ISSN 1999-9941, “IHOOPMALIIIHI TEXHOJIOI'Ti TA KOMIT'YOTEPHA IHXEHEPIS”, 2018, Ne 1

BIOJIOI'TYHI TA MEJIUYHI ITPIJIATA 1 CUCTEMU

VJIK 621.3

A. A. Kynuk

OBPOBJIIOBAHHSA CUT'HAJIY EKI' 3 BUKOPUCTAHHAM
HOJIIHOMIB JIEXKAH/IPA

BinHuIbKHIT HAlIOHATBHUN MeTMUHUE yHiBepcuTeT iM. M. L. [Tuporosa, Binuurs

AwHoTanist. Po3moBCIoKeHICTh CepLEBO-CYyANHHIX 3aXBOPIOBAaHb MOCTIHHO 3pOCTAE, 10 BUKIUKAE HEOOXiJHICTh PO3POOITIOBAHHS BCe OB
eeKTUBHUX CyYacCHHX 3ac00iB IX MIarHOCTHKH Ta JiKyBaHHs. |lepBHHHA IiarHOCTHKA 0a3yeThCs HA 3alMCYBaHHI eIEKTPOKapaiorpamu,
JIMIIIE ITiCTIS 90TO JIiKap BUKOPUCTOBYE XOATKOBI JaHi KapIiOJIOTIYHHX OKAa3HUKIB, OTPUMAHUX 13 3aJIyYCHHSM 1HIIMX METOMIB JIOCIIKEHb.
P03BUTOK KOMIT'FOTEPHHUX TEXHOJIOTH, Cy4aCHHX METOIB [H(pPOBOro 00pOOIIIOBAHHS JaHHUX Ta KIIHIYHI 3a/1a4i 3yMOBHJIN PO3POOIIOBAHHS 1
BHUKOPHCTAHHS B MOBCSKICHHII NPAaKTHI[ OPOLECOPHUX 3acobiB. Lle 103BOMMIO MiABHILUTH SKICTH OOPOOIIOBAHHS EIEKTPOKAPIiOrpaMu i
3a0e3neunTd KinbKicHy owiHky 3MiH EKI'. Pa3oM 3 TuM, Lie BUKJIMKAe HEOOXiJHICTH IMiJBUIIECHHS TOYHOCTI Ta 4yTJIMBOCTI. [TepcrieKTHBHUM
METO/IOM PO3B’SI3aHHS IUX 3a]1a4 € CIIEKTPAIBHUI aHai3 i3 3aTydeHHsAM 3ac00iB CydacHHX iHDOPMALIMHUX TEXHOJOTIH. B cydacHHX TeXHO-
JIOTISIX TPAKTHYHO HE MPUIULIETHCS yBara 00IpyHTYBaHHIO BUOOPY KOMITOHEHTIB KoM totepHui cuctemu peectparii EKT. IIpu 06po6io-
BanHi gaHux EKI" HenocTtaTHBO yBaru NpHAiISeThes GinbTpalii 3apeecTpOBaHUX NaHUX, SIKi MICTATh BUCOKOYACTOTHI 3aBajii. 3alPOIIOHOBA-
Ha CTPYKTypa MPHUCTPOIO, KA J03BOISIE 3ailicHIOBaTH peecTpauito EK[T KOMIT’ IOTEPHOIO CHCTEMOIO B PEXHMI MPOrPAMHOTO OMUTYBAHHS.
IIponoHyeThCst MAaTeMaTHYHUI amapar Iuisi pO3PaxyHKy MapaMeTpiB KOMIIOHEHTIB KOMIT IOTEPHOI CHCTEMH, @ TAKOXK MiHIMAIbHOI KiJTbKOCTI
3apeecTPOBAHUX 3HA4YeHb. 3alPOIIOHOBAHUH aNrOpUTM (iIbTpamii BUCOKOYACTOTHUX CKIIAJOBHX 3 BUKOPHCTAHHSIM ITOJIHOMIaJIBHUX OPTO-
ronansHuX (yHKuiit Jlexanapa Ha 6a3i aIropuT™My anpoKCHMAril.

Kaio4oBi c10Ba: kKoM’ 10TepHa CHCTeMa, eJleKTpokapaiorpama, moxinom Jlexxanapa.

AHHOTanus. PacripocTpaHEHHOCTh CeplIeTHO-COCYAUCTHIX 3a00IeBaHUH TOCTOSHHO BO3PACTAET, YTO BEI3BIBAET HEOOXOJUMOCTh Pa3paboTKH
Bce Oosee 3 (HeKTUBHBIX COBPEMEHHBIX METO/IOB UX THATHOCTHKHU H JIeUeHUs. [lepBUYHAs THAarHOCTHKA 6a3upydTCs Ha 3alUCH DJIEKTPOKap-
JAUOTIPAMMBI, IIOCJIE€ YE€ro JOKTOP UCIOJIB3YET NOIMOJHUTEIBHBIC JaHHBIC KapAUOJIOTHYECKUX HOKaSaTCJ’[Cﬁ, TMOJY4YCHHBIX C UCIIOJIb30BAHHUEM
Apyrux Me€To0B MCCHCHOB&HHﬁ. PasButue KOMIIBIOTEPHBIX TCXHOJIOTI/[I>’[, COBPEMEHHBIX METOI0B 06p360TKI/I JaHHBIX U KIMHHYCCKUEC 3a1a49n
00ycIIoBUIN Pa3pabOTKy M UCIIOIb30BAaHUE B MOBCEHEBHOM MPAKTHKE MPOLECCOPHBIX CPEJCTB. DTO MO3BOJIMIO MOBBICHTH Ka4eCTBO 00pa-
OOTKH 3JIEKTPOKAPIHOTPaMM M 00ECIIeUNTh KOJIMYECTBEHHYIO OlleHKYy u3MeHeHnid DKI'. BmecTe ¢ Tem, 3TO BbI3BIBa€T HEOOXOIUMOCTH MO-
BBINICHUSA TOYHOCTH U YYCTBUTCIIBHOCTH. HepCHeKTI/IBHLIM METOAOM PEUICHUA 3TUX 3aaY AbUIAITCA CHeKTpaJ'IBHBH\/'I aHalln3 C UCIO0Jb30Ba-
HUEM CPEACTB COBPEMEHHBIX I/IH(I)OpMaIII/IOHHLIX TexHojorui. B COBPEMCHHBIX TEXHOJIOTHAX IPAKTUYECKA HE YACIACTCA BHHUMaHUC
000CHOBaHHUIO BBIOOpA KOMIIOHEHTOB KOMIbIOTepHOM cuctembl peructpanuu JKI'. IIpu ob6paboTke nanubsix DKI' He10CTaTOYHO BHUMAHHS
yaemaerces CI)I/IJ'[BTpaLII/H/I 3apETUCTPHUPOBAHHBIX JTaHHBIX, KOTOPLIC BKIIOYAaIOT BBICOKOYACTOTHBIC IIOMEXH. Hpe;[nomeHa CTPYKTYpa yCTpOﬁ-
CTBa, mo3Bosisttoniero peructpupoBath DKI' B pexxnme mporpamuoro omnpoca. [IpeanoxeH MaTeMaTHUECKHil ammapar Juist pacyera napamer-
POB KOMIIOHEHTOB KOMIBIOTEPHOH CHUCTEMBI, a TAK)K€ MHHHMAJILHOTO KOJIMYECTBA 3apPErHCTPUPOBAHHbIX 3HaueHUH. [Ipeanoxen anroputm
cbvmmpaunn BBICOKOYACTOTHBIX COCTABJIAIOIINX C UCIIOJIb30BAHUEM ITOJIMHOMHUAJIBHBIX OPTOTOHAJIBHBIX (l)y'HKLIHﬁ He)l(aHL[pa Ha 6a3se ajiro-
pUTMa amIpoKCUMAaIUU.

KioueBble c10Ba: KOMIBIOTePHAs CHCTEMA, YJIEKTPOKAPAHOTpaMMa, nojanHoM Jlexkanapa.

Abstract. The prevalence of cardiovascular diseases is constantly increasing, which calls for the development of more and more effective
modern methods for their diagnosis and treatment. The primary diagnosis is based on recording the electrocardiogram, after which the doctor
uses additional data from cardiological indicators obtained using other methods of research. The development of computer technologies,
modern methods of processing data and clinical problems led to the development and use of processor tools in everyday practice. This al-
lowed to improve the quality of electrocardiogram processing and to provide a quantitative assessment of ECG changes. However, this raises
the need to improve accuracy and sensitivity. A promising method for solving these problems is spectral analysis using modern information
technologies. In modern technologies, little attention has been paid to justifying the selection of the components of the computer ECG re-
cording system. When ECG data is processed, insufficient attention is paid to filtering the recorded data, which includes high-frequency
noise. The structure of the device allowing to register the ECG in the program polling mode is proposed. A mathematical apparatus is pro-
posed for calculating the parameters of the components of a computer system, as well as the minimum number of registered values. An algo-
rithm for filtering the high-frequency components using the Legendre polynomial orthogonal functions is proposed on the basis of the ap-
proximation algorithm.

Key words: computer system, electrocardiogram, Legendre polynomial.

Beryn

Amnaii3 BapiabenbHOCTI (MaTeMaTHYHUI aHaJi3) cepleBOro puTMy rouas OypxiuBo possutHcs y CPCP B
60-x pokax MHUHYJIOTO CTOpivYsl. 3acajaMy bOTO CTAIN YCHIXH KOCMiuHOT MequumHu. KitacuuHoro crana Mero-
nuka P.M. BaeBchKoro, sika JJ03BOJISIE 32 MIHIMyMOM JaHUX BU3HAYATH CTaH opranismy moaunu [1 — 4]. Ha Bia-
MiHYy BiJI KOODANHOBaHHUX CKOPOUYEHb ceplls (iOpHIIsLis IUTYHOUKIB BiZI3HAYAETHCS HEKOOPANHOBAHUMH CKOPO-
YEHHSIMH OKPEMHUX TPYI BOJIOKOH Miokapay. Enextpokapaiorpama (EKI') Binnzepkaitoe riodanbHy eneKTpuaHy
aKTUBHICTB CepIIs, JO3BOJIIOYH OI[iHIOBATH aKTUBHICTh MioKap/a B IiIoMy Ipu ¢iOopmisii miayHoukiB. CriekT-
panpanii aHami3z EKT 103Bosisie KiNbKiCHO OI[IHUTH YaCTOTHUH CKJIAT 11 OCIIMIISITIH.

AKTyaJlbHiCTh

Po3moBCIOKEHICTD CepIIeBO-CYIUHHIX 3aXBOPIOBaHb MMOCTIHHO 3pOCTaE, M0 BUKIMKAE HEOOXiTHICTh pO3-
poOroBaHHS BCe OUTHINT €pEeKTUBHUX CYYacHHX 3aco0iB iX JIarHOCTHKH Ta JIikyBaHHA. [lepBUHHA MiarHOCTHKA
0a3yeThCs Ha 3aMKMCYBaHHI €IEKTPOKAPAIOrpaMu, JIMIIE TICHIS 9OTO JIiKap BUKOPUCTOBYE JOJATKOBI JaHi Kap.Iio-
JIOTIYHUX MOKA3HHKIB, OTPUMAHUX 13 3IYYCHHSIM IHITMX METOJIB JOCIHiIKeHb. PO3BUTOK KOMII FOTEPHUX TEX-
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HOJIOTiH, Cy4aCHUX METOZIB IU(POBOro 0OpoOIIOBaHHS JaHUX Ta KIJIIHIUHI 337a4i 3yMOBHINA PO3POOIIOBAHHS 1
BUKOPHCTAHHSI B IOBCSKJICHHIN MPaKTUL NPOLecOpHUX 3aco0iB. Lle 103BOMMIO MiABUIINTH SKICTH 00pOOIIIO-
BaHHs eNeKTpoKapiorpamMu i 3abe3meunTtn KimbKicHy omiHKy 3MiH EKI. Pazom 3 TiM, me BUKIHKae HEOOXin-
HICTP ITiIBUIIEHHS TOYHOCTI Ta YYTJIMBOCTI. [lepCIeKTHBHIM METOZIOM PO3B’S3aHHS IHX 337a4 € CIEeKTPaTbHUHA
aHaIT3 i3 3aTy4eHHsIM 3ac06iB cydacHHX iH(MOpMaIifHUX TeXHOOTi# [5 — 7].

Merta

B cy4acHHMX TEXHOJIOTiSX NPAaKTUYHO HE NPUAULIETHECA yBara OOIPYHTYBaHHIO BHOOpPY KOMITOHEHTIB
koMt rorepHui cuctemu peectpauii EKI. Ilpu obpobaroBanni ganux EKI' HemocTaTHRO yBarum mpuaiseThCs
¢inpTpauii 3apeecTpoBaHUX aHUX, SIKI MICTATh BUCOKOYACTOTHI 3aBajy.

3amaui

1. INeproro 3amaueto € OOTPyHTYBaHHs BHOOPY peXUMY peecTpanii JaHuX, po3poOsIeHHs anapaTHOTO 1 ajJropu-
TMIYHOTO 3a0€3MEeUYeHHs, @ TAKOK BU3HAYCHHS! OCHOBHHX NapaMeTpiB KOMIIOHEHTIB KOMIT FOTEPHOI CUCTEMH pe-
ecTpartii.

2. He MeHII BaXXNMHBOIO 3amadecio € 3a0e3MedcHHs e()eKTHBHOTO aNTropuTMa (QiIbTpallii JaHUX i3 BHIYyUCHHSIM
BHCOKOYACTOTHHUX 3aBaJl.

Po3B’s13anuda 3aga4

Peecrpariist 7aHUX B KOMIT IOTEPHUX CHCTEMaX MOXKE 3/IHICHIOBATHCS 3 PEATi3aLli€l0 TPHOX PEKHIMIB!

E nporpamHoro, npu siIKoMy BHKOPHCTOBYETHCS MIHIMYM amaparypd, a OCHOBHI NpOLEIYypH BHKOHYIOTBCS
CyTO IPOTPaMHO;

E  nporpamHo-amapaTHOTO, OB’ 3aHOTO 13 PEXKUMOM IIEPEPUBAHD;

&  anapatnoro, siKuii BUKOPUCTOBYE MPSAMHI JOCTYII IO TTaM ATi.

Bpaxoytroun, o peectpariiist EKI He Bumarae myke BUCOKOT MIBUIKOIIT, TOMUIBHO 3aIiITH CaMe MEPIIHA

3 HUX. BiH peamizyeTbCsi CTPYKTypoOlO, HaBeleHOI Ha puc. 1. B mpomMy pexumi LeHTpajbHHUIl Mpouecop

3IiICHIOE TIpOrpaMHE ONMUTYBaHHS npanopils “['OTOBHICTh AaHMX’, SKMH BCTaHOBIIOETHCS 3OBHIIIHIM HpH-

ctpoeM. [Ipu #oro BcTaHOBIIEHHI JIaHi 3 MapajeiabHOro iHTepdeicy 3UUTYIOThCS 10 1am’sTi, a00 BUBOISATHCS 3
mam’sITi 10 30BHIIIHBOTO MPHUCTPOIO.

VY3araipHeHa cXxeMa Iporpam-

'HaHiH T ll—OTOBHiCT]: HOTO MUKy JJs pealizamii JaHOTO

DaHHE pexxumy HaBeleHa Ha puc. 2. Llen

PeKMM HA3HMBA€ThCS IPOTPAMHUM,

OCKIJIbKHM BCE MOXKE OyTH peaizoBa-

HO CyTO NpPOTrPaMHO, NPAKTU4HO Oe3

BUKOPHUCTaHHS JOJaTKOBUX amapaTt-

.
= 1

Ipuctpiii peectpamnii EKI" pea-
J3YETHCS 33 JIOMOMOTOI0 KJIACHYHO-
r0 aMIUIITYZHOTO BHMIipIOBAIEHOTO
KaHally, aJalTOBaHOIO A0 PEXUMY
CPu RAM ROM nporpamHoi peectpauii gaHux. Moro
CTpYKTypa HaBeJeHa Ha pHuc. 3. a

Pucynok 1 — CTpyKTypa MiKpOIIPOLIECOPHOI CHCTEMHU MpUHIAI Ti poGoTH — Ha puc. 4.

i3 IPOrPaMHOI0 PEECTPAILIEID IAHUX [ouarox neperBopents 3ana-
etbes curHanom «Ilyck», a 3aBep-

mIeHHS (QIKCYeThCS 3a CHUTHAJIOM
«Kineup meperBopeHH Y, kil popmye cam ALIIL Ilix yac mepeTBOpeHHS KOj0Ba KOMOIHAIliS Ha BUXO/I HOC-
TIHHO 3MIHIOETHCS 1 JIUIIE 3UMTYBaHHS JaHuX 3a curHanoMm «KII» rapanTye nmpaBUIBHICTh 3YUTAHOTO PE3YNIbTa-
Ty. Pe3ynpTraToM mepeTBopeHHs € KojoBa KoMOiHamis Ny, ska BU3HAYAE€THCS BXiTHOIO BUMIPIOBAHOIO HAIPYTOIO

. . u,
Uy. Bumiproana Hanpyra 3 ypaxyBaHHAM KoedillieHTa nepeTBopenHs Gopmysada K ox = U
6Xx

ax = )

Bupas (1) € piBHSIHHAM NEepeTBOPEHHS BUMIpIOBAJIBHOIO KaHATY. 3aBAaBIINCH IIOXHOKOIO Yapc, MOYKHA BHU-
3HAYUTH HEOOXiAHY KiJbKicTh po3psiai ALIIT
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100

E TIOYATOK j n=log Y ADC +l

IBuakomisi ATl BU3HAYA€THCS, BUXOAIYHU 3 Ya-
CTOTH aucKperusarii f,, sika BH3HAYAETHCSA BIAMOBII-
HOIO ITOXHOKOIO

Hami

BCTAHOBIIEHI?

n

XTTHX
f() =,

8an

BceTanornenns

"
anpecu e Xmax — MaKCHMaJlbHE 3HaUYCHHS JPyroi MoXiaHo1
KOMIpPKH

; BX1JHOT'O CUTHAJI
maM’ a1l o y

Beenennsa
(BuBemeHHs)
IAHHX

e Xmax — MaKCHMaJIbHE 3HAUCHHSI TPETHOT MOX1THOT

BXiZ[HOI'O CUT'HAITy.

Obmin
3aBepmIeHHI?

Hi

[Ipu mpoMy TOTPiIOHO BpaxOBYBaTH, IIO TEPiof
JUCKpPETH3allii MICTUTh B CO0I HE JIHIIE TPUBAIICTH
mukny neperBopenns AL, ame @ TpuBamicTh BCIiX
omepailiii, OB sI3aHUX 13 PEECTpaIiero naHuX. B Oib-

l: KIHELD j mocTi BUNajJKiB mpoueck B MeauuuHi Ta Gionorii e
MOBUTEHUMHU 1 mBuAkoxis cydacHuX ALIll e mimkom

JOCTaTHBOIO.
Pucynok 2 — CxeMa iporpaMHOro uKIty B nitepatypi BkazyeTbes, 1o peectpyerbesi 1000
peecTpanii JaHuX 3HAYeHb, ajie el NMOKa3HUK He OOIPYHTOBYETHCS. 3Ti-

JTHO ICHTPAIBHOI IPAaHUYHOI TEOpEeMH Teopii IMOBip-
HOCTEH TpU TOCTATHHO BEIHKiM KUTBKOCTI OCTIMIB # MOXHA TIPUIIYCTHTH, IO 3aKOH PO3IOALTY BHUITaIKOBOI
BENTMYHMHH X € HOPMAJIBHUM 13 TapaMeTpamu My = a Ta oy. JJisl JOIyCTHMOro 3HA4YSHHS IMOBIPHOCTI Py, 3 Tab-
munero  iHrerpana Jlammaca  (iHTerpama  iMOBIpHOCTI)  HEOOXiZHO  3HAWTH  MOPOTOBE  3HAYECHHS

h()on = A oy . Buxoasuu 3 BeIMYUMHU JOMYCKY A=
Aﬁ

3HAYMTH HEOOXiTHUH 00csT BUOIpKH 3a (HOPMYIIOI0

*
My —a| i BiloMOMyY 3Ha4Y€HHi oy MOKHA BH-

2 2
n> hr)on ) O-X
= —AZ

Tak, a1st py,, = 0,95 Ta O-% = 5, moporose 3uauenHs h,,, ~ 225.

Sxmo kinpkicTh pocuiniB N 0OMeXyeThCs 3 TIEBHUX MipKyBaHb, TO U BU3HAYCHHs 00CATY BUOIPKH MOT-
piOHO KOpHCTYBATHUCS POPMYIIOI0
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Pucynoxk 3 — CTpykTypa aMIUTITy JHOTO BUMIpPIOBAJIbHOTO KaHATYy Ha 0a3i KOMII IOTEPHOT CUCTEMH PEXUMY
MIPOTPAMHOTO ONUTYBaHHS s peectpamnii EKT

(o2
ITpu N = 500, py,, = 0,997, % =5, 00CAr CTaHOBMTH 1 ~ 155.

ITicns 3aBepIICHHS peecTpalii MOXKHA 3iHCHIOBATH (DibTPAIliF0 BUCOKOYACTOTHUX 3aBai. JlJs nporo Bu-
KOPHUCTOBYIOTh aJITOPUTM alpOKCHMAaIlii:
®  PO3KJIANAIOTh CUTHAI B 0a3uci momiHoMiB JlexkaHmpa;
e  BUOMPAIOTH OPOrOBE 3HAYCHHS LIYMY JUIsl KOXKHOTO PiBHS PO3KJIa/IaHHS;
®  3IIHCHIOIOTH TMOPOTOBE (GINBTPYBaHHA KOS(IIIEHTIB AeTami3allii, Ui Yoro OTPUMaHi CKIAJOBI MO Yep3i
BIZIKM/IaIOTh, TOYMHAIOYHN 3 KiHIS, JIOTH, OKM MOXMOKa BiJHOBJIEHHS He OyJe B MekaX HOPOTY 3HauCHHS
HIyMY, 0CATAal0YH MiHIMAJIBHOTO CKJIaJy psity JUIs 3aBJaHUX YMOB;
®  PEKOHCTPYIOIOTH CHTHAJ;
Oyukrii Jlexxannpa Pp(X) Bu3Haua0ThCs TH(EPEHITIATbHIM PiBHIHHAM

_ 1 d" 2 n
F’n<x>——2n.n!'d7((x ‘1)) @

(2n) |
2N IIpY WIEHAX CTaplloi creneHl. B knacuunomy
-n!
BUIIAJIKY alpOKCHUMallisl BCIX HENEPEPBHUX Ta JUCKPETHUX CHTHAJIB 3A1HCHIOEThCS B 0a3uci CHHYCOiHUX (YH-
Kuiit. {715 mpornoHOBaHOTO BUIA/IKy BUKOPUCTOBYIOTHCS ITOJIIHOMIasIbHI opToroHansHi ¢yHkuii Jlexxanapa, Tomy
JUIS TIEBHOTO Kacy QYHKIIHN 301KHICTE psany Oyie 3Ha4HO BMIIOKO, HijK B IIepIIoMy Bumaaxy [8].
Po3B’5130K piBHAHHS (2) OO3BOJIIE OTPHUMATH DS OPTOrOHAIBHUX (YHKIIH, OOMEKCHHX IHTEpPBAIOM

1 SIBJISIFOTH COOOI0 TOJIIHOMH CTEMeHi N i3 KoedilieHToM

Xe [—1, 1] i onucyBanux Bupazamu (3).



ISSN 1999-9941, “IHOOPMALIIIHI TEXHOJIOI'Ti TA KOMIT'YOTEPHA IHXEHEPIS”, 2018, Ne 1

E TIOYATOK j

Iminiamizaris
MIPHCTPOIE

dopmMmyeanHA

CHTHAITY
"TTycx"

"RKII"
BCTAHOBIIEHHH?

Bceranoenenus

anpecu
KOMIPKH
mmam’qTi

Beenenusg
IaHHX

PeecTparis
3apepmeHa’?

E KIHEITh j

Pucynox 4 — [TpuHImn po60TH aMIUTITY JHOTO BIMipIOBATBHOTO KaHATY Ha 06a3i KOMIT IOTEPHOI CHCTEMH PeXU-
My IpOrpaMHOT0 ONUTYBaHHA 1is peectpanii EKT
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Po(x) =1,

P (x) =X,

P,(x) = %(3x2 -1)

P;(x) =%(5X3 —3x)

Py (x) = %(35x4 ~30x° +3) ®)
Ps(x) = %(63X5 —70x3 +15x)

Ps(X) = %(231x6 —315x* +105x? —5)

P, (x) = %(429x7 —693x° +315x° —35x)

Kpama 3061kHICTB psxy 03Hadae, MO I apOKCHUMAIlii BUXiTHOT MOCTiTOBHOCTI HEOOXiTHO 3HAYHO MEHIIIe
YIICHIB PiBHAHHA 1 KiHIIEBUH 00cAT TaHUX Oyne MeHmmM Oe3 BTpaT iHdopmartii. [Ipu oMy anroput™ mnepeTso-
PCHHS JaHUX CIIPOIIYETHCS, 38 PaXYHOK YOr0 CKOPOUYYEThCS Yac 00pOOIIIOBAHHS JaHKX 1 MiIBUIIYETHCSA CPEKTH-
BHICTh BUKOPHCTAHHS IPOLECOpHHUX 3aco0iB. Ha mpakTuiii 0OMexyroTbcsl KiJIbKICTIO YIEHIB, SKI BU3HAYAIOTh
95% eneprii 3apeectpoBanoro curnany EKT'.

BucHoBkH

1. 3anponoHoBaHa CTPYKTypa MPUCTPOIO, siKa JI03BOJIsiE 3ailicHIoBaTH peectpauito EKI™ komn’oTepHoIo
CHCTEMOIO B PEXKHMI ITPOrPaMMHOTO OITUTYBaHHSI.

2. IlponoHyeThCS MaTeMaTHYHHN anapat JUisl PO3PaxyHKy MapaMeTpiB KOMIIOHEHTIB KOMIT FOTEPHOI CHC-
TEMH, a TAKOK MiHIMaJIbHOI KiJIbKOCTI 3apeECTPOBAHUX 3HAYCHB.

3. 3ampornoHoBaHUHN aNTOPUTM (PLIBTpaIlii BUCOKOYACTOTHUX CKJIAIOBUX 3 BUKOPUCTAHHSIM IIOJIHOMiah-
HUX OPTOTOHANBHUX (PyHKIIH JIexkannpa Ha 0a3i aNropuTMy alpOKCHUMAII].
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NEW IMAGE PRE-PROCESSING METHODS FOR
TRACKING VARIOUS BIOLOGICAL OBJECTS MOVEMENT
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AwnoTtanis. JlocTimKeHHS! aITOPUTMIB A BIACTEXXCHHS AUHAMIKH PYyXy Pi3HUX Oionoriuaux o0'ekTiB € akTyansHHM. Ha BHOip onTuMais-
HUX METOJIB 1 aJrOPUTMIB BiJIICTE)XKEHHSI 00'€KTIB, Ui KOHKPETHOTO 3aBJAaHHS, CHIBHO BIUIMBAKOTh OCOOJIMBOCTI 1 XapaKTEPUCTHKH IIHX
00'exTiB 1 yMOBH iX Bisyamizauii. ToMy, 11106 aBTOMAaTH3yBaTH MPOLECH aAMNTallii aIrOPUTMIB PO3Ii3HABAHHSI -BIJICTE)KECHHS, B CTATTI PO3IJIs-
JIAIOTHCSI KJIbKA BapiaHTIiB allTOPUTMIB IS CTEXKEHH 32 00'€KTaMH peanizoBaHHMH B npoekTax Labview. Crierudika 1ux 00'eKTiB, yMOBH 1X
Bisyayi3arii i mapaMeTpH Mojeli CHIBHO BIUIMBAIOTh HA BHOIP METOXIB 1 QJITOPUTMIB, 5IKi € ONTHMaJbHUMH 11 KOHKPETHOTO 3aBIaHHS.
Tomy B Wil CTAaTTi M5 aBTOMATU3ALIT IPOLECIB aIaNTAL[IHHAX aJrOPUTMIB PO3Ii3HABAHHSI-BIICTE)KCHHS 3aIIPOIIOHOBAHO KiJIbKa alTOPUTMIB
nornepeHbpoi 00poOKH KaapiB 3 BUKOpucTaHHAM iHCTpyMeHTIB NI Labview i Vision Assistant. [Toriepenns 00poOka BKIIFOYaia BUPiBHIOBaH-
Hs 3aranbHOi (POHOBOI SICKPaBOCTI 300pa’keHHs, YCYHEHHsS BHCOKOYACTOTHOIO INyMY i pi3HHMX apTedakTiB (BHILIEHI obsiacTi, MPOMIKKH,
[EPEIOMHU) 3 BUXIZAHOTO 300pakeHHsI, KOHTPACTHOCTI, IIOPOTOBOT0 3HAYEHHsI, OiHapu3awil i iHIMX (HYHKI[IOHAIBPHUX MepeTBOpeHb. [IpoekTu
JIO3BOJISIFOTH LIBHMIKO 3MIHIOBATH IIAO0JIOHU ISl HABYAHHS 1 MIEPENiArOTOBKH CHCTEMH. BOHM aIanTyrOThCsI 10 MIBHIKOCTI 00'€KTIB 1 CTaTH-
CTHYHUX XapaKTEPHUCTHK LIYMY B 300paKCHHSX. Y CTaTTi 0OrOBOPIOIOTHCS HOBI METOMH TOTNEPEIHBOT 00POOKH 300pakeHb ISl aJITOPUTMIB,
SIKi BIZICTEXYIOTh IUHAMIKY PyXy pi3HHX Oiojoriyux 00'exTiB. BynyTh mpemcraBieHi i mpoaHastizoBaHi eKCIIEPUMEHTH, MPOBEICHI AJIs Te-
CTyBaHHS TPEKepiB Ha peaJbHUX Bineodaiinax.

