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KAPITEL 1/ CHAPTER 1
PRACTICAL APPLICATION OF DISPERSION AND REGRESSION
ANALYSIS FOR ASSESSING THE INFLUENCE OF FACTORS ON THE
SENSITIVITY OF THE CAPACITIVE HUMIDITY SENSOR

i

DOI: 10.30890/2709-2313.2024-26-00-003

Beryn

CyyacHe BHUPOOHMIITBO MOTPEeOyE TOUHOIO Ta SIKICHOTO BUKOHAHHS TE€XHOJIOT1i
BUPOOHUIITBA 1 IIMPOKOTO 3aCTOCYBaHHS aBTOMAaTH3allli BUPOOHWYHUX MPOIIECIB.
EdexTuBHicTh 3ac00iB TEXHIUYHOI IarHOCTHKH, TNPUIAAIB KOHTPOJIIO, CHCTEM
MEPEBIPKU SKOCTI MPOAYKIlli, KOHTPOJIO MapaMmMeTpiB TOBKIUIS TOIO, MEpPEeaycCiMm,
3aJIeKUTh BIJl SIKOCTI MEPBUHHUX INEPETBOPIOBAYIB, SKI € OCHOBHUMH UYyTJIMBUMU
opraHaMy BHUMIPIOBAJIbHOI anapaTypu. BakjauBoO PI3HOBUIHICTIO SIKHUX € CEHCOPH
BOJIOTOCTI. Bi/1 KOHCTPYKTHUBHOTIO PIIlIEHHS BOJOTOYYTIMBUX €JIEMEHTIB, IPUHIIUITY iX
A1l Ta TEXHOJOT1] BUTOTOBJCHHS CYTTEBO 3aJICKUTh TEXHIUHUN PIBEHb CEHCOPHUX
cucteM [1—7]. SkicTe ympaBIiHHS SIKHX 3HAYHO 3pOCTA€ IPU 3aCTOCYBaHHI
MaTEMaTHUYHOI CTATUCTHKH K IHCTPYMEHTY AOCIIAHULBKOI poboTu. Po3pobienHs
HOBUX BOJIOTOYYTJIMBUX €JIEMEHTIB a00 BJIOCKOHAJEHHS ICHYIOYMX TMOTpelye
MIPOBE/ICHHS BEJIUKOI KUJIBKOCTI €KCHEPUMEHTAIbHUX JOCHiKeHb. [Ipu npoBeneHHi
EKCIIEPUMEHTY OJEpXKyIOTh O€3/i4 JaHuX, SKI TOTPIOHO CTPYKTypyBaTH Ta
IHTEpIPETYBATH /IS BUKOPUCTAHHS M1 Yac NPUUHATTS €PEKTUBHUX PIILIEHh CTOCOBHO
CTPYKTYpH Ta MapaMmeTpiB SK BOJIOTOYYTIMBHUX E€JEMEHTIB, TaK 1 BUMIPIOBAJIbHUX
cucteM. {7151 Toro, mob mpaBuIBLHO IHTEPIPETYBATH OTPUMaHI BUXIIHI IaH1, TOTPIOHO
IUTAaHYBaTH TPOBEACHHA EKCIIEPUMEHTIB. B Teopii TutaHyBaHHS EKCIIEPUMEHTY
BUJILJISIIOTH TAKTUYHE Ta CTpATETIyHE TUIaHyBaHHS. TakTHYHE TUTAaHYBaHHS JOTIOMArae
BHU3HAUUTH YMOBHU MPOBEJICHHS OJHOTO €KCIIEPUMEHTY, a CTpaTeriuHe MIaHyBaHHS —
cepii exkcriepuMeHTiB. (CrTpareriyHe IUJIaHyBaHHA (DAKTOPHUX EKCIIEPUMEHTIB
nepeadavae 3aCTOCYBaHHS K PErPECIHOTO aHali3y, TaK 1 JIUCIEPCIHHOTO aHaTI3y.

Came npoOsieMaTriKa UX MUTAHb PO3TIIAIAETHCS B IIbOMY po3iii [8—20].

!Authors: Krylik Lyudmila Viktorivna
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i

1.1. OcHOBHI acneKTH IVIAHYBAHHS €KCIIEPUMEHTY B HAYKOBIi Ta X0CJIIHIi

NPaKTUILi

B HaykoBHX NOCHIJKEHHSIX BaroMe 3HAUY€HHS HAJICKUTh €KCIIEPUMEHTY, SIKUN
MPOBOAUTHCS a00 HAa BUPOOHUIITBI, 200 B 1abopaTopisix, ab0 Ha JOCIHIAHUX TUISTHKAX
ToI0. BaknmuBUM € MUTaHHS, HACKIIBKU €(PEKTUBHO BiH MPOBOIUTHCS.

JIns  BUKOHAHHS EKCIIEPUMEHTY CIOYaTKy IOTpiOHO BHOpatu 00’€KT
JIOCT/DKEHHST Ta BHM3HAuaTW Mporpamy [iil, fKy Ha3MBalOTh I[UJIaHYBAaHHAM
eKCIIepUMEHTY. B3araii MeToro 0y/1b-sIKOT0 EKCIIEPUMEHTY € LIJIECTIPSIMOBAHUN BILINB
Ha O0'€KT MOCHIIKEHHSI JUIsi OTPUMAaHHS JOCTOBIpHOI 1HQopMarii. [CHyI0Th Taki
PI3HOBUAM EKCIEPUMEHTY: (PI3WYHMM, MCUXOJOTIYHUNA Ta MoneiabHuil. Hartemep 3
(GI3UYHUMH MOJIEJISIMU BCE OLITBIIOTO MOIIMPEHHS OTpUMAaId a0CTPAaKTHI MaTEeMaTHYHI
mozeni. [lnanyBaHHS eKCIepUMEHTY Oe3MOoCepelHbO TMOB'sS3aHE 3 PO3POOKOI0 Ta
JTOCTIIKEHHSIM MaTeMaTHYHOI MoJielil 00'€KTa JOCITIIKEHHSI.

s popmMysroBaHHS 3a/1a4i TJIaHyBaHHS €KCIIEPUMEHTY TOTPiOHO BUOpaTH THIT
MoOJeNl JOCHipKyBaHOTO 00'ekTy. HuHI mepeBara HagaeTbcsi MOJAETT «YOPHOI
CKPUHBKW», $KY JOLLIBHO 3aCTOCYBaTH y BHUIAJAKY CKJIAJAHOIO JOCIIIKYyBaHOTO
00'eKTy Ta MHOHMHI ()aKTOPiB BIUIMBY 3 AKHX MOTPIOHO BUOpATH 3Hauylll (akTopu
BIUITMBY Ha JAOCIIIKyBaHUH 00’ €KT.

CxeMaTuyHO MOJIENb «HOPHOT CKPUHBKI MOIaHa Ha PUCYHKY 1.

ZzZ
X Y
i . Il
— 00'€eRT -y
R

Pucynok 1 — Cxema «40pHOI CKPUHbKH»

Bxogamu «4OopHOT CKPUHBKHM» € BEKTOpP HE3aJeXKHUX 3MIHHUX X (dakropu

BIUIMBY), BHXOJaMHU — BEKTOp MapaMmeTpiB Y, IO XapaKTepu3yloThb 00’ €KT

MONOGRAPH 8 ISBN 978-3-98924-032-2
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TOCHIKeHHS (BIATYK Mojeni). Y TEeXHIUHIM JiTeparypi 3yCTpidaroThCs 1HII Ha3;
IIOr0 TapaMeTpa, a caMe: KpUTepik onTuMizallii, 1iap0Ba GYHKINS, BUX1] «IOPHOI
ckpuHbkM». Ha 00’€KT AOCHiPKeHHS TaKOX JIFOTh HEKEpoBaHi (GakTopu Z, 5Kl €
HE3IC)KHUMU 3MIHHUMHU (iX MOXKHA TIJIBKHM BHUMIPSATH), a TaKOX — BEKTOP
HEKOHTPOJIbOBaHUX (DAKTOPIB R, KU BIUTMBAE€ Ha OO €KT MOCHIDKEHHA, alieé He
mijsirae BUMiproBanuio [20—22].

3ayBakMMO, MOJIENIb «YOPHOI CKPUHBKHW» cCHpuse MoOyAOBI MaTeMaTUYHOL
MOJIeITi JOCIKYBaHOTO 00’ €kTa. MaTeMaTuyHOI0 MOJICIUTIO € PIBHSHHS, SIKE MMOKa3y€
3B’S130K ITapamMeTpa onTuMisallii 3 (hakropamu:

y=f(X],X5,..X,)+&,
e y— BIATYK 00’€KTa JOCHIIKCHHS;
X; — (bakTopH BIIIMBY Ha 00’ €KT IOCHTIKEHHS;

& — BHIIaJIKOBA TTOXUOKA.

HactynuuwMm eranom € BuOip napamempie onmumizayii (KpuTepiiB ONTUMI3ALIIT).
Bub6ip mapamerpa onrtumizailii € OJHMM 13 TOJIOBHUX €TamliB poOOTH Ha cTaail
MOTIEPETHHOTO BUBYCHHS 00'€kTa mocimimkeHHs. OCKUIBKH BiJ] KOPEKTHOTO BHOOPY
napameTpa ontumizamii (PyHKIUT 11i11) 3aJIeKUTh KOPEKTHE (HOPMYJIOBaHHS 3ajadi
JIOCIIKEHHS.

[lapamerp onTumizamii € peakmielo (BIATYKOM) BIUIMBY (akTopiB, sKi
BU3HAYaAIOTh MOBEIHKY 00'€KTa JOCIIKEHHS 1 MalOTh KUJIbKICHE 3HAYEHHS.

3a3Buyail peanbHi 00'€KTH 1 MPOLIECH MAIOTh CKJIaAHy npupoay. L{s oOcraBruHa
BUMarae OJIHOYaCHOTO BpaxyBaHHSI 0aratboxX MmapaMeTpiB, TOOTO Oyab-sikuii 00'€KT
MOX€ XapaKTepHU3yBaTHCh a00 CYKYMHICTIO TMapaMeTpiB, a00 MiJAMHOXXHHOIO i€l
CYKYITHOCTi, a00 €IMHUM IapaMeTpoM ONTuMi3alii. B ocTaHHbOMY BUNAAKY 1HIII
XapaKTePUCTHKH MPOLIECy CIYTYIOTh OOMEKEHHSIMH 1 HE MalOTh CTaTyCy MapaMeTpa
ontumizari [20—22].

[Ticnst Toro sik 00paHo 06 ‘exm docniddHcer s Ta Kpumepii onmumizayii, TOTPiOHO
PO3TJISIHYTH BCl1 hakmopu enaugy Ha mpolec AociipkeHHs. daktopamu B Teopii
MJIAaHYBaHHS €KCIIEPUMEHTIB HA3UBAIOTh BX1/1H1 3M1HHI1, BIUTUB SIKUX JOCTIIKY€EThCA Ha

BUXIJHY 3MIHHY, TOOTO Ha 8i02yK MOOejli.

MONOGRAPH 9 ISBN 978-3-98924-032-2



Al
g
Science for modern man ‘ 2024 Part 2 %

dakTopy BIUIMBY MAlOTh 33J0BOJIbHATH TAKUM BHMOTaM: KEPOBAHICTh, TOOTO
oOpaHe TOTpiOHE 3HauYeHHS (aKTopa MOKHA MIATPUMYBATH MOCTIHHUM MPOTATOM
EKCIIEPUMEHTY; BUCOKA TOYHICTh BUMIPIOBAHHS, IKa BU3HAYAETHCS A1alla30HOM 3MIHH
(hakToOpiB; OIHO3HAYHICTh; CYMICHICTh, TOOTO BCl iXHI KOMOiHaIlli 37iHCHEHHI Ta
0e3meuHi; He3aJIeXKHICTh, TOOTO MOKJIMBICTh BCTAHOBIICHHS (pakTOpa Ha OyIb-sIKOMY
piBHI HE3QJIEKHO BIJ PIBHIB I1HIIMX (aKTOpiB. 3a CBOEI MNPUPOJOI0 (hakTOpH
MOIISIOTECS HAa KITBKICHI Ta sIKiCHI. J[0 KIJTBKICHHUX BIIHOCATBCS Ti (PAKTOPH, SIK1
MOXHa BHUMIPIOBATH, 3BaxXyBaTu TomIO. KigbkicHHI (akTop MOXe HemepepBHO
3MIHIOBAaTHUCh B 33/1aHOMY 1HTepBaIi. MaKTOpH, K1 HE XapaKTePU3YIOThCS IUPPOBUMU
3HAYEHHSAMU HA3UBAIOTHCS AKICHUMU.

daktopu MarwTh 00JACTh BH3HAUYEHHS, SKa MOXE OyTH Oe3lepepBHOIO abo
JTUCKPETHOIO. 3a3BU4ail 3HaueHHS (AKTOpPIB MPUIAMAIOTHCS JUCKPETHUMH, 1€
MOB's3aHO 3 PIBHAMHU (PakTOpiB. PigHAmu HA3UBAIOTHh KUIBKICHI a00 SKICHI 3HAYCHHS
bakTopa, Ipu IKUX MOKJIMBE MPOBEACHHS EKCIIEPUMEHTY.

Kpim Toro, paktopu mMaroTh pi3Hi 3HaYEHHS 32 BEIMYUHOIO. [10TpiOHO 3BaXUTH
Ha Te, 10 3HaYeHHs (PaKTOpIB B IJIAHYBAHHI EKCIIEPUMEHTY BUPAKAIOTh y KOJIOBAaHUX
BeJIMUMHaX. ToMy MOTPIOHO NEPENTH BiJl HATYpaIbHUX 3HAUYCHb BX1AHUX (PAKTOPIB J10
KOJOBaHUX (PUCYHOK 2).

[Tpu BuGOpi 0O6acTi BU3HaUEHHS (haKTOPIB OCOOIMBY yBary NpUAUISIIOTE BUOOPY
HYJIbOBOi TOYKH, TOOTO HYJHOBOTO (OCHOBHOTrO) piBHsS. BuOip HyIb0BOI TOUYKH
€KBIBaJICHTHUN BU3HAYCHHIO BHXITHOTO CTaHy 00'€kTa nociimkeHHs. OnTtumizaiis
MOB'A3aHa 3 MOKPAILEHHAM CTaHy O0'€KTa MOPIBHSHO 31 CTAHOM Yy HYJBOBIM TOMII.
[Tomyk parioHaaIbHUX PIIIEHb MPUCKOPIOETHCS TOJI, KOJIM ISl TOYKA 3HAXOJUTHCS B
o0jacTi oNnTUMYyMy a00 sIKOMOTa OJIMKYe 10 HET.

[licnss BCTaHOBJIEHHS HYJBbOBOI TOYKM BHUOWPAIOTH I1HTEPBAJIM BapilOBAHHS
¢dakTopiB. lle moB'sa3aHO 3 BU3HAUCHHSM TAaKUX 3HA4YEHb (DAKTOPIB, SKI B KOJOBAHUX
BeIMYMHAX BiAnoBimaroTh +1 Ta —1. IHTepBamu BapioBaHHS BHOUPAIOTH 3
ypaxyBaHHSM TOTO, 10 3HaYeHHs (haKTOPiB, K1 BIAMOBIAAIOTH PIBHIM +1 1 —1 MaloTh
CYTTEBO BIAPI3ZHATUCH BiJ 3HAYEHHS HYJIHOBOro piBHA. ToMy y BCIX BHUIaAKax

BEJIMUMHA 1HTEPBAY BapitOBaHHs Mae OyTH OUIbIIE MMOJBOEHOT KBAAPATUHIHOT

MONOGRAPH 10 ISBN 978-3-98924-032-2
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AX,
3(-1,+1)  *1 1(+1, +1)
- +
1 L 1 >
Xy
4(-1,-1) 2(+1,-1)

PucyHnok 2 — Po3ramyBaHHsl eKCIIEPUMEHTAJILHUX TOYOK Y GaAKTOPHOMY

NMPOCTOPI ISt ABOX (PAKTOPIB B KOJOBAHUX BeJIHYMHAX

MOMUJIKM (pikcyBaHHS 11bOTO (pakTopa. Kpim Toro, HebakaHo HaJMIpPHO 301IbITyBaTH
BEJIMYMHU 1HTEpPBAJIiB BapilOBaHHS, 1€ MOXE MMPU3BECTHU JI0 3HIKEHHS €(PEKTUBHOCTI
nomyky ontumymy. Jlyke Manuili iHTepBajd BapilOBaHHS 3MEHIIYE O00JIacTh
eKCIIEPUMEHTY, 1€ YITOBUIBHIOE MOIIYK ONITUMYMY.

[Ipu BuOOpi iHTEpBady BapilOBaHHS JAOLILHO BpPAaxOBYBATH YUCIO PIBHIB
BapitoBaHHs (akTtopiB. [loTpiOHO 3ayBakutu, W10 OOCSAT EKCIIEPUMEHTY Ta
e(eKTUBHICTh ONTHUMI3allli 3a1eXaTh BiJl KUIBKOCTI PiBHIB (paKTOpiB, a TaKOX BiJ

KUTbKOCT1 (pakTopis [20—22]:

ne N — KIJIbKICTb JTOCIIIB;
¢ — KUTBKICTh PIBHIB (haKTOPIB;
k — KUTBKICTh (haKTOPIB.
Ha nepuiomy ertari poO0TH BUKOPUCTOBYIOTH JIBa PiBHS (pakTOpa, TOOTO BEpXHIM
Ta HWKHINA PiBHI, SKI B KOJOBAaHUX KOOpAMHATax IO3Ha4aroThbes sk +1 ta —1. Lle
BI/IMOBIIa€ IPUMYIICHHIO MPO JIHIHHY 3aJICKHICTh BIATYKY MOEINI BiJl (DaKTOPiB.
Jliis o0y 10BH MOJIETIel JPyroro MOpsiAKy Taka KUIBKICTh PIBHIB HEIOCTATHA.
30inbIIeHHST 4Wclia PiBHIB (akTopa MiJBUINYE YYTIUBICTH EKCIIEPUMEHTY, alie

OJTHOYACHO 3POCTA€E KITBKICTh TOCITIIB.

