenmi 3AIACHIOETBbCS Ha 0asi
BHUKOPUCTAaHHSI METOJOJIOrii Teopii iHTerpaspHOi reoMerpii 1 reOMEeTpUYHUX IMOBIpPHOCTEH NUIIXOM
nociimkenas (QyHkuil) po3moxainy BiACTaHell MK CyMDKHUMH KOJIaMH, IO PO3TAaIllOBaHI y BY3Jax
MOJIBIHHOIMEPIOIUYHOT PEIIITKY, 1 SKi MIEPETUHAIOTHCS BUIIAIKOBUMH CIYHUMHU.

3niiicHIMO JeTepMiHaLil0 CTPYKTypHUX mapamerpiB 1ie€i reomerpuyHoi Mmomeni OBIIK 3a
MPUIYIICHHS] HE3MIHHOCTI PO3TalllyBaHHA BOJIOKOH Y CTpyKTypi mpocodeHoro OBH min wac iioro
CYLIIHHS 32 CTalliOHAPHOCTI 3Ha4eHHs 3ycuyutsi HaTarHeHHs: OBH. [lopucticts ¢ y KaninspHO-IOpUCTOMY
T 3TiAHO [5], HaMpUKIaA, BH3HAYAETHCS TaK:

T N°zB8,p° N°zB, 7 1)
=N [ p’p(p)dp = bop” _ Nnp [ p*o(p)dp,
0 4 4 0
ne N’ — KinbKicTh 3aMipiB MOMDK BOJOKHAMH Y TUIONMIMHI HLTi)Y KOMITO3UTY.
VY cBOIO Yepry, IUTOMY BHYTPILIHIO IOBEPXHIO S,,,, MOYKHA BU3HAUYUTH TAKUM YHHOM [5]:
S, =k,N“7B[ pp(p)dp =k N°7B,5 )
0

ne p L[l cepemniii pazaiyc mop, a Koe(illieHTH K, 1 f, MOXHa TPaKTyBaTH sK IIONpPaBOYHI
Koe(ilieHTH, 0 BPaxoByIOTh cnenudiky crpykrypu OBH sk xamiiasipHo-opuctoro cepemoBumia (i ski
O3HAYalOTh BIANOBIIHO WIOPCTKYBATICTb MOBEPXHI 1 3BUBHCTICTb EKBIBaJEHTHOrO LWJIIHAPUYHOTO
Karisipa).

SIKIO TpHUHHATH BIINOBIIHO 10 poOiT [6, 7] sk epexTuBHUN (a00 €KBIBAJICHTHWH KamiIspHHIA
paniyc) ., mykanoro OBH rigpasniuHuil pajiyc, M0 BHU3HAYAE€THCSA 3a AHAIOTIEI0 3 «igeaTbHUM»
UWTIHAPUYHIM KaIllIIpOM sIK BiTHOLIEHHS MOJBOEHOr0 00'eMy TOp 10 X OBEPXHi, TO OyIeMo MaTu:

©)

2¢ 2% K
y=g =7 [P’e(p)dp! [ po(p)dp
0

num o[ 0
byno, 30kpema, BctaHoBieHO [8], M0 mIsi MPaKTUYHUX OOYMCIICHb (DYHKIIFO PO3MOIUTY TOBXKHH
EKCTXOPJI BOJIOKOH, sIKa MiHIMI3y€ BiOXWJIEHHS Bifl €KCIIEPUMEHTAIBHIX OpJUHAT, 3PYyYHO ONHCYBATH Y
TAKOMY BHUTJISII:

CKb(UCK) o) (@)

G(X)ZCD(P)ZW )

ne b, C. [J TMO3WTHBHI KOHCTAaHTH, IO BU3HAYAIOTHCA 32 YMOBH HAWKPaLIOro HaOJMKCHHS
TeopeTHIHOi KpuBoi (4) 10 ekcriepuMeHTanbHUX opauHaT; [ — ramma-Qynkuis Eitnepa.
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JInst uporo BUManKy piBHsSHHS (4) HaBememo W iHmI 3amexHOcTi. Tak, 30KkpeMa, MareMaTH4YHE
OYiKyBaHHS BUITAIKOBOI BEIUYMHHU p, QYHKIIIS PO3IMOILTY ¢(p) SIKOT OIUCYETHCS 3a TONOMOTOK0 PIBHSIHHS
(4), Mae Takuit BUTIIS

M(p) = po(p)dp :b(”F’(Z;Ell)c) ?

Dopmyra (1) mis MOPUCTOCTI & MpUME HACTYITHUHN BUTIIS:

N°zg8,  I'(3/c,) (6)

3 Nozrﬂo .
4 p¥.r@sc)’

4

& [ Po(p)dp =
0

a (hopMyJIa ISl eKBIBAJICHTHOT'O KaIUISIPHOTO pafiycy (3) 3amiIiueThcss TAKUM YHHOM:

2171 . T rlc,) (7)
r,=— dp/ dp |=v2 -l .
W= !p ¢(p)dp _([PQD(P) P 0. r2/c)

Piusans (3), (4), (6) i (7) NOBHICTIO BHM3HAYAIOTh KOMILIEKC CTPYKTYPHHX XapaKTEPHCTHK
reomerpuunoi mozaeni OBIIK, a came mopucTicTs ¢, MUTOMY BHYTPIIIHIO MTOBEPXHIO S, T2 €PEKTUBHUI
(TinpaBniYHUIT) KAOUSPHUHA Paiyc Iy .

IIporHo3syBanHsi KiHeTHYHHX NapaMeTpPiB IO3I0BKHbHOI0O INPOCOYYBAHHSA OPi€EHTOBAHMX
BOJIOKHHCTHX HATOBHIOBAYIB PilKNMH MOJIMEPHIMH 3B’ A3y IOUHMMH

B po6Gori [11] Oyno HaBeneHO NPOTHOCTHYHE KIHETHYHE PIBHSHHS IIPOLECY I03I0BKHBOTO
npocouennst OBH pigkumu I13:

_ nSmpSnumGCOSQ In‘ exp(l) ‘ 57gh
= o -
e’y g L, ‘l—g;/gh/Swo-cos@‘ S,,0c080

ne t; [] gac mo3JOBKHBOTO MpocoyyBaHHs; N [ BHCOTa IMO3I0BKHBOTO IPOCOYYBaHHS; ¢ c0s6O [
3MOuyBajibHa 37aTHICTH; 0 [ KpalloBUH KyT 3MOuyBaHHS, 1 [J AMHaMiuHa B’A3KicTh po3zuuny I13; y [
JOMHAMIYHA B’s3KicTh po3uuny 113.

PiBustHHs (8) micist miACTaHOBKM BiANIOBIHUX BEIWYMH 3 ypaxyBaHHsSM piBHsHB (2), (6) i (7)
NpuiiMe TaKUH BUTIISIA:

L

(8)

L

S,y Spum0 €OS O pH/e). ’

e g J2.r@ic) | |S,..ocs0| 2 (S,,.0c080

ExcriepMeHTanbHy TepeBipKy MPOTHOCTUYHOrO KiHeTW4Horo piBHsAHHA (9) 3aiiicHIOBain Ha
MPUKIIA/II CKIOBOJIOKHUCTOT'O i OPraHOBOJIOKHHUCTOro JUKTYTIB (miamerpom 2,5 MM i nqoBxkuHo0 100 Mm),
SIKi TIPOCOYYBAIM PO3YMHOM ermokcuaHoi cmonu mapkd EJ[-20 mpu temmepatypi 50 °C i 3ycumii
HaTsrHenHs mxryra 30 H/m. Bumipsna peoBicko3iMeTpoM AWHaMiuHA B’SI3KICTh PO3YMHOM EMOKCHAHOT
CMOJTM TIpY JaHiil Temmepatypi cknana n = 0,48 [la-c, a 3MouyBajbHa 30aTHICTH ¢ COS 6§ , 0OpaxoBaHa Io
MaKCHUMaJbHIA BHCOTI MigHOMY 3B’SA3YIOYOTO MO BOJOKHY il TI€I0 CHJI MIOBEPXHEBOI'O HATSATHEHHS 32
dopmymoro [12]:

num

o cos = NetR. (10)
2
ne h, — MakcumanpHa BUCOTa MimioMy piguHH (MTO3IOBXHBOrO MpocodyBaHHS); Ry — pamiyc

Kamizapa, cknana o cosd = 2107 H/m.
3 puc. 1, Ha AKOMY IOKa3aHa KiHETHYHA KPUBA MO3JO0BXXHBOTO MIPOCOYEHHS, BUAHO JOOpHil 30ir
eKCIIEpUMEHTAIBHUX 1 PO3paXOBaHKX 32 PiBHAHHAM (9) 3HAUCHB.
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h-10%, M

3,07 _

2,51

2,0

1,54

1,04

0,54

T T T T T T T T T T T
0 1 9 3 4 5 6 7 8 9 10 11 t, ¢

Puc. 1. KiHeTnuHi KpWBi MO3AOBXHBOTO MPOCOYYBAHHS CKJIOBOJOKHHCTOTO JDKI'YTa PO3YHMHOM
enokcuaHoro 3Bsizytouoro EJI-20 mpu temmeparypi 50 °C i 3ycuni Hatsaraenss mxryra 30 H/m: (o) —
OPOrHOCTUYHA KPUBa, M0Oya0BaHa 3a piBHAHHAM (9); (O) — eKCriepUMEHTaNIbHI 3HAYCHHS.

Takum YuHOM, pO3pOOJICHHUH YIOCKOHAIGHUN MIAXiA Ja€ MOKIUBICT 301CHIOBATH MOJECIIOBAHHS
napamMeTpiB TexHONOriyHoro mpouecy npocodenHs OBH pigkumu 113 3 BpaxyBaHHSM IHTErpajbHUX
xapakrepuctuk OBH sik KaniisspHO-IOPHCTOrO Tina.

IopiBHANBHUIA aHANI3 CTPYKTYPH OPi€HTOBAHUX BOJTOKHHMCTHX HANIOBHIOBAYiB, MPOCOYEHUX
PIAKHMH eNOKCHIHMMH 3B’SI3yI0OYHMH, 32 YIbTPa3BYKOBOI il

Ha puc. 2 HaBenena tumoBa Qotorpadis Mikponutiy mHormepeyHoro mepepily Opi€HTOBaHOTO
SMIOKCHIHOTO OPTaHOIUIACTHKA, OJICPIKAHOT0 33 BIUTBHOTO» MPOCOUYCHHS, TOOTO 6€3 yinbTpa3BykoBoi (Y 3)
aii, Tak 3 Y3-mieto.

-'7‘\; ..“‘. = 22\"%‘""”’ r
fr i - 3 - »
o R Do
CUTopRBT S A -
[ | I)'} "l/,\ J‘ S w A ;.\‘}‘;‘
» ot - <>
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Yoo A AT 3
s O AR
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Puc. 2. TunoBa ¢otorpadiss MikpouLTipy MOnepeyHoro mepepisy Opi€HTOBAHOTO ETMOKCHIHOTO
OpraHOIUIaCTHKA, ofepkaHoro 0e3 Y3-00pobku (a) i 3a edexkTuBHHX pexHMIB Y3-00pobku ().
30inpmenHs x1200

[poBeneni nocmimkenHs [13] cBigyath Mpo MOKpAIICHHS EKCIUTyaTALlifHUX BIACTHBOCTEH
3aTBEpAIOl  MOTIMEpPHOI MaTpuui. BHacmimok mbOro MoOKHa OYIKYBaTH W Ha TOJIMIICHHS
excruryatatiianx BaactuBocteid OBIIK Ha i1 0cHOBI, PO 110 OMOCEPEIKOBAHO MOXKE CBIAYUTH PO3MOILT
BOJIOKOH Y CTPYKTYpi uutidy (muB. puc. 2, 6).

[MopiBHrorOUN sikicHo ob0uaBa uutihu (puc. 2, a,6), MOXKHA MOMITHTH, IO B 0OpOOICHOMY
HI3bKoYacTOTHUM Y3 3atBepaiiomy OBIIK npakTu4HO BiACyTHI CTOPOHHI BKIFOUEHHS (Y T.4. MOBITPsIHI
HNOPOKHMHHU) MDK BOJMOKHAMH, a CaMi BOJIOKHA PO3MOJJICHI MpakTHYHO peryssipHo. Lle cBimuuTh Ha
KOPHUCTh 3aCTOCYBaHHS alpPOKCHMYIOUOi MOIBidHO-TIepiognuHoi cTpykTypHOi Mmogneni OBIIK  mns
HPOrHO3YBAHHSI TEXHOJOTIYHUX MapaMeTpiB MpoIecy MpocodyeHHs (OuB. puc. 2, a,0), a TaKOK Mpo
edexTuBHICTD 3acTocyBaHHs Y 3-00po0ku npu oaepxkanni OBIIK [14-15].

Ha puc. 3 moka3zana ekcliepuMeHTalbHa TicTorpamMa, a TaKoK TEOpPEeTHYHA KpHBa PO3MOALTY
JIOBXKHH eKCTXOp/ cyMibkHEX BOoKoH (kin) (4) fa (z) = G (0) B crpykrypi OIIBK.

fa(z) 4 M8
1,008
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Puc. 3. Ticrorpama i KpuBi pO3MOIUTY JOBKHH EKCTXOpJ CyMDKHHX BoJOKoH (kin) fa (2),
OTpPUMAaHUX 32 eQEeKTUBHUX PEKUMIB HU3bKOUYACTOTHOI YJIBTPa3BYKOBOI JIii: eKCIIepUMEHTaIbHI OpMHATH
(0); Teopernunmii po3nozia (4) (e); Na [ KUIBKICTB 3aMipiB.

Hasenemo 3nauenHs BupasiB (5) — (7) mis ¢yHKIIT po3moainy TOBXKHH €KCTXOpJ BOJIOKOH, sKa
MIHIMI3y€ BiJXWJICHHS BiJl EKCIIEPUMEHTAIBHUX opAnHAT (0) — muB. puc. 3. Tak, mpu KiTBKOCTI 3aMipiB
nomik BookHamu N° = 2500 y mionmHi notidy kommnosuty (auB. puc. 2, a, 6) i 3HadeHHsx f, = 1,1,

k,~y2 [6, 9] wmaremaTnune ouikyBaHHs (5) nopiBHioe M(p) = 8,158 mxm. Ilpu 1poMy nocTiitHi

piBHsiHHS (4) s HeoOpooOieHoro Y3 OBIIK  cranoBmsats: b, = 0,129, c, = 0,9812, mnopucricts (6)
e = 0,28 (TobTo koedimieHT apmyBaHHs abo 00'emumii BMicT OBH y cTpykTypi KOMIO3UTY CKiIanae
& =1- ¢=0,72), a edexTuBHui (eKBiBaJNICHTHNIT) KanlstpHuii paxaiyc (7) rp= p = 5,96 MkM = 6 MKM.

3naiineni s OBIIK, o6pobnenoro Y3, mocrtiitHi TeopeTHyHOro piBHAHHS (4) CTaHOBIATH: b, =
0,125, ¢, = 0,992, mopucricts (6) ¢ = 0,27 (To6TO KOedinmieHT apmyBaHHs un 00'emuuii BMicT OBH y
CTpPYKTYpi Kommosuty cknamae & = 1 —¢ = 0,73), a edhexruBHuil (€KBIBAJICHTHUIT) KaUIAPHUHA pasiyc
(7) rep= p =577 mxm = 5,8 MKM.

3a OTpUMaHUMH EKCIIEPUMEHTAIBHUM OpAMHATaMH (O) TiCTOrpaMH PO3MOALTY JOBXKHH EKCTXOPJ
CYMDKHHMX BOJIOKOH TPOBOAUTHCS TeOpeTHdHa KpuBa (4) 3 ypaxyBaHHSM ii HAMEHIIIOTO BiJXWJICHHS Bij
eKCIIepUMEHTAJIbHUX opauHaT (0). Hapani 3aifiCHIOIOTh ONTUMI3ALII0 KIHETHYHUX MAapaMeTPIB IPOIECy
npocodyeHHs (4ac, BHCOTa YW HIBHIKICTh IMPOCOYYBAaHHS) Ta KOHCTPYKTHBHI mMapamerpu (30Kpema,
rabapuTi BaHHU) IPOCOYYBAJILHOTO 00JIaTHAHHS.

BucHoBku. PornsgHyTo npukian NpakTHYHOI ajanTalii METOJONOrii  TeoMEeTpHUYHOro i
MaTEeMaTHYHOrO MOJICMIOBAHHS JUI AETEPMiHALIl MapaMeTpiB TEXHOJOTIYHOr0 MPOLECY  MPOCOUYCHHS
OpiEHTOBaHUX BOJIOKHHCTHX HAIllOBHIOBAYiB PO3YMHAMH MOIIMEPHUX 3B’s3yI0unX. OTpUMaHoO 3a70BiTbHE
CHIBMAJaHHA TEOPETHMYHHX 1 TMPaKkTHUYHUX pE3yNbTaTiB  JOCHiKeHb. Takok Ha  OCHOBI
MIKpPOCTPYKTYPHOIO aHaii3y nuliyiB SKiCHO BCTaHOBJICHA €(EKTHBHICTh 3aCTOCYBAHHS YJIbTPa3BYKOBOI
00poOKHM TpH onepX aHHI KOMIO3UTiB. OTpuMaHi pe3yabTaTH MAal0Th MOXIIUBICTH OINTHUMI3yBaTH
KiIHeTHMYHI MapamMeTpu  MpOLECy MPOCOYCHHS Ta KOHCTPYKTHBHI IapaMeTpd MPOCOYyBajbHOrO
o0TagHaHHS.
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YK 004.023
Mapuenko O.L. k.1.H, moueHT, Xonturens B.A. MaricTpanT
HamionansHui TexHIYHUHN YHIBepcuTeT YKpaiHu «KUiBCHKHIA MONITEXHIYHUI IHCTUTYT

TPAHCJIAIIA TPOI'PAM 3 ITPOUHEAYPHUX MOB IIPOI'PAMYBAHHA Y
OYHKIIOHAJIBHI MOBH 3 BUKOPUCTAHHSAM I'PA®Y 3AJIEXKHOCTI JAHUX

Mapuenko O.I, Xontunenus B.A. Tpancasuiss mporpam 3 npoueIypHUX MOB NPOrpaMyBaHHsl Y (PYHKIiOHAIBLHI
MOBH 3 BHKOPUCTAHHAM rpady 3aje:KHOCTi JaHUX. Y CTaTTi MPOIOHYETHCS CIOCIO TpaHCILIIIT MPOrpaM 3 MPOLEAYPHUX MOB
IporpaMyBaHHS y (YHKIIOHaJbHI MOBH 3 BHKOPHCTaHHSIM BHYTPIMIHBOI ()OPMH, IO BiAMOBigae (HyHKIIOHATIBHIN MapagurMi
IporpamMyBaHHs — rpady 3aexxHocTi fannx. Ha BiaMiHy Big iHIIMX BHYTPIMHIX (OpPM, TaKHUX K Tpad MOTOKY BUKOHAHHS, Tpad
3aJIeXKHOCTEH HaHMX, el rpad sIBHO BHpaXkae 3aJ€XKHICTh MO JaHUM MiX OIepaTopaMy BXiAHOI MOBH, IO Ja€ 3MOTY BHAIIHIH
oOumcieHHs 0e3 CTOPOHHIX e(eKTiB.

Ki1i04oBi ci10Ba: TpaHc/siLis, MpoueaAypHe NporpaMyBaHHst, GyHKIiOHA/ILHe NIPOrpaMyBaHHsl, BHYTpiluHA (opma,
rpad 3aje;KHOCTi JaHUX.

Mapuenxo A.U., XonrbiHen B.A. Tpancasiuusi nporpaMM ¢ NIpPOUEAYPHBIX A3bIKOB IIPOrpaMMHPOBAHHMA B
(yHKIHOHAIBHBIE SI3BIKHM € HCIOJIbL30BaHHEM Ipada 3aBHcHMOCTell JaHHBIX. B cTaTtee mpemmaraercs crocod TpaHCISAIAI
IIPOTpaMM C NIPOLEAYPHBIX SI3BIKOB MPOrPAMMHPOBAHUS B (DYHKIMOHATBHBIC S3BIKH C HCIIOIBb30BAHHEM BHYTpPEHHEH (hOpMEI,
KOTOpasi COOTBETCTBYET (DYHKIMOHAIBHOM MapajurMe HpOrpaMMHpPOBaHMS — Tpada 3aBHCHMOCTEH MaHHBIX. B orTmmumm ot
JIPYrUX BHYTPEHHHUX (OpM, TaKnX Kak rpad MOTOKa BEITIONTHEHHS, rpad) 3aBUCHMOCTEN TaHHBIX SBHO BEIPa’kaeT 3aBUCHMOCTH IO
JTAaHHBIM MEK]Ly OIlepaTopaMy UCXOMTHOT'O S3bIKA, YTO JaeT BO3MOXKHOCTB OT/IEIIUTh BEIUUCICHHS O3 MOOOIHBIX 3 (EeKToB.

KnioueBble ci0Ba: TpaHCJsSIUsA, NpoleAypHOe NPOrpaMMHpOBaHHe, (PYHKIHOHAILHOE NPOrpaMMHPOBaHMHE,
BHYTpeHHsA (popMma, rpad 3aBucuMocCTeil JaHHBIX.

Marchenko O.l., Khoptynec V.A. Translation of programs from procedural languages to functional languages
using value dependence graph. Technique for programs translation from procedural programming languages to functional
languages using functional-oriented intermediate representation — value dependence graph, is proposed in this paper. In contrast
to other intermediate representations like control flow graph, value dependence graph exposes dependencies among statements of
source languages, that helps to extract evaluations without side effects.

Keywords: translation, procedural programming, functional programming, intermediate representation, value
dependence graph.

Beryn. Ilounnatoun 3 cepeauau XX cropivus Oyno CTBOPEHO BENMKY KiTBKICTH HMPOTrPaMHOrO
3abe3neyenHs (I13), sike noci, He3BakalOuM Ha EBOJIOLIIO aNapaTHOroO 3a0C3MEUeHHs, aKTyalbHE 1
norpedye MiATPUMKH, OCKITBKA Ha HbOMY TPUMAIOTHCS KPUTHYHI CUCTEMH THX YH iHIIUX HiIIPUEMCTB.
[TinTprMKa TaKUX CHCTEM TSATHE 32 COOOIO MEBHI JOAATKOBI BUTpaTH (MOpIBHAHO i3 cydacHuM [13), mo
MOB’S13aH1 3 BUKOPHCTaHHIM 3acCTapiinX MPOTrpaMHHUX IiHCTpyMeHTIB. ToMy, aKTyalbHOIO 3aJadeio €
aBToMaTH4yHa TpaHcsadis [13 Ha piBHI BUXIZHOTO KOy 3 OJHUX MOB BHCOKOTO DiBHS y iHmi. B manomy
BHUIIA/IKY, 3 MOB, 110 MPAKTUYHO BUHILIM 3 BUKOPUCTAHHS, y OUIBII Cy4acHI MOBH.

3apa3 ©Oararo cremiaJicTiB BiI3HAYAIOTh NEPCIEKTUBHICTh JCKIApaTHUBHOI (QYHKIIOHAIBHOI
napaurMy JUIsi CTBOPEHHS HOBHX BEIHMKHUX IMPOrpaMHUX cucteM. OyHKIIOHAIbHA apagurMa Halae psj
nepeBar 3 TOUYKH 30py po3napaieneHHs mporpaM Ta aBTOMaTHYHOI BepHrQikaiii.

OcCkinbky 3acTapizi MOBH IMPOTrpamMyBaHHS BHCOKOTO PiBHs, SIK MPaBWIIO, € MPOLETypHHUMH, TO
JOCHIPKEHHsI CIOCO0iB eeKTHBHOI TpaHCIALil mporpaM 3 MPOLEAypHHUX MOB NpPOTrpaMyBaHHS Y
(GyHKIIOHATBHI MOBH € TMEPCHEKTHBHUM HampsiMmoM. Came JOCHiKEHHIO TaKHX CHOCO0IB TpaHCILIi
MpUCBsAYEHA 1aHa podoTa.

IMocTanoBka HayKoBOI npodaeMu. MeToro 1aHoi poOOTH € aHaNi3 ICHYIOUMX CIIOCO0IB TPaHCIALIT
nporpaM 3 MPOLEAYPHUX MOB MpOrpamyBaHHs y (QYHKIIOHaJbHI 3 METOI0 OTPUMaHHSA crocoly, IO
3a0e3medye aBTOMaTHYHE BIIOKpEMIICHHS! 00YHCIICHb, 1[0 HE MICTATh CTOPOHHIX eeKTiB, BiJ] 0OUMCIICHB
B MIPOLIEAYPHiil mapaaurmi.

AHaJi3 iCHyI09HX c0C00iB.

Ilpoyedypne npoepamysannss — TapagurMa NpPOrpaMyBaHHS, IpPH SKIH MOPSIOK OOpPOOKH
OIepaTopiB KOMIT IOTEPOM € CTPOTO BU3HAUCHUM.

DynxyionaivHe npocpamysants — NapagurMa OporpaMyBaHHs, B sKid Ipolec MporpaMyBaHHs
TPAKTY€ETHCSI IK OOYMCIICHHS 3HAaUeHb (PYHKII B MATEMaTHYHOMY CEHCI, 1 HOPSAIOK 00UYHCIeHHs (HYHKIIH
BHU3HAYAETHCSA HASBHICTIO JAaHUX M iX OOUYMCIIEHHS, a HE MOPSIKOM iX pPO3TallyBaHHS Y TEKCTi
MPOrpamMu.
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[Ipn BukopHcTaHHI 000X HapagurM MPOrpaMyBaHHS, SK MPOLEAYPHOi, Tak 1 (QYyHKIIOHAJIBHOI,
CKJIaJOBUMH YaCTHHAMHU MpOrpamu € Habip omepaTopiB abo BHpa3iB y BUTIISAL HiANPOrpaM 3 MEBHUMH
BXIIHUMH TIapamMeTpaMu. Y BHIIQJKy MPOLEAYyPHOrO MporpaMyBaHHA Taki miamporpamu € abo
npouenypaMu, abo QyHKIISIMH, a Y BUNMAAKY (PYHKIIOHAIBHOTO MporpamyBaHHs — QyHKOissMU. PisHuIs
MDK (QYHKUISIMH IPOLIEAYPHOrO 1 QYHKIIOHAIBHOIO CTUJIIO MOJSTaE y CEMAaHTHLI. Y HEPIIOMY BUIAAKY
¢GyHKLIS € MmAmporpaMmoro, fka MOXKEe NpUAMaTH SKiCh MapaMerpd Ta IOBEpTaTH 3HAuYeHHA. Y
($yHKLIOHATBHOMY IIPOrpaMyBaHHi, (PYHKIISA Mae Take X 3Ha4eHHS, K 1 B MaTeMaTHi. Lle mpu3BoIuThH
0 Toro, mo ¢yHKUii y QyHKIiOHaTBPHMX MOBaxX MPOrpaMyBaHHS MalOTh OyTH «UHUCTHUMHU», TOOTO He
MICTUTH CTOPOHHIX e()eKTiB.

Haiinpoctimmii crioci6 — npsiMa TpaHcAniss. Y 0pOMY BUMAJAKY, BXifHA MpOrpaMa TPaHCIIOETHCS
JTEpaNbHO, MOICTIOIOYH HEXapaKTEpPHI JJIs BUXiTHOT MOBH aOCTPAKIIii BXiTHOI MOBH.

CyyacHi MOBM MpOrpaMmyBaHHA, IO MIATPUMYIOTH K MPOLENYpHY, TaK 1 (DyHKIiOHaIbHY
napagurmu, Hampukiang Common Lisp, 103BONSIOTH BHKOPUCTOBYBAaTH CTOPOHHI e(eKTH, 30Kpema
ornepaTop TNPHCBOIOBAaHHs 3aMIHIOEThCS Ha BHKIMK Makpocy Setf. Takox, B Common Lisp moxHa
BHKOPHCTOBYBATH TUHAMIYHI 3MiHHI, 5IKi JIETKO 3aMIHIOIOTb T7I00anbHi 3MiHHI. TaKuM YMHOM, TPAHCIIALISL
B Common Lisp € mocratHpo npsimoro. [lpukiaa nporpamu MoBoto C mokazano Ha puc.l. BinnosigHa
nporpama MmoBoro Common Lisp — Ha puc.2.

int global_foo;

int foo(int a) {
int x = 123 + a;
if (x > global_foo) {
global_foo = x;

(defvar *global_foo*)

(defun foo (@)
(let ((x (+ 123 a)))
(if (& x *global_foo*)
(setf *global_foo* x)

} (setf *global_foo* a))

elsiz é s (+ *global_foo* a x))
global_foo = a;

}

return global_foo + a + x;

Puc.1. IIporpama moBoto C Puc.2. IIporpama moBoro Common Lisp

HaromicTs B 4nCTO ()yHKIIIOHAIBHUX MOBax mporpamyBanHs, Takux sk Haskell, He moxxHa mpocto
BHKOPHCTOBYBAaTH OINEpaToOp MPHUCBOIOBAHHS 1 riioOanbHi 3MiHHI. JIns eMynsmii Takoi ceMaHTHKH Yy
Haskell noBomuthest BukopucroByBath cremianbhuii Tun |ORef y 3B’s31i 13 MOHAI0I0 BBOIY-BHBOLY.
[Monepenniit mpuknan mooro Haskell naBeneno na puc.3.

OTxe, MO’KHA 3pOOUTH BUCHOBOK, L0 MIPOCTa MpsiMa TPAHCIISLISA Mae CEHC JIMIIE y MOBaX, SIKi KpiM
OCHOBHOI (DyHKIIOHABHOI MapaJuIM1, MarOTh TAKOX 3acO0M MiATPUMKH MPOLEAYPHOI Hapaaurmu, 0o B
IHIIIOMY BHUIIAJKy PE3YyIbTYIOUHI KO CTa€ 3aHaATO yCKiIanHeHuM. [Ipobiema 3 UM MiAXOAO0M IOJISATAE Y
TOMY, IO MOPYIIYIOTHCS a0CTpaKLii, Ha sIKi ciupaeThes QyHKIIOHANbHA Mapaaurma. Lle npu3BoauTs 10
YCKJIAAHEHHS CYNPOBOLY TaKWX TIporpaM, a TaKoX MEPEeIIKO[DKae€ KOMIUIATOPY Y BUKOHAHHI
JTIOJTATKOBYX, OUTBII e)EKTUBHUX, CIIOCOOIB ONMTUMI3AIli] KOAY.
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global_foo :: I0Ref Int

global_foo = unsafePerformlO $ newlORef
undefined

foo :: Int -> 10 Int

foo a = do

let x = 123 + a
_global_foo <- readlORef global_foo
if x > global_foo then

writelORef global_foo x
else

writelOref global _foo a
_global_foo_return <- readlORef

global_foo

Puc. 3. [Iporpama moBoro Haskell

[HImMM migxomoMm 10 TpaHCIALil MpoLEeAYpHHUX MOB Y (QYHKIIOHAJIbHI € BHUKOPHCTaHHS MOBO-
HE3aJeKHUX BHYTpImHIX (mpoMikHKX) ¢(opm. BHyTpimmHI Qopmu BiAPI3HAIOTBCS MK CO00IO
iHpOpMaLli€ro Mpo BXiAHY IpOrpaMy, SIKy BOHM BHKOPHCTOBYIOTH. Haiimpocrimma BHyTpimHS ¢opma —
JepeBo po300py, sSKe MPENCTaBisie CTPYKTYpy Hporpamu. s BHKOHAHHS aHaji3y, ONTHMi3alii Ta
TpaHchopmanii BXiZHOT MporpaMu y BHXiIHY NpOrpaMy JAOLUIBHO MOINEPEAHbO MEPEBECTH JIEPEBO
po300py y OB NpUAATHY VIS IILOTO BHYTPILIHIO (GopMy.

[Mommpenoro BHYTpimHBbOI (GopMoro € rpad moroky BukoHanus (CFG) y 3B’s3ui 3 dopmoro
OJIMHUYHOTO npucBoroBaHHs (SSA), Ha 0a3i sIKOro MOKHa BUKOHYBATH aHali3u noroky panux (DFA). [lo
HenomikiB 1€l (opMH BiJHOCHTBCS CUJIbHA BIIOPSIKOBAHICTH OMEPaToOpiB, a TaKOX BIACYTHICTDH
iHpopMaLii mpo 3aJeXHOCTI MiXK omeparopamu. [Ipuknan rpady MOTOKY BUKOHAHHS AJISl ONEPEAHBOT
MporpaMu HaBeACHO Ha puc.4.

x=123+a;

x = global_foo

VRN

global_foo=x global_foo = a;

return global_foo +a+x;

Puc. 4. I'pad nmotoky BUKOHAHHS Puc. 5. I'pa¢ 3anexnocreit

AnbsrepratuBoro CFG e rpad 3anexnocreit (PDG) [1]. B upomy rpadi BeplIMHaMU TakokK €
OlepaTopy, a Jyrd - 3aJeKHOCTI MiX HUMHU. Taka (opma J03BOJSE «IOCIAOUTH» BIIOPSIKOBAHICTB,
pobnsum  ii HEsSBHOIO, LI0 JO3BOJSIE BHKOHYBaTH Jesiki coenuidai TpaHchopmamii, a Takox
BekTopu3yroui onrumizaiii. [Ipodnema PDG monsirae B ToMy, 10 CTPYKTYPHOIO OJIMHUIICIO € OTepaTop,
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30KpeMa, omeparop npucBoroBaHHS. ToOToO, Taka (opma moOpe MiAXOAUTH Ui MOJANbIIOI reHepamii
aceMOiepHOro Komy abo KOy Ha MpouenypHid MOBi BHCOKoro piBHSA. [pad 3anexxkHocTed mis
HABEICHOTO BHILE MPHKIAy 300pakeHo Ha puc.5. KokeH By3on BiamoBimae omepaTtopy BXimHOL
nporpamu (HOMep By3Jia BIAIIOBiZae HOMEPY psAAKa y BXiQHiH mporpami). 1 — BU3HAUYCHHS 3MIHHOI X; 2 —
nopiBHsHHA X Ta global_foo; 3 — zanmc X y global_foo; 6 — 3amic a y global_foo.

BukJiiax ocHoBHOTO MaTepiany i 0OIpYHTYBaHHSI OTPHMAHMX Pe3yJIbTATIB HOCTIKeHHS.

[Ipononyetbest crnocid TpaHCHALil mporpaMm i3 IpoLeAYPHUX MOB IIPOrpaMyBaHHA y (YHKLIOHAIbHI
MOBH, IO 0a3yeTbcs Ha BHUKOpHCTaHHI rpady 3anexHocti nanux (VDG) sk BHyTpimHbOi (Gopmu
npencrasieHHs nporpamu [2]. 'pad 3anexxHOCTI IaHUX HO3BONSE TMO30aBUTHCH Bia iH(popMarlii mpo
orepaTop, 3ajUINAI0YM HATOMICTh iH(OpMAaLilo Mpo 3aJSKHICTh JaHWX Yy IHMX omepaTopax. Y LBOMY
rpadi BepIIMHAMU € JaHi 1 onepaii HaJ HUMH, a K JyT'd BUKOPUCTOBYIOTHCS 3aIeKHOCTI. TakuM 4nHOM,
rpa¢ 3aJISKHOCTI TaHUX A0Ope BiAmoBinae GpyHKIIOHANBHIN napagurmi i ToMy npuaaTtHa ajs epeKTHBHOT
reHepanii koAy ¢yHKIioHaNbHOI MOBM mporpamyBaHHs. [lpm TakoMy mMigXodi KOMIUIATOP 3MOXeE
aBTOMAaTHYHO BHABHUTH YUCTO (YHKLIOHAJBbHI (hparMeHTH KOAY, a IJIsl IHIIMX (parMeHTiB BUKOPHUCTATH
MoHany crany [3]. Jo HemomikiB 1i€i (opMU BiTHOCHUTBCS CKIAaIHICTh MOOYIOBH Tpady 3ajJeKHOCTI
JaHWX 3a MPOrpaMol0 Ha BXiAHINA mpouenypHid moBi. ['pad 3amexHOCTI JaHUX Ui HABEACHOTO BHILE
MpHKIaxy 300pakeHo Ha puc. 6.

Puc. 6. I'pad 3anexxHoCTI JaHUX

Y oMy rpadi BepIIMHU BigoOpaXkaroTh OOYMCICHHS, a JYTU — 3HAYCHHS, BiJl SKUX 3aJICKUTH
obumncnenns. Sxmo onepanist E1 3anexuts Bix pe3ynsraTy oduncienns E2, To rpag mictuts ayry Big E1
1o E2. Bepuau MoXyTb OYTH KIJIBKOX THITIB!

1. IlpumituBHa onepauist. o Iboro Tumy BiAHOCATHCA apu(hMETHYHI oreparlii, KOHCTaHTH TOLIO.

2. Byneswii cenexrop (), 1o BiinoBizae yMoBHUM BHpa3aM. Li BeplmHI BUAAIOTH OJHE 3 BXITHHX
3Ha4YeHb B 3aJISKHOCTI BiJl YMOBHOT'O BUPa3y.

3. 3amukanHs (1), 10 BUIAE 3HAYCHHA-(DYHKILIIO.

4. Buxmuk ¢ynkoil. Ili BepmmHM 3amexarth Bin 3HaYeHHA-QYHKLII Ta mapamerpiB (1o
BIAMOBIAl0Th (pOpMaTIbHUM MapaMerpaM BXimHOI (QyHKIT). Pe3yiapraToM IUX BEpIIMH € 3HAYCHHS i3
BEPLIMHU Pe3yAbTaTy BXiIHOI QyHKII].

5. ®opmaneHuii napamerp. Lli BepmHM He MalOTh 3aJI€KHOCTEH, aje MaroTh 3HAUYEHHs, IO OYyI0
nepenaHo y Aany (QpyHkmiro yepes qaHuid GopMaIbHUHN mapaMerp.

6. BinbHa 3minHa. Taki BEpIIMHN MICTATh 3HAUEHHS 31 30BHIIIHBOTO KOHTEKCTY.

7. Bepmmnaa pesynpraTy. Bing mmux BeplIMH iHIN BEpIIMHU HE 3aiexaTh siBHO. CaMi BepIIMHU
3ajexarhb BiJl 3HAYCHHS, SIKE € 3HaYeHHSM Bciel QyHKUil. Bynb-skuii rpad 3auexHOCTi JaHUX MICTUTh HE
MEHIIIe O/IHi€T BEPIIMHMU pe3ynbTary (110 OHIN BEPILHHI JUTS KOXKHOTO 3HAUCHHS, 10 TOBEPTAETHCS).
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8. UntaHHS 13 1100aJIbHOTO CTaHYy.

9. 3amuc y riobanbHUi CTaH.

[ToGynoBa rpady 3anexHOCTI JaHUX i3 JepeBa po300py CKIAHAETHCS 31 II'ATH OCHOBHHX ETalliB.
[o-mepure, HeOOXiAHO PO30HTH AepeBO Ha 6a30Bi OJIOKH 1 MOOYIyBaTH Tpad MOTOKY BUKOHAHHS.

Ha npyromy erami HeoOXigHO moOymayBatu rpad 3anexHocTi 3amuciB (Store dependency graph —
SDQG). Leit rpa¢ 3amicth iH(OpMAIT PO 3aJEKHOCTI Y BUKOHAHHI BiIoOpakae MOTIK 3MiHM 3HAYCHHS
3amucy. 3amuc MICTHThH iH(OpMalilo Mpo 3HaueHHs ycix 3MiHHUX. [Ipu oOuncieHHI HOBOrO 3HAYEHHS
MEBHOI 3MIHHOI BUKOPHCTOBYIOThCS MOTOYHI 3HA4YEeHHI 3amicy. Bysnam posramykeHHs y Tpadi MOTOKY
BUKOHAHHS BI/MOBIZAa€ PO3raly)KeHHs 3amKuCy 3 MONAJbIIMM BHOOPOM 3a JOMOMOrow Yy-By3na. Tina
IIUKITIB 3aMIHIOIOThCS (DYHKIISA, @ CaMi [IUKJIM Ha BUKIIUKHU [UX (QYHKITIH.

Hacrynaum kpokoM HeoOXimHO BukoHaTH BOynoByBaHHs (inlining) HepekypcMBHHX BHKIIHKIB.
[Ticns yoro MokHa BUKOHYBAaTH CHUMBOJBHY iHTepmperanito rpady 3anexHocti 3amuciB. [Ipu npomy
CTBOPIOIOTHCSl BEPLIMHHU, LIO BiAINOBIAAIOTH OMNEpalisM, IO BUKOHYIOTbCA HaJ 3HadeHHsAMH. [lig gac
iHTepHpeTanii BUKOPUCTOBYIOTECS TaONHUII MOIIYKY, B SIKMX MICTHTHCS iHGOpMALis 3 sIKOI BEpPIIMHH
MO)KHA OTpPHMAaTH IOTOYHE 3HAUYCHHS IEBHOI 3MIiHHOI. SKIo B TaOmuIli BiACYTHi BKa3iBHUK Ha
BIANOBIZIHY BepmMHY (HAampuKiIaJ, 3HA4YCHHS OyJ0 HESIBHO 3MIHEHO y (DYHKIII), TO BUKOPUCTOBYIOTHCS
crenialbHi BEPIIMHN YUTAHHS 13 TJI00aILHOTO CTaHYy.

Ha npomy erami rpad) 3aineXHOCTI JaHMX BBa)Ka€ThCS CTBOPEHUM, alie JJIs MOAAJIbIIOl reHeparii
BapTO BUKOHATHU aHANI3 HMKIIB Ta BUJAJICHHS 3aiiBUX Onepalii 3anucy i YuTaHHsL.

Bapro 3a3HaunTH, 010 B pe3yabTari oOYJOBH Tpady 3aJeKHOCTI JaHUX, HaJ BXIAHOIO MPOrpaMoio
aBTOMAaTHYHO BUKOHYIOTBCS HyMepallisi 3HaYeHb 1 pO3MOBCIOPKEHHS KOMii Ta KOHCTAHT.

BucHoBkn

[IpoananizoBani cmocoOM TpaHCHALIi OporpaM 3 TNPOLEAYPHUX MOB INPOTpaMyBaHHS Y
($yHKUIOHATBHI MOXYTHh OYTH 3aKiajJieHi B OCHOBY BiANMOBIJHHX CIIEHiali30BaHUX TpPAaHCIATOpIB. Sk
cnoci mpsiMoi TpaHcsILii, Tak 1 cmocio, mo 6a3ylThca Ha BUKOPUCTaHHI BHYTPILMIHIX (OpPM, MAIOTh CBOT
repeBary i HeJIOMiKY.

Crioci6 mpsiMoi TpaHCHALii € mpocTimmM y peantisamii, ane Mae oOMeKeHe 3aCTOCYBaHHS. Moro
MOXXHa BHKOPHMCTATH JIMIIE TOMi, KONM BHXiTHA MOBa MIATPUMYE IMIIEPaTUBHY Mapaaurmy, ado KOJIH
BXiHa Tporpama HE MICTHTh CTOPOHHIX €(EeKTiB, TOOTO CEMaHTHYHO € (YHKIIOHAJIBHO YHCTOIO, IO
Maiike He 3yCTpidaeThCsl Ha MPaKTUL.

Crioci6, 1o 6a3yeTscsl Ha BUKOPUCTAaHHI Tpady 3aJIeKHOCTI JaHUX € OUIBII CKIIAIHUM Yy peatizalii,
ajie BiH Hajae 3MOry aBTOMATHYHO BHAUIMTH (PYHKIIOHAJBHO YHUCTI ()parMEHTH KOAY BiJ HasBHHUX
iMIepaTHBHUX (PparMeHTiB, BIJOKPEMHUBIIN X 3a IOMOMOI'OI0 MOHAJH cTaHy. KpiMm Toro, y mopiBHsHHI 3
IHIIMMHU BHYTpilIHIME (opmamHu, Tpad 3aleKHOCTI JaHUX JO3BONSE ePEKTHUBHIIIE BUKOHYBATH IEsKi
nojaiblI onTUMi3aiii, Takux sik slicing [4].

HampssmoMm monmanbmioro MOCITIIPKEHHST € po3poOka KOMOIHOBaHMX CIIOCOOIB TpPaHCHAIII, IO
MOETHYIOTh OIMCAHI BUIIE CIIOCOOM TPaHCIISIIIL.
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CIIOCIB TPAHCJIALII TUIIIB JAHUX MOBHU COBOL B TUIU JJAHUX CYYACHUX
MOB ITIPOI'PAMYBAHHAA

Mapuenko O.I, Ilep6nna B.0. Cnoci6 Tpancasuii Tunie 1annx mobn COBOL B THNHM AaHHX Cy4YacHHX MOB
MpOorpaMyBaHHs. Y CTarTi 3apONOHOBaHO MOnUdikoBaHUiA crociO TpaHcsinil TiiB ganunx Mosu COBOL B UM JaHUX CydacHUX
MOB IporpamyBaHHs. BiH 0a3yeTbCsi Ha IMUPOKOMY BHKOPHUCTAHHI CTaHIAPTHUX THUIIB IUIOBOT MOBH, Ha BIIMIHY Bif OiIbII
[IPOCTOrO MiAXOAY A0 peanizaiii cemanTuku TumiB qanux Mo COBOL 3a 101oMOrorw CUCTEMH J10IaTKOBHX KIIACIB.

KorouoBi ciioBa: cnocodu TpaHcasiii, Tumn 1annx, Moa nporpamyBannsi COBOL, craHgapTHi THIIN cydacHUX MOB
MporpaMyBaHHS.

Mapuenko A.U., lllepouna b.A. Crioco6 TpaHcasiuy THoB JaHHbIX s13b1ka COBOL B THNBI TaHHBIX COBPEMEHHBIX
SI3bIKOB MpPOrpaMMHUpoBaHusl. B cratbe mpeayiokeH MoaubUIMPOBaHHBIA crocod Tpancmsnun tunoB sizbika COBOL B Tumbt
JTQHHBIX COBPEMEHHBIX S3BIKOB IporpaMmupoBanusi. OH 0a3upyercs Ha IIMPOKOM HCIIOJIb30BAHMM CTAHIAPTHBIX THIIOB LIEJICBOTO
s3blKa, B OTIMYHME OT Oojee IPOCTOro MOJAXOAA K pealn3alyy CeMaHTHKH TUIOB JaHHBIX si3bika COBOL ¢ moMoIbio CHCTEMBI
JIOTOITHUTEIILHBIX KJIACCOB.

KiioueBbie c10Ba: cmocodbl TPAHCISINMA, THIBI JAHHBIX, A3bIK nporpammupoBanuss COBOL, cranpapTHble THIBI
COBPEeMEHHBIX SI3IKOB IPOTPAMMMUP OBAHHS.

Marchenko O.l., Shcherbyna B.O. Technique for COBOL types translation into types of modern programming
languages. A modified technique for COBOL types translation into types of modern languages is proposed in this article. It is based
on the wide usage of native types of the target language, rather than simplier implementing COBOL data types semantics using a set
of additional classes.

Keywords: translation techniques, data types, COBOL programming language, native types of modern languages.

Betyn. bararo nporpam it ynpaBiiHHS TEXHOJIOTIYHIMH Ta €KOHOMIYHUMH IIPOIIECAMH  CTBODEHI 3
BHKOPHCTAHHAM Jemio 3acTapimoi B cydacHux ymoBax mMoBu COBOL. Jlms moBu COBOL xapaxrepna
CTPYKTypHa METOAOJIOTiA IIPOTPaMyBaHHs, SKa MPHU3BOJUTH O CKJIAJHOTO TMPOLECY pO3MHUPEHHS
¢yHKIIiOHABHOCTI TporpaMu. HaifOinmpmn mommpeHrMH Ha JaHWH MOMEHT MOBaMH IPOTPaMyBaHHS €
00’€KTHO-OPI€EHTOBaHI MOBH, SKi 3a0€3MedylOTh OUTBII TPOCTHH 1 IIBHUAKHKA mporec Momudikamii i
HapomIeHHs ()YHKIIOHAJIFHOCTI TpoTpamMHuX cHcTeM. 3a gomomororo moBu COBOL HOBI mporpammi
MPOAYKTH BXKE HE CTBOPIOIOTHCS, MPOTE iCHYE BENHMKAa KIUIBbKICTh NporpaM, HalMCaHWX Ha Wil MOBI,
Mpane3naTHICTh SKUX HEOOX1THO IMOCTIHHO MATPUMYBATH, a B 0araTh0X BUIAIKAX TAKOX 1 PO3IIHUPIOBATH.

OpHUM 3 WiAXOAiB 10 pO3MMPEeHHS (YHKIIOHATBHOCTI Komy, HamucaHoro moBoio COBOL e
CTBOpEHHS (DaKTHYHO HOBOTO NPOTPAMHOTO NPOAYKTY 3 BHKOPHCTAHHAM ONHIi€I 13 Cy4acHHUX MOB
mporpaMyBaHHs. AJie TaKUH MiAXiA TPU3BOAUTH M0 3HAYHWUX YACOBHX Ta (PiHAHCOBUX BUTpAT. [HIIWIA mimxin
MoJATae B po3poOmi TpaHCIATOpa, IO BUKOHYE aBTOMAaTHYHE INeperBopeHHs mporpaM Ha mosi COBOL B
MporpaMH, IO HAMHMCaHI CyYaCHHMH MOBAaMH BHCOKOTO piBHS. IlocTaHoBKa 3amadi Ayl TakMX MOBHHX
MIePEeTBOPEHb JOCTaTHHO MPOCTa: HEOOXiTHO MepeBeCTH MpOorpaMy 3 OfHi€l MOBH MpOrpaMyBaHHS Ha iHILY,
3aJIMIIMBIIN NPH [FOMY HE3MIHHMM ii 30BHIIIHIO MoBeiHKY. IIpoGnema Takoi TpaHCHALIl 3aM€XNUTh Bif
HasBHOCTI B LUTBOBIM MOBI MpOTpaMyBaHHSA BiNOBITZHMX BOYJOBAaHMX MOBHMX KOHCTPYKIIH, TOOTO TpH
MepeKyIazi mporpaM 3 OfHi€i MOBM Ha iHITY HEOOXiTHO CIIIBCTAaBUTH HAOOpH BXITHHMX Ta BHXITHHX 3pa3KiB
KOZIa, 10 1 CKJIa/la€ OCHOBHY CKJIaJHICTh MOBHHX IEPETBOPEHb.

ITocTanoBka HaykoBoi mpo6JeMu. MeTolo naHoi poOOTH € aHaji3 ICHYIOUMX PIIIeHb 3 TPaHCIALii
trniB gaanx MoBu COBOL B Tumm fmaHmX cydacHMX MOB NIpOTpaMyBaHHS, a TakoX pO3poOKa HOBOTO
CHoCco0Y U1 Takoi TPaHCIIAIIT.

AHaJIi3 J0CTiAKeHb.

Tunu oanux mosu COBOL

Y moBi COBOL Bci cTpyKTypH OaHHX OTOJIOUIYIOTBCS B CIICIiaIbHOMY PO3ALTL MPOrpaMH, IO
HazuBaeTbca DATA DIVISION a6o x po3min qarnx.  JlaHi MOXyTb OyTH OTOJOIIEHI i€papXidHO, KOKHE
OTOJIOIIEHHS 3MiHHOI Ma€ YHCI0-PiBeHb, 10 BKa3y€ HA HAIEKHICTh 3MIHHOI 10 iHIIOT 3MiHHO{. OTONOMIeHH
3MIHHOI 3 OINIBPIINM YHCIOM-PiBHEM BKa3zye Ha ii HAIEXKHICTH 10 3MIHHOI 3 MEHIINM 4HCIOM-piBHeM. Taka
3MiHHA, [0 MIiCTUTH B c00i iH1mi 3minHI, Mac Ha3By RECORD, a6o “3ammc”.
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Came oroslomeHHS 3MiHHOi, OKpiM YHCIa-piBHSA, MICTHTH iM’s 3MiHHOI, 11 Tum abo Qopmar, Ta
HEOoOOB'sI3KOBE MMOYaTKOBe 3Ha4eHHS. KpiM Toro, MoXXyTs OyTH BKa3aHiI TaKOX CIIEIiajibHI 1HIUKaTOpH TOTO,
10 3MiHHA € MacuBOM, a00 X TMepeBH3HAYA€ IHITY 3MiHHY. 3yMHHEMOCh MOKJaaHime Ha (GopMari MOTaHHT
TAHVX, 10 BU3HauaeThest kKoHeTpykiiero PICTURE.

Tun s3migaoi B MoBi COBOL BusHauacThcs OmMCOM 3HAYEHHS, SKE€ BOHA MOXKE MICTHTH, 34
JIOTIOMOTOIO CTIEIialIbHAX CHMBONIB. KOXXHUI cHMBOI BigmoOBifae 3a OAHY KOMIPKY Tam’sTi Ta IO3HA4ae
(opmar maHuX, IO MO’Ke B Hil MicTuTHCS. Haifuacrimie BUKOPHCTOBYIOTHCS HACTYITHI ITO3HAY €HHS:

9 — koMipka s I QpH;

Z — xoMipka utst U pH, 10 He BiTOOPaKaeTHCsI, SKIIO YACIO0 TTOUNHAETHCS HYIIEM;

X — KOMipKa JIJIs1 CHMBOJIa,;

S — KoMipKa It 3HaKa 3MIHHOT;

V — KoMipKa JIj1si CHMBOJIa KOMH B YHUCIIL.

Hanpuknan, mo3nauenus 99999 oznauae 3MiHHY, IO MOXKE MICTHTH A0 ITSTH P, TOOTO Taka
3MiHHA € 9uCIIoM 3 IT'TH Iudp. AHanorigHo Gopmat XXXXXXX € mogaHHsAM 3MiHHO{, IO CKJIAAETHCS 3 7
CHUMBOJIIB, TOOTO PSIIKOM JTOBXUHOIO 10 / CHMBOJTIB.

BaxmusumM aktom B cemantuii MoBu COBOL e Te, mo 3Ha4eHHA MOBIIBHOI 3MiHHOI MOXe OyTH
TIPUCBOEHE OyAb-IKil 1HITIH 3MIHHIN, BKIIFOYal0uX IPHUCBOEHHS OKPEMOTO YHCiIa B MacuB. B Takomy Bumaaxy
BiZOyBa€eThCs HEsIBHA KOHBEPTAL[is JaHUX 3 popMary nepiuoi 3MiHHOI B popmar iHImIoi 3MiHHO].

OnnuMm 3 icHyrouux TpaHcmsitopis 3 mosu COBOL y moBy Java € RES (An Open Cobol To Java
Translator). OcHOBHOW ine€r0 TpaHCIALl THINB JAaHUX y LbOMY TPAHCISTOPI € CTBOPEHHS KJACIB,
BIIIOBIMTHUX KOXKHOMY THWITy JaHUX, Ta OpTraHi3amis B3aeMofii WX KJIaciB, HANPHKIAA, apupMETHIHI
omeparii peani3oBaHi 3a JOMOMOIol0 NeBHMX MeroxmiB. lLli 3reHepoBani Kiach MiIcTATh OiHapHe
TIPE/ICTaBIICHHS JTaHWX, JOCTYH 10 SKHUX BiIOyBa€ThCA Yepe3 METONH LBOTo Kiacy. Takui Mmiaxix J03BOIsIE
TIOBHICTIO 3MOJIENIOBATH MOBeAiHKY THIiB MaHnx MoBu COBOL, ockinmbku KJIacH MICTATH caMme OiHapHe
TIOJAHHS JaHUX — TOAIOHUM YMHOM NaHi 30epirarorbes i B MoBi COBOL.

OpHak Koo, IO 3TeHepOBaHUI TaKUM CIIOCOOOM, Ma€ JBa CyTTE€BHX Hemoniku. [lo-meprre, Takuii Kox
€ JIOCHTh TPOMI3IKIM depe3 HeoOXiqHICTh TeHeparlii BCiei cucTeMn KiaciB Ta MeTofiB s HuX. llo-mpyre,
3MiHHI HaBiTh HaHOINBII TPUMITBHUX THUIIB, HAaNpHKIaX TaKi, IO CKJIAAAIOThCA 3 Mapu mudp, B Takid
mporpami TEpeTBOPATHCI y O0’€KTH KJACiB 13 MECATKOM METOMIB Ul TIOJAHHS [WX JaHUX Y Pi3HUX
¢dopmarax. Lle mpu3BOAUTE IO CYTTEBOTO YCKIATHEHHS MOTEHIIATHHO JOCHTH MIPOCTOTO KOAY, 1 K HACTIMIOK,
OLTBII CKIIAHOT HOAABIIOT POOOTH 3 HAM.