KuarouoBi ciioBa: kiacugikanis, npouec Biacre:keHHs, 6e3.1i4 6ios10oriyHuX 00'€KTiB, AJITOPUTMH NONEpPeIHbOI 00POOKH 300pakeHb,
MOPiBHSHHS 300paKeHb.

Aunoranus. VccienoBaHue alropuTMOB TSl OTCIISKUBAHNS JUHAMUKH JIBIKCHUS Pa3IMYHBIX OHOJOTHYECKHX OOBEKTOB SIBISCTCS aKTy-
anbHBIM. Ha BBIOOp ONTHMAJIbHBIX METOOB U AJITOPHTMOB OTCIICKHUBAaHUSI 00BEKTOB, [UIsI KOHKPETHOM 3a1a4M, CHIIBHO BIIMSIOT OCOGCHHOCTH
U XapaKkTEePHCTHKU THX OOBEKTOB M YCIOBHS MX BH3yanuszauuu. [1o3ToMy, 4TOOBI aBTOMATU3MPOBATH IMPOLECCHI afANTALMKH aJrOPUTMOB
PAacIO3HABAHHUSA-OTCIICKUBAHNUS, B CTAThE PACCMATPHBAIOTCSI HECKOJIBKO BAPUAHTOB aITOPUTMOB IS CICKEHHUSI 32 O0BEKTaMH, pPeali30BaH-
HBIMH B nipoekTtax Labview. Crienuirika 3THX 0OBEKTOB, YCIIOBHS MX BU3YaIH3alMH U [apaMeTpbl MOJICIH CHIIBHO BIHMSIIOT Ha BBIOOP METO-
JIOB M aJTOPHUTMOB, KOTOpBIE SBISIOTCS. ONTUMAIBHBIMU JII1 KOHKPETHOH 3ama4n. [o3ToMy B 3TOi cTaThe [UIsi aBTOMATU3AIMH TIPOLIECCOB
aIaNTalOHHBIX aJTOPUTMOB PACIIO3HABAHHSI-OTCIISKUBAHMSI TIPEIUIOKEHO HECKOIBKO alTOPHTMOB IPEIBAPUTEIBHON 00pabOTKH KaJIpoB C
ncronb3oBanreM nHcTpymMeHToB NI Labview u Vision Assistant. [IpexBapurensHas o6paboTka BKIIIOYana BEIpaBHHBaHUE o0mIeil (poHOBOI
SIPKOCTH W300pa’KeHUs], YCTPaHEHHE BHICOKOYACTOTHOTO IIyMa U Pa3MMYHbIX apTe(akToB (BbIAEICHHbIE 00IaCTH, TPOMEKYTKHU, IEPETOMBI)
W3 MCXOJHOTO M300pakeH s, KOHTPACTHOCTH, IOPOTrOBOrO 3HAYCHHSI, OMHAPH3ALMU M APYTHX (QYHKIHMOHAIBHBIX peoOpasoBanuii. [Ipoek-
THI TI03BOJISIFOT GBICTPO MEHSITh MIAGJIOHBI JUTsl O0YYCHHS M TIEPEIOAroTOBKY cucTeMbl. OHM aaNTHPYIOTCS K CKOPOCTH OOBEKTOB M CTATH-
CTMYECKUM XapaKTEpUCTHKaM IIyMa B U300pakeHusX. B craTbe 00cykIatoTcs HOBbIE METO/IBI MPEIBAPUTEIBHON 00pabOTKU H300paxeHu
JUISL aIITOPUTMOB, OTCJISKHUBAOMINX JHHAMUKY JIBHKCHHS Pa3IMYHBIX OHOJIOTHYECKHX O0BEKTOB. BymyT mpercraBiieHbl W MpOaHAIM30BaHbI
9KCHEPHMEHTHI, IPOBE/ICHHBIC JUISI TECTHPOBAHMSI TPEKEPOB Ha peasbHbIX BUAeO(aiiiax.

KuiroueBble cii0Ba: Kiaccu(puKanus, MPoLece OTCIEKNBAHHS, MHOKECTBO GHOJIOTHYECKNX 00HEKTOB, aJIrOPUTMBI NPeIBaAPUTE b-
HOI1 00pa6oTKN U300paskeHMii, cCpaBHEHHE H300PaKeHU .

Abstract. The algorithms to tracking of movement dynamics of various biological objects now it is actually to studying. Features and char-
acteristic of objects, conditions of their visualization strongly influence the choice of optimal methods and algorithms for a specific task it
they tracking. Therefore, to automate the processes of adaptation of recognition-tracking algorithms, several Labview project trackers are
considered in the article. Specificity of these objects, conditions of their visualization and model parameters strongly influence the choice of
methods and algorithms, which are optimal for a specific task. Therefore, in this article, in order to automate the processes of adaptation
algorithms of recognition - tracking, we suggest several frames pre-processing algorithms using NI Labview tools and Vision Assistant.
Preprocessing included equalization of general background luminance of the image, elimination of high-frequency noise and different arti-
facts (highlighted areas, gaps, fractures, etc.) from the original image, contrasting, thresholding, binarization and other functional transfor-
mations. Projects allow changing templates for training and retraining the system quickly. They adapt to the speed of objects and statistical
characteristics of noise in images. New pre-processing methods image for algorithms tracking of movement dynamics of various biological
objects will be discussed. The experiments carried out to test the trackers on real video files will be presented and analyzed.

Keywords: classification, tracking process, pattern matching, plurality of biological objects, pre-processing algorithms

1. INTRODUCTION

The rapid development of researches in the field of andrology stimulates studying spermatogenesis pro-
cess. In clinical practice, its evaluation is often based on the results of the patient’s spermogram study. The main
purpose of the clinical evaluation is to determine the quality of sperm cells in order to identify their potential
ability to fertilize the egg and find possible causes of infertility for further development of its treatment method.
To date, in clinical practice, there are two main parameters generally accepted as evaluation criteria of spermato-
genesis: the percentage of motile sperm cells, and the domination of morphologically normal sperm. Both of
these parameters are visually analyzed under the microscope and evaluated subjectively by a physician possibly
leading to incorrect results and false diagnostic conclusion. Even if a highly qualified specialist evaluates ejacu-
late very carefully, the variation of quantitative and qualitative characteristics makes up not less than 10%, and
highly increases in the case of defects overlay (at preparation, material sampling or evaluating). Therefore, to
determine and correct the errors, both internal and external quality control should be held in every laboratory. A
spermogram is a simple but important analysis, on which further activity of the urologist and andrologist is
based. Sperm concentration and total sperm count, sperm motility, and morphology are the most important pa-
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rameters of the spermogram [1]. Modern technologies of computer processing and image analysis [2-4] can im-
prove the quantitative and qualitative indices of the patient's spermogram analysis. The main problem of track-
ing biological objects in video stream is automatic finding them in each separate frame. Usually tracking algo-
rithms consist of such successive steps: selection and allocation of descriptors, their comparison and
classification. At the comparison, a frame fragment, the descriptor of which is the most similar to the descriptor
of the tracked object, is searched. When the corresponding fragment is found, then the found object is classified.
When analyzing moving biological objects recorded by digital microscope using tracking algorithms, a large
number of frames must be processed in the images stream. Counting the number of selected objects in each
frame to determine the average of a standard set, usually 200 frames, and grouping and clustering by different
parameters, including shape, speed, location, etc., are important subtasks [1]. And for each of these sub-tasks not
only dedicated optimal image processing algorithms adapted to specific conditions, but the possibility to rear-
range and integrate them easily into a single tool environment are required. There are well-established approach-
es to recognition of very noisy and correlated single objects [5, 6, 7, 8, 9] and sets of multiple objects [10, 11,
12], including moving ones [13], with simultaneous division into clusters. However, they are all very diverse and
poorly integrated into single, flexible and configurable, and adaptive system or program. Therefore, when choos-
ing a tool for research, we settled on Labview as the most powerful system-design platform and development
environment for a visual programming language from National Instruments. [14].

Using Labview and its basic applications and modules enables relatively quick design of the required video
analysis processing system of AVI files, which greatly simplifies the recognition and tracking of biological ob-
jects. We have developed a number of possible projects for detection and tracking of moving biological objects.
NI Vision package is a powerful tool to work with images, supplemented by a set of NI IMAQ drivers and NI
Vision Assistant module. Regardless of the software environment - Labview, Measurement studio, Visual Basic
or Visual C ++, the package directly provides full control over all the types of analog and digital cameras and
allows not to program on the register level. For the processing of static and animated images a basic NI Vision
module is used. It contains a set of optimized functions to work with color, black-and-white or binary image,
including filtering, statistical and geometric shape changes, pattern matching, and measuring picture parameters.
The features of this package allow capturing geometric shape changes, compare the image with the standard, and
change settings of the picture. The NI IMAQ video camera driver software is compatible with all National In-
struments software, including NI DAQ. It enables easy integration of image processing to any of National In-
struments’ product. The main feature of the NI IMAQ is the extensive library of special functions. They include
templates for cameras configuration, memory allocation functions, start-up initiations and the actual image ac-
quisition both in continuous and single-image modes. A comfortable and functional addition to the NI Vision,
greatly enhancing the user experience, is NI Vision Assistant. It enables to easily create own routines to capture,
filter, process, analyze and edit the images, change settings of the cameras being used. These routines can be
imported into Labview. Visualization and ease of use are the main advantage of such an approach, as the result
of function application is visible at once [14].

Therefore, to automate the processes of adaptation of recognition-tracking algorithms, several Labview
project trackers are considered in the article. New pre-processing algorithms, which improve the quality of real-
time monitoring and tracking of multiple biological objects, are considered in the paper. Projects allow to change
training templates and to retrain the system quickly. They adapt to the speed of objects and statistical characteris-
tics of image noise. New features of image or image characteristics comparison, descriptors and pre-processing
methods will be discussed. The experiments that were carried out to test the trackers on real video files will be
presented and analyzed.

2. EXPERIMENTAL STUDIES OF IMAGE PRE-PROCESSING ALGORITHMS FOR EXTRACTION
AND ANALYSIS OF MULTIPLE BIOLOGICAL OBJECTS

There is a number of problems in visual tracking of biological objects that can degrade the quality of detec-
tion and tracking of objects. The lighting effects of objects in the frame, i.e. highlights and shadows, distort the
actual results of detection and tracking of objects. When processing the image, a problem with strong texturing
of the background may appear. Changes in the appearance of the object due to projection of 3D movements on
the 2D plane (sequence of frames), may include geometric deformation of the tracked object (due to rotations
around the axis, for example). For non-solid objects, the shape can be deformed for a long time. Sudden changes
in subject's movement with increasing speed, which can cause the problem of finding and tracking of objects.
When tracking an object in a liquid medium, the image may be blurred by this medium. Tracking such objects is
difficult for visual tracking of the right path the object. An ideal algorithm of visual tracking of biological ob-
jects should overcome all of the problems described above. Therefore, one of the main objectives of research of
tracking algorithm of moving biological objects is pre-processing of frames in the stream to improve the quality
of their subsequent detection and tracking.
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2.1 The algorithm of frames pre-processing, using morphological tool and local threshold, version 1
The algorithmic solutions consists of the three main stages:

- the research mode to find and select the toolkits for solving the task;

- expert processing, analysis and evaluation of results of image processing with the involvement of all
available NI Vision Assistant means in interactive mode;
- automatic processing by fixed (pre-selected) sets of computational procedures, the use of which guaran-
tees certain probability of correct processing results.
To eliminate the problems described above, one of pre-processing algorithms can be used (Fig.1). As
shown in Figure la the original color image in addition to the objects of interest, has many false objects and

complex background.

a)J Originol Image RGB (32 bits)
1189%619

d) Gray Morphology _1: Modifies
the shape of objects in an image.
(Operation: Erode — Structuring
Element cross 3x3, Iterations -4)

g) Gray Morphology 4: Modifies
the shape of object in an image.
(Operation: Open - Structuring
Element square 9x9)

j) Adv. Morphology: (Operation:
Remove border objects — Structur-
ing Element square 3x3 - Connec-
tivity 4/8)

Figure 1 - The algorithm of frames pre-processing using a morphological tool and local threshold, version 1

b) Color Plan Extraction: Extracts
the color plan (RGB — Green plan)
from an image.

e)‘ Gray Morphology 2: Modifies
the shape of object in an image.
(Operation: Dilate — Structuring

Element square 3x3, Iterations -3)

h) Threshold: Selects ranges of
pixel values in grayscale in an im-
age.

(Local Threshold: Background Cor-
rection

Look For: Dark Object)

k) Color Operators:  Performs
arithmetic and logical operations on
images. (Operation: Multiply 255)

c)‘ Brightﬁess: Alters the brightness
(85), contrast (53,7), and gamma
(1,61) of an image.

f) Gray Morphology 3: Modifies
the shape of object in an images.

(Operation: Close — Structuring
Element square 9%9)

i) Basic Morphology: Modifies the
shape of binary objects in an im-
age. (Operation: Auto Median —
Structuring Element square 7x7)

Preprocessing includes equalization of common luminance of the image, elimination of the high frequency

noise and various artifacts (highlighting of the separate regions, gaps, fractures, etc.) in the original image, con-
trast adjustments, threshold processing, binarization, and other functional transformations. Preprocessing by one
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of the algorithms presented in Fig.1 includes a set of tools described below, which enable successive transfor-
mation of each image frame. To simplify processing by the next tools and operators, firstly one of RGB colors
plan, for example, Green plan, is extracted from original Image RGB (32 bits) 1189x619 pixels (Fig.1, a, b). To
improve the readability and processing quality of the image, Tool Brightness, which alters the brightness (85),
contrast (53,7), and gamma correction (1,61) of an image (Fig.1, c) was used at the following stages. To improve
the quality of extraction of biological objects, the morphological operators were used then to modify the shape of
objects. At the first and second stages the Erosion - blur operations of the shape of object were used (Fig.1, d),
then a part of it was removed (Fig.1, e). These operations have resulted in better finding of the object's shape.
With the same purpose Close operation, which closes a space of area of the object's shape by a square 9 x 9
structural elements (Fig.1, f)) and Open operation, which opens a space of arca by a square 9 x 9 structural ele-
ments during processing (Fig.1, g). To detect moving biological objects and ignore the background noise,
Threshold tool and its local threshold function for searching dark objects were used. On this step the algorithm
selects the ranges of pixel values of grayscale images with parameters (Local Threshold: Background Correction
Look For: Dark Object) (Fig.1, h)). The resulting binary images were further transformed by means of the shape
change operators of Basic Morphology tool and Remove border objects operator of Adv. Morphology tool. Basic
Morphology modifies the shape of binary objects in an image with parameters (Operation: Auto Median — Struc-
turing Element square 7x7) (Fig.1, i)). Adv. Morphology performs high-level operations to the blobs in binary
images (Operation: Remove border objects — Structuring Element square 3x3 -Connectivity 4/8) (Fig.1, j)). For
normalization across all levels of graduation image, Color Operators tool was used that performs arithmetic and
logical operations on images (Operation: Multiply 255) (Fig.1, k)).

2.2 The algorithm of frames pre-processing using a morphological tool and local threshold, version 2

The second variant of the preprocessing algorithm is shown in (Fig.2). As can be seen from (Fig.1, a) the
original color image, except of objects of interest, also has a lot of false objects and complex background. Pre-
processing as well as version 1 includes equalization of the total background luminance of the image using Tool
Brightness. The algorithm, in contrast to version 1, uses two operations Erode - Dilate by Tool Gray Morpholo-
gy, the result of which is shown in Fig.2, d. These operations modify the shape of object in images. The back-
ground of the frame is ignored due to local threshold function (Threshold Type - Auto Threshold: Moment, Look
For: Dark Object), see Fig.2. Further four Adv. Morphology operations are used in version 2, which perform
high-level operations doing blobs in binary images (Fig.2, f). This Operations: Remove border objects (Structur-
ing Element square 3x3, Connectivity 4/8, Iterations — 3); Filling holes; Convex hull; Removing small objects.
For normalization across all levels of graduation image Color Operators tool is used, which performs arithmetic
and logical operations on images (Operation: Multiply 255), (Fig.2, g).

g ° 00 it o ¥

[}
> 3 L e
. ¢ o

& & E
a) Original Image RGB (32 bits) ) Tool Color Plane Extraction: c) Brightness: Alters the brightness

960x512 Extracts the three-color planes (85), contrast (53,7), and gamma
(RGB, HSV, or HSL) from an im- (1,61) of an image.
age.

d) Tool Gray Morphology 1-2:
Modifies the shape of object in an
image.

(Operation: Erode — Dilate; Struc-
turing Element square 3x3; Itera-
tions -2)

e) Threshold: Selects ranges of pix- f) Adv. Morphology 1-4: (Opera-
el values in grayscale images. tion:Remove border objects —
(Threshold Type — Auto Threshold: Structuring Element square 3x3 -

Moment, Look For: Dark Object) 4/8 Iterations-3; Fill holes; Convex
hull; Remove small objects.)

Figure 2a, 2b, 2c, 2d, 2e, 2f - The algorithm of frames pre-processing using a tool of morphological and local
threshold, version 2
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g) Color Operators: Performs
arithmetic and logical operations on
images. (Operation: Multiply 255)

Figure 2g - The algorithm of frames pre-processing using a tool of morphological and local threshold, version 2

3. USING LABVIEW FOR REAL-TIME SIMULATION FOR CLASSIFICATION, TRACKING AND
MATCHING WITH TEMPLATE OF MULTIPLE BIOLOGICAL OBJECTS

3.1 The frames pre-processing algorithm using the classification of multiple biological objects

Fig.3 shows the result of frames pre-processing algorithm using the classification of multiple biological ob-
jects.

b)
Figure 3 - The frames pre-processing algorithm using the classification operation of multiple biological objects
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el

Fiaure 4 - Templates for two classes: Norm_A and Fuzzy_A

In NI Vision Assistant Interface a classification of 58 biological objects is made (Fig.3, a) on Norm_A and
Fuzzy A (Fig.3, b). Fig.4 shows the templates for two classes Norm_A and Fuzzy_A. Classification of particles
is made by the method of Auto Threshold: Moments. Search of biological objects is done against a bright back-
ground with the Nearest Neighbor operation. The search method uses the metric - Sum. The result shows that the
set of objects is divided by two classes with help of two types templates (Fig.4) - normal and fuzzy objects. And
in the resulting window of image, every single object has its own index-number (Fig.3, a). A wide range of func-
tional tools and qualitative detection of required fragments of objects images in the previous steps of the algo-
rithm made it possible not only to classify biological objects more accurately, determine their parameters, shape,
but also to evaluate their quantity. For comparison of the quality of the available in NI Vision Assistant tools we
show in the next subsection the results obtained using Object tracking tool.

3.2 The frames pre-processing algorithm using tracking of multiple biological objects

Object tracking is a classical problem in computer vision and prerequisite solutions for many important
tasks such as tracking of multiple biological objects. Such spermogram analysis is done on 200 frames. Both
moving and slow-moving sperm is analyzed. Measuring sperm motility is determined by tracking operation with
measuring the coordinates of sperm movement from frame to frame. Fig.5a, shows eight objects in the 106
frames with identification of their coordinates. Fig.5b shows templates for these objects. Tracking of biological
objects is made from one frame to the next in a sequence of images. For tracking of biological objects Tradition-
al Mean Shift algorithm with number of histogram bins - 8 and maximum iterations — 6 is used. The use of Ob-
ject tracking tool makes it possible to determine the change of coordinates of these objects, to form and to pro-
cess the coordinates with the ability to integrate to Excel. This enables clustering of multiple objects into groups
with different moving speeds. This is an important parameter in the study of the sperm motility. Thus, we show
that it is the use of NI Labview tools opens the possibility to build integrated environment still on stage of pre-
selection of algorithms and designing of system, and makes it easy to go to the construction therein of ready-to-
use projects. Some aspects of embedding the conveyor of preprocessing blocks on the basis of yet another final
instrument, namely Pattern Matching, we will discuss in the next section.

- Draw an ROT around the object you want to train,
Adjust the Histogram Bins to maximize contrast on the
ROI Back-projected Image.
Click Add.

Histogram Bins 8

ROI Back-projected Inage

Obfects

Selected Object Label
Object8

a) b)
Results ... 2 3 4 5 & 7 3
¥ Position 550,00000 [671,00000 |663,00000 |834,00000 | 101,00000 |93,00000 473,00000
Y Position 202,00000 | 190,00000 | 463,00000 |324,00000 | 53,00000 344,00000 | 93,00000
Angle 0,000000 |0,000000 |0,000000 |0,000000 |0,000000 |0,000000 |0,000000
Score 1000,00000 | 1000,00000 | 1000,00000 | 1000,00000 | 1000,00000 | 1000,00000 ( 100000000

c)

Figure 5 — Eight objects in the 106 frames with the definition of their coordinates
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3.3 The frames pre-processing algorithm using the Pattern Matching process for multiple biological
objects

Let’s consider the algorithm of frames pre-processing using the Pattern Matching process for multiple bio-
logical objects. In the Fig.6, the block diagram with graphical source code of the preprocessing algorithm is
shown. And the Front Panel of the user interface built in NI Labview with controls and indicators is shows in
Fig.7a. 200 frames of the investigated biological objects in *.avi format are input from the Vision Acquisition
source to the preprocessing algorithm, which is synthesized in the 1 Vision Assistant block. Vision Assistant 2
block uses the operation of Pattern Matching for multiple biological objects. The modules to count the number of
objects in each frame, the sum total of all the frames and their average number are added to the project. The
Fig.7a shows preprocessing by the algorithm of the biological objects and their number in each frame, the num-
ber of the frame processed, the total amount of the biological objects and their average numbers in frame. Fig.7b
shows the results of processing of 200 frames using Pattern Matching process, and identification of 36 biological
objects. Parameters for check and comparison of the template in the region of interest for multiple biological
objects are shown.

W
= =
- . Numenic E
i 1ma9e Number Number of Matches
|':. .] N P |
Stop (F) V"’°“ L i)
GT F i _E . Image Out 3 Image Out 4
[mege Humbu ’ ‘ hbdasr
4 | g
1 1) !
e i.f‘ i Vision has oo
’ | Assistant] Matchet
Inugc Out ¥ lnmge In !FJJI W
4 » sael bl
:' Image Dst Vision =
- || _Assistant2 Calibratpd Matches
Image Out o  Imageln -
[ [ e e - |
» & 4]
E} =3 Vl'nia:g :F' na
— —
oo ¥
eated Mate o} Sum_Numbers
Number of Matol—+
Image Out  »pid 1]
J—‘\ »‘A.euge Numbers in Frame
,
bS]

Figure 6 — The block diagram contains graphical source code of the preprocessing algorithm for detecting of
biological objects

Similarly, to modules described in the sections 2-3, integral preprocessing modules are integrated into the

finished project, or in their set, which sold a wide range of tasks and functional changes.
3.4 The frames pre-processing algorithm using the Geometric Matching process for multiple biological
objects

The main indicators of sperm quality are the number of spermatozoons and their mobility. After prelimi-
nary image processing using NI Vision Assistant and Function Practical Analysis, we will count the number of
spermatozoa and determine their basic parameters. Fig. 8 shows the input frame, the frame after preprocessing
and the determination of mobility.
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Mumber of Matches
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Average Numbers in Frame
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Pattern Matching 1
Main | Template Settings |Advanced0pﬁons|

Algorithm | Gradient Pyramid

[]

Mumber of Matches to Find 30 3

Minimum Score 500 &

Max Pyramid Level 2 B

(Optimal Pyramid Level: 2)

Search for Rotated Patterns

Angle Range +/- (dearees) EI

Mirror Angle Range

Min  -40 degrees-»Max 40  degrees

Min 140 degrees-=Max 220 degrees
Results ... 27 23 29 30 31 32 33 34 35 36
X Paosition 516,76752 | 799,01117 |412,59451 [415,61215 | 5,74558 452,01633 | 265,64789 | 34,60343 174,28886 | 140,34612
¥ Position 444, 46609 | 438,51358 | 183,06419 | 381,62231 | 103,81234 | 352,86264 | 305,77600 |63,26157 347,02737 | 203,82320
Angle 0,90330 3736777 163,32521 | 214,57294 | 349,03293 |219,99797 [ 39,74365 354,88089 | 199,22096 | 205,33762
Score 433,13651 |434,11374 |423,03696 | 403,96378 | 326,57379 |322,45343 | 317,35638 | 239,44113 | 223,80121 | 212,891568

b)

Figure 7 - The frames pre-processing algorithm using the Pattern Matching process for multiple biological
objects. a) User interface built in NI Labview, the Front Panel with controls and indicators. b) Tool Pattern
Matching: Checks the presence of a template in the entire or in a region of interest based on its intensity
(Algorithm — Gradient Pyramid; Number of Matches to Find — 80; Minimum Score — 50; Max Pyramid Level —
2; Search for Rotated Patterns 40 degrees; Mirror Angle Range -40° +40°, 140° +220°)
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a) Input frame with indicated best sperm b) Frame after mobility analysis
Figure 8 - Simulation results of spermatozoon’s analysis
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In this example, the number of particles is 24, and the main parameters of the first five particles, namely
the position and size, are shown in Table 1.

Table 1 — Parameters of the first 5 particles after analysis

Object # [Center of Mass X |Center of Mass Y |Bounding Rect Diagonal |Perimeter [Max Feret Diameter|Area |% Area/Image Area
1 529,57426 24,40594 16,97056| 37,18959 14,42221| 101 0,04384
2 430,05806 27,90323 22,80351| 56,25136 19,31321] 155 0,06727
3 120,67442 49,81395 12,80625| 27,70276 10,19804| 43 0,01866
4 220,13274 64,9469 18,02776| 39,61967 15,52417| 113 0,04905
5 618,75281 66,94382 15,81139] 35,53274 13,60147| 89 0,03863

To determine the motility of the spermatozoons, we perform a logical sum operation on the frames. As a
result, during the motion of the sperms, their trajectories will be formed, according to which we can determine
the number of progressively fast moving (class A), the number of progressively slow mobility (class B), the
number of low active (class C) and fixed (class D).