MONOGRAPH 11 ISBN 978-3-98924-032-2
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PeanbH1 00'ekTH CcKIaaH1 3a CBOEIO Tpupoior0. Hanpuknan, mis 1Box ¢dhakTopiB
KIIBKICTh GKCIICPUMEHTIB opiBHIOE 22 =4, s TphoX (aKToOpiB KiIbKiCTh

EKCTIIEPUMEHTIB — 23=38. s cuctemu 3 yotupma (pakTopaMu Ha YOTUPHOX PIBHAX
NOTPIOHO MPOBECTH 256 E€KCIIEPUMEHTIB, a JJi I€B AT (PaKTOPiB HA TPHOX PIBHIX —
729 excriepumenTiB. OJJHAK HEMOKJIMBO BUKOHATH BCi €KCTIEPUMEHTH, III00 BUPIIITUTH
MOCTaBJICHY 3a/1ayvy.

B mpomy BuUmaaky AOLIBHO 3aCTOCYBaTH IUJIAHYBaHHS €KCIEpPUMEHTY. Teopis
TUTAaHYBaHHS CKCIIEPUMEHTY 3aiiMaeThcs TpoOIeMaMu OACpKaHHS HAHOUIBIIOT
KUIBKOCTI 1HGopMalii mpo peajdbHU 00’€KT NpH MIHIMAIBHUX 3arpaTax sk
KOMIT FOTEPHOTO 4Yacy TaK 1 Yacy JOCHIIHMKA. A cremiaibHl 3aco0u IIaHyBaHHS
EKCIIEPUMEHTIB JI03BOJIAIOTH CKJIACTH €(DEeKTUBHUMN TUIaH MPOBEICHHS €KCIIEPUMEHTIB,
110 3a0e3neuye 30ip MoTpiOHOI iHpOpMAIIii 1)1t OTpUMAaHHS OOTPYHTOBAHUX BUCHOBKIB
npyu  MiHIMaIbHUX 3aTpaTax. Jlo HaWMOmMpEHIMMX METOMIB  IIJIaHyBaHHS
eKCIIEPUMEHTY BIIHOCATH MOBHUM (akTopHuil ekcrepuMeHT (I[IDPE) Ta npobosuii
daxTopuuit ekciepumeHT (IDE) nepioro nmopsiaky [20—23].

Kpim Toro, mmaHu eKCHEpPUMEHTIB TMOJUISIOTh Ha onHo(akTopHI Ta
O6aratodaxtopHi. Ha BigMiHHY BiIl 0O0HO®axmopHux TIaHIB E€KCHEPUMEHTIB, SKI
JOCIIKYIOTh TUIBKUA BIUIUB OJHOTO (hakTOpa Ha BIATYK MOJENI, bacamoghakmophi
IUIAHU EKCIIEPUMEHTIB OyAyIoTh 3 ypaxyBaHHSM CYMICHOTO BIUIMBY (DaKTOpiB Ha
BIATYK Mojeni. Taki Tutanu JO3BOJISIIOTH TOCHIIKYBaTH BIUIMB SK KOKHOTO (hakTopa,
TaK 1 BIUIMB B3aeMOJIA pi3HUX (akTopiB. ToOTO, 3acTocyBaHHs OaraToakTOPHHUX
IUIaHIB CIIPUSIE JETAIbHOMY aHali3y MPOBEIEHOTO €KCIIEPUMEHTY, a caMe JIa€ 3MOTyY
BU3HAYUTH 3HAYCHHS BUKOPHCTOBYBaHUX (DAaKTOpiB, a TakoX iX BIUIMB Ha
XapaKTePUCTUKHU Ta MOBEIIHKY JOCIIKYBaHOTO 00’ €KTa, MPOIIECY.

B3arani mimaH ekcnepuMEHTY BKa3ye po3TalllyBaHHS AOCTIIHUX TOYOK B 7-
BUMIPHOMY TMPOCTOpPI HE3aJISKHUX 3MIHHMX. Haifuacrime IjiaH eKCIepUMEHTY
3aJJa€ThCSI B BUIJISIAI MATPUIll TUIAHYBAaHHS — MPSIMOKYTHOI TaOJHIIl, KOKHUN PSIOK
SKO1 BIJIMOBIIA€ yMOBaM II€BHOTO JOCJIAY, a CTOBMI[l — 3HAYEHHSM OJHIET 3

HE3JIC)KHUX 3MIHHUX B P13HUX JOCIIIIaX.
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(k=2) Ha 00’eKT mOCHiPKeHHS 1 KOXXHUI (akTop Mae nBa piBHA (g =2 ). KinbkicTh

PSAAKIB MAaTPUI TUIAHYBAHHS JOPIBHIOE KIJIBKOCTI CTOBIILIB 1 JOPIBHIOE ok, [Tepumit

CTOBIIELlb MaTpHIll Bianosigae (QIKTUBHIA 3MIHHIM X, 1 BCl 3Ha4Y€HHA MWOIoO
nopiBHIOWTH +1. HacTynHuil ctoBnenp Binanosigae Gpakropy x;, HOro 3aloBHIOKOTH 3

yepryBaHHAM 3HadeHb —1 1 +1. HacTymHi 3a HUM CTOBMII 3aMOBHIOIOThH, 3MiIHIOIOYH
KIJIBKICTh 3MiH 3HaKiB BABi4i. ITicis 1IbOro 3alOBHIOIOTH CTOBIIII, 1[0 B1JIIOBIJAIOThH
B3aEMOIsAIM (PaKTOPiB, TOMHOXKYIOUH CTOBIII 3aaHuX (akTopiB. B n-my croBmii
HABOJSTHCA OJIEpKaHl B JOCTIAaxX 3HA4YEHHS 3aJeXHOi 3MiHHOI (Tabmurs 1). 3a
MaTpUIICIO TUIAHYBaHHS MIPOBOJUTHCS cepisi eKkcrepuMeHTiB. KoxkHMIA psAIoK MaTpHili
IJIAHYBaHHS BIJMIOBIJIA€ OKPEMOMY €KCIIEPUMEHTY, MPOBEICHOMY P BiAMOBITHUX

3HaYeHHX (HaKTOPIB.

Tadoauus 1 — Marpuus miianyBanus IIOE

o) X0 x| X5 X1 X Y

1 + - - * Yo
2 + + - - A]
3 + - + - Vs
4 + + + + 73

KoxHOMYy CTOBMII0O MaTpulll IUTAHYBaHHS BIAMNOBIA€ JIOAAHOK pIBHSHHS

perpecii, ske moOyaoBaHE 3a pe3yibTaTaMu eKcHepuMeHTiB. Hampuknaza, miany

(aKTOPHOro eKCIIEPHMEHTY THITy 22 BilIOBiTae piBHAHHS perpecii BUNIY:

y= bo + blxl + bzXz + b3X1X2 5

a Ui miaHy (QaKTOPHOTrO EKCIEPHMEHTY THIy 2° piBHSHHS perpecii Mae Takwii
BUTJISA!
Y =bo +bix; + byxy + byxz +byxyxy + bsx X3 + bgxyx3 + byx x5
3 HaBeJCHUX MPUKIAIIB BUAHO, IO 30UIBIICHHS KITBKOCTI (PAKTOPIB CIpHUSE
30UIBIIICHHIO PO3MIpYy MAaTpHIll IUIAaHYBaHHS Ta OOCSATY EKCIEePUMEHTY, a TaKOXK
301TIBIIYETHCST KUTBKICTh JOJAHKIB B PIBHAHHI perpecii, 1m0 OMUCYIOTh B3a€MOJIIi

(daxTopiB. OJHAK, €KCIEPUMEHTATOpa IIKABJISATh TUIBKW JIOJAHKH, SIKI OMHUCYIOThH
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(hakTOpH BIUIMBY Ta ITHOPYIOTHCS JIOJAAHKH PIBHSHHS perpecii, o0 OMUCYIOTh CKJIaIHI

B3aeMO/Iii (hakTOpiB. 3a TAKUX YMOB YaCTO 3aCTOCOBYIOThCS Op00086i (hakmopHi niaHu,
JUTSL SIKAX XapaKTepHE 3MIITYBaHHS CTATUCTUYHUX OIIHOK.

3a3Bu4ail eKCIIEPUMEHTH € OaratoPakTOPHUMHU Ta CIIPUSIIOTH ONTUMI3AIlii IKOCTI
MaTepialiB, MOLIYKYy ONTHMAJbHUX YMOB IPOBEACHHS TEXHOJOTIYHUX TMPOIIECIB,
PpO3po0ITl HAHOIIBIT paIliOHATBPHUX KOHCTPYKIK oOnagHaHHs Tomo. CUCTeMHU, sIKi €
00'€KTOM TaKuX JOCIHIPKCHb CKJIaJIHI 32 CBOEI0 MPUPOOI0, iX BAXKKO TEOPETUYHO
JOCTIANTU B MPUMHATHI TepMiHUA. TOMy, He3BaXKar0ul Ha 3HaYHUM 00CAT BUKOHAHUX
HayKOBO-JIOCTIAHUX POOIT, Yepe3 BIJICYTHICTh peabHOI MOYKJIMBOCTI JIOCUTH MTOBHO
BUBYUTHU 3HAYHY KUIBKICTh O0'€KTIB JIOCTIHPKEHHS, 0araTto pilieHb MPUHMAIOThCS Ha
nifcTaBl 1HQOpMAaIIii, IO Ma€ BUIAJKOBUN XapakTep 1 HE BIJMOBIAA€ ONTUMAIbHUM.
OT1xe, BUHUKAE TOTpeOa MOITYKY METO/I1B, sIK1 JO3BOJISITh BECTU IOCI1THUIIBKY POOOTY
NPUCKOPEHUMH TeMIaMu Ta 3a0e3MeuyloTh MNPUUHATTS pillieHb, OJU3BKUX [0
ontTuMabHUX. [IpoOnemMaTnKy 1HUX TMHUTaHb BHPIMIYIOTh CTATUCTHUYHI METOIH
IJIaHYBaHHS CKCIIGPUMEHTY, 3alpONOHOBAaHI B JBAIIATHX POKaxX aHTIIHCHKAM
cratuctukoM Ponampnom @imepom. Ponansa @imep ymepiie mokazaB JOMUIBHICTh
OJIHOYACHOTO BapiloBaHHS BciMa (haKTOpaMu Ha MPOTUBArY MIMPOKO MOIIMPEHOMY
oHO(aKTOpHOMY eKcriepuMeHTy [20—22].

3acTocyBaHHS METOAIB MaTEMaTUYHOI CTATUCTUKH CIpPUSE CHUCTEMaTH3aIlii,
00poOIIl Ta aHaMI3y PE3yJbTaTIB SBUII, sIKI cocTepiratoTbes. CTaTUCTUYHI MOJEN1
IITUPOKO BUKOPUCTOBYIOTh [IJISl JIIATHOCTHKUA CTaHy OO'€KTIB MOCHIPKEHHS, TPH
BUBYEHHI MPUYUHHO-HACIIJIKOBOTO MEXaHI3My Ta JTUHAMIKH JOCIIKYBAaHUX SIBUIIL 1
MPOLIECIB, MOHITOPUHIY KOH'IOHKTYPH PHUHKY, MpPU MPOTHO3YBaHHI Ta HPUUHSATTI
pi3HOTO KoJia pimieHb. [0 HaMBaXIMBIMIMX PO3AUNIB MAaTEMaTUYHOI CTATUCTUKH
BIIHOCSITh: CTATUCTUYHI PSIIN PO3IOLTY, OI[IHIOBAHHS [TApaMETPiB PO3MOILTY, 3aKOHU
pO3MoLTy BUOIPKOBHX XapaKTEPUCTHUK, MUCIIEPCIHHUN, PErpeciiiHuii, KOPesIiifHO-
perpeciiiHuii aHai3 TOIIO.

Perpeciitnuii anaii3 € BArOMUM 1HCTPYMEHTOM Y IPUUHATTI €PEKTUBHUX PIlICHb
JUTSI BUPIIICHHSI PI3HOTO KOJIa 3aBJaHb, a caMe, BIH CIIPUSE KUIBKICHOMY OITIHIOBAaHHIO

BIUIMBY (PaKkTOpiB Ha BIATYK MOENi, TOOTO 3a0e3nedye ONTHUMIZAIII0 MapameTpiB
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daxTopa. Jlucnepciitnuii anam3 3abes3neuye sIKiCHE OIIHIOBaHHS BIUIMBY (haKTOPIB Ha
BITYK MOJieli, TOOTO CHpHUs€ BHU3HAYEHHIO 3HAUyHUMX (aKTOpPIB  MOJIEIII.
EdekTuBHICTD SIKUX 3pOCTa€ MPU 3aCTOCYBaHHI EKCIIEPUMEHTIB 32 6araTohakTOpHUMHU
mTaHaMu. HuHI MEeToIM MaTeMaTHIHOT CTATUCTHKH IIIUPOKO 3aCTOCOBYIOTHCS B PI3HUX
cdepax aismbHOCTI Jroaua" [9—19].

[IpakTHuHe 3aCTOCYBaHHS TUCHEPCIHHOTO Ta PErpecitHOro aHaji3iB pO3IIIIHYTO

B IIbOMY PO3JILII.

1.2. Oco6mBOCTI 00POOKH €KCIIEPUMEHTAIBbHUX JAHUX 32 J0NIOMOT 010
AUCHEPCIITHOrO Ta perpeciiiHOro aHadi3iB BIJIMBY (PaKTOPiB HA BIATyK

MoaeJi

Perpeciiinuii aHanmiz Ta OUCHEPCIMHUNA aHaNl3 € CYKYIHICTIO CTaTUCTUYHHUX
MeToiB. HuHI 1iel pi3HOBHUJ CTaTUCTUYHUX METOJIB IIUPOKO 3aCTOCOBYETHCA B
PI3BHOMAHITHUX Tajy3sX mOpoMucioBoi iHxyctpii [8—19]. Perpeciitnuii anani3
KUTBKICHO 3J1MCHIOE OIlIHIOBaHHS BIUIMBY (¢akTopa Ha BIATYK Mojeli, ToOTO
3abe3nedye omTuMmizaiiio napameTpiB daktopa [9—15, 20]. Jucnepciiinuii anami3
CIpsIMOBAaHUM Ha BU3HAYCHHS SKICHOTO BIUTUBY (haKTopa Ha BIATYK MOJENI Ha PiBHI
«BIIMBa€» ab0 «HE BIUTMBAE», TOOTO MUCTEPCIMHWN aHalli3 CIpHsIE BU3HAUYCHHIO
sHauymmx (akropie moxem [11, 16—20]. Kpim Toro, mo0 mpoaHamizyBaTu
€KCIIEpUMEHT BCEOIYHO 1 3pOOUTH CTATUCTUYHO TPYHTOBHI BUCHOBKHM 200 3HAMTH
ONTUMAJIbHI PIlLIEHHS, TOLIJIHO 32CTOCOBYBATH €KCIIEPUMEHTH 32 0araro(akToOpHUMU
MJIaHAMU 3 ypaxyBaHHSAM CYMICHOTO BIUTUBY (hakTopiB [9—20].

PosrnsHeMo 11€ aeTaapHIIIeE.

OcHoBHa 1€l OucnepcitiHo20 aHanizy TONATAE B TOPIBHSAHHI (aKTOPHOL
aucnepcii, ska oOyMOBJIEHAa BIUIMBOM (hakTopa Ta 3aJMIIKOBOI JUCHEpPCii, M0
00yMOBJICHa BIUIMBOM BHUITQIKOBUX MPUYUH. SIKIIO PI3HULS MK [IUMHU AUCHIEPCISIMU

3HAa4Ha, TO (PaKTOp 3MIMCHIOE BIIUB HA BITYK MOJIET V.
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JI71s1 1bOTO PO3paxoBYIOTH 3HAUYCHHS (DAKTOPHOI AMCHEepcii Spaxm> 3aJIMIIKOBO1

aucnepcii S

sy 38 TAKUMH popmynamu [20]:

2 —_— J—
Spam =P 2,V =), (1)
j=1
V4 — V4 — 5
Ssaﬂum:Z(yil_yl) +Z(yi2_y2) (2)
i=1 i=l1

Jie y ; — CIIOCTePEIKEHHs BIATYKY MOJENL B j -OMy €KCIIEPHMCHTI;

Yi1» Vjp — 1-€ CIIOCTEPEXEHHsS BIATYKY MOJEN HHKHBOIO Ta BEPXHBOIO PIBHSA
(haxTopiB.

Cepenni 3HaUEHHS CITOCTEPEIKEHb OOUHCITIOIOTHCS 32 TakuMu dopmyiamu [20]:
. 1 p _ 2
V== Vi y=2.5; 3)
P j=1

dakropHa d gy, Ta 3aIMLIKOBA qucnepcli d 3 BpaxyBaHHSM KIJIbKOCTI

3ajaiund

CTYIEHIB BIJILHOCTI OOYMCITIOIOThCSA 3a hopmystamu [20]:

S

dqbaKm =S paxm > dsamuu = % . 4)

Y ¢opmynax (4) B 3HaMEHHUKY BHpa3y CTOITh KIJIbKICTh CTYIEHIB BUIBHOCTI.
[TopiBHsiHHS (aKTOpHOT Ta 3aJUIIKOBOI JWCIEpPCii, sKI CIOCTEpIralOThCS B
EKCIIEPUMEHTI MPOBOISATH 3a BeIWUnHOI0 KpuTepito dimepa [20]:

d
F:dqbﬂ. (5)

3aauud
Kpurunune 3HaveHHs kpurepito ®imepa F,, 3HaXOAATh HA OCHOBI DIBHS

3HauuMocTl « = 0,05, cTyneHiB BUILHOCTI yHcenbHUKa m; = N -(p —1) Ta cTyneHis
BUIBHOCTI 3HAMEHHHKA M, = p —1.

Sxmo F > F,,, To cepeHi y; Ta ), PO3PI3HAIOTHCS 3HAUMMO 1 BIUIUB (hakTOpa

€ 3HAYyIUM. B TpOTHIIeKHOMY BUIIAIKY BILTUB (haKTOpa BUSHAETHCS HE 3HAUYIINM, a
PI3HHUIIL Yy CepelHIX 3HAYCHHSIX TMOSCHIOETHCS BHUITAJKOBUMH MPUYMHAMH.
Pospiznsitore  ogHOdakTOpHMT Ta OaraTodakTOpHUN  AUCHEPCIMHMM  aHai3.