Ha BinMiny Bim icHylOWUMX migXomiB, B POOOTI NPOMOHYETHCS CMOCIO, SKUI pearizye mpsamy
Tparcusmito TumiB ganux mMoBu COBOL B crammapTHi THNH MaHUX HUTHOBHX MOB BHCOKOTO piBHS. [lim
CTaHAAPTHUMH THIIAMH MAfOThCS Ha yBa3i 0a30Bi TUIHM MOB BHCOKOTO PiBHS, IO BHKOPHCTOBYIOTHCS I
30epiraHHs JaHUX eJIeMEHTapHHX (OPMATIB: KX 1 IPOOOBHX YHCEN, CHMBOJIB 1 PAIKIB.

VY sunanky moBu COBOL moniGHi mepeTBOpeHHSI HE MOXKHA BUKOHATH O€3 JOJaBaHHS CIICHiabHOT
JOTIKK 7S JeSKUX OIepalidl, Hampukiax, OKPyDIEHHS 10 MEBHOTO 3HAKY IICJIs KOMHM, KOHBEpTalil Ta
NPUBEIEHHS Pi3HUX THIIIB, TOIIO.

BukJjag ocHOBHOrO Marepiay i 00IpyHTYBaHHSI OTPUMAHMX Pe3yJILTATIB AOCIIKEHHSI.

Crroci6 TpaHCIIALL], 0 MPOMOHYETHCS, CKIATAETHCS 3 HACTYITHUX KPOKIB.

1. IIporpamy, mo Harmcana moBoro COBOL, TpaHCIIoroTh B IPOMDKHE ITPEACTABICHHS, 1110 HAPSIMY
BimoOpaxkac moBemiHKy Ta Tunu nanux mMoBu COBOL 3a momoMororo creniajdbHOI CHCTeMH YHi(piKoBaHUX
MPOMDKHHUX KJIAciB, TAKUX SIK:

Interface Movable;

Class PicData<...> : Movable;
Class CobolArray<...> : Movable;
Class BinRep : Movable;

Tyt iurepdeiic Movable cayxuts a1 BIATBOPEHHS CEMAHTHKU MPUCBOEHHS 3HAYCHHS JOBLIBHOL

3MiHHOI B Oymb-siKy iHmry 3minHy. [TapamerpusoBanuii kiac PicData npusHadeHHil 1T MOZAaHHS MPOCTOL
sminHOi. Ilapamerpom mporo kmacy € “xoOonbHe” IOZaHHSA 3MiHHOi, TOOTO TOXAHHS 3a JOIOMOTOIO
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korcrpykuii PICTURE. Tlapamerpusosanuii kimac CobOIArray crmyrye mis mpenctaBieHHsS MacuBiB, Jie
napaMeTpoM Kiacy € BiaacHe Tun MacuBy. Kiac BinRep (binary representation) ciyrye mis BHyTpilHbOro
MOAAHHA JaHUX Yy €IWHOMY OiHapHOMY (opmari, TOOTO came y Takomy (opmMari, SKHH BHKOPHCTOBYETHCS
Tpancmaropamu mosu COBOL.

Bci kiacu micTaTh Meronu Ut KOHBepTalii B Tun BinRep, a Takok KOHCTPYKTOPH, IO MPUITMAIOThH
et Tum. Lle HeoOXixHO 11 BiNTBOpEeHHS ceMaHTHKH npucBoeHHsT MoBu COBOL.

TakuM 4MHOM, BCi TIPOCTi 3MiHHI TpaHCIIOKTh B 00’ ekTH Kinacy PicData, a Bci 3MiHHI-MacuBH — B
00’extu knacy CobolArray. Bei 3amucu iepapxidHO TPAHCIIOKOTHh B KJIAaCH, a 3MiHHI, B TAKOMY BHIIAJIKY, €
IIOJISIMH BIAITOBIIHUX KJIACIB.

2. Twumm 3miaanx MoBu COBOL meperBOproroTe B THIH, II0 BUKOPHUCTOBYIOTHCSI B 3a/aHii MOBI
BHCOKOTO piBHA. BiamoBinHicTs mepeTBOpeHHs THITIB Ha puKiIaai moBu C# nmpexcrasinena B Tadbmmmi 1:

Tabmurg 1. Tabmuig Bignosiguocti Tunis MoB COBOL ta C#

PIC clause Scope Corresponding Type in C#
S9(n)1<n<9 - 999,999,999 + 999,999,999 int
S9(n)10<n<18 - 999,999,999,999,999,999+ long
999,999,999,999,999,999
SOM)VI(n)1<m+n<7 7 decimal digit precision float
S9(M)VI(n) 8<m +n <15 15 decimal digit precision double
S9(M)VI(n) 16 <m+n <28 28 decimal digit precision decimal
9(n)1<n<9 0 + 999,999,999 unit
9(n)10<n<18 0 +999,999,999,999,999,999 ulong
9(MVI9(N) 1 <m+n<7 7 decimal digit precision float
9(M)VI(n) 8<m+n<15 15 decimal digit precision double
9(M)VI(n) 16 <m+n<28 28 decimal digit precision decimal

3. Omneparii nan 3minanvu MoBu COBOL mepetBopioroTs Ha omeparlii, o BHU3HAYCHI IS TUMIB
3aJaH01 MOBHM BHCOKOTO piBHA. lIpy IMX IepeTBOpEHHSAX IOBHICTIO 30€pira€Thcsi CEeMaHTHKAa pPOOOTH 3
naaumu Mo COBOL. KouBepraiiisi THITIB BUKOHYETHCS 3a JOMOMOror0 kiacy BinRep, skuii mae B cobi
iHpOopMaIifo, HeoOXiHY ITg TpaHC(HOPMyBaHHS TaHUX BiAMOBiAHO 10 ceManTrku MoBu COBOL.

4. 3a mONOMOTrOI0 JOATKOBOTO aHaji3y BHKOHYIOTH TpaHc(opMarlii A MOJaIbIIOTO CIIPOIIEHHST
Komy, SKmo morpiOHO. ['omoBHMM wmHOM, mi TpaHcoOpMariii CIpsMOBaHI Ha 3aMiHy KOHCTPYKLIH 3
BUKOPUCTaHHsIM Kiacy BinRep Ha mpocti KOHCTpyKMii 3ajaHOi MOBH BHCOKOTO piBHsA. OCHOBHUMH
KOHCTPYKIIISIMH JJIsI TOKPAIIEHHS € KOHBEPTAIlisl THIIB, & TAKOX ONEparlii 3 psIKaMH.

Hpuxaan

Jns npuknagy pos3bepemo TpaHchopMmallifo (gparMeHTy KOy, IO BKIIOYae B cebe CEeMaHTHUHY
koHcTpykiito MoBrn COBOL mix HazBoro “momudikariist 3a mocumanaaM”. IloniOHa KOHCTpyKIis mependadae
3MiHy AESKHX PO3PAIIB 3MIHHO{, HE 3MIHIOIOYM NPH [BOMY IHIIMX. Y Cy4acHHMX MOBax INPOTPaMyBaHHI
momiOHi nii MOKHA BHKOHATH HaJ ICIKUMH CTPYKTypaMHl JAHWX, ajlie IS [UIOYHCICHWX THUIIB IMTOMiOHA
orepalist He € BU3HaUeHOI0. BinTak, 3amada TpaHCmAmil momiOHOI KOHCTPYKIl nependadae BUKOPUCTAHHS
JTIOMATKOBMX KOHCTPYKIIH JUIi BIATBOPEHHS CEMAHTHKH IOYAaTKOBOi KOHCTPYyKMHil. OTOX, (QparMeHT Koy
moBoro COBOL.:

01 date PIC 9(8).
01 year PIC X(4).
01 month PIC X(2).
01 day PIC X(2).
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MOVE year TO date(1 : 4).
MOVE month TO date (5 : 2).
MOVE day TO date (7 : 2).

B HaBermeHOMy NpHKIani y THepuri YOTHPH PO3PsIH BOCBMUPO3PSAHOI 3MiHHOI date 3amucyersbcs
3HAYCHHsSI 3MIHHOI Year, B M'ATHH Ta MIOCTHH po3psai — 3HadeHHs MoOnth i B ceomumii Ta BOCBMHH —
3HaueHHs 3MiHHOI day. BHKOpPHCTOBYIOYM HaBEICHY CXeMy TPaHCISILIl 3reHepOBaHWi KoJ Oyae MOeTarHo
BUNIIAZATH HACTYITHAM YHHOM:

{

BinRep __refmod__ = null;
__mt refmod__ =
CobolUtils.toBinRep("9(08)", date).subrepmod(PicData<S9>(BinRep(-1)),
PicData<9>(BinRep(1)).add(PicData<9>(BinRep(4))).sub(PicData<9>(BinRep(1))), CobolUtils.toBinRep("X(04)", year));
date = _mt _refmod__.subrep(PicData<9>(BinRep(0)), PicData<9>(BinRep(0)) +
PicData<9>(BinRep(8))).asuint32_t("99999999");
}
{
BinRep __refmod__ = null;
__refmod__ =
CobolUtils.toBinRep("9(08)", date).subrepmod(PicData<9>(BinRep(5)).sub(PicData<9>(BinRep(1))),
PicData<9>(BinRep(5)).add(PicData<9>(BinRep(2))).sub(PicData<9>(BinRep(1))), CobolUtils.toBinRep("X(02)", month));
date = __mt refmod__.subrep(PicData<9>(BinRep(0)),
PicData<9>(BinRep(0)).add(PicData<9>(BinRep(8)))).asuint32_t("99999999");
}
{
BinRep __refmod__ = null;
__refmod__ =
CobolUtils.toBinRep("9(08)", date).subrepmod(PicData<9>(BinRep(7)).sub(PicData<9>(BinRep(1))),
PicData<9>(BinRep(7)).add(PicData<9>(BinRep(2))).sub(PicData<9>(BinRep(1))), CobolUtils.toBinRep("X(02)", day));
date = _mt _refmod__.subrep(PicData<9>(BinRep(0)),
PicData<9>(BinRep(0))).add(PicData<9>(BinRep(8))).asuint32_t("99999999");
}

Ha npyromy Ta Tpersomy erami BinOyBaeThCa 3aMiHa THIIIB, IO BiANOBIAAIOTH MPOCTUM 00'€KTaM Ha
THUIIF MOBH BHICOKOTO PiBHA. B pesynbraTi 11b0TO €Tary nepeTBopeHHs (parMeHT Oyae BUIIAATI HACTYITHUM
YHHOM:

{
BinRep __refmod__ = null;
__mt refmod__ =
CobolUtils.toBinRep("9(08)", date).subrepmod(1 -1,1 +4 -1, CobolUtils.toBinRep("X(04)", year));
date = mt _refmod__.subrep(0, O + 8).asuint32_t("99999999");
}
{
BinRep __refmod__ = null;
__refmod__ =
CobolUtils.toBinRep("9(08)", date).subrepmod(5 -1,5 +2 -1, CobolUtils.toBinRep("X(02)", month));
date = __mt refmod__.subrep(0, O + 8).asuint32_t("99999999");
}
{
BinRep __refmod__ = null;
__refmod__ =
CobolUtils.toBinRep("9(08)", date).subrepmod(7 -1,7 +2 — 1, CobolUtils.toBinRep("X(02)", day));
date = mt _refmod__.subrep(0, O + 8).asuint32_t("99999999");
}

3a CeMaHTHKOIO MOBH BiqOyBa€ThCsl TPUCBOEHHS Y BIAMIOBIAHI pO3psAAN Yepe3 BHYTPIIIHE MOJAHHS
JaHMX, 1[I0 B HABEICHOMY MPHUKJIAIl IMITYEThCS BUKOPHCTaHHsAM Kiacy BinRep. Taky KOHCTPYKIiIO MOKHA
ICTOTHO CHPOCTHUTH, PO3MI3HABIIM, IO NPHUCBOEHHS BifAOyBaeThCs y OAHY 1 Ty K 3MiHHY, a ii po3psamu
OHOBIIOIOTBCS MOCTiMOBHO. TakuM YMHOM, MOXJIMBA 3aMiHa Ha JIMIIE OJHY OIEpalliio, mo mepemdadac
KOHKaTEHAIIif0 PAAKIB 1 IX KOHBEPTAIlilo B YUCI0. B pe3ynbTari NpUCBOEHHS BUAY:

© Mapuenxo O.1., Hlepbuna b.0.



56 Hayxosuii acypnan KoM’ 1oTepHO-iHTErpOBaHi TEXHOJIOT{: OCBiTa, Hayka, BUPOOHUITBO"
Jlyywok, 2015. Bunyck Ne 20

date = CobolUtils.toBinRep(year + month + day).asuint32_t("99999999");

V Takomy BapianTi 3minui year, month i day tpamciroroThCcs B cTOpoKOBHi THm (String), morim
BiZI0yBa€THCsI iX KOHKATEHALIiSl 1 IEPETBOPEHHS y LUTOYMCICHH THIT 3MiHHO]I date.

BucHoBkHu

Kox, mo reHepyerbcs 3ampONOHOBAHMM CIIOCOOOM Ma€ OUIBII UiTKy Ta IHTYITHBHO 3pO3yMilTy
CTPYKTYpY 1 CEMaHTHKY, a TaKOXK € CyTTEBO MEHIIMM 3a po3mipoM. KoHcTpykii, mo momatorecs B m.1, B
3araJbHOMY BHIIQAKY MaloTh OyTH 3aMiHEH1 Ha KOHCTPYKIIii MOBH BHCOKOTO piBHA. BpaxoByrounm mmpokwnit
CHEKTP MOMJINBHX KOMOiHAIli}l TaKMX KOHCTPYKIIiH, a TaKOXK icToTHHH ceManTnaHMil po3pus mosu COBOL i3
CYJacHOIO0 METOMOJIOTIEI0 MMPOTpaMyBaHHA, OCHOBHOIO 33J1auelo IS TTOJANIBIIOr0 BIOCKOHAJIGHHS CIIocoly €
po3pobka edeKTHBHUX TpaHC(opMaILliil 171 iX TepeTBOpPEeHHS Ha eTarli OIicaHoMy y 11.4.
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KEY PERFORMANCE INDICATORS BASED SOFTWARE ECOSYSTEM (SECO)
RESEARCH USING PUBLICATIONS SYSTEMATIC MAPPING

Melnuk K.V., Melnuk V.M., Khrystynets N.A. Key performance indicators based software ecosystem research
using publications systematic mapping. To create value with a software ecosystem, a platform owner has to ensure that the
SECO is well and sustainable. Key Performance Indicators (KPI) are used to assess whether and how well such objectives are
met and what the platform owner can do to improve. This paper gives research overview on KPI-based SECO assessment using
research publications systematic mapping. The study identified 34 publications for which KPI research and KPI practice were
extracted and mapped. It describes the strengths and gaps of the research published later and what KPI are measured, analyzed,
and used for decision-making from the researcher’s point of view. The maps that capture state-of-knowledge can be used to plan
further research. For practitioners, the generated map points to studies that describe how to use KPI for SECO managing.

Keywords: Software ecosystem, digital ecosystem, performance indicator, KPI, success factor, systematic mapping.

Meabauk K.B., Measuuk B.M., Xpuctunen H.A. KnodyeBble HHINKATOPLI (D)YHKIHOHUPOBAHUS BXOAfINME B
HCCIe0BAHMEe JKOCHUCTeMbl INPOrPaMMHOIO of0ecledeHHs, MCHOJbL3ys cHCTeMaTHdeckoe KapTorpaduueckoe
orodpaxenune. UToObl co3maTh 3HAYCHHE C DKOCHCTEMOI IIPOrpaMMHOTO OOECIICUeHHs, BIaJeNblly IIaTGOPMBI NPHAETCS
rapanTapoBath, uto SECO xopommit u paborocmocobusiit. Kimouebie mokasartenu nesirenproctr (KPI) ucnons3oBamsr, 9T00b!
OLICHUTbH, HACKOJIFKO XOPOIIO BEIOPAHBI LIENM M YTO BIIAJEINEI] IUIAaT(GOPMBI MOXKET CAENATh IS YIydIIeHUs. JTa CTaThsi JAeT
UCCIIeNIOBaTeIbCKUil  KpaTkuii 0030p oumenke SECO nHa 6Oase KPIl, mnomp3ysice cucremaTwdeckoil kapTorpadueit
UCCIIENI0BATEIbCKUX IyOnuKauuid. V3yuenue wuaeHtuduuupoBano 34 mnyOnukauud, Uil KOTOPHIX OBUIM H3BICYECHBI U
n300paxkeHsl uccnenoBanre u npakruka KPl. Oto ommckiBaeT cuibl U mMpoOenbl uccineIoBaHus, u3naHaoro nozxe u uro KPI,
€CTh B3BCIICHHBIM, NPOAHANIN3UPOBABIINIM, M HCIOIB30BAHHBINA [UI HPHHATHSA DPEIICHUSI C TOYKU 3PEHHS HCCIICHOBATEI.
W300paxeHuss comepKaT B3ATHIM ypOBEHb 3HAHWNH M MOXET OBITH HCIOIB30BAaHO, YTOOBI IUIAHHPOBATH JANIbHEHIIEe
uccieoBanue. [ CHenuaIuCTOB-TIPAKTUKOB TNPOW3BOAMMAs KapTa YKa3blBaeT Ha H3YUCHHE, KOTOPOE OMNMCHIBACT, KaK
nonb3oBathest KPI mst SECO.

KiioueBble c10Ba: sKocHCTeMa NMPOrPaMMHOTO odecriedeHus, udpoBast 3KOCHCTeMa, MoKas3aTenb aesrensHocTH, KPI,
(hakTOp ycnexa, cCHCTeMaTHIecKast KapTorpagusL.

Meabnuk K.B., Measnuk B.M., Xpucrunens H.A. KirouoBi ininkaropn gyHKIioHyBaHHS 10 BXOASITh B OCHOBY
JAOCTiIKEeHHsS] eKOCHCTeMH MPOrpaMHOro 3ale3meveHHs, KOPHCTYIOUHMCh CHCTeMAaTH4YHOW Kaprorpadieio myOuikaumiii.
[I{o6 cTBOpHUTH 3HAYEHHS 3 EKOCHCTEMOIO IIPOrPAMHOTO 3a0€3IIeUeHHs, BIACHUKOBI IIaT(OPMH JOBEIETHCS apaHTyBaTH, IO
SECO xoporma i po6oro3aatra. Kirouosi nokasuuku aisuibrocti (KPI) Bukoprctani, as ominky 4u qoope miaibpai € i i mo
BJIACHUK IIaTHOPMH MOXKE 3pOOUTH UIsl MoMinueHas. L{g cTarTs qae KOpOTKHUIA JAOCIiTHAIBKINA OrJisix Ha ocHOBI oiHKH KPI
SECO, KOpUCTYHOUYHCh CHCTEMaTHYHOK KapTorpadi€ero IociiqHULbKUX myOnikauiii. Bupdenns inentudikysano 34 mybmikaii,
UL KX OyiH BHUTATHYTI 1 300pakeni mocimimxeHHs i npakrtuka KPL e ommcye cwim i HEOMIKK JOCTIIKEHHS, BHIAHOTO
mizaime i mo KPI 3piBHOBakeHWi, aHAN3yrOuMi, 1 BHKOPHCTAHMI Uil MPHHAHATTS PIMIEHHS 3 TOYKH 30pY IOCIITHHKA.
300pakeHHsI MICTATH BHUSABICHHI PIBEHb 3HAHH 1 MOXYTh OYTHM BHKOPHCTAHI IUIS IUTAHYBAHHS NMOJANBIINX JOCHiMIKEHb. s
NPaKTUKYUHX (axiBLiB Kapra BioOpakeHHs BKa3ye Ha BUBUYCHHS, ke onucye, sk kopucryBarucs KPI mis SECO.

KoarouoBi c1oBa: exocrcremMa mporpaMHOro 3a0esnedeHHs, nudposa exocucrema, inaukarop aistibHocTi KPI,  dakrop
yCHiXy, CHCTeMaTHYHa KapTorpadis.

Introduction

A software ecosystem (SECO) is about actors set interaction functioning as a unit and interacting
with a shared market for software and services together with the relationship among them [1]. Here is
reviewed any ecosystem that basing on or enabled by software, including pure software, software-
intensive systems, mobile applications, cloud, telecommunications, and digital software ecosystems. The
inclusion of telecommunications, for example, can only be realized with appropriate ICT infrastructure.
Companies adopt SECO strategy to enlarge their organizational boundaries, to share their platforms and
resources with third parties and to define new business models [2, 3]. A SECO is often supported by a
technological platform or market that enables the SECO actors in exchanging information, resources, and
artifacts. Ownership of such a platform gives strategic advantages over the other SECO actors. It allows
ever-increasing customer demands satisfaction with limited own resources. It also KPIs for Software
Ecosystems: A Systematic Mapping Study 195 allows improving one’s own knowledge about the
marketplace that is necessary for innovation, evolution of a product or service offering, and revenue
opportunities identification [4, 5].

SECO platform ownership also brings responsibilities which include the definition of SECO
performance objectives and SECO management to achieve these objectives. It also is expected to be
healthy [6] and sustainable [7]. It is healthy when it is productive for surrounding actors, robust, and
niche-creating [8]. It is sustainable when it maintains its structure and functioning in a resilient manner
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[6]. Health and sustainability are closely linked performance objectives that are often found in complex
systems [9, 10]. Managing involves definition of how actors, software, and business models play together
to achieve the SECO abjectives in business, technical, and social dimensional perspectives [11, 12]. The
platform owner uses performance indicators for benchmarking and monitoring the resulting ecosystem
behavior. Key performance indicators (KPI) are those among many possible indicators that are important,
easily measurable quantitatively or with a qualitative phenomenon approximation [13]. The KPI serve as
early warnings about potentially missed SECO objectives [14] and used to detect patterns that are useful
for predicting health and sustainability [15]. Any deviation from success baselines are recorded and acted
upon to ensure about main ecosystem’s objectives are met. The presented study gives a literature
overview of KPI for software ecosystems. A systematic mapping methodology was surveyed to identify
and classify publications based on the reported research and on KPI use. The used for classifying research
dimensions were the studied type of ecosystem and the result type was delivered by the research. The
dimensions used for classifying KPI use were investigated KPI types, the SECO objectives were used
these KPI for. The knowledge gap for collecting evidences about KPI studies motivated systematically
evaluate distribution of studies and provide guidance for future improvement. For practitioners, the
generated map describes how to use KPI in the SECO management. It enables the platform owner in
indicators understanding that are important to assess given SECO objectives. For researchers, the
generated map describes research state and helps finding research gaps for definition understanding and
SECO KPI use.

Research Methodology

The goal of this study is to provide research overview performed to investigate the use of KPI for
managing software ecosystems. The systematic mapping approach [16] allows to map the frequencies of
publications over categories to see the current state of research. It also exposes patterns or trends of what
research kind is done or respectively has been ignored so far. The research results mapping in addition to
the research type reveals researchers’ current understanding of KPI-related practice.

To provide an overview on publications relevant to KPI use for SECO, two sets of research
questions are defined in Table 1. With the first set of questions we mapped foci and gaps for SECO KPI
research. With the second set we mapped the practice state that was reported by the research.

Research Questions.

SECO KPI Research Rationale. RQ1: What kinds of ecosystems were studied? The answer to
this question shows the SECO KPI research intensity across domains and types of ecosystem application.
Due to a focus on just a few types of application domains and ecosystems, skewedness indicates gaps
where additional research is need. RQ2: What types of research were performed? The answer to this
question shows the maturity of SECO KPI research. The more disproportioned conceptual solutions and
empirical validation research are, the more there is a need for research to compensate.

Ecosystem KPI Practice Rationale. RQ3: What objectives were KPI used for? The answer to this
question shows the SECO KPI purposes. It allows understanding when a SECO is considered to be
successful and not. The answer to RQ4 correlation allows understanding how the SECO objectives
satisfaction is measured. RQ4: What ecosystem entities and attributes did the KPI correspond to? The
answer to this question gives a relevant KPI overview that are used to assess SECO objectives
achievement. The KPI show how SECO objectives are operationalized and quantified. Skewedness,
focusing on just one or a few KPI, may indicate the degree of universality that KPI have for SECO
management.

Systematic Mapping Approach

To answer RQ1, RQ3, we followed the systematic mapping guidelines proposed in [16]. We:
conducted database search with a search string matching to our research scope; performed screening to
select the relevant papers; built a classification scheme based on keywording the paper titles, abstracts,
and keywords; and used this classification scheme to map the papers. To answer RQ2, we modified the
mapping process by using the pre-existing classification schemes already used in [16, 17]. For RQ4, we
built the classification scheme by extracting keywords from the main body of the papers and aligning the
emerging scheme with the relevant software industry standard. The research steps are explained below.

I Database Search. The study defined the following search strategy.

Search String. To get an unbiased overview of KPI use in SECO, the search string was created with
keywords that capture population only. The first aspect used to define the population was the ecosystems
that can be found in a software context: software, digital, mobile, service, cloud, telecommunication and
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ICT ecosystems. We also included papers that focused on software supply by adding software supply to
the search string. The second aspect used to define the population was the KPI application or use. It was
used the term indicators, metrics, measurements, success factors, key characteristics and quality attributes
as synonyms for KPI. To avoid bias about RQ3, we did neither constrain for what purpose information
was gathered and used. To build a broad overview of the research area and avoid bias, no keywords were
defined in relation to intervention (e.g. monitoring), outcomes (e.g. improvements to SECO), or study
designs (e.g. case studies). The search string was built by concatenating the two population aspects with
the AND operator. The search string was formulated as follows:

Software OR (software-intensive) OR digital OR mobile OR service OR cloud OR communic* OR

telecom* OR ICT PRE/O (ecosystem* OR "supply network*") AND (measure* OR kpi* OR metric*

OR analytic* OR indicator* OR "success factor*" OR "quality attribute*" OR "key characteristic*".

Search Strategy. The papers were identified using the important research databases in software
engineering and computer science including Scopus, Inspec, and Compendex, which support IEEEXplore
and ACM Digital Library as well. The search string was applied to title, author’s keywords and papers
abstract. The search did not restrict the publication date.

Validation. It was validated the identified papers set by checking it against the papers used in the
SECO literature reviews performed by [2, 5]. Each paper used by these studies that was relevant for our
study had been found by following the above-outlined database search.

I Screening of Papers. The inputs for this step were the set of papers identified with step (I). The
first and second authors screened these papers independently. It was screened these papers to exclude
studies not related to the KPI use for any ecosystem-related purpose and to ensure broad-enough coverage
of the population. Next a complete set of inclusion and exclusion criteria is described.

Inclusion. It was included peer-reviewed journal, conference, or workshop papers that were
accessible with full text. The included papers describe the use of KPI in an ecosystem context or the
effects of such KPI on ecosystem properties. Due to the importance of networking infrastructure and
digital information exchange for a well-functioning software ecosystem there was included
telecommunication and information technology papers in addition to pure SECO papers.

Exclusion. There was excluded papers that focused on the KPI use for managing an ecosystem
member only. For example, papers about the indicators use for managing a single company that
participates in the ecosystem or a product or company process were excluded because of their too narrow
focus. It was also excluded papers that focused on other ecosystems rather than a software ecosystem. For
example, papers focused on biology, environmental, climate, and chemical aspects were excluded. When
the software ecosystem definition did not fulfill in the papers, they were excluded. As an example, the
paper that considered Bugzilla and email system as software ecosystems was excluded, since such
systems do not address the shared market concept of SECO definition. Papers that studying qualitative
indicators using qualitative approaches such as a structured interview were too excluded. Also, it was
excluded papers that focused on ecosystem design in place of ecosystem management. For example,
papers about the design of interoperability protocols, products, services offered to ecosystem were
excluded. To avoid inclusion of papers that only speculated about KPI use or effects, it was excluded
papers that did not report any empirically-grounded proof-of-concept.

Il Building the Classification Scheme. To answer the research questions RQ1, RQ3 and RQ4 it
was applied keywording [16] as a technique to build the classification scheme in a bottom-up manner.
Extracted Keywords were grouped under higher categories to make categories more informative and to
reduce number of similar categories. The ecosystem classification scheme was built by extracting the
types and application domains of the studied ecosystems. It was built the classification scheme for KPI
practice by extracting KPI assessment objectives, entities and attributes used for measuring KPI. The
keywords were extracted from the papers’ titles, keywords, and abstracts. When the abstract quality was
too poor, to identify the keywords was used the paper main body. Similarly, as most of the papers did not
included sufficient information about entities and attributes measured with KPI inside the abstract, the
main papers body was used for keyword identification. The keywords obtained from extraction were then
combined and clustered to build the categories used for mapping the papers. The measurement attributes
clustering was aligned with the categories described in ISO/IEC FDIS 25010 as far as applicable. To
answer RQ2, it was used a pre-defined classification scheme [17] that was used by earlier systematic
mapping studies [16]. It classifies research types into validation research, evaluation research, solution
proposals, philosophical papers, opinion papers, and experience papers.
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IV Systematic Mapping of the Papers. When the classification scheme was ready, the selected
papers were sorted into the classification scheme. Then classifications calculated the frequencies of
publications for each category. To answer RQ1 and RQ2 was reported the frequencies of the selected
papers for the categories in the dimensions of ecosystems types and application domains, respectively in
the dimensions of research type and research contributes type. We used x-y scatterplots with bubbles in
category intersections to visualize the kinds of studied ecosystems. The size of a bubble is depicted
proportional to the number of papers that are in the pair of categories corresponding to the bubble
coordinates. The visualized frequencies make possible to see which categories have been emphasized in
past research and which of them received little or no attention. To answer RQ3, first was described the
categories identified when building the classification scheme and how these categories were expressed in
the selected papers. This description resulted in a dictionary for interpreting the scatterplots used for
describing how SECO KPI are used for these objectives. Again, x-y scatterplots were used for showing
the frequency of categories pairs. These pairs allowed to describe the attributes measured for each type of
ecosystem entity, the measurements used in relation to the SECO objectives, and how KPI are obtained
for various kinds of entities found in SECO.

Threats to Validity

The threats to validity are analyzed for construct taxonomies, reliability, internal and external
validity. Construct validity reflects whether the papers included in the study reflect the SECO KPI
phenomenon that was intended to be researched. The search string was constructed in an inclusive
manner so that it captured the wide variety of software-related ecosystems and the many different names
given to key performance indicators. The common databases, used for software and management-related
literature research, were used to find papers. Only after this inclusive process, manual screening was
performed to exclude papers not related to the research objectives. The list of included papers was then
validated against two systematic studies on software ecosystem [2, 5] and found that the review covers all
relevant papers.

Reliability validity refers to the study repeatability for other researchers. The study applied a
defined search string, used deterministic databases, and followed a step-by-step procedure that can be
easily replicated. The stated inclusion and exclusion criteria were systematically applied. Reliability of
the classification was achieved by seeking consensus among multiple researchers.

Internal validity treats refers to problems in the data analysis. These threats are small, since only
descriptive statistics were used.

External validity concerns the ability to generalize from this study. Generalization is not an aim of
a systematic mapping study as only one research state is analyzed and the relevant research body
completely covered. In particular, the study results about the SECO KPI use reflects the practices studied
in SECO KPI research and not SECO KPI practice performed in general.

Ecosystem KPI Research Results

The database search resulted 262 papers in total, including 46 duplicates. After screening and
exclusion 34 papers remained and were included in the study. Selected papers were published from 2004
onwards. It will be given an overview of the research described in the selected papers and app. A lists the
selected papers.

Kinds of Ecosystems. To answer RQ1, Figure 1 gives an overview over the ecosystems that our
study found for KPI research. The number embedded in a bubble indicates how many papers were
devoted to a given combination of ecosystem type and application domain (multiple classifications
possible). Empty cells indicate that no corresponding study was found. The number on the category label
indicates the total number of papers in that category. Most of the papers used the term software ecosystem
to characterize the studied ecosystems. Special kinds of ecosystems were cloud, service, mobile apps, and
open source software ecosystems. Less frequent were digital ecosystems with 44% of the papers. They
refer to the use of IT to enable collaboration and knowledge exchange [16]. The papers addressed a
variety of application domains. Most common were telecommunications, business management and
software development. None of the remaining application domains was addressed by more than one or
two papers. Thus, research is rather scattered, and the specifics of the various application domains
understood only little.

Types of Research. To answer RQ2, Fig. 1 presents a map of the research kinds performed on KPI
in software-related ecosystems. Papers with multiple research types and contributions were classified for
each research type combination and contribution they presented.
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Fig. 1. Map of research on SECO KPI and type of contributions

Experience report papers describe experiences in working with SECO KPI and unsolved problems.
Opinion papers discuss opinions of the papers’ authors.

Conceptual proposal papers sketch new conceptual perspectives related to SECO KPI. This category
renamed philosophical papers category (described in I11) to fit the SECO KPI study.

Solution proposal papers propose new methods or improve existing techniques using a small example or
a good argumentation.

Validation papers investigate novel solutions that had not been implemented in practice (e.g. experiment,
lab working).

Evaluation papers report on empirical or formal studies performed to implement a solution or evaluate the
implementation.

Metric papers describe KPI for SECO.

Model papers describe relationships between KPI.

Method papers describe approaches for working with SECO KPI.

Tool papers describe support for work with SECO KPI.

Most research were found in the validation and evaluation categories. Research contributed with
metrics, models, or methods. For example, R17 proposes a model that explains how health can be
measured with relevant indicators (conceptual proposal, model) and validates that model with a
questionnaire (validation, model). R14 proposes a method for assessing services based on Service
indicators Quality (solution, method). R19 evaluates factors that affect successful selling in e-markets
(metric, evaluation). No paper was with the experience report or an opinion paper and no paper were
contributed with any tool.

Researched KPI Practice Results

In this study the papers included described use of KPI by a platform owner for achieving objectives
with the ecosystem that was enabled by the ecosystem platform. It is given an overview of these
objectives and used KPIs.

Ecosystem Objectives Supported by KPI. KPIl were used to enable or achieve a variety of
objectives. Platform owners aimed, at improving business, interconnectedness between actors and quality
of ecosystem, product, or services performed within the ecosystem, at ecosystem growing and at enabling
ecosystem sustainability (answer RQ3):

Business improvement. Research has been made on how to improve business at the ecosystem
level. The studied business improvements concerned the perspectives of ecosystem activity and
commercial success. Ecosystem activity related to the activity level of participating actors,
encouragement to participate in the ecosystem, and the transaction volume. Commercial success related to
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sales success, innovativeness and competitiveness of the participating actors, and the network cost that
enables the ecosystem. The activity and commercial perspectives were mixed in the papers, thus could not
be separated in the literature analysis.

Interconnectedness improvement. Research has been performed on how to improve interaction in
an ecosystem, for example to reduce cost, improve predictability of services that are provided in the
ecosystem, and manage trust. Interaction improvement has been studied between individual actors and
between whole networks contained in the ecosystem. The research differed in lifecycle stage terms of an
interaction and covered supplier availability, discovery, ranking and selection, the resulting connectivity,
interaction evaluation, and the interaction actors’ impact that participated in it. Interaction improvement
was considered essential for generating business activity and ecosystem sustainability.

Growth and stability. Research has been made on how to manage ecosystem growth and stability.
They were seen as two factors that have to be managed jointly. During growth flexibility and
controllability has to be maintained. During stability, a continuous co-revolution must take place. Growth
and stability again are not ends in themselves, but thus contribute to ecosystem sustainability and
survival.

Quality improvement. Research has been performed on how to manage quality of ecosystems. In
particular, performance, usability, security, data reliability, extendibility, transparence, trustworthiness,
and quality-in-use were investigated here. Quality management was sometimes presented as an ends in
itself, for example by allowing comparison among multiple ecosystems, enabling diagnosis, improving
decision-making, and achieving services long-term usage. At the same time, however, quality
management was considered to be a means to encourage adoption and growth, improve business
performance, and achieve sustainability.

Enable sustainability. Research has been made on how to sustain an ecosystem. Two angles were
taken: self-organization and resource consumption. Self-organization was approached through continuous
ecosystem rejuvenation. Resource consumption was studied in relation of electrical energy. Throughout
all papers found in this category, sustainability was considered to be desirable ends for software
ecosystems.

KPI Measured Entities. Included papers describe measurements applied to the ecosystem as to the
parts the ecosystem consists of: actor, artifact, service, relationship, transaction and network.

Actors were measured and characterized as follows. They were human or artificial. Examples of
human or legal actors were sellers and developers that provide products to buyers or organizations and
companies groups. Examples of artificial actors were nodes in a telecommunication network. An actor
engages in transactions in ecosystem and builds relationships to other actors or artifacts. The transactions
engages the seller in generate profit and revenue for the cost the seller is keen to take. Effective actors
have knowledge about other actors or network, good interestingness and reputation for other actors.
Actors are also considered to be sources and sinks of data and have differing ranges for data transmission.
Performance of individuals and groups in terms of fulfilled tasks and decisions as well as firms and
organizations performance in measured terms of profits.

Artifacts, such as software, codes, plugins, books, music, or data were measured and characterized
as follows. Artifacts had a location in the ecosystem. They evolve, may have reputation and popularity,
and exposed their consumers to vulnerability.

Services were measured and characterized as consuming energy and other resources. Services have
quality attributes: service quality, security, compliance and reputation. Metadata and service level
agreements are used to specify the services. The services are not fixed but evolve: services emerge,
change, and get extinct. A special service was provided by the platform that laid the fundament for the
ecosystem. It was characterized in attributes terms like stability, documentation, portability, and
openness.

Relationships were measured and characterized as follows. Actors enter relationships with other
actors, artifacts, or services. A relationship connects two or more such entities. Relationship examples
were business connections and telecommunication communication links. A relationship may be
transparent and express a trust value of the connected entities. A relationship is the basis for transactions,
thus is used for advertising and building alliances. The transaction, however, is constrained by
relationship cost and quality.

Transactions were measured and characterized as follows. Examples of transactions are services
sales to customers, server requests, and code files commits made by developers. They are initiated with an
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offer that is measured in attributes terms like price and quantity. Transactions also have a price and
guantity. Other attributes include time to negotiate the transaction, time to complete, energy consumption,
transmission rate, and buyer satisfaction.

Networks were considered as sets of entities and relationships that were part of a whole ecosystem.
Examples were local or application-specific networks. Networks were vulnerable to security threats such
as data availability, integrity, authentication and authorization. They differed in the node density,
collaboration degree, provisioning cost, and hit rate for artifacts.

Ecosystem. Full ecosystems have quality attributes like size, performance, security and energy
consumption that can also characterize networks contained in an ecosystem. In addition, ecosystems
exhibited lifelines, diversity, stability, transparency, healthiness and sustainability. This section and next
one collaboratively provide an answer for RQ4. The map in the left part of Figure 3 shows the entities
that were studied in relation to the ecosystem objectives. Most research studied the overall ecosystem
measurement to enable quality or business improvement. For example, R17 describes how performance
of the ecosystem affected user satisfaction, and R13 shows how analytics applied to ecosystem can be
used to improve business. Considerable research was also devoted to ecosystem interconnectedness
improving, where products attributes and services played an important role including for platform
measurements to grow the ecosystem and improve its quality. For example, R6 described how a service
similarity measurement was used to improve ecosystem connectivity. R2 described how growth,
diversity, and entropy measurements of a SOA platform were used to increase growth. R4 described how
communication quality measurements were used to improve the telecommunication ecosystem quality.
The map also shows areas where no research was published. For example, no one research studied the
network measurements role for objectives other than sustainability and quality improvement.

KPI Measurement Attributes

To make the state and evolution of the ecosystem and its elements visible, a broad variety of
attributes were measured. The following attributes categories emerged when clustering the attributes
described in the included papers. Fig. 4 shows how quality attributes classes were merged toward new
categories. The size category includes attributes to measure size and growth. Diversity includes attributes
to measure heterogeneity and openness for such heterogeneity. Financial includes attributes to measure
economic aspects such as investment, cost, and price. Satisfaction includes attributes to measure it and the
related concepts of suitability, interestingness, learnability, usability, accessibility, acceptability, trust, and
reputation. Performance includes attributes to measure it, including resource utilization, efficiency,
accuracy and effectiveness. Freedom from risk includes attributes to measure the ability to avoid or
mitigate risks and includes the related security concerns, reliability, maturity, availability, and other
related guarantees. Compatibility includes attributes to measure the degree to which an entity can perform
well in a given context, interoperate or exchange information with other entities and be ported from one
context to another. Maintainability includes attributes to measure flexibility, respectively the ability to be
changed. The right part of Fig. 3 gives an overview of the attributes referred to KPIl. Most research
studied satisfaction measurements typically to improve business or interconnectedness. Such research
example is R13 that describes the seller reputation use to improve business. To support quality
improvement all measurement attributes related to quality were included in at least one research paper,
except for maintainability and size. Similarly, size measurements did not play any role other than for
growth and stability. The left part of Fig. 5 shows how the ecosystem elements were measured.
Satisfaction was a common attribute that was measured for any entity except for rules. This shows that a
same attribute can be measured or analyzed for different ecosystem entities. It is also revealed that similar
measurement attributes might be collaborating to measure different ecosystem elements. As an example
correlation, commitment, clarity and importance (CCCI) measurable attributes were used to measure trust
as well as reliability.
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Fig. 2. Measurement attributes merging classifications

The overall ecosystem was the most comprehensively measured or analyzed entity with a special
focus on satisfaction, freedom from risks and performance. Some examples of such satisfaction
measurements are provided by R13 that measured ecosystem usage and acceptability. The platform tailed
with the second-largest variety of measurements. R2, for example, measured entropy and diversity to
characterize platform complexity. Only narrow sets of measurement attributes were applied to the
business partner, interactions, and business.

Discussion

The study provides a KPI relevant papers classification in understanding researches, relationship
with the practice and research outcomes assessment. This classification contributes to taxonomy, which
can help for closer examination of the ecosystem or platform owner objectives, making them more
recognizable in designing KPI. New KPI can be extracted for an ecosystem using this taxonomy and
existing KPIs can be extended or restructured applying the generic taxonomy structure. The literature map
indicates that KPI for software-based ecosystems is a thin area with work at all maturity levels. Journal,
conference and workshop papers exist. However, the number of publications is not sufficient and many
application domains for ecosystems addressed with just one or two papers. Although KPI formulation
might be domain dependent and similarity of objectives is not the only factor to select a KPI, however,
due to insufficient study it is difficult to state whether domain characteristics, for example healthcare
regulation, affects the ecosystem KPI that targets that domain. The included research on ecosystem KPI
mostly addresses ecosystem measurements or satisfaction measurements, performance and freedom from
risks. Measurements other than satisfaction that are applied on elements contained in the ecosystem are
comparatively little researched. A KPI broader understanding would increase a platform owner’s
flexibility in measuring, analyzing, and using KPI for decision-support. The understanding of a greater
KPI variety would also contribute to increased status transparency, evolution, and other ecosystem
aspects.
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Conclusion

Presented study gives literature overview for KPI use with software-based ecosystems. A
systematic mapping methodology was followed and applied to 34 included studies published from 2004
onwards. To respond to RQ1 and RQ2, research was broad but thin. Two major kinds of ecosystems were
researched: software ecosystems and digital ecosystems. Many application domains were addressed, but
most of them with one or two papers only. The published research was mature with journal, conference,
and workshop papers that covered metrics, models, and methods. In response to RQ3 and RQ4, KPI
research was skewed. Most research studied ecosystem KPI for improving the interconnectedness
between individual actors and subsystems of the ecosystem. Overall, most KPI were about satisfaction,
performance and freedom from risks measures. The mapping study results indicate that more research is
needed to better KPI understanding for software-based ecosystems. In particular, a deeper understanding
of how the application domain affects the ecosystem’s KPI is needed. Also, an important research
opportunity is the identification, analysis, and evaluation of KPI. Such research could make the work with
KPI more flexible, because a greater KPI variety would be known and available for the practitioner to
use.
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SIGNIFICANCE OF THE SOCKET PROGRAMMING FOR THE LABORATORY WITH
INTENSIVE DATA COMMUNICATIONS

Melnyk V.M., Pekh P.A., Melnyk K.V., Zhyharevych O.K. Significance of the socket programming for the
laboratory with intensive data communications. Many courses based on data communications are connecting with no
programming content. They are designed for computer science topics and should include programming. A lot of data
communication courses with a programming component make use of serial ports on PCs while some of them deal with detailed
network layer projects. UNIX socket programming allows the learners to deal with the same issues and problems, but in a context
that is more to be useful and interesting. In addition, if classes with sockets are used with C++, only as much detail of socket
operation as desired need be presented.

Keywords: data communications, socket programming, contention, C++ socket classes, server.

Meabauk B.M., Tlex ILA., Meabuuk K.B. JKurapesuu O.K. BaxiuBicTh cOkeTHOro nmporpaMyBaHHsl AJs
JadopaTopiii 3 iHTeHcMBHMM o00MiHOM pJaHuX. barato Kypcis, 3acHOBaHI Ha Iepefadi MaHWX, MiAKIIOYAIOThCA 0Oe3
IIPOrPaMHOT0O KOHTEHTY. BoHM cTBOpeHi st TeM 3 061acTi KOMI[JIOTePHUX HAyK 1 IOBHHHI BKJIIOUaTH MporpaMyBaHHs. bararo
KypciB Ha 0a3i KOMyHIKaIlil JaHUX 3 KOMIIOHEHTOM IIPOTPaMyBaHHS MOXXYTh BUKOPHCTOBYBATH HociifnoBHi noptu Ha [1IK, B Toit
9ac SK AesKi 3 HUX B3a€MOMIIOTH 3 KOHKPETHUMHU MEpeXeBUMH piBHAMH mpoekTiB. [Iporpamysanus UNIX-cokeriB mo3Bomse
BUBYAIOUNM 3aHMAaTHCSI THMH K IIMTAHHAMHE 1 IpoOIeMaMH, ane B KOHTEKCTI, 10 Moke OyTH OLIbIn KopucHMM i IikaBuM. Kpim
TOrO0, MPEJCTaBICHH COKETHHUX KJIAciB 3 BUKOpHCTaHHAM C++ MOBMHHO HACTINBKH JETali3yBaTu OIepalii COKETiB, CKiJIbKH 11¢
HE00XiJHO.

KurouoBi ci10Ba: 00MiH JaHUMH, COKETHE MporpaMyBaHHs, 3B 15130k, Kiiack cokeTiB C++, cepaep.

Meabauk B.M., Tlex ILA., Meabnunk K.B. Kurapesnu O.K. Ba:kHOCTH COKeTHOr0 MPOrpaMMHPOBAHHS ISl
J1a00paTOpUil ¢ HHTEHCHBHBLIM O0MEHOM JaHHBIX. MHOTHE KypChl, OCHOBaHHbIE Ha Mepenade NAHHBIX, IMOAKIIOYAroTcs 0e3
coziepakaHus porpammupoBanms. OHH peHa3HaueHb! U1 HHPOPMATUKHI TEMBI ¥ JODKESH BKJIIOYATh IPOrPAMMHOTO KOHTEHTA.
MHOro KypcoB Ha OCHOBAaHMM KOMMYHUKAIMM JAHHBIX C KOMIIOHEHTOM HPOTPAMMHPOBAHUSI MOTYT HCIIOJIB30BATh
rocuenoBaTenbHple NopTel Ha [IK, B TO BpeMs Kak HEKOTOpPBIE W3 HUX B3aUMOJCHUCTBYIOT C KOHKPETHBIMH CIIOSIMH CETEBBIX
npoekToB. [IporpammumpoBanne UNIX-cOkeTOB MO3BOMISET ydammuMCs 3aHHMAaThCSl TEMH JK€ BOIIPOCAMH M IpoOiIeMaMH, HO B
KOHTEKCTe, KOTOpHII sBiseTcss Oonee TONE3HBIM M HWHTepecHBIM. Kpome TOro, mpencraBieHHE COKETHBIX KIAacCOB C
ucnosb3oBaHueM C++ TOIHKHO HACTOJBKO JIETATM3UPOBATH OIEPALMK COKETOB, CKOJIBKO 3TO HEOOXOIUMO.

KuroueBsbie ci10Ba: 00MeH TaHHBIMH, COKETHOE IPOrPaMMHUPOBAHHKE, CBA3b, Kilacchl cokeToB C++, cepaep.

Introduction. Data communications is a common part of most Multi Interface Socket (MIS) and
Client Socket (CS) programs. As evidenced, the actual implementation of the course varies widely by the
available text books variety. Many texts, oriented on toward MIS or CS, provide little or absolutely no
laboratory activity. MIS programs tendency to emphasize on a data communications and networks
management. Recent news lists postings indicate an emphasis on using data communications and
investigations of the types and available communication styles. National or international cooperative
projects are too popular and CS programs may use very technical texts or a broad text, such as used in [1],
where principles, design approaches and standards are going to be highlighted. Obviously, an engineering
program would have a much more extensive and detailed course/courses to investigate the physical and
structural data communication aspects. The course taught by the author requires for all CS majors.
Students or outside users in the course maybe in any of the specialized tracks (artificial intelligence,
business information systems, graphics or scientific programming) as well as more generic CS major.

The possible laboratory experiences types are also wide-ranging. The "global cooperation model”
teaches how data communications works by forcing students to use sophisticated communication
mechanisms and provides a basis for explaining how these systems function. It is possible to consider
design alternatives, based on the available resources, by allowing learners to explore different physical or
logical communication types.

At the other extreme are exercises that emphasize low-level physical understanding of data
communications almost an engineering approach. A typical example could be the use of serial ports on
PCs. In addition to writing code with aim to manipulate the physical hardware can be studied many more
complicated concepts. In material the author has used in the past [2], file transfer assignments using a
modified BiSynch protocol and implemented token rings. An alternative low-level approach is modelled
by the NetCp software [3]. This laboratory tactic involves a large scale project based on the 0SI IS0 data
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link layer developing. None of these approaches provide practical hands-on hardware experience. In
addition to the exercises described in this work, the author assigns a project involving installation of
hardware and software to add a PC to a network. A server can be installed and configured for extra credit.
Such a project was continued after the socket model was adopted. Users placed in practice or in their first
job to consider how the data communications course is important and they have typically not believed
that PC serial port programming is to be so important.

The approach presented here is designed to provide a broad overview of data communication and
network issues to students. The goals for the laboratory part of the data communication course also were
presented later in publications.

UNIX sockets. Simply say, sockets area mechanism by which messages may be sent between
processes on the same or different machines. If the processes are located on the same machine, the
sockets may be used as pipes. Internet sockets allow communication between processes running on
different machines. The system calls are the same as file input/output. A typical attitude to socket
programming is to create a process that opens a server socket port and listens for another process to
attempt connection. A client can open a socket with the same port number as the server socket, requesting
connection to the service. A connection is established when server hears the request from the client.
Communication can now operate using the read() and write() system calls.

There are many types of standard protocols. Two of the most common are UDP (user datagram
protocol) and TCP (transmission control protocol). Both protocols transmit packages of information
between processes via socket. UDP does not put a guarantee, that data will be received or that a
transmission of multiple packets will be received in order. TCP is a stream protocol that is reliable and
sequenced. Practically, input and output to the programmer on a TCP socket appears as a byte stream
from a terminal or a file. If TCP data cannot be successfully transmitted within a reasonable amount of
time, then will be indicated an error. There is less overhead involved in UDP, but programming must be
much more sophisticated if there is important orderly message receipt.

The socket connection between two processes usually is a connection between host-port pairs
where the port number indicates a particular available service that is made. Many of the services
commonly available via TCP sockets are recognizable acronyms: SMTP (Simple Mail Transport
Protocol), NNTP (Network News Transport Protocol) and FIT (File Transport Protocol). Telnet and rsh
are also additional socket services. UNIX provides a mechanism whereby the name of an available
service is translated to a port number. Sockets are also used for the interprocess communication necessary
in concurrent or parallel processing. Therefore, parallel processing assignments as well as data
communications projects can be built on the same framework.

Advantages of sockets. One obvious disadvantage of using socket programming for the data
communications lab is that they are less direct hardware interaction than with PC serial ports. However,
most graduates will not be in situations where such detailed knowledge will be important. Even with the
serial port approach the concepts have remained to some extent abstract to many students. The socket
based approach has the advantage that the abstract sockets concepts (and practical uses such as mail,
telnet, etc.) become much more concrete.

One advantage that PC based labs have had in the past is that they were inexpensive. However,
there are at least two factors that balance this advantage. One is that UNIX workstations are now
commonly available. PC labs can be converted to workstations by installing free UNIX versions. Most of
socket assignments, given in a data communications course, are not compute intensively and do not
require a graphical interface; workstations have not to be dedicated to the course as it would be true for
PCs. Another factor is that even though PCs are relatively inexpensive, what happens practically is that
older, less reliable, machines are assigned to a dedicated project such as a data communications lab. Our
experience says that the machines we could use were quite unreliable.

Although the higher level nature of socket programming has been stressed as an advantage. It is
possible to make assignments so much detailed as desired. Socket programming without any support
software can require a great deal of low level understanding and manipulation. One simple modification
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would be to base assignments on UDP packets rather than TCP one. Much additional programming (error
checking via CRCS, sequence numbers, acknowledgment of receipt, negative acknowledgment for receipt
of a bad packet) would be also necessary. With either UDP or TCP packets, properly designed
handshaking mechanisms may be necessary for applications like file transfer.

With serial port assignments, lecture time was devoted to such low level concepts as control, status
and data registers, and parallel to serial conversion. With a socket based approach can be discussed
analogous concepts such as packet headers and network and machine byte order. If looked-for, many of
the topics appropriate for serial port communication can be required for socket programs and many of the
same assignments can be given. Even if high level applications are assigned, the learners must still
understand the differences between streams and buffers.

Advantages of C++ socket classes. Many references provide details of socket communication
[4,5,6]. These references provide examples and ideas for assignments. All of the establishing
communications details, converting the communication into a buffered stream and error checking, can be
done with UNIX system calls. Much low level understanding may be required to write applications that
are stable. A well designed set of C++ classes can be constructed which will provide the full power of
sockets with simple semantics requiring. It is possible to write up clients to established servers, event
driven servers, polling servers, etc.

The author [7] provided the students with a set of C++ socket classes written and copyright by G.
Swaminathan from Electrical Engineering Department. These routines have been written to work with
GNU libg++ and appear the same as the iostream library. These classes have functioned very well for the
given assignments. The interface is the same as the iostream library and provides type-safe input and
output. There are sockstream classes in the UDP and TCP domains as well as a pipestream class. The
sockbuf classes are derived from the streambuf class of the libg++ iostream library. Thus, learners must
learn about streams and buffers for non-socket input and output.

Sockbuf classes include error functions: ready checks, flush operations, and overflow, underflow,
and timeout functions. There can also be set socket options, such as message routing, reuse of local
address, broadcast etc. Therefore, socket detail may be included as it may be desired.

In this particular prospectus a side benefit of using these C++ classes is that clients (students) are
required to use C++ in a junior/senior level course to help them retain skills gained at the
freshman/sophomore level.

Assignments. In choosing assignments to give hour course (during a 1,5 year), several goals were
desired. It was hoped to design a set of assignments which would require the student to write a client
application, a server application a peer-to-peer application and also provide experience with some
standard applications such as electronic mail and file transfer. In addition, the assignments should begin
simply and become more complicated during the semester. They outlined below met these criteria.

The assignments were very well received by the students. They were perceived to be of practical
interest and, at the same time, to be fun projects. Some of them, who don’t have a history of applying
themselves well to project assignments spent much effort on these assignments and produced good
results. Specifically, we are giving five assignments here:

Assignment 1 [] socket client to SMTP server. Write a client program to connect with an SMTT
server on a local or remote machine and send a mail message to a userid. The user need not be on either
the local or remote machine. For example, the program might be named smtp and have two arguments:
hostname and userid. A simple command line interface is required but learners were free to develop much
more elaborate e-mail style interfaces. There must be used commands understood by SMTP. A subset are
follows:

HELO Identifies connecting machine [ localname is not needed LI some servers
localname do not need HELO, but include it before do something.

HELP Sends commands list.

r'\1/|af\mltla_ FROM May be anything you wish L it is not checked for validity.
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RCPT TO: name  Recipient of mail 1 need not be local name.