4.CONCLUSIONS

The tasks of real-time tracking of the dynamics of movement of various biological objects are researched
in the work. Specificity of these objects, conditions of their visualization and model parameters strongly influ-
ence the choice of methods and algorithms, which are optimal for a specific task. Therefore, in this article, in
order to automate the processes of adaptation algorithms of recognition - tracking, we suggest several frames
pre-processing algorithms using NI Labview tools and Vision Assistant. Preprocessing included equalization of
general background luminance of the image, elimination of high-frequency noise and different artifacts (high-
lighted areas, gaps, fractures, etc.) from the original image, contrasting, thresholding, binarization and other
functional transformations. Several shortcomings have been identified by using the differential image shifted for
one frame. Such a pre-processing operation is made to remove not moving objects or static elements in the im-
age. For further reconstruction, the moving objects in the image are enhanced by sharpening and processed by
algorithms. At that while preprocessing it can be seen that moving objects in the image are duplicated due to the
difference of frames. Therefore, the counting results are inaccurate. Furthermore, both in the first and second
versions of the algorithm preprocessing result in many fragments, which are not identified as biological objects.
The paper shows the possibility of building frames preprocessing algorithms in the stream for a number of bio-
logical objects. Modern computer processing and image analysis techniques will improve the quantity and quali-
ty analysis of the patient's spermogram.
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THOOPMAITIMHI TEXHOJIOT'T

VIIK 004.416.6

C. C. Benukonnuii, O. C. Tumodeena, C. C. 3aiineBa-Benmukoana, K. €. Hamiy

MOPIBHSIJIbBHUU AHAJII3 BJIACTI/IBQCTEﬁ
BIIKPUTOI'O, BUIBHOI'O TA KOMEPIIHHOI'O
MPOTPAMHOTI'O 3ABE3IIEYEHHS

Opnecpkuil fepkaBHUH €KOJIOTIYHUHN yHIBepcHUTeT, M. Ozxeca

AHoTanis. YV cTaTTi NPOBOAMUTHCS MOPIBHSHHS MPOrPAMHUX MPOIYKTIB, IIO B3ATi HA OE3KOIITOBHIil OCHOBI, MPOTPAMHUX MPOLYKTIB, L0
MOIIHPIOIOTECS 32 BUTEHUMH JIIIEH31IMH 13 BIIKPUTHM KOJOM, Ta KOMEPLIHHUX pO3poOOK. AHalli3 BUKOHAHO 3a pe3yJbTaTaMH JOCIIKEHHS
pEIbHUX JAHUX IIONHUTY, HA MiJCTaBi BHBYEHHS OULIBII HDXK JBOX COTEHb HAMIOMYJAPHIMIMX NMPOLYKTIB BiX KoMmaHiii-po3poOHuKiB I13.
PesynbraTu Bizyani3oBaHO y BHIJIAAI MOOYJOBAHHUX TICTOrpaM, IO MICTATh YMHHUKH MEpeBar Ta HEHOIIKIB y BiAMOBIAHOMY MPOLEHTHOMY
CIIBBiTHOIIEHHI, Ta C()OPMOBAHUX TAaONUIB, 1[0 HAOYHO PO3MEKOBYIOTh BUBUEHI BiacTuBOCTi I13. BukoHaHHS BCeOIYHOTO aHami3y pi3HUX
BuxiB I13 m03BoMsE€ OCTATOYHO BH3HAYUTU MEXi NOHSTH: BIIKpUTE, BibHE uM KoMepuiiine I13. PesynbpraT anamizy crane y npuroni npu
BHU/IICHHI [IepeBar 4 HEeJOMIKiB o kokHoMy i3 BuaiB [13. Leii Habip BracTHBOCTE#H 3a0e3MeYnTh OMHO3HAYHICTH OOpAHHS KOMITaHiero abo
(ipmoto Toro uu inmoro Buay I13 st 3a10BOJICHHS KOHKPETHOTO (DYHKIIIOHAJILHOTO TaJIy3€BOr0 Habopy.

KarouoBi cioBa: mporpamue 3a0e3nedyeHHsl, NPOrpaMHUI NPOAYKT, BiAKpuUTe, BilibHe, KOMepuiliHe, BUXiAHMII Koj, mepeBaru,
HEM0JIIKH, YUHHUKH, BJIACTUBOCTI.

AHHOTaIIPIﬂ. B cratee IIPOBOAUTCS CPAaBHECHHUE IPOrpaMMHBIX IIPOAYKTOB, B3ATHIX Ha OecIuIaTHOM OCHOBE, IPOTrpaMMHBIX IIPOOYKTOB,
PacIpoCTpaHAIOIIUXCA 110 CB06OL[HI>IM JIMOECH3UAM C OTKPBITBIM KOJAOM, I KOMMEPYECKUX pa3pa60TOK. AHaju3 BBIIOJHEH T10 pe3yiibTaTaM
HCCJICAOBAaHUA PCAJIbHBIX MAaHHBIX CIIPOCA, HA OCHOBAHUU HU3YYCHUA Ooiee JABYX COTE€H CaMbIX IOMYJIAPHBIX NPOAYKTOB OT KOMITaHHM -
paspaborunkoB [10. Pe3ymbraThl BH3yaqH3WpOBaHbl B BHIE MOCTPOCHHBIX TUCTOrPAaMM, COACPKAIIUX (HAKTOPHl MPEHMYLIECTB MU
HEAOCTAaTKOB B COOTBETCTBYIOIIEM IIPOLNEHTHOM COOTHOILICHUU, U C(bOpMPIpOBaHHLIX Ta6J'II/II_I, HarjsiAHO pasAaCiIAOIINX U3YIYCHHBIC CBOMCTBa
I1O. BrinonHeHue BCECTOPOHHEro aHaiu3a pazin4HbIX BUAOB [1O HO3BONSET OKOHYATENBHO OINPEACNIUTH PAHMLBI MOHATUI: OTKPBITOE,
cBoOozHoe nin kommepueckoe I10. Pesynbprar ananu3a OyJeT HOJNIE3HBIM MPH BbIACICHHH MPEMMYIIECTB WIM HEJOCTATKOB MO KXIOMY 3
BugoB I10. Dror Habop CBOICTB OOECTIEUNT OJHO3HAYHOCTH M30OpaHMS KOMIAHWEH wian ¢upmoit Toro wium wmHoro Buaa IIO s
YIOBIIETBOPEHHUsI KOHKPETHOTO (DYHKIIHOHAIBLHOTO OTPACIEBOro Habopa.

Karuesble ciioBa: mporpaMMHoe ofecnedeHue, NMPOrpaMMHBII MPOAYKT, OTKPbITOE, CBOOOAHOE, KOMMepYecKoe, HCXOAHBIH KO,
NpenMYIIecTBa, HeJOCTATKH, (paKTOPbI, CBOIiCTBA.

Abstract. The article compares software products taken for free, software products distributed under free open source licenses and
commercial ones developments. The analysis is based on the results of real study demand data, based on the study of more than two hundred
of the most popular products from software companies. The results are visualized in the form of constructed histograms containing factors of
advantages and disadvantages in the corresponding percentage and the generated tables clearly distinguishing the studied properties of the
software. Performing a comprehensive analysis of software various types allows you to finally define the boundaries of concepts: open, free
or commercial software. The result of the analysis will be useful in highlighting the advantages or disadvantages for each type of software.
This set of properties will ensure the uniqueness of the company or firm choosing a particular type of software to meet a specific functional
industry set.

Key words: software, software product, open source, freeware, commercial, source code, advantages, disadvantages, factors,
properties.

Beryn

Bigkpure nporpamue 3abesnedenns (anri. Open-Source Software) — mporpamue 3abesneuenns (I13) 3
BIZIKDUTUM BHXIIHMUM KOJOM. BHXigHMH KOJ y TakMx NPOTrpaMHHX CHCTEMax JOCTYHNHHH U Hepersidy,
BuB4YeHHsA Ta 3MiHM [1]. Ha ocnHoBi Takoro II3 moxHa cTBOproBaTH MoaM(iKamii, BUMPABISATH ITOMMIIKH,
cTBOproBaTH HoBe 113.

Jy>xe 4acTo BUKOPUCTOBYETHCS IlI€ OJMH TEPMiH JUIs HA/JIaHHS XapaKTEPUCTUKN MPOTPAMHUM CHCTEMaM —
BibHe [13. BusHaueHHs Bigkputoro i BUTbHOTO [13 He I1iJIKOM 30iraroThCsl OJJUH 3 OJTHUM, aJe OJU3bKI.

BigmiHHICcTIO MiX BiKpUTHM 1 BUtbHUM 13 mossrarote, B OCHOBHOMY, y TO4li 30py ix po3poOnukis. Ti,
xT0 miaTpumye noHATTS «Open-Source» AUBIATHCS HA NMPOrpaMu 3 TOUKH 30pY €(EKTHBHOCTI iX BIAKPUTHX
MOYAaTKOBUX KOJIIB SIK METOAy po3poOKku, MojepHizauii Tta cympoBony. [Ipuxmnenuku «Free-Software», sk
NpPaBWJIO, BBAXKAIOTh, L0 HAWTOJIOBHIIINM Yy TaKOMy MpOTpaMHOMY NpPOAYKTI — me Horo Oe3ormarHe
posnoBcromkeHHs [1]. Ik Mu 6aunMo: BiAMIHHOCTI HE Ty’Ke iCTOTHI, ale y CBOiX paMKax iX yTpUMYIOTh IEBHI
JEH31HiHI yroaH, SKi i BU3HAYAIOTh CTaTyC MPOAYKTY.

Kowmepriitae 113 3 BigkputuMm BuXimHUM KoxoM (cmHOHIM aHMI. Open-Core) sBsie COO0I0 MPOTpaMHHA
MPOIYKT, SKUA MICTUThH JCSIKi €IeMEHTH BIILHOTO 1 BiIKPHUTOTO MPOTPAMHOIO 3a0e3MedYeHHs IJIs TOTo, 1100
3aKOHHO TIpeTeHAyBaTH Ha cratyc «Open-Source». [HOAI y BiAKpHTIH, O€3KOMTOBHIN BepCil BUKIIOYAIOTHCS
JIeKi MOJKJIMBOCTI, IO TPHCYTHI y KOMEPIIHHIA Bepcii MBOTO X TPOAYKTY, sKa IMOIIHUPIOIOTHCSI 3a
MPOIPIETAPHOIO JIIIEH31€10. BIAKPUTTS 4acTHHYU BUXIJHOTO KOAY, SKMH CTBOPEHUH paHille ITiJ] HPOIPIETAPHOIO
JLEH31€10, 3aHIIa€ MOTEHIIHHY MOJJIMBICTH NPHB'A3KH TaKOTO PIlICHHS 0 OJHOTO-€AMHOTO MOCTadyaIbHUKA.
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Merta 3a 3aBJaHHS IIOCJIi)])KeHHﬂ

MeToro 1moaHoi CTaTTi € BUKOHAHHSA BCEOIYHOTO aHAi3y pi3HUX BHIIB I13 I 0cTaTOYHOTO BU3HAYEHHS
MEX MMOHSATH: BIIKpUTE, BUTbHE M KoMmepuiliHe [13. PesynbraTom ananizy craHe BUAIJICHHS IepeBar Ta HEAOJIKIB
no koxkHomy Bunay II3, mo 3a0e3mednTh ONHO3HAYHICTH OOpaHHsA Toro uu iHmoro [I3 mpu 3amoBoNEHHI
KOHKPETHOTO KPHUTEPIIO.

{06 nocsrtu MeTy poOOTH HEOOXiTHO IMOBHICTIO po3iOpaTh OE3KOIITOBHI MPOTpaMHiI MPOJIYKTH, IO
MOIINPIOIOTHCS 32 BUIBHUMHM JILEH3ISIMH 13 BIIKPUTHM KOJOM, Ta IPOBECTH MOPIBHAIBHUI aHaIi3 MPOIYKTIB.
Po36ip Ta mepexomyBanHs komepuiiiHoro [13 HempwifHATHE, OCKINBKH crpoba poOoTH i3 KOIOM, Y AaHOMY
BUTAJIKY, € KPIMiHATBHO-KapaHOIO Ai€0, TOMY IaHi, IO CTOCYIOThCs matHoro [13 — OyzmemMo oTpuMyBaTH 1O
(hakTy excruryararii Ta 3riiHO i3 BiATyYKaMH KOPHCTYBadiB.

Po3B’si3aHHdA 3aBIaHHA

Ha mpocTopax rimo6ansHOi Mepexi MOKHA 3HAWTH MPOTPaMHi MPOAYKTH, SKi € INIATHUMH, alie IIPH IbOMY
MAalOTh BiIKpHUTHI mporpaMHmii koa. [Ipukiaamom moxe Oytu apxiBatop UnRAR. Taki mporpamui mpoayKTH —
uinuit okpemuit kinac. BoHu BHKOpUCTOBYIOTH TepMiH «Open-Source» mono miataoro I13. Haiiwacrime
3yCTpiYaroThCs 2 BapiaHTH TaKuX IPOrpaMm:

a) YMOBHO-0€3KOILITOBHA BEPCisl 3 BIJKPUTHM KOJOM Ta OOMEXEHUMH MOMKIUBOCTAMH (3 — 4 oCHOBHHUX 200
JIy’K€ KOPUCHUX MOJYJIS € TUIATHUMH);

0) miatHa mnporpama i3 BimkputuM komoMm. Take II3 po3BHBae BIaCHUM TEMIIOM KOMIIaHis, KOJ
BIZIKPUBAETHCS JUIS 3aTaIbHOTO PO3BUTKY a00 3 JJIsl MOIIYKY HOBUX MPOTPAMICTIB 10 KOMIIaHil;

Burmryck mporpaMHOToO MPOAYKTY ITiJ OABIHHOIO JIIEH3i€0 — IIe 30BCiM iHmMii cmocid crBopeHHs «Open-
Source pimeHAS Ha OCHOBI IPOTIPIETAPHOTO KOAY.

BuxinHi Koy BIIKPUTHX IPOTPaM BHITYCKAIOTHCSA a00 SK CyCIibHE Haa0aHH:, a00 Ha YMOBaX «BUTHHHX
minensit sk, Hampukiag, GNU — General Public License wn BSD License. BimpHa mimeH3is mo3Bosse
BUKOPUCTOBYBATH BUXITHHHA KOJA MPOTpaMH U1 CBOiX MOTped i3 MiHIMAIEHUMH OOMEXCHHSMH, IO HE
cymepedats Bm3Ha4deHHIO «Open-Source» [2]. TakuM OOMEXEHHAIM MoOXKe OYTH BHUMOTa IOCHIATHCS Ha
MoMepeHiX TBOPIIB a00 BUMoOra 30epiraTi BIaCTHBICTh BIIKPUTOCTI MPH TTOJANBIIOMY MOLIMPEHHI Ti€l K camoi
abo moaudikoBaHoi Bifkputoi nporpamu (kominedt) [3]. Y neskux Bunmaakax (Hampukian, Apache abo
FreeBSD) wni oOmexenHst myxe Mami, B iHmmx (Hanpukian, GNU — General Public License) nocuth
notmproBaTy 113 pa3om i3 BUXiJJHUM KOJOM Ta TEKCTOM JIIIEH3ii, HE 3MIHIOKYH Ti.

Cucremu aBromaTtuzoBanoro npoektyBanHsi (CAIl ado CAD) 3 BiIKpUTHM BHXIJHHM KOJOM TaK camo
MaloTh IIUpOKe mommpeHHs. Hampukian skmo B3stu Linux, To maibke Bci CAD-cuctemu, y SIKUX MOXKHA
KOM(OPTHO TPAIfOBATH € OC3KOUMITOBHUMH 1 BITBPHO-TIOIINPIOBAHUMH, TOOTO MOIU(IKYIOTECS TIIBKU CHIAMHU
JIOOPOBOJBIIIB-EHTY31acTiB. 3BUYaifHO B mopiBHAHHI 3 THM ke AutoCad abo SolidWorks iX MOKJIHBOCTI ITOKH
BUIIIAJAIOTh HE TaK CTabiIbHO, ayie yu O6arato XxTo BUKOpUCTOBYIOTH i CAIl Ha moBHY MOTYXHICTh? 3HOBY X
TaK{: 3PYYHICTIO BIAKPUTHX CHCTEM € MOXIHUBICTH POOOTH 3 yCiMa MPOCTHMH, aje MOTpiOHuME (QYHKIiSAMH, a
YOro HE BHCTaya€ — 3aBXKIM MOXKHA JIONMCATH YX 3HAWTH TOTO, XTO BXKE JIONMCAB, TOMY Oyb-ski Moudikarmii, 3
4acoM, 3'BIsOThC B [HTepHeTi. IcHye MOcHTh GaraTo MEpCreKTHBHUX MPOEKTIB 3 BIAKPUTHM KOJIOM, SKi, 3
9acoM, [ePEPOCTyTh y MIOCh OunbIie [4].

Orxe, cytb «Open-Source» CHUCTEM 3 BIJKPUTHM KOJOM € MOXJIMBICTh 3MIHIOBATH 1 CTBOPIOBATH
MPOTPaMHUI MPOAYKT Mif ¢BOI moTpedu [5]. ¥V Takux cucTemax iCHye psiji mepeBar i HeIoJiKiB, 10 3BEACHI 110
Tabm. 1.

Tabmus 1 — I[MepeBaru ta Hepoiku 113 3 BIAKpUTHM KOJIOM

Binkpute nporpamue 3abesnedenns (Open-Source Software)

IlepeBaru:

Henomiku:

moBHa ab0  dYacTkoBa  OE3KOIITOBHICTH
KOpHCTYBayiB, a 3BiJIcH ¥ 10Opa NMoIMHMpeHicTh

IS

6esxkomrToBHe I3 He Mae
¢yHKIIOHATY, SIK y TiatHoro [13

TaKoro HIUPOKOT0

CHCTEMY IEKOMIIO30BaHO Ha MOJYIl, KOXKEH 3 SKHX
BIANOBiJa€ 3a BJAacHy 3ajady, y HAcliJlOK 4Oro
po3poOKa,  YHAOCKOHAJEHHS  Ta  HaJaroKeHHS
BUKOHYIOThCS Ha0araTo MIBHIIIE Ta JIErnie

BUXIZHUI KO/ JOCTYIHHI Oy/1b-SIKOMY KOPHCTYBAueBi,
TOOTO OYZIb-XTO MOXE 3HANTH YPa3IMBOCTI  MOMIIKA
MPOTPAaMHOTO MPOIYKTY i BHKOPHUCTOBYBATH X y CBOIX
UISX (aJe el BapiaHT TOCUTH PiAKICHUN)

BUpoOHMK [13 He Moke mnuryBaTH, OOMaHIOBAaTH i
CTBOpIOBaTH cremianpHi HespyuHocti — backdoors
(monsaTTsiM  «backdoors»  ¢axiBmi = MO3HAYAIOTH
CIEIiaIbHO 3JIMIICHI a00 pO3pOo0IIeHI BPa3IMBOCTI Y
3aXUCTI CHUCTEMH, SKi MOXHA BHKOPHUCTOBYBATH JIJIS
KpaJi’KKH Ta 3MiHHM JaHUX KOPHUCTyBada)

y ©OeskomroBHOro II3 BizcyTHI miAroToBYi Kypcw,
CHCTEMHU JIOIOMOTH Yy TIIporpaMax, cepTudikoBaHi
HaBYQJIbHI ~ TIOCIOHMKHM Ta  CIY)KOM  TeXHIYHOT
MiATPUMKH, TOOTO OyIb-sKi NMHUTaHHS 3 TOMMJIKAMH,
HECTHKYBAaHHSAMH Ta 1iH. JOBOIWTBbCA BHPILIyBaTH
CaMOTY>KKH

MOJXKITUBICTE ToJinmeHHs [13 BracHopy4

METOJT PO3POOKH — Jy)KE€ YacTO MOoJajbllla Po3poOKa
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yuM Oinbiie nommpene 13, TuMm Jerme 3HaWTH

I13 BHKOHYyeTbCS  HENOCBITUEHMMH  (haxiBISIMH,

TeCTepiB Ta  BUIBHHUX  MNPOrpaMicTiB  TOTOBHX | PE3YJIbTATOM YOTO CTAIOTh HEJONPaIbOBaHi MOJTYJI.
MPaIOBATH HaJl MOJINIICHHSIM MPOJYKTY

mpocta  IHTErpamis  KOMIIOHEHTIB  BiJl  pI3HMX | PO3BUTOK OJHI€] TPOrpaMH B MPUHLIMUIIOBO DPi3HHX
PO3pOOHUKIB HampsIMKaX — BUIAIKH, KOIHU PO3POOKH HACTIIBKH

NIPY BHHAKHEHHI OMWJIKH BUIPABIATH Tpeba TiNbKH
MOZYJIb Y SIKOMY BOHAa BUHHUKJIQ

pi3HI, IO TOEXHYBATH MOAYJTi CTa€ HEMOXKIIHBO.
HaiBigomimum npuxmagom € muctpuOyrtmBu Linux,

e ICHYIOTh po3poOKM KOMIIaHiii Ta BUIBHHX
KOPHCTYBAUiB i SIK pe3yJIbTaT HE TIOBHA CYMICHICTh

Ha nanuit MOMEHT OiNbIle MOJIOBUHM KOMIaHii BKItoumin [13 3 Bigkputum xomom y cBoi IT-ctparerii, sk
3asBisatoTh B Gartner. Ilpu mpomy Maibke TpeTHHA PECHOHIICHTIB Ha3Basla, Y SKOCTI mepeBaru Takoro 13,
THYYKICTh, IIBWJAKICTH BIIPOBAJUKEHHS Ta CKOPOYEHHsS 4acy po3poOku. [13 3 BIZKPUTHUM BUXIIHHUM KOJOM
BUKOPHCTOBYETBCSI B 0araThbOX rajy3siX, BKJIIOYArOYM YIpaBiiHHsA Oi3Hec-mpoliecamu, NpoekTyBaHHs, [T-
Oesreka, ynpaBJiHHS pU3UKaMM TOIIO. SIK Big3HA4YarOTh aHATITUKH [4], KOHKYpeHTHi nepeBaru y ramysi IT
BiZIrpatoTh Bce OIbLIY poJib 1 BUKOpHCTaHHS pimeHp «Open-Source» Moke AaTH X KOMIAHIsAM 3Ha4Hi
mepeBarn Iepel KOHKypeHTamMH. Hampukiag, Ko KOMIIaHIA 3MIHIOE KOJ JOMNATKy, 3pOOMBIIM HOTO
YHIKQIbHUM, BOHA OTPUMYE NIEBHY nepeBary. Haifuacrinre BiIKpHUTI pillleHHs BHKOPHUCTOBYIOTHCS! KOMIAHISIMH y
KOMIUIEKCI 3 BIACHIMH PO3POOKaMH.

[TnaTHe mporpaMHe 3a0e3MEUSHHS TaK CaMO Ma€ psif IepeBar Ta HeJOMIKiB, 0 3BeAeH] y Tab. 2.

Tabmmms 2 — [lepeBaru Ta Hemomiku Komepitiitaoro I13

[TnatHe (mineH3iliHE) IporpaMHe 3a0e3MeYeHHS

[lepeBaru: Henomixn:
JIeTKE BIIPOBaPKEHHsI B oOpraHizamii — y Oymp-skux | koMmepmiiHe II3  3akpuro, #oro  po3poOHUKH
(hipM-po3pOOHHKIB, IO 3aiMAIOTHCS MPOTPAMHUMH | 30epiraloTh Ta€MHHUII  CBOiX  pilleHb Ta  HE

OPONYKTAMHU € LIBUIKOTO 1 SIKICHOTO

BIPOBAJIPKCHHA

Ilan 3

PO3KPHMBAIOTh: BHYTPIIIHBOI apXiTeKTypH, (opmartiB
NPE/ICTABJICHHSI JAHUX, IHTep(eNCiB

Kpalla PO yKTUBHICTD 1 ONTHUMI3aIlis

CHUCTeMa MIATPUMKH — MHUTAaHHSAMHU Ta BUIPABICHHSIM
IMOMWIOK 3aiiMaeThCs ClieliajlibHa KOMaHa

Oy/b-sIKi KOMEpIIiHHI pillleHHs] BUMYCKalOThes y hopmi
BEJIMKUX  MOAYJiB,  JApiOHI  Moaudikamii  He
MPOBOJSATBCS, 1[0 MPU3BOAUTH O TOTO, LIO JIFOAMHA
OTPUMYE Da3oM 3 OJIHIEI0 MOTPiIOHOW (YHKIE
JIeKiTbKa (DYHKITIH, 0 HEBUKOPHUCTOBYIOTHCS

3aXMINEHICTh MPOTPaMHOTO TPOAYKTY — KOXEH
KOMEpIIIHHAN TPOTpaMHUA TMPOAYKT Ma€ CBOKO
CHUCTEMY 3aXHCTy (IO IOCTIHHO PO3BUBAETHCS) BiA

3aMiHa
cucreMa

y 60% BumaakiB He mepenbadeHa
KOMIIOHEHTIB, TOOTO HE pO3BUHEHA
M AKITIOYCHHAS MOTYJIIB,;

HINHUTYHCTBA
aBTOMATHYHE OHOBJCHHS — JIHICH3IHHUM TMakKeT | He iICHYe €IWHOTO CTAaHIAPTy — MOXKJIMBICTE iHTETparlii
MICTUTh ~HE MPOCTO IOKYNKY MNPOAYKTY Ta |3 MNPOXYKTaAMH TpeTiX (ipM  HPakTHYHO  HE
BUIPABJICHHS  NOMWJIOK, aJe W  MOXJIMBICTh | mependadyeHo

MMOJIIIIIEHHS] CHCTEMH 3 4YaCOM

OpraHizoBaHa CHCTEMa MPOJAaXXy — CEpBICH HAIAIOTHCS
nocTavarbHUKaMH KoMepuiiHoro 13

SKIIO MPOTPAMHUH HPOJIYKT HE BIALITOBYE KIIIEHTA y
MOJKJIMBOCTSIX, TO JOBOJIUTHCSA KYIIyBaTH HOBY BEpCil0

koo moOynoBaHe pimeHHS (y HOBiM Bepcii) He
BJIAIITOBYE KJi€HTa a00 BUHHMKAIOTH MHpoOIEeMH, TO
3IMIIAETECA  YeKaTH (HACTYMHOI Bepcii), a mpu
ypaxyBaHHI TOTO, IO BHITyCKAalOTbCS HOBI PIIIEHHS
TITBKH Y (opMi BENMKHX MOAYNIIB — IIe 3aiiMae
BEJIMKUH NPOMIXKOK yacy

3a pesynbpTaTaMu aHaji3y IOMUTY po3poOok 228 kommaHiid Oyio BHAiUIEHO nepesaru Biakpuroro I13 Han
KOMEpLIHNM, 110 3HAHIUIN BiJOOpayKeHHS y BIIMOBIAHMX NMPOLEHTHUX BiJHOIICHHSX TiCTOrpaMu, IPUBEICHOT
Ha puc. 1. Camo onutyBaHHs TpuBaso 2,5 micsi, BinOyBanocs y mectd Mictax Ykpainu (Kuis, Xapkis, Oneca,
JIbBiB, 3anopixokst, MukoaiB) ta yorupbox Mmicrax Ilossimi (Bapmasa, Topyns, JIto6nin, Bpownas), npudomy
MOJICKYIM OTIMTYBAHHS IMPOBOIUIIOCS depe3 creriamizoBani Gopymu. Cepen pecrioHIeHTIB OyJId MPUCYTHI pi3Hi
KJlacu KopucTyBadiB [I3, ki Moroawiiucss HaJaTH BiMIMOBiAI HA 3alHWTAaHHA OYyIb-SIKOMY OJIHOMY 3 YOTHPBOX
aBTOpiB cTarTi. ONMUTYBaHHSIM OXOIUICHO HAYKOBIIIB, CTYACHTIB, acIipaHTiB, CHiBPOOITHHUKIB OIOKETHHX
oprasizaliii, IpUBaTHUX MiAMPHUEMIIIB, JAePKCIyKO00BIiB. Cepen yciX Ha3BaHWX MPOTPAMHUX MPOAYKTIB, OYyII0
MiAPaxoOBaHO KiJIbKICTh PO3POOHUKIB — 228.
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[Teporo i, 6e3yMOBHO, HAWTOJIOBHIIIO NepeBarolo BinkpuTux [13 BusiBHIacs miHa. 3BUUYAHO BiAKpHTE
[13 — ne nHabarato OuIbIEe HIX NMPOCTO OE3KOIUTOBHA MpOTrpaMa Ha MPOCTOpax IHTepHeTy, aje NpH LbOMY
3aMOBHHKH Ta BJIAaCHWKH (ipM Ha TepIIe Micue CTaBIsATh came Ieil ¢akrop. [JOoCHTh 9acTo TPaIUITIOTHCS
BUIAJKK, KOJIM KOPIIOPAaTUBHHN 3aMOBHHMK 3BEpPTAa€ yBary TiNbKM Ha I[iHy, aje NpPU I[bOMY HE BPaXOBYE
(hyHKIIOHATBHICTD, 10 MIPU3BOIHTE 10 CYMHHX HACIIKIB.

JpyruM myHKTOM € TOCTYTI 10 BUXITHOTO KOAy. 57% pPecroHIeHTIB CKa3aly, 110 IIe € OJHIM 3 HaiOimpm
BaXUBHUX (akTopiB. I1o cyTi — 1€ Tak i €, aJpke SKIIO € XOpoIlla KOMaHIa MPOrpaMicTiB, TO MOXKIIUBO CTBOPUTH
Oynb-sikuid TOTPiOHMI KofaTOK abo 3HaiTH Horo. Bece oHO: BUTpaTH OyAyTh MEHII, a pe3y/bTaTy IBUALI HIX
y KOMeplIiiiHiil cdepi, ane f1anexko He KOKHOMY CIIOKHBAYEBi, SIK BUSBHIIOCS, MMOTPiOHA MOMKIIMBICTH NPALIOBATH
3 BUXIZTHUM KOJIOM — JIOCHUTb 4acTO BHCTa4ya€ i CTaHAAPTHUX (PYHKIIH.

OnepaTiBHE BUIPABJICHHS OariB Ta 3aXUCT CTOSNTH HA HACTYITHOMY MicClli, TOMY 1 Te # iHIIIe, B IPOIYKTax 3
BIIKPUTUM KOJIOM, 4acTO CTpakaae abo B3araii BiZICYyTHE. SIK MOKa3ye CTaTUCTHKA — MOTPEOU Y CKIAJHOMY
3axMCTI Hemae, ayjpke Binkpute I13 Haiuacrinie BHKOPHUCTOBYIOTH Majli Ta CepelHi KOMIIaHii, y SKHX, IO-
CIPaBXHBOMY, CEPHO3HI aTaku BiIOyBaIOTHCS AYKE PiTKO.