TH TOPHUI QUCIEPCIAHUN aHAII3 BUKOHYETHCS A 3’ ICYBAHHS BIUIMBY OJHOT
Onnodakro cnepci aHaJ3 BUKOHYEThC 3’scyBa y OJIHOTO
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dakTopa Ha BIATYK Mojeni (pe3yibTar) y BUITQJKaxX, KOJIU HEMOXJIUBO MPOBECTH

MOPIBHSUIBHI CIIOCTEPEXKEHHS BUX1IHOI BEJIMUUHM MPU HASIBHOCTI (pakTopa 1 0€3 HhOTO
(KOHTpoOJIbHA TpyTa) Ta HAOPATH BIAMOBIAHI CTATUCTUYHI AaH1. KpiM Toro, Ha mpakTuiii
BUHHUKAE TOTpeda AOCHIIUTH BIUIUB JEKUIBKOX (akTopiB. Pesymbrar MoxkHa
OTpUMAaTH, JOCHIAMBIIM BIUIUB KOXKHOTO ¢akropa oxpemo. OpHak KUIBKICTb
EKCIIEPUMEHTIB MPU TAKOMY TMIAXOAl MIBHAKO 3pPOCTa€ 31 30IIBIICHHSM KUIBKOCTI
dbaxTopiB, MO0 YHUKHYTH IILOTO MPOBOASATH €KCIEPUMEHTH 3a OaraToakKTOPHUMH
IUTAHAMU 3 YpaxyBaHHSIM CyMicHOTo BILTUBY (akTtopiB [20]. Takuit 6aratodakTopHHii

TJIaH y BUIAJIKY JIBOX (DaKTOPiB Ma€ BUTIISA (TaOauIs 2):

Tadoauus 2 — bararogakTopHuii JIadH y BUNIAJAKY ABOX (GaKTOpPiB

Hucniepciiinuii aHami3

2? 4 4 KinbkicTh
CTYTICHIB
aucnepcis BUTBHOCTI

dakrop A 1

By | n(A4,B),-, ya(4,B) | »i(Ay,By),.... y4(4y, By) ®daxtop B 1

By | »(4,By),es y4(41,By) | 31(4y,By),.e, v4(4y, By) | Paxrop AB 1
3QJIMIIKOBA 15-3=12
p=38 an =16 3arajabHa 16-1=15

ne A1 B — nBa gakTopu, BIUIMB SIKUX Ha BIATYK MOJI€N ) JOCHIIKYETHCS,
Vi(4;,B;) — pe3yabTar k-TOro CroCTepeKeHHs Ha i-ToMy piBHi pakTopa A Ta Ha j-
TOMY piBHI (pakTopa B.
3arajqpHe KUIBKICTB NPOTOHIB B HBOMY IUIaHI N, =p-2=16, a KUIBKICTb
MMOBTOPEHB JIJIs1 KOYKHOTO PIBHS p =3§.

Kpim TOr0, € MOXKINUBICTD JOCTIAKEHHS BIUTUBY B3aeMO/Ii1 ¢pakTopiB 4 1 B.
BepxHiii piBeHb QakTopy B3aemMoiii AB BU3HAYAETHCS EKCIIEPUMEHTAMU:
Vi(A1,B),..yAA1 Bi), yi(Az, B2),... ydA2 B>).

HuxHilt piBeHb — eKCIIEpUMEHTaMU:

yi(A1LB2),. .. yAA1 B2), yi(Az, Bi),.. . yi(A2, B)).
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[ToTpiOHO 3ayBa)KWTH, 110 AMCHEPCIMHUM aHali3 BIUIMBY KOXXHOTO (aktopa
POBOJMTHLCSA B TaKHi ke crocid sk 1 1 ogHoro (akropa, To0TO 3a dopmynamMu
(1)—(5). Bigpi3HsAtOThCS TUIBKH KITBKOCTI CTYTICHIB BIJIBHOCTI, IO BUKOPUCTOBYIOTHCS
y hopmynax (4), (5) Ta npu Bu3HaueHH1 kputepiro Dimepa. Jljis Toro, 11od He BAHUKIIO
MOMMJIOK 3HaYCHHsI CTYTIEHIB BIJIbHOCTI OJAIOTHCSA B TUJIAHI.

Cmamucmuyny o6po6Ky pe3yiabTaTiB (PaKTOPHOTO €KCIEPUMEHTY MPOBOASTH B
nekiibpka eramniB. Crio4aTKy BUKOHYIOTh OILIIHKY 8i0MBE0pto8aHoCmi €KCIIEPUMEHTY 3a
kputepiem Koxpena. [l mporo po3paxoBYIOTh 3HAYEHHS ITUCTEPCIT Y KOKHOMY

EKCIEpUMEHTI D;, cyMapHe Ds Ta MakCUMaibHE D 3HAUEHHS Jucrepcii 3a

max

takumu popmynamu [20]:

i(ylf )

=1
b= (6)

e y; — - CIIOCTePEKEHHs BIATYKY MOJENi B J -OMY €KCIICPHMEHTI;

N
j=1
Dppax =maxD;. (8)

J
[ToTiM 00UHKCIIOITH crIOCTEpEXKYBaHe 3HaUeHHs kKpuTepito Koxpena:

G = Dmax )
DZ

CepenHi 3HaUY€HHS BIATYKY MOJIEN1 OOUUCITIOIOTH 3a TaKO0 (OPMYJIIOHO:

1 V4
Vi :_Zyji- (10)
P

CrnocrepexxyBaHe 3HaueHHs1 kpuTepito KoxpeHna nopiBHIOIOTh 3 HOro TaOIMYHUM

3HaueHHsIM G obunciennM mpu piBHI 3Haummocti « =0,05, «kigpkocTi

Kp >
eKcriepuMeHTiB N 1 KUTBKOCTI CTymeHiB BUTbHOCTI m=p—1. Sxmo G <G,,, TO

CKCIICPUMCHT € BiI[TBOpIOBaHI/IM,

3a Bupazom (11) 00UUCITIOIOTH OIIIHKY TUCTEPCii TeHEPaTbHOT CYKYITHOCTI:
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S

1
D:NZD]., (11)

J

Axkwo G >G,y,, MOTPIOHO 30UIBIIKMTH KUIBKICTh MPOTOHIB ab0 3MEHLIUTH

1HTEpBaJl BapitoBaHHS (aKkTOpiB (30LIBIIUTH TOYHICTh BUMIPIOBAHb).

SIKI1I0 €KCTIEPUMEHT € BiJITBOPIOBAHUM MEPEXOAATH 10 O0UHCIICHHS KOS(II1€EHTIB
PIBHSIHHS perpecii, BAKOPUCTOBYIOUN (DOPMYIIH:
Z)’i Zyixik
i

bO:iN, by, Y k=1,.,N-1. (12)

I BUKOHYIOTH HACTYITHUH €Taln CTaTUCTUYHOI 00poOKu pe3ynbpTaTiB. Ha npomy etami

OIIHIOIOTh 3HAYYIIICTh KOE(]IIIEHTIB PIBHSAHHA perpecii 3a kpurepieM CThIOACHTA.

CnocrepexyBaHe 3HaueHHs Kputepiro CThIOJIeHTa 3HaX0AATh 3a (POpMYJIIOH0:

’jﬂ’%‘\/%’ (13)

HotiM ¢; mMOpIBHIOOTh 3 TAONMYHMM 3HAYCHHSIM [, BU3HAYCHUM IIPU PiBHI
sHauumocti & = 0,05 Ta kinbkocti crynenis BinbHOCTI m = N - (p —1) . Koediuienr b,

BBQXKAETHCS 3HAUYYIIMM, SKIIO BIAMNOBIIHE 3HA4YCHHS [ >t Imm N-L

Koe(ILI€HTIB TPUIMAaIOThCS HE3HAUYIIMMU 1 BUKITIOYAIOTHCS 3 PIBHSHHS perpecii.
k110 Bcl KoedIIieHTH PIBHSHHS perpecii BUSBIWIMCH 3HAYYIIIMMH, TO HACTYITHUIN
eTaIrl CTaTUCTUYHOI OOPOOKHU pe3yJIbTaTiB (DAKTOPHOTO EKCIIEPUMEHTY HE BUKOHYIOTb.
BBaxaioTe 00pOOKy pe3yJbTaTiB 3aKiHYCHOIO 1 TMEPEeXONATh 10 PO3KOyBaHHS
PIBHSIHHS perpecii, BAKOPUCTOBYI0UM Bupaszu [20]:
_Xi— X
x; =———="1
A,

1

; (14)

X + X X X.

e X'0: imax imin A. = imax ~ “‘imin
i .

2 ’ ! 2

Skuo € He3Hauym KoeQIUIEHTH PIBHSHHS perpecii, Nepexonsitb 0
OCTaHHBOTO €Taly CTaTUCTHYHOI OOpPOOKM pe3ysbTaTiB (PAKTOPHOTO €KCHEPUMEHTY.

IlepeBipsitoTh  aeKBAaTHICTh ~ OTPUMAHOTO  PIBHSHHS ~ perpecii  pesyJsibTaTam
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eKCIIepUMeHTyY 3a Kkpurepiem @imepa. [ IbOro pO3paxoBYIOTh JHUCIEPCIIO

aJIeKBaTHOCTI 3a (POPMYJIOLO:

N
Z(nyc _ yipee)
i=l

D, =1 , 15
ao N_L ( )

ne yP* — oGuucieHe 3a perpeciiiHMM pPiBHSHHSM 3HAYCHHS [ -OTO €KCIIEPUMEHTY,

L — KipKICTh 3HAUYIIUX KOe(ilieHTIB JiHIIHOI perpecii.
CrnocrepexxyBaHe 3HaueHHs kputepiro Dimrepa BU3HAYAIOTH 3a (opmyIioro:

Dad.
D

F= (16)

Axmo F < F,,, ToO MOzIeb aJIeKBaTHA 1 NEPEXOASITh 10 PO3KOLyBaHHS PIBHSHHS

perpecii, BUKOpUCTOBYOUYHM Bupasu (14).

SAxmo £ > F,, , TO MOAENb HE aJIeKBaTHa, 1 TOTPIOHO NepelTH A0 OLIbII CKIIaJHO1

Mozem (BiJl IpoOOBOro J0 MOBHOIO IUIAHY ab0 BijJ JIHIMHOTO JO KBaJAPAaTHYHOTO

piBHSIHHS) a00 3MEHIINUTH 1HTEPBaJ BapitoBaHHs (AKTOPIB.

1.3. BusHaueHHs SIKiCHOTO Ta KUIbKICHOT0 BILTMBY (haKTOPiB HA Yy TJIMBICTH

€MHICHOT'0 CEHCOPA BOJIOTOCTi OJITHOIIAPOBOI CTPYKTYPH

ExcriepuMeHTanbHUMHM  3pa3kaMy  CIyTYBaJld €MHICHI CEHCOPU BOJIOTOCTI
(M. Binnuns, Ykpaina, BHTY), BUTOTOBIIEHI Ha CHUTAJIOBIM MIAKIAJAII PO3MIPOM
0,7%0,9 cm. Ha moBepxHi CUTaNIOBOI MIAKIAKH HAHECEHA TUTIBKA MiJIi, SIKa YTBOPIOE
OOKJIaJKU €MHICHHUX CEHCOPIB BOJIOTOCTI y BHUIVISIII MEaHAPY 3 BIJNOBIIHOIO
reomerpiero 7,85-102x150-10°x1,2-10% m [6]. B Takiii KOHCTPYKIIii BOJIOrOYy TIMBEM
IapOM € TITPOCKOMIYHA CUIb, SKa CIYTye JieJIeKTpUuKoM. JIisg CTBOpEeHHS
BOJIOTOYYTJIMBOI TUIIBKM BHKOPHUCTOBYBAJIUCH PO3UMHM rirpockomniynoi com NaCl 3
koHuentparismu 0,89 Mo/ ta 5,33 MOJB/1, STKi HAHOCHIIMCH Ha TIOBEPXHIO EMHICHUX
CEHCOPIB BOJIOTOCTI IMyJIbBepu3aTopoM Ha Biactani 40 + 50 cm ToBmmHamMu 5,0 MKM Ta

10,0 MKM.
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J171s1 OIIHIOBAHHS AKICHO20 6NUE) HA YyTIMBICTH EMHICHOTO CEHCOpa BOJIOTOCTI
OJTHOIIIAPOBOI CTPYKTYpH TakuX (PaKTOpiB: TOBIIMHA BOJIOTOYYTJIMBOTO IIapy,
KOHIIGHTpaIliss po3uuHy coii (rirpockomiyHa cimb NaCl) Ta CyMICHOTO BIUIMBY
TOBIIMHA BOJIOTOYYTIWBOTO IIapy Ta KOHIICHTpAIlil PO3YMHY COJIi, 3aCTOCYEMO
bacamoghaxmopuuil OucnepcitiHull aHauis.

Jlnst po3paxyHKiB BHKOPHCTAHO TaKi TO3HA4YeHHS: (akTtop A — TOBIIMHA
BOJIOTOYYTJIMBOTO IIapy d, MKM; 4, — HWXHill piBeHb (axropa A; 4, — BepxHii
piBeHb (akropa A; ¢pakrtop B — KoHueHTpamis po3unny comi NaCl, sika BUKOHY€
¢yHkiro ancopOyrodoro marepiany C, Moib/1; B — HUXKHIil piBeHb (paktopa B; B,
— BepXHill piBeHb (aktopa B; AB — cymicHuii BrumB ¢aktopa 4 Ta ¢akropa B;
BIATYK MOJIENIl Y — 4yTJIHUBICTh EMHICHOTO CEHCOPA BOJIOrocTl S, nd/% .

[ToTpiOHO MpoBeCTH OLIHIOBaHHS BIUIMBY (pakTopiB A, B Ta AB Ha 4yTIuBICTh
€EMHICHOTO CEHCOpa BOJIOTOCTI OJHOMIAPOBOI CTPYKTYpPH 3a TaKUMH JaHUMHU

(bakTOpHOTO eKCrepUMeHTy (Tadmuis 3):

Taoauus 3 — Pe3yabTaTtu GaKTOPHOTO eKCIIEPUMEHTY

d =5,0 MKkM d =10,0 Mxkm
C =0,89 monw/n 5,2;4,8;6,7;7,8 6,1;5,0;7,5; 8,4
C =5,33 momp/n 10,1; 16,2; 25:3; 30,7 32,5;28,1; 38,5; 49,0

Jlns ko>kHOTO (haKTOpa MaeEMO JiBa PIBHS, OTXKE ¢ =2 Ta BICIM MPOTOHIB, TOOTO
p=38. Pe3synprat eKCHEpUMEHTIB, sKI IOAaHO B Ta0iuill 4 BIANOBIAAIOTH

OaratoakTOpHOMY TUTAHY Y BUMAAKY ABOX SIKICHUX (paKTOPIB.

OminroBanHs BIUMBY (aktopiB A4, B Ta AB 3a O0aratodakTopHUM
JTUCIIEPCIMHUM aHAII30M Yy BHUIAJKY JBOX SKICHUX (PakTopiB OyJaeMO MPOBOJIUTHU 3a
Bupazamu (1) — (5). Pesynbratu oOuucnenp 3a dopmynamu (1) — (5) momaHo B
Tabnwmi 5.

[ToTpiOHO 3ayBakuTH, M0 B 3HAMEHHHUKY 3JIMIIKOBOI gucmepcii (4) s
OaraToakTOpHOTO TUIaHA Yy BHUIIAJIKy JIBOX SKICHMX (DAaKTOPIB KUIBKICTH CTYIEHIB

BUTBHOCTI J0piBHIOE 12, a He 14, K B 0THO(GAKTOPHOMY JUCTIEPCITHOMY aHaIi3i.
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Taoauus 4 — Pe3yabTaTi 0aratopakTOpHOro mJIaHy y BUNAAKY ABOX SIKICHHX

dakropis
Jlucnepciitnuii anami3
52 4 4, aucnepcis KiHLKicTL
CTYTICHIB
BUIBHOCTI
B 5,2;4.8; 6,1; 5,0; dakrop 4 1
! 6,7;7,8 7,5; 8.4 daktop B 1
B 10,1; 16,2; 32,5;28,1; dakrop AB 1
2 25:3; 30,7 38,5; 49,0 3AINIIKOBA 15-3=12
p=38 N,, =16 3arajibHa 16-1=15
Ta6auus S — PesyabTaTu oniHIOBaHHS BILUIMBY GaKTOpiB 32
AUCTIEPCITHIM aHAJI30M
| B AB
V4, 13,35 VB, 6,438 VB, 21,575
Va, 21,888 VB, 28,8 Y48, 13,663
Y 17,619 Vg 17,619 V4B 17,619
Spaxm 291,58978 S paxm 2000,23618 S paxm 250,39898
S o 2762,68875 A 1053,91875 A 2803,81375
d parem 291,58978 d parem 2000,23618 d paxm 250,39898
17— 230,22406 17— 87,82656 17— 233,65115
F 1,27 F 22,77 F 1,07
Fo, 4,75 Fe 4,75 Fe, 4,75

PesynbTatu gocaiakeHb OTpUMAaHO Ha OCHOBI MOPIBHSHHS (PaKTOPHOI qucnepcii,

gka OOyMOBJIEHa BIUIMBOM (pakTopa Ta 3aJMIIKOBOI Jucmepcii, 1mo oOyMoOBIeHa

BIUIUBOM BHUNAJKOBUX NpUYUH. [lopiBHSHHS (PaKTOpHOI Ta 3aJIMIIKOBOI JHUCHEpCIi

MIPOBOANIOCH

3a BEIWYMHOIO KputTepito Dimepa.

OTxe,

BUKOPHUCTOBYIOUN

OaraTodakTOpHUN AUCTIEPCIMHUI aHaII3 TOBEACHO, III0 HA BITYK MOJEII, a caMe Ha

YyTJIMBICTh EMHICHOTO CEHCOpa BOJIOTOCTI OJIHOIIAPOBOi CTPYKTYPH BaroMHUil BILJIUB

Mae Qaktop B — koHueHtpamist po3unHy coii NaCl. B mpomMy BHITagKy 3HAYCHHS

kputepiro dDimepa, sSKe CHOCTEPIra€TbCsi B EKCIEPUMEHTI 3HAYHO TIEPEBUIIYE

KPUTHYHE 3Ha4eHHS KpuTepito Odimepa, a came 22,77>4,75 (F > F,,).