DATA Allows entry of message [ terminate message with [].[] as only character on
line.

QUIT Disconnect.

This assignment, as well as others, teaches students how to do improper activities. The following
warning was provided to them: «Obviously one could do ill-mannered things with this program. For
example, it could be sent a bunch of messages from Dafi Duck to some administrator. It would take some
work, but the sender of these messages could be traced. Please, do not involve in such juvenile behavior».
Some of them would argue that such assignments are too «dangerous». However, the students are
learning how to manipulate sockets and could figure out how to send such mail on their own. For this it
need to be ready to acknowledge the problem and announce a warning.

Assignment 2 [ simple network information server. Write a network server program which will
behave as follows: accept commands from the input socket; interpret the commands and gather the
information; and send the commands output to the output socket.

You will no need to write a client program for this assignment as the standard telnet client will
provide the necessary functions. Telnet allows you to send information over a client to a server process
and handles the return information printing. A selection of information providing system commands such
as domain name, who, etc. was chosen. The system functions can be executed from within a C++
program. The difficult part is to take the commands output and send the output to the socket connected to
the client. The output of the commands should be connected directly to the socket. Two approaches are
suggested: using the pipestream class and using a traditional C fork() to execute the system function
which is connected by a user-constructed pipe.

Assignment 3 — peer-to-peer socket communications. Write a “chat” program which will execute as
two idential programs. It should allow users to type information that will appear as output on the
connected process. The two processes have to be connected via socket. The program will allow the user to
connect to a certain process or to listen for another process or trying to connect to it.

The same program runs on both machines. Topics necessary for this assignment include: timeout
on listen, creating a child process as done by many server programs, closing sockets and killing child
processes. A finite-state transition model could be presented to help in this program design.

Assignment 4 [ file transfer O client and server. Write a pair or programs to transfer files over a
TCP/IP network socket connection. The first program should operate in much the same way as an FIT
server. It should be run in the background and wait for a connection on a specified port. The second
program will function in much the same way as an FIT client. Therefore, a user interface will be needed.
Commands will be entered and sent to the server with noted responses and files may be transferred in
either direction. The client program should accept the following commands with corresponding actions:

Is list files on server

put transfer file from client to server

get transfer file from server to client

quit disconnect from server

:<command> execute <command> on client useful for Is on client

The capabilities (and therefore, protocol) of this client/server pair are much simpler than FIT. SFTP
(Simple File Transfer Protocol) is closer to what is required. FTP, for example, uses 2 TCP connections: a
telnet-like connection for control and a second one for data transfer. SFTP uses a single TCP connection
and supports user access control, directory listing and changing, file renaming and tile erasure. There,
only directory listing is required here for these commands. FIT also supports lcd, input, messageget, etc.
A hand-shaking protocol was required for this assignment.

Assignment 5 — three options were given:
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Assignment 5A — FIT file transfer using UDP. Implement the file transfer programs of assignment 4
built on UDP sockets rather than TCP sockets. The programs will need to assemble data packets, provide
CRC error checking and provide packet sequencing.

Packets may arrive in different order, duplicated or missing. They may need to be re-requested
and/or rearranged. Each packet should be acknowledged (positively or negatively). A protocol will need
to be adopted, which will describe the packet format error messages, acknowledgments, etc. In order to
test the robustness of the protocol used, allow the user to specify transmissions fractions that will
(randomly) be done in error.

Assignment 5B — two channel bidirectional file transfer. Implement of the file transfer programs of
assignment 4 modified to have two sockets open: one for control information and other for data transfer.
In addition, it need to allow the two programs to send files back and forth at the same time. A transfer can
be aborted by using the control channel. It may be helpful to fork multiple processes (a finite state
machine approach would be a good idea). FTP works in a similar manner. It has two socket connections,
but does for different reasons since it is a true client-server protocol rather than the peer-to-peer protocol
implemented here.

Assignment 5C — multi-user chat program. Assignment 2 involved a peer-to-peer chat program.
This assignment requires a multiplexing chat server program creation which can handle multiple socket
connections. There is no need to write a client program because telnet can be used here.

The server should accept input lines from any connected socket and output them to the rest of the
connected sockets. When a user connects to the chat server, the server should prompt for a user name.
This name should be broadcast to the rest of the users as "user <name> has just joined the session”.
Similarly, a message should be broadcast when the user leaves the conference. When a user’s message is
sent to the other connected users, the user name should be included for identification.

Conclusions. The goals of the laboratory component redesigning of the data communications
course were to provide assignments that are: more meaningful and practical to the students; more
enjoyable and, therefore, will be done better; more modern but are still oriented toward understanding,
what is happening rather than simply using data communications; increasingly complex and build on
previous assignments; based on more reliable hardware that the discarded PCs used previously.

Once the socket paradigm was chosen, goals were to create assignments which required students to
write code that: makes use of C++ classes; provides simple client access to a well-defined server;
provides simple server functionality; provides peer-to-peer communication; provides multiplexing server
functionality; functions in a manner similar to a well-known network service; requires students to be
concerned with unreliable communications; uses some form of fork() and programming for interprocess
communications. The use of C++ socket classes and the assignments chosen meet all of the above goals if
the optional forms of assignment 5 are chosen.
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LINUX-KOHTEMHEPH I MAMBYTHIN CLOUD

Melnyk V., Pekh P., Melnyk M. Linux containers and the future cloud. Linux-based containers are described in this
article, and briefly, explanations of the underlying c-groups and namespaces kernel features are put in the article. Some Linux-
based container projects are also discussing here, focusing on the promising and popular LXC (LinuX Containers) project. There
also is a look at the LXC-based Docker engine, which provides an easy and convenient way to create and deploy LXC containers.
Several hands-on examples showed how simple it is to configure, manage and deploy LXC containers with the userspace LXC
tools and the Docker tools.

Due to the advantages of the LXC and the Docker open-source projects, and due to the convenient and simple tools to
create, deploy and configure LXC containers, as described in this article, we presumably will see more and more cloud
infrastructures that will integrate LXC containers instead of using virtual machines in the near future. However, as explained in
this article, solutions like Xen or KVM [1] have several advantages over Linux-based containers and still are in need, so they
probably will not disappear from the cloud infrastructure in the next few years.

Keywords: Linux-based container, kernel features, Docker engine, userspace LXC tools, Docker tools, cloud
infrastructures

Meabnuk B.M., Ilex II.A., Meapauk M.M. Linux-konTeiinepu i maiidyruiii cloud. B po6Gori omucani kKoHTeliHepH
Ha 6a3i onepartiifioi cucremu Linux, a Takox momaHuit AeTanbHu onuc Beayanx C-TpyI Ta MOYKITMBOCTI IPOCTOPIB iMeH sapa.
Jlesiki koHTelHepH] TpoekTH Ha 6a3i LiNUX Tako)X 0OTOBOPIOIOTHCS 3 TIOTJISAAY iX MEPCIIEKTHB 3aCTOCYBAHHS Ta aKTYalbHOCTI B
LXC mpoekrax. Takox o6roBoproersest morisi Ha Docker engine ma 6a3i LXC, sikuit 3a0e3medye Jerkuit Ta 3pydHHi IUIIX UTS
crBoperHst 1 posumpenHs LXC-koHreiiHepiB. barato CTBOpeHHX 3py4HHMX BapiaHTiB pO3POOOK [OBEJIH, SK HPOCTO
KOHGIrTypyBaTH, yrpasisTu i posmuproBat LXC-koureitnepu 3acobamu LXC mpocropy kopucrysada i 3acobamu Docker.

B 3B’s13ky 3 mepeBaramu LXC- i Docker-mpoekriB 3 HOCTYITHUME pecypcamMH i B 3B’SI3KY 3 3pYHYHICTIO Ta MPOCTOTOIO
3aco0iB CTBOpEHHs, HoumuUpeHHs Ta KoHQirypauii LXC-koHTeiiHepiB, SK OmucaHo B wLiif po0OoTi, 3 HamoJjeruBicTio Oinblie i
Ginbure posrismatumyThes cloud-inppactpykTypr, siki B OMH3bKOMY MaiOyTHBOMY 3ailiCHIOBATUMYTH iHTerpamito LXC-
KOHTEIHEPiB 3aMiCTh BUKOPHCTAHHS BipTyalbHHX MammH. OIHAK, SIK MOSCHIOETHCS B JaHIN CTATTi, BACHOBKU MOMAIOHI Xen 4u
KVM [1] matots pmesiki mepeBaru Ham GazoBumu LinuX-koHTeliHepamu i, Bce K, € HOTPIOHAME, a TOMY HE MOXYTH HPOCTO
3HEKHYTH 3 cloud-iHdpacTpyKTypH IpOTSATroM JEeKiTbKOX HACTYITHHX POKIB.

KuarouoBi ciioBa: xonTeiiHepn Ha 6asi omepariiinoi cucremu Linux, moxxmmBocri simpa, Docker engine, zaco6u LXC
IpocTOpy KopucTyBada, 3acobamu Docker, cloud-indpacrpykrypu

Menbuuk B.M., Ilex II.A., Meabuuk M.M. Linux-koureiineps! i Oyxyumii cloud. B paGore onuvcansl KOHTEHHEPBI
Ha 6a3e oreparoHHON cucTeMbl LinuX, a Takke MoaHo AeTabHOE OMICaHne OCHOBHBIX C-TPyII U BO3MOYKHOCTH HPOCTPAHCTB
uMeH siapa. HekoTopsle KOHTeHHepHBIE MpOeKThl Ha Oaze LiNUX Taroke OOCY)XHAIOTCS C TOYKH 3PEHHs HX MEPCICKTUB
ucnonb3oBanus W akryansHocTd B LXC mpoekrax. Tarke oOcyxkmaercs B3risy Ha Docker engine na 6ase LXC, xoropsrid
obecrieynBaeT JICTKMH Ta BBITOAHBIA MyTh 1 co3faHus W pacmmpeHus LXC-koHreliHepoB. MHOro CO3JaHHBIX YIOOHBIX
BapUaHTOB Pa3pabOTOK JOBEH, KaK MPOCTO KOHPHUTYPUPOBATH, YIIPABIThH U pacmmpsath LXC-konreiinepst nocpeactamu LXC
MPOCTPAHCTBA MOJIb30BaTeNs i cpencreamu Docker.

B cBsi3u ¢ npeumyiecramu LXC- i Docker-npoekToB ¢ OTKPBITHIME PECYpCaMH M B CBSA3H C YAOOHOCTHIO M IIPOCTOTOM
CpenCTB co3manus, pacmmpenus ta kKoHduryparmu LXC-koHTeiiHEepoB, Kak OMKCaHO B 3TOW po0oTe, 3 HAMepeHHueM OOJbIle H
Gosbine paccmarpuBarorcst cloud-unpacTpykrypsl, KOoTopsie B OJIM3KOM OyAymieMm OyayT Mpou3BOaUThH uHTErpammto LXC-
KOHTEHHEPOB BMECTO MCIIOJIB30BaHUs BUPTYaJIbHBIX MaIlMH. Bee ke, kak 00BsCHSAETCS B JTAaHHOW CTaThe, BHIBOJBI ONOOHBI Xen
wmn KVM [1] umeror HeKoTOpblie MpenMyIecTBa Haz 6a30BeiMu LiNUX-KOHTEHEpaMu U, BCE XK, €CTh HYXKHBIMH, @ [TO3TOMY HE
MOTYT MPOCTO KCYE3HYTH 3 CloUd-uHPPacTPYyKTYPh! HA MPOTSHKEHUH HECKOIBKHX CITEIYIOIIHX JIET.

KiroueBble ciioBa: KOHTeiHEphI Ha Gase omepadoHHOM ciucteMbl Linux, Bosmoxkuoctu siapa, Docker engine, cpencrsa
LXC npocrpaHcrBa nons3osarens, cpeacrsa Docker, cloud-undpactpykrypbt

IMocranoBka mpodaemu. KonreiiHepHa iH(pacTpykTypa Ha 06a3i Linux sBuse coboro cloud-
TEXHOJIOT1I0, 3aCHOBaHy Ha IIBUJKIiM 1 3pyuHii Bipryamizamii nmpoueciB [1]. Bona 3abesmeuye cBoim
KOpPHCTYBauaM CepeloBUINE HaWOUIbml Onu3bke 0 craHgaptHoro Linux paucrpubyruBa. B
MPOTUIISKHICTD PIICHHsIM Tapa-BipTyainizamii (Xen) ta pimenHsM anapartHoi Bipryamizanii (KVM), ski
HiITPUMYIOTECS  BipTyanbHUMH MammHamMu (BM), KOHTeliHepH HE CTBOPIOIOTH CK3EMIULIPIB  sapa
oleparlifHuX cucTeM. Y 3B’A3Ky 3 TUM (DaKTOM, [0 KOHTEWHEPH € JIETIIIe 3aCTOCOBHI, Hibxk BM, To MoXxHa
JIOMOTTHCSI OUTBIII BHCOKOTO 30mrKeHHs LINUX 3 KOHTelHepaMu, HDK 3 BIPTyaJlbHUMH MallMHAMH Ha
OHOMY 1 TOMY  XOCTi. 3 MpakTHYHOI TOYKHA 30pYy, MOXKHA PO3TOPHYTH Oijbllleé MPHUMIPHUKIB
KOHTEITHEpiB, HIXK BIpTyaJIbHIX MAllIMH Ha OJHOMY 1 TOMY K XOCTi.
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[Hmoro nepeBaroro KoHTelHepiB HaJg BM € Te, 1m0 3amyck i 3ynMHKa KOHTEHHEpa 3AIHCHIOETHCS
Habarato mBUALIE, HDK 3amycK 1 BUMUKaHHS BM. Bci KoHTelHepH Ui X0CTa BUKOHYIOTHCS Mij TUM XKe
SOpOM, Ha BiIMIHY Bif pimieHb s BipTyanisamii, Takux sk Xen abo KVM, ne koxHa BipTyanbHa
MaIIiHa BOJIOAIE BIACHUM siapoM. [HOzi oOMEKeHHsI BUKOHAHHS IMiJl TUM K€ SPOM Y BCiX KOHTeHHepax
OJIHOTO 1 TOTO K XOCTa MOXYTh BBaXkaTHcs HemomikoM. Kpim Toro, He MmoxkHa 3amyctuti BSD, Solaris,
OS/X abo Windows, B koHTeitHepi Ha 6a3i Linux, a iHomi 1 el hakT Takok MOXKHA BBOKATH HEMOIIKOM
[1,4].

I0es BipTyamizauii Ha piBHI mporeciB came mo co0i He HOBa, a Bxe Oyna peami3oBaHa 3a
J0MOMOroro 30H Solaris Tak sik 1 nmo’si3anux BSD Bike kibka pokiB TOMy. [HIN MPOEKTH 3 BiIKPUTUM
BUXITHMM KOJIOM BIPOBa/DKEHHS BipTyasizalii Ha piBHI MPOLECIB iCHYBAIM HPOTATOM KUIBKOX POKIB.
OpHak, BOHM BHMAarajiy sijiep BHUKOPHCTaHHS, SKi 4acTO CTaBaJd OCHOBHOIO mepemkojoro. [loBHa i
crabinbHa MIATPUMKA Ui KOHTeWHepiB Ha 0a3i LinuX mis 3BuuaifHuX simep B pamkax npoekty LXC
(LinuX Containers) mosiBuiacst BiJHOCHO HEABHO, SIK MOXHA Oyjie mo0aynTH B AaHiit crarti. [le poouts
KOHTelHepu Oiunbmn mnpuBabmuBuM Jjuts  cloud-indpactpykrypu. Bce Ounpmie i Oinbliue KoMmaHii
XOCTHHTOBHX 1 Cloud-mocityr mpuiiMaroTh i JOTPUMYIOThCS i7iel KOHTeiHepiB Ha 6a3i Linux. V wmiit crarti
cmagumuCsi 34 Memy ONHMCATH JIeIKl KOHTEHHEPHI MPOSKTH 3 BIIKPUTUM KOZOM Ha 0a3i Linux i ¢pyHkmii
A1pa, sIKi BOHW BUKOPHCTOBYIOTB, a TAKOX MPOAEMOHCTPYBATH NEAKi MPUKIAAA BUKOPUCTaHHA. Memoio
Takox Oyne onuc incrpymenty Docker mist crBopenns LXC konreiinepis [4].

basoBa iHdpacTpykTypa cydyacHUX KOHTEHHeEpiB Ha 0a3i LiNUX ckiafa€eThCsi B OCHOBHOMY 3 JBOX
BJIACTUBOCTEH sAapa: mpocTopiB iMeH i C-rpyn. € IIiCTh THIIB MPOCTOPIB iMeH, SKi 3a0e3MeuyroTh IS
KOYKHOT'O TIPOIIeCy 13011110 HACTYITHUX PecypciB onepauiitnoi cuctemu: ¢aitnoBux cucrem (MNT), UTS,
IPC, PID, mpocropiB iMeH Mepexi i KopucTyBaua (IpOCTOPH IMEH KOPHCTYBAdiB IO3BOJISIOTH
BinoOpaxkenHs UID i GID mix mpocTopoM iMeH KOpUCTyBaya i T100aJIbHUM HPOCTOPOM IMEH XOCTa).
BukopuctoByioun MepexeBi MPOCTOpU 1MEH, HampHKiIaj, KOXEH TMpolec MOKE MaTH BIACHUH
NPUMIPHHK MEPEKEBOro CTeka (MepeKeBHX iHTep(eiciB, COKETIiB, TaONWIb MapIIpyTU3allii i TpaBuI
Mapipyrtu3aiiii, mpaBui mepexxeBoro dinbrpa (Netfilter) i Tax mami).

CTBOpEHHSI MEPEXKEBOr0 MPOCTOPY IMEH AY)KE MPOCcTe 1 Moxke OyTh 3po0ieHO 3a JOMOMOTroI0
HacTynHol komanau 1P route: ip netns add mynsl. 3a nomomororo komanmu 1P netns
TAKOX JIETKO MepeMilllaT OJMH MEPEXeBUI iHTepeic 3 0MHOr0 MEPEKEBOro MPOCTOPY IMEH A0 iHILOTO
IUI. KOHTPOJIO CTBOPEHHS 1 BHJAJIEHHS MEPEKEBUX MPOCTOPIB iMEH, 3 METOI0 3’SCYBaTH, SKOMY
MEpPEKEBOMY IMPOCTOPY IMEH HaleKUTh BU3HAUYEGHMH mpomec i Tak Aaii. LlimkoM aHajoridyHo, mpu
BUKopucTaHHi npoctopy iMmeH MNT mix yac MoHTyBaHHS (ailyIoBOI CUCTEMU iHIII MpoLecH HE OyAyTh
0aynTH 116 MOHTYBaHHs, a Y>Ke Ipu poOoTi 3 mpoctopamu iMeH PID, 3amycTuBIIM Ha BUKOHAHHSI KOMaHIY
ps Bin manoro npoctopy iMeH PID MokHa mobayuTy TUTBKU MpPOLIECH, Ki OyJIM CTBOPEHI BUXOAAYHU cCaMe
3 1poro npoctopy imex PID.

[lincucrema C-rpyn 3abe3medyye ympaBiiHHS pecypcamMu Ta ix oOumik. Lle mo3Bomse merko
BHU3HAYMTH, HAPUKIAJ, MAKCUMaJbHUI 0OCIT mam’sTi BUKOPUCTAHHS IMPOLIECOM 1 MOXKE peasi3yBaTucs
3a gomomoroto VFS-onepaniii C-rpyn. [Ipoekr C-rpyn Oyno BIepine po3noyaTro JBOMa po3poOHUKaMH
Google, ITaBaom Minemxi i Poritom Cerom me B 2006 por, i BiH cno4aTKy Ha3uBaBCs "KOHTEHHEPH
npouecy” [1]. Hi mpocropu imeH, Hi C-rpynu He Opanu ydacTi B KpUTHYHHUX LUISXaX sapa, 1, TAKUM
YMHOM, BOHM HE MICTATh 3HAUYHMX HETaTHBHUX IOKA3HUKIB BUCOKOI MPOAYKTHBHOCTI, 332 BHHITKOM
nam’ati st C-rpymny, sKa MOKe BKJIIOUATH 3HAUHI 3aTPaTH IPH ASSIKHMX POOOYMX HABAHTAKEHHSX.

Konreiinepn Ha 6a3i Linux

B mpunnmmi, xoHTeitHep sBisie coboro Linux mporec (abo mekinbka MporneciB), MO Mae CBOI
0COOJTMBOCTI 1 PAIIOE B 1301b0BAHOMY CEpPEIOBHILI, HAAIITOBAHOMY Ha XOcTi. MO)KHa 1HOZI CTUKATHCS
3 TaKMMHU TepMiHaMH, sK BipryanbHe cepenopuine (BC abo virtual environment VE) i Bipryanbuuit
BiacHuii cepBep (BBC a6o Virtual Private Server VPS) nns kontelinepa.

Oco06arBOCTI IILOrO KOHTEHHEpa 3aJIeKUTh Bil TOTO, SIK KOHTeHHEp CKOH(IrypoBaHUH 1 Ha SIKOMY
0azoBoMy LiNUX-KOHTEHHEpI BUKOPHCTOBYETHCS, TaK SIK KOHTeWHepu LINUX peanizoBaHi Mo-pi3HOMY B
pi3HUX TpoekTax. Lle 00roBoproeThCs B HAMOUIBII BaXKITMBUX My OMiKaIIisX.

[Moxomxkenns npoekty OpenVZ [2] € BnacHUM BapiaHTOM peai3alii cepBepiB BipTyaiizawii mix
Ha3Bowo Virtuozzo, sixkuii ciouaTky OyB 3aIyIieHHi KOMIaHi€ro mig HazBowo SWSoft, 3acHoBanoro B 1997
pomi. ¥ 2005 poui yactmHa mpoaykry Virtuozzo Oymna BUIyHIeHa B SKOCTI BiIKPHTOTO BHXIITHOTO
npoekTy, 1 BiH HazuBaBcs OpenVZ. B 2008 poui SWsoft 06 leqnanacs 3 kommnanieto Parallels. OpenVZ
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BUKOPHCTOBYETHCS ISl HaJlaHHA XOCTUHTY 1 Cloud-cepBiciB, IIO SBISETHCS OCHOBOKO CIIapajielieHHX
cloud-cepsepis. Sk Virtuozzo tak i OpenVZ 6a3yerbcs Ha MoaudikoBanomMy siipi Linux. [lo Toro x, y
HBOI'O € IHCTPYMEHTH KOMaHIHOTO psAKa Jjs YHpaBIiHHSA KOHTEHWHEpiB, 1 e A€ MOXJIHMBICTh
CTBOPIOBATH KOHTEHHEPH 3 BUKOPHCTAHHSM MIA0JOHIB sl pisHUX AucTpuOyTHBIB Linux. OpenVZ takox
MOXe€ MPaNoBaTH Ha ACTKUX HeMOAN(DIKOBaHUX sApax, OnHaK 31 3MeHIIeHnM HabopoM QyHKuii. [IpoekT
OpenVZ npusnayeHu# Aj1sl MOBHOLIHHOI'O BIPOBAHKEHHS B MallOyTHHOMY, aJle I1e MOXKe 3aiHATH TOCUTD
Oarato yacy.

B 2013 poui kommanis Google BumycTmia Bepcilo CBOrO BJIACHOTO KOHTEWHEPHOTO CTEKa 3
BiikpuTuM BuXimHEM KomoM [ Imctfy (mo posumdposyerbes sk Let Me Contain That For You). Ha
JaHWii yac 1e Bce mie B cranii TectyBaHHs. [Ipoext Imctfy 3acHoBanmii Ha BukopucranHi C-rpym. Ha
naHWii vac KoHTeiHepn GO00Qle He BHKOPHCTOBYIOTH OCOOJMBOCTI MPOCTOPY IMEH sijpa, w0
BUKOPHCTOBYETHCS B IHIIMX KOHTCHHEPHHX MpOeKTax Ha 06a3i LinuX, ajne BUKOpUCTAaHHS 11i€i 0COOIMBOCTI
1151 KOHTelHepHoro npoekTy Google ouikyeTbes B MaitlOyTHEOMY [1].

[Tpoext 3 BimkputuM BuXimHHM komoMm [3], sxkmii OyB Bmepmie peanizoBanuii B 2001 pori,
3a0e3nevdye MOKIMBICT sl 0€3MeYHOoro po3noAily pecypciB Ha XOCTi, SIKHi, B CBOIO Uepry, MOBUHEH
3amycTUTH MoAu(pikoBaHe sSApPO.

IMpoekr LXC (LinuX Containers) Hamae kopucTyBady HaO0ip IHCTPYMEHTIB 1 YTWIIT s
yrpaiiHHs kKoHTeliHepamu Linux [4]. Barato LXC po3po6nukiB Buiinum 3 OpenVZ rpynu. B cynepeu
OpenVZ BiH mnpamioe Ha HemonedikoBaHoMmy sanpi. LXC mMoBHICTIO HamucaHWi [AJsl KOHTEKCTY
KOpHCTYBaua 1 MATpUMY€E TPHUB| SI3KK Ha IHIIMX MOBax MporpaMyBaHHs, Takux sk Python, Lua i Go. Bin
JOCTYIHUH JUTs OUTBIIOCTI MOMyasipHUX AUCTpuOyTHBiB, Takux sk Fedora, Ubuntu, Debian ta inmmx.
Red Hat Enterprise Linux 6 (RHEL6) mnpencraBuB koHTeiHepu LIiNUX B SKOCTI TEXHIYHOTO
nonepeHporo neperysiny. MoxkHa 3amyctuti LINUX KoHTeiiHepHM Ha apXiTeKkTypax, iHIIMX HiK X86,
takux sk ARM apxitekTypu (€ kimbka npukiaagiB B [HTepHETI Ui 3amycky KoHTeitHepiB Ha Raspberry
Pi).

MoxHa Takox 3rajatu gpaiiBep Libvirt-LXC, 3a ngomomororw SKOro MokHa yHIpaBIIATH
koHTelHepamu [5]. Lle poOuThes muisixoM BU3HaYeHHs KoH(pirypamiiaux ¢aiinie XML, a motim mnpartoe
virsh start, virsh console i visrh destroy s po6oTH, po3MilleHHS i 3HHUIICHHS
KOHTeWHepa, BIIMOBIIHO. 3BEpHITH yBary, mo Hemae eaquHoro koay Mik Libvirt-LXC ta LXC-npoekty
KOpHUCTYyBauya.

Yupasainasa konreiinepamu LXC

[Mo-mepire, cimig nmepexkonaTucs, mo xoct niarpumye LXC, sanycrusmm LXC-checkconfig [4].
Sxmio Bce rapas, MOKHa CTBOPHTH KOHTEHHEp 3a IOIMIOMOTIOI0 OJHOTO 3 JEKLTBKOX TOTOBUX LIa0JIOHIB
s ctBopeHHs KoHTelHepiB. Y LXC-0,9 € Takumx  mabnoHiB, B OCHOBHOMY Ui MOMYJISAPHHX
aucTpuOyTHBiB LinUX. MokHa JIErKO ajanTyBaTH Ii LIA0JIOHW BIIMIOBITHO O BIACHUX BHMOT TIpPHU
HeoOXxigHocTi. Tak, HampukiIajg, MOXHA CTBOpUTH KoHTeiHep Fedora mim HasBoro fedoraCT 3a
JOTIIOMOT0I0 KOMaH/IH |

Ixc-create -t fedora -n fedoraCT

Konreitnep Oyne crtBopenuit 3a 3amoBuyBanusMm, B /var/lib/Ixc/fedoraCT. Moxna
BCTAHOBUTH IHIIMI NUISX JUTS 3TeHEPOBAHOr0 KOHTElHepa, nonasmu —— Ixcpath ommiro nusxy. Omnist
—t BusHavae im[ s mabioHy, SKUi HEOOX1THO BUKOPHCTOBYBATH (B JaHoMy BUmaiky Fedora), i ommist —n
BKasye Ha iM[ s koHTeitHepa (B manomy Bunanky FedoraCT). Cauing 3BepHyTH yBary Ha Te, [0 MOXKHA
TaKOX CTBOPHUTH KOHTeHHepH iHImMX posnoxiniB Ha Fedora, nanpuxman Ubuntu (uis Hporo HeoOXiaHui
naker Debootstrap). He Bci Takox koMOiHaIlii rapaHTy€eThCs.

Moxna nepenaBatu mapamerpu B IXC-create micns nomaBanHs —-. Hampuximan, mokHa
CTBOPUTH CTapIlly BEPCil0 I KUTbKOX TUCTPUOYTHUBIB 3 omilisMu —R, abo —I, 3a1eXHO Bix MIa0iIoHy
auctpuOyTHBY. st cTBopeHHs crapiioi Bepcii koHTelHepa Fedora ma Tomy x xocrti, Fedora 20, cruin
BXKHTH KOMaHJy:

Ixc-create -t fedora -n fedoral9 -- -R 19
Mosxna Buganuti ycranoBKy LXC-konTeliHepa 3 (haiiyioBoi cucTeMu 3a JOIOMOTOIO:
Ixc-destroy -n fedoraCT

st 6inbinocti malioHiB, KOJIM BOHM BUKOPUCTOBYIOTHCS BIEpILE, AKiIbKa (HaiiniB HE0OOXiqHOTO

MaKeTy 3aBaHTaXYIOThCS 1 KemyroTcs Ha qucky B /var/cache/Ixc. Li ¢aiinn BUKOPHCTOBYIOTHCS
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P CTBOPEHHI HOBOT'O KOHTEHHEPA 3 TUM K€ CaMUM IIabJIOHOM, 1, B pe3yJIbTaTi, CTBOPEHHS KOHTeWHepa,
KU BUKOPHCTOBYE IIeH ke MmadyioH, Oyae MBHIMNM B HACTYITHOMY. MOXKHa Mo4YaTH KOHTEHHeEp, SKAN
OyB CTBOpEHUI:
Ixc-start -n fedoraCT
1 3yTUHUTH 3.
Ixc-stop -n fedoraCT
Curnan, mo BukopuctoByBaBcs IXc-stop e SIGPWR 3a 3amoBuyBanHsM. [lns Toro, mo0
BukopucroByBat SIGKILL B monepennsomy npukinani, cig nogatu —K mis Ixc-stop:
Ixc-stop -n fedoraCT -k
MoskHa TaKO)X CTBOPUTH KOHTEHHEp B SKOCTI JIeMOHa, nonasink —d, a moTiM yBidiTH B HbOro 3 IXC-
consol e, sk ne mokazaHo HUXKYE:
Ixc-start -d -n fedoraCT Ixc-console -n fedoraCT
[Mepmmii IXc-console, sxuit MoXXHA 3aITyCTUTH JUTs TAHOTO KOHTeiHepa 3Bl spkerhest 3 Ttyl.
Sxmio ttyl Bxe BukopucToByeThes (00 e apyra LXC-koHComb, sika 3ammyiieHa Juisl boro KOHTeHHepa),
TO BimOyaetses 30 )eqnanns 3 t€y2 i tak mam. Cnig MaTé Ha yBasi, 0 MaKCUMalibHa KiTbKicTh TEY S
HalamroByeThcss Ha movatky IXC.tty kongirypamiiiHoro ¢aiiy koHTeliHepa. MokHa 3poOHTH
MUTTEBUI 3HIMOK HE3aIyIIEHOr 0 KOHTEHHEpa Yepes:
Ixc-snapshot -n fedoraCT
Lle no3BonuTh cTBOpUTH MUTTEBHMiA 3HIMOK mix /var/lib/Ixcsnaps/fedoraCT. [lepumii
3HIMOK, 10 Oyze cTBopeHui, Oyae HazuBatuca snap0. Hpyruii [J Oyzae HasuBatucs Snapl i Taxk gai.
MoxkHa BiATBOPUTH B Yaci MUTTEBUI 3HIMOK Ha MI3HINIHK Yac 3 ONIli€r — [ HanmpuKiIa:
Ixc-snapshot -n fedoraCT -r snapO restoredFdoraCT
MoskHa nepepaxyBaTy 3HIMKH, BUKOPHUCTOBYIOUH:
Ixc-snapshot -L -n fedoraCT

MosxHa BizoOpa3uTH 3amyeHi KOHTeHHEPH BUKOPHCTABILH:
Ixc-Is --active

KonreitHepn ynpaBiiHHA TakoX MOXYTh OyTH 3poOJieHi 3a JOMOMOrol0 CKpPHITIB, 3
BUKOPHCTaHHSIM MOB creHapiiB. Hampuknan, neid koportkumid ckpunt Python 3samyckae KkoHTeHHep
fedoraCT:

#1/usr/bin/python3 import Ixc container = Ixc.Container (‘'fedoraCT')
container.start()

Kondirypanis xonTeiinepin

daiin KoH}Irypauii 32 3aMOBUYBaHHIM CTBOPIOETHCS JJIs1 KOYKHOTO HOBOCTBOPEHOTO KOHTEHHEpa B
/var/lib/1xc/<containerName>/config, ame MoXHAa 3MIHUTH II¢ 3a JOMOMOIOK OIMIIil
3amaBaHHs Micis 3HaxomkeHHs —-Ixcpath [5]. Moxna Takok HamamTyBaTH pi3HI MapaMeTpu
KOHTEiHepa, HampHuKiIaja, hapaMerpu Mepexi, napamerpu C-rpym, HpUCTpoiB Ta OaraTto iHIIOTO.
HaBenemo nesiki npukiany nomyasipHUAX eIEMEHTIB KoHpirypauii s daiina koH@irypanii KoHTelHepa:
— Moxere BCTaHOBHTH pi3HI mapamerpu C-Tpyn HUISIXOM YCTaHOBKM 3HaveHb y Bxomu IXcC.c-
group. [subsystem name] y c¢aitni xoudirypamii. Im[Is migcucremu € imeHeM KoHTponepa C-
rpynu. Hampukinazn, xoHQIrypyroudn MakcuManbHUHA oOcsr mam[IsaTi 256 MB, ski xoHTeliHep Moxke
BHKOPUCTOBYBATH, MOXHa qepes BCTaHOBJICHHS BJIACTHBOCTI Ixc.c-
group.-memory. limit_in_bytes 3nauenns 256.

— MoxHa HanamTyBaTi KOHTEHHep XocTa, BcraHoBuBmm IXC.utsname.

— € nlarp TuOIB MepekeBUX iHTep¢eiciB, sSKi MOXHAa BCTAaHOBHTH 3a JIONIOMOIOIO Tapamerpa
Ixc.network. type: empty, veth, vlan, macvlan i phys.veth nyxe yacro BUKOPHCTOBYETHCS
IUIS MOMKJIMBOCTI TIJKITIOYEHHS KOHTEHHepa i3 30BHIMHIM cBiToM. [Ipu BukopucranHi physS MoxHa
nepeminaT MepexeBi iHTepeiicu Bix MepexeBOro NpocTopy iMeH By3Jia B IIPOCTIp iMEH KOHTeHHepa.

— IcHYIOTBP MOXJIMBOCTI, SIKi MOXKYTh OyTH BHKOpPHUCTaHi A5 mokpauieHHs1 Oe3nekn LXC koHTeiHepiB.
MoXHa YHHKHYTH peanizauii AeSKUX 3a3HauYeHHX CHCTEeMHHUX BHKIIHMKIB 3CepelMHH KOHTeWHepa,
BCTAHOBUBIIIM 3aXHUIICHUI peXuM o0uuciIeHb, abo SeCcomp, nomiTuky Bxoxny uepe3s Ixc.seccomp y
¢daiini  koHpirypamii. Takok MOXKHA BIIKIIOUYUTH IIi MOXIMBOCTI 3 KOHTEHHepa depe3 BXix
Ixc.cap.drop. Hanpuknan, Bcranonenus Ixc.cap.drop = sys_module crBoputh KoHTelHEp
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0e3 moxumBocti CAP_SYS_MDOULE. Cnpoba 3amyctuti INSMod 3cepenuHH 1IBbOro KOHTEHHEpa He
BIacThes. Takoxk Ul TAKOTO KOHTEHHepa MokHa BH3HaunTH npodini AppArmor i SELINuX, a Takox
3Haiitn npukinagu B LXC README isman 5 Ixc.conf.

Hokep

Docker — 1ie mpoeKT 3 BiIKPUTUM BUXITHUM KOJOM, SIKU aBTOMATH3Y€ CTBOPEHHS 1 pO3TOPTaHHS
koHTerHepiB [6]. Ilepmmii docker 6yB Bumymenuit B Oepesni 2013 poky, minensis Apache sepcii 2.0.
Bona crapryBasia B Toi Yac sIK BHYTpilIHii mpoekT matdopmenHo-cepBicHoi (Platform-as-a-Service a6o
PaaS) xomnanii mix HasBoro dotCloud, i temep HasuBaethcsi Docker Inc. Buximuuwii mporotun OyB
HanucaHuii B Python, a mi3Himre Bech mpoekT OyB mepenrcaHuii B MOBOIO nporpamyBanHst GO, sika Oyna
po3pobiiena Briepie B Google. ¥V Bepecni 2013 poky, Red Hat oromnocuia, mo Bona Oyae criBrnpantoBaTi
3 Docker Inc xns Red Hat Enterprise Linux i anst mratdopmu Red Hat OpenShift. [1ns Docker motpione
sapo Linux 3.8 (abo Bumie). ¥ cucremax RHEL Docker mpamtoe min simpo 2.6.32, tak sk i Oynu
nepeHeceHi HeoOXiH1 BUMTPaBIICHHSI.

Docker BukopucroBye iHcTpyMeHTapiii LXC sikuii € B 1aHuil yac JOCTYMHHWHA TUTBKH i LinuX.
Bin npaitroe Ha muctpubyTtrBax, Takux sk Ubuntu 12.04, 13.04; Fedora 19 i 20; RHEL 6.5 i Bumux; i Ha
cloud-mnardopmax, Takux sk Amazon EC2, Google Compute Engine i Rackspace.

3o00paxkenHss Docker morke 30epiraTch B 3arajbHOJOCTYITHOMY PEMO3UTOpIl 1 Moxke OyTu
3aBaHTakeHe 3a jgornomoror komanau docker pull, manpuknan, docker pull ubuntu a6o
docker pull busybox. /Ins BinoOpakeHHs 300pakeHb HaSBHUX HA XOCTI MO>KHA BUKOPHUCTOBYBATH
xomanny docker i1mages. MoxHa 3BY3UTH KOMaHIy JUIS MEBHOTO THITy 300pakeHb (HAIpUKIAL,
Fedora) 3a momomororo docker iImages fTedora. Ha Fedora, nparroroun 3 Docker-konreitHepom
Fedora, Bce mpocrimre. ITicns ycranoBkun docker-io package moxna npocro 3amycrutu docker
demon 3 systemctl start docker, a norim moxHa crapryBati Docker xontelinep Fedora sik
docker run -i -t fedora /bin/bash.

Docker mae git-nomiOHI MOKIHMBOCTI st 00OpOOKHM KOHTeWHepiB. 3MiHM, BHECEHI B KOHTEHHEDI,
OyIyTh BTpayeHi, SIKIIO KOHTCHHEp 3HUIIUTHCS 1 BOHU HE 3a(iKCYIOThCS (Tak camo, ik poOuThes B git) 3
docker commit <containerld> <containerName/containerTag>. Lli 300paxeHHS
MOXYTh OyTH 3aBaHTaXEHI Ha AOCTYMHHUU DEricTp, 1 BiIKpHTI A Oakalouux 3aBaHTaXUTH iX. Kpim
TOro, MO)KHa BCTAaHOBHTH BJIaCHE 330BHI HelocTymHeHe cxopuie Docker.

Docker 3naTtHui? CTBOPUTH 3HIMOK 32 JOIIOMOT'OK0 MOXKIMBOCTEH IPHCTPOIO 300paskeHHs sipa. Y
Ounbi panHix Bepcisx no Bepcii Jokep 0.7 ne Oyno 3pobdieno 3a monomororo AUFS (union filesystem).
Docker 0.7 cknanae "miariam 30epiranHs’ i TOro, o0 mpu HeoOXiTHOCTI MOXKHA OYII0 IMepeMHUKaTHCS
MK BigoOpaxeHHsMu npuctpoiB i AUFS (skmo sapo miarpumye ioro). Takum unnom Docker moxe
npamtoBaty Ha penizu RHEL, saxi ve miarpumyrors AUFS.

MoxHa CTBOPIOBATH 300pa)XCHHS, BUKOHYIOUM KOMaHAM BPYYHY 1 CTBOPIOBATH B pe3yJbTaTi
KOHTeiTHep, ane Takok MokHa omucarty ix 3 Dockerfile. Tak camo sk Makefile 0yne kommiaroBaT KO B
npilikoBuit (¢aitn BukonanHs, Dockerfile GymyBatume roroBe 110 3amycky KOHTEHHEpPHE 300paXKeHH:I
BUXOJSIYM 3 MPOCTHX iHCTpYKLiK. Komana s ctBopenns 300paxenns 3 Dockerfile e docker build.
Icnye minpyunuk mpo Dockerfiles i ix cuHTakcmc xomana Ha BeO-caiiti Docker. Hampukman, micis
kopotkoro Dockerfile mst ycranoBku nakera 1perT s 300pakenns Fedora:

FROM fedora MAINTAINER Rami Rosen RUN yum install -y iperf

MoxHa 3aBaHTaXyBaTH 1 30epiraté 300paskeHHs 0€3KOIITOBHO Ha BiAKpUTOMY iHAekci Jlokepa.
Tak camo, sk 1y Bunazaky 3 GitHub, 30epiranHs JocTynmHUX 300pakeHb O3KOIITOBHE i MPOCTO BUMArae,
100 KOpUCTYBau 3apeecTpyBaBCsl.

Moxausicte KTB

[Mpoexkt KTB (koHTponmbHa TOYka / BIJHOBJICHHS) peEali3ye€Tbcsi B OCHOBHOMY B MPOCTOpi
KopuctyBaua i icHye Oinpm Hixk 100 maneHpkux "minsHOK”, pO3MILIEHI MO SIAPY A HOro MiIATPUMKH.
Byno xinbka cnpob peamizanii KTB okpemo B mpocropi simpa, a Jeski 3 HUX — B paMKax HPOEKTY
OpenVZ. CriibHOTA si/ipa BIIXMJIMJIA BCI 3 HUX 4Yepe3 Te, 110 BOHU Oyiy 3aHaATo CKiaaHi [7].

Mosxnusicte KTB no3Bossie 30epertu cran mpoiecy B AEKUTbKOX (aiiiax 300pakeHb 1 BITHOBUTH
el MpoIlec 3 TOUKH, B SIKid BiH OyB OCTAHOBJIEHHH, HAa TOMY X XOCTi a00 Ha iHIIOMY Mi3Hime B yaci. Lei
mnporec Takok Moxe Oyt koHTeliHepoMm LXC. ®ain 300pakeHb CTBOPIOIOTHCS 3 BHUKOPUCTAaHHSIM
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dopmary Oydepa nporokony (BI1) Google. Moxmusicte KTB n03BoIsie BUKOHAHHS 3aBlaHb, TaKHX SIK
OHOBJICHHSI TEXHIYHOrO OOCIYroBYBaHHS siapa abo amapaTHOro oONaJHaHHS Ha IBOMY X XOCTi MiCHs
MOMEHTY TIepeBIpKH oro momaTkiB ajsl mocTiiHoro 30epiranus. [lisHime, nogatku OyayTh BiZHOBIEHI
Ha I[bOMY XOCTI.

[Ile omHOIO AyXE€ Ba)XJIMBOIO OCOONHBICTIO € OajaHCyBaHHS HAaBAHTa)XKEHHS 3a JIOIMOMOTOIO
muHaMiuHOi Mirpanii. MoxumBocti KT/B  Takox MOXyTh OyTH BHKOPUCTaHI sl CTBOPEHHS
IHKPEMEHTHUX 3HIMKIB, sIKi MOKYTh OyTH BHKOPUCTaHI IiCJisl BAHUKHEHHs aBapii. Ik yxe 3ragyBanocs
panime, aeski "minsgHku” sapa Oynu HeoOXimHi mns minTpumku KT/B B mpocTopi KopuCTyBaua.
Hagenemo nesiki 3 HUX:

o byB nonanuii HoBuii cuctemuuit Bukimk KCmp () sxuit NOpiBHIOE Ba MPOIECH, MO0 BU3HAYUTH, YH
BOHH 3aHMarOTh PeCypc siapa.

o Iutepdeiic cokerHoro Monitopunry SOCk_diag Oys monanuit B cokern UNIX mo6 Oytu B 3M03i
3HaiTH 3HaxomkeHHa coketa UNIX momena. Ilepen miero 3MiHOIO iHCTPYMEHT SS, SAKHH CIIUpaBcs Ha
aHayi3 3anucis /Proc, He BUSBHB 10 iHPOpMAITifO.

e byB nomanuii pexxum HanarompkeHHs T CP 300 eqHaHHS.

¢ byB nopanwmii Bxix procts (/proc/PID/map_files).

o JlaBaiiTe momMBHMOCS Ha TNPOCTUI mpukian BukopuctanHs ¢ynkuii criu (KT/B B mpoctopi
kopucTyBaua). [lo-nepmie, HeoOXimHO mepeBipuTH, yu miarpumye sapo KT/B, 3amyctuBmm Criu
check --ms. Cnin 3aB6aunt BiAMOBIAb, ika roBoputh ''LOOKS good.™

B ocHOBHOMY, BU3Ha4YeHa MepeBipKa 3AiHCHIOETHCS Yepes:

criu dump -t <pid>
MoskHa BKa3aTH Marnky, B sKii HasBHI (aiiiau nporecy OyayTh 30epexkeHi, nonasmu —D FolderName i
MO)KHA BITHOBHTH iX 3 BUKOPUCTaHHAM Criu restore <pid>.

BucHoBkHn

VY naniii poOoTi onMcaHO KOHTeWHepH Ha 06a3i LiNUX i KOpOTKO MOsICHEHO, 10 B OCHOBI Jexath C-
Tpymnu i mpocTip iMeH ¢yHKUiH siapa. OOroBopeHo KijlbKa MPOEKTIB 3 BUKOPHCTAHHIM KOHTEHHEPIB Ha
0aszi Linux, 3 KOHIIEHTpali€0 yBaru Ha nepcrekTuBHUN 1 nomynspHuid npoekt LXC. Takox B poOoTi
npuaiieHo yBary Docker engine naocHoBi LXC, sikuit 3a0e3mneuye Jerkuid 1 3py4HHN cHOCIO ist
crBopeHHs 1 po3ummpenHss LXC-konrelinepiB. Ha nmpukian KiabKoX HAOYHUX MPHUKIAAIB IOKa3aHO, K
npocto koH(pirypyBaTu LXC-koHTeliHepH, KepyBaTH HUMH 1 PO3rOpTaTH iX 3 BHUKOPUCTAHHSIM 3ac00iB
LXC mpocropy koprcTyBaua Ta 3acodiB Docker.

BuxopucroByroun nepeBaru LXC- i Docker-nmpoekrtiB 3 BiIKpUTHM KOAOM Ta 3py4Hi 1 mpocTi
IHCTPYMEHTH JUIS CTBOPEHHS, po3ropTaHHs i HajgamryBaHHs L XC-koHTelHEepiB, SK ONKUCAHO B Wil CTATTi,
MOXKHa Oyze, iIMOBipHO, mobaunTH OLIbIIe 1 OUTbIIe Cloud-iHppacTpykTyp, ki OyayTs iHTerpyBatu LXC
KOHTEITHEpH 3aMiCTh BUKOPHCTAaHHS BipTyaJlIbHUX MAaIlMH B HAHOMMk4uoMy MaiilOyTHeOMY. TUM HE MeHI,
K HaroJIOWyeTbcss B Wi poOori, pimeHHs, Taki gk Xen abo KVM wmaioTe psig mepeBar mepen
KOHTeitHepaMu Ha 0a3i LinuX i Bce sk € HEeoOXiMHMUMHM, TaKk IO BOHH, HMOBIPHO, HE MOXYTh BIDKUTH 3
cloud-indpactpykrypu B HailOnmk4i KilbKa POKIB.

1. Google Containers: https://github.com/google/Imctfy
2. OpenVZ: http://openvz.org/Main_Page

3. Linux-VServer: http://linux-vserver.org/

4. LXC: http://linuxcontainers.org/

5. libvirt-Ixc: http://libvirt.org/drvixc.html

6. Docker: https://www.docker.io/

7. Docker Public Registry: https://index.docker.io/
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BUKOPUCTAHHSA VIAT®OPMU DEVICEHIVE DISCOVERY RPI B
HABYAJIBHOMY ITPOLECI

Maaxoruuiit M.B. HanuBaiiuyk M.B., IBaciok B.M. Bukopucranus miaardopmu DeviceHive Discovery RPi B
HaBYaJbHOMY mpomeci. B crarri posrmsgaroreest Memomm Bukopucranus miatdopmu  DeviceHive Discovery RPi B
HaBYaJIbHOMY TIpoleci. Po3risHyTo 0cobGmuBocTi podoTH 3 miaTdhopMoro, Ta chopMyIbOBaHi 3ajadui Ipu BUBYEHHI POOOTH 3
nepudepiiHIMHI eJIEMEHTAMH MaKeTa.

Kuarouosi cioBa: DeviceHive, mmna, nporecop, maMsthb, perne, cBitmomion, ZigBee.

Tkauyk H.M. Hcnoan3oBanue miaardopmbr DeviceHive Discovery RPi B y4yeGHom mpomecce. B crarse
paccMaTpuBaroTCsl Memoasl Hcmonb3oBanus miatdopmer DeviceHive Discovery RPi B yueGHoM mporecce. PaccmorpeHst
0COOCHHOCTH PaboThl ¢ IIATHOPMO, U CHOPMYITHPOBAHBI 3a7audl NPH H3YYCHHH PabOThI ¢ MEepUBEPUIHBIMU SIIEMEHTAMU
Makera.

Kuaouessie ciioBa: DeviceHive, mmma, nporeccop, mamsrs, perne, ceeronnon, ZigBee..

Plahotnyi M. V., Nalyvaichuk M. V., Ivasjuk V. M. Using the platform DeviceHive Discovery RPi in the
educational process. This article discusses the use of the platform Stuff DeviceHive Discovery RPi in the learning process. The
features of the work platform, and formulated the tasks in the study with the layout of peripheral elements.

Keywords: DeviceHive, bus, processor, memory, relays, LED, ZigBee ...

IMocTranoBka HaykoBoi mpo0saemu. CydacHa iHAyCTpis BUPOOHUITBA OaraTodyHKIiOHATBHUX
MIKPOKOHTPOJIEpHUX 3ac00iB J/IO3BOJSIE BHKOPMCTOBYBAaTHM iX B HaBYaIBHOMY Iporeci. B crarri
JOCHIIKYETBCSI  MOXJIMBICTH BUKOPHCTaHHS —amapaTHo-miporpamuoi miatdopmu DEVICEHIVE
DISCOVERY RPI pgns po3pobku [l], mouwHarouu BiX JOKAaJbHUX MPUCTPOIB [0 CKJIATHUX
iHpOpMaLitHO YIPaBIIOUNX CHCTEM — HAIPUKIA] IHTEJICKTYaIbHUH M .

AnaptHo nporpamui 3aco0u. 3aransauil Burisn miatgopmu DEVICE HIVE ARDUINO
DISCAVERY mnpuseneno Ha puc.l.
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Pucl. ITnarpopma DEVICE HIVE ARDUINO DISCAVERY
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OcuoBoro miardopmu € mwiata Raspberry Pi— oxHomnatHelli KOMIBIOTEp Ha MPOIECOpPi
ARM11 Broadcom BCM2835 ¢ taktoBoii uactoroit 700 MI'y 1 MoTysieM onepaTHBHOM NaMsTH
Ha 256/512Mb. Burnsa ninatu Raspberry Pi mpuBeneHo Ha puc. 2.

Puc. 1. Tlnata Raspberry Pi

OCHOBHI XapaKTepUCTUKH JaHOI maTGopMu npuBeaeHi B Tadm.. 1.

Xapaxkrepuctuku DeviceHive Discovery Platform RPi

Inardopma DeviceHive Discovery
Platform RPi
Mogeap Raspberry Pi Model B
MiKpOKOHTpoJIep ARM11 BCM2835
TakroBa yacrora 700 MI'n
o3y 256 Moaiit
Flash-namsre SD kapra g0 16I'0
EEPROM -
Lludpogi ninii BBogy / BUBOIY 8
Kanamm mmim 1
Iarepdeiic TWI/12C 1
Iarepeiic SPI 1
Iarepdeiic UART 1
Iarepdeiic USB Master 2USB 2.0
AHaJIOrOoBi BXOH 3osHimmHii AL i [TATT

Bineo Buxin

HDMI, xoMmosuTHMA

Aynio BUXiJ

HDMI, anamorosuit

MiHiMaJbHE eHEeProCIOKUBAHHS 750 MA (3.75 Brt)
Hamnpyra xuBnenns 5B

[Toprt Ethernet 10/100
Besnporosi iHTEepdeiicu Wi-Fi, Zigbee
Omepariiina cucrema / OpeiiMBOpK Raspbian

[HCTpYMEHTH PO3pOOKH

IDLE, Scratch, Squeak/Linux

Tab6muus 1.

[Inardopma no3BONSlEe MpaLioBaTH 3 PI3SHOMAHITHUMH TepUPEpIHHUMHU €IeMEHTaMH, II0
posMinieHi Ha cami miati. Lle nae MOXIMBICTH BUBYATH TOOYJOBY CUCTEM YIPABIiHHS 00’ €KTOM.
[lepenik nepudepiiiHux eaeMenTiB Ta inTepdeiicy iX MiAKIIOYeHHs MPUBEACHI B Ta0I. 2.
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Tabmuus 2.

[MepudepiitHi eeMeHTH Ta MOIYJTi BCTAHOBJICHI HA CTEH/I1

Jdaruuk

InTepdeiic

Ommuc

KiabkicTs

DS18B20

1-Wire

Ludposuii TepMOMETp 3 NPOrpaMOBAHOIO PO3IITBEHOIO
3maTHiCTTIO, Bim 9 mo 12-bit, sxe moxke 36epirathcs B
EEPROM mnam'siti mpunmamy. DS18B20 obmiHioeThCs
nanumu 1o 1-Wire mmHi 1 npu npoMy Moxe OyTH SK
€MHUM MIPUCTPOEM Ha JIiHi1 TaK 1 IPaIIOBATH B TPYIIL.

2

DHT-11

Single
Wire

Hudposwuii gaTuuk TeMmepaTypy i BOJIOTOCTI, IO AO3BOJISE
KajiOpyBatu HU(pPOBHI CUTHANT Ha BUXOAl. MicTUTh B co0i
ALII nns mepeTBOpPEHHST aHAJOrOBHX 3HAYEHb BOJOTOCTI i
Temnepatypu. Buwmiproe Bosoricte 'y mexax 20-90% i
temnepatypy Big 0 mo 50 ° C. Iloxubka BUMIpIOBaHHS
Bonorocti 5%, temnepatypu 2 ° C. Yac 3axoruieHss 1 cek.

DS-1307

12C

lopuHHUK peanbHOro 4acy 3 MOCHiIOBHHM iHTepdericom,
MOBHI  JIBIHKOBO-ZIECSITKOBUH TOAMHHHUK-KaJleHAap, IO
BKITIIOYAIOTh 56 0aiiTiB eHeproHesanexHow cratnyaoi O3VY.
Anpecu 1 qaHi IepearThCs MOCIIIOBHO IO BYXITPOBOIHIH
JTBOHAIIPABJICHHIN MmuHI. [OMUHHUKK NPaIioloTh K B 24-
TOAWHHOMY, TaK i B 12-ropuHHOMY peKuMax 3 IHIUKaTOPOM
AM / PM. DS1307 mae BOymoBaHy CXeMy CIIOCTEpPESKCHHS
3a OKUBJICHHSM, $IKa BHABJIsE 1epe0oi >KUBJIECHHS 1
aBTOMAaTHYHO MEPEMHUKAETHCS HA JKUBJIEHHs Bix OaTapei.

LM-75

12C

SBnse coboro TemnepaTypHHUi JaTuuK, Aenbra-curma AL i
UU(POBUHA JNATUYMK IEpEeBUIIECHHS po0o4oi TemmepaTypu 3
12C inTepdeiicom. Tpu BuBogu (A0, Al, A2) noctynHi st
BUOIpKM 3a agpecoro. JlaTumk moyumHae poOOTy B PEKUMI
«KOMITapaTopa»  MNpH  MOPOrOBHX  3HAYCHHSIX  3a
3amoBuyBaHHsM piBHUX 80 ° CTOS 175 ° C THYST.