SIkicTh KOy 1 Kpalia MpOAyKTUBHICT 3a CTATUCTUKOIO 3aHMalOTh OJHE 3 OCTaHHIX Micub. Lle He auBHO
ToMy, 10 Monudikamii IPOrpaMHOrO MPOAYKTY Ta MOXYIIB YacTO TPOBOIATHECS HEZOCBITICHUIMHU
mporpaMictamMu (Haif9acTille € TepIIUMH MPOCKTaMU ITOYATKIiBIIB), B HACTIJOK YOTO «UHUCTOTa» KOIYy H
MPOTYKTHUBHICTD 3aIMIIAIOTH OaXKaTH KPamoro.

MpoyeHTHE cniesigHoWeHHA, %
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HUHHWEK NepeBsaru

Pucynox 1 — IlepeBaru Binkpuroro I13 Hajg KoMepuiiHIM

Jlerkicte y BHpPOBa/PKEHHI B Oprasizamiio Ta JleH3iiiHy uucroTy Bim3Hauwmwm smme 10% Tta 5%
pecTOHAEHTIB. 3 NMPUYMHH OE3KOLITOBHOCTI NPOAYKTY BIPOBA/DKEHHSIM, 3a3BHYail, JOBOJWTHCS 3aliMaTHCA
CcaMOMy CHOXXKMBaueBi, II0 Yy BHIIQJKy HEBEIMKHX (ipM He BUKIMKAae BeNMKHX mpodiem. Cepenni ¢ipmu,
3a3BMYail, MalOTh CKJIAJHOLIl 3 BIPOBA/DKEHHSM, SIKI JOBOJMTHCS BHPIIIYBaTH CBOIMH CHJIAMH, IO 3aiiMae
YUMaJIo Jacy IIe i 3 MPUYUHY [T0TaHO1 ONTHMI3amii MPOAYKTY i HOTpeOH BEIMKOI KiTbKOCTI KOPHCTYBaUiB.

IlepeBarn komepriitaux [I3 Hajm BIAKPUTUMH 3HAWIIIN BiZOOpaKeHHS y BIAMOBIAHUX NPOLEHTHHX
BiJTHOIIIEHHSX TiCTOTpaMH, TIOJIaHOT Ha pHC. 2.

VY xomepiitroro I13 € ogHa myke BenwKa mepeBara, Bi3HaUWiIN 65% pECIIOHIICHTIB — IIe OpraHi3oBaHa
cucreMa npojaxis. B InTepHeTi, B MarazuHax Mo>kHa 3HAHTH MOBHHH CIMCOK BJIACTUBOCTEH, KHUT-TIOMIYHHKIB,
KOHCYJIbTaHTIB TOLO. Benukuii BincoTok Jitopel, mo KymytoTb I13 3BepTaioTh Ha Le yBary, ajpke Habararo
HpocTillle BUKOPUCTOBYBATH iH(POpPMaIlilo, sika Bxke chopMyboBaHa.

lpyra Benuka nepeara komepuiiinoro II3 — userkictb y BhpoBa/pkeHHi. [loJiTHka BIPOBaJKEHHS
komepuiitnoro 13 Mae Ha yBasi MojaIbIy CIIBIIPALO MiANPUEMCTBA 3 BUPOOHHKOM IIPOTATOM KiJIBKOX POKIB,
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MICIS YOro MPOBOJMTHCS aHami3 e(QEKTUBHOCTI Ta NPUHMAETHCS IMUTAHHS NPO MOAAIBLIY CIIBIpamio i3
KOMIIaHi€r0 a00 mepexij] Ha iHIIUI NPOrpaMHHUNA TPOTYKT.

BaxmuBy ponb TpaloTh aBTOMAaTHYHE OHOBIICHHS Ta CHCTeMa IIATpUMKH. barato ¢ipM BBaxkaroTh 3a
Kpalie 3aJUIIaTH BHUPIMICHHS MUTaHb Ta BUIPABICHHS IIOMHIIOK CIIEI[iallicTaM, SIKi CTBOPWIHM HPOTPaMHHUI
npoxykt. Xouya, 3 IHIIOro OOKY, BOHH He MaroTh BUOOPY — alpKe KOJ MPOrpaMHOro MponayKTy 3akputuid. 1o x
JI0 aBTOMAaTHYHOTO OHOBJICHHS — 0araTto 3aJieXHUTh Bill JOTOBOpYy i3 KiieHTOM. Bemmki ¢ipmu, 3a3Budaif,
JIOMOBIIIIOTECSL TIPO CTBOPEHHS HOBOi Bepcii mig moTpedm Ta QikcoBaHy MeTy; Malli KOMIIaHil dYacTo
3aJJ0BOJIBHSIOTHCS i CTaHAAPTHUMU OHOBJICHHSIMH, IO 3a()iKCOBAHO Y JiLleH31HHIH yroui.

3a mepeBaru 3aXMcTy MPOToJIocyBaio Bcboro juine 23% onuranux. [IpoananizoBaHUX NPUYKMH IJIS1 TAKOTO
pe3yibTary aBi:

a) 3aXUCT He MOTpiOeH TOMy, IO HE NPOBOMUTHCS MAaCHUBHHMX aTak Ta BHUTOKIB iH(popmauii (cuTyauis
3BHYaliHa 111 ApiOHUX QipM);

0) 3axucT, KMl ICHye — 3aHAJATO CIAOKMW Uil YTPUMAaHHS CEpHO3HMX aTak (CUTyalis 3BHYaiiHa JUIst
BEHUKHX PipM).

MpoUueHTHE cRiBBigHOW eHHA, T

q\@'
YHMHHMHK NepeBarK
Pucynok 2 — IlepeBaru xomepuiiinoro [13 Hax Bigkputum

SkicTe Koy 3amikaBmiIo Tinbku 17%. 3BMYaliHO Iie BIUIMBAE HAa NMPOAYKTHBHICTB, ajie NPH IbOMY KOJ €
3aKpPHUTOI0 YaCTHHOIO NPOEKTy B KomepuiiHomy I13, Tomy He 0coOnMBO 3pO3yMiJio: YMM OOYMOBIJICHO TaKe
3alliKaBJIEHHs KOMIIaHil.

JlineHsiitHa ymMcToTa Ta BapTICTh rpae ApiOHY pojib y mepeBarax KOMEpLiHHMX HPOrpPaMHHUX IPOAYKTIB
TOMYy, IO CIUIa4yBaTH 3a NPOJYKT Hebarato Oaxkaioumx, KpiM TOro: Monudikarii BHpPOOJS€ TUIBKH OjaHA
KOMIIaHis, 10, CKOPIIIIe, € BEIMKUM MiHYyCOM.

[lepeBaru Ta Hemomiku pi3HUX BUAiB I13 inTerpoBano y Tabm. 3.

Hocutp mikaBuii (akxr, mo KOPUCTYBadiB HE 0COOIMBO XBUIIIOE JIIEH31{HA YMCTOTA MPOIYKTIB: BiJKPHTI
BOHH YH 3arajJbHOAOCTYIHI a0 € KOMEpIiHNMHU MpOoeKTaMH. Take came IMOJO0XKEHHS i3 3aXHCTOM Ta SIKICTIO
KOJY.

Ha nanuii MOMeHT 0araTo 3axiJHMX aHAJTITHKIB CXUJISIOTHCS 10 BUKOPUCTAHHA BifkpuToro [13, Tomy Bxke
3'sBIIIMCS. KopHopalii Ta ¢ipMu, siki 3a0e3neYyIoTh CepBiC Ta MIATPUMKY Ul OE3KOIITOBHHUX NpOrpam, Ta Mpu
bOMY € MOXJIMBICTb IIPALlIOBaTH i3 KOJAOM. A Hi JOINOMOIY CIUIBHOTH, Hi HU3bKI I[IHM Ha NPOAYKT —
KOMEpLIiHNI pO3pOOHUK 320€3MeUnTH HE B 3MO3I.
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Tabmuns 3 — [IpucyTHICTH BNacTUBOCTEH Yy KOMEpLiHUX Ta BUlbHHX [13

Brnactusocri: Kowmepriitae 13 Binkpure I13
BapTICTh + -
ciryk0a mATPUMKH
ABTOMAaTHYHE OHOBJICHHS
3aXHCT
OpraHi3oBaHa CHCTEMa MPOAAXKY
BiJTIKPUTUH BUXITHUN KO — +
po6oTa 3 BEIMKUMH MOIYJISIMH
poborta 3 TpiOHIMH MOTYIISIMH
€IMHUI CTaHJapT NPOEKTIB — -
JIETKICTh BIPOBaKCHHS
IiATOTOBYI KypCH, HaBYJIbHI MOCIOHUKH
BHPOOHWYMH IIMUTYHCTBO PO3pOOHHKAMHU
po3po0Ka i MOJINIIeHHS] MOJTYJIiB CBOIMH pYKaMu
3pY4HICTh BUIIPABJICHHS MOMIJIOK -
JICKOMITIO3MIIisl HA MOJTYJI —

+|+ [+ |+

+
|

|
+

+ |+ |+
[

+ |+ |+

Mo x cTocyeThes cuTyamii i3 YKpaiHOI — Hamli po3poOHHMKH HE aKTHBHI y po0oti 3 Bimkputmm [13.
OpnHiero 3 NpUYMH € Te, MO Take I3 He Tak JaBHO 3'SIBHIIOCS HA HALIMX PHUHKAX 1 MPOTPaMiCTH IOKH «HE
BIIFUTUCS Y CBITOBIH MOTIK MOU]IKaIiif mporpaMHUX MPOAyKTiB. Tak camo: 0arato BIAaCHWKIB KOMIaHIA Ta
MEHEDKEepH 11le He JOCKOHANI y 3HaHHAX MPO MOXIUBOCTI Bigkpuroro I13 Ta oOMparoTh HEAOPOTi aHAJOTH 3a
KpHUTepieM MiHimizamii Baprocti. Ciig momaTH, MO y OCTaHHI TP POKH — 3pOCTaE€ TEHACHIIS BiIMOBH Bil
pociticekoro ramy3eBoro [13 (mpoekTyBaHH, (hiHAHCH, YIIPABIIHHS i AMPHEMCTBOM TOIIIO).

BucHoBkH

TakuM 94MHOM, B pe3ynbTaTi HAIMCAHHSA CTATTI — Oyio JocsrHyTo ii MeTy. byno BHM3Ha4YeHO mepeBaru Ta
Henoniky pizHuX BuAiB [13. [IpmumHOIO 0OpaHHS TakOi TEMH CTaJNO MOCTiHHE 3POCTAHHS Ta TOMYJIAPH3ALis
Bigkpuroro [13 y BchkoMy CBiTI. Y HaHIpOrpecHBHIMINX KpaiHaX BxKe IaBHO HOBe [13 He po3poOIrOeThCS 3 HYIIS,
JUISL HIX BUKOPHCTOBYIOTBCS CHCTEMH, SIKi JOTIOMAraloTh HabaraTo IBHU/IIE Ta ePEKTUBHIIIE CTBOPUTH OyIb-5Ki
MOTPIOHI CTPYKTYpOBaHI J1aHi.

Meroponorisi «Open-Source» 3HaillljIa aKTHBHE BUKOPHCTAHHS JOCHTh HEIIOJABHO, alie YK€ LIBHJIKO
iHTerpyBanacs y 3arajbHy CTPYKTYpy po3pobku. Ii 3pyuHicTs B TOMy, 10 ii He MPHUB'A3aHO 10 KOAHOTO 3
METOJIIB PO3POOKK Ta € Jy)Ke THYYKOI y BHUKOPHUCTaHHI. PO3BUTOK 03Ha4€HOi METOOJIOTI] MPUTAMaHHO IS
3axony Ta €Bponu. YKpaiHa CWIBHO BiJICTana B [bOMY IUIaHi i Tibku y 2010 p. moyanucst poOOTH 3 aKTUBHOT
eKCILUTyaTalil BIJKPUTHX CUCTEM y TOMY BUIJISAI, Y SIKOMY BOHA MPE/ICTAaBIICHA 3apas3.

[lig wac mpoBedeHHs aHaNi3y Wid Tamy3i, MPOOJEMHOIO CTaia BiICYTHICTH OyAb-SIKHNX HaBYAIBHUX
MaTtepianiB momao Bigkpuroro I13. ¥V meskux BUMamkax, IPUCYTHI TUTBKH IHCTPYKIii KOpPHCTyBada, IO XOY i
JI03BOJISIIOTE KopucTyBarucst I13 ta OyayBaTu 4M BiZHOBIIOBATH KOJ, aje NPHUXOBYIOThH JEsAKi CrelianizoBaHi
KOpPHCHI MOJXXJIMBOCTI BiJI KOPHCTYBauiB, IO HE MarOTh pPiBEHb IiATOTOBKH, SKHH JO3BOJISIE NPAIfOBATH 3
AQHIVIOMOBHUMH 1HCTPYKILISIMH, crielU]iKaisIsMH Ta MiApYyIHUKaMH.

l'onoBHa mepeBara BiAKPUTHX Ta BUIBHMX IPOTPaMHHUX NMPOAYKTIB IOJISITAE B TOMY, IO HOIIMPIOIOTHCS
BOHH 3a BUTBHOIO JIIEH3I€I0 Ta HE BUHHUKAE JKOJIHUX MPOOJIEM 13 3aKOHOM Yepe3: KOMiIOBaHHS, MOTU(IKAIIIo Ta
iHmm [ii i3 komoM. Tak caMo i 3a3HaYUTH, MO0 OCKUIBKH KOJI BAKOHAHO BiJIKPUTHM, TO iICHY€E TEHJICHIIiS, 110
PO3POOHUKH TOAAI0Th KOMEHTapi, o0 1ei ko OyB 111e 1 3p03yMiJIni.

OfHUM 13 TOJIOBHUX HEIOJIKIB BIIKPUTHX CHUCTEM € BiJICYTHICTh BIPHOTO Ta MPUHHSATHOTO iHTEpQehcy
MPOAYKTY, BTIM PO3pOOKOI0 iHTepdeicy an3aiiHepy, 3a3BHUai, 3aiMalOTHCS i3 TOJOBHHH, a TO ¥ OMIK4e 10
3aKiHYEHHS MIPOEKTY — KOJIM B)XK€ TOYHO BiIOMHH MOBHUH (DyHKITIOHAI i mpuHIKIHN poboTu [13.

3 eKOHOMIYHOT TOYKH 30pYy, BUKOPUCTaHHS Bifgkputoro I13 BUriaHO, a/pke e CyTTEBa €KOHOMIsl OI0KeTy
KOMIIaHii Ta pO3BUTOK NpodecioHani3My KOMaH/I1, a HaBEACHUH y CTATTi pe3ysbTaT aHalli3y — CTaHe y IPHUTOAi
NPy BUJUICHHI IlepeBar YW HEJONIKiB 1o kokHoMy i3 BuAiB II3. Ileit Habip BiacTmBOCTEH 3a0e3medyuTh
OJTHO3HAYHICTh OOpaHHA KOMMaHi€ro abo (ipMoro Toro uu iHmoro Buay I[I3 s 3a70BOJICHHS KOHKPETHOTO
(hYHKIIOHATTBHOTO TATy3€BOTO HA0OPY.

Iepenik nmocunanb

1. Goodbye, «free software»; hello, «open source» [Enextponnmii pecypc]. — Pexum mocrymy:
http://www.webcitation.org/6170VjIKKk.

2. Categories of free and nonfree software [Enexrponnmii pecypc]. — Pexum pocrymy:
http://www.gnu.org/philosophy/categories.en.html.
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3. What is free software? [Enexrponnwuii pecypc]. — Pexxum moctymy: http://www.gnu.org/philosophy/free-
sw.en.html.

4. High Priority Free Software Projects by Free Software Foundation [Exextponnnit pecypc]. — Pexum
nocrymy: https://www.fsf.org/campaigns/priority-projects/.

5. Open Source Paradigm Shift by Tim O'Reilly [Enekrponumii pecypc]. — Pexkum mocrymy:
http://archive.oreilly.com/pub/a/oreilly/tim/articles/paradigmshift_0504.html.
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T. I. TposiHoBcbKa, JI. A. CaBunpka, B. JI. Komapos

3ACOBU TA MOAEJIb MOHITOPUHI'Y JAHUX
MIKPOCEPBICHOI CUCTEMU

BiHHMIIEKYIT HAIlIOHATBHYN TEXHIYHUHA YHIBEPCUTET, M. BiHHMIIA

AwnoTtanis. [lana po6oTa mpHCBsiYEHA TOCIIHKEHHIO METOAIB Ta 3ac00iB Ui KOMIUIEKCHOIO MOHITOPHHIY JOJATKIiB, 1[0 NOOYHOBaHi 3a
OPUHIMIAMHA MIKpOCepBIpcoi apXiTeKTYpH 3 METOI0 LIBHAKOI JIOKaji3alii mpobieM y poOOTi TakHx CHCTeM. 30KpeMa, BUKOHAHO aHaIi3
OCHOBHUX 3ac00iB 30upaHHs iH(popManii Ipo poOOTy MIKPOCEPBICHHUX JOAATKIB; aHai3y miel iHpopMmaii, il cucremarmnsanii Ta kiaacugika-
1ii; BUKOHAHO aHAJIi3 TEXHOJOTIYHOrO CTEKy sl rpadidHoro BimoOpaxkeHHs 3i0paHoi iH(opMarLil 3 METOI0 MOAANBIIOr0 MOHITOPHHTY Ta
BMKOHAHHSI aHATITHKH; PO3TIIHYTO HAMOUIbII KPUTHYHI 33/a4i y BIPOBAHKEHHI MOHITOPHHIY MiKPOCEPBICHOI CHCTEMH; 3alPOIIOHOBAHO
MOJIENb pOOOTH YaCTUHH MIKPOCEPBICHOT CUCTEMH, 1110 NIPU3HAYCHA JJIsl aHANI3Y JIOTIB, CHCTEMHHX 3BiTiB.

Kuio4oBi c;10Ba: MeToaAH Ta 3ac00M MOHITOPHHTY MiKpOCepBiCHUX 0JaTKiB, MOHITOPHHT, MiKpocepBicHa apxiTekTypa, MSA (Micro
Service Architecture), 3aga4i MoHiTOpUHIY, MoJelb MOHITOPMHIY MiKpocepBicHOI cucTeMH, aaroputM o6podku Jjoris, ELK
(Elasticsearch Logstash Kibana), Elasticsearch, Logstash, Kibana, Filebeat, Analitycs.

AnHoTanus. [lanHas paboTa MOCBSAILIEHA UCCIIEIOBAHUIO METOAOB U CPEJICTB U1 KOMILIEKCHOI'O MOHUTOPHHIA IIPUJIOKEHUH, IOCTPOSHHBIX
Ha NPHUHIMIIAX MUKPOCEPBUCHON apXUTEKTYpPhI C LIENbI0 OBICTPOH JIOKaIM3alMK npodiieM B paboTe cucTeMbl. B yacTHOCTH, BBINOJIHEH aHa-
JIN3 OCHOBHBIX CPEICTB c6opa I/IH(I)OpMaLH/II/[ o pa60Te MUKPOCEPBUCHBIX HpPIJ'[O)KeHHﬁ; aHaIM3a TaKOW I/[H(lJopMaI_II/[I/[7 CHCTEMaTH3alluUl U
KJTaCCU(UKALMH; BBIIOIHEH aHATH3 TEXHOJIOTHYECKOTr0 CTeKa AJIs TpauuecKkoro mpeacTaBieHus cOOpaHHOM HHGOPMALUK TS JabHenIe-
0 MOHUTOPHHIA U AaHAJIUTHKHU, PACCMOTPEHO HauboJiee KPUTUUECKUE 3a1auH IIPU BEICHUH MOHUTOPHHIA MUKPOCEPBUCHOM CHCTEMBI; IIpe/I-
JIOKEHO MOJICI/Ib pa6OTI)I qacTtu MHKpOCepBHCHOﬁ CHCTEMBbI HpeI[Ha3Ha‘{eH0ﬁ JUIA aHaJIn3a JIOroB, CUCTEMHBIX OTYETOB.

KuroueBbie cj10Ba: METOAbI M CPEACTBA MOHMTOPHHIA MUKPOCEPBHCHBIX MPHJI0KEHHI, MOHUTOPHHI, MUKPOCEPBUCHAS APXMTEKTY-
pa, MSA (Micro Service Architecture), 3agauu MOHHTOPHHTA, MOJeJIb MOHUTOPHHIA MHKPOCEPBHCHOI CHCTEMBbI, aJITOPUTM 06pado-
TKH Joros, ELK (Elasticsearch Logstash Kibana), Elasticsearch, Logstash, Kibana, Filebeat, Analitycs.

Abstract. This work is devoted to methods and tools for complex monitoring of applications, built on the principles of microservice
architecture in order to quickly locate problems in the system. In particular, the analysis of the main technologies for collecting information
about the operation of microservice applications; its analysis, systematization and classification as well as the technological stack for
graphically displaying the collected information for further monitoring and analytics; the most critical tasks in the implementation of
monitoring of the micro-service system; the model of the operation of the part of the microservice system, which is intended for analysis of
logs, system reports.

Keywords:methods and tools for monitoring of microservice applications, monitoring, microservice architecture, MSA (Micro Ser-
vice Architecture), monitoring tasks, microservice system monitoring model, log processing algorithm, ELK (Elasticsearch Logstash
Kibana), Elasticsearch, Logstash, Kibana, Filebeat, Analitycs.

Beryn

3 pO3BUTKOM TEXHOJIOTIH pocTe i 00cAT NaHUX, sIKi He0OXigHO 00poOIsiTH moaHs. BinmoBimo pocTy maHuX
3pocTae ¥ CKIAMHICTh MPOTPAMHUX Ta apXITEKTYPHUX PIICHb IS MiATPUMKH IIBUAKOIII Ta 3MOTH 00poOIsITH
Bce Oinpmii oOcsru maHmx. Bce Oinmple BiZOMHX iHTEpPHET PeCcypciB BiIJArOTh MEpeBary MiKpOCEpBICHIH ap-
XiTeKTypi. PilreHHs mpo mepexia Ha MIKOBUTO HOBY apXiTEKTYpy 3yMOBIIEHE Bce OLBIIOI0 CKIATHICTIO TOPH-
30HTAJILHOTO MacITa0yBaHHS OOYMCIIIOBAIFHUX 3/1aTHOCTEH Oyab-skux cepsiciB. [IpoTe, naHe pilleHHS TSATHE
3a co00r0 psi 3amad. BaxJMBUM KOMIIOHEHTOM Oynb-KOi cHUCTeMH € ii MOHITOPMHI Ta aHAJIITHKA. Y
MIKPOCEPBICHHX CUCTEMaX MOHITOPHHT € CKJIQJHIIIUM HIK Y 3BUYaHUX MOHOJIITHUX J0/IaTKaX.

AKTyaJlbHiCTh

Tl'onoBHOIO YMOBOIO ycminmHOI Ta 6e3mepediitHol poOoTH Oyab-IKOT0 OHIAWH-CEPBICY € HOTO CTAOUIBHICTS.
JList 1bOTO BOXKIIMBO MaTH MEXaHi3M MOHITOPHHTY, BUSIBIICHHS Ta YCYHEHHS OMHJIOK. AHaJIITHKA pOOOTH TaKHX
CEPBICIB CpUATHME ONTUMI3aLil polecy Jokaizamii nomuiok [1-3]. BoaHouac, i3 3pocTaHHIM 0GUHCITIOBAITE-
HUX TTOTY>KHOCTEH, 3pOCTae 1 CKJIQJHICTh MPOrpaMHUX Ta arapaTHUX 3aco0iB. baraTo kommaHii 3aCTOCOBYIOTH
MIKpOCEpBICHY apXiTeKTypy, OCKUIBKM BOHA JIa€ MOXJIMBOCTI 3pYYHOr0 MacmiTaOyBaHHS OyAb-SIKOTO IPOEKTY,
KWW 3a3/lajieriipb HaJalITOBaHWI Ta CHPOEKTOBAaHMH 3a NMpPUHIMIAMH MiKpocepBicHMX poxatkis. IIpore,
MOHITOPHHI' TaKUX CEPBICIB € LJIKOM IHaKIIUM Y HOPIBHSHHI 3 MOHITOPUHIOM MOHOJITHHX JOJATKiB, 1€ caM
MpoLeC MOHITOPHUHTY JIaHMX peajli3yBaTH mpocrtime. ToMy BHHHMKae nmoTpeOa 3HAWTH HOBI IMIJXOOM Ta MOAEINI
BIPOBAKEHHS! €()EKTHBHOTO MOHITOPHUHTY MIKPOCEpPBICHOI CHCTEMH, IO NPHUIIBUANIATH BUSBICHHSA Ta JIO-
KaJi3alliio MOMHJIOK i, TAKMM YHHOM, JO3BOJISITh 3MEHIIIUTH BUTPATH PECYPCIB.

Mera

MeTtoro cTaTTi € po3poOKka MOJENi MOHITOPHHTY JaHWX MIKPOCEPBICHUX MamaTKiB 3 METOIO ONTHMi3allii
MIPOIIECY JIOKaTi3allil TOMUJIOK Y POOOTI MiKpOCEPBICHOI CHCTEMH 32 PaXyHOK BIPOBAIKCHHS €(heKTHBHOTO MPO-
TPaMHOTO CTEKy JIOTYBaHHS Ta MOHITOPHHTY Ta pealizamii aHaJiTHKd pPOOOTH Ta KHUTTEBOTO CTaHY
MIKpOCEPBICHHX JIOJATKIB B PEXKUMi peasbHOT0 Jacy.

J1is HOCSITHEHHST TIOCTABJICHOT Y CTATTI METH HEOOX1THO BUPIIIUTH 33/1adi, [0 HABEICH] HIDKYE:

1. BukonaTy aHaii3 KpUTUYHUX 3aJ1a4y Yy IPOLiecaX MOHITOPHHT'Y MIKPOCEPBICHUX JI0JIATKIB.
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2. BukoHaTH orisn cy4acHHMX 3aco0iB MOHITOPHMHIY MIKPOCEpPBICHHUX JIOJATKIB Ta BU3HAYMTH HAaWOUIbII
Ii€BI 3 HUX.
3. Po3pobuTn Mo1eTs MOHITOPHHTY CEpPBICiB MIKPOCEPBICHOI CHCTEMH.

AHaJi3 KPUTHYHNX 32/1a4 y IIpoliecaX MOHITOPUHIY MiKPOCEpPBiCHUX J0JaTKIiB

[Ipomecn MOHITOPUHTY MIKPOCEPBICHUX CHCTEM € HabaraTo CKJIQAHIIINMH, HDK MOHITOPHHT CHCTEM, Je
(hyHKIiOHAN HE PO3MOJiNICHO HA He3aJleXHi YaCTHHU. Lle 3yMOBIICHO HasBHICTIO BEIMKOI KUTBKOCTI BiOKpeMIIe-
HHUX CEepBiCiB, AKi HE 3aJIe)KaTh ONWH BiJ OTHOTO i MOXYTh KapAWHAIBHO BIAPI3HATHCH apXiTEKTYPOIO, THIIOM
MOBH NPOTrpaMyBaHHs a00 HaBITh SAPOM ONEPALIITHOT CHCTEMH, TOMY BaXIIMBO Y3aralbHUTH KPUTHYHI MOMEHTH
BEJ/ICHHSI 3araJIHOr0 MOHITOPHHTY MK OKpeMHUMH cepBicamu (Tabu. 1).

BuzHaunMo mesiki KIIIOYOBI 3a7adi, [0 MOXKYTh BUHHMKATH IIiJ] Yac MPOIeCy MOHITOPHHIY MIiKpOCEPBiCHOT
cuctemu [2]:

1) 306ip maHMX I MOHITOPHHTY. Y POMOJINCHIH CHCTEMI € OKpeMi YaCTHHH 1 iHOMI 1X KilbKICTh MOXKe
csiraTH coTeHb abo HaBiTh TUCSY. [Ipu bOMY yci BOHM MOXKYTh OyTH HE3aJIS)KHUMU 33 apXiTEKTy-
POI0, MOBaMH HPOTrPaMyBaHHs, ONEPALlifHIMH cucTeMaMu. 30UpaTH JaHi 3 YCiX CUCTEM € HEempoc-
TOIO 3aJa4el0.

2) Tlonepenust 00poOka naHuX. BiAmoBiqHO 10 Pi3HOMAHITHOCTI 3aCTOCOBAHHUX MPOTPAMHHUX 3ac00iB,
MOHITOPHHTOBI JIaHi TaKOX € Pi3HOMaHITHUMH. ToMy mepex MmomykoM Oymb-sKoi iHdopmarii mo
UM JaHUM, X HEOOXiTHO HMPUBECTH IO €IWHOTO (OpMAaTy, BUIUTHUBIIN KIFOYOBI IaHi, HeoOXiqHI
JUTS TIOTIYKY Ta iHIIeKcaIlii.