Boius
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daktopiB 4, AB, a came TOBIIMHH BOJIOTOYYTJIMBOIO IIAPY Ta CYMICHOTO BILIMBY

TOBLIMHU BOJIOTOYYTIUBOTIO 1Iapy + KOHLEHTpPAIli pO3UMHY COJi € HECYTTEBUM, TOOTO

I3HULISA B 3HAYECHHAX BIAT MOJIEJII OB’ si3aHa 3 BUITAAKOBUM 11 X TEPOM 1 H
13 3HaYe IATYKY MOJEl OB’ sI3aHa 3 aJIKo il XapakTepoM 1 HE

TOB’sI3aHa 31 3MIHOIO 3Ha4YeHHs dakTopa (F < F ). PesyibTaTi OLIHIOBaHHS BILIUBY

(hakTOpiB Ha YyTJIUBICTH EMHICHOTO CEHCOpPA BOJIOTOCTI OJHOIIAPOBOI CTPYKTYPH 3a

O0araToakTOpPHUM JTUCTIEPCIHHUM aHAII30M MTOAAHO B TAOJHII 5.

Tenep 3acTOCyeEMO peepecitinuil ananiz Il BU3BHAYCHHS KIIbKICHO20 6NUG) Ha

YYTIUBICTh EMHICHOTO CEHCOPA BOJIOTOCTI OJHOIIAPOBOI CTPYKTYPH TaKUxX (HaKTOPIB:

TOBIIMHA BOJIOTOYYTIMBOIO APy Ta KOHUEHTpAI[iSl PO3UYUHY COJIL.

Jns mpoBeneHHs pOo3paxyHKIB IMPUHMEMO Takl MO3HA4YeHHS: (akrop X; —

TOBIIMHA BOJOrOYyTIMBOIO Wapy d , MKM; (pakTop X, — KOHLIEHTpaLlis PO34HHY COJl

NacCl, sixa Bukonye QyHKIIII0 agcopOyrouoro marepiany C, MOJIB/T;, BIATYK MOJEML y

— YYTJIMBICT EMHICHOTO ceHcopa BoJorocti S, nd/% .

Tun excriepuMeHTy — 1€ YUCIIO0, Ke JOPIBHIOE KITBKOCTI €KCIIEPUMEHTIB B IJIAHI.

Tax, 115 1BOX PaKTOPIB KiNbKIiCTh eKCIIepUMEHTIB Oyae 2 =4, To610 N =4.

B Tabmuui 6 mogaHo 3HaYCHHS BIATYKY MOZEIi y;;, Kl OTPUMaHi B pe3yJbTaTi

MPOBEJICHHS TOBHOTO (DaKTOPHOTO EKCIEPHMEHTY THIIY 22 MPH KiIbKOCTi MPOrOHIB

p=3.

Ta6auusa 6 — Pe3yabTaT NOBHOT0 aKTOPHOIO eKCIIEPUMEHTY THILY 22

X X, Yil Y2 Vi3
5,0 0,89 5,2 4,8 6,7
10,0 0,89 6,1 5,0 7,5
5,0 5,33 10,1 16,2 25,3
10,0 5,33 32,5 28,1 49,0

[Tepeiinemo 10 CTaTUCTUYHOI OOPOOKHU pe3yIbTaTiB (DAKTOPHOTO EKCIIEPUMEHTY.

Ha mnouarky cratuctudHoi

eKCIIepUMEHTY 3a Kputepiem Koxpena.

00pOoOKM BUKOHYIOTH OIIHKY  8IOMBOPHBAHOCHIE
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CrnoctepexxyBane 3HadeHHS kputepito Koxpena obOuucimmo 3a ¢opmyiamu
(6)~(10) Ta oTpuMaeMO TakKi 3HAYECHHS: MaKCHUMajbHE 3HAUCHHS JUCTEpCli —
Dp.x =121,4; cymapHe 3HaueHHsa aucrepcii — Dy =182,48; cnocrepexyBaHe
3HaueHHs kpurepito Koxpena — G = 0,665 .

[Tepeiinemo m0 BW3HA4YeHHS TAaOJIWYHOTO 3HA4YEHHSIM KpuTepito Koxpena GKp.

[Mpu piHi 3naunmocti @ = 0,05, KiTBKOCTI CTYMEHIB BUTBHOCTI m=p—1=3-1=2,

xp» TO (hakTopHHii

maemMo G, =0,768. Ocxkinmeku  0,665<0,768, 106TO0 G <G
EKCIIEPUMEHT € BIATBOpIOBaHMM. 3a BupazoM (11) Bu3HaueHa OIiHKA JuUCHEpCii
reHepaibHOi CyKynmHOCTI — D =45,62.

CkilageMo MAaTpHIIO IUTaHyBaHHS MOBHO(akTopHOro excrnepumenty (IIDE)

(Tabnuis 7) Ta BUBHAUUMO KOC(IIIEHTH PIBHSIHHS perpecii.

Tadoauus 7 — Marpuus miianyBanus [IOE

22 X0 X X2 X1X2 Yj
1 + - - + 5,57
2 + + - - 6,2
3 + - + - 17,2
4 + + + + 36,53

IInaHyBaHHIO GaKTOPHOTO €KCIIEPUMEHTY THITy 22 Bi/ITOBia€ piBHSHHS perpecii

B 3araJlbHOMY BUTJISI/II:
Y =by +byx| +byxy +byxyx, .

BuxopuctoBytoun nani matpuii rianyBaHHs [IOE (tabmuui 7), BU3HAUMMO

koedirieHTH piBHSAHHS perpecii 3a hopmynamu (12):
by =16,38; by =4,99; b, =10,49; by =4,68.

3 BpaxyBaHHSM OTPUMaHUX 3HA4YC€Hb KOE(]III€HTIB, PIBHSIHHS perpecii mae

BUTJISL
y=16,384+4,99x; +10,49x, + 4,68xx, . (17)
OTxe, aHANMI3yIOYM OTPUMaHE PIBHSHHS perpecii, MoKHa 3pOOUTH BHCHOBOK

npo Te, Mo (GaKTop x, CHPUYMHAE HA BIATYK MOJenl HabaraTo OUIBINMI BIUIUB,
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S

HDK (akTtop x; abo xx,. Tobro konumerpamis poszuuny com NaCl, sxa

BUKOPUCTOBYBAJIACh Ul CTBOPEHHS BOJOTOYYTJIMBOTO IIApy CYTTEBO BILIMBA€E HA
YyTJIMBICTh €MHICHOTO CEHCOpa BOJIOTOCTI OJHOIIAPOBOi CTpPyKTypu. OTpumane
PIBHSIHHS perpecii MO>KHa BUKOPUCTOBYBATH IJIs1 HAOIMKEHUX PO3PAXYHKIB BIATYKY
MozeNi B 00J1acTi MPOBEICHHS EKCIIEPUMEHTIB.

3Ba)karouu Ha Te, 110 EKCIIEPUMEHT € BiATBOPIOBAHUM MEPEHAEMO 10 HACTYITHOTO
eTary CTaTUCTUYHOI 0OpOOKH PEe3yIbTaTiB.

Ha npomy eTami OLIHIOIOTH 3HAYYIICTh KOE(DIIIEHTIB PIBHSIHHA perpecii 3a
kputepieM CTbIOJICHTA.

[Mlpu  piBai  3Haummocti  «a=0,05, umcni  crymeHiB  BUIBHOCTI
m=N-(p—1)=4-(3-1)=8, maemo Tabnmuyne 3HaueHHs Kpurepiro CTbIOmEHTA
ey =2,31.

O1iHI0€EMO 3HAUYIIICTh KOSPILieHTIB b; 3a popmy:oro (13):

o =8,4>1,,=2,31> by € 3Hauynmm; # =2,56 > ¢,,, =2,31— by € 3HAUyIHIM;
th, =5,38 > bp = 2,31 > b,y € 3Hauymum; t; =2,4> lp = 2,31 — b; € 3HaYyIIUM.

3Ba)karouM Ha Te, M0 BCl KOE(IIIEHTH PIBHSAHHS pErpecii € 3Ha4ylUdMH, TO
HACTYIHUHN €Tar CTaTUCTUYHOI 0OpOOKU pe3ybTaTiB (PAKTOPHOTO EKCIIEPUMEHTY HE
BUKOHYIOTb, 1 BBXKalOTh 0OPOOKY pPe3yJIbTaTIB 3aKIHUEHOIO.

dakTopu x;, X, BXOAATH 10 pIBHAHHA perpecii y KOJOBAHOMY BUIJIS[IL.
[lepeiimeMo 10 pO3KOAYBaHHSI PIBHSHHS perpecii, sKe OTpUMald B pe3yJbTari
00po6ku pesynpraTiB [IOE. Jlns nporo neperBopuMo 3a ¢popmynamu (14) mouatkosi
3MiHHI B JIOTIOMDKHI Ta Bpaxye€Mo 00JIacTh MPOBEJACHHS €KCIIEPUMEHTIB (Tabiuils 6)
X, €(5,0;10,0), X, €(0,89;5,33).

X, -7,5 X, =311
—_—, Xy =—"——.
2,5 2,22

Xl—

(18)

Bpaxyemo ui 3HauenHsi B piBHsAHHI (17). Y pe3ynpTaTi MaeMo OCTaTOYHE
PIBHSIHHS perpecii B MaciTadi peasibHUX (paKTOPIB TAKOT'O BUTIISIY:

¥ =6,38-0,63X; —1,60X, +0,84.X, X, . (19)

MONOGRAPH 25 ISBN 978-3-98924-032-2



Al
g
Science for modern man ‘ 2024 Part 2 %

OTtpuMaHe ocTaTOYHE PIBHSHHS perpecii B Macitadi peanbHuX (aktopiB (19)
Ja€ 3MOTy MPOBECTH ONTUMI3AII0 MapaMeTpiB CTBOPEHHS BOJOTOYYTJIMBOTO IIapy
€MHICHOTO CEHCOpa BOJOIOCTI OJHOLIAPOBOI CTPYKTYPH 3 MAaKCHUMaJIbHUM
3HaYEHHSAMH (QYHKIIT BIATYKY — «9YTIUBICTBY». SIK KpUTEpii onTumizailii mapameTpinB
CTBOpPEHHSI BOJIOTOYYTJIMBOTO IIapy TAaKOIO0 €MHICHOTO CEHCOpa BOJIOIOCTI 0OpaHO
Yy TIUBICTh. 3 €KCIEPUMEHTIB BUIHO, 110 YyTJIUBICTh EMHICHOI'O CEHCOpa BOJIOTOCTI
OJIHOIIIAPOBOI  CTPYKTYpPH  3aJ€XKHUTh B Takux (PakTopiB SK  TOBIIMHA
BOJIOTOYYTJIMBOTO LIapy Ta KOHLEHTpalist po3unHy coii NaCl, sika BUKOHY€E (DyHKIIIIO
azicopOyrouoro marepiany. OaHak, CyTTEBUN BILIUB HA Uy TJIMBICTh EMHICHOTO CEHCOpa
BOJIOTOCTI Ma€ KOHIEHTpallisi po3uuny rirpockoniyHoi com NaCl. Bcranosneno, 1o
HaloOuIbmIa 4yyTauBicTh 36,32 nd/% 3abe3nedyeTbcss NpU TaKUX ONTHUMAJIBHUX
mapaMmeTrpax TpOIeCy CTBOPEHHS  BOJIOTOYYTJIMBOTO  IHapy:  KOHIIEHTpaIlii
aacopOyrodyoro marepiany — 5,33 Moub/J1 Ta TOBIIMHI BoJjiorouyTiuBoro mapy 10,0

MKM.

1.4. Bu3zHaueHHA AKICHOIO Ta KiJIbKICHOT0 BILIUBY ()aKTOPIB HA Yy TJIHUBICTH

€MHICHOTO CEHCOPA BOJIOTOCTI IBOIIAPOBOI CTPYKTYPH

[Ipy pmochipkeHHI €MHICHUX BOJOTOYYTJIMBUX €JIEMEHTIB  OJHOILIAPOBO1
CTPYKTYpH, po3po0ieHnX Ha OCHOBI Tirpockomiunoi cojii NaCl BctaHoBieHo, 110
OCHOBHUM HEJOJIIKOM TaKUX €JEMEHTIB € Te, 1[0 BOHM 3/IaTHI MpAIfOBaTH TUIbKU B
oOMeXeHOMY Jl1arna30H1 BIIHOCHOI BOJIOTOCTI HMXKUE TOYKHU pocH [6]. s ycyHeHHs
I[OTO HEJOJIKY BUHHUKIIA 171es CTBOPEHHS 3aXHCHOTO TTOJIIMEPHOTO TTOKPUTTSI 3 METOIO
3ano0iraHHs BUMAAIHHS TOYKU pocH [7].

OCHOBOIO PO3POOKH CITYTyBaIM €MHICHI BOJIOTOUYTJIMBI €IEMEHTH OAHOLIAPOBOL
CTpYKTYypH. BonorouyTiuBum mapoM B Takii KOHCTPYKIIii € rirpockomniyda ciiabs NaCl,
dKa BHUKOHY€ (YHKIIIO JielieKTpuka (mepimmid map). 3 METOK CTBOPEHHS
BOJIOTOUYTJIMBOTO TIapy, BUKOPUCTOBYBAIUCH PO3UMHM Tirpockomiynoi coii NaCl 3

KoHieHTpaiisamu 0,89 Monb/n Ta 5,33 MoJIb/J1, SIKI HAHOCUJIUCH IUISIXOM PO3MUIICHHS
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Ha TIOBEPXHIO E€MHICHHUX CEHCOpIB BoJiorocTi ToBiuHamu 5,0 mMkm Ta 10,0 MKMm.
3axMcHUM [mapoM (Opyruil 1iap) CiIyryBaja BOJIOTONOTJMHAJIbHA  TUTIBKA
noJiiMeTuIMeTakpuiaty TopmuHamMu 40 Mkm 1a 80 MKM.

B Takmii crioci0 oTpuMaaud €MHICHI BOJIOTOUYTJIMBI €JIEMEHTH JBOIIAPOBOI
CTPYKTYpH.

3acTocyemo bazamoghakmopHutl OUCnepcitiHuli ananiz Ijs ONIHIOBAHHS SKICHO20
6N1U8Y HA YYTIUBICTb EMHICHOTO CEHCOpa BOJIOTOCTI JBOILIAPOBOI CTPYKTYPHU TAKUX
(dakToOpiB: TOBIIMHA BOJIOTOYYTJIMBOTO IIapy; TOBIIMHA 3aXHMCHOTO IIapY;
KOHIIEHTpaIliss po3uuHy cou (rirpockomiyHa cuib NaCl) Ta CyMmiCHOTO BIUIHMBY:
TOBIIMHA BOJIOTOYYTJIMBOTO IIapy + TOBIIMHA 3aXHCHOTO IIapy; TOBIIUHA
BOJIOTOYYTJIMBOTO TIAPy + KOHIICHTPAIIisl PO3UYMHY COJIi; TOBIIMHA 3aXUCHOTO TIapy +
KOHIIEHTpAI[isl PO3YMHY COJI1; TOBILIMHA BOJIOTOYYTIUBOTIO MIAPY + TOBLUIMHA 3aXHCHOTO
nrapy + KOHILIEHTpALlisl PO3YHHY COJIi.

JInst po3paxyHKiB BHKOPHUCTAEMO TakKi TO3HAa4YeHHS: (GakTtop A4 — TOBIIMHA
BOJIOTOYYTJIMBOTO Mapy dp;;, MKM; A, — HIDKHIN piBeHb (aktopa A; A4, — BepxHii
piBeHb pakropa A; GpakTop B — TOBIIMHA 3aXUCHOTO 1IAPY d 3, MKM; B; — HIDKHIN
piBeHb ¢axkTopa B; B, — BepxHiil piBeHb (pakropa B ; daktop C — KOHIEHTpaLis
pozunny comi NaCl, sika BukoHye QyHkiiro agcopOyrodoro marepiany C, mons/n; C,
— HIWKHIN piBeHb ¢akropa C;C, — BepxHill piBeHb (akTopa C; AB — cymicHui
BIUIMB (akTtopa A Ta dakropa B; AC — cymicuuii BiumuB ¢akropa A ta dakropa C;
BC — cymicHuii BiumB ¢dakropa B Ta ¢akropa C; ABC — cymicHul BILUTUB (DaKTOPiB
A, B Tta C; BiaryK Mojeli y — YyTJIHMBICTb €MHICHOI'O CEHCOpa BOJOIOCTI
JABOLIAPOBOi CTPYKTYpH S, HD/% .

[TpoBenemo ominroBanHs BBy pakropiB A, B, C, AB, AC, BC ta ABC Ha
YyTIUBICTh €MHICHOTO CEHCOpPa BOJIOTOCTI JBONIAPOBOI CTPYKTypu. B Tabmmii 8
MO/TAHO PE3yJIbTaTH (PAKTOPHOTO EKCTICPUMEHTY.

Koxxuuit pakrop mae nBa piBHs, TOOTO ¢ =2 Ta ABaHAIUAThH MMPOTOHIB, TOOTO
p=12. B Ttabmumi 9 mnomaHo pe3yJbTaTH EKCIEPUMEHTIB, SKI BIAMOBIIAIOTH

OaraTogakTOpHOMY IUTAHY Y BUMAAKY TPhOX SAKICHUX (PaKTOpiB.
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Tadoauus 8§ — Pe3yabTaTn GaAaKTOPHOI0 €KCIIEPUMEHTY

A =50 | dgyy =10,0 | dgy =40,0 | dyyyy =80,0
MKM MKM MKM MKM

C=0,39 0,38; 0,48; 0,75; 0,86; 0,42; 0,53; 0,83; 0,95;
MOJIB/JI 0,54 0,91 0,6 1,25

C=5,33 0,57; 0,62: 0,97; 1,78; 0,68; 0,78: 1,89; 2.95;
MOJIB/JI 0,75 2,82 0,82 3,78

Ta6auus 9 — PesyabraTn 6aratogakToOpHOro MJIAHY y BUNIAAKY TPHOX

SIKICHUX (pakTOpiB

A4 A4, JlucniepciitHuil aHami3
53 KUTBKICTD
C, C, C, G, JMCIIEpCist | CTYIEHIB
BIJIBHOCTI
daxrop 4 1
B 0,38;0,48; | 0,75;0,86; | 0,42;0,53; | 0,83;0,95; | dakrop B 1
! 0,54 0,91 0,6 1,25 daxrop C 1
dakrop AB 1
daktop AC 1
B, | 057062 | 0.97; 178 | 0.68;0,78; | 1,89;2,95; q’agggogc }
0,75 2,82 0,82 3,78 ABC
3almmkoBa | 23-7=16
p=12 N,, =24 3aranbHa | 24-1=23
[TpoBenemo ominroBanHs BILmBY QaktopiB 4, B, C, AB, AC, BC ta ABC 3a
OararohakTOpHUM JTUCTIepCITHUM aHaJII30M, BUKOPHUCTOBYIOUHU BUpa3U

(1)— (5). B tabaumi 10 noxano pe3yibratu o04uuciaeHs 3a popmysaamu (1) — (5).