MCP23008

12C

Iurepdeiicanii enement. Po3mmproBaibHUI MOIYJIb BBOAY-
BuBony. llpamtoe 3 intepdeiicom 12C. Ipuznavuenuit mis
30ipmenHs uncia | / O mopTiB OCHOBHOTO KOHTpOJIEpa.
Axmo moTpidHI OJHOYACHO BXOAM 1 BHUXOMH, a TaKOK
KepoBaHa MiATSHKKA IJIs1 BXOJIB, TO pO3LIMPIOBAY MOPTIB L
HalloNTHMAaNbHIIIE PillICHHS.

MCP235S17

SPI

Iurepdeiicanii enement. Po3mmproBaibHUIT MOIYJIb BBOAY-
BuBony. llpamroe 3 intepdeticom SPI. Ilpusnavenmii mns
30ipmenHHs yncia | / O mopTiB OCHOBHOTO KOHTpOJIEpa.
Axmo moTpidHI OJHOYACHO BXOAM 1 BHUXOMH, a TaKOK
KepoBaHa MiATSHKKA IJIs1 BXOZIB, TO pO3IMIMPIOBAY MOPTIB L
HalloNTHMAaNbHIIIE PillIeHHS.

Xbee

RS232

Mogynb, KU Ja€ MOXIHBICTE BUKOPHUCTaHHS IPOTOKOIY
ZigBee. lle crangmapr 0e34poTOBOI mepenadi AaHUX Ha
3pazok Wi-Fi i Bluetooth, ane opieHTOBaHMIT Ha EKOHOMIO
eNIEKTPOEHEprii 1 BeNUKY 3aXUIIEHICTh KaHATy MPH MEHIIN
mBUAKOCTI. 3actocoBaHa japyra (Series 2), octaHHs Bepcis
monymst.  IloTykHocTi  mepemaBaua  BHCTa4a€e s
crinikyBaHHs Ha BinctaHi g0 120 m Ha Bynui i 1o 35 M B
npumimenHi. lIBuaxicte oOMminy manumu: 1o 250 kOit/c.
[puctpiit mpautoe Ha yactoti 2,4 I'Tu. MoxnuBi sk mpocTi
3'€eTHAHHS «TOYKAa-TOYKa», TaK 1 Mepexi 31 CKIaJHOI0
Tomosorie0. Moayins, cioxkuBae 45 MA B pexxumi npuiiomy,
50 MA B pexumi mnepemaui i 0,01 MA B pexumi
CHEPro30epeKEeHHSI.
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Piezo PWM IT’e30BHNIIpOMiHIOBAY IJIs1 OTPUMAHHS 3BYKY. 1

Photosensor GPIO ®doTope3uCTOop YIS OIIHKK OCBITJIICHOCTI. 1

LEDs GPIO Ceitnomiomy. MoXyTh 3aCTOCOBYBATHCS LTSI iHIUKAITT 13
3amporpaMoBaHUX MO a00 MPHU HAIaroPKEHHI JTOIATKIB.

Buttons GPIO Knagiatypa. Moxe 3aCTOCOBYBAaTHCS LTSI YIIPABJIIHHS 12
3amporpaMoOBaHUMH MOJIiT 00 MPY HAJIATOKEHHI JTOIATKIB.

Relays GPIO Yacto BHHMKAaE HEOOXiTHICTh YHOpaBIIHHSA  PI3HUMHU 3

30BHIIIHIMUA TPHUCTPOSIMA 32 JOMOMOrOK0 BKJIIOUEHHS 1
BUMKHEHHA Hampyru okuBieHHs. [lpudomy Hampyra
XKHUBJICHHA 1 CTPYM CIIOKMBaHHS TaKUX MPUCTPOIB MOXKYTb
3MIHIOBATHUCA B HaWIIUPIIMX MeXaxX. YHiBepCaIbHUM
CmocoO0OM  YOpaBNiHHA  MONIOHMMH  NPUCTPOSIMH €
CNIEKTPOMAarHiTHe  pene. 3acTocoBaHi  pele  MOXYThb
KOMYTYBaTH HaBaHTaXEHHS B JiaHI03i 1o 220 BOmbT mpu
CTpyMi 0 5 amriep i BHIIE.

IR receiver GPIO CrermiamizoBana iHTerpajqbHAa CXEMa, TMpPU3HAYCHA IS 1
npuiioMy  iHQpauepBOHOrO  CHUTHajdy  Bil  MYJbTIB
IUCTaHIIMHOTO KepyBaHHsA. Ha BigMiHy Big 3BHYAHHOTO
iH(pavyepBoHoro goromiona, [Y-npuiimay Moxxe npuiiMaty i
00pobnsTh iHQpayepBoHMt curHan, mo € [Y-immynscu
(ikcoBaHOi 4YaCTOTH 1 MEBHOI TPUBAJIOCTI - TAYKU IMITYJIbCIB.
Ile TexHomoriuHe pilIeHHS 1030aBJISIE BiJl BHITAJKOBHX
CHpalbOBYBaHb, AKi MOXYTb OYTH BHKIHKaHi (OHOBUM
BUITPOMIHIOBaHHSM 1 EpeIIKogaMu 3 OOKy iHIINX MPHIaliB,
BUITPOMIHIOIOUHX B iH(pauepBOHOMY Jliama3oHi.

IR GPIO CrenianizoBaHuii MOIynb, TPU3HAYCHHWN MAJs BiANpPaBKU 1
iH(paYepBOHOT 0 CUTHATY, MOKE BUCTYIIATH B SIKOCTI MyJIbTa
oucTaHiiiHoro  kepyBaHHsA. ®Dopmye  iH(pauepBoHUI
curHai, mo € [Y-imnynbeen ¢ikcoBaHOi 4acTOTH i MEBHOL
TPHUBAJIOCTI.

transmitter

Meroau Bupimenns 3aaa4i. BuBueHHs mnatopMu ckiIanaeTbes i3 TPHOX YaCTHH:
Ilepmia wyactmHa — BHBUEHHA mepudepii, NporpaMyBaHHs MPOLEAYP BBOAY/BUBOLY,
porpamMyBaHHs MPCTHX MpoLexyp o0poOku iHpopmarii [2];
Jpyra dactuHa — 1e NoOyAoBa CHCTEM YNPABIIHHS 3 BHKOPHUCTaHHSAM HepUQepiiHUX BY3IIB
iaTdopmu, HaPUKIIAL BUMIp Ta PEry/TIOBaHHs HABKOIHUIIHBOI TEMIIEPATypH, BOJIOrOCTi Ta iH. [3];
Tpers yacTuHa — 1€ MOOY0Ba OLIBII CKJIATHUX CHCTEM, SIKi OO€JHAHHI ITiJ] OJHOI HA3BOK —
iH(pOpMaLiHO yIIpaBIsAOYi CUCTEMH (IHTEIEKTYalIbHHUMN JTiM).
Hwxue mnpencraBnenunii mepenik  JgabopaTopHUX  poOiT, sKi BHUKOPUCTOBYIOTBCS IS
nporpamMmyBaHHs IPUCTPOIB 3B’s13Ky 3 00’ekToM [3].
PoGora 3 mopramu BBOIY-BHBOAY.
PoGota 3 piAKOKpHUCTANIYHUM 1HIUKATOPOM.
PoGora 3 Talimepom. [Himiamnizamis. [TepepuBanusL.
KomruiekcHa pobota 3 yrpaitiHHs 00’ €KTOM(ITiICYMKOBA TI0 TPHOM TIONEpeHIM podoTam).
PoGora 3 EEPROM.
Po6ota 3 AIIIL
Po6ota 3 LIAIL
Jliuunenuk y xoxi I'pes.
. JIBiiKOBHI JIYUIbHUK.
10. BumiproBaHHs TeMIepaTypH.

©Wo~No gk wNE

11. Tenepauis 3ByKy.
12. KommniekcHa po6oTa 3 yrpasiiHHs 06’ ekToM(00’ €Hye monepeaHi podoTH).
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BucHoBKH Ta TmepCHEKTHBH MNOJAIBIIOIO AOCTIIKeHHs1. TakuM YWHOM, OJHHM 3
HAaBa)KIMBIIMX CTpaTeriyHUX 3aBJaHb HA CHOTOAHIIIHBOMY €Tami MOJAEpHi3auii MicISIUIUIOMHOT
MearorivHol OCBITH € 3a0e3MmeyeHHs SKOCT1 MiAroToBKH (axiBLiB Ha PiBHI MIKHAPOJHHUX CTaHIAPTIB.
Hapatoun mKomspeBi MOXIIMBICTh MNOTJIMOJICHO BHMBYATH LHMKI TPEIMETIB, MH BH3HAEMO HOTO
Cy0’€KTHBHICTH B OCBITHROMY MpoOLieCci, TOOTO HAasIBHICTh y HBHOTO BJIACHOI METH, iHTEpeciB i moTped B
ocBiTi. BukopucraHHs Ha ypokaX, Ha CIENKypcax, (pakylbTaTHMBHUX 3aHATTAX CydYacHI MeAaroriyfi
TEXHOJIOT1] JOMOMOXYTh TOCATHYTH MOCTAaBICHOT METH Y MPOQiTEHOMY HaBYaHHI.

Po3B’a3aHHA 3aBIaHb MOAEPHI3aLlli CTAPIIOT IIKOIX MOXKIIMBE 38 YMOBH MiATOTOBKH IIEIATrOriB 10
BIIPOBAKCHHS 1HHOBAIlIMHUX MENaroriyHUX TEXHOIOTIH.

[Moganpi HaMI JOCHTIHKEHHS CTOCYBATUMYTHCS! BUBYEHHS 1 BUSHAYCHHS HAUOLIBII e eKTHBHIX
MearorivHUX TEXHOIOT1H, IUISIXIB Ta 3ac00iB ONaHyBaHHS HUMHU CY4YaCHHMH MEAaroraMu.

Januii iHCTpyMeHTanpHHK HaOlp BXKE BHKOPHCTOBYETHCS Ha (aKynbTeTi HpPUKIamHOL
MaTeMaTHKH. 3a meil dac Oynu cpopMOBaHI METOAMYHI Marepiaid, sKi JOMOMOXYTh CTYyAEHTaM B
BuBYeHI aucuuiulii — Ilepudepilini mpucTpoi, mporpaMyBaHHS NPUCTPOIB 3B’SI3KY 3 00 €KTOM,
MPOEKTYyBaHHs BOYIOBAHUX KOMII'IOTEpPHUX cUCTeM. B momanbimomy 151 mtatdopma Oyae BUKOPUCTAHHS
pHU BUKOHAHHI JabopaTtopHuxX nucuuiutii KoM iotepHe 3a0e3neueH s TeNeKOMYHIKaIlii.

1. DeviceHive Discovery Platform RPi [Enexrponnnii pecypc]. — Pexxum nocrymy : http://devicehive.com/documentation
2. TInaxorumit M. B., Hanusaituyk M. B., Tuigenko B. B. MertonuuHi BKa3iBK{ 10 BUKOHAHHS JTAOOPATOPHHUX POOIT 3
qucuumtiag «[IporpaMmyBaHHsS OPUCTPOIB 3B’513KYy 3 00’ ekToM» - KuiB: Bugasuuureo HTYY KIII, 2011. - C. 4-60.

3. IInaxomnuii M.B., Kozwvaxos B.C., Hamusaiiuyx M.B., QOzopoonuywxuii A.J[.OCOBJIMBOCTI IIOBYJIOBU
NOPTATUBHMX MIKPOKOHTPOJIEPHUX IIPUCTPOIB HA BA3l IHTETPOBAHUX IUIAT. //Bicmuk

XMeNbHUILIBKOrO HanioHansHoro yHiBepcurety. — 2014, Ne3, —C. 53-56.
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?JTyupKuii HaliOHATBHMI TEXHIYHUIH YHIBEPCUTET

JNOCJLKEHHS ICHYIOUMX KOMIIOHEHTIB PO3POEKH KPOCCILIAT®OPMEPHHUX
JTOJATKIB

PaGokons I1O.M., Kurapesuu O.K., Mlosom II.C. [lociainxeHHsi iCHylOUHX KOMIIOHEHTIiB PO3pPOOKH
iHTepaKTHUBHUX KpOCCIIAT(OPMEPHUX IOAATKIB. Y maHii CTAaTTI aBTOPH NpPOAHATI3yBalM pE3yNbTaTH HPOSKTYBAaHHS
CHCTEMH pPO3pOOKM IHTEPaKTHBHHMX [JOJAaTKiB. ByB mpoBemeHmii aHaii3 pHHKY IiHTEPaKTHBHHX MOJATKIB Ta iCHYFOUHMX
KOMITOHEHTIB pO3pOOKH. 3’SICYBaJIOCh, IO YUM CKIIAJIHIIIA CUCTEMa, THM OiJIbIIe PeCypCiB BOHA BHKOPHUCTOBYE.

Kuarouosi ciioBa: Be6-3acrocyBants, 6a3a jgaHux, cepsep, kimient, Silverlight, ASP.NET.

Psadokons FO.M., Kurapesnu O.K., losom I1I.C. UccnenoBanue CyumecTBYIOIIUX KOMIIOHEHTOB Pa3padoTKH
HHTEPAKTHBHBIX KpPOCCIUIAT(GOPMEPHUX NPHJIOKeHHil. B JaHHOW crarhe aBTOPHI MPOAHAIM3HPOBAIM PE3YJIBTAThI
MPOCKTUPOBAHUST CHUCTEMbI Pa3pabOTKM HMHTEPAKTHBHBIX TPWIOKEHUH. BBUT NpOBENEH aHAM3 pPHIHKA HHTEPAKTHBHBIX
NPHJIOKEHUI U CYHIECTBYIONIMX KOMIIOHEHTOB Pa3pabOTKU. BBISICHUIOCH , UTO YeM CJIOKHEE CHCTEMa , TeM OOJIbIIE PECypCOB
OHa UCIIONB3YeT.

KuoueBble cjioBa: BeO-npmwiokenust, 6a3za qaHubIx, cepsep, kiauenr, Silverlight, ASP.NET

Ryabokon Y.M., Zhyharevych O.K., Sholom P.S. Investigatin of existing components development of interactive
cross platform applications. In this article, the authors analyzed the results of system design development of interactive
applications. The market of interactive applications and existing development components were analyzed. It was clarified that the
more complex the system, the more resources it uses.

Keywords : web application , database, server, client, Silverlight, ASP.NET

IMocranoBka npo6aemu. Ha choroaHi puHOK iHTEPaKTUBHUX JOAATKIB HAOyB BETMKUX MacIuTaliB
Ta CTPIMKO pO3BUBAETHCS 1 Mae€ WHIMPOKY ayaUTOPil0 KOpUCTyBadiB. ToMy JaHMH HampsSMOK €
nepcrneKTUBHUM. [ po3poOku irop JaeThesi Majo 4yacy i Ha CTBOPEHHS KOXHOI I'pH 3 MOYATKy He
BHCTaya€ pecypciB ToAl HEoOXiIHO BHKOPUCTOBYBAaTH iCHYIOUiI T'OTOB1 pillIeHHs, Ha OCHOBI SIKUX 1
CTBOPIOETHCS OUTBINICTD IHTEPAKTUBHUX JTOAATKIB.

I'oToBi KOMIIOHEHTH AJ1s1 pO3POOKH IHTEPAKTUBHHUX JOJATKIB 3HAYHO 3MEHIIYIOTh OIO/KET Ta Yac Ha
BUKOHaHHS poboru. Ha nanmii MOMEHT icHye BeNnMKa KUIBKICTH ONepamiiHUX CHCTeM, Ha SKHX
BHUKOHYIOTBCS iTpH, 1 SIKIIO MUCATH IPY OKPEMO IJIsl KOXKHOI OIepaLiifiHOl CHCTeMH 1ie 3aiiMe ayxe 0arato
yacy Ta 3abepe BemUKy KiuIbKocTi pecypciB. CaMe Uii YHUKHEHHS TaKUX BENHKHUX BHTpaT 1
BHUKOPHUCTOBYIOTHCS KOMIIOHEHTH JUIS PO3POOKH IHTEPaKTUBHUX JONATKIB.

I'panphnii pymiii (anrn. Game engine) — mporpaMHHUid pyIIii, IEHTpajJbHA MPOrpaMHA YaCTHHA
Oynb-sIKOi BiZleorpH, sika BiANOBiga€ 3a BCIO 11 TEXHIYHY CTOPOHY, JI03BOJISAE MOJETIIUTH PO3POOKY I'pH 32
MOXXJIMBICTh CTBOpPEHHs OaraToruiarhopMeHHuX irop (croromui Haivactime ogHouacHo mist [1K, PS3 ta
Xbox 360).

OcHOBHY (YHKLIOHAJBHICT, TPH 3a3BUYail 3abe3neuye pywid TIpu, IO BKIIOYAE PYIIiH
BizyamnizaTopy, Qi3WYHHMN pyIIid, 3BYK, CHCTEMY CKpWNTIB, aHiMaliio, irpoBHil IUTYYHHH IHTENEKT,
MEpEeKEBUI KO/, KEpyBaHHS MaM'sATTIO, Tpad cueHu. YacTo Ha mporeci po3poOKu MOXKHA 3a0IIaJUTH 32
PaxyHOK ITOBTOPHOT'O BUKOPUCTAHHS OJHOTO PYIIis TPH sl CTBOPEHHS IEKIIBKOX Pi3HUX irop.

Taki cucremu, sk Infocom'isceka Z-Machine i SCI kommanii Sierra, MoXxHa BBa)XaTH MEPIIMMHU
3aKiHYCHUMH TpPATbHUMHU pymrisMu. [IpoTe, TepMiH «rpaibHHE pymmii» 3'sBuBcs B ceperauni 1990-x
POKiB, TOJOBHHM YMHOM, Y 3B13Ky 3 3D-irpamu, Takumu gk mytepu Bin mepmoi ocobu. Irpu Doom i
Quake Bix id Software BUSBHUIHCS HACTUIBKH MOMYJISIPHUMH, IO iHII PO3POOHUKH 3aMiCTh TOrO, 100
MpaIOBaTH 13 YHCTOrO apKylia, JIIeH3yBaJd OCHOBHI YaCTHHM MpPOrpamMHOro 3abe3meyeHHs W
CTBOPIOBAJIM CBOIO BIIACHY Ipadiky, HmepcoHaxkiB, 30po0 M piBHI — «irpOBHH KOHTEHT» abo «irposi
pecypcu». Pymriit Quake OyB BUKOpHCTaHMiA y OUTBII HDK JECSATH MPOEKTaX i JaB CEPUO3HUI MOLITOBX
posButkoBi middleware-inmycrpii.

I'panbHi pymii TakoX BUKOPUCTOBYIOTHCS B irpax, COYAaTKy PO3pOOICHUX IS TPAIbHIUX KOHCOMEH;
Hanpukiaj, pywiid RenderWare BukopucroByetbes y dppanyaiizax Grand Theft Auto I11 i Burnout.

CyuacHi rpanpHi pymii — ofmHi 3 HaHCKIAIHIKMX y HaNHMCaHHI 3aCTOCYHKIB, L0 HaW{vacTimie
CKJIaJaroThesl 3 ACCATKIB PI3HUX KOMIIOHEHTIB, KOXKHMH 3 SKHX MOXHA HAJALITOBYBaTH OKPEMO Iij
notpebu rpu. Ha caiiti Future Game Coders € pi3Hi TeMH PO MiACUCTEMH CY9aCHHX irop.

© Psb6okons F0.M., Kurapesuu O.K., Hlonom I1.C.
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Ha pmomatox mo ©araropa3oBo BHKOPHCTOBYBAHHMX TPOIPAMHUX KOMIIOHEHTIB, TpaibHi pymIii
HaJalTh Ha0ip Bi3yalnbHHUX IHCTPYMEHTIB ais po3poOku. Lli iHCTpyMeHTH 3a3BHYall CKIanaloTh
IHTErpoBaHEe CepeJOBHUIE PO3POOKK Ui CIPOLICHOI, IIBUAKOI pO3pOoOKM irop Ha 3pa3oK MOTOKOBOTO
BUpoOHMITBA. Lli rpanbHi pymwil iHONI HA3MBAIOTh «TPAJBHUM MIANPOrPaMHUM 3a0e3nedeHHsIM» (CKop.
II13; anmrn. middleware), Tomy 1o, 3 mornsay Oi3HeCy, BOHH HAIalOTh THYYKY ¥ 6araTtopasoBo
BHKOPUCTOBYBaHY INpOrpaMHy IUIaTGopMy 3 YCi€l0 HEOOXiAHOI (YHKUIOHAJBHICTIO Ui PO3POOKH
TPalbHOTO 3aCTOCYHKA, CKOPOUYYIOUM BUTPATH, CKIAAHICTD 1 4ac po3poOKM — yci KpUTHUHI (HaKTOpH B
CHJIBHO KOHKYPYIOUill iHAYyCTpii Bieoirop.

Sx # inm 113 pitnenHs, rpaibHi pyIii 3a3BHYail MIaTGOpMO-He3aneKHi i T03BOJISIIOTH AEAKil Tpi
3alycKaTUCsT Ha PIi3HUX IUaTgopMax, BKIIIOYAIOYM TIpajbHI KOHCONI i MepcoHallbHI KOMIT'TOTEPH, 3
NeKUMH BHECEHHMHU Y CHpIEBUIl kox 3MiHamu (abo B3arami 0e3 Hux). Yacto rpanehe [II13 wmae
KOMITOHEHTHY apXiTeKTypy, LIO JO3BOJIE 3aMiHATH a00 PO3MIMPIOBATH €Ki CHCTEMH pYILis OimbII
crnerianizopanumu (i yacto gopoxkummu) 1113 kommoHeHTamu, Hampuknaa, Havok — mns ¢izuxw,
FMOD — nns 3Byky abo SpeedTree — s penaepunra. Jleski rpanbHi pymrii, Taki sik RenderWare,
MPOEKTYIOTh K HaOip cnabo 3B'si3aHux [1I13 KOMIOHEHTIB, SKi MOXYTh BHOIPKOBO KOMOIHYBaTHCS LIS
CTBOPEHHSI BJACHOTO PYIIis, 3aMICTh TPaJULIMHINIOTO MiIXOAY PO3MMpPEHHS a00 HalallTOBYBaHHS
THYYKOTO  iHTerpoBaHoro pimeHHs. [Ipore posmmpioBaHicTh AOCSATHYTa W 3aJHMILAE€THCS
BHCOKONPIOPUTETHOIO B TpajbHUX PYIISIX dYepe3 MIMPOKI MOMIMBOCTI IXHBOTO 3aCTOCYBaHHS.
HesBaxaroun Ha crenuidHicTh HA3BHM, TpajbHI pPyIIii 4acTO BHUKOPUCTOBYIOTHCSI B IHIIMX THMax
IHTEpaKTHUBHUX 3aCTOCYHKIB, IIO BHMAararoTh rpadiky B peajbHOMY dYaci, TakMX fK pEKJIaMHi J1eMo-
POJNHKH, apXiTEeKTYpHI Bizyaji3allii, 10 HaBYaJIbHI CUMYJIITOPH 1 CepeJOBUIIIA MOJETIOBaHHL.

Jeski rpanpHi pymIii HalalOTh TUIBKH MOXKIHBOCTI 3D peHpeprHra B peabHOMY 4aci 3aMicTh yciei
¢yHKUIiOHANBHOCTI, HeoOXiaHol irpam. Lli pymii noBipsioTh po3poOiroBaueBi rpu peaizamlilo iHIION
¢yHKIiOHANBHOCTI a00 il ckiagaHHs Ha OocHOBI iHmMX rpansHuxX [1[13 kommoneHTiB. Taki Tumu pymiiB
3a3BUYall BIHOCATH N0 «TpadiuHUX pYIIiiB», «pymniB peHpepuHra» abo «3D pymrism» 3amicTh
3MICTOBHIILIOT0 TepMiHa «TrpalibHUH pymiii». OmHaK L TePMiHOJOrIS BUKOPUCTOBYETHCS CYMEPEWINBO:
Tak, OaraTo MOBHOQYHKIiOHANbHUX TpainbHUX 3D pywiiB 3ragani mpocto sk «3D pymii». [esxi
npukiaau rpagiuanx pymiis: RealmForge, Ogre 3D, Power Render, Crystal Space i Genesis3D. CyuacHi
rpajbHi abo rpadiuHi pymii 3aBHYail HagarTh rpad cleHn — 00'€KTHO-OpiEHTOBaHI mpencTasieHHs 3D
CBITY IpH, LI0 YacTO CIPOLIyE irpoBUH Ou3aiiH 1 MOXe BUKOPHCTOBYBATHCSA Uil €(EKTUBHIIIOTO
peHIEepUHTa BETHMUE3HUX BipTyalbHUX CBITIB.

I'pagiunmii pymriii (amrn.  graphics engine; iHomi «peHzepep» abo «BizyamizaTtop») —
nignporpamue 3ade3nedeHHs (anri. middleware), nmporpamMHuil pyiriidf, OCHOBHUM 3aBIaHHSM SIKOTO €
Bizyauizailisi (peHIepUHT) ABOBHMIpHOi a00 TpUBUMIpHOI KOMI'PoTepHOi rpadiku. Moxke iCHyBaTH K
OKpeMHUi IpOoayKT abo B CKIaAi irpoBOro pyuris. Moke BUKOPUCTOBYBAaTHUCS ISl Bizyali3amil OKpeMux
300pakeHb a00 KOMIT'IOTepHOro Bifgeo. I'padiuHi pymrii, 10 BHUKOPUCTOBYIOTHCS B Mporpamax, IO
HpaIoTh i3 KoMIT'toTepHol rpadikoro (taki, sk 3ds MAX, Maya, Cinema 4D, Zbrush, Blender),
3a3BHYAil HA3MBAIOTHCS «PEHACPEPAMU», «PUCYBATbHMKaMu» abo «BizyamizaTtopamu». Cama HasBa
«rpadivHUi pyIIii» BUKOPUCTOBYETHCS, SIK IPaBHUIIO, Y Bifeoirpax.

OcHOBHA 1 HAWBAXKIMBIIIA BIIMIHHICTh «irPOBUX» rpadiyHUX PYIIIiB BiJ MPOrpaMHUX PEHACPEPIB
MOJISITa€ B TOMY, IO IEpIIi MTOBUHHI 00OB'S3KOBO MPALIOBATH B PEKHUMi pEabHOTO Yacy, TOMi SIK JPYyTi
MOXYTh BUTpA4aTH MO KiIbKa JECATKIB TOAWH Ha BUBENEHHS OJHOTO 300paskeHHA. J[pyroro icTOTHOIO
BIIMIHHICTIO € Te, 110, TOYMHa4X npuoau3Ho 3 1995—1997 pokis, rpadiuni pymrii poOnaTs peHAepUHT
3a jgomomoror rpagiuaux mnpouecopiB (aHria. GPU), sxi BCTaHOBIEGHI Ha OKpEeMHX IUIaTax —
Bizieokaprax. [IporpamHi peHepepr BUKOPUCTOBYIOTh TUIBKH IIeHTpalibHi npotiecopu (anra. CPU).

Ha erami craHoBieHHs Bimeoirop rpadiuamii pymiii OyB HaHTONOBHIIIOK YaCTHHOIO IrPOBOTO
pywis. Brmactuso, nputimsno 90-95 % irpoBoro pymrist ckiiagaB came rpadiyauil pymnii (iHITy 4acTuHY
3afiMaNy Taki HE3HAYHI MiJCHCTEMH, SIK «CHCTeMa BBEACHHs» 1 Jaeski iHmn). OmHak i3 cepeaunu 90-x
POKIB BHACIIIOK CTPIMKOTO PO3BUTKY BiI€0irop pO3pOOHUKH irop moyaiu J0AaBaTH Yy CBOI NPOAYKTH i
1HIII TiACKMCTEMH, TaKi K 3BYKOBHH pYILid, poOoTa 3 Mepexkero. Y CydacHUX Bifeoirpax rpagiuHuii
pywiii — omuH i3 6araTbOX KOMIIOHEHTIB irpOBOro pymris (Xoua il HalrOJOBHIIIMI), KyIH BXOISATH
Gi3uuHMA pymIii, 3ByKOBHI pyIIiid, cucTeMa aHimaiii (KicTskoBa it uieBa aHimMalis), cuctema 3 poooTH
3 MEpPEeXeI0, IrpOBU IITYYHUH IHTEIEKT.

Sx npaBuiio, rpadidHi pymii He MOMMUPIOIOTECS OKPEMO Bifl irpoBHUX. €1uHOr0 rpadidyHoro pyuis
0e3 10IaTKOBUX KOMIIOHEHTIB 1 IHCTPYMEHTApil0 HEIOCTaTHBO JUIS CTBOPEHHS IPH, TOMY PO3pOOIIOBayi

© Psab6okons F0.M., Kurapesuu O.K., Hlonom I1.C.
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pYIIiiB MpOJalOTh JHIIE irpoBi pymnii 3 MOBHUM HAaOOpOM IHCTPYMEHTIB i KOMMOHEHTiB. OnHak Le
NpaBUJIO HE BITHOCHTHCSA IO BUIBHOIO IMPOrpamMHOro 3abesneueHHs. EHTy3iacTH CTBOPIOIOTH BiIbHI
rpagiuHi pymii i BUIBHO IX PO3MOBCIOMKYIOTh. 3r0JJOM PO3POOHHMKH irop MOXKYTh 00'€THATH BiNbHUMA
rpadiuHuil pymii i3 Qi3MUHMM, 3BYKOBHUM Ta iHIIUMH KOMIIOHEHTaMH H CTBOPHUTH Ha iXHIill OCHOBi
MOBHOLIHHUH iIrpOBUH PyIIiH.

[ounnatoun 3 2009 poky, y 3B'A3Ky 3 PO3BHUTKOM TpadiuHUX MpPOLEcopiB, a caMe Yy 3B'I3KY 3i
301bIIEHHM iXHBOT 6araTo)yHKIIOHAIBLHOCTI i THYYKOCTi, OYalld po3poOIATUCS i BUXOIUTH rpadidHi
pywii peansHOro 4acy, fKi BHKOPHUCTOBYIOTH moTykHocTi GPU mnst pospaxyskiB. Sk mpaBuio, Taki
pywIii peani3yloTh OCBITJICHHS 4epe3 METON TpacyBaHHS MPOMEHIB, a T'€OMETpis 1HOII MpelcTaBicHa
BOKCEJISIMHU, a He momiroHamu. JlaHi pymrii npu3HavyaioTbesl s poOOTH SIK Y Bizeoirpax, Tak i B iHIINX
IHTEPaKTHBHUX 1 HEIHTEPAaKTUBHUX JOAATKaX, BKIIOYAIOUM HAYKOBI po3paxyHkH, po3aizenHs 1600*1200
nikceniB, OpenGL-pennepep, 16-kpatHe moBHOoekpaHHe 3riaukyBaHHs (FSAA), 32-6itHuii komip. Y
Kaapi npucyTHi 23653 TPUKYTHUKH.

Ha pucynky 1 300pakenuii «MapMypoBHii Yrxyaxya» — 300paKeHHS, CTBOPEHE 3 BUKOPUCTAHHIM
BOymoBaHOro penzepepa Blender,

Puc.1. I'padiunmii MapMypoBHii ynxyaxya

OptiX — rpadiunmii pymiid peanpHoro uacy, pospodienuit nVidia, BuxopuctoBye CUDA, i
Ipalfoe BUHATKOBO Ha rpadivHuxX mporecopax BupoOHunTBa NVidia i mpu3HayeHHi Uil pi3HOMaHITHIX
o0YHCIIeHb, JOCTIDKEHb 1 MonemoBaHb. «OptiX» € TiOpUIHUM pEHIAEPEepOM — OCHOBHUM €
BHUKOPHWCTaHHS TPacyBaHHs MPOMEHIB, ajle € MPUCYTHIM 1 pacTepu3aris.

Octane Render — rpadiynuii pymiii peampHOro 4acy, pospoOiieHnii kommaniero Refractive
Software LTD, mo BukopucroBye CUDA i npaiitoe Ha Bcix rpagiunux nporecopax nVidia, mouynHaroun
3 8X00. BukopucTtoBye TpacyBaHHS IPOMEHIB.

id Tech 6 — rpadiynumii pymiii, mo BXOmUTh N0 ckiamy irpoBoro pymis id Tech 6, Oyne
BHKOPUCTOBYBATH TPaCcyBaHHS IPOMEHIB i BOKCEJTI.

®iznunmii pymiit (aHra. physics engine) — mporpaMHuil pymIii, o poOUTh CUMYJISII0 (Qi3HYHUX
3aKOHIB PeaNbHOrO CBITY y CBITi BipTyalnbHOMY 3 THM a0o0 iHIIMM cTyneHeM anpokcumaiii. Haligacrime
¢i3uuHi pymwii BUKOPUCTOBYIOTBCS HE K OKpEeMi CaMOCTIHHI MporpaMHi HPOAYKTH, a SK CKJaJeHi
KOMIOHEHTH (Iignporpamu) iHmuUX nporpam. Yci GpisuyHi pymrii yMOBHO AUIATHCS HA JIBa THIIH: irpOBI i
HaykoBi. [lepmmmii TUI BUKOPUCTOBYETHCS B KOMITIOTEPHUX irpax sIK KOMIIOHEHT irpoBOro pymis. Y
OOMY BHUNAJAKy BiH MOBHHEH NPALIOBAaTH B PEXHMI pealibHOrO 4acy, TOOTO BiATBOpIoBaTH (hi3WyHi
MPOIECH B T'Pi 3 TOIO K MIBUJKICTIO, 3 SKOIO BOHH BiIOYBarOThCS B pealbHOMY CBiTi. Pasom i3 Tum, Bix
irpoBoro (i3MuHOrO pyImis He MOTPiOHO TOYHOCTI oOOuHMcieHb. [onMOBHA BUMOra — Bi3yalbHa
peaiCTU4HICT, — 1 A7 ii JOCATHEHHS He OOOB'S3KOBO MPOBOAMTH TOYHY CHMYJLito. Tomy B irpax
BHUKOPHUCTOBYIOTbCA JIy’K€ NMPUOIH3HI ampoKcHMalii, HaOmmKeHi MoAeni W iHIII MpOrpaMHi «TPIOKH».
HaykoBi ¢i3nuHi pymrii BAKOPUCTOBYIOTBCSI B HAYKOBO-IOCIIIHUX PO3paxyHKax i CUMYIALISX, 1€ BKpai
BayKJIMBa caMe (pi3MYHa TOUHICTH 00uMciIeHb. Pa3oM i3 TUM MIBUAKICTH 0OYHCIEHb HE TPa€ iCTOTHOI PO
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CyuacHi ¢i3nuHi pymwii CHMyTIOIOTH HE BCi (i3MYHI 3aKOHM peasbHOro CBiTYy, a JIMIIE HesKi,
MPUYOMY 13 4aCOM 1 MPOrpecoM y raiysi iHpopMamiiHuX TEXHOIOT1H 1 00YHCIIOBATEHOI TEXHIKH CIIHCOK
«MATPUMYBaHUX» 3aKOHIB 30imbiIyeThcs. Ha mouatok 2010 poky ¢isudsi pymii MOXYTh CUMYIIOBATH
Taki (i3W4HI SBUIIA W CTaHU:

* JMUHaMika abCOTIOTHO TBEPJIOTO TiJa;

* nuHaMmika e OpMOBaHOrO TiNa,

* JMHaMIKa PiuH;

e JMHAMIKA rasis;

* TIOBEAIHKA TKaHWH,

* TIOBEIIHKa MOTY30K (TpOCiB, KaHATIB TOILO).

V ceprni 2009 poky anriomoBHuit xypHan Game Developer (anr:.), npucBsueHnii po3po0Orri
KOMITIOTEpHUX irop, omyOIiKyBaB CTAaTTIO MPO CyYacHi irpoBi pywrii Ta iXHe BHKOPHUCTaHHA. 3TiOHO 3
JaHUMH SKypHally, HalmomyaspHimmM cepen po3poOHukiB € pymrii nVidia PhysX, mo 3aiimae 26,8%
punky. Ha npyromy wmicni nepeGyBae Havok, mo 3aiimae 22,7% punky. Tpere Micie HaJIeKUTh PYIIi0
Bullet Physics Library (10,3%), a yerBepre — Open Dynamics Engine (4,1%).

Oi3uuyHMii pyIIiid J03BOJSE CTBOPUTH NESIKHHA BIpTyalbHUH NPOCTIp, SKUH MOXKHA HAIOBHHUTU
Tinamu (BipTyaJIbHUMU CTaTHYHMMHU W JMHAMIYHUMH 00'€KTaMM), 1 BKa3aTH JUIS HBOTO SIKICh 3arajibHi
3aKOHW B3a€EMOJII TiJl 1 Cepe/OBHUINA, TI€I0, YU IHIIOK MipO HaOIMKEHI 10 (i3MYHUX, 3aJaf04d MPU
IIbOMY XapakTep i CTYIiHb B3a€MOMiH (IMITyJbCH, CHJIM TOIIO). BiacTHBO po3paxyHOK B3a€MOIIi Til
pywiit i 6epe Ha cebe. Komu mpoctoro Habopy o0'€KTiB, IO B3a€EMOIIIOTH 3a IMEBHUMH 3aKOHAMH Y
BIpTyaJIbHOMY HPOCTOpPi, HEAOCTaTHLO B CHIIy HEMOBHOI'O HaOMMmKeHHs (i3WYHOI MOJENi 0 peallbHOro
CBITY, MOXIHMBO JoJaBaTd (o Tin) 3B'A3ku. PoO3paxoByrouW B3a€MOIi0 TUT MDK CO0OK # 13
cepenoBuileM, Gpi3UUHMIA pyIIii HaOMKae (i3UUHY MOJIENb OAEPKYBaHOI CUCTEMH JI0 PEaJbHOro CBITY,
nepeaaryr YyTOYHEHI TeOMETPHYHI 1aHi 3ac000B1 BimoOpakeHHs (peHaepepy).

IrpoBuii mryynuii inTenekt (anra. Game artificial intelligence) — naOip nmporpaMHHX METOIMK,
AKi BHKOPUCTOBYIOTBCS Yy Bimeoirpax i CTBOPEHHS 1031l IHTENIEKTY B IMOBEIIHII IEPCOHAXIB,
KepoBaHMX Komm'torepoM. Irpouii LI, kpiM MeTOAIB TpaAMLiHOTO IUTYYHOTO IHTENEKTY, BKIIOYAE
TAKOX aJITOPUTMHU Teopii KepyBaHHs, pOOOTOTEXHIKH, KOMIT'IOTEpHOI Tpadiku Ta iHYOPMATUKH Y IIIIIOMY.

B Irrbachit + Trem A Fhysics Deseo

Puc. 2. Ilpuknan po6otu Gi3ugHOTO PyILIis

Peanizanis Il cunbHO BIUIMBa€e Ha TedMIIiel, CHCTEMHI BUMOTH 1 OIOIKET I'pH, 1 po3poOHUKH
OanmaHCylOTh MK LIMMW BHMOTaMH, HaMaralo4duch 3poOMTH LiKaBUH 1 HeBUMoriuBui 1o pecypcis LI
Masoro miHorw. Tomy miaxix go irpoBoro 11 cepiio3Ho Binpi3HseThCS Bif miaxomy Ao Tpaauiiiinoro 11T
— LIMPOKO 3aCTOCOBYIOTHCS PI3HOIO POAY CIPOILEHHS, 0OOMaHU i eMynsuii. Hanpuknan: 3 ogHoro 0oky,
B IIyTepax Bix mepimoi ocoOu OE3MOMMIIKOBHI pyX i MHUTTEBE NPUITIOBAHHs, BiacTHBE OoTaMm, HE

© Psab6okons F0.M., Kurapesuu O.K., Hlonom I1.C.



Hayxosuil srcypruan "Komi roTepHo-iHTErpoBaHi TEXHOJIOTIi: 0CBiTa, HAyKa, BUPOOHULITBO" 87
Jlyywvk, 2015. Bunyck Ne 20

3aJMILIA€E XKOAHOIO MIAHCY JIFOIMHI, TaK IO I[i BIaCTUBOCTI IITYYHO 3HIKYIOTECS. 3 iHIIOrO O0KYy — 00TH
MOBHHHI POOMTH 3aCiikM, IiSITH KOMaHIOK H T.O., U1 IbOrO 3aCTOCOBYIOTHCSl KKOCTHIJII» y BHIJIAIL
KOHTPOJIBHUX TOYOK, PO3CTaBJICHUX Ha PiBHI.

Jeski irpoBi MpOrpaMiCTH pO3MISAAIOTE OyIb-AKy METOAMKY, IO BHUKOPUCTOBYETHCS ISt
CTBOpPEHHsI 10311 1HTeNeKTy, sk yactuny irpoBoro III. OpHak neil mormsn € cmipHUM, TOMY IO BiH
BKJIIOYAa€ METOAWKH, SIKI IIMPOKO BUKOPHCTOBYIOThCA To3a pyureMm irpoBoro II. Hampuknan,
iHpopMaLis MpOo MOTEHIIHI MaWOyTHI 3ITKHEHHs € BaXJIMBOIO iH(QopMmalieio, MmO BBOIUTHCS B
QITOPUTMH, SAKi JONOMAararoTh CTBOPIOBATH OOTIB, M0 OyAyThb IOCHUTH POSYMHHMH Ui YHUKHEHHS
3ITKHEHb 3 00'ekTaMH. Ajie TI K caMl METOAMKM BHUSBIEHHS 3ITKHEHb € HEOOXIOZHMM 1 OZHUM 13
HAaBa)KIMBIIIMX KOMIIOHEHTIB (i3u4HOro pymis. TOYHO Tak caMO pe3yldbTaTd iCIIUTOBOTO HAIPAMKY
noryisaay 00Ta 3BUYaiiHO € BaXKJIMBHUMHU JAHUMH, IO BBOISTHCS B CUCTEMY MPHULUTIOBAHHS 00Ta; pa3oM i3
TUM 1i JaHi IIMPOKO BUKOPHCTOBYIOTHCS MPH PEHAEPUHTY B rpadiunoMy pyurii. @iHanbHUM NPUKIagoM
€ CKPUIITHHT, 0 MOXe OyTH 3pyYHHM iIHCTPYMEHTOM JJIsl BCIX aCHEKTIiB irpoBOi pO3pOOKH, OHAK YacTO
CHJIBHO aCOLIOETHCS 3 KOHTPOIIOBAHHSM IOBEIIHKH HEITPOBHUX IMEPCOHAXKIB.

[Typuctu BBa)KaroTh, 10 BUPA3 IUTYYHUH IHTENEKT» Y TEPMiHI «irpOBUH IUTYYHUH IHTEIEKT» €
nepeOiIbIIeH M, OCKUTbKY irpoBuid LI onncye He IHTENEKT 1 BAKOPUCTOBYE TiJbKH AESAKI 3 HAMPSIMKIB
akagemiuHoi Hayku «llty4ynwii iHTenekr». bepyunm mo yBarm, mo «peanmpHuit» LI 3BepTaerbcs o
ramyseil cucTeM, M0 CaMOHAaBYAIOTHCS, 1 MPUHHATTS pillleHb, AKi 0a3yl0Thcs Ha JOBUILHOMY YBEIEHHI
JAHUX, 1 HaBiTh N0 octatodHoi Meru «cmibHOro» IIII, mo ™moxke Mmucnuth, irpouit Il dacto
CKJIaJa€ThCs 3 IEKITBKOX eMITIPUYHUX MPaBUII 1 eBPUCTUKH, SKUX JOCUTH, 1100 Ha/JaTH TPaBlEBi FapHUH
refiMIUIeH, BiTUyTTs ¥ BpasKeHHA Bij TPH.

[Tokpamenns po3yminHs akagemiuHoro I po3poOHMKamu irop 1 3pocTarounii iHTepec
aKaJEeMIYHOTO CIIIBTOBApHCTBA JI0 KOMII'IOTEPHUX irop BUKIHMKAE MUTAHHS, HACKUTbKM W y SIKiH Mipi
irpoBuii I BimpizHseThes Bin knacuunoro. OpHaK, iCTOTHI PO3XOKEHHS MDK PI3HUMH MPHUKIATHUMH
ragy3sMHy MITYYHOTO iHTENEKTY 03Ha4aloTh, mo irpoBuit LI Bce me moxe OyTH PO3IIITHYTHH SIK OKpeMa
migrany3b 1. 3okpeMa, 31aTHICTh «3aKOHHMM» YHHOM BHpIIMTH Jeski npoonemu I B irpax uepes
o0MaH YTBOPIOE BaXKJIMBE PO3XOPKEHHs. Hampuknan, BUBENEHHS NO3WLI HEBUAMMOro 00'€kTa 3
MHUHYJIUX CIOCTEPEKEHb MOXKe OyTH Baxkkoto mpobmemoro, konu LI 3acTocoBanuii 10 poOOTOTEXHIKH,
ajie B KOMITIOTEpPHUX irpax HEIrpoBHH MEPCOHAXX MOXKE MPOCTO IIYKATH MO3MLI0 B irpoBoMy rpadi.
Takuit oOMaH MOXKe TPU3BECTH A0 HEpeasiCTHYHOI MOBEAIHKA W TOMY He 3aBXIu OaxxaHuil. Ane Horo
30ATHICTh CIYKUTH IJs1 pospizHeHHs irpoBoro LI Beme mo HOBHX mpoOieM, TakMX SIK. KOJIU 1 fIK
BHUKOPUCTOBYBATH 0OMaH.

EBpucTHyHi anropuT™Mu irpoBOro MTYYHOI'O 1IHTENEKTY BUKOPUCTOBYIOTHCS B IIMPOKiil po3mMairocTi
B OaraTtbox Traiy3sx ycepeauHi rpu. HaioueBmanime 3actrocyBanns irpoBoro LI mposBiseTses B
KOHTPOJIOBaHHI HEITPOBUX MEPCOHAXIB, X04a CKPUITUHT TEX € AYKE PO3MOBCIOKEHUM CIIOCOOOM
KoHTpomto. Tlomyk nuisXy € iHIIMM MMPOKO PO3MOBCIOIKEHUM 3acTocyBaHHsIM irpoBoro I, — BiH
0CO0JIMBO MPOSIBISIETHCS B CTPATErisAX peanbHOro yacy. [omyk nuisxy € MeromoM Juis BU3HAYeHHS TOTO,
AK HEIrpoBOMY IEPCOHAXKEB1 MEperTH 3 ONHi€l TOYKM HAa Malli OO IHIIOI: MOTPiIOHO BpPaxoBYBAaTU
maHAmA(T, MEPeHKoar W, MOXKIIUBO, «TyMaH BiitHW». Irposuii LI Takox moB's3aHuil i3 TUHAMIYHHM
IrpoBUM OaaHCyBaHHSIM.

Konnenmis Henependauysanoro (anri. emergent) LI Oyna HenaBHO HOCTiIKEHA B TaKUX irpax siK
Creatures, Black & White i Nintendogs i B Takux irpamkax, sik Tamarodi. «CBiCbKI TBapUHH» Y IHX
irpax MamTh 3JIaTHICTh «HABYATHCS» Ha MisX, BUMHCHHX TpaBIEM, 1 IXHS TOBEIIHKA 3MIHIOETHCS
BIIMOBiTHO. Y TOH Yac, SK I1i PillIeHHS B3ATi 3 00MEXKEHOI MHOXHUHHU MOXKIIMBUX PIlIeHb, 1€ JiIHICHO 9acTO
Jae OaykaHy UTI03iI0 IHTENEKTY MO iHIy CTOPOHY €KpaHa.

ITpu po3poOri irop 3ByKOBHil CyNpoBiA 3aBKaM MepeOyBaio Kinbka Ha Apyromy miaHi. Po3poOHuKu
BBKAIOTh 3a Kpallle BUTPATUTH Yac Ha BBENECHHS HOBOMOJHUX edekriB s 3D -rpadiku , Tomi sk
peaiizaiis 3ByKy IYCKA€TbCsi Ha caMOIUIHB. JItofell ckiajHo ImepeKOHaTH BUTPATHTH Yac 1 KOIITH Ha
AKICHUH 3BYK B Tpi. Pa3som 3 TuM, OiNbIIiCTH KOPHUCTYBadiB TaKOX OUIBII OXOU€ BUTPATATH IpoLIl Ha
HoBiTHII 3D-akcenepaTop, Hi’XK Ha HOBY 3BYKOBY KapTy.

OpHak, CUTYyalis 3MIHIOETBCS: OCTAaHHIM 4acoM 3BYKY CTaJlo IPUIUIATHCSA Habarato Oinblie yBary i
3 OOKYy KOpHCTYBauiB, i 3 00Ky po3pOoOHHKIB. Y Cy4acHUX MPOEKTax 3BYKY BimBoauThcs A0 40 BifcOTKiB
OrOIDKETY 1 THMYACOBO - JIIOJCHKUX PECYPCIB.
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BupoOHuky 3ByKOBUX YHITIB 1 pO3pOOHHUKH TeXHOMOTiH 3D - 3ByKy TakoX IOKJIaIM YMMAJIO 3yCUJIb ,
o0 mepekoHaTH KOPUCTYBayiB 1 pO3pOOHHKIB AOAATKIB B TOMY, 110 Xopomwuid 3D - 3ByK € HEBiI'€MHOIO
YaCTHHOIO Cy4acHOTO KOMIT'FOTepa.

3ByK 3 cTepeo MEepeTBOPUBCS HA TPUBUMIPHUH, MOTIM 3'ABHIMCA 1 OaraTOKaHadbHI pilleHHS: 4 -
KaHambHi, 5.1 - 3ByK, a ocTaHHiM yacom i 7.1.

CaMme TOHATTS <TPUBHUMIPDHMH 3BYK» Ma€ Ha yBasi, L0 JDKepena 3BYKY PpO3TAlIOBYIOTHCS B
TPUBHMIPHOMY IIPOCTOPi HABKOJIO ciryxaya. [Ipu 1iboMy KOXKeH Kepero ABisie coO00I0 B IIMPOKOMY CEHCi
Oyab-sIKHi 00'€KT y BIpTyaJIbHOMY iIrpOBOMY CBiTi, 3JaTHHI BUPOOIATH 3BYKH.

Jlxepena 3Byky (Sound Sources). Ilpudomy, meski 3 JKepen 3BYyKy - 3BUYaiHI CTEpeo, Taki sK
¢doHoBa My3uka ( B JaHii KOHKpETHii rpi me main ambient: Bitep a0o Tpek «3BYKH IKYHIIIB» ), 8
JDKEpEN CTBOPIOIOTHCS IrPOBUMH IIEPCOHAXKaMHM - MOHCTpamH, 1 mKepeno cTBOpIOE Oe3nocepeaHbo
rpaBelb - MOCTPLI, 3BYKH KPOKIB 1 3 BHIIAJAKOBHX JDKEpena - Juis ocuieHHs edekTy mpoctopy (ambient
sounds) - B JaHOMY BUTAJKY «/DKYHIJII»: 3BYKH KOMax, MTaxiB 1 T.II.

3D - 3Byk morpiOen ans OinbII rIMOOKOro 3aHYpeHHS KOPHUCTYBada B BipTyalbHHUH CBIT TpH, 32
PaxyHOK HOCHJIEHHS peayi3My BigOyBaeThCsl Ha irpoBid cueni. J[is 1bOro BHKOPUCTOBYIOTHCS Pi3Hi
TexHoJorii, amanToBani abo rinmepOonizye NOBEAIHKY 3BYKYy B pealbHOMy cBiti. Hampuknan,
peBepOepalii, BiIOUTI 3BYKHM, OKII03ii (3BYK, IIO MPOMIIOB Yepe3 IMEepelKkoay), oocTpykuii (3Byk He
NPOMIIIOB Yepe3 MEepPeIIKo/y), IUCTAHIIHE MOJICNIOBaHHS (BBOJUTHCS MapaMerp BiITaleHOCTI JpKepena
3BYKY BiJ] cllyXaya) i Maca iHIINX e(eKTiB.

3BHYANHO K, COPUHHATTS 3BYKY CTPOTO IHAMBIJyalbHO y KOXKHOI JIOAUHH (BOHO 3aJISKHThH BiJ
(dopMmu Byxa, BiKy Ta ICHXOJOTTYHOTO HACTPOIO B KOHKPETHUH MOMEHT). TakuM YMHOM, HIKOJIU He OyJe
OJHO3HAYHOI AYMKH MO 3BY4YaHHS Ti€l 4M iHIIOI 3BYKOBOi KapTH a00 epeKTHBHOCTI Ti€l 4M I1HIIOI
texHojorii 3D-3ByKky. BinTBopeHHS 3k 3BYKy CHIIBHO 3aJISKUTh BiJ 3BYKOBOi KapTH 1 KOJIOHOK, a TaKOX
BiJl KOHKPETHOI peasi3alii 3ByKOBOr0 AIBHYKKA B T'Pi.

3D Spatialization
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Puc.3. IIpencraBneHHs CIpuiHATTA 3BYKY JIFOAHHOIO

Posrisiremo, sk ke crBoproeTbesi edpext 3D - 3Byky. Ha pucynky 3 mpencraBieHO CHpUHHSTTS
3ByKy dmronuHoto. Ilounemo 3 Haimpoctimoi TtexHomorii 2D - manopamyBanHs. Ll TexHomoris
3acrocoByBasacs e B DOOM Bix Binomux id Software - Bce mpocTo: KoyKHE JHKEPENo 3BYKY I'PaeThCs SIK
CTepeo, a MO3MIIOHYBaHHs CTBOPIOETHCS 32 PaxXyHOK 3MiHM T'yYHOCTI JIiBOro abo mpaBoro KaHaiB. Y
TakKid CUCTEMi HeMae BEpTHKAaJIbHOrO MO3WLIOHYBAaHHS, aje MOXKJIMBA peanizauis epeKTiB, MOB'A3aHUX,
CKa)XIMO, 3 HEBEIHMKOI 3MiHOK ((pLIbTpallicl0 BUCOKMX YACTOT) 3BYKY, KOJIM BIiH 3HAXOIUTHCS 331y
cllyxada, TaK K B PEAIbHOCTI MU UyEMO 3JIerKa 3ariylleHHid 3BYK, SIKIIO BiH 3HAXOOHUTHCS 3a TOJIOBOIO
ciyxaya.
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Tenep Mu migiiinum Ao anapatHoi peanizanii. Ha 1Box konoHkax abo B HaBYIIHHMKaX 3BYKOBa KapTa
BIITBOPIOE TIONIOKEHHS JDKepena 3BYKy 3a jgomomororo HRTF (Head Related Transfer Function).
OinpTpamnis Ta iHLI NEepEeTBOPEHHSI BIATBOPIOIOTH MOBEAIHKY CIIYXOBOI CUCTEMH JIIOJHHH.

Ha pucynky 3 300paxeni Tpu HRTF (mo3uuis mxepena 3Byky asumyt 135 rpanycis i 36 rpamyciB)
TPHOX PI3HHX JIIOAEH A1 JIBOTO 1 MPaBOro Byxa BilMOBiAHO. MoXKHa MOMITUTH MEBHI 3aKOHOMIPHOCTI Ha
BCIX TppOX (DYHKLIsAX. 3BIIKM K BOHH OepyThCsi? Y OUIBIIOCTI CBOil BOHM 3aIIUCYIOTHCS 3a JOIMOMOTOI0
CHeLiaIbHUX METOAMK 1 CHelialbHHUX CTEPEeOMIKpO(OHOM, SIKi BCTaBISAIOTHCS Y ByXa JIOAWHU abo
crerianpHoro mManekena (KEMAR). ®ipma Sensaura, Hampukian, BukopucrtoBye cuHTeTnuHi HRTF,
BHUKOPHUCTOBYIOUH Ti Cami 3aKOHOMIPHOCTI, SIKi MH MOKEMO CIIoCTepiraTy Ha imoctpanii. Hampukmnan, mik
B paiioni 2500 I'ny i cmag 6nm3eko 5000 I'n ans nanoi Touku B mpocTtopi. [Hm (ipMu BUKOPHCTOBYIOTH
ycepenneni HRTF .

ITo cyri, Bcst cucrema - ne aBa FIR - ¢imsrpa (Finite Impulse Response), mepenaBanbHa
xapakrepuctuka skux 1 € HRTF. Tak sk HRTF mguckperHi, i 36epiratu merabaiitu HRTF mis gactok
rpajayca BaXKKO - pealibHe MOJIOKEHHS JKepesa MpopaxoByeThes inTepnomaniero HRTF.