3) Tlomyk y Benmukux obcsarax qanux. CoTHi ab0 HaBiTh THCAYI OKPEMHUX CEPBICiB MOKYTh T€HEPYBATH
TepabaiiTu MOHITOpUHroBOI iH(popMaii moaHs. BinmosinHo, nomyk y Takux odcsrax indopmarii
€ CKJIQIHOIO 33/1a4€I0, SIKIIO HE 3aCTOCOBAHO ONTUMAJIbHY 1HAEKCALIiIO.

4) Bizyamizaris o6po6ienux ganux. [IpoingexcoBani Ta 06po6JieHi 1aHi Iiie He TOTOBI 10 MOHITOPHH-
ry. Bonu noctynHi s momyky, aHaii3y, ajie BiICYTHICTh APYKHBOTO TpadivyHOro MpU3BOIUTH 10
TPYAHOILIB JJI1 HETEXHIYHOTO TIePCOHATY.

Tabmms | — Kputryni 3amadi iHTerparii MOHITOPHHTY MiKPOCEPBICHHX JTOJATKIB Ta METOJH iX YCYHEHHS

Ne 3anava IcHytoui MeToau Ta 3acoOu BUpilleHHs | MeToau Ta 3aco0u, 110 IPOIIo-
/I HYIOTBCS
1 30ip MoniTopuHroBux | OOpoOKa JaHWX B KOXKHOMY CEpBIci 30ip [OaHWX 3a JIOTIOMOTOI0
JIaHKX (JIOTiB) Filebeat
2 IMomepemuss  0OpoOka | PyuHe mepeTBOpeHHS TaHUX ABTomaru3oBaHa 00poOka na-
JAHUX HHX 32 jornomororo Logstash
3 Momyxk y Bemukux 060- | Ingexcosani nons MySQL/NoSql, grep | Inaekcamis paHux 3a J0MOMO-
cArax JaHux roto Elasticsearch
4 Bisyamnizanis o0po6ne- | BiacHi agmiHicTpaTuBHI naHei BukopuctanHsa maHeni MOHITO-
HHUX JaHUX punry Kibana B pexumi peasb-
HOT'O yacy

VY pesynbTaTi aHANi3y KpUTHYHHUX 3ajad, [0 BHHUKAIOTH I/l 4ac MPOIECiB MOHITOPHTY MiKpOCEPBICHHX
CHCTEM, MOYKHa BH3HAYUTH, 110 FOJIOBHUM HPABHJIOM MOHITOPHUHTY € 3pY4YHICTh Ta IIBUAKICTh BUSIBICHHS IMPO-
osiem. L{omBuame momuika Oyje 3HalACHA Ta JIOKaTi30BaHa, TO MEHIIE 30UTKIB Ta BUTpAT Oyjie BUTPAYCHO Ha
ix nokamizauito [2-3]. OmHOYacHO 3’SBISETHCA MOXKIIMBICTH CIIJKyBaTH 3a mepebirom Oi3Hec-MpoleciB y
MIKpOCEpBICHIH CHCTEMI B pEKUMI PEaJIbHOTO Yacy.

Oruisig cyyacHux 3aco0iB MOHITOPUHTIY MiKpOcepBiCHHX T101aTKiB

OnmHMM 3 HaWMOMYJAPHIMIMX 3aC00iB MOHITOPHHTY MIKPOCEPBICHOI CHCTEMH € BIIPOBAKEHHS IIPOIECIB
JOryBaHHs 3a jgomomoror mporpamuoro creky ELK (Easticsearch Logstash Kibana). Lle# mporpamHumii crek
CKJIQIAETHCS 3 TPHOX MPOTrPaMHHUX MPOIYKTIB!

1. Elasticsearch — inmexcoBana 6a3a qaHuUX Ta PyYIIIii MOMIYKY;

2. Logstash — mpenporieccop BXimHOi iHbOpMAaIii;

3. Kibana — rpadiunnii intepdeiic BimoOpaxeHHs MOHITOPHHTOBUX JaHuX [4-5].

Po3poOHMKOM ITUX MPOAYKTIB € OJHA 1 Ta K KOMITAHIs i, BIATIOBITHO, ITi MPOIYKTH KOMIUIEKCHO MPAIIOIOThH
OJIMH 3 OJTHUM.

3acoboM 300py MOHITOPHHTIOBHX JaHMX € coOoro yrumimita Logstash. Bona no3Boisie 30uparu nani Oynb-
AKX (OpMaTiB Ta MPOTOKOJIB, (DLNBTPYBATH L JaHi Ta NMEpEeHANpPaBIATH iX Jaii Ha 30epiranHs, 0oOpoOKy abo
ingekcarito (puc 1).
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Pucynok 1 — Cxema 06po6ku manux 3acobamu Logstash

o ©

CxoxuMm pimentsiM € yrumita Fluentd, ane Bona moctymaerses yHiBepcanbHOCTIO LOgstash ta migrpu-
MKOIO 3HaYHOI YaCTHHU Harepes MiroToBaHuX INa0JOHHUX TUIIB BXigHHMX AaHuX. Logstash minTpumye Oinbin
Hix 200 Hanepe miaroToBaHMX MaGOHIB BXiqHUX Hanux [5]. OcHOBHI faHi, sKki 3matHuil npuitMatu Logstash e
TaKHMH:

— noru BeO-cepBepiB Apache, Nginx ta noxatkis Ha npukiai l0g4j mst Java;

— cucteMHi Jiord (haepBoiiB, mepexeBux npuctpois, Windows event logs, syslog;

— MmeTpuku Takux faoaatkis sk Ganglia, Collectd, NetFlow, JMX;

— 00poOKa Oynb-sSKHUX MPHUCTPOIB Ta A0AaTKIB iHppacTpykTypu depe3 TCP ta UDP.

Logstash ontumizoBanmii ;i nepenadi ganux y Elasticsearch s mogamemroi inmekcarii Ta apxisamii. 3o-
kpeMma, Elasticsearch € HOBHOIIIHHUM MeXaHI3MOM IOUIYKY Ta 30epiraHHs JaHux. BiH Jerko mMacimradyeTbes Ta
HaJIAIITOBYETHCS. 3 CaMOT0 IT0YaTKy PO3BUTKY JIAHOTO MPOJIYKTY OYB peai3oBaHMil TOBHOTEKTCOBHUI MOLIYK Ha
OCHOBI MOITYKOBOTO MexaHi3My Apache Lucene, BigHOodYac i3 J0JaTKOBUMH MOITHBOCTSIMH JIETKOTO MACIIITa-
OyBaHHs, perutikaii Ta iH. TakuM 4MHOM, JaHUI NPOXYKT cTaB 3acobom uisi highload-npoekTiB i3 BeIMKUMU
obcsiramu maHuMu [6].

Oco6nusictio Elasticsearch € #ioro mpocra xoHdiryparis. Januit nmporpamuuii 3aci6 npairoe oapasy micis
IHCTAJIALIT Ta HECKJIagHUX HanamrtyBaHb. OKpiM TOro, HABKOJIO IbOTO MPOJYKTY YCHIIIHO c(OpMOBaHA CIIijb-
HOTa PO3POOHHMKIB, SIKi MOXKYTh BUDIIIUTH 33/1a4i HATAIITYBaHHS KJIACTEPY Y KOXKHOMY KOHKPETHOMY BHIIAJKY.

I3 3pocTaHHAM MOITYJISIPHOCTI Ta YHIBEPCAIBHOCTI JAHOTO MPOrPaMHOTro 3aco0y, iIHKEHEPH CTalld BUKOPH-
CTOBYBaTH WOTO HE JIMIIE ISl HOBHOTEKCTOBOTO IOLIYKY, a ¥ JUIsl LEHTPaTi30BaHOro 30epiraHHsi MOHITOPHHTO-
BUX JJAHWX Ta PI3HOMAHITHOI aHATITHKH.

3 MeTor0 BioOpaskeHHSs MMiAroTOBaHUXJaHHUX 3aCTOCOBYEThCS MmaHenb Kibana. Ile oquH 3 enemeHTIB mpo-
rpamHoro creky ELK, mo BiamoBimae 3a rpadiune npexactaBieHHs Oyap-skoi iHdopmarii. Kibana crBopena
BUKITFOUHO st pobotu 3 Elasticsearch [6] i 3a 11 10mMOMOTor0 MOXHa IITyKaTH, TEPETNISAATH, B3AEMOTIATH 3 J1a-
HUMHU, 0 30epiratoThest B iHmekcax Elasticsearch. Jlanuii mporpamuamii 3aci® m03BoJsIE 0OpOOIATH BENTWYE3HI
o0csTH AaHUX 32 JOIIOMOTOI0 3pyYHOTO iHTepdeicy Ta y pexuMi peaJbHoTo yacy. Moxke OyTH po3IIMpeHu 1S
iHTeTpaIlii HOBOro HECTaHIAPTHOTO (YHKITIOHATY.

MopeJib MOHITOPHHTY JaHUX MiKpOcepBiCHOI cucTeMH

3anpornoHyeMo TpadivyHe MPEICTaBICHHS Ta OMHC POOOTH MOoAeni OOpOOKM MOHITOPHHIOBHUX JaHUX
MiKpocepBicHOI cuctemu (puc. 2).
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Oxepeno

Oxepano > Arperarop - Mpenpouecop I Cxoeuie »> I'pachiuHmii
) o iHTepdekc
Oxepano

BxiaHi nani Ofpofika naHux

Pucynok 2 — Cxema nporiecy 00poOKH MOHITOPHHTOBHX JITAHUX MIKPOCEPBICHOT CUCTEMH

CxeMa mpoiiecy 00poOKH MOHITOPUHTOBUX JaHUX MIKPOCEPBICHOT CHCTEMH MICTUTh TaKi KOMIIOHCHTH:

1) Jlxepeso — cepBicu, 110 TeHEPYIOTh HeoOpobieni naui (Syslog). Tyt renepyrorscst joru (10gs). ba-
raTo MpOorpaMHHX 3ac00iB, AOAATKIB, CEPEHOBUI T'€HEPYIOTh JOTH Pi3HHX (POpPMAaTIB Ta PO3MIH-
penb. Lli naHi nepenaroThCcs Ha arperatop, sSIKHii BCTAHOBJICHHH Y KOXKHOMY CEpBIcCi, 1 3a UM arpe-
raTopoM € HeoOXiTHICTh CroCTepiraTy.

2) Arperarop HeoOpoOneHuX AaHux. JIaHnii KOMIIOHEHT € BXIJHOI TOYKOO JJIist 300py (arperyBaHHs)
MOHITOPHHIOBHX JaHUX. BiH BilNOBinae 3a TpaHCIIOPTYBaHHS MOHITOPHHIOBUX JAHUX IO MPENpO-
niecopa Logstash.

3) Ipenporecop arperoBanux nanux (Logstash). Jlaui, moTpanuBig Ha BXiJa IIbOTO CEpBicy, po3ou-
BaIOTHCS HA CTPYKTYPHI YaCTHHH, Jalli BUIUIAIOTHCSA HEOOXITHI JAaHi, SKi MepeAatoThCs HA BUXIT Y
enuHOMY (hopMaTi A HOAATBIIOTO iX 30epeKeHHs, iHAeKCYBaHHs Ta aHamni3y B Elasticsearch.

4) Cxosuie o6pobnennx manux (Elasticsearch). LenrpanizoBane cXoBHIIE BiAMOBigae 3a 30epeeH-
HSl MOHITOPHHTOBHX JaHUX. TyT HaJla€ThCsl MOXKIIMBICTD MOBHOTEKCTOBOTO TOLIYKY Y BEJIMKUX 00-
csirax JIaHUX 3 BUKOPHCTAaHHAM IOIIYKOBOro MexaHi3my Apache Lucene.

5) TI'padiunuii intepdeiic Bzaemoxuii 3 nanumu (Kibana). Kiniesoro Toukoro poboti Mojeni € rpadiu-
He BioOpakeHHA MpoaHaIi3oBaHoi iHpopMaIlii y BUIIIAI pi3HOMaHITHHX rpadikiB, cXeM, Jiarpam.

OcranHi Tpu KOMIOHEHTH, BiacHe cTek ELK Mae OyTr BCcTaHOBICHHH OKpEMO Bif IHIIUX CEPBICIB CHCTe-
MU Ta MOBUHEH OyTH JOCTYITHUM JIs BCiX cepBicis [7].

[icns BcraHOBNEHHS TporpaMHOro 3aco0y ELK HacTymHUM KpokoMm € KOH(pIrypaiis JaHUX MPOIYKTIB.
Crnovatky HEoOXiJHO BM3HAUMTH BXiJ Ta Buxij Logstash. TumoBa xoHdirypaiisi CKIalaeTbcs 3 TPOX CEKIiA —
“input”, “filter”, “output”. B cekuii “input” He0OXiHO BU3HAYMTUCH THM, 3B1JIKH OYJyTh HAIXOIUTH JaHi.

input {
stdin {
type => "rails"

}
syslog {}
}

Cexkuis “filter” Binnosinae 3a po30OUTTsI MOHITOPHHIOBUX JAHUX Ha CTPYKTYPHI CKJIAAO0BI, sKi MOTIM Oy-
JyTh TIepeaHi Ha BUXI]I.

filter {

grok {
match => ["message”, "%{RAILS}"]

}

date {
match => [ "timestamp”, "YYYY-MM-dd HH:mm:ss Z"]
target => "@timestamp™
remove_field => "timestamp"

}

3roaoM micis 00poOKY JaHi MOTPAIUIAIOTh Ha BUXIJ y IEHTPAIi30BaHE CXOBHIIIE.

output {
elasticsearch {
host => “localhost:9200”
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}
}

Hani HeoOXimHO ckopucTatics MoxmuBocTsMu Elasticsearch. Komu cucrema 6yae roroBa m0 iMmopTy
JIOTiB, CEPBICH BIJNPABISTHMYTh JIaHi Ha OINPAIfOBaHHS 3alpONOHOBAHOI0 MOJIEIUII0, HEOOXIIHO HaJallITyBaTH
nanens Kibana. Ha nanomy kpori Bech Npoliec HajJamTyBaHHS 3BOAUTHCS 0 HANAIITYBaHHS rpadikiB Ta arpe-
raiiif JaHuX 3a JoNoMoror inTepdeiicy camoi maneni (puc. 3).

€« c localhost:9282/index. htmi#/dashboard/file/guided.jsc ] SO 0E®

~=il Your Basic Dashboard 2 month ago to a minute ago +

it] @ *dashboard (715) @ “admin (233) count per 1d | (848 hits)

2014-12- 201412 201412 201412~ 201501-  201501- 201501 201501~ 201501- 201501
20 23 26 29 o o4 o7 10 13 18

Pucynok 3 — I'padiunuii inTepdeiic Kibana

Hagenena mMonens 0OpoOKH MOHITOPHHTOBHX JaHHUX € HAWIPOCTIIINM MPUKIAIOM BUKOPUCTAHHS MPOTpa-
MHUX 3aco0iB ELK. 3BicHO, I1i MOKIMBOCTI 3HAYHO IIWMPIII, HIXK OMHCAHI B JaHii cTtaTTi. JlaHa Mozxenb 31aTHA
00po0IsATH faHi coTeHb abo THCSAY CepBiciB, arperyBaTH AaHi Pi3HUX HMPOIPaMHHUX CTEKiB, TEXHOJIOTiH Ta ¢op-
MartiB. [IpoTe, BapTO 3a3HAYUTH, IO NPEACTABICHA MOJIC)Ib MOHITOPUHTY € e(DEKTUBHOIO JIUIIE Y TUX MPOEKTAX,
Jie TOLIJIBHO 11 BAKOPUCTOBYBATH — Y MPOEKTaX 3 BEJIUKOIO KIIBKICTIO MOHITOPHHTOBHX JTaHHX.

BucHoBkH

VY nawiii crarti OyB NpoOBeEHUH aHaNi3 METOJIB Ta 3aC00IB MOHITOPHHY MIKPOCEpPBICHUX JOJATKIB. 30K-
pema, TpoBeIeHO OIJIsI Cy4acHHX 3aco0iB MOHITOPHHIY MIKpOCEpPBICHUX J0JaTKiB, 0OpOOKU Ta 30MpaHHs i1H-
0 BUHUKAIOTH MiJ{ 4ac MPOIECiB BOPOBAIKEHHS! MOHITOPHHTY, IO 1aJI0 MOKJIMBICTh 3aIPONOHYBATH HIJSIXH 1X
YHHUKHEHHSI.

3arpornoHoBaHa MOJIeNIb MOHITOPHHTY JTaHUX MIKPOCEPBICHOI CHCTEMH JIO3BOJISIE OTIEPATHBHO 00POOISATH
CTaTHCTHYHY iH(opMalito, pearyBaTd Ha KPHUTHYHI TOAii B poOOTI OKpeMHX CEpBICIB a TaKOX aHAII3yBaTH
OTpUMaHy 1HQOPMALIiIO 3 METO Tepen0auYeHHs MOXKIUBUX MpoOiieM. HaBeneHi B cTaTTi 3aco0M Ha JOCTaTHBO-
MY DiBHIi 3aJI0BOJIBHSIIOTH IIOTPEOH MOHITOPHHTY BEITMKHX MiKPOCEPBICHHUX CUCTEM.
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KOMIT’IOTEPHI CUCTEMHA TA KOMIIOHEHTU
VIIK 621.316

O. 1. Azapos, M. P. O6epTtiox

BUCOKOJIIHIAHI IBOTAKTHI BAJIAHCHI BY®EPHU
HAIIPYT'U HA BINIOJIAPHUX TPAH3UCTOPAX

BinanIbKYIT HATIIOHATHHAUN TEXHIYHUHA yHIBEpCUTET, M. BiHHHIIA

AHoTanis. Y cTaTTi po3risHYyTI i IpOaHANII30BaHi CXeMH BHCOKONIHIMHHUX MIBUIKOAIIOYHX JBOTAKTHHX OydepiB Hanpyrd, NoOyAOBaHUX Ha
GinmonsipHuX TpaH3ucTopax. OOIPyHTOBAaHA aKTyalbHICTh 1 IPAKTHYHA JOLIIBHICTS CTBOPEHHS JaHOTO TUITy Oy(hepiB HaPYTH I OTPHUMaH-
HsI HU3bKOI MTOXUOKH JIHIHOCTI # BHCOKOI IIBUAKOIIT. 3amponoHOBaHO miaxin 10 moOyxoBu OydepiB HanpyrH, sikuit 6a3yeThesi Ha 3aCTOCY-
BaHHI BiIOMBadiB CTpyMy, SKi (yHKIIOHYIOTh y JBOTAKTHOMY OalJlaHCHOMY pexxuMi. Po3risHyTo 1 mpoaHami30BaHO HACTYIIHI ABOTAaKTHI
Oydepu Harpyru: HAUMPOCTIIIa cXeMa; CXeMa 13 BXiIHUMHU ITiICHIIFOBAJIEHIMH KaCKaJlaMi; CXeMa i3 KOMIICHCAIIIEr0 BXiJTHOTO CTPyMY; CXeMa
i3 BXIJJHUMHU KacKaJlaMH Ha CKJIafieHuX TpaHsucTtopax Illukunai. [{ns BKa3aHMX cXeM CKJIaJeHI MATEMAaTHYHI MOZENI TAKHX CTATHYHUX Xapak-
TEPHUCTHUK SIK: MAJTOCUTHAIBHUN KoedillicHT repenadi Hampyry, moxuoka MaciuTady MmepefaTHOl XapaKTepUCTHUKH, BXITHUH OIip i HaBaHTa-
JKyBaJIbHa 3[IaTHICTh. 3alPOIIOHOBaHI Oydepn HapyrH 3i 3MEHIICHUM BUXiJHAM OIIOPOM IS 4OrO JOJAaTKOBO B CXEMY BBEICHO JBOTAKTHI
I ICHITIOBAYi TIOCTIHHOTO CTPYMY, OXOIUICH] MITHOOKHM BiJ’€MHHAM 3BOPOTHIM 3B’SI3KOM. 3ifICHEHO KOMIT IOTepHE MOJACIIOBAHHS CTATUYHUX
1 TMHAMIYHUX XapaKTePHUCTHK 3allPOIIOHOBAHUX cXeM Oy(epiB Hampyru, 3po0IeHo MOPiBHIIBHUI aHalli3 OTPUMAaHHUX Pe3ysIbTaTiB i HaJaHO
peKOMeHalil 1010 IX BUKOPHCTAHHSL.

Kaiouosi cioBa: 0ydepn Hanpyru, ABOTAKTHI MiACHIIOBaYi cTPYMY, BXiZHHIi omip, BUXiAHHUIi omip.

AuHoTanmmsi. B crarthe paccMOTpPEHBI M HPOAHAIM3HMPOBAHBI CXEMbBI BBICOKOJMHEHHBIX OBICTPOACHCTBYIOIIMX JABYXTaKTHBIX Oydepos
HaIpSDKEHHS, IIOCTPOSHHBIX Ha OMIOJSIPHBIX TpaH3ucTopaXx. OOOCHOBAaHA aKTyalbHOCTh U IPAKTHYECKas! eJIeCO00pPa3HOCTh CO3MAaHUs aH-
HOro THma Oy(hepoB HANPsHKEHHUS IS TTOTYYCHHS HU3KOW MOTPEIIHOCTH JIMHEHHOCTH M BBICOKOTO ObICTpozeHcTBHS. [IpeanoxeH moaxon K
HOCTPOCHHUIO Oy(hepoB HANPsHKEHHs, OCHOBAHHBII HA NPUMEHEHNUH OTpaXkaTeiell TOKa, KOTOpble (PYHKIMOHMUPYIOT B IBYXTAKTHOM OaiaHc-
HOM peXHMe. PaccMOTpeHBI 1 IpoaHaIN3HPOBAHbI CIISNYIONIHE IBYXTaKTHEIE Oy(epa HaNpsHKEHUS: IPOCTEHIas CXeMa; CXeMa ¢ BXOJXHBIMU
YCHIIUTEIFHBIMU KaCKaJjaMu; CXeMa C KOMIICHCALlHeH BXOHOTO TOKa; CXeMa C BXOJHBIMH KackaJaMH Ha COCTaBHBIX TpaH3ucTopax llluknan.
JUitst yKa3aHHBIX CXEM COCTABIICHBI MaTEMATHYECKHE MOJIEIH TAKUX CTATHYECKHX XapaKTePHUCTUK KaK: MAJIOCHTHAJIbHBIN KOI(HUIMEHT me-
penadn HanpsDKeHWs, NMOTPeIlHOCTh MacmTaba MepefaTOYHOH XapaKTepHCTUKH, BXOIHOE CONPOTHBICHHE M HAarpy30dHas CIIOCOOHOCTS.
Ipennoxenst 6ydepbl HAMPSHKEHHS C YMEHBIICHHBIM BBIXOHBIM COMPOTHBICHHEM, [T YeTO JONMOJTHUTEIBHO B CXEMY BBE/CHBI JABYXTaKT-
HBIE YCHIIUTENH TTOCTOSIHHOI'O TOKA, OXBAaUCHHBIE TIIYOOKOH OTpUIATENLHON 00paTHON CBs3bI0. OCYIIECTBICHO KOMITBIOTEPHOE MOJEIUPO-
BAHWME CTATHYECKHX W JHHAMHUYECKUX XapaKTEPHCTHK NPEUIOKEHHBIX CXeM Oy(depoB HANpsUKEHHUsI, C/IeaH CPAaBHUTENBHBINA aHaIN3 TI0JTy-
YEHHBIX PE3YJIbTATOB H JaHbI PEKOMEHIAINH 110 UX HCIIOIB30BAHHIO.

KuioueBble ciioBa: Oydepsl HaNpsKeHNs!, IBYXTAKTHbIE YCHJINTEJH TOKA, BXO/IHOE CONPOTHBJIEHHE, BLIX0HOE CONPOTHBIIEHHE.
Abstract. The paper considers and analyzes schemes of high-linear high-speed push-pull voltage buffers built on bipolar transistors. The
relevance and practical advisability of creating this type of voltage buffers is substantiated for obtaining a low linearity error and high speed.
An approach to the construction of voltage buffers based on the use of current reflectors, which operate in a push-pull balance mode, is pro-
posed. The following t push-pull voltage buffers are considered and analyzed: the simplest scheme; a circuit with input amplifier stage cas-
cades; circuit with input current compensation; circuit with input cascades on composite transistors Shiklai. For these schemes, mathematical
models of such static characteristics as: low-signal voltage transfer coefficient, scale error of transmission characteristic, input resistance and
load capacity are compiled. Voltage buffers with reduced output impedance are proposed, for which push-pull direct current amplifiers cov-
ered by deep negative feedback, are involved in the circuit. The computer simulation of the static and dynamic characteristics of the proposed
voltage buffer schemes was carried out, a comparative analysis of the results obtained and recommendations for their use were made.

Key words: voltage buffers, push-pull current amplifiers, input impedance, output impedance.

Beryn
Bydepu nanpyru (BH) [1,2] BUKOPUCTOBYIOTECS B PI3HOMAHITHHX CHCTEMaX i TIPUCTPOSIX JUTS 301TbIICHHS
MOTY»KHOCTI CUTHAJIIB, 0 HAIXOIATh 13 PI3HOMAHITHUX AaBaviB Ha BXxoju cuctemunx AL [3-4]. BH rtakox
3aCTOCOBYIOTBCS , SIK cKiajgoBi yactuHU LIAIl juis 3abe3medeHHs J0OCTaTHBOI HaBaHTaKYBAIBHOI 3aTHOCTI
ocraHHiX. [Ipy mboMy cIiJl 3a3HaYMTH, IO CTATHYHI W JMHAMIYHI XapaKTEpPHCTHKU 3raJlaHuxX Oy¢epiB He Io-
BUHHI TOTipIIyBaTH METPOJIOTIYHI XapaKTEPUCTUKHU aHAJIOro-IU(pOBHX i IH(POaHAIOrOBUX KaHAJTIB MEPETBO-
PEHHSL.

AKTyalbHicTh

Crarnuni noxubku BH y nepmry 4epry BU3Ha4aroThCS JHIHHICTIO BONBT-aMIIEPHUX XapaKTEPUCTHK Oiro-
JSPHUX TpaH3ucTopiB [5], Ha skMx BoHM MOOymoBaHi. ToMy mix yac moOymoBu cxem Oydepis Tpeba BUGHpaTH
Taky iX KoH(}irypariro, mo0 yHHKHYTH MPHUKIAJCHHS 3HAYHUX MPHPOCTIB HANPYT HA MEpexoaax KOJEKTOp-
emitep. [lyisi OCSATHEHHS BHCOKMX JWHAMIYHUX XapakTepucTHk BH Tpeba MakcuMajabHO BHUKOPHCTOBYBATH
TIPUHIIMIT IEPETBOPEHHS 1 MiACHIICHHS cTpyMiB. Ile 00yMOBIeHO THM, 10 OijibIlIa YaCTHHA MMapa3uTHUX Iapame-
TPiB IHTErpaJLHUX CXEM SBIISIE COO0K eMHOCTI [6,7]. ToMy, sAKIIO 3a HOCiM cUrHay BUOMpAaTH CTPYM, a Ha Ha-
Ipyry, TO MOXHA YHUKHYTH NPUKJIAJCHHS BEJIMKHUX NPUPOCTIB HANPYT 10 Mapa3uTHUX eMHOcTeH. Ciij Takox
3a3HAYMTH, 110 HABITh TOAI, KOJIM Tpeba 3/IHCHIOBATH MiJICUIICHHS HANpPYT, TOLUILHO HANIPYTy BXiJHOTO CHUTHAITY
MIEpETBOPIOBATH HA CTPYM, ITOTIM IIJICHJIMTH HOTo, a Ha BUXOJli CXeM CTPYM 3HOBY II€PETBOPIOBATH Ha HAIIPYTY.
[Ipu upoMy OiNONSPHUI TPAH3UCTOP MOKHA 3 YCIIXOM BUKOPHCTOBYBATH &)X J0 rpaHMYHOI yacToTH. BonHouac,
Tpeba 3ayBayKUTH, 110 BU3HAYCHUH miaxia nodynoBu BH HelocTaTHRO OCBITIIEHO B HAyKOBO-TEXHIYHIN JiTepa-
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Typi, TOMY TeMa CTaTTi, IPUCBSYEHA BUCOKOJIIHIHHUM JABOTaKTHUM OanaHcHUM Oydepam Ha OIMOJSpHUX TpaH-
3UCTOPAX, € AKTYaIbHO.

Merta nociigkeHn

CTBOpEHHS BUCOKOIIHIMHUX MIBHIKOMIIOYNX MBOTaKTHUX BH, moOymoBaHWX Ha OIMONSIPHUX TPaH3UCTO-
pax.