(4) nna

O0araToakTOpHOTO IJIaHY Y BUIAJKY TPhOX SKICHHX (PAKTOPIB KIJIBKICTH CTYIIEHIB

3ayBaXuMO Te€, IO B 3HAMEHHHMKY 3aJMIIKOBOi JAHCIEPCii
BUIBHOCTI IOP1BHIOE 16 (117151 0JHO(PAKTOPHOTO JUCIIEPCIMHOTO aHamizy — 22).
[TopiBHsSIHHS (aKTOPHOI Ta 3aJIMIIKOBOI JUCHEPCli MPOBOAUIOCH 32 BEIMUNHOIO
kputepito dimepa. OTke, BUKOPUCTOBYIOUN OaraToakTOPHUM TUCTIEPCIHHUN aHai3
JI0BEJICHO, 1110 Ha BIATYK MOJIENl, TOOTO Ha UYyTJIMBICTh EMHICHOTO CEHCOpa BOJIOTOCTI

JIBOLIAPOBOI CTPYKTYPH BILIMBAIOTH: (pakTop B — TOBIIMHA 3aXUCHOTIO Wapy, F > F,,

(4,56>4,49); daxrop C — konuentpais pozunny coni NaCl, F > F,_, (9,08>4,49), a
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Taoauus 10 — Pe3yabTaTn ONiHIOBAHHS BILIUBY (PAKTOPIB

3a QUCHePCiiiHIM aHAJI30M

Pakropu
A B C AB
Y4 0,95 VB, 0,71 e, 0,6 VB, 1,66
V4, 1,29 VB, 1,53 e, 1,65 Y ag, 2,82
V4 1,12 Vg 1,12 Ye 1,13 Y 4B 2,24
S paxm 0,6936 S parm 4,0344 S parm 6,6156 S paxm 8,0736
Seaom | 115513 | S | 14,1429 | S, | 11,6515 | S, | 31,6942
A paxm 0,6936 d parm 4,0344 d parm 6,6156 A paxm 8,0736
ds’aﬂum 1 2 1 dsajmm 0’8839 dSaJmm 097282 ds’aﬂum 290
F 0,63 F 4,56 F 9,08 F 4,04
Fe 4,49 Fo 4,49 Fo 4,49 Fe 4,49
dakropu
AC BC ABC
Yaq 1,55 YBC, 1,31 YA4BC, 1,24
Yac, 2,94 YBc, 3,18 YaBC, 1,01
Yac 2,25 YBC 2,25 YABC L13
S paxm 11,5932 S paxm 20,982 S paxm 0,318
R 29,2028 R 25,7944 A 17,9245
d parm 11,5932 d paxm 20,982 d paxm 0,318
17— 1,8252 7 1,6122 17— 1,1203
F 6,35 F 13,01 F 0,28
Fe 4,49 Fe 4,49 F, 4,49

TaKOXX CyMICHUU BIUIMB (QakTopiB AC —

TOBIIMHA BOJOTOYYTIMBOrO Iapy -+

KOHIIGHTpAIlil pO3YMHy coii, F > Fy (6,35>4,49) Ta ¢aktopiB BC — TOBILIHUHA

3aXHCHOTO MIapy + KOHLEHTPALis po34uHy coi, F > F, , (13,01>4,49), T06T0 pisHuLL

B 3HAQYCHHSX BIJITYKY MOJICJII ITOB’sI3aHa 31 3M1HOIO 3Ha4YeHHs (DaKkTopa 1 HE MOXKe OyTH

CIIPUYMHEHA TUTHKH 11 BUTIAIKOBUM XapPaKTEPOM.

Opnak, CyTTEBO BIUIMBA€ Ha BIATYK MOJENl CyMiCHUU BIUIMB ¢aktopiB BC, a

caMe TOBIIMHA 3aXMCHOIO IIapy + KOHUEHTpallisi po3uuHy cojii. B nboMy BUMaaky

3HaueHHs kputepito Dimepa, sSKe CHOCTEPIraeTbCsi B EKCIEPUMEHTI 3HAYHO

MONOGRAPH
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NIEPEBHIIy € KPUTUYHE 3HaYCHHsI KpuTepito Dimepa, B TOPiBHAHHI 3 BUIIE HABEACHUMHU
3HAYCHHSAMH BIUIMBY (aktopiB. Brums dakropiB A, AB i ABC, a came, TOBIIMHA
BOJIOTOYYTJIMBOTO IIapy, CYMICHOTO BIUIMBY: TOBIIMHA BOJOTOYYTJIMBOrO Iiapy +
TOBIIMHA 3aXUCHOTO IIapy; TOBIIMHA BOJOTOYYTIMBOTO IIapy + TOBIIHWHA 3aXHCHOTO
mapy + KOHIIGHTpAIlii PO3YMHY COJl € HECYTTEBUM, TOOTO PI3HUIlA B 3HAYCHHSX
BIJITYKY MOJEJIl MOB’si3aHa 3 BUIIAJKOBUM ii XapakTepoM 1 HE MOB’s3aHa 31 3MIHOIO

3HayeHHs1 (akTopa (F <FKp). Pe3ynbraty OIIHIOBaHHS BIUIMBY (DakTOpiB Ha

YyTIWBICTH ~ €MHICHOTO  CEHCOpa BOJIOTOCTI  JBOIIAPOBOI  CTPYKTYpHU  3a
OaraToakTOpHUM JIUCTIEPCITHUM aHaII30M TToAaHo B Tadsmii 10.

3a JOMOMOIOI0 pecpeciiiHo20 aHani3y BU3HAYUMO KLIbKICHULU 6niué Ha
YYTIUBICTh EMHICHOTO CEHCOpPA BOJIOTOCTI JABOIIAPOBOI CTPYKTYPH Takux (HaKTOpIB:
TOBUIMHA BOJOTOYYTJIIMBOTO HIApy; TOBIIMHA MOJIIMEPHOTO MOKPUTTS, SIK 3aXMUCHOTO
mapy; KOHIIEHTpAIlis PO3YHHY COJIi, K aJIcCOPOyI0U0Tro MaTepiay.

Jns po3paxyHKIB NIpUIMEMO Taki IO3HA4YeHHA: (akTop X; — TOBIIMHA
BOJIOTOYYTIMBOIO Wapy d , MKM; (pakTop X, — TOBIIMHA 3aXUCHOTO IIApy d, MKM;
(dakTop X; — KoHueHTpamia pos3umHy coml NaCl, ska BukoHye (QyHKIIIO
aacopOyrwouoro marepiany C, MOJB/JI; BIATYK MOJAENl ) — UYyTJIMBICTH €MHICHOTO

CEHCOpa BOJIOTOCTI JBOLIAPOBOI CTPYKTYpU S, HD/%.

Jist TphOX (PaKTOPIB KIJIBKICTh €KCIIEPUMEHTIB —23 =8, to6T0 N =8.

IIpy TPOBEICHH] MOBHOTO (haKTOPHOTO EKCIIEPHMEHTY THITy 2° IpPH KiIBKOCTI

MPOTOHIB p =3 OTPHMAHO TaKi 3HAYCHHS BIATYKY Mozien y;; (Tabmuiust 11):

Ta6auus 11 — Pe3yabpTaTi NOBHOTO (PAKTOPHOI0 €KCIIEPUMEHTY THILY 23

X X X3 Vil Yid Vi3
5,0 40 0,89 0,38 0,48 0,54
10,0 40 0,89 0,42 0,53 0,6
5,0 80 0,89 0,57 0,62 0,75
10,0 80 0,89 0,68 0,78 0,82
5,0 40 5,33 0,75 0,86 0,91
10,0 40 5,33 0,83 0,95 1,25
5,0 80 5,33 0,97 1,78 2,82
10,0 80 5,33 1,89 2,95 3,78
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[IpoBenemMo cratucTUUHY OOpPOOKY pe3ynibTaTiB (PAKTOPHOTO EKCIEPUMEHTY.
Cnouatky 3a ¢popmynamu (6)—(10) o6uncIMMO cIOCTEpEKyBaHE 3HAUEHHS KPUTEPIIO

Koxpena: MakcuManpHe 3Ha4YeHHs aucnepcii — D, =0,9; cymMapHe 3Ha4YeHHA
nucriepcii — Dy =1,85; criocTepexxyBaHe 3Ha4eHHs kpurepito Koxpena — G~ 0,486.

HactymauM  KpokoM  cTaTHCTHYHOI OOpOOKH  pe3yibTaTiB  (aKTOPHOTO
eKCIICPUMEHTY € BU3HAUCHHs TabJIMYHOTO 3Ha4YeHHsAM Kputepito Koxpena G,,. Ilpu
piBHi 3HaunMocTi @ = 0,05, KUTbKOCTI CTYTEHIB BUTBHOCTI m = p —1=3 —1=2, Maemo
G,, =0,516. Ockinbku 0,486<0,516 (G< G,,) MOXHa 3pOOUTH BHCHOBOK, LIO
(bakTOpHUI EKCIIEPUMEHT € BIITBOpIOBaHMM. 3a Bupa3oM (11) Bu3HayeHa oOIliHKA
JAHCIEepCii reHepaIbHOT CYKYITHOCTI, sika HaOyBae 3HadyeHHs: D =0,23.

CkiiageMo MaTpHIl0 IUTaHyBaHHS MoBHO(akTopHOro excnepumeHty (IIDE)

(Tabmurs 12) Ta Bu3HaAUMMO KoedimieHTH piBHSHHS perpecii 3a popmynamu (12).

Tadoanusa 12 — MarTpuus niianyBanusa [IOE

23 Xo X X X3 XXy | XX3 | XpX3 | XXpX3 | Y

1 + - - - + + + - 0,47
2 + + ] ] ] ] + + 0,52
3 + - + - - + - + 0,65
4 + + + - + - - - 0,76
5 + - - + + - - + 0,84
6 + + - + - + - - 1,01
7 + ] + + ] ] + ] 1,86
8 + + + + + + + + 2.87

Koeiuientu piBHSIHHS perpecii Ha0yBalOTh TAKUX 3HAUEHb:
by=112; b =0,17; b,=0,41; b;=0,52; b, =0,11;
bs=0,13; bg=0,31; b;=0,1.
B pe3ynbTaTi piBHSHHS perpecii Mae BUTJISL:
yPe =112+0,17x; +0,41x, +0,52x5 + 0,1 Lx;x5 + 0,13x;x3 + 0,3 1x5x3 + 0,15 X3

(20)
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3 oTpuMaHOro piBHsAHHA perpecii (20) BUIHO, O (GAKTOP x;3— KOHLEHTpaLis
po3unHy cojii NaCl cnpuuuHsie Ha BIATYK MoOJiell Habarato OiJIBIIMN BIIUB HIXK

(axkTopH: x; — TOBIIMHA BOJIOTOYYTIMBOIO IAPY; X, — TOBIIMHA 3aXMCHOIO MIapy Ta iX
cymicHui BIuiB. OTKe, OTpUMaHe PiBHSHHS perpecii MokHa BUKOPUCTOBYBATH IS
HaOIMKEHUX PO3PaXyHKIB BIATYKY MOJIEIi B 00JIaCTi TPOBEICHHS €KCIIEPUMEHTIB.

OCKIiTbKH €KCTIEPUMEHT € BiATBOPIOBAHUM, TO MEPEHIEMO 10 HACTYITHOTO €TaITy
CTaTUCTUYHOI 0OpOOKHM pe3ysbTaTiB. A caMe, IPOBEIEMO OIIHIOBAHHS 3HAYYIIOCTI
KoeQillieHTIB PiIBHIHHS perpecii 3a kputepiem CTbIOICHTA.

[Mlpu  piBai  3Haummocti  «a=0,05, umcai  crymeHiB  BUIBHOCTI
m=N-(p—-1)=8-(3—-1)=16, Tabmuune 3HaueHHs KpuTepito CThIONEHTa —
tep =2,12.

3a dpopmyioro (13) mposeseMo OLIHIOBAHHS 3HAYYIIOCT] KOShILIEHTIB b :
to=11,45> bp = 2,12 = by € 3nauymmm; ¢ =1,74< lp = 2,12 — b, € HE3HAYYIIUM,;
t, =4,2>1, =212 b, €3Ha4ynmm; 13=5,3>1t,, =2,12 — by € 3HAUYIUM;
ty=112< ey = 2,12 = b, € He3HAUYLIMM; 5 =1,33 < by = 2,12 — by € HE3HAUY LM,
te =3,17>1t,, =2,12 > bs € 3Hauymum; 17 =1,02 <1, =2,12 — b; € HE3HATY M.

CkopuroBane piBHSIHHS perpecii 3a kputepiem CTbIoJIeHTa Ma€ BUTIIA;
yPe =112+ 0,41x, + 0,52x3 + 0,3 1x,x3. (21)
3Ba)karouu Ha Te, [0 B PIBHAHHI perpecii € He3Hauy1l KoedillieHTH, nepenaemMo
10 HACTYIHOTO ETaly CTaTHCTUYHOI OOpoOKM  pe3ymibTariB  (pakTOpHOTO
ekciepuMmeHTy. IlepeBipuMO  aJeKBaTHICTh OTPUMAHOIO PIBHSHHS  perpecii
pe3ysbTaTaM eKCIEpPUMEHTY 3a kputepiem dimepa.
[TincraBuMO BIiJAMOBiAHI 3HAYeHHS (akTopiB y piBHSIHHA (21) 1 BU3HAYMMO

3HAYEHHS BIATYKY MOJENi B KOXHOMY ekcriepuMeHTi. OGuuncieni 3HaueHHs P

3aHOCUMO Yy TaOJIUIIIO pe3yIbTaTiB eKCIIepUMEHTIB (Tabmuis 13):
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Taoauus 13 — 3HaveHHA BIATYKY MojiejIi B KOKHOMY eKCIIepUMEeHTi

23 Xy X3 y yPe
1 - - 0,47 0,5
2 - - 0,52 0,5
3 + - 0,65 0,7
4 + - 0,76 0,7
5 - + 0,84 0,92
6 - + 1,01 0,92
7 + + 1,86 2,36
8 + + 2,87 2,36

Busnaunmo 3HaueHHS aJIeKBaTHOCTI aucnepcii 3a popmysioro (15), BpaxoByrouw,

mo N=8, L=4:

D

a

5=5-107 .
3uaueHHs kputepito Dimepa oduncneHe 3a popmyinoro (16) Mae BUTISA:
F=0,02.
Kputnune 3uadenuss kputepiro @Dimepa mpu piBHi 3Hauumocti « =0,05 i
KUJIBKOCTI CTyneHiB BUlbHOCTI my =N -(p—-1)=8-3-1)=16 Tamy=p—-1=3-1=2
JIOP1BHIOE

Fy, =19,41.

OckinpKu F<Fg,,, piBusHHs perpecii (21) BU3HAETBCS —aJCKBATHUM

pe3yibTaraM (paKTOPHOTO EKCIIEPUMEHTY .

dakTopu x, Ta x3 BXOIATH JI0 PiBHAHHSA perpecii (21) y ko10BaHOMY BUIJIAIIL.
Po3konyemo piBusiHHS perpecii (21). 3a dopmynamu (14) mepeTBOpUMO MOYATKOBI
3MiHHI B JIOTOMDKHI Ta Bpaxy€eMo 00JIacTh MPOBEIECHHS eKCTIepUMEHTIB (Talmuist 11)
X1 €(5,0;10,0), X, €(40;80), X5 <(0,89;5,33):

X, -7,5 X, — 60 X;-3,11
M=7o5 0 2Ty 0 BT,

(22)

OcratrouyHe piBHAHHS perpecii B Maciitadl peanbHUX (PaKTOpiB Ma€ TaKHil

BUI'JIA:

yP% =0,46-0,001.X, —0,18X5 +0,01.X,.X;. (23)
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PiBusiHHST perpecii B macmTabl peanbHux ¢akTopiB (23) cnpusie onTumizamii
rapamMeTpiB BUTOTOBJICHHS €MHICHOTO CEHCOpa BOJOTOCTI ABOIIAPOBOI CTPYKTYPH 3
MaKCUMaJbHUM 3HA4€HHAM (yHKIII BIATYKY MOJAENl — «4yTIuBiCTb». Kpurepiem
ONTUMI3aIlli TapamMeTpiB BHUTOTOBJICHHS BOJOTOYYTJIMBOTO Ta 3aXHCHOTO IIIapiB
€MHICHOT'O CEHCOPa BOJIOTOCTI JIBOIIAPOBOI CTPYKTYPH € YUY TIUBICTh. 3 €KCIIEPUMEHTIB
BUJHO, IO YyTJIMBICTH €MHICHOTO CEHCOpa BOJIOTOCTI JBOIIAPOBOi CTPYKTYpH
3QJISKUTH B1Jl TaKMX (DaKTOPIB: TOBIIMHA 3aXMCHOTO APy Ta KOHIIEHTPAIlsl PO3UYHHY
coui NaCl, sixa BukoHye pyHKIIit0 agcopOyrouoro marepiany. OiHaK, CyTTEBO BILUIUBAE
Ha YyTJIMBICTb EMHICHOTO CEHCOpa BOJIOTOCTI JBOIIAPOBOi CTPYKTYPH KOHIICHTpAILIis
po3unHy rirpockomniuHoi coni NaCl. Becranosieno, 1o Haiioinbla yyTiuBicTh 2,36
HD/% 3a0e3nedyeThCcsl 32 TAKUX ONTUMAJIBHUX TMapaMeTPiB MPOIECY BUTOTOBIICHHS
€MHICHOTO CEHCOPa BOJIOTOCTI JIBOIIAPOBOI CTPYKTYPH: KOHIICHTpAIlis aIcCOPOYHOYOro
Marepiany — 5,33 mMoib/J, ToBIIMHA 3axucHOTO mapy — 80 mkMm. BpaxoByrouu Te, TO
TOBIIMHA BOJIOTOUYTJIMBOTO LIapy HE BIUIMBAE HA YYTIMBICTH €MHICHOTO CEHCOpa

BOJIOTOCTI, TOBILMHY IIbOTO IIapy MO>KHA B35TH B J1ana3oHi Big 5,0 mkm g0 10,0 MxMm.