OGRE (anrn. Object-Oriented Graphics Rendering Engine, o6'extHo opieHTOBaHMil TpadidHumii
pyIIiif) — THYYKUil, OpiI€EHTOBAaHMI HA CIIEHY Ta KpociuaThopMeHuid rpadiunuil pymii (Ha BiIMiHY Bif
pywis rpu) Hanucanuii Ha C++ Ta CIPOEKTOBAaHWH TakK, MO0 3pOOMTH MPOCTINIMM Ta IHTYITUBHHM
mporec po3poOKH mporpam, U0 BUKOPUCTOBYIOTh TpUBUMIpHY rpadiky. [lommproetscst Ha npaBax MIT
minensii. biOmioreka Ki1aciB CIpOEKTOBaHA TAKUM YHHOM, IO il MOXKHA OJHAKOBO BHKOPHCTOBYBATH 3
OpenGL Ta Direct3D He 3MiHIOIOYH TPOTPAMHOTO KOAY MPUKIATHOT IPOrpaMH.

Cepen xoMmepiiiiHux irop, siki BukopucroBytorb OGRE moxna Bimgmitutu: Ankh, Torchlight ta
Garshasp.

OGRE cam 1o cobi He € irpoBUM py1LIieM i 3a 3asB0I0 aBTopa Hikonu TakuM He Oyne. OGRE 0ys, € 1
Oyze rpadiuHuM pyIIiEM JUIS peHAepUHTa TpUBUMIpHOI rpadiku. Bennky monymisipHicTs pyIIidi OTpuMaB
32 pPaxyHOK CBO€i THYYKOCTi, IO JO3BOJISIE «CXPEIIyBaTW» HWOro 3 OaratbMa iHIIMMHU Oi0MioTeKamu
(dismka — ODE, Newton, PhysX, Bullet; 3Byk, mepesxa, rpadiunuii intepdeiic Tomo). Ha pucynky 2.7
npeacraBieHuil npuknan podoru OGRE.

Jns peanizauii rpagiuHoro intepdeiicy xopucryBaua (anrin. GUI — Graphic User Interface)
MOXXYTb 3aCTOCOBYBATHCS SIK CTaHIapTHI (HEIOCTaTHBHO 100pe peasi3oBaHi, i, 3a CIoBaMH PO3POOHUKIB, B
MaiiOyTHbOMY, MOXIIMBO, OyayTh BHKIIOUeHi) ¢yHknii rpadiunoro intepdeiicy OGRE, Ttak i
immoptyBatucst  croponni 6i6miorexku (OpenGUI, MyGUI (myxe mnomynspHuid cepen y4acHHKIB
pociiicekoro ciiBroBapuctBa OGRE), CEGUI).

OGRE € BiTbHUM IpOrpaMHUM 3a0e3MeYeHHIM, TomupoBaHuM mij sinensismu LGPL/MIT 1 mae
Iy’)Ke akTUBHE CITIBTOBApUCTBO.

MOXITUBOCTI:

 migrpumka mwiatpopm Windows, Linux ta Mac OS X;

* CKpPHIITOBA CHCTEMa YHPABIIHHSI MaTepiasiaMu (MYJIBTHTEKCTYPYBaHHS, MYJIBTHIIPOXiTHE
3MIIllyBaHHs);

* 3aBaHTaxeHHs Tekctyp y ¢opmati PNG, JPEG, TGA, BMP a6o DDS, migTpuMmka CTHCIHX
tekeryp (DXT/S3TC);

* EKCIOPTEPH JUII OCHOBHUX KOMEPIIIHUX Ta BUTbHUX makeTiB 3D MonentoBaHHS,

* cHcTeMa yIpaBIiHHSI peCypcaMu,

» migrtpumka DirectX, OpenGL;

* MmiATpUMKA LICHIepiB, HaMMCaHUX Ha acemOiepi abo MoBax Bucokoro piBas: Cg, DirectX HLSL
abo GLSL;

* CKJagHa CKEJICTHA aHiMais (aHiMamis Tina), aHiMalis THYy4KkHX ¢GopM, MopdiHr (aHiMaris
ocobu), aHIMaIist IUIsIXy (Kamepa, mepeMilieHHS).

Irrlicht ( Irrlicht Engine ) - tpuBumipHHii TpadiuHUid ABUKOK, SKUH € OE3KOLITOBHUM BLIBHUM
HPOrPaMHUM HPOIYKTOM 1 MOIIMPIOETHCS Ha yMoBax Jiitiensii zlib.

Irrlicht BuxopucroBye wMoxmmBocti OpenGL, DirectX 1 pgekinbkoX BJIacHHX peEHICpEpiB.
KopucryBaueBi HamaroTbes pi3HI (YHKIIOHATBHI MOXIJIHMBOCTI MO 3aBAaHTAXXCHHIO Ta YIPaBIiHHS
tpuBuMipaumMu (3D) ol'ekramm (cueHu, Mopeni Tomio), HebaratbMa crneuedekramu i rpadiyHEM
iHTEepdericoM KopucTyBaua. PeKoMeHIyeThCsl UIsi O3HAaHOMIJIEHHS 3 IMPOLIECOM PO3POOKH 1 CTBOpPEHHS
Heckinananux irop i gemocuen ( Irrlicht minTtpumye dopmaTi momyssipHHX irop i JBHXKKIB , 30Kpema
mozeni quake 2, quake 3, kaptu piBHIB Ta iH ). He BHMarae mifKJIrOYeHHsS CTOPOHHIX MOJIYJIB JUIS
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peaunizanii BucokopiBHeBUX (yHKLI# (¢ Halinpoctima ¢izuka, GUI (rpadiunuii inTepdeiic kopucTyBaya)
i 1. n). Icaye Tpm odiuiitni momouenns mis Irrlicht: IrrKlang (aymioGibmioreky), IrrXML
(3aBanTaxeHHsa 1 00poOka XML - ¢aitnis), IrrEdit (penakrop cuen). s BUKOpUCTaHHS PO3MIMPEHUX
byHkuid ¢izuku icHye ¢izuunmii aBmwxok ChronoEngine (3 mpuumam Toro, mo B Irrlicht BOynoBana
NPUMITUBHA (i3MYHA CUCTEMA).

Onmna 3 BaximBuX ocooimuBoctedd Irrlicht ioro xpoccrardopmeHHICTH - TOOTO 3HaTHICTBH
mpamoBaTH Ha pi3HUX Matdopmax. [lnatdopmo - HezanexHH Npomapok 3abe3medye Jierke
NepEHECEHHs Ha Pi3Hi, sKI He miaTpumye odiniiiHo miatdopmu, 30kpema iCHYIOTH mopTH mix android,
iPhone i ixmmi.

Marmalade SDK - xpoccrmatrpopmue SDK Bix Ideaworks3D Limited. fBnse coboro HaGip
0i0mioTek, 3pas3kiB, IHCTPYMEHTIB 1 JOKyMEHTamid HEeoOXimHUX Ui PO3pPOOKH , TECTyBaHHSA Ta
PO3rOpTaHHs JOAATKIB IS MOOIMBHUX TpUCTPoiB. OcHOBoMoMoXkHOK KoHiemniiero Marmalade SDK e
OJHOpa30BE HAIMMCAHHSA MporpaMM 1 KOMIUTIOBaHHS ii Ha Bci migTpuMyBaHi miardopmu, 06e3
HEeoOXiAHOCTI IporpaMyBaHHs Ha Pi3HUX MOBaxX MpOrpaMyBaHHS i BUKOpUCTaHHS pisHUX AP 11 KoxkHOT
1aThOPMH.

Jns toro mo6 BukopucroByBatn Marmalade SDK HeoOximHO mpunbatu minensivo. € 4dorupu
BUIM JiLEH3iH, SKi HaJaloTh JOCTYN OO Pi3HUX HAOOpiB miaaTdOpM, pO3TOPTaHHS Ta PIiBHSA TEXHIYHOI
ninTpuMku. Jlinensis moTpiOHa it KOKHOTO KoMIT'toTepa ae BcranoBienuit Marmalade SDK.

OcnoBa Marmalade SDK ckiragaetbest 3 1BoX ocHOBHUX mapiB. HusbkopiBHeBuit 3 APl Ha3uBaeTbes
Marmalade System 3aGesmneuye piBeHb abCTpakiliid, MO JO3BOJISE OTPUMATH MPOrPaMicTy JOCTYM IO
(YHKLIOHATBHOCTI NPUCTPOIO, TAKUX SK YHOPAaBIiHHSA NaM'sATTIO, OCTYN 10 (ailiiB, Mepexi, AJaHUMH
BBCJICHHS (TaKHM SIK , aKCEJIEpOMETp, KiIaBiaTypa, CEHCOPHHIA eKpaH), 3ByKY.

Marmalade Studio C ++ APl , sxuii 3a0e3medye BUCOKOPIBHEBY (DYHKIIOHAIBHICTh, B OCHOBHOMY
crpsiMoBaHWi Ha miaTpuMKy 2D (Hanmpukian, oOpoOka pactpoBoro 3o00paxeHHs i mpudtis) i 3D-
peHapuHTY Tpadiky.

Nebula Device - irpoBuii ABHXOK, po3po0iieHH# HiMenbkowo Komnaniero Radon Labs i Bmepmie
BUKOpHcTaHuii B komm'totepHiii rpi 2002 Project Nomads. Nebula Device BimbHHM mnporpamMHuM
HPOIYKTOM 1 mommproeThess Ha ymoBH Jtinen3ii MIT. IIpu po3po6ui Nebula Device ocHOBHMIA HAaPsIMOK
poOMBCcs Ha ONTHUMalbHY POOOTY 3 BEMMKUMH BiIKPHUTHMHU IpocTopamH, epeKkTH Bisyanizamii Heba i
BEITMKY JUCTaHII0 MpoMaiboByBaHHs. 3apa3 Nebula Device He TiIbKM BUKOPHCTOBYETBCS B yCiX irpax
xomnaHii Radon Labs, ae i B UMCIEHHUX CTOPOHHIX PO3POOKaX.

JIBI>KOK HamucaHWi Ha MOBi mporpamyBanHa C++ 1 miATpUMYeE KiJibKa CKPUITOBHX MOB, TAaKUX
sk Tcl, Lua, Python, Ruby, Java i . NET Framework. € MoXIUBICTb MiIKITIOUUTH 1 APYTi CKPHUIITOBI
MOBH, 3a JOINOMOIOI0 MiJ'€JHYBaHHUX IUIAriHiB. PeHIAEpHHT NBI)KKAa (QYHKIIOHYE y ABOX pPEKHMax
(DirectX i OpenGL), 3aBrsku YoMy 3a0€3MeYyeThCS KPOCCILIAT(HOPMEHHICTB .

[Tintpumyrothes onepamiiiHi cucremu Linux, Mac OSX, IRIX i Microsoft Windows a takox
irpoBa mpucraBka Xbox. [{yist Tekctyp miarpuMyrothkes rpadivni popmatu DDS, BMP, JPEG, GIF, TIFF,
PNG i gesaxi inmii. BI,Z[KpI/ITICTB rpadiuHux QopMmaTiB Ja€ AesSKy TBOpUY CBOOOAY eHTy3iacTam , sIKi
po3pobIsttoTh MoauGikamii s irop Ha aBrKKy Nebula Device.

Mintpumysani popmatu TpuBumipaux Mozeneii - NVX, N3D i OBJ. Nebula Device no3Bonse
TaKOX BUKOPHCTOBYBATH IIICHACPHI e)eKTH, CKEJICTHY aHIMaIlif0, CACTEMHU YaCTUHOK, JUHAMIYHI TiHI Ta
moct- epekru. Jlo ckmagy SDK BXomsTh TakoX MONATKOBI YTWIITH, Taki SK IporpaMa s
KOHTpONMOBaHHs jpkepen cpitma «Light Control Tool»; apxiB 3 BHXiAHUM KOJOM TaKOX MOYKHA
3aBaHTaXKUTH OKpeMo. /1o BiIbHOT 3aBaHTaKEHHS AOCTYITHI TPH MOKOMIHHS irPOBOTO IBUXKKA.

BucHoBku. Y crarti Oyno 3IiHCHEHO JOCTI/DKCHHS CHCTEMH KOMIIOHEHTIB PO3pOOKHU
IHTEpaKTHBHUX JOAATKIB, sIKa BKIIIOYA€E B ce0€ BENHMKY KUTBKICTh 3B’ s13aHUX MOAYJiB. Monyni rpadidHoro
BifoOpakeHH, PI3NYHOTr0 MOJICITIOBAHHS, MOZICITIOBAHHS 3BYKY, IITYIHUM IHTEIICKT.

Byma posriasHyTa moCTaTHS KUTBKICTh ICHYIOUHMX aJIbTEPHATUBHUX KOMIIOHEHTIB, KOXKHUU 3 SKHX
Ma€e CBOi mepeBarn Ta Hemonikd. Cucrema, MmO po3poOisieThCst Oyae OpaTH OCHOBHI MPHUHLMIH
apXITEeKTYpH 3 JaHUX KOMIIOHEHTIB Ta J0JaBaTH CBOi pIlIeHHS, SKi OyAyTh CIPHUSATH 3MEHIICHHIO
BXOJDKCHHS JUISI BAKOPUCTaHHS KOMITOHEHTIB.

1. babenko JLII., JlaBpimeBa K.M. OcHoBu nporpamHoi imkeHepii: Hasu. noci6. — K.:T-Bo «3HanH"», 2001. — 269 c.
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ONTUMI3AIIIS IIIOJAEHHOI O ITAHY BAITY CKY MPOAYKIIIE METOJIOM I'/TOK I MEXK

Cemenwk B.S1L., Lonom I1.C., MameBchknii M.B. OnTumizanisi 101eHHOro miiany BUNMYCKY MPOAYKIII MeTOA0M
rijiok i me:xk. Ha ocHOBI MeTOxy T1JI0K i MEX MOOYJ0BaHO CHCTEMY BiAIIyKaHHS ONTHMAIBHOTO IUIaHY BUPOOHUITBA IPOAYKIIT,
sIKa MiHIMi3ye 4ac Ha NepeHaNalTyBaHHs CHCTEMH I1iJ BUTOTOBIICHHS npoaykuil. Posrisiayro 10 BuziB BUpoOiB i BU3HAUCHO Yac
Ha TIePEHATAITYBAaHHS BEPCTaTy Ha KOKEH 3 HHUX. P0O3po0IeHO alropHTM Ta peanizoBaHO OOYHCIIOBAIBHY HMPOLETyPY IIOAO
PO3paxyHKy ONTHMAJBHOTO IUIAHy BHPOOHHITBA. [IpoBeeHO OMiHIOBaHHS BUTPAT Yacy HA IEPEHANAINTYBAHHS BHPOOHHIHX
JIiHIH Ha 1HIII BUAX TOBapIB.

KiouoBi ciioBa: MeTon TiOK i MeX, ONTHUMI3allisi BUPOOHWYOI CHCTEMH, AITOPHTM 3HAXOKEHHS MIHIMAJIBHUX 1
MaKCUMAJBbHHUX OLIHOK dacy.

Cementok B.S1, Iosom I1.C., MameBckuii M.B. OnTumMH3anusi cyTo4HOro mjiaHy NPOU3BOACTBA NPOAYKIHUHU
MeToJ0M BepBeii U rpanun. Mcnoms3ys MeToq BeTBeH MOCTPOCHO CHCTEMY ITOHCKa ONTHMH3HPOBAHOTO ILUIAHA IPOM3BOCTBA
HPOAYKIMH, KOTOpas MHUHHMU3HPYET BpEeMs Ha IyCKO-HAacTpoe4yHble paboThl. Paccmorpeno 10 BUIOB u3aenuii U ompenencHo
BpeMsl Ha IEPEHACTPOIKy CTaHKAa Ha KaXABIM 13 HHUX. Pa3paboTaH anropuT™M M BBIYMCIHTENBHAS IPOLEAypa MOHMCKa
ONTHMAJIFHOTO IUIaHA IpOoM3BOACTBA. CrenaHa OIeHKa HCHOMB30BAHMS BPEMEHH HAa CMEHY OOOPYIOBAHUS IIOJ HMPOU3BOACTBO
JIPYTUX TOBapOB.

KnioueBble c10Ba: MeTOI BETBEH, ONTHMHU3AIUs NPOM3BOJCTBEHHOW CHCTEMBI, aJTOPHTM IIOUCKY MHUHHUMAJBHBIX H
MaKCHUMaJIbHBIX OIIEHOK BPEMEHHU.

Semenyuk V.Y., Sholom P.S., Mashevskij M.V. Daily plan Optimization of the production by the branch and
bound method. Using the method of branches and bounds a system of finding the optimal plan of the production, that minimized
the time for the starting-adjusting works, is designed. 10 types of products is considered and the time to reconfigure the machine
to each of them is defined. The algorithm and the computational procedure for finding the optimal production plan is designed.
The estimation of the use of time to replace equipment for the production of the other goods is done.

Keywords: method of branches, optimization of the production system, the minimum and maximum time estimates
finding algorithm.

IMocranoBka HaykoBoi mpoOjemu. Po3risHyTo BHpOOHMYY CHUCTEMY, MpPH CKIaJaHHI IUIaHy
pobOTH AKOi HEOOXiTHO MPOBECTH ONTHUMI3alil0 HIOAEHHOTO IUIaHy BUIIYCKY MPOAYKLII Tak, mo0 cyma
4yacy MpPOCTOK BUPOOHHUITBA Oyina MiHIManbHOI. Lle MO3BOIUTH CKOPOTHUTH KUIBKICTh YHIBEpPCAJIBHHUX
BepCTaTiB, HEOOX1MHUX AJIS1 BUPOOHUIITBA, @ TAKOXK ONTHMI3yBaTh POOOTY HAJIarOKYBaIbHOI CITY>KOH.

“Yac nepeHanawTysBaHHA
Al A2 A3 A4 Ab A6 AT A8 A9 Al0D

##(15 |15 |45 |20 |20 35 |25 (20 |o5

A |
A2 (25 (#2215 [30 |15 (40 |15 |25 |45 |25 |
A3 (a0 |25 |###|35 |40 (40 |25 f20 |25 |30 |
A4 (20 |40 |20 |###30 |20 |45 (25 [40 |45 |
A5 130 [45 (40 f15 |#erf15 |20 (30 |15 |35 |
AB (15 40 (35 f40 |35 (###{30 f20 |35 |35 |
|
|
|
|

—h

A7 (45 |35 |45 20 |35 |25 |###|15 |40 |30
A8 |15 [30 |35 45 |35 |25 |15 [###[35 |45
A9 (40 [0 |20 [20 f45 |40 35 a5 [re#|3s

Al1025 15 (35 [20 (45 |20 (20 {30 |45 |ree
Puc. 1. Yac nepenanaityBaHb CHCTEMHU.

Ha rpadiunomy mnpexacraeneHHi (puc. 1) mokazaHO MOXIMBICTH TEpEHANAIITYBaHHS BEpCTaTy 3
BHITYCKY NPOAYKUii A; Ha BUIyck A;. 3a yac a(A;, Aj) npuiiMeM 4ac NepeHaIaIlTyBaHH BEPCTaTy 3 BUITYCKY
npoxykuii Aj Ha Bumyck Aj. Matpuns BigcTaHeil Mik BepmmHamu He Oyzae cuMerpuuHoto. Ilpu posrmani
€aMoro MpoCTOro BUMAAKY, KOJIX AJISl BUITYCKY JESIKOTO BUAY MPOAYKTY MOTPiIOHO BCTAHOBUTH Ha BEPCTAT
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JCAKE JOJATKOBEC O6J'Ia,[[HaHH$I, a TaKOXK HaJlalllITyBaTU ﬁOI‘O, a i1 ICpexXoay Ha BUT'OTOBJICHHS IICPIIOTO
MMPOAYKTY H€O6Xi)1HO A ACMOHTYBATHW BCTAHOBJICHY ACTaJlb, MOYKHa HepeCBi}_I‘-II/ITI/ICL y XHUOHOCTI
AYMKHU IIpO CI/IMCTpI/I‘-IHiCTB CHCTCMH.

OxpiM Yacy € 1me KiTBKICTh OJUHHIIL MPOAYKIli KOKHOTO BUIY, SKY HEOOXiJIHO BUTOTOBUTH 32
3MiHy, 1 YaC Ha BHT'OTOBJICHHS OIWHMWIN MpoAykiii. He BTpauatouu 3araiabHOCTI B anroputMmi OyaeMo
paxyBaTu Bigpasy 4ac, HEOOXiJHUI Ha BUTOTOBJIEHHs yciei mapTii ToBapy gaHoro Buay. Ilpu ineambHUX
yMOBax, KOJIK MH MaeMo N BHIIB TOBapiB i HA BUTOTOBJIEHHS KOXXHOTO BUAY TOBapy TPaTHUTHCA SKpa3
OJHa 3MiHa, TO HISIKMX 3aTpar yacy Ha IepeHalallTyBaHHs BepcTartiB He Oyae. B cydacHux ymMoBax pigko
Jie 3yCTPiYaloThCsl Taki BUPOOHUYI cHcTeMH. SIk MpaBUIIO yHiBepcallbHI BepcTaTH MOTPIOHO KinbKa pasiB
MepeHaaIlTOBYBaTH il BUPOOHUIITBO HACTYITHOTO BUAY NMPOAYKLii. BUTOTOBIATH AesKy MapTiio TOBapy
YacTUHAMHU Bipa3y Ha KUIBKOX BepcTaTax, IPH MOXKIMBOCTI BUTOTOBHUTH Ii HA OJHOMY 3a 3MiHY TEX
HEIOLLUIBHO.

Bunukae 3amada MiHIMI3yBaTH dac, SIKUA BUTpPAdaeThCsl Ha MEpeHaJalUTyBaHHA, MO0 3aisiTH
MiHIMaJbHY KUTBbKICTP NpPALiBHUKIB HAa BUPOOHULTBI Ta OOIWTHUCH SKOMOTa MEHIIOI KUIBKICTIO
obyiagaanHs. Taki 3a7a4yi yacTo MOKHA 3YCTPITH B Cy4yacHHX yMoBax BonuHi, Hanpukian ajisl MakyBaHHS
Ha TOB «I[TAKKO Xonaunr» ta Buroronenns kadento Ha TOB «Kpom6epr enn llydept Ykpaina».

Tax sk B IKOCTi KpUTEPil0 ONTHUMAJIBHOCTI B 3a/1a4i BUTOTOBJICHHS MPOAYKLii MPUHHATHNA MiHIMYM
CyMapHOro 4Yacy IepeHallalliTyBaHb BEpPCTAaTiB, 3ajJadya 3BOIUTBHCA A0 HACTYNHOI: 3HAUTH MIHIMyM

UiTBbOBOT PYHKIIT
n
z aik . (1)
k=1

[IpeameTom maHOTO JOCHIHKEHHS € METOA BITOK 1 MK 3HaXOKEHHS TaKOro IJIaHy BUPOOHUIITBA,
10 320€3MeunTh MiHIMaTbHUN Yac IepeHalallTyBaHb.

AHaniz ocranHix gociaimkens. Jleski 3 NP-nmoBHuX 3amad Aisi BUPIMIEHHS BHKOPHUCTOBYIOTH
METO/ BITOK 1 MeX. Y OUIbIIOCTI 3a7ad OCHOBHHMM CIIOCOOOM BHpillleHHA € MOBHHMN mepeOip. s
3MEHILEHHS Yacy 3HaXOKEHHS ONTUMYMY BUKOPHCTOBYIOTh METO/I BiTOK 1 MexX. JlaHa 3aa4a € onHi€ro 3
mifg3azad IUTaHYBaHHS THYYKHX BHPOOHMYMX JiHIA. DopMasi3oBaHMX aiNrOpUTMIB 3HAXOMHKEHHS
ONTUMAaJIFHUX IUIaHIB AaHOI 3ajadi He icHye. B OinbmocTi BUMaakiB 1i 3agadi po3B’A3yIOThCA BPYUHY 1
Haifuacrilie MeToIoM MOBHOro mepebopy. B nmaniii crarti Mum cnpoOyeMo IaTH OIMUC ajIrOPUTMY
PO3B’si3aHHS KJacy OAHOTHUIIHUX 3a/ad J€ € YHiBepcalbHi BEpPCTaTH 3 MOXKJIIMBICTIO MEepEeHAIAIITYBaHHS 1
Yyac MepeHajallTyBaHb BepcTaTa 3 Oyab-KOro craHy B iHIII . Po3pobnene mporpamHe 3abe3nedeHHS
JIO3BOJINTH 3HAXOJUTH IJIaH BUITYCKY POAYKIIi Ha IeHb 3 MIHIMaJIbHUM 4aCOM IPOCTOIO.

OcHOBHi [0MyImeHHsI Ta PpIiBHAHHA. AJITODUTM TIOBUHEH [JaTW BIANOBiAb HA MNUTAHHS
3HAXO/PKeHHS MiHIMyMy ¢yHKIIT (1) Ha nomycTuMild MHOXHHI po3B’s3KiB cuctemu. Omepartii po3OUTTs
BUXIZHOI MHOXKMHH Ha MiAMHOXWHH(TUIKK), Ta 3HAXOIKEHHS OLIIHOK(MEX) € OCHOBOIO alroputMmy. IcHye
OLIHKA MHOXKMHHU 3ropu Ta owuiHka 3Hu3y. OIliHKa 3ropd — TOYKa, L0 TapaHTOBAaHO HE MEHIIa 3a
MaKCHUMYM Ha 3a7aHiii minMHOXuHI. OLiHKa 3HU3Y — TOYKa, [0 TapaHTOBAHO He Oibla 32 MAKCUMYM Ha
3aJaHii MIMHOKHHI.

[MpumyctuMo, 1O y HAC € OJHAKOBAa KUIBKICTh BEPCTAaTIB 1 THUMIB MPOAYKIii, TOMI JyIs
BUT'OTOBJICHHS] KO)KHOTO 3 BHJIB TOBapy HISIKMX IepeHANIAIITYBaHb He MOTPiOHO. AOO crcTeMa 3aMOBJICHb
€ He3MIHHOIO 1 3HAlICHU ONITUMAJIbHUHN TJIaH BUKOPUCTOBYETHCS 3 JHS B IeHb. B Takux BUNagkax Hisike
nporpaMHe 3a0e3neueHHs] He moTpibHe. [IpoTe B OLNBIIOCTI BHUMAIKIB CUCTEMH BUMAraloTh MIOJECHHUX
KOPUTYBaHb y IJIaHaX BUITYCKY MPOMYKIIii, IO 3yMOBJIEHO MOCTIHHMNM OHOBJIEHHSIM CIIUCKY MPOAYKIi Ta
3MIHOIO TIOMHUTY Ha JAEsKi 3 BUIIB NMpoAyKiii. OCKUIBKY IOJCHHUHN TUIaH BHUITYCKY MPOIYKIII 3 POCTOM
iH(pOpMaLIHIX TEXHOJOT1 MOXKHA KOPUTYBATH O OAWHUIIb, TO MPOrpaMHe 3a0e3MeUeHHS, 10 103BOJISE
MiHIMi3yBaTH POCTOI BUPOOHWYHX JIIHIH € TOCUTH aKTyalbHUM.

[NepmM migxomoM o BUpilIeHHS wiei 3agayi Oyno came pydHe il BUPIMICHHS 3 BUKOPUCTAHHSIM
noBHOro mepebopy. bByno pospobmeHo mnporpaMHe 3a0e3ledyeHHs, SKE JOMYCKajo BBiA dacy
NepeHaalTyBaHb CUCTEMH 1 4acy Ha BHTOTOBJICHHS MapTii KOXXHOro 3 BHIIB ToBapy. Ha Buxomi mu
OTPUMYBaJI ONTHUMAaJbHUN TUTaH poOOTH Ha JeHb. Ilpu 3HaXOmKEeHHI ONTUMyMY OYJIO BHUKOPHUCTAaHO
noBHUHN mepebip. CrodaTKy ONTHMYM 3HaXOAWBCS VIS MEPIIOrO BEPCTaTy, BUKOPHUCTOBYIOUH mepedip
MHOXHMHH YCiX BuAiB mpoxykuii. [Ipu BuOOpi mpomykuii Assi BUTOTOBJIEHHS Ha TEPIIOMY BepcTaTi
BHMHHKaJA Ta )X caMa 3ajjaya, TUIbKH 3 MEHIIOI0 KUTbKicTIo BUAIB nponykuii. [Tpu BuOopi aeskoro miany
KpiM CyMapHOT0 4acy BUTOTOBJICHHS MPOAYKIIi, sIKI[o BiH OyB MeHIIHNI 3a podody 3MiHy, OpaBcs 1ie i
Yyac Ha IMepeHajaluTyBaHHs cucteMu. Llell yac paxyBaBcs yke 3 BUKOPHUCTaHHSM METONY TLTOK 1 MEX.
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OTxe, AN KOKHOTO BUOOPY BUAIB MPOMYKIil MU Malyd CyMapHH 4ac 3aTpadeHUil Ha BUTOTOBJIEHHS Ta
MiHIMaJIbHUHM Yac Ha TMepeHalallTyBaHHS cucTeMd. ONTHMYM IIyKaBcs 3a JIBOMa IMapaMerpamu. 4ac
poboTH, AKHI 3aTpauyeHU Ha BUTOTOBJICHHS 1 MTepEeHANIAIITYBaHHSI, MEHIINH 3a podouy 3MiHy y 8 roamH,
MpH [IbOMY Yac 3aTpaueHUii BIaCHE Ha BUTOTOBJICHHS MPOLYKIIil € MaKCUMaIbHUM.

Bugano, mo nepebip 0AHOro i TOro * MPOAYKTY BUKOPHCTOBYBaBCS JOCHTH OaraTo pasiB. Okpim
TOrO0 TPU ONTHMAIBHOMY IUIaHI BUIYCKY JAJS TMEPIIOrO BEpCTaTy 3 KOXKHUM HACTYITHUM BEpCTATOM
3aralbHUK TUIAH TOTIpIIyBaBCS, 1 MOIJM BHHUKAaTH JOCHTHb BENWKI IMPOCTOi, TIOB’si3aHi 3
MepeHaNalTyBaHHsIM CHCTeMH. ToMy He MokHa OyJgo CTBEpAXKYBaTH, IO 3HAHAECHMH TUIaH
ONTHMAJIbHUN.

[ikaBuM pimieHHsAM cTana 3MiHa eramiB. CriouaTKy OyB 3HaiIeHHH MiHIMaJIBHUH Yac 3aTpayeHuit
Ha MepeHalalliTyBaHHs CUCTEMH, a Aaji BXKe 3all0OBHIOBAJIMCH 3MIHH JIJIs1 BEPCTATIB.

MiHiMi3amis 4Yacy 3aTpadyeHOro Ha TMepeHAIAlITyBaHHS CHUCTEMH PO3B’S3YEThCA SIK KIIaCHYHA
3agada KOMiBOsDKepa. Tak sIK yci BiTOMi METOIM BiJIIyKaHHS MiHIMaJIbHOTO LUISXY HE AAIOTh mepedopy
ycix BepiIuH rpada, a po3B’sI3KOM 3a/1a4i KOMIBOSDKEpa € TIOBHHUM 3B SI3HUH [IUKIL.

3amauy KomiBosKepa (DOpPMYIIOOTH Tak: TaHO MHOXHHY MICT, a TaKOX BiJICTaHb MK yciMa
MOXJIMBUMH MapaMu MicT. HeoOxiaHo 3HaTH NUIsX, KU MpoJsrae yepe3 yci MicTa, Ta MOBEPTAETHCS Y
MOYaTKOBE, OKPIM TOTO CyMapHa J0BKMHA MIPOHICHOr0 NUISIXY Ma€e OyTH MiHIMaJIbHOIO.

3amady MOXXKHA TPEACTaBUTU y BUMIAAI Mozeni Ha rpadi. Po3pi3HsAoTh pi3Hi BapiaHTH 3a1adi,
HAaBaKIMBIIIMMU 3 SIKUX € CHMETPHYHA Ta acCHMETpHYHa 3ahadi. Y BUMNAJKy CHUMETPHYHOI 3a1adi BCi
napu pedep MK THMH CAaMHMH BEpLIMHAMHI MalOTh OJJHAKOBY Bary. B cUMeTpuYHOMY BUNAIKy KUIBKICTh
MOKJIMBHX MapuipyTiB BiBiui MeHma. [1] B Hamomy Bumanky sik Oyino 3a3Ha4eHO BHINE 3aaadya
ACUMETPUYHA.

Bci icHyroui MeToau po3B’si3yBaHHSA 3a/1a4i KOMIBOSKEpa MOXKHA MOJUIMTH Ha AB1 TPYIH: METOAU
3HAXOKCHHS ONMTHMAIBHUX MapIIPyTiB; HaOmmwKeHi meroau [5].

Cepen anropuTMIB TOIIYKY ONTUMAIBHOTO PO3B’SA3KY 3a/adui KOMIBOSIKEpa BIIOMHUMH € METOJ
TIIOK Ta MEX, NMPOrPEeCHBHI METOAM IMOKpAIICHHS Ha OCHOBI METOIB JIIHIHOTO IMpOrpamyBaHHS,
KOMOIHaIlii METO/IB T1TOK Ta MEX Ta BIJICIKAJILHUX TUIONIMH. AJle BCi iX TMOEAHYE TOH (aKT, 110 BOHU HE
3aCTOCOBHI JIO 3aJ]a4 BEIUKOI PO3MIPHOCTI, OCKIJIBKM OOYHCIIOBANIbHA CKJIQJHICTh WX aJTOPHTMIB
3pocTae eKCIOHEHIIIHHO. BBaxkaroun 1o Hallla cUCTeMa HE Taka BiKE 1 BeTMKa MOXKEMO JIETKO OO0IUTHCH 1
HUMH, a caMe BUKOPUCTaHUH OyB METOJ] T1JIOK 1 MEX.

170 G0

4.2 el

1755[4.1 G[4,2]| 175
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Puc. 2. I'inkyBanHs
Ha pucynky BuaHo, mo mis 3agaHoi cucTeMu Oyjno 3HAMICHO ONTHUMalbHUU IIJIaH
NepeHaallTyBaHb i yac 3arpadeHuil Ha 1e piBHUH 200xB. Kpim ontumansHOro miuany Oyio 3HaiineHo i
BapiaHTH T'UTKYBaHb.

for (i=1, N, ++) {
for (j=1, N, ++){
PKIi,jl=-1,}}
for (i=1, N, ++) {
for (j=1, N, ++){
if GIJ[i,j]==0 {
Xmin=9999; ymin=9999;
for (i=1, N, ++) {
if (GIJ[i,I]<=xmin) and (GIJ[i,I]<>-1) and (I<>}) {
xmin=GJ[i,1];}
if (GI[l,j]<=ymin) and (GIJ[l,j]<>-1) and (I<>i) {
ymin=GJ[L,j1;}
if xmin==9999 { xmin:=0;}
if ymin==9999 { ymin:=0;}
PK [i,j] =xmin+ymin;}
max:=-1,
for (i=1, N, ++) {
for (j=1, N, ++){
if PK [i,j]>max {

max:=PK [i,j];
r:=i; m:=j;
3

Po3pobiene mporpamue 3a0e31edeHHs 1aJ10 BiAlOBiIb Ha IUIaH BUITYCKY MPOXyKuii (puc. 3).

445 360
1 50 ]
2 a5 . 85(8)
3 70 70(2)
4 50 50(7)
5 a5 85(3)
& 75 75(6)
7 70 70(4)
8 a5 85(3)
g 50 50(3)
10 50 50{10)

Puc. 3. OnTuMansHUM IJIaH Ta Yac 3aBAHTAKEHHS KOXKHOTO 3 BepCTaTiB

B niBiit yacTuHI pHCYHKY BiZOOpakeHO 3aKOHTPAKTOBAHMI TIaH BUITYCKY MPOAYKIIl Ha AeHb. [is
3IiMICHEHHsI LBOTO IUIaHy HeoOXimHo 2 BepcraTH. Yac poOOTH KOKHOTO 3 HUX BiOOpa)KEHO 3BEPXY.
Haragaemo, mo 4yac pobotu BinoOpakaeTbcs y XBWJIMHAX 1 HE MOBHHEH IEPEBHINYBAaTH OAHY 3MiHY,
T00TO 480 XBUnMH. B nykKax BimoOpa)xeHO 4eproBicTs 3MiHH BUPOOHUIITBA POIYKIIii.

form3.StringGrid2.Cells[j,0]:= floattostr(s);
s:=s+ strtoint(form3.StringGridl1.Cells[1,NewPut[i]])+
strtoint (ObjEdit(‘Edit’,NewPut[i],NewPut[i+1]).Text) ;
if s<max then begin
form3.StringGrid2.Cells[j,NewPut[i]]:=form3.StringGrid1.Cells[1,NewPut[i]]+’(‘+ inttostr(i)+’)’;
i:=i+1; end
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else begin j:=j+1; form3.StringGrid2.ColCount:=form3.StringGrid2.ColCount+1;
s:=strtoint(form3.StringGrid1.Cells[1,NewPut[i]])+
strtoint (ObjEdit(‘Edit’,NewPut[i],NewPut[i+1]).Text) ;
form3.StringGrid2.Cells[j,NewPut[i]]:=form3.StringGrid1.Cells[1,NewPut[i]]+’(‘+ inttostr(i)+’);
i:=i+1;end;
end;

€avHe, 110 HE BPaxoBYe JaHa MporpaMa — IIe 4ac MPOCTO0, KOJIW MalcCTep 3alHATHHA Ha 1HIIOMY
BepcTati. SIKII0 MPOMYKIisl 10 BUMYCKAETHCS HE OAHOPA30BHH BHIYCK, TO MPOCTOIB 3aBXKIM MOXKHA
YHUKHYTH 30UTBIIMBIIN KUTBKICTH BUTOTOBIICHOT MPOAYKLIi AEIKUX 3 BUIIB TOBAPiB.

BucHOBKH Ta mepcrnieKTHBU MOJANBIINX A0CTiIKeHb. Ha OCHOBI MigX0MdiB TEOpii HOCIIHKEHHS
orepauiii moOyIOBaHO aNTOPUTM BiAIIYKaHHS ONTUMAJIBHOIO IUIAHY BUPOOHHUITBA JOCHTH IIMPOKOTO
KJacy 3agad Ta MoOYyZOBaHO MPOrpaMHYy MOJIENb po3paxyHKiB. [laHa Mojenb BpaxoBye 3MEHILICHHS
KUIBKOCTI  pO3paxyHKiB, MaxkCHMajbHi 1 MiHIManbHi OIIHKK (QYHKIIOHYBaHHS CHCTEMH, fAKi
BCTaHOBJIOIOTHCS KOHKPETHUMHU TEXHOIOTTUHUMH MOKa3HUKAMH.

[IpoBeneHo OWIHIOBAaHHS ONTHUMAJIBHOTO IUIaHy BHUPOOHUITBA NPOAYKLii A7 KOHKPETHOTO
TEXHOJIOTTYHOTO TIPOIIECY.

BigmoBigHo A0 3amponoHOBaHOI MaTEMaTUYHOI MOAEN PO3pOOIEHO Ta PEani3oBaHO aJrOPUTM
YHICIOBOI'0 PO3PaXyHKY MiHIMaJIbHOI OLIIHKY 4acy BUPOOHUIITBA:

— 3HaWTH MiHIMAJIFHUH Yac MepeHalalliTyBaHb METOIOM TUIOK 1 MEX;

— MEePETBOPUTH OTPUMaHy MaTPHULIO IUIIXOM COPTYBAHHSI Ta 3aMiHHU €JIEMEHTIB;

— 3HaWTH ONTUMAJILHHUH TJIaH BUPOOHUIITBA KEPYIOUMCH PO3B’A3aHOIO 3aJauei0 KOMIBOsDKEpa.

HeoOximHo Bifg3HauWMTH, MO0 B JaHIi Wpari JeTaai30BaHO OMHUCAHO METOAW 3HAXOIKCHHS
MiHIMaJbHUX OLIHOK TUIOK MOAUTY Ha KOXXHOMY eTami TUIKyBaHHA, a TaKoX MNOOYAOBY IUIaHy
BUPOOHMITBA IO PO3B’SI3KY 3adadyi KoMmiBosKepa. [loOynoBaHWM anropuTM [O3BOJIMB BHPIIIYBaTH
IIMPOKUH KJIac 3aAad Teopii omTuMmizamii BUMycKy mnpoaykmii. [IpakThdyHa WiHHICTH alrOPUTMY Yy
3MEHILIEHHI 00YMCIIOBAILHUX MOTYKHOCTEH IS LBOTO Kacy 3ajad, 10 AaCTh MOXKJIUBICTh BUPIIIyBaTH
LIMPILI 331241 CIUPAIOYMCh HA PO3B’s3aHy.

JocnimkeHHs Teopii miaHyBaHHS BHPOOHHUITBA TOKa3ye, IO NPU BUPILIEHHI MIMPOKUX KIACiB
3aJa4 3aCTOCYBaHHS METOAIB MPSIMOro mepedopy € Ayxe HeedeKTUBHE i3 30UIbIICHHAM YMCIIa BEPIIUH.
Meroau TUIOK 1 MEX JO3BOJNSIOTh 3HAYHO CKOPOTUTH KUTBKICTH OOYHCIICHB, aie I OUTBII IIMPOKUX
KJIaciB 3ajad Mocrae npodieMa o0YHCIIOBAIBHOI CKIAIHOCTI aTOPUTMY. TOMY MOXIIMBHH IMepexia 10
eBPUCTUYHHX METOJIB PO3B’sI3aHHA 3a7a4i KOMiBoOshKepa.
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HamionansHuit TexHiuHMHA yHiBepcuTeT YKpainn «KuiBcbkuil ONITEXHIYHAN IHCTUTYT»

CIIOCIB PE3EPBHOI'O KOIIIIOBAHHS I'OCTHOBUX OIEPAIIMHUX CUCTEM B HYPER-V

Iuruii 1.B. Croci6 pesepBHOro KomiloBaHHSI TOCTHLOBHX omepauiifnux cucrem B Hyper-V. V crarTi aHamizyloTscs
CKJIaJI0BI YaCTHHHM BIpTyaslbHUX MamuH B Hyper-V. IIpesncraBieHo MeTO pe3epBHOrO KOIIOBAHHS F'OCTHOBHX OHEPALifHUX CHCTEM.
Hagezneno indopmariro mpo Bmict *.psl ta *.bat ckpunris. [IpornoHyeThCs BApiaHT PO3LIMPEHHS MOXIIMBOCTEH CKPHIITY.

Kurouosi ciioBa: Hyper-V, PowerShell, pesepsre komiroBanus, naketHuii daiin, VHD.

Shytyi D.V. The way of backup guest operating systems in Hyper-V. The article presents the composition of virtual
machines in Hyper-V. The method of guest operating systems backup proposed. The article includes the information about the content
of * .ps1 and * .bat scripts. Possible options to enhance the functions of the script proposed.

Keywords: Hyper-V, PowerShell, Backup, batch file, VHD.

Iureiii JI.B. Cnoco6 pe3epBHOro KONMMPOBAHHS TOCTEBBIX ONEPANMOHHBLIX cucreM B Hyper-V. B craree
QHAIM3HUPYIOTCS COCTaBHBIE YAaCTU BHPTyanbHBIX MammH B Hyper-V. IlpencrasieH MeTon pe3epBHOrO KONMPOBAHMS TOCTEBBIX
orepanuoHHbIX cucteM. Ipusenena uHdopManus o coxepskanuu * .psl u * .bat ckpunros. IIpeaaraeTcs BapUaHT pacuIMpEHUsI
BO3MOXKHOCTEH! CKpUIITa.

Kurouessie cioa: Hyper-V, PowerShell, pesepsroe xormpoBanue, nakerssiii daitn, VHD.

Beryn
AmapaTrHa BipTyami3allisi IIMPOKO BHKOPHCTOBYEThCS Maibke B KoXHIH wactuni IT-iHmycrpii.
Ilpr4nH BUKOpHCTAaHHS anapaTHOl BipTyaizaril JoCUTh 6araro.
Jlo HuX BiTHOCSATH HACTYITHI:
e KOHCOMiJamisA, MpH sKiii 0araro HEBeNWKHX (I3UIHUX CEPBEPIB 3aMIHIOIOTHCA OLTBII
MOTYXXHHUM CEpBEPOM ISl 301/IbIIICHHS €(peKTUBHOCTI BUKOPUCTAHHA alapaTHUX PeCcypciB Ta
3MEHIIECHHS BUKOPUCTaHHS €IeKTPOSHEPTii;
® CIIPOIICHHS IPOLEAypH KOHTPOIO (yHKIioHyBaHH BM,;
e MOXIWBICTh BCTaHOBJEGHHSA JoxarkoBoi BM 06e3 moTpeOM 3akymiBii —amapaTHOTO
3a0€e3IeUeHHS,
e MOXIHBE epeHeceHHst BM 3 omHOTO hi3muHOTO CcepBepy Ha iHIIHIA.
AmnaparHa BipTyasi3amist € OHI€I0 3 CHCTEMHHX BHMOT IIaTGopMu anapatHoi BipTyamizamnii Hyper-
V. Cucrema amapatHoi BipTyaumizarii Hyper-v e 6e3komroBHo0, 1€ Bei QyHKIT JOCTymHI KopucTyBady. lami
MIPOTIOHYETHCS CIIOCI0 Pe3epBHOIO KOIMIIOBAaHHA TOCTHOBHX ONEPALifHUX CHCTEM IIPOTPAMHOTO MPOAYKTY
Hyper-V, sxuit Bxoquts 1o ckiaany Windows Server 2008.
IHocTaHOBKa HayKOBOI PodJIeMHU
IcHyrOTH aHaIOTM aBTOMATHYHOTO PE3EPBHOTO KOITiIOBaHHS BipTyampHHX MammH B Hyper-V, ame
HeoOxinHI QyHKII] BincyTHI y OE3KOMITOBHUX BEPCisX MPOrpaMHUX HPOIYKTIB. 3agada Mojsrae B po3pooui
C1oco0y aBTOMAaTHYHOTO PE3EPBHOTO KOIIOBAHHS rOCTHOBHX otepaniiiaux cuctem (OC) ma Windows Server
2008 Ta mmatdopmMi amapaTHOI BipTyamnizamii Hyper-V.
Buxnajn ocHOBHOTo MaTepiay Ta 00IPYHTYBAHHSI OTPMMAHMX pe3yJbTaTiB J0CTiIKeHHA
BipryanpHa MammHa CKIaJA€ThCs 3 HACTYNHMHX (haifiiB. KoHQiryparii, eKcropTy, BipTyaJbHOTO
JCKY, nudepeHIiaabHIX AUCKIB Ta (aiiniB 3 posumperHsam *.BIN, * VSV.
®aiin koHDiryparii — ¢aiin, mo 30epirac HaTamTyBaHHS BipTyaIbHOI MAIITHHU.
Qaiin exkcopty — daiin 3 posmmpenHsM *.EXP B skuil 3ammcyroTees mapamerpu 3 (aiimy
KOH(iryparii myg 9ac eKCropTy BipTyaIbHOI MAIIHHH.
@aiin BipTyansHOTO IUCKYy — (haitn 3 posmmpenasM *.VHD, mo BUKOPHCTOBYETBCS SIK YKOPCTKHIA
qck [5].
Hudepenmiansai guckn — ¢aiim 3 posmmpennsam *.AVHD. Ilpu crBopeHHI 3HIMKY TOCTHOBOI
OMEepaLiifHOT CHCTEMH BCi HACTYITHI 3MiHH 3aIHCYIOTHCS Y HOBHIT IUCK. IO CTBOPIOETHCS Y el MOMeHT [5].
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@aitmn posmmpensasim *.BIN, * VSV — daiinyn, mo cTBOpIOIOTECS i Yac 30epexeHHs CTaHy
BipTyanpHOI MammHU. Bes iHdopMamis 3 mam’sITi BipTyaibHOT MAIIMHK, BMICT PETIiCTPIB TOMIO 3alTUCYETHCS B
¢aitmu 3 posmumpenasMm *.BIN, *VSV, i Bipryanpra MammHa nepexofuts y craH «BumkHyTa». Ilicns
YBIMKHEHHS MOJKHA TIPOJIOBXKUTH POOOTY 3 MOMEHTY 30€pEXEHHS CTaHy.

Ormxe, Hyper-V Hamgae MOXITHBICTh CTBOPEHHS MHUTTEBUX 3HIMKIB (Snaphots). Ame MHUTTEBI 3HIMKH
nume 3a0e3MedyloTh MOXIIMBICT TIOBEPHEHHS B BIAMOBIIHWK YacOBHIl MPOMDKOK NPH BHHUKHEHHI
MOMWJIKA. BHKOpHCTOBYBaTH 1X JUIi pPE3EpPBHOTO BIAHOBICHHA HEMOXINBO. ICHYIOTH aHanoru
ABTOMATHYHOTO PE3EPBHOTO KOMiOBaHHs, Taki sk Veeam [7], sxi, omHak, He MO3BONIAIOTH BUKOHYBATH
pe3epBHE KOITiFOBaHHS 3a rpadikoM B OE3KOMITOBHUX Bepciix Veeam, a OTKe Take pe3epBHE KOIIIOBaHHS HE
Oyze aBTOMAaTHIHUM.

Crocid aBTOMATHYHOIO Pe3ePBHOI0 KONiIOBAHHS

JUstst TOCSITHEHHS! [TOCTABJICHOT METH CTBOPIOETHCS (hailiii 3ammycKy (CKPHIITH), SIKi peali3yroTh HACTYIIHI
(byHKIIL:

1) mnepeBeseHHs BIPTyaibHOI MAIIMHK y CTaH BUMKHEHOY;

2) KOMIiIOBaHHS CKJIQ[I0BUX YaCTUH BIPTyalbHOI MAIIMHH;

3) mnepeBeneHHS BipTyalbHHX MAIINH Y CTaH Y BIMKHEHOY;

4) BHOPSIIKOBYBAaHHS PE3EPBHUX KOIIil 32 IATOK CTBOPEHHS;

5) aBroMaTHYHHII 3aITyCK.

3aMiHa MyHKTY 2 Ha ITyHKT “‘MIepeBeleHHs BIpTyaIbHOI MAIINHN Y «30epeKeHHsI CTaHy»" JT03BOJIUTH
MIPOIOBKUTH pOOOTY BipTyanbHOI MaIlIHN 3 MOMEHTY IIepexony y «30epeeHHs CTaHy», [0 3MEHIIINTh Jac,
KUl Oyno 6 BUTpaueHo Ha 3aBaHTa)KEHHS CHCTEMH Ta HEOOXITHOTO MPOTPaMHOTo 3a0e3eYeHHS .

Po3rstHeMO 6inbII AeTanbHO BU3HAUCHI (DYHKITIT.

Ilepesedenns ipmyanbHOi MAWUHYU 6 CAH <BUMKHEHO»

Komanpa «Stop-VM 'Ubuntu Training Server' —Force» BukoHye mpoiienypy BHKIFOYECHHS TOCThOBHX
omepaniitaux cucrem B Hyper-V Manager. Mo>xinBo TakoXX IEpeBECTH BipTyalbHy MAIINHY Y «30epexeHHs
crany» KomaHnow «Stop-VM 'Ubuntu Training Server' —Save —Force». Ilapamerp «—Force» Biamosinae 3a
Te, mo Hyper-V odikye nestkuii 9ac, JOKH mporpamu 30epeXyTh JIaHi, a MOTIM IPUMYCOBO 3aBepIae pooory.

Koniwsanns cknadosux uacmun ipmyanbHoi Mauiuny

Komangoro «Copy-Iltem -R -Path 'D:\Virtual Machines\Ubuntu Training Server\' -Destination
E:\VMs_Backup_by_Shitiy\$newfoldername» neo6ximmi gaHi peKypcuBHO KOTIOIOTHCS 3 JKEpPeNa y MicIie
MIPU3HAYEHHS.

Ilepesedents ipmyanbHOi MAWIUHY 8 CMAH < YBIMKHEHO»

Komanma «Start-VM 'Ubuntu Training Server'» 3amyckae BipTyansHy MaliinHy

MoAKAKYHTE. .

MapamMeTpel, ..

CHHMOK

SKCNOPT...
MepeHMEHOEATE. ..
¥AanmTk...

CNpaeka

Puc. 1. 3anmyck BipTyansHO{ MallmHN
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Bnopsoxosysanns pesepsnux xoniii 3a 0amoio cmeop eHHs

BriopsimkyBaHHSA KOImii 3a JaTamMy 3iHCHIOETHCS 3a JOTIOMOTOI0 CTBOPEHHSI TEKH KOXXHOTO THS, B
SIKMHA BUKOHYBAJIOCh PE3€PBHE KOMIFOBaHHS.

Jani npuBeneHo Bmict ¢aitny Backup.psl :
$CurrentDate = Get-Date
gci E:\VMs_Backup_by_Shitiy | sort LastWriteTime | select -last 1 |
ForEach {$Date = $_.LastWriteTime}

if ($Date.Day -1t 10) {$oday = "0" + $Date.Day}

else {$oday = $Date.Day}

if ($Date.Month -It 10) {$omonth = "0" + $Date.Month}

else {$omonth = $Date.Month}

if ($CurrentDate.Day -1t 10) {$nday = "0" + $CurrentDate.Day}

else {$nday = $CurrentDate.Day }

if ($CurrentDate.Month -It 10) {$nmonth ="0" + $CurrentDate.Month}

else {$nmonth = $CurrentDate.Month}
$nfoldername = [string]$oday +"."+ [string]$omonth +"."+ [string]$Date.Year + " - " + [string]$nday +"."+
[string]$nmonth +"."+ [string]$CurrentDate.Year
New-ltem E:\VVMs_Backup_by_Shitiy -Name $nfoldername -Type Directory

[IprBeneHa yacTHHA CKPHUINTY COPTYE BMICT BKa3aHOI TEKH Ta CTBOPIOE HOBY TEKYy 3 IPOMDKKOM
qacy.

Aemomamuunuti 3anyck

Jlns aBTOMATHYHOTrO 3amycKy ckpunrty 3 posmmpenusm *.psl (Powershell) meobxinHo crBopuTH
ckpunT 3 postupenusm *.bat (CMD), ockinbku came *.bat BukoHyeThCs yepe3 MmiaHyBalbHUK 3aBIaHb, 110
Bxoauth 1o Windows Server 2008r2.

@ Nnanvposuyk sapganmii
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'- Backup loToED B 0:00 no CE exeHeaensHo, Ha4mHadA c 16.05.2014

Puc. 2. 3aBnanns Backup y mianyBasbHUKY 3aBIaHb
TunoBo PowerShell ve mae xomanmrerie mis ynpaeninas Hyper-v. Tomy B *.bat ckpunri
iMmopTyemMo Moxyns anst podotu 3 Hyper-V. Moayms Hyper-V HeoOXiTHO 3aBaHTaXHUTH Ta BCTAaHOBUTH
nepen Bukopucrantsm [1]. Po3pobienuit ckpunt 3 posmmpeHHsM *.psl 3amyckaemo B PowerShell.
Cxpwrt 3 po3umpeHHsM *.bat mae HacTynHHI BMiCT:

1 Vaystem3Z2\WindowsPowerShelllwvwl.0\powershell.exe —noExit
2 —Command " Import-Module ‘\modules\hyperV':
3 C:\Backup settings by Shitiv\Backup.psl;"

Puc. 3. Bmict ckpunrty 3 po3mupeHusm *.bat
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BucHoBku
3anpornoHoBaHUH CHOCiO pe3epBHOTO KOMIIOBAHHS MPHU3BOAUTE 10 TICBHOTO MPOCTOI0 00N HAHHS, a

camMe. B MOMEHT BHKOHAaHHS 30€pe)XEHHsA CTaHy BIpTyaJbHOI MAaIlIMHHW Ta CTBOPEHHS DPE3EePBHOI KOIIii
HeoOXigHux (aiiniB. Po3poOmennii CKpUNT I aBTOMATHIHOTO PE3EPBHOTO KOMIIOBaHHS 3 BUKOPHCTAHHIM
obomonku PowerShell. MoxiuBe po3umpenHs (yHKIiA ckpunty. Moaudikaiis Moxe Moisirarua y
CTBOPEHHS pe3epBHOI KOmii Ha BignaneHiii pobodiil cTaHIlil TOIIO.