3agaui gocaixkeHn

1. 3ampomoHyBaTH i MpoaHaTi3yBaTH CXeMH IBOTaKTHUX BH, B IKMX mpHpocTH Hanpyr Ha Mepexonax KoJek-
TOp-EMITep TPaH3MCTOPIB siipa OyayTh MiHIMAJIbHUMH, a 3MIHEHHSI HAIIPYT IO Jiara3oHy INepeaaTHol xa-
PaKTEpPUCTHKU MaTUMYTh MICIe JIMIIE Y BUXIIHUX KacKaaax, 10 JO3BOJIUTH 3MEHIIUTH CTATUYHI TOXHOKH.

2. Ckiacty MaTreMaTH4HI MOJEJNi CTaTUYHHX XapaktepucTuk bH, manmocurnanbHoro koedilieHTy mnepenadi
Harpyru, MoXUOKH MaciuTaly rnepeaaTHol XapaKTepUCTHKH, BXiTHOTO ONOpY 1 HABaHTaXXyBaJbHOI 31aTHO-
CTI MpH 33aHii TOXUOI MacITady.

3. 3nificHUTH KOMIT'FOTEpHE MOJETIOBAHHS CTATUYHUX 1 JMHAMIYHHUX XapaKTepPUCTHK pO3rIsiHYTHX cxeM BH,
OIIIHATH KUTHKICHI 3HAYeHHS IMOXUOOK JIIHIHHOCTI MepeaaTHOl XapaKTePUCTUKH, CTPYM 1 HANPYTy 3CYBY
HYJISl, IIBUAKICTD 3DOCTaHHS BXiTHOTO CHTHAITY, 4aC YCTaJICHHS MEePeXiqHOl XapaKTepUCTUKH, 3pOOHTH I10-
PIBHAUIBHUI aHANi3 OTPUMAHUX PE3yIbTaTIB.

Po3B’si3aHHS MOCTaBJIEHUX 3agav

JBorakTHa cTpykTypa BH moBmHHA 320€3neUNTH MOKIUBICTh (DYHKIIIOHYBaHHS B PEXHMi, KOJH BXiIHA
(Upy) 1 Buxinna (UByx) Hanmpyru € ABOMOJIIPHUMH, a BUXITHUN CTPYM lpyx MOXKe SIK BTIKATH, Tak 1 BUTIKaTH B
HaBaHTaXeHHs. TpamuIliitHo, TAKKM BUMOT'aM 3aJ[0BOJILHSIE CXeMa, 0OyI0BaHa Ha 0a3i onepaliiftHoOro miaCcIo-
Baua (OII), mpoTe BoHa He MOJKe 3a0€3MeUNTH BUCOKOT IBUAKOIIT, Kosu +Upy 3MIHIOETBCS cTpuOKomnoaioHo. Lle
TMIOB’SI3aHO 3 THM, 1110 BXiAHUH nudepenuiinuii kackan OIl mpu npomMy Buxoe 3 JiHIHHOTO peXXUMY 1 MOTpiOeH
Yac Ha BITHOBJICHHS 0aaHCy MiX BXOJIOM 1 BUXOJIOM.

ABTOpY NPONOHYIOTH THIIMK Mmiaxin no nodynosu BH, sikuit 0a3yeThest Ha 3acTocyBaHHI BiOMBadiB CTpPY-
My (BC), siki QyHKIIOHYIOTH Y IBOTAaKTHOMY OanlaHCHOMY pexkumi. Halirpocriiny cxemy Takoro npucTporo Ha-
BEJICHO Ha puc. la.

Bona mictute nBa Bigbusaui crpymy BC1 i BC2. Koxken 3 Hux mo0ymoBaHo 3a cxemoro Yiicona [6,7],
npraomy BC1 3ibpano Ha Tpamsucropax T1-T3, a BC2 — na Tpan3ucropax T4-T6. s 3aganHs moTpiOHUX po-
00YHX TOYOK BUKOPHCTOBYIOTHCS TeHepaTopu pobodoro ctpymy lp. Bxomom BH € Touka o6ennanus emitepis T1
i T4, a Buxomom — T3 i TS. Cxema mparroe Takum uuaoM. J[xeperno +Ugy (Rr — BHYTPIlIHIH OMip) , MiAKITIOYEHE
JI0 BXOJly, T€HEepYy€E Hampyry, ska 3MIiHIO€ TOTEHIia]d Touki A BiHOCHO Touku b. Ilpu npomy, sikmo Upy Mae
JIOZIaTHY TOJsIpHicTh, TO T1 mpu3zakpuBaerbes, a T4 npuBigkpuBaerbes. Lle Bukiukae mpusiakpusanHs T3 i
npusakpuBanHs T6. BinnoigHo ctpym |’ 36inmbInyerses, a |” 3menmryerses. i crpymu uepes tpansucropu T3 i
T5 nmomaroThCs Ha BHXIJ CXEMH, [I0 SKOTO MiIKIOUEHO PE3UCTOp HaBaHTaXeHHs Ry, Hampyra Ha skomy (Ugyx)
nouyrHae 30inbiryBaTcs. [Iporec mpoaoBKy€eThCS TOTH, JOKHA CXeMa He 30aIaHCYEThCS, a PI3HUIIS TOTCHIIIATIB
Uap He HaOnu3uTbes 10 Hyms. Skmo Ugx mae Bix’eMHy nossipHicts, T0 T1 npuBinkpuBaetsest, a T3 npuzakpu-
BaeThes. BomgHouac, T4 mpusakpuBaetses, a T6 npuBigkpuBaethes i Ugyy cTae BimeMHOI0. TOYHICTE BifCIiAKO-
ByBaHHS Harpyror Ugyy BXimHOI £Upy 3a1€KUTH BiJ TTUOWHU BiJ’€MHOTO 3BOPOTHOTO 3B’SI3KY, 3HAYCHHS BH-
XitHOTO CcTpyMY lpyix, @ TAKOXK BiX MajiHHS BXiHOI HaNpyrH Ha Rr.

PosrisiHemMo cratuuHi XapaktepucTukd 1nporo BH. BXinHuit ManocurHaibHUEA oOmmip Iy 3 ypaxyBaHHSIM
BHYTPIIIHBOT'O BiJ]’€MHOTO 3BOPOTHOTO 3B’SI3KY BU3HAYAETHCS Y BUTIISII

r =R, K},

ne Ry — 3Ha4YeHHS OmMOpy HaBaHTaKCHHS, KI' = Z.B'.B"/ ([3’+B”) - HacKpi3HU# KoedillieHT mepenayi 3i

BXOJY Ha BUXiJ; ' — MaJOCHUTHAIBHUHN KOe(iIlieHT MiACUICHHS CTpyMy N-Pp-n Tpansuctopa T3, B” — ManocurHa-
JbHUI KoedillieHT miacHIeHHs cTpyMy P-N-p Tpansucropa T6. Buxinxuii omip rgyx y 3HA4HII Mipi 3aJ1€XKUTh BiJ
omopiB emitepiB T3 1 TS, a Ti y cBoro uepry Bix lp. Kpim Toro meBumit BB 3ailicHIOIOTH 60a30Bi onopu T3 1 T5.
Taxkum yrHOM

ne rg = @/ lg — Mano curnansHui omip emirep HHX nepexomiB T3 i T5, ¢ — TepMONOTEHIAN, 53 1 M55 —
omopu 6a3oBux nepexomiB. IIpu Ip = IMA rgyx = 30 Om. Crix 3a3HaYuTH, MO0 OCOOIUBICTIO PO3TIISHYTOI CXEMHU
€ Te , 0 HaBiTh HeBenuKa pisHUNA Alp 3HaUeHb poOOYNX CTPYMIB |p TIpH3BEAE A0 MOSBH MAPa3UTHOTO CTPYMY
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Ha Bxoai bH, To0T0o moxubku 3cyBy HyJssl. Y 3B’SI3Ky 3 MM TaKHH BapiaHT HOro moOynoBH MOXKe OyTH peKOMEH-
JIOBAaHMH JUI poOOTH 3 MalUMK poOourMHU cTpyMaMu Ha piBHI 50-100MKA, 1110 iCTOTHO MOTIPIINTD HABAHTAXKY-
BaJIbHY 31aTHICTb.

D +U)K

5

I
I
| /BC1
'T tUpx Rr
+Upx Rr | _|+u Ry
o—=—Aa Br— =
Ip oG-~ ¢ - =1 Igux

'BC2

a) 0)

B)

Pucynox 1 — JIsoraktai BH: a) Haiinpocrima cxema; 0) i3 BXiTHUMH HiJICHIIOBaJIBHUMH KacKaaMu;
B) 13 KOMIICHCAII€IO |py; T) i3 BXIITHUMH KacKaJaMH1 Ha CKJIaJleHuX Tpausucropax Llukmai.

Kpaiii xapakTepicTHKH Ma€e CXeMma, HaBeJeHa Ha puc. 10, mpoToTui kol po3misHyto y [2]. Bona monar-
KOBO MICTUTh BXIiTHHIA JTBOTaKTHUI Kackaa Ha Tpansuctopax T1 i T2, a Tako BUXiTHHI KacKaJ Ha TPaH3UCTO-
pax T3 i T4. Kpim Toro y cxemy monatkoBo yBeneHo Tk i T 1 miomm 3mimenns D1 i D2 s 6mokyBaHHS 3MiHH
KOJIEKTOPHHX Hanpyr konekrop-emitep T1 i T2, a Takoxx cuMeTpyBaHHs X poOo4nx To4oK BigHocHo T3 1 T4.

OniHnMo cTaTH4YHI XapakTepucTuku nboro bH. 3a3Haunmo, 1m0 OCKiTbKH y cXeMy JOAaTKOBO BBEIEHO ITi-
JICWITIOBaNBbHI Tpau3ucTop T1 1 T2, To BXimHUH OITip 301ILITUTHCS. Horo 3nauenns Oyzne nopiBHIOBATH
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_ "
Moy = RH ’ KI )

Jie Ha 0cHOBI [8] Maemo

K,,= Z(BIBH)(Ban)
[ B"B”+B"B”

o icrotHo Oinmbie Hixk K'|. HeBaxko mokasartu, 110 BUXITHUHN OMip Igyx Oyae MPUOIM3HO TaKuil caMuii,
AK y nepmiii cxemi. Ciig 3a3Ha4nTH, IO ICTOTHUM HEJOJIKOM CXEMH € HasBHICTh MOCTIHHOTO CTPYMY 3CYBY
HyJS g, SIKMT BUHUKAEe BHACHINOK pi3HUII (y 1.5+2 pasm) cratmuHuX KoedimieHTiB mepenaui $1 i B2 BXimHUX
Tpan3ucTopiB. [lamiHHsa Hampyryu Ha R BHACHIZOK MPOTIKaHHS MBOTO CTPYMY NMPOTIKAHHS IIBOTO CTPYMY HpH3-
BeJle J10 MOSBH JOJATKOBOI METOANYHOTI HOXHUOKH 3CYBY HYJISL.

IcToTHO (Ha OBa MOPSIKN) 3MEHIIUTH 3HA4YEHHS |o MOXKHA IIIIXOM KoMIeHcalil 6a3oBux ctpymis T1 1 T2,
110 peanizoBaHo y cxemi BH, HaBeneHoi Ha puc. 1B. BoHa 101aTKOBO MICTHTB 1Ba FeHEpPaTOPU KOMIICHCYIOUHX
ctpymiB li 1 1§, maBagamu sxux € tpanzuctopu Th i TH. ba3u mux TpaH3UCTOPIB MIAKIIOYCHO IO IaBaviB CTPY-
MiB, IOOYIOBaHKUX HA TPaH3UCTOPaX, Tc, The 1 TEe, T'Bc BiamoBimHo. Pesuctropu R| i R{ ciayryroTs mist ToHKOTO
HaJlalTyBaHHs 3HaueHb li 1 . 3HauenHs |l Oyne HabmKaTUCS 10 HYJIS 32 YMOBU JIOCSITHEHHS PIBHOCTI

=p-p,

r "
L+ =1+ 1,

10 MOYKHA peaizyBaTH migoopom 3uadeHb R i R{. IIpu npoMy citiji 3a3HaYUTH, 1110 OJUH 3 [IUX PE3UCTOPIB
MOYXHa B3arajii He BUKOPUCTOBYBATH.

JUi1s BUSHAUCHHS BXiJHOTO onopy I1boro BH BifzHaumMo, 10 y BXiJHUX KOJNAX CXEMH Ji€ TOIATHIH JBOKO-
HTYPHHI 3BOPOTHIH 3B'SI30K 32 CTPYMOM, SIKHI ICTOTHO 301JbIye 3HAYCHHS Iy IMOPIBHSIHO 31 CXEMOIO, HaBe/Ie-
HOIO Ha puc.10.

3rigHo 3 Teopiero 3B0poTHUX 3B’s13KiB [9] ormmip y Touli A MOKHA BU3HAYHUTH Y hopMmi

_ rBX
r=—7"1
1‘5'%1_5%2

Jie I'§x — 3HAUESHHS BXiJJHOTO ONOpy 0e3 BIUIMBY 3BOPOTHHX 3B’S3KIB; 1 1 (2, — IIMOMHU 3BOPOTHIX 3B’SI3KiB
BIATIOBITHO Y MEPIIOMY i APYTOMY KOHTYypax.

[epmit koHTYp ckianaeTbes 3 TpanzucTopiB T1 1 T i agpyroro BigOuBaya ctpyMy Ha TpaHzuctopax Tgc i

"Bc, a apyruit 3 Tpan3ucropiB T2 i Th i mepmoro BigOuBava cTpymy Ha TpaH3ucTopax Tic 1 The. 3a3Haunmo,

110 BXIZHUH CTPYM lgx y TOUIll A y MaJIOCUTHAJILHOMY PEXUMI PO3raly’Ky€eThCsl HaBIILI, IO 1 OOTPYHTOBYE 1O~
By KoeimienTis 1/2 mepen y; i x2. [Ipn upomy

— AIBX

OOxos19n HUKHIN BX1THMHA KOHTYP MaeMO MaJIOCHT'HAJIbHE CIiBBIIHOIICHHS

A = ALy Ko = i, = Al Bl - Al BL

C C C C
1IB 1+ r) 1IB 1+BE 1IB 1+B;’D 1IB

[TincTaBnsiroun oTpuMane 3Ha4eHHs Alg y Bupas s y; 1 BpaxoBytouw, mo Tpansuctopu T1 i TP, pearizo-
BaHi B iIHTETpaJIbHOMY BUKOHAHHI 1 MalOTh oHakoBi B1 1 Bp, T06T0 Alfp~ Alg), Maemo

. 1
Kﬂ

IIBC

X1 ~1,0,

ne Kfigc — koedinienT nmepeaadi ctpymy BC2. AHanorigaHo MOXHa IMOKa3aTH, 1o i
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~1,0.

1
X2 ™

~ !
KnBc

TakuMm urHOM, 3HAMEHHHK Y (GOpMYyIIi Ui gy MOXKE MaTH TOCUTh HU3bKE 3HAYCHHs. [Ipu 1IbOMY peryiro-
toun Kipce 1 Kfipe muisixom migbopy pesucropiB R| i R{ TeopeTuuHo MOkHA 3pOOUTH zx HECKIHUCHHO BEITUKUM, a
BXiJHHH cTpyM |px HAOIU3UTH 1O HYJIS.

AJBTepHATHBHHM BapiaHTOM 3MeHINCHHs |y € BukopuctanHas Ha Bxoai bH ckianenux tpansuctopis lluk-
nai, cxemy sikoro HaeeqeHo Ha puc. Ir. Tyt T1, T2 i T3, T4 sBastroTh co00r0 Tapu N-P-N i P-N-pP TPaH3UCTOPIB.
[Ipraomy 6a30Bi ctpymu Iy i |y, Tparnsucropi T1 i T2 6yxyTs y By i B, pasiB menmmmu, Hix y T3 1 T4, Bpaxo-
ByIOuH, 1m0 M00yTKH B1-P3 = B2 Ps, A P1—P4 — cTaTHuHI KoedimieHTH MiACHICHHS, TPUOIN3HO OIHAKOBI, TO |g
MO’KEe MaTH JTOCHTH Maite 3HaueHHs. Tak, mpu lp = IMA, By = B4 = 50, B, = B3 = 100, | Is; | = | I2 | = 200HA, a pis-
HULA AIB = I];l - I];z < 5HA.

OmiHIMO HaBaHTAXXYBAJbHY 3IATHICTh PO3TIHYTHX BH, sIKy MO)XHa BU3HAYUTH Yepe3 BUXITHHUN OIIip
Igyx. JJIs mepiioi cxeMu HaBeAEHOI Ha puc. 1a, Igyx MOKHA MPEACTABUTH Y BUIIIAL GYHKIGT ey = f(lp, Ry). Lle
00yMOBJICHE TUM, IO PiBEHb POO0YOro cTpymy lp 3a7ae MaIOCHHTHAIBHI OMTOPH BUXIAHUX MIOJIIB, pEaTi30BaHIX
Ha Tpan3ucropax T3 i TS. [lo uporo Tpeba noaaTH, M0 BHACIIAOK HEBUCOKOTO BHYTPIIIHBOTO KoedilieHTa mij-
cusieHHsI cTpyMy K| 3HaYCHHS BIaCHOTO OMOPY reHepaTopa BXiMHOI HAMPYTH TaKOK BIUIMBATUME Ha HABAHTAXKY-
BaJIbHY 37aTHICTh. bepyun no yBaru, mo T3 i TS y niogHOMy BMHKaHHI BKJIIOYEHO Ha MapajiesibHy po0oTy, oc-
TATOYHO MOYKEMO 3aIuCcaTu

Moy = Yp 11T +—F,
K,

ne 1L =rg+Trg/Bs 1 15 =g+ /Bs ManocurnanbHi onopu emirepuux nepexofis T3 i TS; rg3 i rps —
onopu GasoBux nepexoxis; K, =2-p'-p" / (B' + B”) — MaJloCUTHANBHI KoediieHTn miacunenns crpymy. Ilic-

TaBIISIOYM 3HA4YEHHS I, D, K| y BuXinHy dopmyiy i cnpouryrouu ii 0cTaTOYHO MaEMO

I = .
P2 rE'BB'BS+(r55'BS+rES'BS)/2 2 p+p

HpI/I Ip = 1MA, I'Brx = 30 Om.

Cxemu BH, HaBeneni Ha puc. 10, 1B MIiCTATh BXiJHI HiJACHIIOBaNIbHI Kackaau Ha TpaHzuctopax T1 1 T2, 1
TOMY BIDIMB R Ha HaBaHTa)XyBaJbHY 3IaTHICTh TYT iCTOTHO MeHIIe. BomHodac, y BHXIZHHX Kackamgax 000x
CXeM 3’SBWJIHCH OJATKOBI TPAH3WCTOPH y AiOJHOMY BMHUKaHHI, BimmosimHo TP i T'B, ToMy HaBiTh 32 yMOBH
Rr = 0, Buxinuuii omip 1ux cxem Oyze yaBidi Oible HIX [T IepIIoi cxemu (puc. 1a).

Jlis cxemu, HaBesieHOT Ha puC. 1T, BUXigHMIA omip Oy/le BU3HAYATHCS MapalelbHUM 3’ €THaHHAM AiofiB D’ i
D", tomy

_Tp T B3 Bs+Tss By T3 Bs+ g5 Tss / I +&, BB’ (1)

Moy = I‘b Iy,

ne rp = (PT/( IP/B’) ird= (PT/( |p/[3') — nudepenuiiini onopu P-N nepexoxis umx mioxis; B’ i p” — ma-
JIOCUTHAJIBbHI KOe(illieHTH mepeaadi CTpymy.

[MixcraBnstroun BUpa3u s Ip 1 Ip y BUXiAHY (hOpMyITy, BUKOHYIOUH MIEPEMILlIeHHsI 1 CKOPOYEHHS OCTaTOY-
HO MaTUMEMO

; _&‘ B,'B”
BUX — ' "’
I, B'+B

[MopiBHIOIOUHM 1IeH pe3ynbTaT i3 THM, 1O BUTIKaE 3 (1), Cirix 3a3HA4YNTH, 1110 BUXIJHHUH OIIp OCTaHHBOI CXe-
MH ICTOTHO BHIIMI MOPIBHSHO i3 TpboMa nonepeanivMu. [Ipu lp = 1MA 1 TUIIOBHX IHTErpAIbHUX TPAaH3HCTOPIB
ii rgux = 700800 Om.

BopHouac ciin 3a3HaYMTH, 110 HABaHTa)KyBaJlbHA 3/1aTHICTH ycix po3risiHyTux bH € nHeBucokoro i mpu 36i-
JBIICHHI CTPYMY B HaBaHTA)KEHHI 3pOCTAE PI3HUIIEBA HANIPyTa MiXK BXOJIOM 1 BUXOJIOM, IPUIOMY
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[Mpuuomy HenynpoBe 3HaYeHHS AU p Oyne XapakTepusyBaTH SK MOXHMOKY 3CYBY HyJIs, Tak 1 HOXHOKY Ma-
cmrady B miamaszoni +Ugyx.

Jis 3MEeHIIIeHHST BUXITHOTO OIOpY y 3TaIaHOMy MPHCTPoi TpeOy NOJaTKOBO YBECTH IBOTAKTHI IiICHITIO-
Baui noctiitHOTO cTpy™My (IIIIC), oXxorureHi rmuOOKNM Bi’ €eMHIM 3BOPOTHIM 3B’ s13KoM. Cxemy Takoro bH Ha-

BEJICHO Ha pUC. 2a.
©2lp U
P
- :Rr Al Aapo |5 AIBI +Ugux l§l_|

+Upx bH
Igux
B
® 2Ip 6-Uy
a)
2Ip
K
N
X
Rr 4| Aapo |g | Als: Ugux Ru
= B [ =
BHUX
, -
_K y
b
®21, VI, Uy

Pucynox 2 — Cxemu BH i3 Buxigaum JAIIIIC: a) i3 Husskum Kj; 0) i3 cepennim K

Bona mictuts siipo BH, B poui sikoro Moske ciryryBati cxema 300paxeHa Ha puc. 1B, a Takox JAIIIIC 3 Hu-
3bKUM KoediuieHToM mincuieHHs ctpymy K| i Bucokoro muakoaiero [8,10,11]. Crnix 3a3HauuTH, 10 BiAMiHHOO
OCOOJIMBICTIO TaKOTO MiJCHIIOBaYa € HASBHICTh OJIOKa OalaHCYBaHHS 1 MiJACHICHHS CTPYMIB, Ha OalaHCHOMY
BXOZIi AKOro (opMyeThes pisHMLEBHIA 0a30Buil cTpyM Alg = lgpyp — lgapn TPaH3KMCTOPIB P-N-P i N-P-N BiAMOBiLHO.
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Lle#i cTpyM BuK/IM4Ye NEBHUH 3CyB HYJIsl Ha Buxoui siapa BH 1 mosiBy monatkoBoi aautuBHOT moxubku. s kom-
neHcanii BIuiBy Alg y 6a3y T4 nouiibHO MOCTaBUTH KOMIIEHCYIOUMi pesuctop Ry.

SAxmo BH mae sapo 3 migBumennm Iy (puc. Ir), To Tpeda 3actocoyBatu JIIIIC 3 cepennim K|, cxemy
SKOTO HaBeneHo Ha puc. 20. Tyt 3HaueHHS Aly Oyne icroTHO (Ha 2+3 MOPSAAKH) MEHIIEC HIX Y MOMEPEeTHHOMY
BUINAJKY ¥ HOT0 BIUIMBOM MO’KHA 3HEXTYBAaTH.

Buxinauit onip BH 3a Hassrocti JAIIIIC 3a paxyHOK aii 3BOPOTHOTO 3B’S3KY iCTOTHO 3MEHITYETHCS 1 A0pi-
BHIOBaTHUME

7 rBHX

=1k
|

KinmpkicHi 3HaYCHHS CTATHYHHUX XapaKTEPUCTHK, OTPHMAaHI IIIIXOM KOMIT IOTEPHOTO MOJETIOBAaHHS B Ia-
keti Microcap 11 (Copyright© 1982-2017 Spectrum Software) st cxem Nel (puc. 18) i Ne2 (puc. Ir), nobymo-
BaHMX Ha iHTerpaiphux Tpanzuctopax NUHFARRY i PUHFARRY [12] 6e3 ATIIIC i 3 ATITIC (puc. 2) HaBene-
HO B Tabunuiii 1 12 BiAMOBiAHO.

Taommus 1.
[lapamerpu Igx (HA) Uap (MKB) Algx (HA) AU 5 (MKB) Ipx (I'Om) I'epx (OM)
Cxema Nel 0,5 204 14 170 3,1-10° 30
Cxema No2 4,9 153 560 1700 3,6 770
Tabmuus 2.
[Tapamerpu Igx (HA) Uap (MKB) Algx (HA) AU 5 (MKB) Ipx (I'Om) I'epx (OM)
Cxema Nel 0,015 373 0,09 290 147-10° 0,17
Cxema No2 5,5 0,1 14 150 140 0,09

Amnani3 TabnuYHMX AaHUX CBiAuMTh, Mo 3actocyBanHs JIIIIC mokpamiye He TiTbKM HaBaHTa)KyBaJIbHY
3maTHicTh BH, a 1 geski iHIIi XapaKTepUCTHKH, TaKi K gy 1 pyx. [IprdoMy i moka3HUKH Mae cxema Nel, a
BPaxoBYIOUH 3Ha4eHHs I'gx = 31'OM, citij 3a3HaYUTH, 1110 BOHA MOXKE KOHKYPYBATH 31 CXeMaMH, M00YI0BaHUMH
Ha TMOJILOBUX TPaH3UCTOPax i3 KepoBaHUMH P-N nepexonamu. BojaHouac OINONSPHI TPaH3UCTOPH JIO3BOJISIIOTH
JIOCSITTH ICTOTHO KpaIiol HaBaHTa)KyBaJIbHOT 3/[aTHOCTI.

Juuamivni BnactuBocti BH MokHa owiHUTH Ha npukiaai sapa cxemu Nel, mepexigHy XapakTepUCTHKY
Kol 300pakeHo Ha puc. 3. [Ipu oMy citiji BiI3HAYUTH TOCUTh BUCOKY LIBHIKICTh HAPOCTAHHS BXIIHOI HAIPYy-
ru ~1800-2000B/mxc.

Usux, B

2.00

0 20 40 60 80 100 120 140 160 180 t, HC

Pucynox 3 — Ilepexinna xapakrepuctuka bH

BucHoBKHM
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1. PosrnsiHyTO 3amponoHoBaHi cxeMH JBOTakTHUX BH, B skux 3MiHeHHs Hampyr no aiamasony +Upy Ha
MEePEeX01ax KOJCKTOP-EMITep TPAH3UCTOPIB S/Ipa € MiHIMI30BAaHUMH 1 MAIOTh MICIIC TUTBKH Y BUXITHHX KacKaaax
AIITIC, mo 103BOJIIIO 3MEHIIUTH MYJITHILTIKATHBHY IOXHOKY MK BXozoM i Buxozom xo 0,01%.

2. CxiraZieHO MaTeMaTHYHi MOJIeINTi CTaTHYHUX XapaKTepUCTHK, 30KpeMa, MAIOCUTHAILHIHN Koe(ilieHT 1me-
penavi HampyTH, BXiTHUHA i BUXITHUH omopH, 1m0 103BoJ0 BUucyHyTH BuMoru no HIITIC, saxuit Tpeba momaTu
1o sinpa BH.