1.5. 3acrocyBaHHsI Apo0OBOro (PaAaKTOPHOrO0 EKCIHEPUMEHTY JIf KiJbKiCHOTO
OLIHIOBAHHSA BILIMBY (PAKTOPIB HA YYTJIMBICTH EMHICHOTO CEHCOPa BOJIOTOCTI

ABOILIAPOBOI CTPYKTYPH

JloBeneHo, 110 MOBHI (DaKTOpHI IUIAHM AAalOTh 3MOTY HAWTOYHINIE BUBYUTH
MEXaH13M BIUIMBY (DAKTOPIB HA JIOCHIIKYBAaHY CUCTEMY 1 CHPUSIIOTH (POPMYITIOBAHHIO
HalOlIbII  OOTpYHTOBaHMX  BUCHOBKIB. [IpoBeneHHs mOBHMX  (haKTOPHUX
€KCIIEpMMEHTIB B 0araTo(pakTOpHUX CHUCTEMax MOB’si3aHe 13 3HAUHUMH TPYIHOIIAMH,
TOOTO pO3MIp MATpHIll TUIAHYBAaHHS Ta OOCST E€KCIIEPUMEHTY 3HAYHO 3pPOCTa€ 3i
30UTBIIIEHHSIM ~ KITBKOCTI  (pakTopiB. BogHouac B piBHAHHI perpecii CyTTEBO
30UTbIIY€ETHCS KUIBKICTh JOJAHKIB, K1 OMUCYIOTh B3aeMozii ¢gakropiB. [JociigHuka
LIKABJIATh JIMIIE JIOJAHKH, SIKI ONUCYIOTh (akTtopu. ToMmy 3a BEIMKOi KIJIBKOCTI

(akTOpiB HEXTYIOTh JESKOI YaCTHMHOIO PIBHSIHHS perpecii, 110 ONUCYE CKIAJHI
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B3aemoii gakropis. s 1iporo OyayoTh ApoOOBUIA TIaH eKcriepuMeHTy. J[poboBuit

IJ1aH q)aKTOpHOI‘O CKCIICPUMCHTY BHUXOIWUTHb 3 IIOBHOI'O IIJIAHY HpI/IpiBHI-OBaHHHM

TiHIAHUX edekTiB 10 edekTiB B3aemoii. KokHe BBeZeHE CIIBBIIHOIICHHS 3MEHIIIYE
1ad BABIYi. ToMy, SIKIIIO OBHHM TUIaH — TUITY 2% i BBeeHO m CIIiBBiHOIICHB, TO

BUXOJUTH APOOOBUH MJIaH THUILY 2k=m s OTpUMAaHHS JIIHIKHUX MOJENEN HIMPOKO
BUKOPHUCTOBYIOTHCS Ap000BI perutiku. EQeKkTHBHICTh BUKOPUCTaAHHS APOOOBUX PETLIIK
3aJeXUTh B TMPaBUIBHOIO BHOOpPY CHCTEMM 3MIIIyBaHHS JIHIHHUX €(eKTiB 3
edexTaMu B3aEMOI1. 3BaXKAOUM Ha Te, 10 B IPOOOBUX PEIUTIKAX YACTHHA B3a€EMO/IIM
3aMIHIOETHCS HOBUMU (DaKkTOpamu, 0O0UnClIeH] KoeDIliEHTH PIBHSIHHS perpecii 0y 1yTh
CYMICHUMHU OIlIHKAMHU JHIHHUX e(eKkTiB Ta e(ekTiB B3aemofli. 31 301IbIIEHHSIM
KUIBKOCTI (PaKTOPiB 3pOocTa€e JOIIBHICTh X BUKOpUCTaHHs [20—23].

Y Tabmuui 14 nOpoaeMOHCTPOBAHO SIK  KUIBKICTh —E€KCIEPUMEHTaJIbHUX

JOCJIIDKEHb CYTTEBO 3aJICKUTh Bl 3HAYEHHS IPOoOOBOI perutiku [23].

Tadoauus 14 — YMOBHI No3HAYeHHS APOOOBUX PeILTiK Ta KUIbKICTh J0C/iIiB

KinekicTe mocimigis
Kinbkicth JlpoGoBa perutika YMoOBHE JUTst TpoOOBOT st [IOE
bakTopiB NO3HAYECHHS peTuTiKu
3 1/2 permika Bix 2° 231 4 8
4 1/2 perutika Bix 2% 241 8 16
5 1/ 4 perunixa Big 2° 2572 8 32
6 1/ 8 perutika Bix2° 263 8 64
7 1/16 pemnixa Bix 27 274 8 128
5 1/ 2 peruika Big 2° 2571 16 32
6 1/4 perrika Big 2° 262 16 64
7 1/ 8 peruixa Big 2’ 273 16 128
8 1/16 perutika Bix 2° 284 16 256
9 1/32 pemika Bix 2° 2973 16 512
10 1/ 64 perrika Big 2'° 210-6 16 1024

CKOpOUYeHHS KIJTBKOCT1 JIOCHTIIB CIPUYUHSE TOSBY KOPEJslii MK OILIHKaMH
koedimieHTiB. L{s1 oOcTtaBuHA HE J03BOJSE OKpEMO OLIIHIOBAaTH e(PeKTH (PakTopiB 1

edexTH B3aeMOIii. Y TBOPIOIOTHCA TaK 3BaHi 3MilaHi omiHky [20—22].
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B po6orti [10] nnst omiHOBaHHA BIUIMBY (DakTOpPIB Ha YYTJIMBICTb €MHICHOTO

CEHCOpa BOJIOTOCTI JBOIIAPOBOI CTPYKTYPH 3aCTOCOBAHO TOBHUM (HaKTOpHUI

EKCIIEPUMEHT THITY 2} , SIKUY TiepeadadaB MpOBECHHS § €KCIIEPUMEHTIB. 3aCTOCYEMO
npoooBuii  daktopHuit  excriepuMmeHT (JIDPE) ans 3MeHIIEHHS — KUIBKOCTI
€KCIIEPUMEHTIB, IKUH € YaCTHHOIO B1J] MOBHOTO (haKTOPHOTO EKCIIEPUMEHTY. 3arajiom,
00 MpaBUIBLHO JOCTIKYBaTH 00’ €KT 3a gonomororo JIDE, motpi6HO 3acTocyBaTh
BEJMKY KUIBKICTh TEOPETHMYHUX BIAOMOCTEM TpO 00 €KT OCHIIKEHHS, 11100
BU3HAYWTH, SKUM BILUTUBOM B3a€EMOJIIF0UNX (haKTOPIB MOKHA 3HEXTYBATH.

st ipoOOBUX PeIlTiK 3aCTOCYEMO CIIeIlialbHI aJIreOpUYHI CITIBBIIHOIIEHHSI, SIKI
HA3WBAIOTHCSI TCHEPYBATBHUMU CITIBBIIHONIEHHSIMH 1 BU3HAYaIbHUMU KOHTpACTaMH.
Taki anreOpuyH1 CHIBBIAHONICHHS CHPUATUMYTh BUSBIECHHIO 3MIIIaHUX €(EKTIiB
[20—23].

[Tobymyemo mmaH 1po6oBOro (PaKTOPHOTO EKCIEPUMEHTY, TOOTO 3aMICTh IJIaHy

2° BUKOPUCTAEMO MOro MIBPEIUIIKY — IIJIaH 231 (tabmuns  14). Bsenemo
TeHEPYBaJIbHE CITIBBIHOIICHHS
N (24)
IToMHOXXHMMO TIpaBy Ta JIIBY YaCTHUHM CHIiBBIAHOIICHHS (24) HA HOBOBBEICHHI
(akTOp X3 Ta BUKOPUCTAEMO YMOBY xi2 =1. OTpumaemo:
X3 X3 =X] Xy X3.
BusHauanpHUII KOHTpAcCT, KW 3a/Ja€ €IeMEHTH TEepIIOro CTOBIIS MaTpHIl
TUTaHyBaHHS HaOyBae BUTIISIAY:
+1=x-%5 - x3. (25)
Po3p’s3yBanpHa 31aTHICTH Li€i MIBPEIUIIKA JOpiBHIOE TpboM. Ha ocHOBI
BU3HAYAJIBLHOIO KOHTpAcTy (25) oepXKMMO CHCTEMY 3MIMIAHUX OINIHOK JJIS II€l
IpoOOBOi PEIUTIKM B TaKWil CrociO: mpaBy Ta JIiBY YAaCTWHU CITIBBITHOMICHHS (25)
MOMHOXMMO Ha KOXHHM (aktop Ta B3aeMoiii ¢akrtopiB. Hwkde momaHo

CITIBBIJTHOIIEHHSI, SKUMU 33JIaI0THCSI 3M1IIaH1 OI[IHKU KOE(DIIIEHTIB PIBHSIHHSA perpecii:

2 2 2
X| = X[XpX3 = XpX3,  Xp SX|XpX3=XjX3, X3 = XXXy = XX (26)
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Jist mnany apo6oBoro (hakTOPHOTO EKCHEPUMEHTY THILY 231 3MIITyBaHHS

OLIIHOK Ha0yBa€ TaKOTO BUTIISAY:
by = P+ frz, by = frt+ i3, by = B3+ .
[ToTpi6HO 3a3HaunTH, 110 ADE npoBoauThcs B NpuITyIieH1, U0 JiHIHHI €PEeKTH
€ IOMIHYIOUYHMMHU 1 3MIIITyBaHHS OIIHOK €(PeKTiB HE 03HaAYa€ HEBU3HAUYECHOCTI. 3a3BUYail

SIBHILIE 3MIIITYBaHHS OI[IHOK MPUHHSATO 3alMCyBaTH B CUMBOJIIUHIHN Qopmi.

Martpulis naaHyBaHHA IJIaHY TPOOOBOTO (PAKTOPHOTO EKCIIEPUMEHTY THITY 231

MICTUTh CTOBII X, X, X Ta Xx3. Jlnd moOynoBH pIBHAHHS perpecii J0CTaTHBO
YOTUPHOX JOCIIJIIB, TOOTO N =4, KUIbKICTh IPOTOHIB p =3.
B Tabnuui 15 nogano pesynbrat ApoOOBOTO (PAKTOPHOTO EKCIEPUMEHTY THUITY

23 O06pobka pesynbrariB JIOE 3xiiicHIOETbCA B Takuii caMui cmociO, sk 1 1Jis

noBHo(dakTopHOTro ekcriepumeHTy (IIDOE).

Tadoauus 15 — PesyastaTn I®E Tuny 231

X X, X3 Yji Yj2 Y3
5,0 40 5,33 0,91 1,44 1,81
10,0 40 0,89 0,68 0,79 0,98
5.0 80 0,89 0,76 0,82 1,25
10,0 80 533 1,82 2,87 3,61

ExcriepuMeHTanbHUMH  3pa3kaMd  CIYTYBaJld €MHICHI CEHCOPU BOJIOTOCTI
JIBOIIAPOBOI CTPYKTYPH, BUTOTOBJICHI Ha CHUTANOBINA mimkmaaii. Jliasi cCTBOpeHHS
BOJIOTOUYYTJIMBOTO IIApy, SKUM BUKOHYBaB OW (PYHKIIIO Ji€JIEKTpHUKa 3aCTOCOBAHO
rirpockomiyny cinb NaCl. Po3unnu 1iei comi 3 xonuentpamisimu 0,89 Monb/n Ta
5,33 MOJB/A HAHOCWJIMCH IUIAXOM PO3MMJIEHHS Ha MOBEPXHIO €EMHICHUX CEHCOpIB
Bosorocti ToBiHamMu 5,0 MM Ta 10,0 MxM. 3 MeTOI0 3ammo0iraHHs BUITaAIHHSA TOYKU
pocH  CTBOPEHO  3aXMCHMM Imap — 1€  BOJIOTONOIJIMHAJbHA  IUIIBKA
nojiMeTuiIMeTaKkpuiaaTy TopmmHaMu 40 MM 1a 80 MKM.

Jls OTOYHMX PO3paxyHKIB BHUKOPUCTAEMO Taki Mo3HaueHHsS: (akrop X —
TOBIIIHA BOJIOTOYYTJIUBOTO 1Iapy d , MKM; (akTop X, — TOBIIMHA 3aXMCHOTO LIapy

d , MKM; (akTop X3 — KoHueHTpauid po3uuHy coii NaCl, sika BUKOHye (yHKIIIO
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aacopOyBasibHOTO MaTepiany C, MOJIb/JI; BIATYK MOJENl ) — YyTJIMBICTH €EMHICHOTO
CEHCOopa BOJIOTOCTI JBOMIAPOBOI CTPYKTYpU S, HD/%.

Criouatky mNpOBEAEMO CTATUCTUYHY OOpOOKYy pe3ysbTaTiB  (PaKTOPHOTO
eKCIepUMEHTY, fKa Imependadae po3paxyHOK 3HAYEHb JAUCIEpCii y KOXKHOMY

eKCIIepUMEHT1 D;, cymapHe Dy Ta MakcumanbHe Dp,,, 3HaueHHs jaucnepcii. Ha

OCHOBI OTPUMAaHUX 3HaY€Hb BUKOHAEMO OLIIHIOBaHHS BiJITBOPIOBAHOCTI €KCTICPUMEHTY
3a kputepieM KoxpeHna, BukopuctoByrouu Bupaszu (6) — (10):

Ha ocnogi Bupaszis (6) — (10) orpumMaHo Taki 3HaYEHHS: MAKCUMaJIbHE 3HAUCHHS
muctiepeli — D, =0,8091; cymapHe 3HaueHHs qucnepcii — Ds =1,1084;
criocTepexyBaHe 3HaueHHs kputepiro Koxpena —G ~ 0,730,

IlepeiineMo 10 BU3HAYCHHs TabIMYHOrO 3HAYCHHsIM Kputepito Koxpena G,,. 3a
piBast 3HaunmocTi « =0,05, kigpKOCTI CTymeHiB BimbHOCTI m=p-—-1=3-1=2,
OTpUMYEMO TaOJMYHE 3HA4YeHHS KpuTepito KoxpeHna —G,, =0,768. DakTopHUH
CKCIIEPHMEHT € BIATBOPIOBAHNM, TOMY IO G < G, (0,730<0,768). 3a Bupazom (11)

00YHCIIUMO OIIIHKY AucCIepcli reHepaabHOI CYKYMHOCTI, sika HaOyBa€ 3HAUYCHHS —
D=0,2771.
Po3pobumo matpuito rmiranyBanHga J®DE (tabmuns 16) Ta  oO6uuciaumo

Koe(iLi€HTH PIBHSIHHS perpecii, BUKopucToByrouu hopmynu (12):

Tadoauus 16 — Marpuus nianyBanus JI®E

23-1 X0 X X X3 = X1Xp Y
1 + - - + 1,39
2 T T i i 0.82
3 + - + - 0,94
4 + + + + 2,77

OO6uucneni koeQilieHTH piBHAHHA perpecii 3a ¢opmynamu (12) maroTe Taki

3HAYCHHA.
by=1,48; b =032; b =0,38; by=0,6.

PiBHsiHHS perpecii HaOyBae BUTIISAY:
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ypee =1,48+0,32x; +0,38x, +0,6x5. (27)

Ha ocHoBi oTpumanoro piBHSHHA perpecii (27) MokHa 3p0OUTH BUCHOBOK, IO

Ha BIITYK MOJeNl HaOUIbIIUK BIIIMB Ma€ GakTop x;, TOOTO KOHIEHTpAllid PO3YHHY
com NaCl, Hix (akTOpu: x;— TOBIIMHA BOJOrOYYTIMBOIO LIapy Ta X, — TOBILUHA

3aXUCHOTrO Iapy. B 06macTi mpoBeieHHS eKCIIEpUMEHTIB OTpUMaHe PiBHSIHHS perpecii
JI®E MoxHa BUKOPUCTOBYBATH JIJIs1 HAOJIMKEHUX PO3PAXYHKIB BiTYKY MOJIENI.

BpaxoByioun Te, 110 €KCIEPUMEHT € BIATBOPIOBAHMM, IMPOBEIEMO HACTYIHUHN
eTarl CTaTUCTUYHOI 00pOOKH pe3ysibTariB. TOOTO OLIHUMO 3HAYYIIICTh KOS(]IIliE€HTIB
piBHsSIHHS perpecii 3a kpurepieM CrbrogeHta. 3a dopmynow (13) obuuciaumo
criocTepexyBaHe 3HaueHHs kputepito CteioaenTa [20].

3a  piBas  3Haummocti  « =0,05, umcna  cTymeHiB  BUIBHOCTI
m=N-(p—-1)=4-(3-1)=8, Tabnuune 3HaueHHs Kputepito CTpiogeHTa HaOyBae

3HAYEHHA: 7, =2,31.

K,

ITepeiinemo 10 OLIHIOBAaHHS 3HAYYIIOCTI KOS(DIIIEHTIB b I SIK1 HA0yBarOTh TaKUX

3Ha4YeHb 3a popmysoro (13):
10 =9,74>1,,=2,31—> by €3Ha4ymnm; ¢ =2,11<¢,, =2,31 — by € HE3HATYIIUM,
thy =2,5>1t,,=2,31— b, €3HaIyLIUM,; t3=3,95>1t,, =2,31 > b3 € 3HAYYIIUM.
BpaxyeMo 1ieii eran obuuciienr B piBHsSHHI (27). PiBHsSIHHS perpecii HaOyBae
BUTJIATY:
yP =1,48+0,38x, +0,6x3. (28)
Ock1IbKH B PIBHSIHHI perpecii € He3HavyIill Koe(illieHTH, MPOBEIeMO HACTYITHUM
eTan CTaTUCTUYHOI 00pOOKH pe3ybTaTiB (akTOpHOTO ekcriepuMeHTy. [lepeBipumo 3a
kputepiem dimepa aeKBaTHICT, OTPUMAHOTO PiBHAHHSA perpecii pesyiabratam JIDE.

BpaxyeMo BiamoBigH1 3Ha4YeHHs (akTopiB y piBHAHHI (28) Ta 00YHCIMMO

3HAYEHHS BIATYKY MOJEI1 B KOXKHOMY €KCIIEPUMEHTI.