IcHyIOTH aHamOrM aBTOMAaTHYHOTO PE3EPBHOTO KOIIIOBAaHHS BipTyampHMX MamuH B Hyper-V, ame

HeoOXimHuH QyHKITioHaN BiACyTHIN y Oe3KomToBHNX Bepcisx. CaMe TOMy 3alpONOHOBAaHMUI crioci0 Hapasi €
aKTyaJIbHUM pilIeHHsIM 3amadi. Hanpukian, aBroMaTnyHe pe3epBHE KOIMIIOBAHHS 3 BapiaHTOM IEpEeBENIECHHS
BIpTyaJbHOT MAIIMHA y cTaH «BUMKHEHO» MOYKHA BUKOHYBATH JUII KOHTPOJIEPIiB TOMEHY.
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YK 004.312
Iomom I1.C., Cementok B.J1., bexgkos O.B.
Jlyupkuii HalliOHAIBHUN TEXHIYHUHI YHIBEPCUTET

MPOI'PAMHE 3ABE3NEYEHHS HAJIATOJI)KYBAJIbHOI IIVIATU ARDUINO-LITE-KIT

Iosom I1.C., Cementok B.SI., Beasikos O.B. Ilporpamue 3a0e3neyeHnsi HajJaroakyBaiabHoi niaatu ARDUINO-
LITE-KIT. Po3pobieHo neMOHCTpaliiiHe porpaMHe 3a0e3nedeHHs s anapaTHo-mporpamuoro komrmiekcy ARDUINO-LITE-
KIT. Jlaanit HaGip MO’XKHa BUKOPUCTOBYBATH y HAaBYAIBHOMY IIPOIECi Ul HaOYTTS HAaBHYOK POOOTH SIK 3 MPOTPAMHUM, TaK i
armapaTHAM 3a0e3NeIeHHSM.

Kuarwouosi ciioBa: mporpamue 3a6esmedennst, Arduino Uno R3, maBuansnmit Habip ARDUINO-LITE-KIT

Iosom II.C., Cemeniok B.51., BeasikoB A.B. IIporpammuoe odecnedenne or.1axouHoii miiatblt ARDUINO-LITE-
KIT. Pa3paboTaHO NEMOHCTpAIMOHHOE MPOrpaMMHOe obecredeHue Juisi anmapatHo-nporpaMmuoro komrmiekca ARDUINO-
LITE-KIT. Mannuerii mabop MOXXHO HCIONB30BaTh B Yy4eOHOM IIporiecce Uil HMPHOOPETeHUs HABBIKOB pAOOTHI KaK C
IIPOrpaMMHEIM, TaK U aIlllIapaTHBIM 00ECICUCHUEM.

KuoueBble ciioBa: mporpammuoe obecrederne, Arduino Uno R3, yuebusriii Habop ARDUINO-LITE-KIT

Sholom P.S., Semenyuk V.Y ., Beliakov O.V. Software for the development board ARDUINO-LITE-KIT. Demo
software for hardware-software complex ARDUINO-LITE-KIT is developed. This kit can be used in the educational process for
learning to work with both software and hardware.

Keywords: software, Arduino Uno R3, training set ARDUINO-LITE-KIT

IMocranoBka mpoGaemn. CydacHe CyCHiIbCTBO BHMAara€ BiJ JIIOAWHU  BOJOMIHHS
iHpOpMaLiHHIMU TEXHOJNOTiIMH, @ OJHHM i3 TOJIOBHHX CKJIQJOBHX iH(QOpMAIifHUX TEXHOJOTIH €
nporpamMHe Ta amapaTHe 3a0es3nedeHHs. To0OTO CydacHWE ydYeHb / CTyIeHT IOBUHEH BHBYATH 1
NporpaMHy, 1 amapaTHy CKJIagoBi iHPOpPMAIifHUX TEXHOJOTIH. AJie BUBYEHHS YacTO O3HAYAE JIUILIE
OTpUMaHHs 3HaHb, B KpallOMy BHUIIaJKy, HABHYOK B rajly3i mporpamHoro 3a0e3neyeHHs. OcHaIIEHHS
OCBITHBOTO MPOIIECY BiANOBIAHO JI0 3MICTY HaBYAJIbHUX MPEIMETIB € aKTyaIbHOIO MPOOIEMOIO Ha JaHUH
yac [1]. Jns BupilIeHHS NepepaxoBaHUX MpoOIeM MOKHA CKOPUCTATUCS BUIBHO ITOIIMPIOBAHUM
arapaTHO-POrpaMHUM KoMIutekcoMm Arduino.

AHani3 ocraHHix gociaimkenb i nyOaikauniil. Janoo tematukoro 3aiimanuck bomn Crioapt P.
[2], Tonono6oB B.H., KpaBuenko A.B. [3], Ilerin B.A. [4], Yumm Commep [5]. 3okpema B [5]
PO3MISIHYTO MpOrpamyBaHHS MIKpOKOHTposiepHHX Iuiar Arduino / Freduino; omumcana crpyktypa i
(GYHKIIOHYBaHHS MIKpOKOHTpPOJIEPIiB, CepeoBuIlle mporpamyBanHs Arduino, HeoOXiqHI IHCTPYMEHTH Ta
KOMILIEKTYIOU1 Ui MPOBEAEHHS EKCIIEPUMEHTIB; MOKJIaJHO PO3MIIAHYTI OCHOBH MPOTPaMyBaHHS IUIAT
Arduino: cTpykTypa mporpaMu, KOMaHI#, oneparop Ta (yHKIi, aHaIOroBuii i muppoBuii BBiJ / BUBI
JaHWX; BUKJIAJA MaTepiany cynpoBoikyerbes Oinpme 80 mpuxiagaMu 3 po3poOKH Pi3HUX MPUCTPOIB:
pesne TeMmmepaTrypd, ULIKUIBHOTO TOOWHHMKA, LIHU(POBOrOo BOJBTMETpPA, CHUTHAm3alii 3 JaBadyeM
NepeMillleHHs, BUMHKa4Ya BYJIHMYHOTO OCBITICHHs Tomo. B [1] posrismaerses nmpobiema BIpOBaIKeHHS
iHpOpMaLIHHUX TEXHOJIOTIH Y HaBYaIbHHI IIKUTLHUM Mpoliec Ha 6a3i ruiat Arduino.

Mertoro poboTH € po3poOka Ta Bepudikarlis JeMOHCTPAIIHHOTO MPOTPAMHOTO 3a0e3MeUeHHS IS
yuboBo-naboparoproro crenay (YJIC) na 6a3i nabopy ARDUINO-LITE-KIT.

Buxiag ocHoBHOro Mmarepiaiay podoru. Arduin0 — amapaTHa oO4HCIIOBaNbHA Iuatdopma,
OCHOBHMMHU KOMIIOHGHTAaMH SIKOi € IUIata BBOXLY / BUBOJAY Ta CEpElOBHINE pPO3POOKM Ha MOBI
Processing / Wiring. Arduino moxe BHKOPUCTOBYBATHUCS SIK IJIsi CTBOPCHHSI aBTOHOMHUX 1HTEPAKTUBHUX
00’€KTiB, TaK 1 MAKIIOYATHCS A0 NPOTPAMHOTO 3a0e3NeuUeHHs, SIKe BUKOHYETHCA HA KOMII IOTEpi
(manpuknan: Adobe Flash, Processing, Max / MSP, Pure Data, SuperCollider). Indopmaris npo miary
(MaJIIOHOK JPYKOBAHOI TJIATH) 3HAXOMUTHCS Y BIIKPUTOMY JOCTYII 1 MOKe OyTH BUKOPUCTaHA THMH, XTO
BBa)kKae 3a Kparle 30upaTH MaTu caMOCTiHHO.

[Tnara Arduino ckianaersest 3 MikpokoHTposepa Atmel AVR, a Takox eneMeHTiB 00B’SI3KH IS
nporpaMyBaHHsl Ta iHTerpauii 3 iHmmMMH npucTposMu. Ha Oararbox mnnarax HasgBHMH JiHIHHUN
crabinmizaTrop Hanpyru +5 B a6o +3,3 B. TakTyBaHHs 37iiicHIO€ThCS Ha YacToTi 16 a6o 8 MI'11 kBapoBum
pe3oHaTopoM. Y MIKpOKOHTpOJIEp 3anmucanuii 3aBanTaxysad (bootloader), romy 30BHImHIN porpamMarop
He moTpideH.

Ha xoHnenTtyansHOMY piBHI YCi TUIaTH HporpaMyroThes depe3 RS-232 (mocnigoBHe 3’€aHaHHS),
ajie peajizalisi JaHOTO CHOCOOY Pi3HUTHCA Bin Bepcii no Bepcii. Hoimi minatu mporpamyloThes uepes
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USB, 1o MoxmBO 3aBsKH Mikpocxemi kouBepTepa USB-to-Serial FTDI FT232R. V Bepcii miardopmu
Arduino Uno B sKOCTI KOHBepTepa BUKOPUCTOBYEThCS KOHTpoiep Atmega8 y SMD-kopmyci. [lane
pillIeHHS JO3BOJIsIE€ POTPaMyBaTH KOHBEPTOP TAKUM YHHOM, 1100 miardopma Biapasy po3mi3HaBaiach sK
MUIIA, HKOMCTUK YM IHIIWHA MpUCTpid 3a BHOOpPOM po3poOHMKA 31 BCiMa HEOOXiJHMMH TOJATKOBUMH
CHTHaJJaMHU KepyBaHHs. Y NesaKuxX BapiaHTaX, Takux sk Arduino Mini abo meodiniiniit Boarduino, mis
nporpamMyBaHHs MOTPIOHO MITKITIOYHUTH 0 KOHTpouiepa okpemy uiaty USB-to-Serial abo xabenb.

[Tnatu Arduino 103BOJISAIOTH BUKOPUCTOBYBATH 3HAYHY KUIBKICTh /O BUBOIIB MIKpPOKOHTpOJIEpa
y 30BHIIIHIX cxemax. Hampukinan, y miari Decimila noctynHo 14 nungpoBux BXoIiB/BHXOMIB, 6 i3 SKHX
MoxyTh BuaBaru 1IIIM curnan, i 6 ananoroBux BxomiB. Lli curHanu mocTymHi Ha MJIaTi Yepe3 KOHTaKTHi
wiomaakn abo mMTUphOBI po3HiMH. Takok icCHye OeKibKa BUAIB 30BHIMIHIX IJAT PO3MHUPEHHS, SKi
Ha3uBalOThes «Shields», siki mpuenHyOThCs 10 TIaté Arduino depes ITHPHOBI PO3’EMH.

VY naniii pobori omucyerbesa pobora i3 0azoBum Habopom ARDUINO-LITE-KIT nHa ocHoBi
crpomrenoi Bepcii Arduino UNO R3. Po3risimaersest po6oTta i3 nepudepiiHUMU MPUCTPOSIMHU, 30KpeMa
TAaKUMH, SIK IyJbT AUCTAHLIAHOTO KEPYBaHHS 3a JONOMOTOI0 iH(ppauepBoHOro 3B’ s13Ky. s nporo Oymno
BUKOPHCTaHO MikpocxeMy iH(ppauepBoHoro maasaua Infrared Receiver IC 38 KHz (VS-1838) ta mynbt
nmucranuiitnoro kepysatnss IR Infrared Remote Control Kit 2 (SE-020401). Po3po6iieHo nqeMoHcTpaltiitne
nporpaMHe 3a0e3MeyeHHS.

Hapuanbuuit Ha6ip ARDUINO-LITE-KIT (puc. 1) na 6a3i Arduino UNO R3 — nie enektpoHHMi
KOHCTPYKTOpP 1 3py4yHa IulaTgopMa IIBUAKOI PO3POOKKM eNeKTpOHHUX npucrpoiB. [lmatdopma
KOPUCTYETHCS BENMYE3HOIO IOMYJSPHICTIO B YCbOMY CBITi 3aBASKH 3pPYYHOCTI 1 NPOCTOTI MOBHU
NporpaMyBaHHs, a TAKOXK BIIKPHUTIH apXiTeKTypi i mporpamHoMy koay. Ilpucrpiit nporpamyeTbes depes
USB 6e3 BUKOpHCTaHHS IPOrpamMaTopis.

3aBISKU BEIMKOMY ACOPTUMEHTY JOMOMIKHHUX MOAymiB Ta naBadiB Habip ARDUINO-LITE-KIT
€ IIKaBUM fIK MMOYaTKiBISIM-EJICKTPOHHUKAM, TaK 1 mpogecionanam. Habip cTBopeHmii Ha OCHOBI IIaTH
ARDUINO-UNO pesisii R3.

Tabmus 1. Texniuni xapaktepucruku maatu Arduino Uno R3

MiKpOKOHTpoJIEp: ATmega328
Po6oua nanpyra: 5V
Bxinna Hanpyra: (Pexomennyerbes) 7-12V
Bxinna Hanpyra: (Mexi) 6-20V
Lludposi BBOM / BUBOAM: 14 (6 3 sxkux HINM)
AHaorosi BXOIu: 6
IMocriiinmii ctpyM B niHii BBony / BuBoay: | 40 MA
[Mocriiiamii ctpym Ha 3,3V Pin: 50 MA

. 32 K6 (ATmega328),
@nen-nam’STh!

0.5 KO BHKOpHCTOBYIOTHCS 3aBaHTAXKYyBaueM

SRAM 2 K6 (ATmega328)
EEPROM 1 K6 (ATmega328)
TakroBa yactora 16 MI'g

Kommnnekrarist Habopy:

1. ITnata Arduino Uno R3.

2. USB-kabens.

3. LED nmucmueit Ha 1 mudpy (2 mwr.).

4. LED nucnuiet Ha 4 uudpu.

5. 8x8 TouoK ekpaH-MaTpHIIA.

6. Mikpocxema 74HC595N (BocsMHUOITHUIA pericTp 3 HOCIIIOBHUM i ITapajeIbHUM BUXOIOM).
7. JIlnHAMIK-ITHIIAJIKA.

8. laBau Temmneparypu LM35.

9. ®oropesucrop (3mir.).

10. laBau TemmepaTypH i BOJOTOCTI.

11 KonpeHcaTopu eIeKTpoiThyHi (2 mrT.).
12. InppauepBonuii mpuiiMay.
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13. Ha6ip pesucropis (20 mir.).

13. Ceitnonioau (cuHi, 3e1eHi, 4epBOHi — 1Mo 5 mT.).

14. Makerna mata MB-102.

15. TaxkTOBi KHOIIKHM 3 KOBIa4KaMu (4 1mT.).

16. TToreHuiomerp (3MIHHUIT pe3ncTop).

17. HaGip npoBoAiB pi3HOi TOBXUHH 1 KOH(DIryparii.

18. UItupnoBuii po3’em Ha 40 KOHTaKTiB.

19. Barapeiinnii Bizicik Ha 6 enemenTiB (Tun AA) 3 MosxiuBicTio migkmodeHHs 10 ARDUINO.
2 0. InppauepBonnii mynst AK.

21. Tpubapsuuiit RGB monynb.

Puc. 1. 3oBHimniii Burasa naéopy ARDUINO-LITE-KIT

Jnsa mopemoBaHHs mpUCTporo [Y-maBaua BUKOPHCTAHO HACTYIHI E€JEKTPOHHI KOMIIOHEHTH:
iata Arduino Uno R3, USB-kabenb, 3’eqHyBalbHI NPOBITHUKY, iHOpadepBoHHUi aaBayu Ta mynasT JIK

(puc. 2)

Puc. 2. EfekTpoHHi KOMIIOHEHTH /19 MaKkeTyBaHHs [Y-1aBaua
Cxema ninxmoyenHs [Y-naBaua VS1838B no minatu Arduino Uno 300pakeHO Ha pHCYHKY 3.

MoxxnuBi BapianTH i3 xuBjieHHsM +5 B Ta +3,3 B, 1o gomyckaeThes 3rigHO crierudikaiiii MikpocxeMu
aBaua.
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Puc. 3. Cxema ninkiarouenus IY-gasaya VS1838B

Freeduino / Arduino mporpamyeTbcs Ha creliajibHiil MOBI porpamyBaHHs. BoHa Ga3yeTbcst Ha
C / C++ i1 no3Boisie BAKOPUCTOBYBATH Oyab-iKi Horo ¢yHkiil. CTporo kaxyuu, okpemoi MoBu Arduino
He iCHYE, 5K 1 He icHye koMmisitopa Arduino. Hanmcani mporpaMu nepeTBoprorOThCS (3 MiHIMaTbHUMU
3MiHaMu) B mporpamy Mmoo C/C ++ i moriMm kommimorortses kommiumsitopom AVR-GCC. Orxe,
(aKTH4HO, BUKOPHCTOBYETHCS crenianizoBanuid 1y MikpokoHTpoiepiB AVR Bapiant C/ C++. PisHums
MOJISITA€ B TOMY, IO PO3POOHHUK OTPUMYE MPOCTE CepPeOBHUIIE PO3POOKH i Habip 6a30BUX 0ibIiOTEK, IO
CHPOILYIOTh IOCTYI A0 nepudepii, sKa 3HAXOAUTHCS HA OJIHIN MJIaTi i3 MIKPOKOHTPOJIEPOM.

[Tpu unranni abo 3amuci 4O TUPPOBOrO MOPTY 3aCTOCOBYETHCS JIUIIE ABA MOXKIMBHUX 3HAYCHHS —
nopt Moxe Oyt BcraHoBieHui sik HIGH (Bucokwuii piBenn) abo LOW (Hu3bkwuii piBens). Pisens HIGH
BignoBigae 5 B Ha Buxoni. [lpu unrtaHHi 3HaueHHA Ha UM(POBOMY MHOPTi, MoumHatouu 3 3 B 1 Buie,
Mikponpouecop cnpuiime 1o Hanpyry sk HIGH. s xoncranTta npeacrasieHa ninuM yuciom 1. PiBeHb
LOW ianoginae 0 B na Buxoxi mopty. [Ipu unranni 3HaueHHs Ha MppoBOMy MOpPTi, moynHaoun 3 2 B i
MeHIIe, MiKponpouecop cnpuiime 1o Hanpyry sik LOW. Llg koHcTanTa npeacraBieHa minuM guciom 0.

Hudpori mopTH MOXKYTh BUKOPHUCTOBYBATUCS HA BBiA a00 BHBiJ CUTHaIIIB. 3MiHA MOPTY 3 BBOAY
Ha BUBIA BupoOisieThest 3a pomomororo ¢yHkmii pinMode (). Tloptu, ckoHdirypoBaHi Ha BBEICHHS
CHTHAJIIB, MAIOTh BEJIMKHUI BXiJHUI OMip, IO T03BOJISIE MiAKIIOYATH 10 HUX JKEPENIO CUTHANTY, 1 TOPT HE
Oyze cnoxuBaTH BenukHid cTpyM. [lopTH, ckoH(DIrypoBaHi Ha BHBiI CHTHAJiB, MAIOTh MAIUN BUXI1THUN
omip. lle o3Hadae, 1O Taki TOPTH MOXYTh 3a0e3leuyBaTd MIJKIIOYEHI A0 HUX €JIeMEHTH
€JIEKTPOEHEPTIEr0. Y IbOMY CTaHi MOPTH MiATPUMYIOTh MO3UTHBHUI YW HETATUBHUH HAIIPSIM CTPYMY 11O
40 MA (mimiammep) Ha iHm mpuctpoi abo cxemu. Ile m03BOJSIE MIAKIIOYMTH IO HUX OYIb-sKE
HaBaHTAXEHHs, HAPUKIIAJ CBITIONI0] (4epe3 pe3ucrop, mo odmexye crpym). [lopTh, ckoH}irypoBaHi
SK BUBOAM, MOXYThb OYTH IIOLIKODKEHI, SKIIO IX 3aMKHYTH HaKOPOTKO Ha «3eMilto» (3arajbHa IIMHA
JKUBIICHHS), Ha JDKEPENO JKMBJICHHA +5 B a0o mix’enHaTH 10 MOTY)KHOTO HAaBaHTAXCHHS 3 MallM
OTIOPOM.

Freeduino mae BOymoBaHHWd KOHTpoOJep s TIOCHIJOBHOI Iepeiadi JaHUX, SKUA MOXKe
BUKOPHCTOBYBATUCS sIK Ui 3B 513Ky MiK Freeduino/Arduino mpucrposmu, Tak i s 3B’S3KYy 3
KoM 'totepoM. Ha xomm’rotrepi BiamoBigHe 3’eqnanHs mnpencrasieHo USB COM-noprom. 3B’s130k
BinOyBaeTscst mo mudpoBux moprax 0 i 1, i ToMy He MOXHa BHUKOPHCTOBYBATH X Ui LH(POBOTO
BBOJy / BUBOJIY SIKIII0 BHKOPUCTOBYBATH (DYHKIIIT OCITITOBHOT IIepeayi JaHuX.

Hwxde npencraBiieHo 0MMC OCHOBHUX 01071i0TEK, BUKOPUCTAHUX TIpU po3podiri 113.

biomioreka Servo. Lls 6iOmiorexka mis Arduino-koHtponepa Hagae HaOlp GyHKUiH s
yhpaBmiHHS ~cepBomnpuBoAaMu. CTaHAApTHI CEPBONPUBOAM JAO3BOJIIIOTH IIOBEPTAaTH MpPHBIL Ha
Bu3HaueHW KyT Bix 0 no 180 rpagycie 3a3Buyaid. Jlesiki CEpBOIPUBOIM JTO3BOJISIOTH 3A1HCHIOBATH MTOBHI
o0epTH Ha 3a7aHiil mBUAKOCTI. bibmioTeka Servo no3Bossie 0oAHOYACHO KepyBaTH 12-Ma cepBONPUBOAAMHU
Ha Oumemocti tuiatr Arduino i 48-ma nHa Arduino Mega. Ha konTponepax, BimMmiHHUX Bin Mega,
BUKOpPHUCTaHHs Oi0JIIOTEKH BiAKIIOUAE MOXJIMBICTH BHKopHucToByBatu Buxomu 9 i 10 B pexumi HIIM
HaBITh SKIIO MPUBIJ HE MAKIIOYCHUN 0 uX BuBoniB. Ha miari Mega moxyThs OyTu BukopucTaHi 10 12
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cepBonpuBoAiB 6e3 Brpatu gyHkuioHany LLIIM. [Ipu Bukopucranni Mega mist ynpasmninas Bix 12 mo 23
CEpBOIPHBO/IB HE MOKHA Oyae BUKOprcToBYBaTH Buxoau 11 112 nms HIIM.

®ynkuii 6i6miorexu: attach(), write(), writeMicroseconds(), read(), attached(), detach().

VY 3arajJbHOMY BHIAAKY CEPBONPHBI MiAKIIOYAETHCS 3-Ma MPOBOJAMH: >KHUBJIICHHS, 3eMIs 1
CUTHAJILHUH. 3a3BUYaii 3a )KUBJICHHsI BiIIOBiga€ YepBOHUI MPOBiA 1 MOXe OYTH MAKIIOYEHUN 10 BUBOAY
+ 5V na mrati Arduino. Yopuwuii npoBia «3emist» migkiarouaetbes 10 GND BuBoay Arduino. CurnansHuit
NPOBIJ 3a3BUYAil J)KOBTUI 1 MPOBIJ MiIKIIOYAEThCS A0 IHdpoBoro BuBoay Koutpoiepa Arduino. Cuig
3a3HAYMTH, IO MOTY>KHI CEPBONPUBOAN MOXKYTh CTBOPIOBATH BEIHMKE HaBaHTAKEHHS. B poMy BUmagxky
BiH TIOBMHEH >KUBHTHCS okpemo (He uepe3 Buxing + 5V Arduino). Tex came CTOCYeTbCS 1 BHIAIKY
MiJKIFOYCHHS Bifpa3y JCKUTBKOX cepBonpuBofaiB. Ciim mMepeKoHATHCS, MO0 MPHUBIA 1 KOHTPOJIEP
MMIKIII0YEH] 10 3arajbHoi 3eMJIl.

bibnioreka EERPOM. Mikpokontponepu ATmega MaioTh CBOIO HE3aJEKHY MaM’siTh, TOOTO Yy
kopucTyBauiB Arduin0 € MOKJIMBICTH 30epiraTu JaHi B Liif mam’sTi i BOHW MOXYTh OyTH BUKOPUCTaHi
micas yBIMKHEHHs / BAMKHEHHsT a00 Tiepe3aBaHTaKeHHs KoHTpoiepa. Arduino-6ibmioreka EERPOM
Hajae 3py4YHUH 1 mpoctuil iHTepdeilic poborn 3 wiero mam’sATTIO. Pi3HI Mozeni MiKpOKOHTposepis
Biapi3HsatoThcs obcsirom EERPOM- mam’sti  (manpukmax, 1024 Gaiit y ATMega328, 512 Gait y
ATmegal68 Ta ATmega8 i mo 4K6 (4096 Gaiit) y ATmegal280 i ATmega2560).

®ynkuii 6i6miorexu: read(), write().

biomioreka SPI. bibmioreka SPI no3Bossie konTposepy Arduino B3aeMOaisSTH 3 IPUCTPOSIMH, IO
niarpumytote SPI-mpotokon. Arduin0 B naHOMy BHUIAJKy BHCTYIA€ B SKOCTI BEIYYOrO IPHCTPOIO.
[MocninoBuuit nmepudepiiinmii inTepdeiic (SPI) — me mocmigoBHWI CHHXPOHHHE MPOTOKOJN mepenadi
JAHHUX, L0 BUKOPUCTOBYETHCA MIKPOKOHTpOJIEpaMH IJs OOMiHY JaHMMH 3 OIHMM a00 JEKiIbKOMa
nepudepiiHUME TPUCTPOSIMU Ha HEBENWKHUX BifcraHax. Jlns opranizaimii 3’emnands SP| HeoOXigHui
OIHOIIPOBIAHUI TpUCTpPild. 3a3BUYail L€ MIKpPOKOHTpOJNEp, SKWU YNpaBisie€ 3 €IHAHHSAM 3 BEICHUMH
npucTposMu. [TinKIToueHHs 3MIHCHIOETHCS TPHOMA 3araJIbHUMHU JIHISMHU 1 JIiHIEI0 BUOOPY nepudepiitHoTo
(Benenoro) mpuctporo: Master In Slave Out (MISO), Master Out Slave In (MOSI), Serial Clock (SCK),
Slave Select pin. SIkmo BXomi ocTaHHBOrO 3 TepepaxoBanux miHid LOW, To BemeHwii B3aemomie 3
BenyuuM, ko HIGH, To Benenuii irHopye curHaim Bij| BEIy4oro.

[Tpu poborti 3 SPI mpucrposimu Tpeba BpaxoByBaTH TaKi MOMEHTH: MOPAJOK BUBCACHHS IaHHX,
piBeHb CHUTHAIIy CHHXpOHi3awii, pa3a cHHXpoHi3arii.

Bupobuuku SPI mpuctpoiB Aenio mo pisHOMY peati3yloTh IPOTOKOJ, TOMY HEOOXiIHO yBa)KHO
03HaOMHTHUCS 3 TEXHIYHUM OIMKCOM JIO TIPUCTPOIO.

Oyukuii 6idmiorexu: begin(), end(), setBitOrder(), setClockDivider(), setDataMode(), transfer().

bibmioreka Stepper. biOmioreka Hagae 3pydyHHH iHTepdelc ymnpaBmiHHSI OIMOIAPHUMH 1
VHIITOJIIPHUMH KPOKOBUMH JBUTYHAMH.

Po3pobiieHo Take nporpamMHe 3a0e3MedeHHs

1. IIporpama 3unTyBaHHS KOXiB HATUCHYTHUX KiaBim [Y-mynbta kepyBanus. [Iporpama 6a3yetbcst
Ha BUILHO PO3MOBCIOKYBaHii Oi0mioreri IRremote. 3a momomororw maHol mporpaMu BU3HAYEHO KOIHU
knaBint [Y-mynbpTa.

2. IIporpama «llinouncenbHuii 6e3npoBigHMIA KanbKynaTop». CyTs podoru ganoro 13 monsrae y
BUKopHcTaHHi KiaBiarypu mynbra IR Infrared Remote Control Kit 2 (SE-020401) B poni knaBiaTypu
KaJbKyJIATOpa, a poOJb JWCIUies IJg BimoOpaxkeHHs pesynbTariB Bigirpae koHconmb COM-mopra
KOMIT FOTepa.

Bucnosku. Po3po6iieHo geMoHcTpaliiine nporpaMHe 3a0e3neueHHs 11 anapaTHO-IPOrpaMHOro
komiutekcy ARDUINO-LITE-KIT. [launwnii HaOip MOXHa BUKOPUCTOBYBATH Y HaBYaJILHOMY MPOLECT IS
HaOyTTS HABUYOK pOOOTH SIK 3 MPOrPaMHUM, TaK 1 anapaTHUM 3a0e311edeHHSIM.

1. TlIpaxTudeckoe 3aHATHE C HCIOMb30BaHHEeM MUKPO-OBM «Apmywno» [Enexrponnuii pecypc]. — Pexum moctymy:
http://konkurs.ciur.ru/meroxmaeckas-konuika-pabor-mobdeaure/

2. Bomn Crroapt P. AnasnoroBbie uHTepdeiichl MUKpOKOHTpOITepoB. — M.: M3narenbekuit oM «Jlomaka-XXl1», 2007.
—360c.

3. Kpauenko A.B. 10 mpakruueckux ycrpoiictB Ha AVR-mukpokonrpomiepax. Kuura 2. CIT6.: «<KKOPOHA-BEK»,
2009. — 320c.

4. Terun B. A. IIpoekTsl ¢ ucmonb3oBanmeM KoHTportepa Arduino. — CII6.: BXB-IletepGypr, 2014. — 400 c.

5. Vwun Commep. [IporpammupoBatre MUKpOKOHTpoiutepHbIx mwiat Arduino/Freeduino. — CII6.: BXB-IletepOypr,
2012. — 256 c.
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(KITABT)

MOJIEJIIOBAHHS NURBS - KPUBUX HA OCHOBI IIPUHIUITY JIBOICTOCTI

Bapnaes FO.I, TI'anHommna LM. MogemoBanns NURBS-kpuBux. B crarTi npomoHyeTbes HOBUE MeETOX
MPOEKTYBAHHSI KPUBOI, sIKa € OTMHAIOYOI0 CiM’T Bi/Ipi3KiB mpsiMux, Bu3HadeHux Ha ocHoBi NURBS-texHomorii.
Kurouogi cioBa: NURBS-kpuBi, oruiaro4a, KpHBHUHA.

Banaes 10.1., F'annoumna W.H., MoaesupoBanue NURBS - kpuBBIX HAa OCHOBe MPHUHIMIIA IBOHCTBeHHOCTH. B
CTaThe MPEUIAracTCs HOBBIM METON TPOCKTHPOBAHHS KPUBOM, KOTOpas SBISAECTCS OTMOAIOMIEH CEMBH OTPE3KOB MPSAMBIX,
omnpenaenernsix Ha ocaoBe NURBS-Texuomorum.

Kurouessbie cioBa: NURBS-kpuBbie, orubarorias, KpuBH3HA.

Badaev Y., Gannoshina I. Modeling NURBS- curves based on the principle of duality. The paper proposes a new
design method of the curve which is the envelope of the family of straight segments defined on the basis of NURBS technology.
Keywords: NURBS-curves, the envelope, the curvature.

IMocTtanoBka mpodsaemu. B po0OoTi mpoeKkTyBalbHUKIB OOBOIIB, SIKi MPAIlOIOTh B PYXOMOMY
CEepeNOBHIL, HEPIAKO BUHUKAE 3aJada MPOSKTYBaHHs KPHBOI, sKa Mae€ Hamepeln 3aJaHhil 3aKOH 3MiHM
KPUBHHU.

Bigomi Meronu He HalOTh 3MOTH PO3B’SI3yBaTH MOCTABICHY 3aJady, TOMY HEOOXiJHO CTBOPUTH
HOBI MiAXOAM y PO3B’sI3aHHI Li€T 3a1adi.

B nmaniit pob0Ti mponoHyeTHCSI MPOEKTYBaHHA CIIELialbHOI KPUBOI K OTMHAIOUOI CiM’1 Bipi3KiB
MPSIMUX.

Takuii miaxin gae 3MOry B MOJANBIIOMY aHali3yBaTH 3aKOH 3MiHM LUX NPAMHX, SIKi € JOTHYHUMHU
JI0 KpUBOi, IO MPOEKTY€eThcA. BBakatouw Ha Te, IO Li BiAPI3KM MPAMUX 3aJal0Th MEPINi MOXiJgHi, TO
aHaJI3ylouM 3aKOH iX 3MiHHM, MOXKHA PO3B’S3aTH 3a/ady NPOCKTYBaHHS KpPUBOI 32 3aJaHUM 3aKOHOM
3MiHU KPUBUHH.

AHaJI3 ocTaHHIX J0CTiKeHb i myOmikamiii. B ocrannix myOmikanisx [1-7] narotecs metonu
MOJIETIIOBAHHS PI3HUX KPHUBHUX, aje HE 3a3HAYAIOThCS MIOXOMU 10 aHaMi3y iX OpMHU i KPUBHHHU Y3[0BXK
KPHBOL.

Meto1o gaHoi cTaTTi € po3poOka METOAY MPOEKTYBAHHS OTMHAIOUO1 ciM’1 BiIPi3KiB MPSAMHUX, SIKi
Br3HavaoThcst Ha ocHOBI NURBS-TexHomoriii, mo gae MOXIUBICTH aHali3yBaTH (OpMY 1 3aKOH 3MiHU
KPUBHHU.

OcHoBHA yacTHHA. SIK BiOMO 13 IpoeKTUBHOI reoMeTpii [1], mpsamy

ax+bx+c=0 (1)

MO)KHA PO3TIISIATH, SIK TOUKY i3 KOOpAWHATaMH a,b,C.
3actocyemo 110 1ux koopauHat Gopmysu BusHaueHHs NURBS — kpuBux [2]:

> NLm(bwia

a=af(t) k
Zilei’m(t)Wi

()

> NLm(wb,
. Z?:lNi’m(t)Wi |

b=b(t) @3)
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o 2 NLm(twe,
. C(t) - ZNi’m(t)Wi

Je N — KUTBKICTh 3aJaHuX npsiMux, N, m— B — crmaiis mo psaky m ..

(4)

[MincraBumo (3), (4) B (1). OTpumaemo piBHSHHS ciM’1 IPSAMHX
a(t)x+b(t)y+c(t), (5)

sKe BU3HAYaE il MOJIOKeHHs B ciM’1, ie t — mapamerp cim’i.
Ho wiei ciM’i mpsAMHX MOXKHa MPOBECTH OTMHAIOYY KpHUBY, sika Oyle BigMiHHA Bill KpUBOi, 110
BHU3HAYAEThCs 3a BekTopHUM piBHAHHSIM NURBS — xpuBoi. OruHaroua KpuBa BHU3HAYUTHCS CHCTEMOIO

o f=a(t)x+b(t)y+c(t)=0,

I a(t)x+b(t)y+c(t)=o0. ©

Bukmtounmo i3 wmiei cuctemu x 1 y.  Jns mboro MOMHOXKHAMO TepIle PiBHSHHS Ha i
BigHIMeMO apyre. Byaemo matu:
: b'(t
. (©

b'(t)

n .

a* '( ) _ a"(t)
b'(t

X =

"(t)—c(t)
b’ (7

N—

a'(t)
a'(t)

AHaIOrYHO BUKITIOYUMO X, TIOMHOKHUBIIN IICPIIC piBHHHHﬂ Ha

Otpumyemo:

/ a
c'(t)-c A (t) |

—b"(t)

(8)

b*

Pieusnns (7) i (8) BU3Ha4atoTh HOBY apaMeTpuyHy KpuBy.  [lepeBarm  oTpumaHoi  KpHBOI
NOJATAIOTh Y TOMY, WO JOTHYHA B KOXHIA Toumi T (X,y) OoTpuMaHOi OTrMHAIO4Oi BH3HAYAIOTHCS
dopmynoro (1).

Hotnyna Oyae BH3HA4YaTH MOXiMHY B 3alJaHii To4mi. AHalli3 3aKOHY 3MiHM Mepmoi MmoxiaHoi
JacTh 3MOTY TPOTHO3YBaTH (OpMYy KPHBOI, a TaKOX 3aKOH 3MIHM KPHBHMH, LI0 € BaXKJIMBHM B
MPOEKTYBaHHI O0BOJIB MAIlWH, SIKi MPALIOIOTh Y PyXOMOMY CEpPElOBHILI: OOBOAM JiTaKiB, aBTOMOOLTIB,
CyZeH TOLIO.

s miaTBepaKEeHHS JOCTOBIPHOCTI OMMCAHOTO METOAY BHBENEMO (OPMYJIM OTHHAIOYOL
KpHUBOiI Ha OCHOB1 KpuBHX be3be 2-ro 1 3-ro mopsaky.
Kpusa Be3be npyroro nopsaxy 3amaerses popmysioro [3]:

r=rl-t)°+2r(1-t)t+rt’ ©)
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Kpusa Be3be TpeTboro cremnens 3agaetbes Gpopmynoro [3]:

r=r(1-t)°+3r,1-t)’t+3r,1-t)t* + r.t> (10)
Poskpuemo nyxku B popmynax (9), (10).
Bynemo matu:
s xpuBoi besbe 2-ro cremnens:

r=r,+2(5 —r)t+(r, - 2r, +,)t? (12)
s xpuBoi besbe 3-ro crenens:
r=r,+3(r, —r)t+(6r, - )’ +(rr, +3-3n)t* (12)
noximHa Bix (11) Oyne:
r=2(r-r,) (13)
noximHa Bix (12) Oyne:
r=3(r, —1r,) +2(6r, — r, )t +3(r, — 1, +3r, —3r)t? (14)

TakuM YMHOM OrMHarO4a Ha OCHOBI KpuBUX be3be 2-ro i 3-ro CTENEHIB BU3HAYAKOTHCA
¢dbopmynamu:

b a
c—cE c-c—
X= b , y=a—a ) (15)
—— b—-b
Clb’ a

e:

s xpuBux besbe 2-ro crenenst Oyxe:

a=a,+2(a, —a,)t+(a, —2a +a,)t’

a =2(a1_a0)

b =h, +2(b, —b,)t + (b, — 2b, +b,)t?
b =2(b, —by)
C=C,+2(c, —Cy)t+(c, +2¢, +C,)t°
¢ =2(c, ).

s xpuBoi besbe 3-ro crenens Oyzae:

a=a,+3(a, —a,)t+(6a, —a,)t* +(a, —a, +3a, —3a,)t°
a =3(a, —a,)t+2(6a, —a,)t+3(a, —a, +3a, —3a,)t*
b=b, +3(b, - b, )t + (6b, — b, )t? + (b, +3b, —3b, )¢’
b =3(b, - b,) +2(6b, — b, )t +3(b, +3b, —3b,)t?
c=¢,+3(c, —c,)t+(6c, —c,)t* +(c, — ¢, +3c, -3¢, )t°
¢ =3(c, —¢,)t+2(6c, —c,)t +3(c, +3c, —3c, )t

B poboti po3pobieHo koM 10TepHY Iporpamy, podoTa SKoi mpencTasieHa Ha puc. 11 2.
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kpusi besbe 2-ro nopaary

OrmHamia

Puc. 1. Orunaroua Ha ocHoOBi 1BoX KpuBHX be3be 2-ro mopsaky

 —

/[ Orunamwua

Puc. 2. Orunaroua Ha ocHoOBi 1BoX KpuBHX be3be 3-ro mopsaky

BucnoBku. TakuM 4MHOM, B CTaTTi MPOMOHYETHCS HOBHH METOA MPOEKTYBAaHHS KPHUBOI, fKa €
OTHMHAIOUOI0 CiM’1 BiIpi3KiB mpsiMuX, Bu3HaueHuX Ha ocHoBi NURBS-TexHomorIii.

[opanemi mochimkeHHs mependavyaeTbCs MPOBOAWTH MIONO BHUSBJICHHS 0cOOIMBOCTEH
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1. Edwumos H.B. “Bsiciuas reomerpus” — M.: M3patenscrBo “Hayka” 1971-576¢.

2.  ®okc A. IIpart M. “BbruucnurenbHas reoMetpust. [[puMeHeHHe B IPOCKTUPOBAaHUH M Ha Ipon3BoacTBe”: TlepeBeneHo
¢ anrauiickoro — M.: M3patenscto “Mup”, 1982-304c.

3. TonoanoB H.M. “T'eomerpudeckoe moneiaupoBanue” — M.: M31aTenbCTBO GU3UKO — MAaTEMaT4ecKoil JIUTEPaTyphl;
2002 — 472c.

4. Taspunenko €..A.QopMyBaHHS MPOCTOPOBOI IHUCKPETHO-MIONAHOI KPMBOI Ha OCHOBI mpmsirarounx kin/ CydacHi
npobieMu MojieroBaHHs: 36. Hayk. npans/ MIITY im. B. XmenbaTibkoro, 2014-Bum. 3, ¢.39-43.

5. Casuenko O.0. ['eoMeTprtHe MOAETIOBaHHS MPOQITiB MOPCHKUX XBHJIb HA OCHOBI TpoxoimansHoi Momeni / CydacHi
npobiieMu MojieroBanHs: 360. Hayk. npaus/ MITY im. B. XwmenbHTibkoro, 2014-Bum. 3, ¢.78-87.

6. Ammpokcumarius meromom besbe http://graphics.cs.msu.ru/grafor/gr_help/chapter 5 8.htm

7. Teomerpudeckoe criaxupanue B-crutaitnamu http://www.codenet.ru/progr/alg/B-Splines/

© Bapaes 1O.1., 'annommua [.M.



110 Hayxosuii orcypran "Komir 10TepHO-1HTETpOBaHI TEXHOJIOT1I: OCBiTa, HAyKa, BUPOOHHUIITBO"
Jlyyek, 2015. Bunyck Ne 20

YK 515.2:536.3
Bakamosa B.M., Jlebenesa O.0., FOpuyk B.IL
Harmionansauii TexHiuHMA yHiBepcuTeT YKpaiHan «KniBCbKHUIA MOMITEXHIYHAH IHCTUTYT»

MNOBYJIOBA TPUBUMIPHOI MOJIEJII TA KOMIIOHOBKA KPECJIEHUKA TIJIA CKJIA/THOI
®OPMMU B CEPEJJOBUIII AUTOCAD 2015

Bakanosa B.M., JleGegesa O.0., IOpuyk B.II. ITo0ynoBa TpuBUMipHOI MojeJi Ta KOMIIOHOBKAa KpecJCHHMKa Tila
ckiaagnoi ¢opmu B cepemoBumi AutoCAD 2015. B craTTi po3mIsSHYTO OCHOBHI eTamy MoOYyNOBU TBEPIAOTLIBHHUX MOAENed Ta
KOMIIOHOBKa X kpecieHukiB y cucremi AutoCAD 2015.

KonrwouoBi ciioBa: TBepI0TiNIBHA MOJIEITb, 1HPOpPMAILiiiHI TexXHOMNOTIi, MozemoBanHsl, cepenouie AutoOCAD 2015.

Bakanosa B.M., Jledenesa O.0., IOpuyk B.IL. IlocTpoeHne TpexMepHOii MoJeJM H KOMIIOHOBKAa 4YepTexka Tesa
caoxHoii popmbl B cpere AUtoCAD 2015. B crathe paccCMOTPEHBI OCHOBHBIE ITallbl MOCTPOCHHUSI TBEPAOTEIBHUX MOACNCH 1
KOMITOHOBKa HX ueprexkeil B cucteme AutoCAD 2015.

KnrwoueBble c10Ba: TBepIOTENBHAS MOJICb, HHPOPMAIIOHHBIC TEXHOJIOTUH, MosienipoBanue, cpeaa AutoCAD 2015.

Bakalova V., Lebedeva O., Yurchuk V. Construction of a three-dimensional model and layout drawing body forms a
complex in medium AutoCAD 2015. This article describes the main stages of formation of solid models in AutoCAD 2015.
Keywords: solid model, information technology, modeling, medium AutoCAD 2015.

IToctanoBka mnpoGjemMu. Y CBIiTI Cy4JacHHX iH(OpPMALilfHUX TEXHONOTi, IO PO3BHBAIOTHCA
CTPIMKMMH TEMITaMH, BUCOKOT'O PiBHA PO3BHTKY IMPOTPAMHOTO 1 TEXHIYHOrO 3a0e3MeueHHs KOMII IOTepHOi
TEXHIKH HEOOXIJHO 3aCTOCOBYBATH HOBI BHCOKOITPOJYKTHBHI METOmH Ta 3acobu monemoBanus [1, 2]. Lle
BHMAarae IOIIYK HOBUX MiAXOMIB U MiABUINEHHS e(eKTHBHOCTI HaB4YaHHA. Tomy, ocoOnmBe 3HAYEHHST
HaOyBarOTh 3aX0J¥ BIPOBA/DKEHHSA HOBMX METOIB Y HAaBYAJIbHHUII ITPOIIEC.

AHani3 octaHHix gocaikeHb i myOaikaniii. CygacHi mporecu NMpoeKTyBaHHSA Ta KOHCTPYIOBaHHS
BAXKO YSBUTH 0€3 TPHBHMIPHOIO MOAENIOBaHHA 00’€kTiB. OTXe, TpPUBHMipHE MOIENIOBAHHS 00 €KTIB
IIMPOKO BUKOPHCTOBYETHCS y 0aratbox raimy3sx i IIMPOKO BUCBITIEHE B JIITEpaTypi.

HeBupimeni yactunu npodjemu. OqHAK B METOAMYHOMY IUIAHI MEAATOTiKM BUIIOT KO MA€ MiCI[e
BHKOPHCTaHHA CIIPOILIEHOr0 MaTepiay 3 OCHOB iH)XXEHEPHHWX AWCIHILTIH. A TOMY, HOTPiOHI HOBI MigXo.H,
3aco0u Juts pO3B’si3aHHs IH)KEHEepHUX 3a1a4 [3, 4].

MeTto10 1i€i poOOTH € BHUKOPHCTaHHSA KOMIT FOTEPHHX TEXHONOTIH M1t TOOYyMOBH TPHUBHMIPHHX
00’€KTiB Ta KOMIIOHOBKH iX KPECIEHHUKIB.

OcHOBHi pe3yJbTaTH AOCTIKeHHs. 3aCTOCYBaHHS Cy4acHHX IPOTrpaM HAJA€ IIMPOKi MOXIHUBOCTI
IUTSE TOOYZOBU TBEPAOTUTFHUX MOJEIEH, TOCTiKEHHS iX, BUKOHAHHS CKIAQAABbHUX 1 pOOOYNX KpPECICHUKIB,
ABTOMaTH3YBaTH MPOIIEC MAPAMETPHIHOTO MOICTIOBaHHS.

bararto pokiB omHHM 3 HaHOLTBII MOTYXHHX 1 IIMPOKO MOIIUPEHHUX IHCTPYMEHTIB IPOEKTYBAaHHS €
cucrema AUtOCAD. VY koxHi HOBill Bepcii MOXXJIMBOCTI HpOrpaMH CTalOTh BCE INHUPIIE, EIEMEHTH
YIPaBIiHHS MOAEPHI3YIOTECS, 3 SBIAIOTHCA HOBL. MonenmoBaHHS TPUBHUMIPHHX O0’€KTIB Mae€ TIEBHI
nepeBaru. [lo-mepmie, 3a 1OMOMOro0 HMPOTrPaMHOro, TEXHIYHOTO, METOAMYHOIO 3a0e3NedeHHs MPOBOAUTH
JocnimkenHs mozaeneit. Ilo-npyre, 3a TPUBUMIPHOIO MOJEIUTIO CTBOPIOBATH KPECJICHWKH, YHUKHYBIIH MpPH
[[bOMY IOMIJIOK. TBEpAOTUIBHI 00’€KTH MalOTh CKIagHy (opMy, a TOMy IOOymoBa iX IOYHMHAETHCS 3
(opMyBaHHS TBEPAOTUTPHUX TPHMITHBIB IUIIXOM 3aCTOCYBaHHS TEOPETHKO-MHOKHHHHMX  OIepamii
(00’enHauHs, BimHiMaHHs, neperuy Ta iH.) [1, 2, 5]. us uporo nmotpiOHi 3HaHHS B obnacti reomerpii,
cTepeoMeTpii, MaremaTuk, (i3ukd, po3yMiHHA 00’emy 1 QopmMH, a TakoX  BOJOAIHHSA OCHOBaMH
apxirextypu, gororpadii, nuzaiiay i iH.

Ilpn mozmemroBaHHI Bif 3aXyMy ifeani3oBaHOrO 00 €KTy A0 OTPUMAaHHS KIiHIIEBOTO IPOAYKTY OyIo
3aIpPOIIOHOBAHO AITOPUTM CTBOPIOBAHHS MOJENEd B Takii IOCTIAOBHOCTI Mil: HOCHIIKEHHS 00’ €KTIB,
noOyznoBa 00’€KTiB, BAKOPUCTAHHS MaTepiatiB, Bi3yari3amis, peAaryBaHHs, MATOTOBKA 10 JPYKY.

PosristHeMO CTBOpEHHS TPUBUMIPHOI MOJENI 1 KOMIUIEKCHOT'O PUCYHKY Ha MPHUKJIAMl, [0 HAaBEIESHUH
Ha puc. 1.

OcHoBHi eTtanu mo0yn0Bu 3D-Mozei Ta KOMITOHOBKH KpeCIeHUKA.

© baxkanosa B.M., Jlebenesa O.0., FOpuyk B.II.



Hayxosuii orcypran "Komir 1oTepHO-iHTErpoBaHi TEXHOJOTII: OCBiTa, HAyKa, BAPOOHUIITBO" 111
Jlyyek, 2015. Bunyck Ne 20

Ilepmmii eranm BHKOHAHHS IPOIIOHOBAHOI 3a7adi — aHaii3 (OPMHU TEOMETPHYHHUX EJIEMEHTIB, II0
YTBOPIOIOTH 30BHILTHIO 1 BHYTPIIIHIO IIOBEPXHI Tija.

30BHINIHA TOBEPXHS:

- cepa miamerpa 200 wmM, 3pi3aHa JBOMA TOPH3OHTAJBHMMHU IUIONIMHAMH, CHMETPHYIHO
PO3TaIOBaHUMH BiTHOCHO IUIOIIMHM eKBaTopa cepw i BimmaneHnMu Bix ekBaTtopa kokHa Ha 90 M.

BHyTpinHsa moBepxHS:

- IpaBWJIbHA MIECTUTPAHHA NTPHU3Ma 3 OCHOBOIO B TOPM3OHTAJIBHIN IUIOMMHI Mpoekmii i Bucororo 180
MM, [EHTpP OCHOBH NPU3MH CITIBIIAIA€ 3 IIEHTPOM HIDKHBOI OCHOBH 3pi3aHoi cdepH;

- IpsiMa I SITUTPaHHA TPU3Ma 3 OCHOBOIO Y TUIOIIHHI, MApaJIeNbHIM PPOHTANBHIN IUIOIIMHI MPOEKIIH i
TaKOI0 BUCOTOIO, IO MPH3Ma TOBHICTIO IIEPETHHAE 30BHIIIHIO ITOBEPXHIO ChepH.

Jpyruit eran po3B’s3aHHES 331a4i - T0Oy/10Ba TPUBUMIPHHAX MOJIENEH OKpeMHUX T€OMETPHUIHUX (OpM 3a
nonomoroto komaua AutoCAD.

Koxamii reoMeTpruaHIN eIEMEHT CTBOPIOETHCSI OKPEMO 3 ypaxyBaHHSAM PO3MipiB ()OPMH i ITOTOKEHHS.
Cnoco6iB mig otpumanHs Takux Mojeneit B AUOCAD ichye mexinpka. Hampuknan, 3pizany cdepy moxHa
mo0yyBaTH ABOMA CITIOCOOAMHU.

120

-l

130

Puc. 1. 3aBaanns reomeTpuaHOi MogeTi

I cmoci6 — moGymoBa moBHOI cdepru 3a momomororo komaumu Sphere (menro Solid migmento
Priminive)) 3 mactymauM 3pizanusM 1i mrommaamu koman oo Slice (mento Solid migmento Solid edition).

IT crroci6 — moGymoBa 3pizanoi chepu komaumoo obepranus Revolve (menro Solid mimmenro Solid)
3aMKHEHOTO KOHTYPY HaBKOJIO OCi.

TBepIOTIIEHY MOJIEITH TEOMETPUIHOTO EJIEMEHTY, 10 YTBOPIOE BHYTPIIIIHIO TOBEPXHIO BEPTHKAIBHOTO
OTBOPY — TIPABHMJIBHOI IIECTUTPAHHOI MPH3MH, MOKHA OTPUMATH 3a JOMOMOTOI0 KOMAH/H BHUIITOBXYBAaHHS
wiockoro koutypy Extrude (mento Solid mimmento Solid).
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Mopgenb TeoOMEeTpUYHOTO E€JIEMEHTY, IO YTBOPIOE BHYTPIIIHIO IMTOBEPXHIO IOMEPEYHOr0 OTBOPY —
I’ ITUTPaHHOl NMpU3MH OyIyeThCs aHAJOTIYHO, alleé 3 ypaXxyBaHHSAM TOTO, IO OCHOBA INPH3MH HAJICKHUTH
(pOHTANBHIH TLIOMIHHI.

HanpsiMoK BUIITOBXYBaHHS HEPICHANKYSIPHUN 10 IUIOMIMHE KOHTYPY BUIITOBXYBAHHS YU 33/Ia€ThCS
nurssxoM. OTke, OCHOBY NMPHU3MH HEOOXiAHO OyXyBaTH Hicist 00epTaHHS CHCTEMH KOOPJIMHAT HAaBKOJO oci X
un Yra 90° 3a gonomororo komanau UCS omuist X un Y BinnosigHo (aus. puc. 2).

o
P
-

Puc. 2. Cucrema KoopAMHAT Mic/1A 06epTaHHA HaBKoJI0 oci X

B pesynbrari momepenHix Miif OTpUMaHO MOJAETI TPHOX Till, MO 3aJaf0Th 30BHIIIHIO 1 BHYTPIIITHIO
noBepxHi Tina cknaaHoi popmu (muB. puc. 3).

Puc. 3. 3D-moaeti popMOYyTBOPIOIOUHX TeOMETPHUYHHUX €J1eMEHTIB

JUtst moCATHEHHS KIHIIEBOr'O PE3YNIbTaTy HeoOXiMHO BUKOHATH OIEPAIlifo BiTHIMAHHS Till, IO 33Jaf0Th
BHYTPIIIHIO OpMY, BiX Tina, mo 3a1ae 30BHIMHIO ¢popMy Moxeri. TobTo, mpusmu BimHsATH Bin chepu. st
piteHHs i€l 3ama4ui BUKOPHCTOBYeThess Komanaa Subtract (mento Solid minmento Boolean). Ha upomy
TPOCTOPOBE PO3B’sI3aHHs 3a/1a4i 3aBepiieHo (Puc. 4).

OcTaHHi eran po3B’A3aHHS ITOCTaBJIEHOI 33/1a4i - OTPHMaHHS KOMIIOHOBKH KPECIEeHHKa Tila CKIaHOT
(opMu 33 HASTBHOIO TPHUBUMIPHOIO MOIEILTIO. JIJs IIbOT0 BUKOPUCTOBYEThCS KoManaa Solview (mernto Home
migmento Modeling komarma Solid View) 3 momepenHiM CTBOPEHHSAM YHCTOrO HOBOTO apKyIiia i CHCTEMOIO
KOOpJMHAT KOPHUCTYBAya, 10 Bi/ITOBiIa€ TOJOBHOMY BHIy KPECJIECHHKA.
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Puc. 4. 3D-mMonens 3agaHoro Tina ckiaaaHoi popmu

it oTpuMaHHS TOJIOBHOTO BHAY 1 ITOYaTKy KOMIIOHYBAaHHS BHKOPHCTOBYETHCS OINIlisI KOMaHAN
Solview - Ucs (cuctema KOOpAMHAT KOPHCTyBad4a), I OTPUMAHHs IHIIMX MOTPIOHMX BHIIB Y
OPOEKIIIHOMY 3B 513Ky 3 TOJ0BHUM — omiris Ortho, aist oTpuMaHHsT KOPUCHUX po3pi3iB — ommis Section. B
pe3ysbTaTi MAEMO KOMIIOHOBKY IIECTH HE3AJICKHUX BUIOBHX CKPaHIB Ha apKymii (TpH €KpaHH — BHIH, TPU
ekpanu — pospizu). Ha HactymHoMmy Kpoii Tpeba BHUpPIBHATH 300pa)KCHHI B €KpaHax, B SKHX MiCTSATHCS
po3pi3u Tina 3 300paKCHHSIMH B €KpaHax 3 BiIMOBiMHUME BuIamu. [Jif IIbOro BUKOPHCTOBYETHCS KOMaH/IA
Mvsetup.