3. 3miificHeHO KOMII'IOTEpHE MOJENIOBAHHS CTAaTHYHHUX | JWHAMIYHUX XapaKTEePUCTHK 3allpONOHOBAHUX
cxeMm BbH, 3a migcymMKaMu sSIKOTO IUIIXOM MOPIBHAJIBHOTO aHalli3y BMOpAaHO HaWKpaluidi BapiaHT 1 HaJaHO PeKo-
MEHJIAIT M0/I0 X peaizaiii.
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MATEMATHUYHE MOJEIIOBAHHS TA OB4YMCJIIOBAJIbBHI METOI

VK 006.015

O. M. BaciﬂeBCBKI/Iﬁl, B. M. I[izqu, 0. C. Cno6ousHiok"

HOPMYBAHHA IHIEKCIB BIITBOPIOBAHOCTI TA
HPUIATHOCTI AJ151 OHIHKH ITOKA3ZHHUKIB AKOCTI
MNPOAYKIII ABO BUPOBHUYUX MOCJAYT

1p: o . o . o . .
BinHuIIbKHiT HalliOHABHUN TEXHIYHUN YHIBEPCUTET, M. BiHHUTS
2BiHHI/ILu,KI/IP”I HaI[lOHATBHUN MenYHUH yHiBepcuTeT iM. M.1. Iluporosa, M. Binaums

AHoTanis. 3anpornoHOBaHO METOMKY OLIHKY YaCTKU HMOBIPHOCTI MOXIIMBOI MOSIBU OpaKoBaHOI MPOAYKLii ab0 HEBiANOBIJHOCTI BHPOOHH-
YOI MMOCIyrH Ha OCHOBI 1HIEKCIB NMPUAATHOCTI 1 BiITBOPIOBAHOCTI BUPOOHHYOrO MpolLecy. [HIEKC BiATBOPIOBAHOCTI PEKOMEHIOBAHO PO3pa-
xoByBaTH Ha ocHOBI CKB, 1o mMoxe OyTH BCTaHOBJICHE 3a CEpeJHIM PO3MaxoM KOHTPOJIBHOI KapTH Ta MEX Ios Jomycky. IIpu npomy Bu-
poOHHYHIT poriec 000B’SI3KOBO Mae OyTH y CTaHi CTATUCTHYHOI KEPOBAHOCTI. [HIEKC IPHAATHOCT HE MOXKe OyTH PO3PaxOBaHHM HA OCHOBI
XapaKTEePUCTHK KOHTPOJIBHOI KapTH, a PO3PaxoBYEThCS BUKIIOYHO Ha OcHOBI 3arainpHoro CKB, mo pospaxoByeTbes 3a popmyioro beccenst
Ta MEXK I10JI1 JOITYCKY. HpI/I ObOMY BI/IpO6HH‘IHI>'[ Tponec He 060B’H3KOB0 Mae 6yTI/I CTaTUCTUYHO KEPOBAHUM. BucHoBOK Tpo l'IpI/II[aTHiCTB qu
HEMPHUIATHICTH MPOOYKIIi1 (BUPOOHUYMX MOCIYT) 3MIMCHIOETHCS HA OCHOBI 3HAYCHHS 1HAEKCIB BiITBOPIOBAHOCTI Ta HPHIATHOCTI, SIKi MOXKYTh
HaOyBaTH 3Ha4Y€Hb MEHIIMX a00 OLIbIINX oquHULI. Ha OCHOBI OTpUMaHMX 3HAYEHb IUX iHJCKCIB BCTAHOBIIOETHCS MOJKIIMBA YaCTKa TOSBU
HPOAYKIii a00 XapaKTepUCTHK BUPOOHMYOTO IIPOLECY, 10 HE BiANOBIal0TH BCTAHOBICHHM BUMOTaM.

KuarouoBi ciioBa: HOpMyBaHHS, OI[IHKA SKOCTi, AKiCTh MPOAYKUii, SIKiICTH BHPOOHHMYMX MOCJYT, iHJeKe NMPHIATHOCTI, iHgeKc BiATBO-
ProBaHoOCTi, YacTKa iiMoBipHOCTi OpakoBaHoi NpoAyKUii, BAPOOHUYHUI mMpouec.

AHHOTaIH([ﬂ. Hpez{nomeﬂa METOJAMKA OLCHKHU JOJHU BEPOATHOCTH BO3MOXKHOTO ITOSABJICHUA 6paKOBaHHOfI MPOAYKIIUU WM HECOOTBETCTBUS
MIPOMU3BOJICTBEHHOU YCIIyry Ha 6a3e MH/AEKCOB IPUIOJAHOCTH U BOCIIPOM3BOIMMOCTH IIPOM3BOJICTBEHHOrO npouecca. VHIeKe BOCpou3BOIH-
MOCTH PEKOMEHAYETCS pacCUHUTBIBATH HA OCHOBE CKO, KOTOPOE€ MOXKET GBITB YCTAHOBJICHO 10 CPEAHEMY pasMaxy KOH’I‘pOHLHOﬁ KapTel U
peaeiaM IoJisg JOITyCKa. HpI/I 3TOM HpOH3BOI{CTB€HHBII>’I mponecc OGﬂBaTeHBHO JOJIKCH GLITL B COCTOSIHUM CTaTHCTHYECKOM YHpaBJIsi€MOCTH.
MH,HeKC TOAHOCTH HE MOXKCT OBITH paccyruTaH Ha OCHOBE XapaKTECPUCTUK KOHTpOJ’IBHOI‘/’I KapTel, a paCCYUTHIBACTCA UCKIIIOYUTECIIBHO HA OCHO-
Be obmero CKO, xotopoe paccunteBaercs o ¢opmyine beccenst u npeneno momns nomycka. IIpu 9ToM IpOH3BOACTBEHHBIH IpoIece He
065I3aTe.TIBHO JOJDKECH GLITL CTaTUCTUYCCKHU YIPABIAEMBIM. BBIBOI[LI O INPUT'OAHOCTH WJIM HEHNPUTOAHOCTH HpOGyKLII/II/I (HpOI/BBOI[CTBeHHBIX
yCJIyF) OCYIICCTBJIACTCA Ha OCHOBE 3HAYCHUA WHACKCOB BOCIPOMU3BOAUMOCTH M MPUTOJHOCTH, KOTOPHIC MOTYT NIPUHHUMATh 3HAYCHUSA MCHbB-
e Ui 60.]'[])1]_[6 CAUHUIIBI. Ha ocHoBe TIOITy9€HBIX 3HAYEHUH STHX HWHACKCOB YCTaHABJIMBACTCS BO3MOXKHAs IO MOSABICHUS IPOAYKIIMH UITH
XapaKTEPUCTHK ITPOU3BOJACTBEHHOI'O IIPOIECCa, HE COOTBETCTBYIOIUX YCTAaHOBJICHHBIM TpeGOBaHM}IM.

KaloueBrble ciioBa: HOPMHPOBaHHUS, OLICHKA KadyecTBa, Ka4eCTBO NpPOAYKIHH, KaYe€CTBO l'lpOPl3BO}ZlCTBeHHl>lX yCJIyF, HHAEKC MpUroa-
HOCTH, HHACKC BOCIIPOU3BOAUMOCTH, 10/ BEPOATHOCTH 6paKOBaHHOﬁ HNpoayKUUH, l'lpO]([SBO,HCTBeHHl)lﬁ npouecc.

Abstract. A technique is proposed for estimating the share of the probability of the possible appearance of defective products or the incon-
sistency of the production service on the basis of indices of suitability and reproducibility of the production process. The index of reproduc-
tion is recommended to be calculated on the basis of the standard deviation, which can be established by the average span of the control map
and the limits of the tolerance field. At the same time, the production process must necessarily be in a state of statistical controllability. The
expiration index can not be calculated on the basis of the characteristics of the control card, but is calculated solely on the basis of the total of
the standard deviation, which is calculated by the Bessel formula and the tolerance limits. The production process does not need to be statis-
tically controllable. Conclusions on the suitability or unfitness of the probation (production services) are based on the value of the indices of
reproducibility and fitness, which can take values less than or greater than one. Based on the obtained values of these indexes, a possible
share of the appearance of products or characteristics of the production process that do not meet the established requirements is established.
Key words: rationing, quality assessment, product quality, quality of manufacturing services, suitability index, reproducibility index,
probability of defective product, production process.

Beryn

[ITo6 3abe3neynTH KOHKYPEHTOCIPOMOXKHICTh HMPOIYKIi MiAPHEMCTBA, YCTAaHOBH 1 opraHizarii (BUpoO-
HHUKH TPOJYKIIii) MarTh 3aCTOCOBYBATH CTPATETil0 MOCTIMHOTO yHAOCKOHANeHHs. JIisi BIPOBAaKEHHs TaKOi
cTpaterii BUpOOHHKAM MPOAYKIIii HEOOXiTHO MOCTIHHO OIIHIOBATH MOKA3HUKH SKOCTI MPOMYKINi uu mocmyr [1].
IIpu pOMy IOWITBHO 3aCTOCYBAaTH METOIH, IO PEKOMEHIOBaHI MiKHapoaHMMH craHmaptamu cepii ISO/TR
18532, ISO 13528 Ta ISO/TR 22514 [2-5]. Jnst ycminiHOTO 3aCTOCYBaHHS il i3 MOCTIHHOTO YIOCKOHAJICHHS
MOKA3HMKIB SIKOCTI MPOAYKI{ YU IMOCITYT HEOOXiTHO MPOBOIMUTH MOHITOPHHT JDKEPENT BiIXMICHb BUPOOHUYOTO
mpoIiecy Ta X cTabiIbHOCTI.

B ymoBax koHKypeHuii 1yt BUpOOHHKIB Mae OyTH Ba)XXJIMBA HE TIJIBKM LiHAa MPOAYKIii abo oOcimyroByBaH-
Hl, aJIe TAKO 1 BUTPATH, sIKi IOHECE CIIO’KMBay IPH BUKOPUCTaHHI NPOAYKLil (un mocimyrn). Tomy meroro Oyb-
SKOT0 BUpOOHMKA Mae OyTu Oe3rnepepBHE 3MEHILCHHS BiJIXWICHb NapaMeTpiB BUpOOHHYOro Impolecy (3adesme-
YeHHs CTaOUIbHOCTI BUPOOHMYOIO IIPOIECY), @ HE TLIBKM BIANOBIAHICTH BCTAHOBJIEHMM BHMoram. Crpareris
MOCTIMHOTO YIOCKOHAICHHS 3a0€3MeUnTh CKOPOUSHHS BUTPAT, MOB'SA3aHUX 3 BIIMOBAMH, 1 MiABUIINUTH CTIHKICTh
PO3BUTKY HiJIPUEMCTBA B yMOBaX KOHKypeHIii. KpimM Toro, 3HIKEHHS BiIXWIEHb JO3BOJIUTH CKOPOTHTH BUTPA-
TH Ha KOHTPOJb a00 3MEHITUTH YacTOTY BHOIPKOBOTO KOHTPOJI0. KislbKicHA OIIHKA BiJIXWJICHH TO3BOJISE POOH-
TH BUCHOBKH TIPO MPHUAATHICTH Ta BiAMOBITHICTHF BUPOOHUYIOTO MPOIIECY BCTAHOBICHHM BHUMOTaM. J[Jis i1eHTH-
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(hikarii BigXuieHb MOXYTh OyTH BUKOPUCTAHI TaKi METOJIH, SIK CKJIAJaHHS OJIOK-CXEMH Ta 1IeHTH(]IKaIlist BXOIB
1 BUXOJIiB BUPOOHUYOTO MPOIECY, BAKOPUCTAHHS MPUIHMHHO-HACIIIIKOBOI liarpamMH, TOIIIO.

Huska MibkHaApOJHNX Ta AEp)KaBHUX CTaHAAPTIB [1-7] peKOMEeHIYIOTh pi3HOMAaHITHI CTATUCTHYHI METOH,
SIKI MO’KHA 3aCTOCYBATH IS YIIPABIIiHHS, KOHTPOIIO Ta YIOCKOHAJIICHHS BUPOOHHYIOTO IPOIIECY 3 METO0 aHAIli3y
JTAaHWX 1 OLIHKA MOKa3HUKIB AKOCTI MpoAyKmii. ToMy akTyaJpHOIO € 33a7ada po3pOoOKH MaTeMaTHYHHX MOJEICH
(mporteypH) TOYKOBOT OIIHKH iHIEKCIB BiATBOPIOBAHOCTI Ta MPHIATHOCTI BAPOOHHYOTO TIPOIIECY IS TiATBEp-
JOKEHHS HOTO CTaTUCTUYHOI CTaOIBHOCTI, a TaKOX BCTAHOBIICHHS YaCTKH WMOBIPHOCTI ITOSIBM OpaKoBaHOI Ipo-
JYKIIii (44 YaCTKH OJIMHUILb, 1[0 HE BiIMOBIIIIOTH BUMOTaM), IO i € Memoro NaHoi cTarTi. Onuc MaTeMaTHIHUX
MoJIeJieH, sIKi MOXKYTh BUKOPUCTOBYBATHUCS JJIsl OIIHKH MMOKA3HUKIB SAKOCTiI HA OCHOBI 1HIEKCIB BiITBOPIOBAHOCTI
Ta TPUAATHOCTI € AKMYAIbHOK HAYKOGOI 3a0ayero, OCKUIBKH 0araTo BUPOOHHKIB MPOIYKIi HE PO3YMIOThH
TXHBOT BIAMIHHOCTI Ta BIAMOBIJJHO HEBIPHO TPAKTYIOTh OTPHUMaHi pe3yiIbTaTH.

3amaui

1. Po3poOka METOIMKY OLIIHIOBAaHHSI TOKa3HUKIB SKOCTI NPOTYKIIT (TOCIyT) Ha OCHOBI 1HAEKCIB BIATBOPIO-
BaHOCTI Ta IPUAATHOCTI BUPOOHIYOTO TPOIIECY.

2. Omuc xputepiiB HOPMYBaHHS 1HICKCIB IPUAATHOTI i BITTBOPIOBAHOCTI AJISl IPUHHATTS PillleHb OO Bi-
JIOBITHOCTI (IOCTAaTHROI, 3aJOBUTHHOI, OOPOT) UM HE BiAMOBIIHOCTI MOKa3HUKIB SIKOCTI MPOIYKIii a00 BHPOO-
HHYHX TIOCITYT BCTAHOBJICHUM BUMOTaM.

Po3B’s13annsa 3aga4

[Toka3HUK BiOTBOPIOBAHOCTI BUPOOHMYOTO MPOIECY — IIe Mipa BIACHOI 3MIHM BHXIJTHOI XapaKTePHUCTUKU
BUPOOHHMYOTO (TEXHOJIOTIYHOT'0) MPOILECY, IO 3HAXOAUTHCS B CTaHi CTATHCTHYHOT KEPOBAHOCTI, SKa JIA€ 3MOTY
OLIIHUTH 3/IaTHICTh MPOLECY MIATPUMYBATH BHUXIJTHY XapaKTEPUCTUKY BUPOOHHYOTO MPOIECY Ha PiBHI BCTAHOB-
JeHux Juis Hei BuMor. Lls mMipa xapakTepu3ye 3MiHHICTB, 10 3aJIMIIAETHCS MICIS YCYHEHHS BCIX BIIOMHX MpPH-
4uH. SIKIO IpHU OMY KOHTPOJIb BUPOOHUYOTO IPOLECY 3MiHCHIOIOTH 3 BUKOPUCTAHHSIM KOHTPOJIbHOI KapTH, TO
came KOHTPOJIbHA KapTa MOKa3ye, 110 BUPOOHWYHH MTPOIIeC 3HAXOAUTHCS B KEPOBAHOMY CTaHi [4, 6, 8].

BinTBoproBaHiCTh BUPOOHHYOTO IPOLECY YACTO OLIHIOIOTH 338 YaCTKOK MPOJYKIil, XapaKTePUCTHKA SKOT
3HaXOJUTHCS B MEXax IOJISI JOMYCKY. Tak K BUpOOHHYMH IPOIIEC B CTATUCTHYHO KEPOBAHOMY CTaHI MOXe OyTH
OIMCAaHUH NPOTHO30BaHUM 3aKOHOM PO3IIOALITY, TO MOXE OyTH OIliHEHa YacTKa MPOIYKIlii, XapaKTepPUCTHKA SIKOi
BUXOJIUTH 32 MEXI MMOJIst AOITycKy. [Toku BUpOOHMYNMIT Tpoliec 3alIMIIaeThesl B CTaHI CTATHCTHYHOI KEPOBaHOCTI,
TO TPOMAYKIIisl, IO BUTOTOBIISETECS Ma€ B CEPEAHROMY OJIHY 1 Ty K YacTKy WMOBIPHOCTI OpaKoBaHOI MPOIYKIIii
(TIpomyKiiii, 10 HE BiATIOBiTa€ BCTAHOBICHHMM BUMOTaM).

Jii mono ynpaBiiHHS BUPOOHMYHMM IIPOIIECOM, SIKI CHPSMOBAHI Ha 3MEHILEHHS BiJXWIICHb, BUKIMKAaHHX
BUIIJIKOBUMH TPUYMHAMH, JaJlyTh 3MOTY MOKPAIIUTH BiJIOBIHICTE BUPOOHHYOTO MPOLIECY BUMOI'aM CHUCTEMH
yrpaBmiaHs skocTi [9]. g 1poro HeOOXIJHO: BH3HAYUTH XAPAKTEPUCTHKH BHPOOHHYOrO MPOIECY i YMOBHU
eKcIuTyaTanii (Ko BU3HAYCHI YMOBH 3MIHIOIOTHCS, TO HEOOXIJHI HOBI JIOCII/DKEHHS XapaKTEPUCTUK BUPOOHHU-
YOT0 MPOIIECY); OL[IHUTH MapaMeTPpU KOPOTKOCTPOKOBHX Ta JOBrOCTPOKOBHUX BIAXHJIEHb Y BUTJISII BiJICOTKIB Bij
MOBHUX 3MiH 1 MiHIMI3yBaTH iX; MiATPUMYBaTH CTa0UIbHICTH BUPOOHUUOTO IMpOIIECy i 3abe3neyyBaTH HOro cra-
TUCTHYHY KEPOBAHICTh; OI[IHUTH BJIIACHY 3MiHHICTh BUPOOHHUYOTO TPOLIECY, IO 3aIHIIA€THCS; BUOPATH HEOOXi-
HU TTapaMeTp BiATBOPIOBAHOCTI BUPOOHMUOTO TIPOLIECY.

[Tpwu ananizi BiATBOPIOBAHOCTI BUPOOHHYOTO MPOLIECY HOTPIOHO:

@) BCTAaHOBHTH BCi BUMOTM BHPOOHHMYOTO CEpEeAOBHIIA (HANPHKIAJ, BUMOTH LIOAO TEMIEpaTypH i BOJO-
rocri) [10];

b) BcraHOBUTH BUMOTH 10 HEBU3HAUEHOCTI BUMiproBaHb [10, 117;

C) 3a0e3neunTH MOKIIMBICT aHANi3y 0araToakTOPHUX, OaraTOpiBHEBHUX aCHEKTIB BHPOOHHYOTO TPOIIECY;

d) BcTaHOBHTH i 3apeecTpyBaTH TPUBATICT 30MPAHHS JaHUX;

€) BCTAaHOBUTH IIEPiOANIHICTH CTBOPEHHS BHOIPKH, a TAKOXK ATy MOYATKY 1 KiHII 30upanHs nanux [10];

f) BUKOpHCTOBYBAaTH KOHTPOJIBHY KapTy JUTsl YIPABIiHHS BUPOOHHIUM Tporiecom [6, 8];

0) 106 BupoOHMYHIA TIpoIieC OYB y CTaHi CTATUCTHYHOT KEPOBAHOCTI.

Takox mOTpiOHO MEpeBipUTH KOHTPOJIBHY KapTy, AaHi sIKoi OyTu BUKOPUCTAHI Ui CTAaTHCTUYHOTO KOH-
TPOJIIO, 1 TICTOrpaMy JIaHHMX 3 yciMa BCTaHOBJICHMMH MeaMH, HaHeceHMMH Ha Hei. Kpim mporo, nmotpibHo me-
PEBIPUTH HOPMAJILHICTH 3aKOHY PO3IIOLTY 3a JIOIOMOT'OI0 BaJIi/IOBAHOTO KPUTEPil0, HAIIPUKIIA, TAKOTO SIK KPH-
Tepiit Anzepcona-/lapmninra [12] abo y? kputepiii [4]. Lli kpurepii epeKkTUBHI Ui BUSBICHHS BIIXWICHb 3aKOHY
PO3IOITY BiJl HOPMAJIBHOCTI Ha XBOCTaX PO3IOJUTY, OCKUIBKM came I 00J1acTh BaXKJIMBA IIPH OLIHIOBaHHI 1H-
JIeKCIB MPUAATHOCTI 1 BiJTBOPIOBAHOCTI BUPOOHHYOTo mpornecy. Takox MOBHHHI OyTH 3HaWeHI MOSCHEHHS
aHOMAJILHUM JITAHUM 1 BXKWTI BIAMOBIHI 1ii 3 TaHUMHU 10 OOYHCIECHHS JOCTiKyBaHOTO TlapaMmeTpa. BukimoueH-
HS JaHUX, 0 BUAUISIOTHCS MO0 1HIKX, € HEMPUHHATHUAM. Taki BIIXWICHHS MOXYTh OyTH Iyke iHpopMaTHB-
HUMH IIIO0 BJIACTUBOCTEH BUPOOHHYOTO MPOIIECY Ta MAIOTh OyTH JOCIiKEHI.

[TapameTpom BiITBOPIOBAHOCTI BUPOOHWUYOTO MPOIIECY MOXKE OYTH BEITMUHHA, IO XapaKTePU3y€e OaHYy abo
KUTbKa BJIACTHBOCTEH PO3MOLTY BHXiJHOI XapaKTEPUCTUKHA B YMOBaX BiATBOPIOBAHOCTI BUPOOHUYOTO IPOIIECY.
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3araJbHUM MapaMeTPoM I10JIOKEHHS PO3MOLIIB € CepelHE 3HAUCHHS (MaTeMaTH4He O4iKyBaHHS) [L, ajie 1HKO-
JI1 BUKOPUCTOBYIOTH BHOIPKOBY MeniaHy Xsoy. J/I1 HOpMaJIbHOTO 3aKOHY PO3MOALTY KpalliM IapaMeTpoM MHo-
JIOKEHHS € MeJiaHa.

Kpamum mapamerpoMm, mo XapakTepu3ye BJIACHY 3MiHHICTh BHPOOHHYOTO TIPOLECY € CTaHAapTHE
BIIXHIICHHSA G — MOKA3HHK BiITBOPIOBAHOCTI BUPOOHIUOr0 mporecy. Foro pekoMeH10BaHO OLIHIOBATH 3a Ce-

penniM posmaxom R | skmit oTpEMYyeTECS 3a KOHTPONBEHOIO KapTOlO, KOJTH BHPOOHMUHIT Mpolec CTabilbHMiA i
3HAXOJUTHCS B CTaHI CTATUCTUYHOI KEPOBAHOCTI

. R
= 1
o dz (D)

ne d, - KoHCTaHTa, siKa BiAMoBigae 06’ eMy BHOIpKY B MiATPYI, 1 3HaYeHHS BUOUpaeThes 3 Tabmumi 1 [13].

SIKIIO0 BUKOPHCTOBYBATH CEpEIHE CTaHAAPTHE BIIXWICHHS JUIS KOHTPOIIIO BIIXWIIEHb B MEXaX HiJArpyIiH,
1110 BU3HAYAETHCS 32 JAaHUMHU KOHTPOJIBHOI KapTH, TO BJIacHe CTAHAAPTHE BiIXMJIEHHSI BUPOOHUYOTO IIPOLECy
MOJKHA OI[IHUTH 32 (HOPMYJIOI0

=2 @
C,

ne S - cepeqHe BUOIPKOBE CTAaHIAPTHE BiIXWICHHS; C4 - KOHCTAHTA, KA BIATIOBiAae 00’eMy BUOIpKU B MiATPYIi
(n), 11 3HauenHs BUOUpaeThes 3 Tabmumi 1 [13].

SIKIo Ui KOXKHOI MIATPYNH MOXHA OOYHCIMTH CTAHAAPTHE BiIXWICHHS MIATPYMH, TO PEKOMEHIYETHCS
(opMyna s OIIHKK BJIACHOTO CTAHJAPTHOTO BiIXHJIEHHSI BHPOOHHYOTO MPOIECY, MO Ha€ OiIbII TOYHY
OIIHKY, HiXk Gopmymnu (1) i (2), Tka OMUCYETHCSA BUPA3OM

= €)

ne S. - BUOIpKOBE CTAaHIAapTHE BiAXMIEHHS j-0i MiArpymM; M — KilbKiCTh MiATPYH 3 N CHOCTEPEKEHHAMH B

j
KO>KHIH TirpyTi.

Tabmms 1 — KoedimieHTH KOHTPOIBHOT KapTH ISl OIIHKH CTAaHIAPTHOTO BiAXMICHHS

06’em Bubipku (n)

d2 Cyq
2 1,128 0,7979
3 1,693 0,8862
4 2,059 0,9213
5 2,326 0,9400
6 2,534 0,9515
7 2,704 0,9594
8 2,847 0,9650
9 2,970 0,9693
10 3,078 0,9727

Takox HEOOXiTHO PO3PI3HATH CTaHAAPTHE BIIXWIICHHS, IO XapaKTEePHU3YeE JINIIE KOPOTKOCTPOKOBI 3MiHH
BUPOOHMUYOTO TIPOLIECY, 1 CTaHAAPTHE BiAXHMICHHSA, IO XapaKTepu3ye JOBIOCTPOKOBI 3MiHM BHPOOHHUOTO IMPO-
necy. [Ipuuomy nani, mo 3i0paHi MPOTITOM TPUBAJIOTO MEPioTy Yacy, MalOTh Oilbllle 3HAYEHHs] CTaHIAPTHOTO
BIIXWJICHHS 32 PaxyHOK OUNBII CYyTTE€BOI 3MiHM BHUPOOHHUYOTO Tpoliecy. B IbOMy BHMAAKy ISl MO3HAYCHHS
CTaH/IApPTHOTO BIIXWJIEHHS PEKOMEHAYEThCS BHKOPHCTOBYBATH CHMBOJ Gp — 3arajbHe (IIOBHE) CTaHAApTHE
BIAXWIIEHHS.

SIK1o naHi OTpUMaHi NPH CIIOCTEPEKEHHI 32 BUPOOHMYHMM IIPOIIECOM, III0 HE nepeOyBae y CTaHi CTaTH-
CTHYHOI KepOoBaHOCTI a00 SIKIIO0 KOHTPOJBbHI KAPTKN He BHKOPUCTOBYBAJIMCH, TO U1 O0YNCIICHHS CTaHapT-
HOT'O BIIXWJICHHS HE CIIiji BUKOpHUCTOBYBaTH popmyi (1) — (3), a HeoOXiHO 3aCTOCOBYBAaTH TaKky (hopMyIry
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: (4)

ne N — saransHuii 06°eM BUGIpKY; X; — i-T€ 3HaueHHs y Bubipii; X - cepenHboapu(hMETHIHE 3HAYECHS.

PiBHsIHHS (4) JOLUIBHO BUKOPUCTOBYBATH TO/I1, KOJIM BUPOOHWYHH TPOLIEC MAE 3MIHU CEPEIHBOrO 3HAUEH-
Hsl, 10 BUKJIMKaHI HasIBHICTIO CUCTEMaTUYHOI NoXuOkH [14], sika He Moke OyTH BUITy4YeHa, 1 Taka 3MIHHICTb I10-
BUHHA OyTH BpaxoBaHa pa3oM 3 BUIIaJKOBOIO 3MiHHicTIo. L{eif mapameTp 3MiHHOCTI TakOX MiAXOAMUTH JUIS BUKO-
pHCTaHHS IpY 00YKCIICHH] iHAeKciB MPUAATHOCTI BUPOOHNYOTO NPOLIECy.

[Ipu HOpMalTELHOMY 3aKOHI PO3IO/ALTI BUPOOHHUYOIO IPOLIECY B SIKOCTI OIIIHKU TOKA3HHUKA BiITBOPIOBAHOCTI
BUPOOHHMYOTO MPOLIECY MOKHA BUKOPHCTATH BUPa3

X+z, -6, ®)

o

m
ne X = lZ:)_( j - cepenHboapudMeTHYHe 3HAUEHHS JeKinbkox BuOipkoBHX cepennix; X; - BuOipkoBe ce-
m j=1
PEIIHE j-01 miArpynu; Z, - KBAaHTHIb HOPMOBAHOTO HOPMAJIBHOTO 3aKOHY PO3IOILTY.

Bubip 3HaueHHs Z, 3aJISKUTh BiJj BAKOPUCTOBYBAHOT'O 3HAUEHHS MTOKa3HUKA BiITBOPIOBAHOCTI BUPOOHHYO-
rO MPOLIECY B OJUHHUILIX MPOAYKILIi HA OJMH MUTIOH. SIK TIpaBWJIO Z, MPHUCBOIOIOTH 3HaueHHs 3, 4 abo 5. Skuo
MOKa3HUK BiJTBOPIOBAHOCTI BMPOOHMYOTO MPOILECY BIANOBIJa€ BCTAHOBJIECHMM BHMOTaM, Z, = 3 O3Ha4a€e Ha-
SBHICTB B cepenaboMy 2700 onuHUIb MPOAYKINT Ha OJWH MLTIOH 32 MEXaMH BUMOT. AHAJIOTIYHO Z, = 4 03Hayae
HasABHICTH B cepeqHhOMY 64 ONWHMIII MPOAYKIii Ha OOMH MIJIIOH, SIKi HE BiAMMOBINAIOTH BCTAHOBICHNM BIMOTaM,
a Z, =5 o3Havae B cepeHpoMy 0,6 TaKMX OAMHMIL TPOMYKIIi HA OWH MIiTiOH.

[HmexkcamMu BiITBOPIOBAHOCTI BUPOOHUYOTO IPOLECY € TOYKOBI OIIHKH IX OIMOPHUX (ETaJOHHUX) 3HAYCHB.
BukopucraHHs iHIEKCY BiATBOPIOBAHOCTI BUPOOHMYOTO MPOILECY JO3BOJISIE OXapaKTepU3yBaTH CTaH BUPOOHH-
4oro mnpoiiecy. IHIeKe BiATBOPIOBAHOCTI BUPOOHUYOrO MPOIIECY SBJIIE COOO0 BiHOUICHHS PI3HUIN MEXKI MO
JIOIYCKY /10 JOBXKUHH OIIOPHOTO (€TAJIOHHOT'0) IHTEpBaILy

Cp = (U - L)/(X 99,8696 Xo,135%)’ (6)

ne L — HkHst Mexxa nostst gomycky; U — BepXHs Mexa 1oJist TOIyCcKY; Xo 1350 - HIDKHS MEXa OMOPHOTO iHTEpBa-
Jy, 110 BU3HA4YCHA K KBAaHTWIb po3noniny Ha piBHI 0,135%; Xgggsse, - BEPXHS Meka OMOPHOTO iHTEPBAJY, IIO
BU3HAYCHA SIK KBAHTHJIb PO3MOALTY Ha piBHI 99,865%.