B tabsmii 17 nomano o6uncieHi 3HaueHus y pe3ynbrariB eKCIIEpUMEHTIB:
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Tadoauus 17 — 3HaveHHS BiATYKYy Mo/iejli B KOKHOMY eKCIIepUMEHTi

23_1 X5 X3 Yy ypee
1 - + 1,39 1,7
2 - - 0,82 0,5
3 + - 0,94 1,26
4 + + 2,77 2,46

Busnaunmo 3HaueHHS aJIeKBaTHOCTI ucnepcii 3a popmysioro (15), BpaxoByrouw,
mo N=4, L=2:
D,,=0,199 .
3nauenHs kputepito Dimepa oduncnene 3a popmyinoro (16) Mae BUTISA:
F=0,72.

Kputnune 3HauenHs kputepito ®imrepa 3a piBHs 3Haummocti o =0,05 i
KUIBKOCTI CTyneHiB BUIbHOCTI my =N -(p—-1)=4-3-1)=8 Ta my=p-1=3-1=2
JIOP1BHIOE

by, = 19,37.

Ockinbku F <F,, (0,72<19,37), pisusnnsa perpecii (28) € ajnexkBatHuM
pe3ynbTaTtaM (paKTOPHOTO EKCIIEPUMEHTY.

B piBHsanHI perpecii (28) ¢hakTopu X, Ta x3 B KOAOBaHOMY BUTJIA1. Po3kogyemo

piBHsiHHS perpecii (28), mis uporo 3a dopmynamu (14) mepeTBOPUMO MOYATKOBI
3MiHHI B JJOMTOMDKHI Ta BPaxy€e€Mo 00JIacTh MPOBEIEHHS eKCTIEpUMEHTIB (Talmuist 15)

X, €(5,0;10,0), X, e (40;80), X; < (0,89;5,33):

X,-7,5 X, -60 X;-3,11
xlz#, x2=2— x3=3—’. (29)
2,5 20 2,22
PiBHsiHHS perpecii B MaciuTall peaabHUX (PaKTOPiB Ma€ TaKUH BUTJIS/L;
yP =-0,501+0,019.X, + 0,27 X5. (30)

-1 . . . .

Po3po6aeno mnan JI®E tunmy 23 3 METOK 3MEHIIEHHS K1JbKOCTI JIOCI/IIB, Ha
OCHOBI SIKOTO OTPUMAaHO PIBHAHHA perpecii B MaciTadi peanbHux ¢akropis (30). 3a
kputepiem Koxpena npoBeaeno, mo JDE € BiaTBoproBaHuM. BukopucTOBYyHOUH

kputepiii CTbIOJIGHTa BHU3HAYEHO 3HAYYIll KOEQIIIEHTH PIBHAHHSA perpecii.

MONOGRAPH 40 ISBN 978-3-98924-032-2



i
Science for modern man ‘ 2024 Part 2 %

AJIeKBaTHICTh pe3ysibTaTaM (PAKTOPHOTO EKCIEPUMEHTY CKOPUTOBAHOTO PIBHSHHS
perpecii JoBejieHa 3a I0IOMOroro kpurtepiro dimepa.

3a gomomoror piBHSAHHS perpecii B MacmTall peajgbHUX (PaKTOpPIB MOXKHA
3MIMCHUTH ONTHUMI3AIliI0 MapaMeTPiB BUTOTOBJIEHHS €MHICHOTO CEHCOpa BOJIOTOCTI
JBOILIAPOBOI CTPYKTypU 3 MaKCUMaJIbHMM 3HAUYEHHAM (YHKIII BIATYKY MOJENI.
Kputepiem onTumizalii mapameTpiB BUTOTOBJICHHS BOJOTOUYTIMBOTO Ta 3aXHMCHOTO
1apiB EMHICHOTO CEHCOpa BOJIOTOCTI JIBOIIAPOBOI CTPYKTYPH € Uy TJIMBICTh. Ha 0CHOBI1
nposeneroro JI®E BcTaHOBIEHO, IO YYTJIMBICTH €MHICHOTO CEHCOPAa BOJIOTOCTI
JBOIIAPOBOT CTPYKTYPH 3AJICKUTH BiJl TAKMX (PAKTOPIB, K TOBILIWHA 3aXMCHOTO IIAPYy
1 KoHueHTtpauis po3uuHy coji NaCl. OgHak, Ha YyTJIMBICTH €MHICHOTO CEHCOpA
BOJIOTOCTI JIBOLIAPOBOI CTPYKTYPH CYTTEBO BIUIMBAE KOHIIGHTpAILiSl pPO3YUHY
rirpockoniyHoi coii NaCl.

Haii6inpma uytiuBicts 2,46 HD/% 3a0e3medyeThcsi 3a TaKUX ONTUMAIbHUX
napamMeTpiB MPOIECY BUTOTOBJIEHHS EMHICHOTO CEHCOpa BOJIOTOCTI JBOIIAPOBOI
CTPYKTYpH: KOHIIEHTpallisi po3uuHy rirpockomiunoi coimi NaCl — 5,33 monw/m,
TOBIIMHA 3aXUCHOTO 1apy — 80 MkM. BpaxoBytouu Te, 1110 TOBILIMHA BOJIOTOYYTIUBOTO
mapy CyTTEBO HE BIUIMBA€ HA YYTJMBICTh EMHICHOTO CEHCOpa BOJIOTOCTi, TOBIIWHY

IILOTO IIapy MOKHA B3STHU B Jiana3oHi Big 5,0 mxm g0 10,0 MxM.

BucnoBku

B nonaniit po60Ti TEOPETUIHO JOBEAEHO, 110 METOIM MaTEMAaTHYHOT CTATUCTUKHI
JOLIJIBHO BUKOPUCTOBYBAaTWM JUIsl CUCTeMaTHu3alii, OOpoOJIeHHS Ta aHam3y
€KCIIEPUMEHTAJIbHUX JaHUX, €(EeKTUBHICTh Ta JAOCTOBIPHICTh SIKMX 3aJI€KUTh Bij
oOpaHOro MeToJa MaTreMaTudHOi cTaTUCTUKU. KpiMm Toro, edekTuBHHM 3aco00M
OJICp’)KaHHS MaTeMAaTHUYHOI MOJIEJ JOCTIAXKYBAaHOTO 00’€KTa € MOBHUM (haKTOpHUIA
EKCIIEPUMEHT 3a KUIbKOCTI (pakTopiB OinbIne 3. 31 301IbIICHHSM KUTBKOCTI (DaKTOPIB
CYTT€BO 30UIBIIYETHCS $SK TOYHICTh MOJENl, TaK W KIJIbKICTh EKCIIEPUMEHTIB.
30UIbIIEHHS KUIBKOCTI E€KCIIEPUMEHTIB MPHU3BOJUTH A0 BEIMKHUX 3aTpar 4Yacy Ta
KOIITIB, TOMY 3a Takux O0OCTaBUH jomuibHO 3actocyBatu [PE. Opnak, s

KOPEKTHOTO JociipkeHHs 00’ekta 3a gomomorow JI®PE morpiGHO 3acTocyBatu
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IIUPOKUI CIIEKTP TEOPETUYHHUX BITOMOCTEH MPO JOCTIKyBAaHUN 00 €KT IS TOl“O.,
00 BU3HAYUTU B3a€MOJII (PaKkTOpiB, BINIMBOM SIKMX MOXHa 3HexTyBath. Came 110
iHpopMallil0 MOTPIOHO 3aCTOCYBAaTH JJisi MOOYJOBH PEIUIIK 3aJaHOi JpOOOBOCTI 3
METOI0 MMOOYIOBH alPOKCHUMYBAJILHOTO MOJIIHOMA.

ExcriepuMeHTanbHUMH  3pa3kaMd  CIYTYyBaJld €MHICHI CEHCOPU BOJIOTOCTI
OJTHOIIAPOBOI Ta  JBOMIApOBOi cTpykTypu (M. Binnung, Ykpaina, BHTY), ski
BUTOTOBJICHI Ha CHUTaJOBIA migkiaamgii po3mipoMm 0,7%0,9 cMm, Ha MOBEpXHI SAKOI
HaHECEHa IUTIBKA M, SKa YTBOPIOE OOKJIAJKK KOHJIEHCATOPA Y BHUTJISAI MEAHIPY 3
BignoBinHOIO reomerpicio 7,85-102x150-10°x1,2-10° m.

BcTranoBneHo, 1110 METPOJIOTIUHI XapaKTePUCTHUKUA BOJIOTOUYTJIMBUX E€JIEMEHTIB
BU3HAYAIOTHCA Hacammepen (i3MKO-XIMIYHUMH Ta aJCOPOIIHHUMU BIIACTUBOCTSIMHU

BUKOPUCTAHOTO COPOEHTY.

Po3po6neno mnan [1OE ta JIOE tuny 2371, Ha ocnosi sxux OTPUMAHO PIBHSIHHS
perpecii B maciTadi peasibHUX (pakTopiB. 3a kputepieM Koxpena noseneno, 1o [IOE
ta JI®E € BinTtBoproBanuMHu. 3a kputepieM CTbIOAEHTa BHU3HAYEHO 3HAUYIII
KoeQillieHTH pIBHAHHA perpecii. ApekBarHicTh pesynbrataM [IOE Ta JIOE
CKOpPUT'OBAHOI'O PIBHSIHHSI perpecii oBeIeHa 3a J0MOMOroro kputepito dimepa.

BuxopuctoBytoun 0aratodakTopHHii JUCTIEpCIHHUI aHAalll3 BCTAHOBJICHO, 110 Ha
BIITYK MOJIENI, a caM€ Ha YYTJMBICTh EMHICHOTO CEHCOpa BOJOTOCTI OJHOIIAPOBO1
CTPYKTYpPH BaroMHii BIUITMB Mae GpakTop — KOHIIeHTpalis po3unHy cojii NaCl. B iisomy
BUIAJKy 3HaueHHs kputepito dimiepa, ke CIOCTEPIraeThCsl B €KCIIEPUMEHT] 3HAYHO

MepeBUIIye KpUTUYHE 3HAueHHs Kputepito dimepa, a came 22,77>4,75 (F > Fp ).

OpHak B IBOIIAPOBIM CTPYKTYPl EMHICHOTO CEHCOPA BOJIOTOCTI, CYTTEBO BILIMBAE HA
BIJITYK MOJIEJII CyMICHUM BIUIMB (paKTOpa — TOBIIMHA 3aXUCHOTO APy + KOHIIEHTPAIIis
po3uuny coii. B nbomy Bumnaaky 3HaueHHs Kputepito dimiepa, sike ClOCTEPIraeThes B

CKCIICPUMEHTI 3HAYHO MEPEBHINYE KPUTHIHE 3HA4YCHHs Kputepito dimepa F > F,
(13,01>4,49).
OtpumaHi piBHSHHS perpecii B Maciutadli peaqbHUX (AKTOPIB CHPUSIOTH

onTUMI3allli mapaMeTpiB BUTOTOBJIEHHSI €EMHICHUX CEHCOPIB BOJIOTOCTI OJIHOIIAPOBOT
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Ta JIBOLIAPOBOI CTPYKTYpPU 3 MAKCUMaIbHUM 3HAUYCHHSM (YHKIIII BIATYKY MOJEN —

S

«UyTIUBICTHY. SIK KpuTepii onTUMi3allii mapaMeTpiB CTBOPEHHS BOJIOTOUYTIUBOTO Ta
3aXMCHOTO IIapiB €MHICHUX CEHCOPIB BOJOTOCTI OJHOIIAPOBOi Ta JBOIIAPOBOI
CTPYKTYPH BIAMOBIAHO, 00paHO Yy TIMBICTh. BcTaHOBIEHO, 1110 HAWOLIbINA Yy TJIUBICTh
36,32 n®/% eMHICHUX CEHCOPIB BOJOTOCTI OJJHOIIAPOBOT CTPYKTYpHU 3a0€3Meuy€eThCs
Py TaKUX ONTHUMAJIBHUX TapaMeTpax MPOIECY BUTOTOBICHHS BOJOTOYYTIMBOTO
mapy: KOHIIEHTpallil pO34MHY aJcopOyr0Uoro Marepiaiy, a caMe rrpoCKONIYHO1 Coi
NaCl — 5,33 Mo1b/71 1 TOBIIMHI BOJOTOUyTAUBOTO mapy 10,0 Mkm.

CTOCOBHO €MHICHOTO CEHCOpa BOJIOTOCTI JBOIIAPOBOI CTPYKTYpU, TO MIpH
nposenenHi [IDE naibinbma uytnusicte 2,36 HD/% 3a0e3neuyeTbest 3a TaKux
ONTHUMAJIBPHUX TAapaMeTPIB MPOIIECY BUTOTOBJICHHS: KOHIICHTpAIliS aJCcOpOYHYOro
Marepiany — 5,33 MoJIb/J1, TOBIIMHA 3aXUcHOTO mapy — 80 Mmkm, ipu npoBeacHH1 JIDE
— HalOlIpIa YyTMBICTE HaOyBae 3HaueHHs 2,46 HD/% 3a TakuxX ONTUMAIBLHUX
napaMeTpiB IMpolecy BUTOTOBJICHHS €MHICHOTO CEHCOpa BOJOIOCTI JIBOIIAPOBOI
CTPYKTYpH: KOHIIEHTpallisl po3uuHy rirpockomniuynoi cojgi NaCl — 5,33 momw/n,
TOBIIMHA 3aXUCHOTO Mapy — 80 MKM. 3BaXkKarouu Ha T€, [0 TOBIIMHA BOJIOTOYYTIMBOIO
[Iapy HE BIUIMBA€ HA YYTJIMBICTh €MHICHOTO CEHCOpa BOJIOTOCTI JIBOLIAPOBOI
CTPYKTYpPH, TOBIIMHY IIHOTO APy JAOLUILHO B3SITH B Jiama3oxi Big 5,0 mkm 1o 10,0
MKM. BcTaHOBIEHO, 110 CTBOPEHHS MOJIIMEPHOTO MOKPUTTS SK 3aXHCHOTO IIapy 3
METOIO 3aro0iraHHs BUIAIIHHSI TOYKH POCH 3MEHIIIY€ Yy TIUBICTh EMHICHOTO CEHCOpa
BOJIOTOCTI JIBOIIAPOBOi CTPYKTYPH JIO BILTUBY BITHOCHOI BOJIOTOCTI HABKOJHUIITHHOTO

CEPEIOBHIIIA.
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KAPITEL 2/ CHAPTER 2*
IMPLEMENTATION OF ARTIFICIAL INTELLIGENCE IN THE
DEVELOPMENT AND MODERNIZATION OF WEBSITES

DOI: 10.30890/2709-2313.2024-26-00-039

Introduction

Artificial intelligence (Al) has not been a part of science fiction for a very long
time, it has also become a defective component for the development of modern
technologies. The application of artificial intelligence has penetrated into completely
different aspects of human life, from medicine to building cars. Also, we couldn't do
without web development. Web development in combination with artificial
intelligence opens new horizons for the development of the most interactive and
effective websites. The main goal of my research is to understand the current
possibilities of integrating artificial intelligence into the web development process.
This is necessary in order to better understand how artificial intelligence can contribute
to the development and modernization of websites. The research is subject not only to
the analysis of existing methods and technologies, but also to the development of our
own web resource in which we implement these technologies for a clear example of
how Al can modernize its work. Special attention was paid to questions, user
experience and optimization of processes to relieve the resource administrator.

Theoretical analysis: Study of the theoretical foundations of Al, including its
history, development, basic concepts and technologies. This will allow you to
understand the fundamental principles of Al and its potential in the context of web
development.

Overview of Existing Techniques and Approaches to Al Tools: A survey of
existing approaches and tools using Al in web development. This includes the analysis
of successful cases that can serve as an example for further application.

Determining the capabilities of this or that tool and the difficulties that may arise

2Authors: Antonenko Artem Vasylovych, Buchenko Thor Anatolivovych, Korotkov Serhii Stanislavovych,
Balvak Andrii Anatolijovych, Tsvyk Oleksandr Serhiyovych, Korotkov Serhii Stanislavovych,
Tverdokhleb Arsenii Oleksandrovich, Korotin Denys Serhiyovych, Ziniar Denys Arkadiiovych,
Solobaiev Serhii Gennadiyovych, Yurii Mishkur Valentynovych, Danevych Oleksii Volodymyrovych,
Chupakhin Mykyta Sergiyovich
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when using it.

Practical implementation. Developing your own project that uses Al to solve some
problems in web development. This task will include a detailed description of the
project, the process of implementing certain technologies.

The literature review includes the analysis of scientific articles, reports, books and
mainly online resources that can provide a better understanding of artificial intelligence
technologies. Of course, special attention should be paid to those works that describe
the process of implementing the successful introduction of artificial intelligence into
the work, regardless of whether it is a website or an application. In order to achieve our
goals, we used a combination of several methodologies. The first is a detailed review
of available information resources to provide us with a theoretical basis for work. The
next step is an analysis of the various available tools and platforms that provide

artificial intelligence technologies specifically for web development.

2.1. Basic concepts of artificial intelligence

For a better understanding of what artificial intelligence concepts currently exist,
I suggest you consider the table in which they are listed and indicate the sphere of
human life in which backgrounds are most often used. The basic concepts of artificial
intelligence are fundamental to understanding its potential and applications in various
industries, including web development. To better understand the difference between
the concepts, let's look at them in more detail.

All these methodologies and concepts are fundamental to understanding what
artificial intelligence is and how it is built. For a better understanding of each of these
concepts, I propose to consider them separately in detail.

Machine learning (ML) is one of the most significant and rapidly developing
branches of artificial intelligence. Its main idea is to teach machines to perform tasks
not through direct programming, but through data-driven learning. This allows

machines to develop their own "understanding" and perform complex tasks by
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analyzing large volumes of data and identifying patterns or trends. Key aspects of
machine learning should also be highlighted.

Supervised Learning: This approach is used when we have labeled data (that is,
data for which the answers are known). ML models are trained on this data to predict
or classify results on new data. For example, in pattern recognition, a system can learn
to recognize objects by analyzing thousands of labeled images.

Learning without a teacher (Unsupervised Learning): Here, models work with
unlabeled data, that is, without defined answers or labels. The goal is to find structure
or patterns in the data. Examples include clustering (grouping similar elements) and
dimensionality reduction.

Reinforcement Learning: Models learn through trial and error by interacting with
the environment. They get rewards for doing the right thing and learn to optimize their
behavior. This approach is often used in the development of game strategies and
autonomous robots.

Examples of applying machine learning directly to web development include the
following areas:

* Content Personalization: ML algorithms can analyze user behavior on sites,
tailoring content and recommendations to their preferences.