IlobymoBa mpoekmid BHAiB 1 pO3pi3iB 3 INTpHUXyBaHHAM (irypu TIepepidy y IUIOMIMHI apKymia
BUKOHY€EThCst Koman10f0 Soldraw (menro Home migmento Modeling xomamma Solid Draw). B pesynbraTi
OTPUMYEMO TUTOCKI 300pa’keHHS - BHJIM 1 PO3PI3N 3 IITPUXYBAHHSAM, IO 332 3aMOBYAHHSAM BUKOPHCTOBYETHCS
B AutoCAD.

HItpuxyBaHHs MOXKHa BifipenaryBatu B pexxumi Model 3a nomomoroto mianorosoro Bikaa Hatch Edit,
SIKe BUKJIMKAETHCS MOIBIHHUM KITAI[aHHSAM MUIIICIO HA IITPUXYBaHHI.

B pesysbrari i KOMaHI# OTPUMAHHS KOMITOHOBKH SOIViEW BHIuMI i HEBUIUMI JIiHIT U KOXKHOTO
eKpaHa PO3MOAUIAIOTECA 32 OKPEMHUMH aBTOMATHYHO CTBOPEHUMH IIapaMH, iMEHa SKHX MICTATh iH(pOpMaIlifo
npo TpW3HAdYeHHs 1 BuamMmicTs mapy (3 uwactmakoro VIS - sumumi, HID - weBummmi mimii, HAT -
wtpuxyBanus, DIM - po3mipu). ITicisi BUMKHEHHS IapiB 3 HEBHAMMHUMH Ha CKpaHaX JIHIAMU Ta IIapy 3
Mexxamu BuaoBux expaniB (VPORTS) Ha KOMITOHOBIN BHKPECITIOIOTHCS OCi CHMETPii Ta MPOCTABISIOTHCS
po3MipH, TO3HAYAIOTECS po3pi3u. Bona HabyBae BUTIISLA, 10 TOKAa3aHUI Ha pHC. 5.
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Puc. 5. KomnonoBka KpecjleHHKa Tijla cKaaaHol popmu

BucHoBkH. 3ampormoHOBaHO OCHOBHI eTamy MOOYAOBH TPUBUMIPHOI MOZENi Ta KOMITOHOBKH
KpecieHuKa Tina ckinagaoi popmu B cepemosumii AUtoCAD 2015.
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Baxanosa B.M., backosa I'.B., S16noncekuii I1.M.
Hanionansuuii TexHidHMiA yHIBepcUTeT Y KpaiHn«KUIBCHKHIA MOMITEXHIYHUN iHCTUTYT»

BUKOPUCTAHHS METO/1Y NEPIEHIUKYJISAPA JTONPSMOI ITPU PO3B'SI3AHHI
IH’KEHEPHUX 3AJAY

Bakaiaosa B.M., BackoBa I'.B., SIononchkuii I1.M. BukopucranHs MeToay NepneHAMKYJsipa 10 NpsAMoOi NMpH
Po3B'sI3aHHI iH3KeHepHUX 3a7a4.B cTaTTi po3rismaeTsest OpUriHaIBHUNA METOJ, BHKOPHCTAHHS HEPIEHAUKYIIApa O MPSIMOI IPH
PO3B’sI3aHHI IH)KeHEPHHX Ta CKIIAJHUX T€OMETPUIHHX 3a/1ad.

KniouoBi cioBa imkeHepHi 3a1a4i, aITOPUTM, MOACTIOBAHHS, O0UHCIICHHS, Tpad)O0aHANITHYHI CTIOCOOH.

Bakanosa B.H., Backosa I'.B., fI6aonckuii I1.H. Hcnosb3oBaHne MeToqa NMepHeHIUKYIApa K NPsAMoOii mpu
pellieHUH MHIKEHEePHBIX 3a/1a4.B cTrarbe pacCMOTpPEH OPUIMHAIBHBIM METOJ UCIONIb30BaHUS NMEPIECHIUKYIApA K IPAMON IpHU
pelICHUN UHXXCHEPHBIX U CI0KHBIX FEOMETPUYECKUX 3a1a4.

Ki1ioueBble ¢J10Ba: HHKCHEPHBIE 3aJa4H, AITOPUTM, MOJIEINPOBAHNE, BBIYUCICHIS, Ipa)OaHaATITHIECKUE CIIOCOOEI.

Bakalova V., Baskova G., Yablonskiy P. Some aspectsof graphanalytical method for solving engineeringproblems
by the methodofperpendicular to the line.The article describesan original methodof usingperpendicular to the linesin the
solutionof engineeringand complexgeometric problems.

Keywords: engineering problems, algorithm, simulation,calculation, graphic&analyticalmethods.

IMocTranoBka npodJemu./[nHaMika CydacHIX PUHKOBHX IPOIECIB BUCYBa€ HOBI BAMOTHU A0 SIKOCT1
npodeciiinoi miAroToBKK (haxiBLiB iHXEHEPHO-TEXHIUHOTO mpodinto. B ymoBax imrmiemenranii 3akoHy
Vxpainn «[Ipo BuIly OCBiTY» OCOONMBOro 3HadeHHS HaOyBarOTb HOBI (OpPMH 1 METOAM HABYAHHS
TEXHIYHUX JUCIUIUTIH, $Ki BHMAararTh CY4acHOrO0 IMJXOAY 1 BIAMOBIJHOIO METOJUYHOIO
3abe3neyeHHs [1, 4].

AHani3 ocTaHHIX JoCTHiKeHbi myOmaikamiid.fkicTh TEXHIYHOI OCBITHUCTYACHTIBI  iX
KOHKYPEHTOCIPOMOKHICTb, IK MaOyTHIX (axiBLiB-iH)KEHEPIB, CYTTEBO 3aJICKUTH BiJ PiBHS MiATOTOBKH
3a TakMMH 0a30BUMH AMCHUIUIIHAMU SK TEOMETpisl, CTEPEOMETpisl, HapUCHA TEOMETPisl, KpecIeHHS
tomo [2]. HaOyrTs 3HaHb Ta HABMYOK INpPH BHBYCHHI IMX IMCIMIUIIH €OCHOBOIONPH BHPIMICHHI
MPUKIaIHUX IH)KEHEPHUX 3a1ad.

Hepupimeni yactunn npodsemu.OTKe, po3B’sA3aHHS CTYACHTAMH 1HXEHEPHUX 337434 IPH
BHUBYEHHI Kypcy «HapucHa reomertpis Ta iHxkeHepHa rpadika» moBuHHE (HOpMYyBaTH BMIHHS HE JIUILE
3aCTOCOBYBATH KJIACHYHI METOJH PO3B’SI3KY, a CIIOHYKaTH A0 aHaji3y e()eKTUBHOCTI BUKOPHCTAHHS TOTO
YH 1HIIOTO METOLY ITPH BUPILIEHHI KOHKPETHOI ITOCTaBIIEHOI 3a1adi.

MeTo10 goCHiKEeHHSI €NiIBUIICHHS $KOCTI Ta e(EeKTHBHOCTI HABYAJBHOTO MPOLECY
cTyaeHTiB.PosrnsHeMoneski aciekTurpadoaHagiTHYHUX CIOCO0IB PO3B'sS3aHHA iHKEHEPHHX 3a1ad.

OcHoBHipe3yjabTatn Aociaimxenns.[IpocropoBe, JoriuHe Ta anropuTMiYHE MUCICHHS
CTYIICHTIB JOCSATAETHCS 3aBISKHA PO3B’SI3aHHIO METPUYHHX Ta MO3UIIMHUX 33724 3 HAPUCHOI reoMeTpii[2,
3]. PosrisiHeMo siekisibKa croco0iB OOy I0BU 300paKeHHs IEPIEeHIUKYISpa 10 IPSMOi.

VYcrepeoMerpii,Maroun  cmpaBy  3300paXCHHSAMHU]ITyp,aKTyalbHOIO €  3a7adarnoOynoBH
300paKEHHATICPTIICHAUKYIISIPAONYIIEHOTO 3TOYKMHANPSAMY, IO J03BOJSE BUPIIMTH LUTHHPSI 3aBOaHb.
Posrnsinemo po3B'a3aHHs 11i€l 3a1avi HA MpUKIadil, SKUi HaBeleHuid Ha puc.l.

Hape6piABky6a3ananaroukaP-cepenunanporopedpa. llo0ynyBatunpsimy, 10 NpOXOAUTHYEpE3
toukyPnepnennukynspronpsmiii B1D.

[TocraBneny 3amauy po3B’sHKEMO JEKiTbKOMa CIIOCOO0AMMU:

1. Tlepumii cocié — crocid BUHOCHUX KPECICHUKIB (IUB.pHC.2).

3'enqnaemo Touky P 3 Toukamu B;i D. [ToOynyemo TpukyTHUK noniOHuii opurinainy B,DP.

1.1. ®iryporo nonioHoi opurinany rpani ABCD € kBampar AgByCoDo. Binmpizok DoPy - oun i3
CTOpiH TpuKyTHUKa B,DP.

1.2. ®iryporo momiOHOT OpuTriHAYy TPUKYTHHKA - KBaapaT AA;B;B. Binpizok Po(B1)o - apyra
CTOpOHA TPUKYTHHUKA.

1.3. AnanoriuHo - Tpetsi cropona (Bi)oDo,

1.4.Y tpukyrauky Pi(B1)oDo  Oymyemo neprenaukyisip PoHod ( By) oDo.

1.5. 3a nonomorow npomens |, MpOBEICHOro 4epe3 TouKy B; Oymyemo Touky H Taky,
mo B.H: BlD:(Bl)oHo: (Bl)ODO .
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1.6. Byayemo npsimy PH.

X

1A
SIS

- D.
e

e

D

Puc.1.I'padiuna ymoBa 3aB1aHHs

2. [pyruii criocid — o0unciroBanbHUMA.
2.1. O6uncnmumo croponu TpukyTHuKa PB;D3a ymoBolo, mo ctopona kyba piBHa a.

avs
DP=\|IAD=+AP==T_ (1)

PB, =PD . (2)

B,D = |BB* + BD? = qv3
) ’ I+ av3 3)

2.2 PB{ -ByH* = PD* - DH? (4

5af . 5at 2
soo 3~ Buf —T—[aﬁ—BzH] .5
3a
B,H=—
Y aE, (6)

3
ByH:ByD = % :qy3 = 1:2
Toni: 243 (7)

2.3. 3a momoMororw JomoMikHOro npomens | 6yayemo va  croponi BiD touky H, Taky, 1o
B.H: BlD:].:Z
2.4. bynyemo npsimy PH.

3. Tperiii crioci0 — reoMeTpHUYHUIA.

SIxmo npsimokyTHi TpukyTHUKH ADP 1 BB;P piBHi (3a 1Boma kareramu), To DP=B;P. Ile o3nauae,
mo PH nporo TpukyTHHKA € 1 Horo BucoToro, To0To npsima PH € nrykanoro npsimoro.
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B)

170

4. Meron npSAMOKYTHOTO TPOEKIIIOBaHHS Ha

(muB. puc.3).

Anroputm:
1.5, D=5, uD

2PcEfnh)LB,D
3.3H=BDnk
4.PH=PuUH

(A),=(B),

Puc.2.Po3B'si3anns 3a1a4i cnoco60M BHHOCHMX KPeCJIeHHNKIB

BSaeMHOHepHCH,I[I/IKyJ'IHpHi IIJIOIIMHHA

AZ

(D),=(C)),
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Puc.3

[Ipu posrmsani 6inbi cknaaHuX Qiryp:mpu3M, mipaMiza Ta iHIIKX, Tepii TpU cnocoOH po3B'sA3aHHS
3a1a4d ycKinaaHIoThea. Haitbinpm edekTuBHUME € crocoOM HapUCHOI reoMeTpii, a mpu HEOoOXigHOCTI
MaTeMaTHYHOTI'O MOJENIIOBaHHS, BUKOPUCTAHHS PIBHSIHb aHATITUYHOI TeoMeTpii.

BucHoBku.3 METOIO PO3BHTKY HPOCTOPOBOI'O YSBICHHS CTYAEHTIB BHKOPUCTaHO OIHY 3
HANMOIMpPEHIIMX 3aa4 T€OMETPIi 1 3aCTOCOBaHO 0araToCTOPOHHIN MiAXiA npH ii BupimeHHi. OTpuMaHa
ofgHa 13 OaraThbox BiAMOBiAEH Ha 3amMTaHHS, AJS YOTO BUBYAIOTHCS KypCH HAapHCHOI Ta aHaJITHUYHOI
reoMeTpii B Mpoleci MAroTOBKH 1HXEHEPiB K TBOPUOI mpodecii.

1. Banin B.B. Inkenepna rpadika: [Tinpyunuk / B.B. Banin, B.B. IlepeBeptyn, T.M. Hagkepuuusa, I'.I'. Braciok. — K.: BHV,
2009.- 400c.

2. bakanosa B.M. OcoGmMBOCTI MOIENIOBaHHSI T€OMETPUYHUX OOpa3iB Ha MPHKIAN alrOpUTMIYHOTO PO3B'SI3aHHS 3amadq /
B.M. Baxamosa, I'.B. backoBa // Mixsimomunii HaykoBo-TexHiuHHN 30ipHHK «[IpHKIaZHA TEOMETpis Ta iHKCHEpHA
rpadika». Bun.88.- K.KHYBA, 2011p.- ¢.66-71.

3. bakamoBa B.M. Anroput™m po3B's3aHHS iHKEHepHHX 3aj1ad rpadidauM Ta aHamtHdauM crocodom / [.B. Backosa, JLI.
Oscienko // 36ipauk mpans XIV MiXHapomHOI HAYKOBO-IPaKTHYHOI KoH(peperii "Cy4acHi mpobiIeMH TeOMEeTPUIHOTO
MozmemoBanHs". —Memitonons: TIATY, 2012, ¢.3-10.

4. Muxaiinenko B.€. ImkenepHa ta komm torepHa rpadika: [Tlinpyanuk / B.B. Banin, C.M. Kosansos.- K.: Kapasena, 2004.-
344c.
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YK 515.2:514.18
Bepemara B.M. a.1.1., Kononamnpkuii €.B. k.1.H., [Tapnenko O.M. acniipanT
MeniTononbChKuil 1epKaBHUM TeJaroriyHuil yHiBepcuTer iMeHi boraana XMenbHUIIBKOTO

BU3HAYEHHS IO, OBMEXKXEHOI TOIIOI'PA®IYHOIO 3AMKHEHOIO
IJIOCKOIO KPUBOIO

Bepemara B.M., Konomaubkmii €.B., IlaBnenxko O.M. BusnavenHs mnJomi, o0Me:xeHOi TomorpagiuHoro
3aMKHEHOI0 IJIOCKOI0 KPHBOIO. 3alpoOIIOHOBAHO CIOCI0 BH3HAYEHHS IUIONI, OOMEXEHOI MOBITBHOIO TOHOrpadivHOo
3aMKHEHOI0 KPHBOIO, NIIIXOM ii MOMIIEHHS Ha OKpeMi cerMeHTH. [lomarounm OTpHMaHi CETMEHTH AYI'H y BUTTIAIl OKPEMHX
TOYKOBHX PIiBHAHB, OOUMCIIOIOTHCS IUIOII OOMekeHi IuMHu cermeHTamu. lllykana mioma 3HaXOOWTBhCS SIK CyMa IUIOMI Mif
CeTMEHTaMIL

Bepemara B.M., Kononaukuii E.B., [I1ap1enko A.M. OnpeaejieHne NJI0MAAH, OTPAHHYEHHONH Tonorpaduyeckoi
3aMKHYTOI IUT0cKO0i KpuBoi. [Ipemoken crmocod onpeaeneHus IDIOMAAH, OrPAHMYICHHON MPON3BOIBFHON TOMOrpaduIecKoit
3aMKHYTOH KpUBOH, IIyTeM €€ pa3liesIeHHs Ha OTAENbHbIC cerMeHThl. [lonaBast nmomy4eHHbIE CETMEHTHI AYTH B BUIE OTJCIBHBIX
TOUYCUHBIX YPABHCHUI, BBIUUCIAIOTCA ILUIOLMIAAM OrPaHUYEHHBIC STUMH cerMeHTamMu. Vckomas Iiomaab HaXOOUTCSA Kak CyMMa
IUIOIIA/IEH O] CErMEHTAMU.

Vereschaga V.M., Konopatskiy E.V., Pavlenko A.M. Determining the area, topographic limitations locked plane
curves. A method for determining the area bounded by topographic arbitrary closed curve by its division into separate segments.
By submitting obtained arc segments as individual point equations are calculated area limited by these segments. The required
area is the sum of the areas under segments.

KoniouoBi cioBa: 3aMKHEHA KpUBA, CETMEHTH KPUBOi, TOUKOBI PiBHSHHS, IUIOMIA.

[ocTanoBKka mpodJeMu. 3a1ayvi, y SKUX BUHUKAE HEOOXiTHICTh BU3HAYCHHS IO, OOMEXEHOI
JOYrol0 KpUBOi, BUHUKAIOTh JAOBOJI 4acTo. Y pasi, SKIIO KpHUBa 3aJaHa PIBHSHHSM, 3aCTOCOBYETHCS il
IHTErpyBaHHA. Y pasi, SKIIO BOHA JMCKPETHO MPEACTaBJICHA, 3aCTOCOBYETHCS AUCKPETHE IHTErpyBaHHS
[1]. ¥V pas3i, sixmio gyra KpuBOi IpeAcTaBlieHa TOYKOBUM PIBHAHHIM [2] — BUHHMKae mpoOiieMa, siKy Tpeda
YCYHYTH.

®opmyBaHHsI MeTH cTarTTi. Po3poOutn cmoci0 BH3HAYCHHS IUIONII CETMEHTa, OOMEXEHOro
JIYTOI0 KpPHBOi, IO 3a/1aHa TOYKOBUM PiBHSHHSIM.

OcHoBHa yacTuHa. CrIOYaTKy PO3TISTHEMO ILIOILY CErMEHTY 0OMEXEHOro Iyrolo Ii€l KpuBoi.

Hexaii y cummnekci CAB 3aiana TOYKOBHM PIBHSHHAM Jyra KpuBoi (puc. 1):

M=(4 - CO)p+(B - C)q+C, (1)
ne — p | g napamerpu y3ao0ex CA i CB, BIAMOBIZHO, SKi BU3HAYAIOTHCSA MPOCTUM BiHONICHHSIM
TPHOX TOUYOK.

Puc. 1. CxeMa 111 BU3HAYEHHS IO
Mizk Bigpiskom AB i nyroro AB kpuBoi M.
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O6upaemo 1Bi 10BiIbHI Toukun M ;i M Tpeba 3ayBakuTH, LI0 YAM MEHIIA BiACTaHb

i+l
MDK HHMH, TUM TOUHIIIe OyJe OOYHMCIIEHA NIyKaHa IUIOMA CETMEHTY. 3amuIieMO TOYKOB1
PIBHSIHHS ITUX TOYOK, 10 BU3HAYAIOTh 1X IMOJIOKEHHS Ha KpUBil M:

= (A-C) p;i+(B~-C)a; +C, e p; =p(t; ), g=a(t;); (2)
(A C)p|+1+(B C)qu +C, e p|+1 p|+1 (t|+1) q|+1 i+1 (t i+1)' (3)
I3 mpocroro BimHomeHHA Tpbox Touyok M;CR, Busnaummo R;: M;CR,= r;. fkmo npocre

BiJHOILICHHS MOJATH y TEOMETPUYHI (OpMi SIK BiTHOLIEHHS BiPi3KiB, TO OTPHMAEMO:

M;R;
r=—_—1
1 L
CR,
a MoTiM meperaeMo 10 TOYKOBOI (JOPMH MPOCTOTO BiJHOIIECHHS TPHOX TOYOK MPSIMOT, TOJI AiCTAHEMO:
M, -R,
—r 1=y
i
C-R,

SIKIo OTpUMaHe BiTHOLICHHS PO3B’A3aTH BiHOCHO R, TO

M, -R, =Cr,-Ri1;,

3B1ACH
Ri(l_ri): Mi _Ci1
BIITOBIIHO:
Rizu’ﬂerizl_pi_qi- 4)
1-r,

[TincraBasemo B (4) TOUKOBE piBHSAHHSA (2), OTpUMAEMO:

(A=C)p +(B-C)a; +CA-r) _(A-C)p +(B-C)q +CU-1+p; +q;)

R =
1-r 1-1+p; +q;
3BIJIKH Ma€EMO:
—u-0)— -0 _.c (5)
Pi +0; p + q.
Amnanoriuaum ynaoM, 1 npocroro Bigsomenns M;,,CR,,; Busnaunmo R,; M,,,CR,,; =1,,,

SKOMY BiIOBiZae TeoMeTpryuHa opma y BUIIIA] BiJHOIIEHHS BiIpi3KiB:

M il i Rl+l _

— sl
CI:\)iJrl
Bil[ Oboro Bi,Z[HOIHCHHFI MaEMO 3MOT'y Hepefm/l a0 TOYKOBOI (l)OpMI/I IIPpOCTOro Bi,Z[HOH_IeHHSI TPHOX

TOYOK:

CR,, — My =Ry =r,,.
C- Ri+l

Po3B’s5xeM0 OTpUMaHe BiTHOLIESHHS Y TOUKOBii dopMi BinHocHO R
i+l

M i+ Ri+1 = CI’i+1 -Riar (1 I’|+1) =M i+1 Cr,

i+l i+l |+1 i+1°

M

i+1

B pe3y/bTaTi JiCTAHEMO!

M., -Cr,
Ri+1 — i+l i+1 ’ (6)
1- lia
SIkmo y (6) mizcTaBUTH TOYKOBE PiBHSAHHSA (3) 1 BUKOHATH NIEPETBOPCHHS:

R (A0, +(B=C)ay, +CA-Fy) _ (A=C) Py +(B=C)iy +C Py +iy)
i+l - '
1-r, Pia + i

© Bepemara B.M., Kononanpkwuii €.B., TlaBnenko O.M.



Hayxosuii srcyprnan "KoMir roTepHo-iHTETpOBaHi TEXHOJIOTIi: OCBiTa, HayKa, BUpOOHHUTBO" 121
Jlyywvk, 2015. Bunyck Ne 20

TO y PE3yJIbTaTi OTPUMAEMO:

— pi+l qi+l
R,=(U-C)— — +(B-C)— L+,
N pi+l + qi+l pi+l + qi+l (7)

ITnoma mykanoro worupukytHuka S(M,R,R,;M;.,) (puc.l) nopiHioe cymi miom aBOX

i+1

TPUKYTHUKIB!
Siin(MiRR ;M) = S(M;RM;; )+S(M ., RiR;., ).

Ha ochnosi S-teopemu [2], mmoma S(M,R,M,,,) Busnauaetsest no6yrkom mioni AABC, mo
nopiBHIOE S 5 = abs_zln;/ , Ha BU3HAYHHUK, PSIIKH SKOTO € IapameTpamMu TO4KoBuX piBHsHE (2), (5), (3),
TOOTO:

P G 1

Pi 4 Pt

pi+1 qi+1 1
toxi wiomy AS(M;R,M,,;) =AS, MoxHa 3anmcaTit HaCTYITHUM YHHOM:
. 9 1

absin y
i= o | P 4 Pitq.
2(p; +a;)

pi+1 qi+1 1

AHaJorivHuM 4YMHOM cKiazaeTbess BusHaunuk s mwromi S(M,,R/R,,;), 3 Buxopucranusam

i+l
toukoBux piBasHb (3), (5), (7). Ha ocHosi Tiei x S-teopemu mmoma tpukytanka S(M.RM, ) =S,

6y;[e BU3HAYATHUCA HACTYITHUM YUHOM:

. P; of 1
_ absin y D p+q
2(p ) (Pt ) |
! ! pi+1 qi+1 1

Tyr B AS, 1a AS,,, Tpeba posymitu, 1o KyT ¥ - Le Kyt mnpu BepiuuHi cumiutekca C. Toxi

nnomy gorupukyrauka S(M RiR;,,) = S;;,; Moxkna n106yTH 3 BUpasy:

i+1

. pi qi l pi+1 qi+1 l
absiny 1
Si,i+1 = 2(p +q) P g; Pi +G; +W Pi g; Pi +G; (8)
I I pi+1 qi+1 1 s e pi+1 qi+1 pi+1 + qi+1

BpaxoByroun 3 (4), mo I; =1- p, —(, po3kpueMo BU3HAUHUKY 3 (8), B pe3yIbTaTi OTPHMAEMO:

P; g; 1 P; g; 1
Pi a; p; +0;/=| O 0 —-r|=-r(pPi%,—09P). 9)
pi+1 qi+1 1 pi+1 qi+1 l

VY upoMy nepeTBOpeHHI BU3HAYHHUKA Bifl HOTO APYTOro psiaka Oyno BigHSTO MEpLIMK Ta pe3yabTat
3aMMCcaHo J0 APYroro psika MepeTBOPEHOTO0 BU3HAUYHHUKA .

P 0 1
Pi—P 94— -—1+p+0q.
pi+1 qi+1 1
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Pia  Uin 1 Pi  Gina 1
Pi Qi P+ (5| Pi O P+ == (PO — Pali) (10)
Pia GQir Pia 0 | O 0 -ry

Skmo nna (8), (9) ta (10) BBectn mosnauenHs A;;,; = P;0;,; — Pi10;, TO Tomi oTpuMaeMo

M

dopmyny ms obumcnenns miomi yorupukytauka M;R;R cropona sikoro M. M, ., e myroto

i+1 i+1?

kpuBoi M (puc.2).

C

JAN
@5

Puc. 2. TeomeTpu4Ha cxema 151 3aMKHeHOI KpuBoi M

JUTs MigBUINEHHS TOYHOCTI PO3PaxyHKIB IUION[ HEOOXiMHO 3MEHIIUTH BiJICTAHb MK TOYKAMH
M, ta M, ,. Tenep Tpeba obumcautu miomy S, mo 3HaxomuThes Mk ayroro AB Ta Bimpizkom

npsmoi AB .V BimnosignocTi mo puc.1 BoHa Oyzie TOpiBHIOBATH CyMi:

_ absin Y fa— ri(pi+1 + qi+1) (1)
i+l 2 < (pI + qi)(pi+1 + qi+1) i+l
S¢ =S +S(ARM;) +S(M;R;,,B) (12)

Tpeba 3ayBakuTH, IO VIS 1HIIOT TEOMETPUYHOI cXeMH NpaBa yactuHa 3 (12) Oyxe matu iHOTY
KUIBKICTh Ta SKICTh TOJJAHKIB.

Jlotenep Oyino po3risiHYTO Bu3HaueHHs mwiomt mist ayru AB kpuBoi M, 3amaHoi TOYKOBUM
piBusiaasM (1) BimmoBinHO 10 puc.l st Bu3HaueHHs mwiommi S, , 0OMEKEHOI 3aMKHEHOIO KPUBOIO M, y
BIJIMOBITHOCTI 0 puUC.2, HEOOXiAHO po3risHyTH e nBa cumiuiekcn DBF ta EFA 1 moBroputu mns Hux
aIrOpUTM, aHaIoriaHuii anmroputmy cumiuiekca CAB. Toxi mioma S, Moxe OyTu obuncieHa:

Sy =S¢ +Sp +Sg +Sse (13)

Po3p’s3anHs mist iHmoT reoMerpuyHOi cxemu (13) Oyze MaT BiAmoBiJHUN BUTIISI.

BucHoBku. Po3B’s3aHHS 3a7adi BU3HAYEHHS ILIONI, OOMEXKEHOI TOmorpad)iqHoO 3aMKHEHOO

TUIOCKOIO KPUBOIO, LIO MPEICTaBIeHa y BUTIISNAL TOUKOBOT'O PiBHHSHS, J03BOIUTH OOUHMCIIOBATH 00 €MH
rop0iB Ta 3amajuH Ha penbedax 3eMeTbHUX TUISTHOK.
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YJIK 013.77:004.42; 37.013.03:004. 588(073)
Holovin M., Golovina N.
Eastern European National University of LesyaUkrainka, Lutsk,Ukraine

PROCESS OF PROGRAMMING STUDYING PROCESS IN THE CONTEXT OF LIMITED
ATTENTION FIELD

Holovin M., Golovina N. Process of programming studying process in the context of limited attention field. The
processes of programming studying in the context of peculiarities of thinking were researched. These peculiarities are
conditioned by the limitation of the attention field, and structure of studying material. Attention field and consciousness are
connected by the short — term memory. Three component memory model and conception about evaluation of memory field size,
through the magic number of Miller were used for explanation of studying processes. The explanation of three component
memory model through peculiarities of brain structure is presented. koporkowacHoi mam'sti. In particular cyclical stimulation of
limbic system was regarded as an embodiment of short - term memory. The localization of long-term memory traces and their
hierarchical organization are also researched. This approach gave the possibility to connect in one model peculiarities of brain
functioning, consciousness phenomenon, conceptions of education and emotional sphere of student. Original part of the research
is related to graphical formalization of cognitive hierarchical scheme of long — term memory. Evolution of formation of this
scheme is regarded in the article through the prism of educational strategies from general to concrete and from concrete to
general.

Keywords: methodology of informatics studying, Miller magic number, attention, three component memory model,
short-term memory, long-term memory, knowledge structure , studying of practical programming.

I'onosin ML.B., I'osoina H.M. Ilpounec HaBYaHHS NPOrPaMyBAHHIO B KOHTEKCTi O0MeKeHOro MOJsl yBar.
JlocmikyBanucs IpomecH HaBYaHHS IIPOTPaMyBaHHS B KOHTEKCTI OcoONMBOCTeH MucieHHs moxuHH. Ll ocobmmBocTi
00yMOBIICHI 0OMEKEHICTIO il IOJIS yBaru, a TaKOX CTPYKTYporo ii 3HaHb. [lone yBaru i cBioMicTh HOB'I3aHi 3 KOPOTKOYACHOIO
maM'sITTio. JIIsl MOSICHEHHS TIPOLeciB HaBYaHHS B POOOTI BUKOPHCTOBYIOTHCS TPHOXKOMITOHEHTHA MOJIETb MaM'ITi i KOHIIETIIIis
OLIHKH pO3Mipy KOpPOTKOYAacHOi mam'sTi, dYepe3 Mariune umcio Mimtepa. [lpencraBieHO TOSCHEHHS MeXaHI3MY
TPUKOMIIOHEHTHOI MOJENTi mam'siTi 4epe3 ocoOnmBOCTI OymoBH MO3Ky. 30KpeMa, IUKIiYHEe 30YyMKEHHS B JTIMOIYHOI cHcTeMu
MO3KY PpO3INILAANOCS, SIK BTUICHHS KOpOTKO4dacHOI mam'sti. Posrmsmamocs Takoxk iepapxiuna crmemudika oprasizamii
JIOBTOTPUBAJIOl JeKIapaTuBHOI mam'ati. Llelt miaxin maB MOIIMBICTH 3B'I3aTH B OXHIM MoZemi 0COONMBOCTI (hyHKIIOHYyBaHHS
MO3Ky, (PEHOMEH CBiIOMOCTI 1 MOJISI yBarW, KOHIIENNii HAaBYAHHS, CTPYKTYpY 3HaHb, eMomiiHy cdepy yums. OpwuriHambHa
JacTHHAa POOOTH CTOCYEThCS TpadiuHoi opMmaizamii KOTHITHBHOI i€papXidHOi CXEMHU B JOBIOCTPOKOBiH mam'ari. EBomroris
(hopMyBaHHS IIi€i CXEMH PO3TIIAAETECS B POOOTI depe3 MpHU3My CTpaTeriii HaBYAHHS BiJ 3aTajJbHOTO JI0 KOHKPETHOTO 1 Bif
KOHKPETHOT'O JI0 3arajIbHOTO.

KniouoBi cioBa: meromuka iHdopMaTuky, MaridHe ducio Mimiepa, yBara, TPhOXKOMIIOHEHTHA MOJENb IIaM'sTi,
KOPOTKOYaCHA ITaM'sITh, IOBTOTPHBAJIa [IAM'ATh, CTPYKTYpa 3HaHb, BUBUCHHS NIPAKTHIHOTO MPOrpaMyBaHHS.

I'onosun H.B., I'osnoBuna H.H. IIponecc o0yyeHusi MporpaMMHpPOBAHMI0O B KOHTEKCTe OIPAHMYEHHOro MOJIs
BHUMaHus VccnenoBanuce Mpomecchl 00ydeHus! IpOrpaMMHPOBAHUIO B KOHTEKCTE OCOOGHHOCTEH MBIIUICHUS YEJIOBEKa. JTH
0COOEHHOCTH O0YCIIOBIECHBI OTPAaHMYICHHOCTHIO €r0 IO BHUMAHHSA, a Taloke CTIPYKTYpod ero 3HaHud. Ilome BHMMaHUS n
CO3HAHHE CBS3aHBI C KPaTKOBPEMEHHOH mamsTeio. [l oOBsicHeHHMs mpomeccoB oOydeHHss B paboTe HCHONB3YIOTCS
TPEXKOMITOHEHTHASI MOJETh MaMSATH M KOHIENIHUS OIEHKHM pa3Mepa KPaTKOBPEMEHHOW INaMsTH, 4epe3 MarndecKoe HUHCIIO
Mmnepa. [IpencraBieno o0bsSCHEHHE MEXaHN3Ma TPEXKOMIIOHEHTHOH MOJEH MaMsITH 4epe3 0COOCHHOCTH CTpOeHus Mo3ra. B
YaCTHOCTH, IUKIMIECKOe BO3OYKIACHUS B IMMONIECKOM CHCTEME MO3Ta PacCMaTpHUBAJIOCh, KAK BOIUIOMICHIE KPAaTKOBPEMEHHOM
naMaTH. PaccMaTpuBanock Takxke Mepapxudeckas crienmu(¥Ka OpraHU3alMy JOITOBPEMEHHOHW NEKIApATHBHON MaMATH. JTOT
MOAXOJ Jal BO3MOXKHOCTB CBSI3aTh B OJHON MOJIETH OCOOCHHOCTH (DYHKIMOHHMPOBAHWS MO3ra, (DEHOMEH CO3HAHUS W OIS
BHIMAaHUS, KOHICTIINY 00y4eHHsI, CTPYKTYpPY 3HaHUI, SMOIHOHANBHYIO chepy yaeHuka. OpuruHaigbpHast 9acTh POOOTHI KacaeTcst
rpadudecKuil (hopManH3aiy KOTHUTHBHOM MEpapXUUecKOH CXeMBI B JOITOBPEMEHHOW MaMATH. OBOMIONWS (OPMHUPOBAHUS
9TOH CXEMBI PacCMaTPHUBACTCA B paboTe depes3 MpU3My CTpaTeruil o0ydeHus! oT oOmero K KOHKPETHOMY M OT KOHKPETHOrO K
obmeMmy.

KnioueBble cioBa: Meroquka MHGOPMATHKY, Marudeckoe 4uciio Muuiepa, BHIMaHUE, TPEXKOMIIOHEHTHAs MOENTb
[aMATH, KpPAaTKOBPEMEHHas IaMsiTh, JOITOBPEMEHHAs IIaMsiTh, CTPYKTypa 3HAHUM, W3y4eHHE IPAKTUYECKOrO
HpOrpaMMHUPOBAHUSL

Problem formulation
Attention field of a human has a limited amount of conceptual units, which he can simultaneously
manipulate. This limitation puts a mark on the whole process of his thinking. Studying, as a basic part of
intellectual activity process also has a specificity, which is connected with a limited field of attention.
Let’s examine the peculiarities of scientific activities in the context of these limitations.

The problem of developing new teaching methods and improving old is that pedagogy
and teaching methods, as a science, don’t study the human’s brain and the mechanisms of
cognitive processes. There is a problem of presenting the mechanism of attention switching, that
interacts in the educational process with knowledge structure. Also, it’s interesting to pay
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attention to the structure of knowledge in the process of its formation. These mechanisms,
presented in the generalized form, can give the basis for the improvement of methods of
traditional and automatised learning. Cognitive psychology formed conceptual vision of
cognitive processes, that can be succesfully used in various developments in pedagogy and
methodology of education.

Analysis of last researches and publications
In the famous work of Miller (1956) “Magic number seven, plus or minus two” was shown that the
amount of notions, which person can manipulate in the field of attention is 7+2 [1]. Process of
remembering is conceptually well described by the three-component memory model [2]. In the cognitive
psychology it’s assumed that educational actions gradually form the reflection of educational object — its
cognitive scheme, in the long - term declarative memory. This scheme is perceived only in parts. It’s
formed in the process of repeated multiple times attention switch. Each cognitive structure is a
modification of the previous one [3, 4]. The cognitive structures evolutionize in the process of their
differentiation [5], and as a result they are often forming hierarchicl structures.

The construction of teaching methods, which are based on mechanisms of cognitive psychology is
actual, but unresolved problem. Cognitive psychology does not give direct recommendations
concerning the learning process. There is a necessity to adopt the doctrines of psychology to the teaching
methods. Programming is an especially convenient area of research in the context of the studying process.
Here, the study material is strictly formalized, interconnected and structured. The structure of the material
has the refined hierarchical type. The dynamics of the educational process can be represented as detailed
of known information.

The aim of this work is to examine education through the prism of three-component learning
memory model. On this basis the following binding must be realized: the functioning of the brain, the
phenomenon of consciousness and fields of attention, learning concepts, knowledge structure, emotional
sphere of the student. The objective of this work is also to formalize mental representations of the person,
in the process of programming, in the form of graphic charts and analysis of the evolution of the
formation of these cognitive circuits.

The main research

Three component memory model includes sensory, short-term and long term memory (Fig.1.).
Short-term memory in this model is associated with the field of memory. Reasoning of studying processes
is made, based on this model.

Long-term

Sensory L‘Short—term > FERIGE

—
memory memory

¥

Forgetting

v
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Fig.1 Three-component memory model

Process of remembering of information (studying) in the 3 component memory model is made in
the following way. Information from the external environment gets firstly to the specific modal sensory
registers of iconic (vision) and echoic memory (hearing), where it is stored for nearly a second in the form
of physical stimulation trace. We will ignore the perception through the sensors like touch, smell and taste
in the context of informatics. After going through sensory memory information is transferred to short-
term storage place, with transcoding into verbally-acoustic form. If the information is not transcoded,
because the person doesn’t have relevant template for its classification and comparison with relevant
words, than in several seconds the information is lost. For example student does not see in the text the
program cycle, because he doesn’t know how relevant operator looks like, and how the operator is
structurally designed: does not know where starts and finishes its operation, doesn’t imagine structural
block-diagram of its functioning.

Remembering in the long-term memory on Fig 1. is represented by an arrow, which links short-
term and long-term memory. Portion of new information easily goes through short-term memory and is
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accumulated in the long term memory, if this portion of information fits into short-term memory and
complements the structure of knowledge, which was created at the moment of recognition. For example
the algorithm “sorting by searching for maximum? is easily understood, if before algorithm “searching for
maximum” was assimilated. If conformity between new portion and already existing structure of
knowledge is not reached, then new information can temporary stay in the short-term memory, by using
verbal loop — cyclic spellings of the words (notions). Than the search of conformity between information
in short-term and long term memory is made. If the conformity is reached than the portion of information
is included into long-term memory.

In the short-term memory the attention and consciousness are incarnated. The material, which
person recognizes, during the period of studying is always limited by the field of studies. Probably
because of this in the language there are words of different stage of generalization and the possibility of
scaling of notions in the process of studying abstract-logical intellectual actions. In this way the words
“search for maximum” unfold during its program realization as a program fragment, that includes cycle,
branching and checking of condition and two conferments. Even bigger block is associated with the word
“sorting”, because the first algorithm is a part of second.

Long-term memory accumulates information for an uncertain tim. Every portion of new material,
that comes to long-term memory is transformed depending on the existing knowledge. Some part of
information can quite precisely be saved during dozens of years, for example definitions, theorems,
poems, etc. Part of information, which is used rarely “dissapeares” (goes to the subconsciousness). Long-
term memory of a student is usually partly structured (organized) in some knowledge, and part of it
represents fragments, which are different and not connected to each other. Those fragments can be
accessible, but they are not making the whole picture. The process of studying is a process if
differentiation of existing knowledge [5].

Problem definition

The narrowness of attention field puts a trace on the order of all studying processes. Development
of programming techniques is straightly connected with specificity of abstract-logical thinking.
Programming technologists empirically found method of downward step by step specification and module
programming [6, 7] in which in refined shape the abstract-logical thinking is reflected and programming
intellectual actions in the context of limited field of attention are optimized.

Three component memory model allows: to understand some important mechanisms for
methodology of teaching, and basing on it to monitor field of attention and to support the process of
solving of algorithmic tasks in context of the nearest perspective: one inductive step (generalizing) and
one deductive step (specification). In the case of inductive action this activity should finish by editing of
current program fragment and its checking. The amount of conceptual units, which students manipulate,
doesn’t have to overstate magic Miller number - 7. Complex of conceptual units should make logically
finished construction.

In the context of studying practical programming the moment of excretion and recognition in the
program body of program fragment, in which some logically finished amount of words is excreted and
compared with single conceptual unit, which generalizes the activity of program fragment, that is
considered.

In the context of studying programming the most actual are hierarchies and sequences. Sequences
are reflected in the following: the program is a text, written sequentially from left to right and from top to
bottom. From the other side this text has a logical connections, which are recognized as hierarchical
construction. The process of practical-studying programming illustrates well the forming of hierarchical
and sequential structure. It’s understandable that all hierarchical construction of program (in all details),
that is formed in declarative long-term memory and cannot be perceived at once: during the one session
of memory concentration. Studying programs from 10 to more operators are meant. During several
sessions of memory concentration , which are connected with each other it is possible to cover study
program of several dozens of operators. The amount of professional programs is much bigger and can be
comprehended only by transferring attention many times.

The original approach to understanding of programming learning

For example, on Fig. 2 very simple study program on Pascal language is shown. The program
includes 16 operators in which sorting of letters in the line is made. Every operator is responsible for
separate standard action in the program. Operators in the program are connected between each other by
hierarchical superstructure, which is situated in the big triangle, which is marked by dotted line.
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The circles, connected to each other mark conceptual constructions. In the toned triangles are
shown the logically completed constructions, each of which can be covered during the one session of
concentration of the field of attention. These triangles are named the constructs. It is seen that the creation
of this program needs the solution of many intermediary tasks: the search of bigger between 2(if),
exchange of indicators between two elements of the line (ob), single search of the maximum in the line
(mx), sorting in the line (sr). The goal of the program is to realize text sorting in the file. To realize that it
iS necessary to solve extra tasks: downloading (zv) and saving of the file (zb).

Information, that is situated in the long term memory can be recognized only in small portions, the
size of which is correlated with the size of short-term memory. The concentration of memory on one or
other aspects of activity raises the attention in the short-term memory. This process can be named
remembering.
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Fig.2 Simple study program and its cognitive
structure

In relation to the presented above while studying task of programming it’s possible to say the
following. Integral mental reflection of the program, which covers all conceptual construction (the
triangle is marked by dotted line) is formed in the long-term memory and is never realized fully in all
details in the same time. Forming and awareness of the work mechanism is made in portions. Each
portion can be covered by the field of attention. These portions are thought over in the short-term
memory. It is understandable that thinking in the limits of construct mt is the thinking about the whole
program in the most general treats and thinking in the limits of construct if or ob is maximally
concretized.

Evolution of formation in the long-term declarative memory of the cognitive structure of the typical
educational programming object, taking into account the attention are presented in the research [8].

On Fig.1 long term remembering is marked by the arrow from long term to long term memory.
Memory is associated, because visual image can cause remembering of some word and vice versa.

Methodological aspect of teaching informatics in the context of views about short-term memory,
needs the support of students during the process of solving of some additional tasks, which correspond to
some constructs. Aspect of teaching is connected to long-term memory and needs methodological and
diagnostic development, that support the creation in the declarative long term memory holistic
hierarchical structures, which are the reflection of connections between separate constructions and
connections between them. Moving between the constructs from up to down and from down to up are
realized via refined abstract-logical thinking, that includes deductive and inductive activities, analysis,
synthesis, abstraction, concretization and generalization. Effective forming of skills, abstract-logical,
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causal intellectual activities in the process of learning informatics is very important and has big impact on
general education and professional preparation. The hierarchy of cognitive structure of educational object
is also mentioned in the research [9]. The last is important for the development of methodical approaches
in education. The knowledge of structural organization of scientific material helps to optimize the process
of education through the methodological means.

According to author views, represented model allows to explain uniformly — to homogenize big
amount of memory phenomena, attention, appreciation and also pedagogical and methodological aspects
of learning. Methodological consequences of work analyze of 3 component memory model in the sphere
of informatics learning are especially interesting, because the represented model explains strict
casualness of practical studying programming and abstract logical character of cognitive actions, and also
this model gives the possibility to form conceptual methodological approaches to studying processes.

Neuro-cognitive proof to the study approach

Considering all spectrums of attractive moments there is one question, that is necessary to solve,
before building methodological basement. This is a question about effectiveness of this model, how it
responds neuro-cognitive peculiarities of brain structure. The reply to this question can be found in the
works of Ivanitskij [10].

Fig.3 The consolidation of new information into long-term
memory - associative cortex.

1.Projective visual cortex; 2.Associative temporal lobe; 3.
Hippocamp; 4. Thalamus; 5 Frontal lobe

Short term memory in the mentioned works is regarded as circular motion excitation by system
limbic system of brain, which includes projection and associative neocortex rind and some parts of
middle brain . Short-term memory is not for long-term information saving. Loss of information from
short-term memory is caused by fading excitation or displacement of one excitation by the other one,
which is responsible for other field of attention.

Long-term declarative memory is connected with associated rind of medial sectors of temporal area
of the cerebral hemispheres. Remembering in the long-term memory is realized via creation of neural
connections in the associative brain rind. For realization of these connections there is a necessity of the
long term excitation of one modality, which goes through appropriate temporal cortex area. The last is
provided via many times repeating of information. Repeating of information several times renew neural
connections and makes better the process of remembering.

Modally specific hearing and visual images are situated in associated secondary zones. In the
tertiary zones the connection between modally specific images of different modality is realized. For
example between a word and visual image.

For teaching it is very important to know that the components of the limbic system are responsible
not only for short-term memory, attention and consciousness, but also for emotional state of person. It
puts some limitations on teaching. Let’s regard in more detail, in this context the processes of cyclic
excitation, which is responsible for short-term memory.

Signals from sensation organs come to projection rind , then rind comes to associative rind —
inferior temporal for visual stimuli (17,18 zones, hereinafter author mean Brodmann zones). There the
information is compared to the standard and is recognized. Also the transcoding of information into
verbal acoustic form 37.

Then excitation goes to entorial rind, which is situated on the internal part of the surface of the
cortex temporal lobe (28). This rind plays the role of connector during the exchange of information
between associated areas of neocortex and hippocampus.
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Then impulses get to hippocampus. After that excitations move to motivation centers of
diencephalon — thalamus and hypothalamus. Here emotional attitude to perceived information is formed.
It’s in hypothalamus the importance of signal for the needs of the organism is determined.

From there the excitations come back by the system of diffuse projections to the brain rind,
including the zones of primary projections. The last instance is the same as primary. Excitation signal
gets in these conditions the closed and cycled character. Thanks to return excited nerve impulses, that
come from motivational centers of brain overlap in the projection rind on the traces of sensory excitation.
This cycle, the duration of which is nearly 150 ms got the name “circle of feelings”. In 100 ms after
starting of the process of cycle excitation appear also the connections between projection and frontal
cortex. Frontal cortex provides the control of activities and their planning [8].

Let’s regard in more details the influence on emotional states of different parts of midbrain, in the
context of studying processes (Fig.3).

Thalamus is responsible for the primary processing, transition and redistribution of information on
the way from the sensors to the rind of cerebrum (smell is an exception). In thalamus there are 4 main
cores, which are responsible for visual, auditory and tactile information and the feeling of harmony and
balance. Thalamus plays also an important role in remembering. Also damaging of thalamus leads
antiretrograd amnesia — moving of information from short-term to long-term memory.

Hypothalamus is situated under thalamus and defines the significance of signal for different needs
of organism. Hypothalamus creates together with hypophysis a single functional complex, in which first
one plays regulatory role and the other one effectory role. Hypothalamus supports organism in the limits
of adaptive and homeostatic parameters, necessary for life support. It is responsible for thermoregulation,
regulation of breathing, regulation of sleeping cycle, quenching of hunger, thirstiness and sexual
attraction. Unbalance of these parameters is the strongest motivational and behavioral factor.
Hypothalamus is also called “stress center”. Its unbalance can destroy any studying process.

Amygdala is connected by nerve connections to hypothalamus and is responsible for the decision to
attack or to run away, swallow or not and many other. Amygdala gives fast precognitive, affective
evaluation of situation from the safety of life point of view. Amygdala takes part in forming negative
(fear) and positive emotions (pleasure). That is why excitation, which are caused by aggression or fear
influence studies a lot.

Hippocampus, “sea horse” is made up of 2 long structures, which are connected inside temporal
lobes of the brain. Hippocampus allocates and keeps in the flow of external stimulus the important
information, making a function of short-term memory manager. It takes part in coding the environment
around us (spatial memory). In this way hippocampus transfer information to long-term memory. If it is
damaged the syndrome of Korsakov appears, when a sick person loses short-term memory and keeps only
long term memory.

Analysis of the model gives the following conceptual conclusions concerning the lessons.

Conclusion

1. Scalability concepts are the specific response on limitation of attention field during the thinking
process. Abstract-logical thinking, as a phenomenon, is realized by various concepts with different ranges
of generality. It is reflected on computer science seminars and lectures.

2. During the process of solving programming educational tasks, problem must be divided into
logical subtasks, first, each of them are solved separately and, then the solutions are combined. Similarly,
educational material on the lecture is divided into logical small parts. The size of new material in every
part is not bigger than 7+2 (Miller’s number). Overloading of short term memory leads to the loss of
certain elements from new material. Every part has intermediate conclusion. These conclusion
combinations generate conclusions at the end of lecture.

3. Conceptual structure of the programming task solution, or the one, that is relevant to new lecture
material should be hierarchically structured. Hierarchical structure means connected parts of solution or
lecture. Moving in such hierarchical structure, during the lecture or during the process of solving problem
is available in two ways: in strategy from general to concrete or from concrete to general.

4. The strategy of program creation from general to concrete requires step by step downward
detailed algorithm. On every stage the size of part is not bigger than Miller’s number. In strategy from
general to concrete, each new material part starts from conceptual position which is explained in mode of
specification and application. At the end of the lecture or seminar information is finished by conclusions
again.
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5. Strategy from concrete to general on educational programming practice is embodied in the
methodology of modular programming. This strategy from general to concrete creates general conclusion
at the end of logical development and this conclusions can be logical ending of the lecture or seminar.

6. The formalization of the knowledge structure in a hierarchical structure opens the way to
modeling representation of processes of thinking and learning. Mainly it concerns: software objects,
classification of software and hardware computer technologies, databases, network Internet structures,
schematic realization of the hardware equipment, software objects menu, etc.

7. In the process of teaching it is necessary to repeat several times new materials, which is good
connected with previous material. For the creation of new neural connections the time is needed . In
addition formation of new connections should be based on already formed neural structures. Any
information can be completely new, each part is a modification of what we already have in our memory.

8. Hippocampus, amygdale, thalamus and hypothalamus are parts of limbic system and midbrain.
They are responsible for the consolidation of new material into long-term memory, through short-term
memory and for sensitive sphere. So information in short-term memory can be lost when you change your
mood on the lecture. Attention focusing on abstract informatics themes cannot be achieved in case of:
thirst, hunger, cold, fear, self-aggression, sexual arousal. However, low emotional background on the
lecture creates a weak motivation to study new material and does not allow creating long circle
excitations determination of modality to learn information in long-term memory.
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MATEMATHUYHUI AHAJII3 BIIJIUBY PAJITIOAKTUBHOI'O OTPOMIHIOBAHHS HA
AYTOCOMHUMHU I'EHOM: MIZKIUCIHUIIJITHAPHI 3B°SA3KHN

I'yoans I''M. MartemaTuyHuii aHadi3 BIVIMBY Pali0AKTHBHOIO ONPOMIiHIOBAHHSI HA AYTOCOMHMIl TIeHOM:
MiKAMCUUIIIHAPHI 3B’A3KU. Y cTarTi 3po0JeHO MAaTeMaTHYHWI aHali3 Ta BUBEACHO PIBHAHHS BIUIMBY DPaliOaKTHBHOTO
OIIPOMIHIOBAHHS HAa AyTOCOMHUH T'€HOM 3 BUKOPHUCTaHHIM MIKIUCIUILTIHAPHHX 3B’ A3KIB.

KuniouoBi ciioBa: paxiamisi, MyTamis, ayTOCOMHHI I'€HOM, 9acTOTa, PI3HALIEBE PiBHIHHS.

I'yoans I'.H. MaTemaTuuyeckuii aHAIN3 BJUAHHUS PATHOAKTHBHOIO OOJY4eHHs] HA AayYTOCOMHBIH TIeHOM:
MEKIUCHUIIMHAPHBIE CBA3H. B crarbe BBINONHEHO MATEMATUYECKUMM aHAIU3 M BbIBEJCHO YPABHCHUC BIIUSHUSA
PaIfoaKTUBHOTO OOJIydeHHs Ha ayTOCOMHBIM T€HOM C UCHOIB30BAaHHEM MEXIHCIUIUINHAPHBIX CBI3EH.

KitioueBble cji0Ba: paguamnys, MyTanusi, ayTOCOMHBIH T'€HOM, 9aCTOTa, PAa3HOCTHOE ypaBHEHHE.

Hubal H.M. Mathematical analysis of the influence of radiation exposure on autosomal genome: interdisciplinary
connections. The paper presents mathematical analysis and derives the equation of the influence of radiation exposure on the
autosomal genome using interdisciplinary connections.

Keywords: radiation, mutation, autosomal genome, frequency, difference equation.

Beryn. MikaucumrutiHapHi 3B’SI3KM HEOOXiTHI Ky HAayKOBUX MOCHIPKEHHSX, TaK 1 B
VHIBEPCUTETCHKOMY HaBUYaHHI MaWOyTHIX cHemiamicTiB. MDKIUCUMIUTIHAPDHI 3B SI3KM  HAHOLIBII
e eKTHBHI, KOJIM MaTeMaTUKX PO3yMilOTh HAYKH, 3HAHHS SIKMX HEOOXiAHI I pO3B’A3aHHS IMOCTABICHOT
3anmayi, a (axisili 3 HAMPsAMY MiATOTOBKH, JI0 SKOTO BiJTHOCHTHCS 3ajaHa 3a/ia4ya, BMilOTh 3aCTOCOBYBaTH
HaOyTi 3HAHHS 3 BUIIIOI MAaTEMAaTHKH Ta IHIIMX HEOOX1THUX JUTsl pO3B’SI3aHHS IMOCTABJICHOI 3a]1a49i HayK.

Y HaBeneHOMY HH)KUE HAYKOBOMY JIOCHI/DKEHHI KpiM 3HAaHb 3 BUINOI MaTEeMaTWKH HEOOXiaHi
3HAHHSA 3 €KOJIOTii, Oiomorii, pi3uku.

OcHoBHa yacTuHa. 3po0MMO MaTeMaTHYHHUH aHalli3 Ta BUBENEMO PIBHSIHHS BIUIMBY pafialii Ha
ayTOCOMHHI T€HOM y TIOMyJISIii.

[aTeHCHBHUN BHAOOYTOK, OJEpKaHHSA 1 BHKOPHUCTaHHS PaJiOaKTHBHUX EJIEMEHTIB, HEZOCTATHS
cHCTeMa 3aXHUCTy, a TAKOXK aBapiifHi cUTyawii i siiepHi BUTPOOOBYBaHHS — BCE L€ MPU3BOIUTH J0 TOTO,
110 MiABUILECHUHA PaliOaKTUBHUM (POH SBISETHCS HKEPEIOM MYyTalii, o 3ayinae TeHo()OH N MOy,
y ToMy 4ncni moacekoi momyssinii. Lle, y cBoro uepry, 3arpoxye He3BOPOTHUMH HACHIAKAMU HE TUIBKH
JUTSI TETIEPINTHIX JIFONICH, alte i uisi MalOyTHIX TTOKOJIHB.