JIJist OLIHKH 1HEKCY BIATBOPIOBAHOCTI BUPOOHUYOTO MPOIIECY SIK MPABUIIO [4, 5] BUKOPHCTOBYETHCS OIOP-
Huit inTepBan T = Y, — Yy, mo Briovae 99,73% 3HaueHb XapaKTEPUCTHKH BUPOOHUYOTO MPOILECY, SIKi 3HAXO-
JIThCS B CTaHi CTaTHCTUYHOT KepoBaHocTi. [Ipu 1ibomy Biacikaerbes 0,135% 3 KOXKHOTO 00Ky 3aKOHY PO3IOILTY
[4, 5]. Taknuit iHTEepBaN PEKOMEHAOBAHO 3aCTOCOBYBATH HABITh IIPH HE HOPMAIBHOMY 3aKOHI PO3IIOIiII 3HAYEHb
XapaKTepUCTUKN BUPOOHNYOTO Tporiecy [4]. [y HOpMalbHOTO 3aKOHY PO3IOJIUTY TOBXKHHA ONOPHOTO IHTEpBa-
JIy CTaHOBHTH LIiCTh CTAaHJApPTHUX BixxmieHs (puc. 1) [4, 15, 16].

Jln1s1 oLiHIOBaHHSI BiITBOPIOBAHOCTI SIK IIPaBHJIO BUKOPHCTOBYIOTh KOHTPOJIbHI KapTH. SIKIIO Ha KOHTPOJIb-
Hilf KapTi HaBeJeHi JIiHIT 0cIa0JIeHOr0 KOHTPOJI0 200 3MiHEHi JIiHIT KOHTPOJIIO, TO peajbHe CTaHAAPTHE BiIXHU-
JIeHHs! npouecy Oyne Oinble, HIK CTaHIapTHE BiIXWICHHS, OTPHMAaHE 3a JJaHUMH KOHTPOJIbHOI KapTH i3 CTaH-
JApTHUMH JIIHIIMH KOHTPOJIO0. 3a3Ha4ueHi 0COOIMBOCTI BIUIMBAIOTH HA ONMOPHHUN iHTEPBAJ, TOMY BaXXIIMBO, MO0
CTaHJApTHI JiHII KOHTpPOIO Oyin BKa3aHi (3adikcoBaHi) MPH OIIHIOBAHHI 1HIEKCY BiITBOPIOBAHOCTI BHPOOHH-
4OT0 IPOIIECy.

BinTBopoBaHUM € BUPOOHUYMIA TIPOIIEC, Y IKOTO OMOpHHIA iHTepBan T MeHmuii Mex mois gomycky (L, U)
Ha TeBHY BEIMYHUHY, TaK 5K IIe 300pakeHo Ha puc. 1.

Takoxx MikHapomHUMH cTaHAapTamu [1, 3, 4] pekoMeHJ0BaHO BHKOPHCTOBYBATH 1 1HIII 1HAEKCH, IO Xa-
PaKTepu3yIOTh SIK CTaH, TaK 1 3MiHHICTh BUPOOHUYOTO MPOIEeCy, HAPUKIIa, iHaeKe BinTBoptoBaHocTi Cpy. SIKIo
el 1HAEeKC MEHIIMH 3aJaHOr0 3HA4YCHHS, TO MOXKHA BBa)KaTH, 110 B IIPOLIECI BUTOTOBJICHHS ICHYE BEJHKa
HMOBIpHICTh NOSIBM OpakoBaHO! MPOAYKIl, TOOTO XapaKTEpUCTHKA BUPOOHMYOTO MPOLECY BUXOAATH 338 MEXI
nousist jomycky (L, U).

Innexcn BiaTBOproBaHocTi Cpy MOXKHA BU3HAYATH SIK BiTHOILECHHS PI3HUIIb MEX OIS IOMYCKY 1 TapameTpa
TIOJIOKEHHST BUPOOHUYOTO TIPOIIECY 10 PI3HMIb BiATMOBIMHUX MiMCHOT MEXi 3HAYEHHS BHUPOOHUYOTO IMPOIECY i
rapaMeTpa MoJ0KeHHS BUPOOHNIOTO MPOLECY:

45



ISSN 1999-9941, “IHOOPMALIIIHI TEXHOJIOI'Ll TA KOMIT'FOTEPHA IHXEHEPIS”, 2018, Ne 1

Coy = (U - xso% )/(X 99,86%% Xso% ); (7)

CPkL = (Xso% - L)/(X 50% XO,13E%)’ (8)

ne Xsoy, - KBAHTWIIB PO3IIOALTY BUPOOHMYOTO0 nponecy Ha piBHI 50%.

i irgexcu BigrBoproBaHOCTI (Cpyr, Cpky) JAFOTh 3MOTY OTPHMATH iHPOPMAILIIO PO TE, HACKIIHKH IIITHHO
3TPyNOBaHi 3HAUYEHHS XapaKTEPHCTHKN HABKOJIO IICHTPAJIBHHOI JiHIii 1 Y MOXYTh OyTH MOPYIICHI BUMOTH CIIe-
mudikarii mpoayKIii.

Hagite skio 3navyeHHs iHgekcy C, Ma€ BUCOKE 3HAUEHHs, TO HU3bKi 3Ha4eHHs iHJekciB Cpy MOKa3ylOTh,
110 BUPOOHWYHH ITPOLIEC CIa0KO CKOHLEHTPOBAHMI HABKOJIO LIEHTPAJIBHOI JiHIi, a IMOBIpHICTh MOSIBU 3HAYEHb
XapaKTEePUCTUKH SIKOCTI, III0 BUXOAATH 38 BCTAHOBJIEHI MEXi BCTAHOBJIEHMX BUMOT, BUCOKA.

SIkmo crnocrepexyBaHi 3HAYEHHS PO3IMOJUISIOTBECS 32 HOPMAJIBHUM 3aKOHOM DPO3MOJLLY, TO IOBXHHA
OIMOPHOTO IHTEPBATY JOPIBHIOE 6G, a IHIEKC BiITBOPIOBAHOCTI MOYKHA OI[IHMTHU 3a BUPA30M

¢, =(U-L)/(65). ©

=
c

CnopHWit
iHTepean T

0,135% 4 ©0,135%

Pucynox 1 — Jloxuna onopHoro (etanonHoro) intepsaiy T 1 HwkHs L ta BepxHst U Mexi mosist 1omycky
SIKIIO pO3MOALT OKPEMHUX 3HAuUeHb ITiANOPSIKOBYETHCS HOPMaJbHOMY 3aKOHY DPO3IOiNY, TO KBaHTHIb

X509 JIOPIBHIOE MaTeMaTHYHOMY OYiKyBaHHIO [, @ BEPXHIH 1 HIKHIN iHIeKkcH BiaTBOproBaHOCTI Cpy MOXKHa
OLIIHUTH 32 BUpa3aMu:

éPkU = (U - /1)/(3&); (10)
éPkL = (/U - L)/(B&)' (11)

Ha ocHOBi OLIHKH HIKHBOTO CPKL 1 BEpXHBOTO CPkU iHAEKCIB BiATBOPIOBAHOCTI 32 KiHIEBY OLIHKY iH-

Jekcy BinTBoproBaHocTi Cpy HEOOXiHO MPUIMAaTH 3HAUYSHHS MEHILOTO 1HJEKCY BiITBOPIOBAHOCTI, TOOTO
Co =min(Cpy ,Cor, ). (12)

[Ipu oGumcieHHi iHAEKCY BiATBOPIOBAHOCTI BAPOOHUYOTrO MpOLecy HeoOXiJHO BpaxoByBaTH, 1110 3MiHHICTh
BUPOOHHMYOTO IPOLECY Ma€ BiINOBIAATH CHUTYyallii, KOJIM JlaHi OTPUMaHi B CTaHI CTATHCTHYHOI KEPOBAHOCTi
BHPOGHUYOTO Mpolecy.

SAxmo 3HadeHHs iHnekcy BiarBoproBaHocTi C, < 1 (abo Cpy < 1), To Bepxust U i Husknsa L mexki moJst no-
MycKy 3HAX0AAThCs BcepequHi onopHoro inTepBaay T BupoOHMYOro mpouecy - Ie¢ O3Ha4ae, MO0 BUTOTOB-
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JIeHHsI TIpoAyKIii 6e3 Opaky HeMOXIIMBE, a BHPOOHMYMII Mpouec € He3aA0BLILHUM (MMOBIPHICTH MOSIBU He-
sKiCHOT (OpakoBaHOT) MPOAYKIIT Iy’Ke BHCOKa Ta Moxe 0yTH Ounbmioro 0,27%).

Sxmo 3rauenHs C, = 1 (a6o Cpy = 1), To Bepxust U 1 HmxHA L MexXi O JOIMYCKY 30iTrafoThCsl 3 OMOPHUM
iHTepBasioM T BUpoOHHMYOTO Tporiecy. [Ipy mboMy, SKIIO MPOIEC IEHTPOBAHO 1 PO3MOIIN MOKAa3HUKIB SKOCTI
MATIOPSIKOBYETHCS HOPMAIFHOMY 3aKOHY, TO MOKJIHMBHI Opak mponykuii craHoBuTh 0,27% (2700 6pakoBaHmX
BUpoOiB Ha 1 MuH BUrotoBieHoi mpoaykiii). I[Tpu poMy BHpOOHMYHIA TIpoIIeC BBAXKAETHCS MiHIMAIBHO TPHI-
HSATHUM (33I0BITbHUM, TOOTO MPU3HAETHCS BiATBOPIOBAHNM ).

Skuro 3HaueHHs iHAekcy BigTBoproBaHocti C, > 1 (abo Cpy > 1), To Bepxus U i HmxkHs L Mexi momust no-
MYCKY 3HAaXO/AThCS 32 MEKaMHU OIOPHOTo iHTepBaity T BUpOOHHYOTO Mpoliecy — Lie O3HAYAE, 110 MOXKINBE BHU-
TOTOBJICHHS NPOAYKIi 6e3 6paKy, a BAPOOHUUMIA Tpoliec BBAKAEThCS 3310BUIbHUM. SIkiio 3HaueHHs1 Cpy (200
C,) nexutb B Mexkax 1 < Cpy < 1,33, To IMOBIpHICTH NOSIBM OpakoBaHOI MPOAYyKIii Oy/e 3HaXOIUTHUCh B MeKax
Bin 0,006% 10 0,27%. Skmio *x 3Ha4YeHHs iHACKCY BinTBoproBaHOCTI Oinmbie 1,33 (Cpk > 1,33), To iiMOBIpHICTH
nosiBu OpakoBaHoi npoaykuii mexa 0,006%, a BUpoOHHYHI MPOIIEC BBAXKAETHCS 100PUM.

IIpuaaTHicTs BHPOOHHYOI0 NMPOLIECY 11010 XAPAKTEPUCTUKH SKOCTI HPOIYKI] SBJISIE COOO0I0 TOCATHYTHH
PO3TOALN pe3ynbTaTiB. €AMHA BaXKIIMBA BiAMIHHICTH MK IPHUIATHICTIO 1 BIATBOPIOBAaHICTIO BUPOOHUYOTO TIPO-
Iecy TOJISTAE B TOMY, IO AJIs1 OUiHIOBAHHS MPHIATHOCTI BUPOOHHYOr0 Mpolecy HeMa€ BUMOT 1010 HasiB-
HOCTi Y BUPOOHHMYOr0 NMpolecy CTAaHy CTATUCTHYHOI KePOBAHOCTI 1 3aCTOCYBaHHS ISl YIIPABIIHHS BUPOOHU-
YHM TIPOIIECOM KOHTPOJIBbHUX KapT. [Ipu ananmi3i npuaaTHOCTI BUPOOHUYOTO IIPOLECy:

1) MatoTh OYTH BCTAHOBJICHI BCi TEXHIYHI YMOBH, B TOMY YHCIIi BAMOTH BUPOOHHYOIO CEPEAOBHIIA, HATIPH-
KJ1aJ1, BUMOTH III0JI0 TeMIiepatypHu i Bosorocrti [11, 17-20];

2) MaroTh OyTH BCTAHOBJICHI BUMOTH JI0 HEBU3HAYCHOCTI BuMiproBans [11, 17-19];

3) mae OyTu 3a0e3neueHa MOKIIMBICT aHaNizy 6araTopakTopHUX i 6araTopiBHEBHX aCHEKTiB BUPOOHUYOTO
HpoIIeCy;

4) maroTh OyTH 3i0paHi AaHi IPOTATOM BCTAHOBJIEHOTO TIEPiOLY Yacy i 3apeecTpoBaHi;

5) MaroTh BiIMOBiZaTH BCTAHOBJICHHM CHCTEMOIO MEHEKMEHTY SKOCTI YacTOTa BimOUpaHHS (CTBOPEHHS)
BUOIPKH, a TAKOXK Yac MMOYATKY 1 KiHIs 30upanHs qanux [1];

6) mpowec MoXke He KOHTPOJIBEOBATHCS 32 JOIIOMOT'0K0 KOHTPOJIEHOT KapTH;

7) mporiec Moke OYTH CTATHCTHYHO HE KEPOBAaHHMM, 30KpeMa, OTPUMaHi paHille JJaHi, TOCTiOBHICTh IKUX
HEBiIoOMa, MOXYTh OyTH BUKOPUCTaHI IS OI[IHKH MPHIATHOCTI BUPOOHUIOTO MPOIIECY.

IMoka3HMK NPUAATHOCTI BUPOOHWMYOrO TMPOIECY — CTATUCTUYHHMN ITOKA3HWK, IO BHU3HAYAETHCS 3a
BUXIJIHOIO XapaKTEPUCTUKOIO BUPOOHHYOTO MPOLECY, KUl BUKOPUCTOBYETHCS UIsl OLIHIOBAHHS BHPOOHHYOTO
npotecy, nepeOyBaHHs SKOr0 B CTaHi CTATUCTHYHOT KepOBaHOCTI He miATBeppkeHe. [lapamerpom npuaaTHocTi
BUPOOHHMYOTO MPOLIECY MOXKYTh OYTH BEIWYMHHM, 10 OMHCYIOTh OJIHY ab0 KijbKa BJIACTHBOCTEW PO3MOILTY Xa-
PaKTEPUCTUKH SIKOCTI B yMOBax mpuaatHocTi. OLiHIOBaTH MapaMmerp MPUAATHOCTI, Ha BIAMIHY Bijl mapamerpy
BIZATBOPIOBAHOCTI, TPH HOPMAJILHOMY 3aKOHI PO3MOITY XapaKTEePUCTHKH SIKOCTI MOXHA JIUIIE 32 BUpa3oM (4).

Inpexc nmpuaaTHOCTI BUPOOHUYOrO MpOIECY — 1€ 1HJAEKC, 10 BijoOpaxae CTIHKICTh BUPOOHMYOTO MPO-
1lecy 0 BCTAHOBJICHOTO MOJIS AOITYCKY.

SIKI10 3HaUCHHS MapaMeTpiB, M0 JOCIIKYIOThCS PO3IOAUIIOTHCS 32 HOPMAJIBHUM 3aKOHOM PO3HOALTY, TO

JIOBXKHMHA OTIOPHOTO IHTEpBaly JIOPIBHIOE 6(5‘I [15, 16]. Tomy 3HaueHHs iHAEKCY mpuAaTHOCTI Pp MOXe OyTH

poO3paxoBaHe 3a BUPA30M

P, =U-L)/(65,). (13)
BepxHiit Ppyy 1 HIKHIi Ppy iHIEKCH HPHAATHOCTI BUPOGHUYOTO MPOLECY MOYXKHA OL[IHUTH 33 BUPA3aMH:

Pow = U —%)/(35,); (14)

P =(x-L)/(35,). (15)

[Hnmexc mpuaaTHOCTI BUPOOHUYOTO Tporiecy Ppy MpUMAeThCs PIBHUM 3HAYCHHIO MEHIIIOMY i3 JIBOX 3HA-
4yeHb Ppy Ta Ppy, T006TO Pp= Min(Ppyy, Ppi). YUuM MeHIle 3HaYeHHs iHIEKCY HPUAATHOCTI, TUM Oiibia
HMOBIpHICTH NOSIBM OpakoBaHOI ITPOMYKIii, IPH LIbOMY BUPOOHHYMI NpoLiec He Oy/ie 3a/10BOJILHITH YCTaHOBJIE-
HUM BHMOTaM.

Sk Buano 3 BupasiB (13) — (15), ominka iHAEKCIB NPUAATHOCTI aHAJIOTIYHA OLIHI 1HIEKCIB BiATBOpIOBa-
HOCTi (6) — (12). BigMiHHICTD OIiHIOBaHHS 1HIEKCIB MPUAATHOCTI BiJl iHIEKCIB BiITBOPIOBAHOCTI MOJISTAE B TO-
My, 110 BHUPOOHWYHMI TIpoIieC HE OOOB’S3KOBO Ma€ OYTH CTAaTUCTHYHO KEPOBAHWM, a CEPEIHLOKBAIpaTHIHE
BIIXVMJICHHSI, SIKE XapaKTepU3ye Kpaliuid MOKa3HUK MPUIATHOCTI BUPOOHUYIOTO TPOIIECY HEe MOXke OYTH po3paxo-
BaHE Ha OCHOBI ITapaMeTPiB KOHTPOJIBHOI KapTH.
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Innexe npunatHoCTi Ppy XapakTepusye miaATBepAKeHY (IEMOHCTPOBaHY) SIKICTh. SIKIIO BUPOOHWYHMH MPO-
1iec [IEHTPOBAaHMM, TO iHIEKC MpuAaTHOCTI Ppy = Pp, ajie npu 3MileHH] nporecy iHAeKC NPUAATHOCTI 3MILYEThCS
BiJ] CBOTO HOMIHAJFHOTO 3HAa4eHHS, i Ppy cTae MeHmmM Pp. Bucokwuii innekc Ppy Oyne TiNBKH y TOMY BHIIAAKY,
KOJIM M€Ta JIOCSATHYTA IPH MiHIMaJIFHOMY BiIXWJICHHI BiI cepeqHb0apru(PMETHIHOTO 3HAUCHHS.

Y BHUIaKy HEIEHTPOBAHOCTI BUPOOHUIOTO MPOIIECy iHAEKC MPUIATHOCTI Pp MOKHA CKOpETYBATH, YBIBIIN
HONPaBKy Ha HELIEHTPOBAHICTh

P, = Q—-Kk)P,, (16)

ne k — kopuryrounit koeillieHT, KUl BiMOBIAaE BEMNYMHI HEIIGHTPOBAHOCTI Ta BU3HAYAETHCS SIK 3a7aHE OIOP-
He (eTasloOHHE) 3Ha4yeHHs creundikauii (XapaKTepuCTHKHA NPOIYKIIl) MIHYyC cepelHE 3HAueHHS BHUPOOHUYOTO
nporecy.

Sxuro nporec neHrpoBanuit, To k=0 i Pp= Pp. SKimo mporiec 3Mil[yeThCsl BiJHOCHO 33aHOT0 OMOPHOTO
(etanonHOTr0) 3HAUCHHS, TO K 301MbIyeThes 1 iHAEKC MPUAATHOCTI Ppy cTae MeHIIUM iHIEKCY Pp.

SKimo iHASKCH MPUIATHOCTI PiBHI MK c00010 Pp= Pp, To BUpOOHHUHIT mpOIIeC 3HAXOIUTHCSA B MEKaX J10-
mycky. Skmo iagexc Pp < 1, To me o3Hauae, mo BHPOOHMYHI IpoIIeC Ma€ HU3bKY TOYHICTH, TOOTO BUPOOHUIHI
MPOLIEC € HE3a0BITbHUM. 3aCTOCYBAHHS CTATHCTHYHHUX METOMIB [3 — 7] mig 4ac peryitoBaHHs HE JacTh HE0O-
ximHOTO (BimuyTHOTO) edexTy. B TakoMy BHIanky HEOOXiTHO IiJBUIIYBATH TOYHICTH BUPOOHHYOTO IPOIECY
NUITXOM 3aMiHH (PEMOHTY) TEXHIYHHUX 3ac00iB (YCTaTKyBaHHS) Ta 3a0€3MEUYCHHS SKOCTI BUMIPIOBAaHb (€IXHOCTI
BUMIPIOBaHb 1 TOYHOCTI BUMiptoBaub) [9, 21].

Sxmo ingexc npumatHocTi Ppy 3HaxXoauThes B Mexkax Bix 1 g0 1,33 (1 < Py < 1,33), To BupoOHMUMIL
MpoLEC Ma€ JOCTaTHIO TOYHICTh — € O3HAYaE, 110 MpOoLeaypa HOro HaCTPOIOBAHHS BEAEThCS NpaBUIbHO. [Ipu
I[bOMY MOYKHA PEKOMEHIYBAaTH 3aCTOCYBATH MPUUMAIIbHI KOHTPOJIbHI KapTH Ta 00’ €IHATH MPOIEAYPY PEryJIro-
BaHHs BUPOOHMUYOTO TpOIlECy 1 mpuilMaHHS MpOMyKIi B omHii 3aranmbHiil mpouenypi SPC (Statistical Process
Control) [22].

Skmio inmexe Pp > 1,33, To BUpOOHMUHIA MIPOLIEC BBAKAETHCS JOOPUM (Mae BUCOKY MOTEHIIHY TOYHICTB).

SAxmo Pp > 1, a Ppg < 1, To BBaXKaeThCs, 0 BUPOOHMYHIT MIPOIIEC MAa€ JOCTATHIO MOTEHINIHY TOYHICTb, ajie
ICHYIOTh (paKTOpH, SKi 3MIMIYIOTh HEHTP BUPOOHUYOTO MPOIECY Ta 3aTUIIAIOTHCS HEMOMIYeHUMH. B bomMy BH-
NaJKy PEKOMEHAYETHCS 3aCTOCYBAaTH KOHTPOJbHI KapTu LllyxapTa [uis BUsBIeHHS (HaKTOPiB, SKi MOXKYTh HPH3-
BOJIMTH 3MILLICHHS LIEHTPY BUPOOHHYOTO MPOLIECY.

Skuro ingexc Pp > 1,66, To BUpoOHMUMIT polLieC ieanbHO HanamroBanuii [23, 24].

OCHOBHI BJIaCTMBOCTI HOPMaJILHOTO 3aKOHY PO3IOJIiTy, Ha SIKOMY 3aCHOBaHMH PO3paxyHOK YacTKH Opaxy,
HaBeJIeHI Ha puc. 2.

0.003% 0.003%;
00 054%

A3 09 T3% »

e 5 44N ——x

pe— 62 26% —»

PucyHnok 2 — BiracTHBOCTI HOpMAaTbHOTO 3aKOHY PO3IOJIUTY, Ha IKOMY 3aCHOBaHUH pO3paxyHOK YacTKH Opaky
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SIk BUIHO 3 pHC. 2, A7t TOTO, 00 YHUKHYTH TIOMITHOI 4aCTKH OpakoBaHOI MpoayKiii a00 XapakTepUCTUKU
BUPOOHHUYOTO MPOLECY, 10 BIAXUISETHCS Bl BCTAHOBJICHUX BUMOT, LIMPHHA MOJIA JOMYCKYy Mae OyTH HE MEH-
1010 32 6G.

OrmiHka 3arajJbHOT YaCTKH 3HAYCHD [y XapaKTEPHCTUKU BUPOOHUYOTO IpoIiecy abo mapaMmeTpa sSIKOCTi Ipo-
IyKMii, 110 He BiAMOBiNAIOTH BUMOTAM IIPH HOPMAJIBFHOMY 3aKOHI PO3IMONLTY MOXe OyTH 37ilficHeHa Ha OCHOBI
BEPXHBOI 1 HIKHBOI 9aCTOK OJMHHMIIB, [0 HE BiIOBIJAIOTh BUMOTAaM:

. . N L-—X x—-U
Pe=P +P, =@ —— [+ —— | ()]
Gt Gt
B, =1—®(3éPkL); (18)
By =1— D(3Chy ), (19)

ne [), - oliHKAa HIDKHBOI YACTKH OJMHUIb, IO HE BiINOBiJAalOTh BUMOTaM — 4acTKa PO3NOALTY 3HaYeHb XapakK-
TEPUCTUKHU IIPOLECY UM HNPOIYKIii, 0 He IepeBHIye HIKHLOI Mexi mons gomycky L, [, - omiHka BepXHHOI

YaCTKH OINVHHLG, IO HE BIANOBIAIOTH BUMOTaM — YacTKa PO3NOALTY 3HA4YCHb XapaKTEPHCTHKH NPOLECY YH
MPOAYKIIiT, IO TIEPEBHIIYE BEPXHIO MexXy 1o norycky U; @(*) - pyHKIis po3moaistly HOpMOBAaHOTO HOPMaTh-
HOTO 3aKOHY PO3IOILITY.

J1nst OLIHKY YacTKY OJMHHUIB MPOJYKLII, SIKi HE BIANOBIAAIOTH BUMOTaM IPUIATHOCTI BUPOOHHYOTO IMpo-

Iy Iy

uecy, HeoOXxinHo 3aminuTu y popmynax (18) i (19) inmexcu inrsoprosanocti Cp, Ta Cpyy, Ha iHgexcu npu-

JIATHOCTI Ppkl_ Ta PpkU i TaKMM YMHOM OTPHMATH 3arajibHy YacTKy pO3MO/LTYy 3HaYeHb XapaKTEePUCTUK BUPOO-
HUYUX TOCTYT (BUPOOHUYOTO MPOIIECY), SIKI MOXKYTh BUXOUTH 33 MEXKI TIOJIS JOMYCKY .
BucHoBku

SIKiCTh MPOAYKIIT UM TOCIYT 3HAYHOIO MIpPOI0 BU3HAYAETHCS €PEKTHBHICTIO CHCTEMH YIPABIIHHS SKICTO
Ha TiAMPUEMCTBI Ta HAJIICXKHOIO OPTaHi3aIli€l0 caMoro BUPOOHUIOT0 mporecy. CucTeMa yrpaBiIiHHS SKICTIO, IO
no0Oy/10BaHa 3TiJIHO 3 IPUHLUIIAMH 3arajbHOTO YIPABJIiHHS SKICTIO, Niepedaydac MocTiiiHe BIOCKOHAJICHHS Map-
KETHHTOBOT JIisUTBHOCTI MiZNPUEMCTBA, MOJIMIIEHHS SKOCTI IPOAYKLIT 1 38JOBOJICHHS MOTPEO YCiX 3alliKaBIeHUX
CTOpIH SIK CII0)KMBaUiB, TaK 1 BUPOOHHKIB 38 paXyHOK CTBOPEHHS BIIMOBIIHOTO MEHEKMEHTY Ha ITiJANPUEMCTBI.

3acTocyBaHHs 1HJEKCIB BIATBOPIOBAHOCTI Ta MPHUIATHOCTI BUPOOHMYOTO MPOLECY B CHUCTEMI KOHTPOIIIO
SIKOCT1 TPOYKIIIT TO3BOJISIE HAOUHO OL[IHUTH MOXKJIUBICTD 3HIDKECHHSI BiJICOTKAa OpakoBaHOi (HEBiAMOBIIHOI) HPO-
JyKLii 32 paxyHOK 3HIDKCHHS 1 YCyHEHHs BIUTHBIB, IO MArOTh HEBHIIAJKOBI MPUYMHH BiIXHICHHS MapameTpiB
BUPOOHUYOTO TIpoIiecy (3abe3medeHHs CTablTbHOCTI BUPOOHUYOTO MPOIIECY), a TAKOXK 3HIKCHHS BIUIMBY BHITa-
JKOBHX MPUYHH, IO NPU3BOAATE 10 BiIXHICHb MapaMeTpiB BUPOOHHUYOTO Npolecy (IiIBUIICHHS MOXIUBOCTEH
BUPOOHHUYOTO ITPOLIECY 33/I0BUILHATH BCTAHOBJICHI BUMOTH). Lle T03BONMUTH CBOEYACHO MpUIMATH MOIEpEIKY-
BJIbHI Ta KOPUT'YBaJIbHI Aii, SIKi 1aJyTh 3MOTY 3HaXOAWTH PE3EPBU AJISI MIIBUIICHHS SKOCTI MPOAYKIIT, 3HUXKY-
BaTH ()iHAHCOBI BUTPATH Ha BUIIPABJIEHHs OpaKy, MiABUIINTH KOHKYPEHTOCIPOMOXKHICTD IiAPUEMCTBA.
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