ToMmy po3risiHeMO iCHyBaHHA 1 PO3BUTOK MOMyJslii B yMoBax Aii Ha Hel MyTareHHOrO
PafioaKTUBHOT'O BUIIPOMiHIOBaHHSI.

Anrniiicekuii Matematuk I'. Xapai i HiMenwskuii Jgikap H. BaitHOepr He3ane:kHO OWH Bif OJHOTO
BCTQHOBWJIM 3aKOH IPO YAaCTOTHI CIIBBiHOIICHHS T'€HOTUMIB y TOMyJsIii. BusBuiock, mo yacToTHi
CHIBBiAHOILICHHS NapH aJlelIbHUX I'eHIB y MOMYJIsLii BiAMOBiAA0TE GopMyITi

(p+9)*=p°+2pg+q°.

TakuMm 4YWHOM, MPHU CXpEILyBaHHI Pi3HOCTATEBHX OCOOWH, 3a OAHE MOKOIIHHS, ISl ayTOCOMHOTO
TeHOMY BCTaHOBJIIOETHCS piBHOBara Xapai—BaiinOepra. 3rimHo 3 muM 3akoHOM reHotunu AA, Aa, aa
Mar0Th HACTYITHI YaCTOTHI CITiBBIIHOIICHHS:

(AA)p®: (Aa)2pq: (aa)q?, 1)

Jie P — 4acToTa IOMIHAHTHOT'O aJIeNbHOro reHa (anens) A,
J — 4acToTa PEeLECHBHOIO AJIEIBLHOro reHa (anes) a.
3 3axony Xapai—BaitnOepra BUXoauTh, 1Io:

- 4HCITI0 TOMO3HTOTHHX JOMIHAHTHHX OCOOHH y Tomysitii gopisuioe p°N ;
- 4HCITI0 TOMO3HTOTHHX PELECHBHUX OCOOUH y MOmyIamii gopiBaioe G°N ;
- YUCIIO TETEPO3UTOTHUX O0COOMH y momyisuii gopiBHioe 2PpgN , e N — 3aranbHe 4yuciio OCOOUH y

OIS
Otxe,
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N = p2N +0°N +2pgN = N(p? +9° +2pq),
3BIIKA
p>+q®+2pg=1 aGo (p+0q)®=1.

TakuMm YHHOM, PO3MONIN TEHOTUIIB y MOMyJALil 3alJeKUTh BiJl 4acTOTH JOMIHAaHTHOTO P i
PELeCUBHOTO ( alleIbHUX T'eHIB.

3a 3akoHoM Xapai-BaiinOepra, y mnomynsmii OCOOMH, IO BUNBHO CXPEIIYIOTHCS, BHXIiJHE
CITIBBIZIHOIICHHS B TIOTOMCTBI TOMO3UTOT (ZOMIiHAHTHHX 1 PEIIECHBHUX) i TETEPO3UIOT 3aJIHMIIAETHCS
nocriiHuM. Hanpuknaz, y momyssiiii, B SKiii po3MoaUIsSE€ThCs OHA Tapa ajJelbHUX TeHiB A 1 @, 0COOMHU
OyIyTh MaTH OJIUH i3 HACTYIMHUX TPHOX TeHoTUIIB: AA, Aa a0o aa. [H nmoeJHaHHS HEMOXKIIUBI.

Omxe, Oyab-sKa MOMYJISIIisS, Y SKid PO3MOALUT aJIeIbHUX TEHIB A 1 @ BiJIIOBiIa€ CITIBBIIHOIICHHEO
(1), 3HaXOQMTHCA B CTaHI TEHETHYHOT PIBHOBATrH.

OCKibKH KOJKEH TeH OfHi€el anenbHol mapu Moxke Oyt A abo &, To ixHi yactotn p+(0=1. Orxe,

3HAIOYM YacTOTY OJHOTO IeHa, MOXKHA JIETKO BH3HAYUTH YacCTOTY iHIIOr0, TOOTO SIKIIO YacToTa reHa A
JIOpiBHIOE P, TO YacToTa reHa a Oyzae aopiBHIOBaTH =1-p.
BuBenemo 3aJeXHICTh YaCTOTH T'€TEPO3UTOTHOIO T'€HOTHITY BiJl YACTOTH PELECUBHOIO AJEIbHOTO

rena. [l nporo 3amummemo 2pq sk yHkiiio Bin q: y=2pg= f(q), 3Bigku p = ZL
q

Ockimekn p+q=1, 10 (p+q)? =1, T06T0 P*+2pq+q° =1, 3Bimku 2pq=1—(p®+q?). Toxi,

MiACTaBUBILU P = Zl, OJIEPKUMO:
q

2
yﬂ—(ﬁﬂlz} y* +49%y +4q° =49’
q

abo

(y+29%)° = (20)",
3BifIkd, BpaxoBytouH, mo >0,y >0 (ockineku p > 0), omepkumo:
y+29°=2q
abo
y=-29°+2q.

I'padixom onepkanoi kBagpaTHOi ¢yHKLII € mapabona 3 BEpTHKAIBHOIO BICCIO CHMETPIii.
3aranbHUI BUITIS KBaAPATHO! (yHKII (KBagpaTHOro TpudwieHa): y =ax> +bx+c. ITobyayemo rpadix
ofep>kaHoi KBaapaTHOI (PyHKI].

[Mepma moximna Y'=-4Q+2. BusHauumo BepumHy napabonu: po3B’sizyemo piBHsHHS Y =0,
10610 —40+2 =0, 3Bimku q=0,5. Toxi y=-29° +2q=0,5. Omke, Bepumna mapadomu (0,5;0,5).

Hpyra noxinxa y"=-4 <0. Omxe, napabona onykia.

B onepxanomy kBaapatHomy TpuwieHi C=0. Omxe, mapabona NpPOXOAUTH Yepe3 IOYATOK
koopauHatT. OCKUIBKH PiBHSAHHS oci cuMeTpii mapabomu ¢ =0,5 i 7iBa BiTka mapaboiiu mepeTHHae BiCh

Oq B touri (0;0), To mpaBa BiTka mapabonu neperuHae Bich OQ B Touri (1; 0). 3ayBaxknmo, 1110 TOYKH
nepeTHHy napabonu 3 Biccio OQ MOXHA 3HANHTH i Tak: po3B’s3yeMo piBHsHHS —20° +20 =0, 3BigKH
¢, =0, g, =1. Toxi Touku neperuny napabonu 3 iccro Oq: (0;0) i (1;0).

Byayemo rpadik pyskmii y =—-29° +2q (puc. 1).
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y=2pq4

o
ol

y=-29"+2q

0 0.5 19

JacCToTa pClUCCUBHOTO
AJICJIBHOI'O I'€Ha

gacToTa reTCpO3UuroTHOrO
TCHOTUITY

Puc. 1

Posnonin aneneit y HeoOMeXeHO BENMUKid MOMyssiii MpU BiUIBHOMY CXpeEIlyBaHHi, BiACYTHOCTi
no0opy 1 0e3 BUHUKHEHHS MyTalliii BCTAHOBJIFOETHCS Ha OCHOBI KOHIIGHTpAIIil TeHIB, SKi € B MOMYJIAILi.
YacTory reHa 4acTo Ha3MBalOTh KOHIEHTpAILi€lo reHa. Yactory (KOHIIEHTpALil0) reHa YacTo BUPAKAIOTh
y NPOLEHTaX.

CniBBinHomenHs (1) 3amumaeTbcss HE3MIHHUM 3 MOKOJNIHHS B MOKOJIHHS Y BHUIAQJAKY i€aIbHOT
nonysmii (Y4UCI0 OCOOMH HEOOMEKEHO BelHKe;, Hemae no0opy, MyTalidd, Mirpaiiii ocoOHH; iCHYy€
nanMikcis 1 T.1.) [1]. Topymenns cniBBigHomeHHs (1) 3a paxyHOK SKUX-HEOY/b 30BHIIIHIX BIUIMBIB!
MyTareHesy, mirpaumii i T.0. — NPU3BOOUTH TUIBKA 1O 3MiHH B HAaCTYIHOMY IOKOJiHHI YaCTOTHOTO
CHIBBIHOIIEHHS I'€HIB:

(A)p:(a)q,

BIJIHOBJIIOIOYH cIHiBBifHOIIEHHS (1), TOOTO B HACTYIIHOMY IOKOJiHHI TICIS CXpellyBaHHs Oyae HOBHMH
3piBHOBa)KeHMH po3mofin renorumiB. IlocTiiiHa 3MiHa cTaHiB piBHOBaru i nepeOyaoBH T€HETUYHOTO
CKJIa Ty TIOMYJISIIII1 ISKUTh B OCHOBI €BOJIFOIII1.

VY mpomeci cxpeuryBaHHs, SKe BinOyBaeTbcs MiJ KOHTPOJIEM NPUPOTHOro A000Opy, MyTamil
HaOyBarOTh MPHUCTOCOBHUIIBKOIO XapakTepy — CBOJNIOLISl HOCHUTh MPUCTOCOBHHLBKHN XapakTep.
KomoGinarii, mo He 3a0e3medyoTh IpUCTOCYBAaHHS OpraHi3My, yCyBaroThesi 1o0opoM. HaBite y OakTepiii
1 BipyciB BiIOyBa€ThCsA IMEPEKOMOIHAIlSI TEHETHYHOTO Martepially, sika Mae Take came OioNoriuHe
3HAYEHHS, 5K 1 CXpelryBaHHs [2].

OpHuM 13 HaWOUTBII CYTTEBUX (PAKTOPIB MyTareHe3y SIBJISEThCs pamianis. [Ipu IbOMy BHHHUKAIOTh
MOpYIIEHHS B TEHETHWYHOMY amapari, sKi 3a3BHYaii HECyMiCHI 3 TMOJANbIIMM HOPMAaJIbHUM
(yHKLUIOHYBaHHAM OpraHizMy. Myranii TeHiB B XpoMOCOMaxX MOXYTh MPHU3BECTH a00 A0 3HUKHEHHS
PenpONyKTUBHOI (DYHKIIIT B 0OCOOMHH, a00 JI0 MOSBH Y HAMAKIB BAXKKUX TOPYIICHb.

ey, 3dvemsieHi 3i CTAaTTIO, MaOTh JemO0 OUIBIIY CTIMKICTH A0 pPagiOaKTUBHOTO BIUIUBY B
MOPIBHSIHHI 3 ayTOCOMHUMH.

3pobumMo MaTeMaTUYHHH aHali3 ICHYBaHHS MOIMYJISLIT i 3MiH TeHOQOHAY B YMOBaX pagioaKTHBHOT
00CTaHOBKH Ha MPUKIAI] 3MIHU YacTOT ayeliell, ycrnaaKoBaHUX ayTOCOMHO.

Hexaii y nporeci BIUIMBY Ha MOIMYJIALIIO, YACTOTH TEHOTHITIB 3MIHUIIMCh B HACTYITHIN MPONOPLIi:

(AA)(p® + Fpg+a): (Aa)[2pa(l— F)+ B]: (aa)(a” + Fpg + ), )

110 TIOPYIIY€E CITiBBiAHONIEHHs Xapai—BaitnoOepra.

V cniBBigHOWIeHHI (2) uucna @, f, y BinoOpa)karoTh BIUIMB pajialii BiAMOBITHO Ha TEHOTHITH AA,
Aa, aa; F — xoedimient iHOpuauHry.

3ayBa)xuMo, IO CIIBBITHOIICHHS (2) 01ep)kKaHo 3 ypaXyBaHHSM, IO

2pg(l-F)=2pg-2pgF =2pq - Fpq-Fpq.

VY cniBBigHomeHHi (2) ymoBa maHMIKCii ocnabieHa. BBeneHa MOXIUBICTH OIM3BKOPOIMYCBUX
nuiro0iB 3 koedinieHtom iHOpumuHry F. Ilpm iHOpuamury (y JMIOAMHM OIM3BKOPOIMYEBI IILTIOOM)
HMOBIPHICTb 3yCTpidi reTepO3UTOT, 10 BUAUISIOTH IIKIUINBI 1 JIeTallbHi TeHH, pi3Ko 3poctae. Haith npu
HEBEJNHUKii 9acTOTi HebakaHUX TOMO3HIOT 3 IIKIJUIMBUMH PELECHBHUMH T€HAMHU YHCIIO T€TEPO3UTOT, AKi

© I'ybans .M.



134  Hayxosuii sicypran "Komm 10TepHO-IHTErpoBaHi TEXHOJOTI: OCcBiTa, HayKa, BUPOOHUIITBO"
Jlyywvk, 2015. Bunyck Ne 20

€ X HOCIIMH, y MOMYJALil JOCHTH BenHKe. PeanbHO BIUIMB Ha MOMYJSILII0 MOXKe OyTH MOB’SI3aHUH 3
MirpamisiMy, BAHUKHEHHAM CyOnOnyJsmii, paJioakTHBHUM ONPOMIHIOBAaHHSM 1 T.1.

Ve B HacTymHOMY IIOKOJiHHI piBHOBara Xapai—BalinOepra BigHOBIIOETbCS 3 HOBUM
CHIBBITHOLIEHHSIM 4YacToT anened. s onxepaHHA dYacTOTH AOMIHAHTHOTO ajensi A B HOBOMY
CHIBBITHOLIEHHI HEOOXiIHO IOJATH YAaCTOTy IOSBM TOMO3UTOTH AA 1 TMONOBHHY YacTOTH IOSBH
reTepo3uroty Aa 3 CIiBBiIHOIICHHS (2). AHAJIOTIYHO 1 IS anens a.

Tomi oxepx’umMo:

(A(p+a+p12):(a)q+y+B12). ®3)
TakuM 4MHOM, CITIBBiTHOIICHHS YaCTOT TEHOTHUIIIB B HACTYITHOMY MOKOJIIHHI:
(AA)(p+a+B12)%:(Aa)2(p+a+pB12)(q+y+L12):
S(aa)(q+y + fB12)%.

ITpu pomy B (3) 1 (4) He BXOaAUTH KoedimieHT iHOpuauHTY F.
[Tpu BigcyTHOCTI BIUMBIB Ha nonyisitito @ = B =y =0 cniBBigHomenHs (4) TotoxHo (1), ToOTO

(4)

Ma€EMO BiZIOME MOJIOKEHHS PO 30epeKEHHSI YaCTOTHOTO CIIiBBITHOIIEHHS T€HOTHITIB Y TIOKOJIiHHSIX.

[Ipu BIIMBI Ha MOMYJSALII0 MyTareHHHX (aKTOpiB pizHOI mpupoau piBHoBara Xapni—BaiinOepra
BiJTHOBIIIOETHCS, OJHAK TOMYJISLisI HE KOMIIEHCYE BIUIUBY — YaCTOTH ajielliB 3MiHHIUCH. TOOTO i3 TUMIB
piBHOBaru: crilika, HecTilika, Oaliayxa, piBHOBara Xapui—BaitnOepra — Oaligy:xa.

Hexait mpoTsiroM JOBroro dacy, NOCTYMOBO 3HIKY€EThCA PaliOaKTUBHUH BILIMB, B YMOBaX SIKOTO
PO3BHUBAETHCS TOMYJISALILS.

PosrnmsHemo cutyarlito, Koiau B PErioHI iCHYBaHHsS TOMYJAlii, Ha Hel i€ TiJIbKH OJWH
pamioaKTUBHHI eneMeHT 3 mepiogoM miBposnamy T. IlpomenTt mytaumiii (3a3Buyaii neraneit) r (%)
MPOMOPUitHUNA TOTY>KHOCTI 1031 paAioaKTHBHOTO BUIIPOMiHIOBaHH:. BpaxoByrouu, 110 HOTYXHICTb 103U
PasioaKTUBHOTO BHUIIPOMIHIOBaHHS NPOMNOPIIHHA AKTUBHOCTI PaJiOaKTHBHHUX EIEMEHTIB, PO3CISIHUX B
HaBKOJIMIIHBOMY CEPEJOBUINI, MOXKHA 3alucaTd, BUKOPHCTOBYIOUM OCHOBHHH 3aKOH pPaJiOaKTHBHOTO

posnany,
r(%): (1/2)@0n

ne t pokiB — NpuOIM3HUHN Yac KUTTS OAHOTO MOKOJIHHS, 110 ICHY€e B YMOBax pasiaiii,
N — HOMep PO3TIIALYyBaHOIO IIOKOJIHHS, IO ICHYE B YMOBaX pajiarii.
[Ipuitmaroun

@/2)¥D =R

: . r(%
1 pO3IIIAOar0uy BIUIMB HA PELECUBHI TOMO3HUTOTH 8a, TOOTO 1(00) =y + 12, onepxyemo:

y+B12=kR".

s piBHICTH OJiepikaHa BBEICHHIM KoedirienTa K.
Koedimient k: Ny /T, ne N, — 3aranbpHa moyaTkoBa KUIBKICT PaioaKTHBHOI PEYOBHHH, IO Ai€

Ha momyisnito. KoedimienT K xapakTepu3ye MOYaTKOBY aKTHBHICTH PaiOaKTHBHHUX EIEMEHTIB, IO
BILJIMBAIOTh Ha TOMYJIALIIO.

3 chiBBinHOIICHHS (3) BUILTUBAE peKypeHTHA (opmyia JJsl 3MiHM 4acTOTH ayielisl & B MOKOJIIHHAX
JUTSI TIOTTYJISIIII:

qnzqn—1+7+ﬂ/2=qn—1+kRn' (5)

ne k<0,0<R<1 (mput=T,R=1/2).
Po3p’soxemo piBHsHHS (5).
[Mepmuit cnoci6. 3anumemo piBHsAHHSA (5) y BUrIIS AL

G =G, +kR', i=12K,n.

Tomi
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0 = 0o +kR,
0, = G +kR? = (0o +kR)+kR? = gy + kR(1+R),
0z = G, + kR® =[q, + kR(L+ R)]+ kR® = g, + KR(1+ R+ R?),
Q, = 03 +kR* =[qy + kR(1+ R+ R*)]+kR* = g, + kKR(1+ R+ R? + R®),

[ AN AN AN AN A N AN A N 0 N A N A N A N A N AN A N AN

Otxe,
n .
Oh = o +KRY_R'™, (6)
i=1
n i1 n i1 1_ Rn
ne ZR'_ =S,, — cyma mepmmx N 4ieHiB reoMeTpu4Hoi nporpecii. Toxi maemo ZR'_ = . Takum
=1 i=1 -
ynHOM, (hopmy:a (6) HaOyme BUTIISY:
R@A-R")
=(Qy+k——1, 7
qn qO 1-R ( )
Ie (, — 4acTora ajenis a B I0YaTKOBOMY HMOKOJiHHI, N — KUIbKICTh TOKOJIIHb.
3ayBayKMMO, 110 TPU N —> 00
_pn  1-1lim R"
IimSnzlim1 R oo ,
n—o n»x 1—R 1-R
1 BpaxoBytouH, 1110 R nogarue i menmie 1, To lim R" =0, i 3Bizicu BUIIMBAE, IO
Nn—o0
limS, =L.
n—o0 1— R
Hpyruii cnoci6. 3amumemo 0 =li, i=12,K,n, Toxmi q, =", oy =ln_l, Ie A — HeBlgoMa
3MIHHA.
3amumemo piBHsAHHSA (5) y BUTIISAL
Oy —Oha = kR". (8)

lle piBHAHHSA — JiHifiHE HEOXHOpiAHE PI3HHMLEBE DIBHSIHHA MEPUIOrO TMOPSAKY 31 CTaIUMHU
koedinieHTamMH, B IKOMY N — He3aJexHa JuckperHa 3MiHHA [3]-[5]. Po3s’s3kom 0, piBHsHHA (8) € cyma
q(n) +&6n) saranpHOro po3B’si3ky ((N) BiAMOBIAHOIO JiHIHHOTO OHOPIAHOTO PI3HUIIEBOTO PIBHIHHSI

0y =0y =0 ©)
i yacTuHHOrO po3B’si3Ky &fN) miHiliHOrO HEOHOPIAHOTO Pi3HUIIEBOrO PiBHIHHS (8).
3aranpHUiA PO3B’A30K JIIHIHHOTO OXHOPIIHOTO PI3HULIEBOTO PIBHSAHHS HIYKAEMO Y BUTIISI

q(n) = A" (10)
[MincraBusmmu (10) B (9), oxepxumo:
At =2t =0.

Ockimpku A"t #0, To moximuBum oGuaBI wacTHHM HBOro piBHAHHS Ha A" OZEPKHUMO
xapakrepuctuune piBHsSHHSI A —1=0, 3Bigku A =1.
Topni 3araneHuil po3B’s130K piBHSIHHS (9) Mae BUIIISA:

q(n)=CA"=C-1"=C,
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ne C — crana BenuymHa.
YacTtuHHUI PO3B’SA30K JIHIHHOIO HEOAHOPIZHOIO PI3HMLIEBOrO PIBHSIHHS HIYKAEMO 3a BUIJISIIOM
NpaBoi YaCTUHHM PiBHSHHSA (8) y BUTIISIL:

&n) = oR",

1€ O — HEBIIOME YUCIIO.
[MincraBuBmm 110 popmyiy B (8), omepxumo:

oR"—oR" =kR".

[MoninuBm 00MABI YaCTHUHU ILOTO PIBHIHHS Ha Rn_l, 3HAUIEMO O .

kR
o=—".
R-1
kR
Toni &fn)=——R".
i gn) = -—
TakuM YHHOM, 3HAXOUMO PO3B 30K piBHAHHS (8):
kR _,
qnzq(n)+q/én)=C+ER ) (11)

Crany C 3HaxoauMo, BUXOJSIUM 3 IOYAaTKOBOI yMoBU: tpu N =0, ¢, =0, .
Toni, BukopucroBytoun ¢popmyiy (11), onepxkumo:

Jo :C+k_RR0 :C+k_R’
R-1 R-1
. kR
3Bigku C =0y ———.
%o R_1
Toni, migcrapuBum C B (11), ogepxumo po3B’s130k piBHsHHA (8) i BinnoBinHO piBHAHHSA (5):
kR kR
=0p—-——+——R"
=% R R
abo
R(1-R")

On =0Qo + k 1-R

SIk GaymMo, onep)kaHe JAPYTUM CIIOCOOOM pIiBHSHHS CHIBNAAae 3 piBHAHHAM (7), OAepKaHUM
MIEPIITIM CITOCOOOM.

[Mpuiimatoun , =0, MoxHa, po3B’sA3yloun piBHAHHA (7) BITHOCHO N, OfEp)KaTH KUIBKICTh
MOKOJTiHB, 32 AKi IPOii/ie TOBHA eNiMIiHAaLis anelns &, 0 3HUXKYE BapiaOeIbHICTh TeHOPOHAY MOMYJIALI.

3HaueHHs1 TNepioAy MiBpo3maly, BHIIE SKOro piBHoBara Xapai—BaiitHOepra He BiIXHOBIIOETHCS
BHACJIIOK TOBHOI eNliMiHAIlil anens @, HAa3WBA€ThCS KPUTUYHHM. J[1s BENMKHUX MEpiojiB MmiBpO3Mamy
YJacToTa anels a Najae MOBUIbHIIIE, ajie IpU ObOMY ajeib eIiMiHye MOBHICTIO 32 paXyHOK TPHUBAJIOrO
PanioaKTUBHOTO BILTUBY.

BucnoBku. TakuM 4nMHOM, y CTaTTi 3po0JieHO MaTeMaTWYHHWH aHaji3 Ta BUBEACHO PiBHSIHHS
BILIMBY PaJi0aKTHBHOTO OMPOMIHIOBAaHHS Ha ayTOCOMHUHN T'€HOM 3 BUKOPUCTAHHSAM MUKIUCHUILTIHAPHIX
3B’SI3KIB.
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YK 004:338.48
Cacrok 3.K.
HamioHansHU# YHIBEPCUTET BOJAHOTO TOCIIONAPCTBA Ta IPUPOJOKOPUCTYBAHHS

PO3BUTOK ITPOCTOPOBOI YSBHU CTYJAEHTIB TEXHIYHUX BH3 METOJJAMUA
HAPUCHOI TEOMETPII

Caciok 3.K. Po3BuTok npocropoBoi ysaBu cryleHTiB TexHiunux BH3 meromamu HapucHoi reomerpii. ¥V crarti
PO3TISIHYTO Mpo0JIeMy PO3BHTKY IIPOCTOPOBOI YSBU CTYACHTIB BHINNX HABYANBHHX 3aKJIAQJiB METOJAMH HApHCHOI TeOMeTpii.
3arponoHOBaHO 32 JOIOMOTOI0 MOCIIIOBHOTO MOKa3y rpadiyHuX 1IFoCTpaniii M BUIINTH JIETKICTh CIPUIHATTS OaraToeTamHux
TEOMETPHYHUX MOOYJ0B, aKTHBI3yBaTH NMPOCTOPOBE MUCIEHHS CTYIEHTIB, CHOHYKATH iX O TBOPYOTO IOIIYKY Pi3HHUX PIIleHb i
MIOIANIBINIOTO BJOCKOHAIEHHS TpadidHUX 3HAHB.

KuniouoBi ciioBa: mpocTopoBa ysiBa, HA0UHICTh, TEOMETPHUHI ITOOYXOBH, IIPOCTOPOBE MUCIIECHHS, rpadidHi 3HAHHS.

Caciok 3.K. Pa3BuTHe IpPOCTPAHCTBEHHOI0 BOOOpPa:KeHUs CTYAEHTOB TeXHMYeCKHX BY30B MeTOJaMH
HayepTaTeJbHOIi reoMeTpum. B cratbe paccMoTpeHa IpoOiieMa pasBHTHS HPOCTPAHCTBEHHOTO BOOOPAXKEHMS CTYICHTOB
BBICIINX Y4EeOHBIX 3aBEJCHUH METOJaMH HadepTaTeNbHOM reomerpuu. [IpeyrokeHo ¢ MOMOIIBIO IOCIEJOBATEIFHOTO MOKa3a
rpagUIecKuX WUTIOCTPAIUil MOBBICHTH JITKOCTh BOCHPHATHS MHOTOJTAITHBIX T€OMETPHUYECKUX IMOCTPOCHHH, aKTHBH3HMPOBATH
MIPOCTPAHCTBEHHOE MBINIICHUE CTYJCHTOB, MOOYOWTh MX K TBOPYECKOMY MOHCKY DA3IHYHBIX DEIICHHH M JaJbHEHIIero
COBEPIICHCTBOBAHMS TPaUUECKIX 3HAHUH.

KnioueBble c10Ba: IPOCTPaHCTBEHHOE BOOOPAKEHHE, HATIISIHOCTH, T€OMETPHUUCCKUE TTOCTPOCHHS, IPOCTPAHCTBEHHOE
MBIIUIEHHE, TpadUuecKue 3HAHUSL

Sasyuk Z.K. Development of spatial imagination of students of technical Universities methods of descriptive
geometry. In this article the problem of spatial imagination university students methods of descriptive geometry. Proposed by
sequential display graphic illustrations to increase ease of perception multistage geometric constructions, activate spatial thinking
students, encourage them to find creative solutions and various further improvements graphic knowledge.

Keywords: spatial imagination, visualization, geometric construction, spatial thinking, graphic knowledge.

Omouyrouuii Hac ceim — ye ceim 2eomempii Yucmoi, CnpasxcHvboi, 6e3002anHoi 8 Hawux oyax. Bce
Hagxono — ceomempis. Hikonu mu ne 6auunu max 4imko maxux @Gopm, 5K KOJO, NPAMOKYMHUK, Ky,
YURIHOP, KVJsl, BUKOHAHUX MAK GUPA3HO, 3 MAKOI0 pemenvHicmio i mak enegueno. Jle Kopoysve

IMocranoBka mpobGiaemu. HapucHa reomerpis - iH)KEHEpHA TUCLHMIUTIHA, 3 SKOI MOYMHAETHCS
TEXHIYHa OCBiTa Mail0yTHROrO iHKeHepa. HaliBaIMBIIIMUMY 3aBIaHHAMH HAPUCHOI reoMeTpii €:

* HaBYUTH MPOCTOPOBO MUCIHUTHU 1 BigoOpaskaTH Ha TUIOIIMHI TPUBUMIPHI reoMeTpHyHi 00pa3u
(birypm);

* PO3BUHYTH 3[aTHICTh YSBHOTO CIPUHHSATTS IMIPOCTOPOBOTO T'€OMETPUUHOro o0pa3y 3a Horo
BiTOOpaKEHHSAM Ha IUIONIKHI, TOOTO HABYUTU YUTATH KPECICHHS.

Bigomo, 1mo npy BUBYEHHI HApUCHOI IeOMeTpii y CTYAEHTIB BHHUKAIOTH TPYAHOILII, MOB'SI3aHi 3
0cOONIMBUM 3'€THAHHSAM JIOTTYHOrO MUCICHHA 1 MPOCTOPOBOI YSBH, fKe, 3a CIOBAMH BHAATHOTO
pociiicekoro reomerpa H.A. Punina, «e...TaEMHHYOI0 1 MaJlO MiAJA€THCSI BUBUCHHIO TOUHUMH HayKaMH
30ATHICTIO JIFOJICBKOrO OyXY...». [loefHaHHS IMX JBOX MOXIIMBOCTEH JIOACHKOTO PO3yMYy CTBOPIOE HOBHIA
piBEHb MUCIICHHS - TPOCTOPOBE MUCIIEHHS, SIKE JIa€ MOXJIMBICTD OMepyBaTH oOpa3aMu B IpocTopi i 6e3
SKOTO HEMOXJINB1 OyIb-AKa iH)KeHEepHa TisUIbHICTh, IHKEHEpHa TBOPYICTD 1 TEXHIYHUN TPOTpeC.

VY mpocTopoBOMY MHCIEHHI BilOyBaeThCsl MOCTiHE MepeKoAyBaHHs 00pasiB, TOOTO mepexin Bix
MPOCTOPOBUX 00pa3iB pealbHUX O0'€KTIB A0 iX YMOBHO-rpadiyHUX 300pa’keHb, Bil TPUBHUMIPHHX
300pakeHb 10 ABOMIpHUX i1 Hazax. ['padiunuii cuHTe3 300pakeHb MpeAMETa Ha KPECICHUKY Ha OCHOBI
rpagiuHoi 6a3u AaHUX NO3BOJISIE 3YMTYBAaTH 3a JOMOMOIOI0 rpadiqHOro aHamizy 3afaHy iHdopmamio i
BKITFOUA€ PoOOTY IPOCTOPOBOI YsIBH, 00'€ IHYIOUH TUIOCKI MPOEKIIII peaMeTa B Horo 00'eMHUN IiUTICHUH
obpas. Lls cxmamHa po3ymoBa poOoTa i € MPOCTOPOBE MHUCIEHHS, PO3BHTOK SIKOTO 1 BiZOyBaeThcA B
npoleci BUBYEHHS HAPUCHOI reoMeTpii.

AHajni3 ocrtaHHiX gocaimxeHsb i myOsikanmiii. HaykoBismu noBemeHo, mo cdopmoBana 0Oaza
rpadiyHUX OMOp 1 PO3BHHEHE MPOCTOPOBE MUCIEHHS IO3BOJSIOTH CKOPOTHUTH Hpouec rpadidHOro
aHalli3y Ta CHHTE3y 300pakeHb 1 CTBOPIOIOTH MOKJIMBICTH IIBUIKOTO 1 T'PAaMOTHOTO BHKOHAHHS Ta
YUTaHHS KpecleHUKiB. [Ipobiaemi po3BUTKY HMpPOCTOPOBOI YSABH 1 MPOCTOPOBOIO MUCIEHHS B IpoIeci
rpadidHOl MiArOTOBKH MPUCBSYEHO HAYKOBI Ipalli Ta HayKoBi gociimpkenss B.I'opnona, B.Muxaiinenka,
B.Cunmopenka, M.Kozspa, A.KopueeBoi. Ilcuxomoro-meaaroriudi acmektd rpadivyHOi MiaroTOBKA
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CTYICHTIB JOCNTI/PKYyBalu Taki BYeHi, sk B.AnanpeB, A.l'ankin, €.KaGanoB-Memrep, H.JIuHBKOB,
B.JIomos, JI.Pymsnues, B.CkakyH, 0. Tpopumos, A.Ymponxomxkaes, U.fAxumanceka ta iHmmi. [Tutanas
MPAaKTUYHOTO BUKOPUCTAaHHS rpadiyHUX 3HAHb NPU BHUBYEHHI NPEIMETIB 3aralbHOOCBITHBOTO Ta
3araJlbHOTEXHIYHOTO UUWKIIB po3risganucs H.BunorpamoBum, JL.I'ocynapcekum, JI.JIeBenOeprom,
C.KoBanesum, M.Makaposum, B.Muxatinenkom, JI.Pesankoum Ta iH.

HeBupimeni 4wactunm mnpodsemu. barato CTyAEHTIB HE BOJOIIOTH JOCUTH PO3BUHEHUM
MPOCTOPOBUM MHCIEHHSM. Ll mpobneMa € IaBHBOIO, ajne aKTyalbHOM. 3aCBOEHHS HAPUCHOI reoMerpil
MOpsIT 3 HEBMIHHSAM OLTBLIOCTI CTYIEHTIB BUKOHYBAaTH TpadiuHi JIOTiYHI Iii B pO3yMOBOMY HpOCTOpi
YTPYAHIOETHCS TAKOX MPOCTOPICTIO 1 HOBU3HOIO TEOPETUUHOIO 1 rpad)idHOro 1MIOCTPaTUBHOIO MaTepiay.
3a migpydyHUKaMH 3acBOITH TIPEAMET TaKOX HENpoCTO, TOMY IO Martepiajl MepeBaHTaKEHUH
MOSICHIOIOUMMH TpadiyHUMHK 1LTIOCTpaAllisiMM Ta OMUCaMd. Y KO)KHOMY HaBUYaJIbHOMY IMOCIOHHKY IIO-
CBOEMY TMPEACTABICHO HAOYHICTb. Y 0ararbox BHUKOPHUCTOBYIOTb 300payKCHHS, BHKOHAaHI OJHUM
KOJIbOPOM, IO JIA€ HEAOCTATHE YSBJICHHS PO MPOCTIp i reOMETpHYHi 00’ €KTH.

[Io6 akTWBi3yBaTW 1 PO3BUHYTH JOTiYHO-TpadidHi BIACTUBOCTI PO3yMy 1 HOro MOXKIMBOCTI
MPOCTOPOBOI YSIBU B TPOIIECI HABYAHHS HEOOXITHUMH € NeSKi 3MiHU TPATUIIIHHOI METOJUKN BUKIATY
Kypcy. BupimieHHI0 3aBIaHb HapHCHOI TeOMeTpii CHpusie TeMaTWYHAa MOIYJbHA CTPYKTypH3allis
MaTepiady HapuCHOI reoMmerpii 3 UiTKUMH rpadiyHUMH XapaKTEPUCTUKAMHU T€OMETPUYHHX €JIEMEHTIB,
ANTOpPUTMI3allisl Ta UTIoCTpais rpaiyHuX Aii 3a 3aBIaHHAMU KOXKHOI TEMH.

VY crarti 3ailicHEHO cmpoOy pO3KPUTH poib TpadiuHux HaodHOcTed (UmocTparmii) mpu
KOMITJIEKCHOMY MiJIXO/li 1O BHBUEHHS JCSIKUX OCHOBOIIOJOXHUX MUTAaHb TEOpii HAPUCHOI reoMeTpii mis
CTYACHTIB TEXHIYHUX BY3iB.

Mera mociimzKeHHsI - 32 JJOIIOMOTOK TOCTIJIOBHOIO TMOKa3y rpadiyHUX UTFOCTpAIiid MiABUIIUTH
JIETKICTh CHOPHUUHATTA OaraTOeTaTHMX T'€OMETPUYHUX IMOOYIOB, aKTHBI3yBaTH MPOCTOPOBE MHUCICHHS
CTYZACHTIB, CIIOHYKATH iX 10 TBOPYOTroO MOILIYKY Pi3HUX PillIeHb 1 MOAATBIION0 BAOCKOHAICHHS rpadiyHUX
3HaHb.

OcHOBHI pe3yJabTaTH JOCTiMKeHHA. BigomMo, 110 HAOYHICT MiJABUIIYE IHTEPEC CTYIEHTIB IO
3HaHb 1 pOOUTH MpOIEC HABYAHHS JIETIHMM. barato TeopeTHYHHUX MONOKEHb 3a BMIIOrO BUKOPUCTAHHS
HAOYHOCTI CTAalOTh AOCTYITHHMH 1 3po3yMimuMu st cryaeHTtiB. K. Yumucekuii [3] Bin3HayaB: «Ydith
MUTUHY SKUM-HEOyIb T'ATH HEBIIOMHUM HOMY cloBaM, i BiH Oyzae JOBro i MapHO MYYUTHUCS HaJ HUMU,;
ane 3BSDKITh 3 KaPTHHKAMH JBAJISTh TAKUX CIIB 1 IUTHHA 3aCBOITh 1X HaJboOTy...». S1. Komenckuii [4]
HaIoJsATaB Ha HEOOXIJHOCTI JOBOIUTH CTYJEHTIB O PO3YMIHHS 3B'SI3Ky MK SBHIAMH, IIPOIIECAMH 1 TaK
OpTaHi30BYBaTH HAaBYaJbHHUU Martepian, mo0 BiH He 31aBaBCsl CTYyJEHTaM XaocoM, a OyB OM KOPOTKO
BUKJIAICHUM y BUTJISI/1I HE0araTh0X OCHOBHUX MOJOKEHB Ta LTIOCTpALIii.

[Ipouec HaBYaHHS CHPOLIYETHCS MPH PO3YMHOMY BHKOPHCTaHHI MPUHIMITY Hao4HOCTi. HaBuaHHA
HE TMOBMHHO OYTH IEpEeHaCHYEHE UIIOCTpalisiMH Ta IHIIMMH (OpMaMHU HAOYHOCTI, ajlieé B IEIKUX
BaXKOJOCTYITHUX MUTAHHAX 3aCTOCYBaHHs HAOYHOCTI HeoOxinHe. [IpruknamzoM Moxke CiyryBaTh 3aBAaHHs
Ha TEpPEeTHH TEOMETPUYHUX OO'€KTIB, SKE€ BHUPIIIYIOTH 3a JONOMOIOI0 BHUKOHAHHSA MEBHHUX YIiTKUX
AITOPUTMIB, IO 3HAYHO IOJIETITYE BUKOHAHHS MOOYAOB JiHii MepeTHHY FeOMETPUYHHUX 00 €KTiB. OHaK
HaBITh MAalOYM Ha KPECICHHI BXKE BUPIIICHI 3aBAAHHS, CTYJCHTY CKJIAIHO MOAYMKH YSIBHUTH OTPUMAaHy
JiHIIO MEepeTHHY 3aJaHUX T'EOMETPHUYHUX O0'€KTiB. YCi NMCUXiYHI MpoIecH, B TOMY YHCII 1 MPOCTOpOBa
ysiBa, YAOCKOHANIOIOTHCS B Pe3yNbTaTi MisbHOCTI. Ll MisuIbHICTH MOBMHHA YMMOCH CTHMYJIOBATHCA i
HarpasJsTUCS, TOOTO HeoOXiHa cucTema BIpas [5, 6].

TpanuuiiiHo B nitepatypi [1, 2] niHito B3aEMHOr0 IEpEeTUHY ITOBEPXOHb PO3TJISIAIOTH IK MHOKUHY
TOYOK CHITBHHUX ISl 000X MOBEPXOHb. 1l BM3HAYAIOTH 3a TOYKAMHU MEPETHHY JIiHil onHiei MoBepxHi 3
HILIOO MTOBEPXHEIO a00, IO TE K came, - 38 TOYKaMH TIEPETUHY JIiHIi KOXKHOI 13 TOBEPXOHb.

st BU3HAaYeHHS TOYOK, CIUIBHUX [UIA 000X MOBEPXOHb, YACTO BUKOPUCTOBYIOTH AOMOMDKHI CidH1
noBepxHi. lloBepxHi-OCEepeHUKN NEPETHHAIOTH AaHi TOBEpXHI MO JIHISAX, SIKi, Y CBOIO Yepry,
MEPETUHAIOTHCA B TOUKAX JIiHIl EpEeTHHY JaHUX [TOBEPXOHb.

CiuHi TOBEPXHI-MTOCEPETHUKNA OOUPAIOTh TaK, 00 BOHH, IIEPETHHAOUUCH i3 JAHUMU TTOBEPXHSIMH,
JlaBalM TMPOCTi IS MOOYAOB JiHii, Hampukiam, nmpsMi ado koisa. YacoM 3aCTOCOBYIOTH 1 KOMOIHAILiO
JOIMOMDKHHUX CIYHUX MTOBEPXOHb.

I3 3aranbHOi cxemu MOOYAOBH JiHil NEpeTHHY NMOBEPXOHb BUALISIOTH J1Ba OCHOBHHUX CIIOCOOM —
crnoci0 CiYHMX TUIOLIMH i crioci6 ciyHuX cdep.

© Cacrwok 3.K.



Hayxosuii srcypnan "Komi roTepHo-iHTErpoBaHi TEXHOJIOTIi: 0cBiTa, HayKa, BUpoOHULTBO" 139
Jhyywk, 2015. Bunyck Ne 20

Cdepa 1 nuninap € KpuBOMiHIiHMUMHU moBepxHsAMH. OTXKe, JiHIEIO MEpeTHHY OyAe MpOCTOpOBa
KpWBa ITiHisA, U1 MOOYyAOBH SKOi o0epeMo CrHoci0 JOMOMIKHUX CIYHUX IUIOIUH-TIOcepeaHuKiB. [Ipu
03HaMOMJICHHI 31 crtocobaMu MoOYA0BH MPOEKLIH TOYOK JIiHii B3aEMHOT0 MEPETUHY MOBEPXOHD LUIIXOM
BBEACHHS IUIOLIMH-TIOCEPEIHUKIB HEOOXiTHO PO3KPUTH OCOOMMBOCTI LUX MOOYIOB, MOPIBHATH
300pakeHHS, BUUISAIOUH CITUTLHE B HUX 1 BIIMIHHICTb.
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6) 2)

Puc.1l. B3aeMHUii HepeTUH MOBEPXOHB c(h)epu Ta WHITIHAPA
[aBTOpCBKA pO3pOOKa]

VY 1pOMy BHIIAJKy Ba)KJIMBO TOKa3aTW KilbKa LTOCTpauii (puc.la-puc.le) 3 pisHUM B3a€MHHM
PO3MILICHHAM IMJIiHApa BiTHOCHO cdepu: 1) oci cdepu i mmimiHApa HaNEKATh CHUIBHIA (POHTANBHIN
wionmHi (puc.la); 2) oci chepu i nmwriHApa HaNEKATh CHUIBHIN NPOoQiIbHIA TomuHI (puc.16); 3) oci
cepu i MUITIHIPA HAEKATh PI3HUM IUTONMHAM (puc.1s); 4) oci chepu 1 ummiHapa 30iraloTbesi, TOOTO
MOBEpXHi CHiBBIcHI (puc.le). e Binpa3y $hopMye MOHSATTS MPO CTATHYHICTD i AMHAMIYHICTH OpPHTIHATY
MPOCTOpPY, IUIOLIMH MPOEKLiH Ta TEOMETPUUYHUX 00 €KTIB, MOKA3YIOUH, IO 00'€KTH B MPOCTOPi MOXKYTh
3MIHIOBATH CBO€ TOJIOKEHHS, THM CAMUM PO3IIHMPIOI0YN MPOCTOPOBI YSBICHHS CTYICHTIB.

Crin 3ayBakuTH, IO y BCiX BHIAJKaX MOBEPXHs LHJIHIpA 3aiiMae TOPU30HTAIBHO-IPOCIio0Ye
nojokeHHs. OTKe, TOPU3OHTAJIbHA TMPOEKIis JiHil mepeTuHy Oyne 30iraTvcs i3 TOPU3OHTAIBHOIO
MPOEKITIEIO IMITIHPA 1 11e Oy KOJIO.

Hns nmoOynoBu QpoHTaNbHOI MpoeKii JiHil mepeTuHy oOHUpaeMo CIocid JOHNOMiINKHUX
(pOHTATBHUX TUIOLIMH-TIOCEPETHUKIB.

BaxnuBo 1moHecTH [0 BimoMa CTYACHTIB, L0 3aBXAW MOOYAOBY NPOEKUIH JiHII MepeTHHy
HEOOXiJJTHO TOYMHATH 3 XapaKTepHUX (OMOPHUX) TOUOK, SKUMU € HAHWKYI Ta HaWBUILI TOYKH, TOUKH
nepexoy BHIMMOrO KOHTYPY JiHii MepeTHMHy B HEBHIUMHN, HaWOMKYl Ta HalJanblli TOYKH Bif
criocrepiraya.

Taxk, Ha puc. la - puc.lé xapakrepHuMu € Touku 1 Ta 2 mepeTHUHy mapajneni chepu 3 OCHOBOIO
MWITIHIPA, OCKUTLKA BOHH 3HAXOMATHCS B OJHIN TUIONIMHI 1 IX TOPU3OHTAIBHI MPOEKIlii TePEeTUHAIOTHCS.
3ayBakumo, 10 Ha puc.l ¢ppoHTanbHi mpoekuii Touok 1 i 2 30iratoTbes. Lle 3yMOBIEHO CHMETPHYHUM
PO3MIIIEHHSIM 3a3Ha4YeHUX TOYOK BimZHOCHO oci. Takok HEOOXigHO NpoaHai3yBaTH 1 IMOPIBHATH
BUJMMICTb TOUOK 1 1 2 mpu 3MiHI MONOKEHHS TUIIHApPA, 10 CIOHYKAE CTYACHTIB 10 HU3KU PO3YMOBHX 1
Mi3HaBAJILHUX [l 00 B3aEMHOTO PO3MIILLEHHS TOUOK SIK 00’ €KTIB IPOCTOPY .

HactymHuM KpoKOM € BH3HAUeHHS HAMBHIMX TOYOK JiHII mepetuHy. Ilpu 3MiHI MOMOKEHHS
MWTIHIpA TIOJIOKCHHS HAWBWINOI TOYKH Takox Oyne 3miHroBatucsa. Ha puc.la me Touka 7, ska
3HaXOAMUTHCS Ha MEpPETHHI TBipHOI 0OpuCYy LWIiHApa i MepuiiaHa cdepu MaKCHUMAJIBHOTO pamiycy, sKi
Hanexats GpoHTaNbHIN miomuHi . Ha puc.16 HaiiBumo Oyae mpoekiis TOUKU 7, SIKy BU3HAYAIOTh 32
JonoMororo ¢pontansHOl mwiomuHu Q. Ha puc.1é HaifBUIOIO € MpOeKLis TOYKH 4, IKy BH3HAYaIOTh 32
JOIIOMOTOI0 TUTOIIMHHU-TIOCEPETHUKA f3.

HactynauMu onopHuMH TOYKaMH OyAyTh TOUKM MEPEXONy BHAMMOIO KOHTYpPY JiHIi MepeTHHY B
HepumuMuil. Ha puc.la niHig mepeTHHY € CHUMETPUYHOIO BiJHOCHO (POHTAIBbHOI MIOUIMHHU (), TOMY
(hpoHTaNBbHI MPOEKLii BUAXMOr0 Ta HEBUIUMOI0 KOHTYPY JIiHil epeTHHy 30irarotbes. B iHmmx Bumaakax
(puc.16-puc.16) Mexer0 BUIUMOCTI CIYTyIOTh OOpPUCOBI TBIpHI LMJTIHAPA, OCKUTBKHM MOBEPXHS IHJIIHApA
3HAXOOUTHCS ONIMKYe 0 crocrepiraya. Bimsnadaemo toukm 3 ta 4 (puc.16) ta Touky 3 (puc.lg)
nepexoqy BUAMMOTO KOHTYPY B HEBHAMMHUM KOHTYp JiHii IEpeTHHY, sKi BU3HAYAIOTh 3a JOIIOMOTO0
TUTOLTHU-TIOCEPETHUKA L.

Touku 5 1 6 € MOMOMIKHUMHU TOYKAMH, sIKi HEOOXiMHI JUIsi OUTBIIOI TOYHOCTI TOOYIOBH JiHIil
TepeTHHY. IX TMONOKEHHs BU3HAYAEMO 32 JIOTIOMOIOK0 TIONIMH-TIOCepeHUKIB B (puc.la-puc.16), Q ta Y
(puc.ls).

Oco0nrBOi yBarw 3aciyroBye BUNAJOK, KOMM OCi cdepu 1 IuimiHIapa 30iratoTbcsi, TOOTO TMOBEPXHI
CIiBBICHI (puc.1e).Binomoro € Taka BIacTHBICTh MOBEPXOHb O0CPTAHHSA: JBi Oy/Ib-5IKi CITIBBICHI MTOBEPXHI
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00epTaHHs MEePETHHAIOTHCS 110 KOJaX, sIKi MPOXOIATh Yepe3 TOUKU MEepeTHHY MepuaiaHiB moBepXxoHb. Li
KOJla JIOKATh B IUIOLIMHAX MEPIEeHIUKYISIPHIX 0 OCi TOBEPXOHb 0OepTaHHs. SKIIo 0/1HA i3 TOBEPXOHD €
cdepa, To a5 Hel OyAb-SIKUI AiaMeTp MOXXHa NPUIHATH 3a Bick obepranHs. OTxe, cdepa 3 IEHTPOM Ha
oci oOepTaHHsI TepeTWHAE IMOBEPXHIO LWIIHApPAa MO Koiy. Bich moBepxoHb oOepTaHHA mapajeibHa
($poHTaTBHIN MIOMKHI TPOEKLiH, TO Ha L0 IUIOLIMHY JIiHiS MEePEeTHHY MPOCUIIOETECS Y BiIPI30K MPsAMOi
JiHii.

Amnainiz i1 BimoOpa)XeHHS ONMOPHHUX TOYOK JIiHii MEpeTHHY Ha IJIOMIMHY MPOEKIid MpH Pi3HUX
MOJOKEHHIX IIIIHAPA CYMPOBOIKYIOTBCA PYXJIHMBICTIO MPOCTOPOBO-00PA3HOIO MUCIECHHS, PO3BUTKOM
Mi3HABAJILHOrO MHCIEHHS cTyAeHTiB. 11{o6 cTynenTn mMoram o0’elHyBaTH IUIOCKI MPOEKIii mpenmeTa B
oro 00’eMHUMI UiTiCHHI 00pa3, HEOOXiJHO CYNPOBO/DKYBAaTH IMOKa3 o0’eMHUMEH MomensMu. lle
OJHO3HAYHO JOMOMara€e 3MiicHIOBaTH TpadiuHuil CHHTE3 300pa’keHb MpeAMeTa i BKIIOYAaE POOOTY
npoctopoBoi ysaBU. CTyAEHT 4iTKO 0ayMTh MepexiA BiJl MPOCTOPOBUX pealbHUX 00pasiB 10 iX yMOBHO-
rpa¢iuHuX 300paxeHb, Bil TPUBUMIPHHX 10 ABOMIPHHX 1 Ha3a.

3 oxgHOro OoKy, 1e 3a0e3Neuye CTyAeHTaM MOXJIMBICTb CIIPHMHATTA CXOXHX 3pasKiB 3 yciMa ix
KOHCTPYKTHBHUMH OCOOJMBOCTSIMH, @ 3 IHIIOr0 OOKy - JIO3BOJISIE NpH IpeAMETHOMY (oOpaszHOMY)
CHOTJIsiIaHH1, OOTOBOPUTH 1 YCBITOMUTH LI KOHCTPYKTHBHI OCOOIMBOCTI Ta BUSBUTH TEXHIUHI IpoOIeMHy,
OTpUMAaTH MOTPiIOHI HABUKHU rpaidHUX MOOYHOB.

Takuit MmeTo momaHHsl MaTepiady JO3BOJISE MiABUIIMTH HABYAIbHY MOTHUBALIIO CTYACHTIB, CIIPUSE
PO3BHUTKY iX Mi3HABaJBHOI aKTHBHOCTI, MiJBUIIYE JIETKICTh COPUUHATTA OaraTOETalHUX T€OMETPUYHHX
noOynoB. PazoM 3 TuUM, HpOCTOpOBE MHCIEHHS AO3BOJSIE CTyIEHTaM OyAb-IKOrO PIBHS aKTHBHO
BKIIIOYUTUCST B HABYAIBHO-II3HABAJBHUN MPOIEC i MAaKCUMAIBHO IMPOSBUTH ceOe: 3aHATTS MOXYTb
MPOBOAUTHUCS Ha BUCOKOMY PiBHI CKIIaJJHOCTI, aJie BKJIIOYATH B cede MUTaHH, JOCTYITHI Ta LiKaBi BCIM.

BucnoBku. HapucHa reomerpis € oxHiero 3 (yHZaMEHTaNbHUX HABYAJBHUX AWCLMILIIH, IO
PO3BHBaIOTH HAOYHO-00pa3HE MHUCIEHHS. Y IUX yMOBaxX BENMKE 3HAUCHHS Ma€ BH3HAYEHHS TOro, fAKi 3
HOBHX METOJIIB HABYaHHA AAIOTh HAHOUTbIIMK eeKT Mpu BUKJIAJaHHI HAPHCHOI reoMeTpii Ta MmoJasblie
BIIPOBKEHHS 1X y HABUAJILHUM MpOLIEC.

PiBenp rpadiuHOi MiATOTOBKM CTyIEHTa 3apa3 BU3HAYAETHCS HE CTUIBKH TEXHIKOIO TpadiuHuX
300paKeHb, @ THM, HACKUIBKM BiH TOTOBHH JIO PO3YMOBOI'O IEPETBOPEHHS LUX 300pakeHb 1 HACKUIbKH
PO3BHHEHA PYXJHMBICTh 00pa3HOIO MHCJECHHS, a TAKOX PiBEHb NMPOCTOPOBHUX YSBICHB, SIKI € OTHUM 3
MOKa3HHUKIB 3arajlbHOr0 PO3yMOBOIO PO3BHUTKY. ['padiuHa HisUIbHICTH BUMara€ BHUKOHAHHS HHU3KU
PO3YMOBHUX 1 Mi3HaBaJIbHUX i, SKiCHE BTUICHHS SKHX 3IIHCHIOETHCS 3a HASBHOCTI B CTYJICHTIB
3ni0HOCTE 1O CHpPUHHATTS pi3HMX 3aco0iB rpadiunoi iHpopmarii, i mepepoOKH, MEepeOCMHCICHHS,
aHaJli3y OUTICHOCTI copuiHATTA. OAHaK, SKOro O CTYNEHIO PO3BHTKY JIOTIYHOTO MHCIEHHS HE JOCSTIH
CTYACHTH, HAOUYHICTb 3aBXIM Oyle HaWBaKIMBIIIMM 3acO00M iX HaBYaHHS KOMIUIEKCY AWCIMILIIH
«Hapucna reometpis», «lHxkeHepHa rpadika». IIpHHIMIT HAOYHOCTI TPOSBISAETHCS HE TUIBKU Y
BHUKOPHUCTAaHHI HA0OYHOCTI, AK 3aco0y UTocTpauii, ane i B opieHTalii cTyJeHTa Ha cCaMOCTiiHy poOOTy 3
o0pa3oM, ocoONMHMBO rpadiuHuM, SK JrKepernoM iHdopMmairii, mo MiCTUTh B co0i 1 3araibHe, i OMHUYHE, 1
ocobnuBe, 1 IHAUBIAYaTBHE.

BukopuctaHHs JaHOT METOJIUKH CIIPHUSIE PO3BUTKY Y CTYJCHTIB HEOOXiAHUX MPOCTOPOBHX YSBIICHB,
Jie OJTHOYACHO (POPMYIOTHCS 1 B3aEMOJIIIOTH K CTATHYHI, TaK 1 JMHAMIYHI KOMITOHEHTH. Bee 11e minBuirye
KyJIbTYpY TeoMeTpo-rpadidHoi MiATOTOBKM CTYAEHTIB, TUM CaMHM CTBOPIOIOUM HeoOXigHy 0a3y i
MOJAIBIIOT0 BUBYEHHS KYpCy HApUCHOI reoMeTpii.
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