« Search engines: ML is used to improve search algorithms, making them more
accurate and efficient in responding to user queries.

» User Analytics: Collecting and analyzing data about user behavior helps to
understand how people interact with the website, which can be used to improve design
and functionality.

 Automation of web testing: ML algorithms can automate the process of testing
websites, identifying errors and vulnerabilities more efficiently.

Machine learning plays an important role in the development of modern web
technologies, offering developers powerful tools to create more intelligent, dynamic
and user-oriented websites. The influence of this methodology on web development
continues to grow, so it is considered one of the main ones for web developers.

Neural networks are one of the most fundamental and revolutionary concepts in
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the field of artificial intelligence. They are inspired by the structure and function of tI;
human brain and are designed to mimic the way the human brain processes
information. Neural networks can also be characterized.

Structure: Neural networks consist of nodes called "artificial neurons". Each
neuron is connected to others through adjustable "synaptic connections" (weights). A
neural network structure typically includes an input layer (which receives the data),
one or more hidden layers (where the data is processed), and an output layer (which
provides the output).

Learning process: Neural networks "learn" wusing a process called
"backpropagation". During training, the network receives input and produces output.
This output is compared to the expected output, and the difference (the error) is used
to adjust the synapse weights in the network.

Generalization ability: One of the key advantages of neural networks is their
ability to generalize, that is, draw conclusions based on training data and apply that
knowledge to new, unknown data. It should be noted the expediency of using neural
networks in web development.

Recommender systems: Neural networks are used to analyze user behavior and
generate personalized recommendations on websites and online stores.

Image and speech recognition: Neural networks enable the development of
interactive web interfaces that can recognize user speech or visual objects.

Website security: Using neural networks to detect and prevent cyber-attacks such
as phishing or massive automated requests.

Web Traffic Analytics: Analyzing website traffic using neural networks can help
uncover trends, user behavior patterns, and other useful insights.

Neural networks continue to play an important role in the development of artificial
intelligence and its application in web development, offering developers powerful tools
to create innovative, intuitive and efficient websites.

Deep learning, a subfield of machine learning, uses multilayered neural networks
to analyze data, enabling artificial intelligence systems to perform extremely complex

tasks. This learning method is based on simulating the workings of the human brain,
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allowing machines to learn from large amounts of data and recognize complex pattem:

Multilayer Neural Networks: Deep learning involves the use of neural networks
with a large number of hidden layers. These additional layers allow the model to learn
more complex and abstract representations of data.

Capability for high level of abstraction: Deep learning efficiently analyzes large
volumes of unstructured or complex data, displaying a high level of abstraction that is
key to understanding complex patterns and dependencies.

Self-detection of features: Unlike traditional machine learning, where features
must be determined manually, deep learning is able to independently detect the
necessary features for classification or prediction.

Applications of deep learning in web development:

Image and video recognition: Using deep learning to analyze and interpret images
and videos on websites, for example to automatically categorize images or detect visual
content.

Natural Language Processing (NLP): Deep learning has greatly improved the
effectiveness of NLP, enabling the development of more accurate systems for
translation, semantic analysis, and natural language generation that can be used in
chatbots and virtual assistants.

Personalized recommendations: Deep learning can analyze large amounts of data
about user behavior, providing more accurate and personalized recommendations on
websites and online stores.

Web Test Automation: Using deep learning to design intelligent test automation
systems that can detect and correct errors more efficiently.

Deep learning continues to expand the horizons of possibilities in the field of
artificial intelligence, opening new avenues for innovation and improvement of web
technologies. Its ability to analyze complex, unstructured data and discover deep
relationships and patterns makes it an indispensable tool in modern web development.

Evolutionary Algorithms (EA) represent a unique approach in the field of artificial
intelligence, inspired by the processes of natural selection and genetic evolution. These

algorithms are used to solve optimization and search tasks, simulating biological
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processes of reproduction, mutation, recombination and selection.

Population approach: EAs work with a population of solutions rather than a single
solution. Each element of the population (often called an "individual") represents a
potential solution to the problem.

Selection: The selection process determines which individuals will be preserved
for further reproduction. Individuals with the best "fitness function" (a measure of the
suitability of a solution) are usually selected.

Genetic operators: Include mutation (random changes in individuals) and
recombination (combination of elements from two or more parental individuals). These
processes provide genetic diversity and new opportunities for finding optimal
solutions.

Web design optimization: EAs can be used to automate the design process by
finding optimal solutions in terms of element placement, color palette, and other
aspects of web design.

Website Testing: EAs can help automate the testing process by finding optimal
test scenarios and identifying potential issues on websites.

Web Analytics: Using evolutionary algorithms to analyze large volumes of data
to discover useful patterns in user behavior that can be used to improve UX/UI.

Content Optimization: EAs can be used to generate and optimize website content,
ensuring more effective use of keywords for SEO and improving content quality.

Evolutionary algorithms offer a flexible and powerful way to solve complex
problems, especially when traditional optimization methods are ineffective or
unsuitable. They allow web developers to approach problems from a new perspective,
using natural selection as a key to innovation and improvement.

Natural language processing (NLP) is an important branch of artificial
intelligence that focuses on the interaction between computers and human (natural)
language. This field involves the development of algorithms and systems that can
understand, interpret, produce and respond to human language in an efficient manner.

The main characteristics of NLP:

Language Understanding: NLP enables machines to recognize, interpret and
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respond to human language. This includes voice recognition, understanding semantic-s
and context, and processing different linguistic elements (words, phrases, sentences).

Speech generation: The ability of machines not only to understand, but also to
produce speech. This means creating clear and coherent texts, answers or even entire
dialogues.

Text Processing: NLP involves analyzing text to identify key information
elements, classify text, detect emotions, perform semantic analysis, and more.

Chatbots and virtual assistants: Integrate chatbots into websites to provide
automated customer support, make reservations, answer user questions, and more.

User feedback analysis: Automate the process of collecting and analyzing user
feedback, allowing you to understand general sentiment, identify problematic issues,
and monitor customer satisfaction.

Content Optimization for SEO: Using NLP to analyze keywords, structure content
and improve the effectiveness of SEO strategies on websites.

Web Experience Personalization: Analyzing users' language preferences and
responses to provide personalized web experiences, including content, product, and
service recommendations.

Automatic translation: Using NLP to provide multilingual content on websites,
allowing text to be automatically translated for different user groups.

Natural language processing opens up new horizons in the interaction between
users and computer systems, especially in web development. It allows you to create
more intuitive, efficient and useful web services, increasing the overall satisfaction of
users and the efficiency of web resources.

An intelligent agent (sometimes called an intelligent agent) in the field of artificial
intelligence is an autonomous entity capable of observing and interacting with its
environment to achieve certain goals or objectives. Intelligent agents can be
characterized by various indicators and can perform a variety of tasks, from simple to
highly complex, using artificial intelligence, machine learning and other technologies.

Autonomy: Intelligent agents are able to perform tasks or make decisions without

direct human intervention. They can independently adapt to changes in the
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environment.

Environmental Sensing: Agents can perceive their environment through "sensors"
(which can be data, web cameras, microphones, etc.) and respond to changes in that
environment.

Decision-making process: Intelligent agents analyze information and decide how
to act using certain algorithms and decision-making mechanisms.

Performing tasks: Agents can interact with their environment through "actuators"
(eg, performing actions on a web page, sending messages, etc.).

Virtual Assistants and Chatbots: Intelligent agents can act as virtual assistants by
providing users with information, answers to questions, and tasks.

Personalization of user experience: Agents can analyze user behavior on the site
and adapt content, recommendations and interfaces according to their preferences and
interests.

Website monitoring and analytics: Intelligent agents can automatically collect and
analyze data about user interaction with the site, providing valuable insights for web
analytics.

Website test automation: Using agents to automate web application testing,
functionality testing, bug and vulnerability detection.

Intelligent agents play an important role in modern web development, providing
tools to automate, personalize, and improve the user experience. Their ability to adapt
and learn over time makes them indispensable in the dynamic and fast-changing world
of web technologies.

Based on the entire review of existing methodologies, we can come to a certain
conclusion that at the moment artificial intelligence is becoming one of the most
indispensable tools in decision-making processes for a wide variety of fields. Thanks
to artificial intelligence, it becomes possible to quickly and efficiently process large
amounts of information, find patterns and make predictions based on the analysis of
the results obtained, which would be, if not impossible, then definitely difficult for the
human brain.

In decision-making processes with the help of artificial intelligence, we can
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highlight such aspects as: N

- Data processing and analysis: Al can process huge data sets, discovering
patterns, trends and correlations that may not be obvious to humans.

- Forecasting and modeling: Al uses machine learning techniques and statistical
models to predict future trends, assess risks and determine the possible outcomes of
different strategies.

- Optimizing solutions: Al algorithms can be used to find the best possible
solutions in complex scenarios where many variables need to be considered.

- Adaptation and learning: Al can adapt to new data and changes in the
environment, learn from experience and constantly improve its decisions.

If we turn to real examples of the use of artificial intelligence, we can highlight
such areas as:

- Business analytics: Al helps companies analyze market trends, consumer
behavior, evaluate the effectiveness of marketing campaigns and optimize supply
chains.

- Medical diagnostics: In medicine, Al is used to analyze medical images, detect
pathologies, recommend treatment and predict the course of diseases.

- Financial modeling: In the financial sector, Al is used for market analysis, risk
management, securities trading and personal financial advice.

- Recommendation systems: Using Al to personalize recommendations in online
stores, streaming services and social networks.

- Resource management: Al helps in decision-making about the optimal allocation
and use of resources in various fields, from energy production to urban planning.

Artificial intelligence in decision-making allows organizations and individuals to
make more informed, accurate and effective decisions, based on the analytics provided
by artificial intelligence. Given its ability to adapt and learn, the potential of Al in this

area continues to grow and has very strong prospects.
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2.2. Principles of artificial intelligence integration in web development

The integration of artificial intelligence in web development involves the use of
various Al techniques and methodologies to increase the functionality, efficiency and
interactivity of websites. This process covers a wide range of applications, from
automating and personalizing web content and improving user interfaces or improving
web analytics.

The main principles of implementing artificial intelligence in web development
include:

- Automation of Routine Tasks

- Personalization of User Experience

- Interactive User Interfaces

- Improving the Security of Websites

- Search optimization and SEO

- Web Traffic Analytics

- Use of Cloud Technologies

The introduction of artificial intelligence into the web development process opens
up completely new horizons for us to create more efficient, intuitive and interactive
websites. The use of artificial intelligence technologies allows developers to solve
complex tasks, improve the quality of user experience and optimize the operation of
websites.

I suggest looking at each of the principles separately, for a better understanding
of how each of them is arranged and how it can be useful in one or another situation.

1. Automation of Routine Tasks with the help of artificial intelligence (Al) in web
development is a real breakthrough that greatly simplifies the lives of developers and
website owners. It's not just about technology, it's about transforming the way we
approach web projects. Let's imagine a situation where we no longer need to manually
check each link on the site, or check compatibility with different browsers and their
versions. Thanks to artificial intelligence, these tasks are performed automatically

without the involvement of the developer, which in turn actually helps to optimize the
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pipeline of work and the testing of a ready-made web resource. For example, there a;
tools that can automatically analyze web pages for errors, both spelling and code errors,
broken links, or loading speed issues. After that, provide detailed analytics based on
the data we checked and even provide reasonable recommendations for improving the
resource. And even this is not all that artificial intelligence can do at the moment, it can
also help in identifying and solving more complex problems that previously required
significant efforts on the part of developers or even analysts. For example, machine
learning algorithms can analyze user behavior on a site, identifying patterns that may
indicate problems in navigation or UX (User Experience) design. In this way, it is
possible to automatically receive recommendations for optimizing the design and
structure of the website without calling in professional designers. Such an approach
will not only lead to lower costs for the development and optimization of UX design,
but may even be more effective than consulting with a designer.

In addition, artificial intelligence also provides much more opportunities in
managing the content of a web resource. Artificial intelligence systems can
automatically categorize, tag, and even recommend content based on user interests and
behavior. This not only improves content efficiency, but also provides a more
personalized experience for site visitors.

Applying Al to automate routine tasks in web development is not just the
introduction of new technologies, but a strategic step that allows developers and
webmasters to focus on more creative and strategic aspects of projects, leaving
repetitive and sometimes boring tasks to be bought off by intelligent systems.

2. Personalization of user experience using artificial intelligence (AI) in web
development is like the art of creating a unique digital world for each visitor to your
site. This is not just a technological trend, but a deep rethinking of how we interact
with users in the digital space. Imagine yourself as a chef in a restaurant where every
guest has their own unique tastes and preferences. Al in web development works like
this: it analyzes the "tastes" of each site visitor to serve exactly the dish (or in our case,
content) that he likes the most.

- Analysis of User Data: artificial intelligence collects and analyzes data about
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user behavior on the site - what they look at, what they click on, which pages they Visg
most often.

- Identification of Preferences: Based on this data, the system determines the
individual preferences and interests of each visitor. This could be a preference for a
certain type of product, article, design, or even specific topics.

- Personalized Content: Using this knowledge, artificial intelligence adapts the
content of the site for each user. For example, if someone is interested in travel
adventures, the homepage for that person might include travel-related articles or offers.

- Dynamic Adaptation: Al is constantly learning, gathering new information about
user behavior, which allows the system to better and better adapt to individual needs.

Personalization of the content component with the help of artificial intelligence is
not just a pleasant bonus for the user, this aspect is one of the main factors for attracting
and retaining the main mass of the audience. In this way, we create for the user the
effect of attention to him as an individual and help with his specific needs, thereby
increasing the satisfaction and loyalty of the client to our web resource. Due to the fact
that the content is personalized, it increases the chances that he will make a purchase
or subscribe to our newsletter, and the probability that he will later return to the site
increases significantly.

In our world, where the digital space is sometimes too crowded with information,
personalization of content can be the key to stand out from the general mass of
competitors, because in fact you provide each user with an individual experience of
using your resource.

3. The integration of artificial intelligence (Al) into the creation of interactive user
interfaces transforms websites and applications into something much more than just
static pages. It's about bringing "mind" and "soul" to the digital experience, making
interactions with users more alive, personal and intuitive.

- Chatbots and Virtual Assistants: Today, chatbots can not only answer simple
questions, but also understand complex requests, adapt to the context of the
conversation, and even detect the emotions of users. They can recommend products,

provide personalized information, book appointments and more.
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- Voice Interfaces: Al is also used to create voice interfaces that allow users to
interact with sites or applications using voice commands. This is especially useful for
people with disabilities or in situations where the use of hands is not possible.

- Personalized Recommendations: Al can analyze user browsing history and
preferences to create personalized recommendations that are displayed in dynamic
interfaces.

- Predicting User Needs: By analyzing user behavior data, Al can predict what a
user might need and offer relevant content or services even before they make a request.

- Adaptive Interfaces: Al allows interfaces to adapt to user needs and behavior in
real time, changing layout, navigation or even visual style depending on their
preferences. With the help of Al interfaces become not just an "entry point" to the site,
but intelligent, responsive entities that can conduct dialogue, learn from their users and
even anticipate their needs. This creates a more personal, engaging and satisfying user
experience, increasing customer loyalty and satisfaction. In the constant competition
for users' attention, this kind of interactivity can be a key factor that differentiates your
site or product from others, helping to create a deeper connection with users and
providing them with an unforgettable experience.

4. Improving website security with artificial intelligence can be thought of as a
tireless, highly intelligent bodyguard, standing guard 24/7 to keep your digital space
safe. This "guard" not only detects potential threats, but also learns from each attack
attempt, becoming smarter and more effective in protecting web resources.

- Attack Detection and Warning: Artificial intelligence can analyze traffic patterns
and user behavior on the site, detecting unusual or suspicious activity. These could be
intrusion attempts, phishing, malware distribution, or DDoS attacks.

- Adaptive Protection: Thanks to artificial intelligence, website security systems
can adapt and respond to new types of threats. artificial intelligence analyzes new
attacks and automatically develops protection methods without waiting for human
intervention.

- Increased Efficiency: Instead of checking each case manually, artificial

intelligence allows you to automate many aspects of security monitoring, reducing the
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risk of human error and ensuring continuous protection.

- Threat Prediction: Al not only responds to known threats, but can also predict
potential vulnerabilities by analyzing trends and previous attacks, allowing you to
prevent problems before they become serious.

In a world where cyber threats are becoming more sophisticated and diverse, using
artificial intelligence to protect websites isn't just an advantage — it's a necessity. Not
only does Al provide powerful protection against potential attacks, but it also gives
website owners and their users peace of mind knowing that their data is protected with
advanced technology. Using artificial intelligence to protect websites is like having a
team of highly skilled cyber security professionals who never tire, never sleep, and are
constantly learning to provide the best protection in this ever-changing digital world.

5. Search optimization and SEO using artificial intelligence (Al) is turning into
real magic in the world of web development. It's not just a set of algorithms or complex
technical processes, but rather the art of anticipating and satisfying users' needs before
they even realize them. Imagine that your website 1s a living being that knows how to
listen to its visitors, understand their most subtle desires and even predict their next
steps. Artificial intelligence plays the role of an intelligent assistant that not only deeply
analyzes the language and behavior of users, but also constantly learns from this
experience, becoming better every day. Thanks to Al, SEO is no longer just a set of
rules and keywords. It turns into a dynamic process, where the content on the site lives
a life of its own, adapting to current trends, changes in user behavior and even seasonal
fluctuations. This allows not only to attract more visitors, but also to provide them with
a much more personal and satisfying web browsing experience.

The use of artificial intelligence for search optimization and SEO also means that
your site becomes not just a destination in the vast ocean of the Internet, but a real
guide for users, smoothly guiding them through limitless content, presenting exactly
what will be most interesting and useful for them . In short, Al expands the horizons
of traditional SEQO, transforming it into an intelligent, flexible and highly effective tool
for ensuring website visibility in today's fast-paced digital world.

6. Web traffic analytics using artificial intelligence turns dry numbers and
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statistics into a fascinating story about how people interact with your site. It is as if y(;
are a detective who unravels the mysteries of visitor behavior using not only logic, but
also intuition given by Al data.

Advanced User Understanding: Al analyzes how users interact with your site,
from where they click to how much time they spend on each page. You don't just get
numbers, you get the stories behind those numbers.

Behavior Prediction: By analyzing big data, artificial intelligence can predict how
changes to your site will affect visitor behavior. This allows you to optimize the site,
making it more attractive and useful for users.

Identification of Trends and Patterns: Artificial intelligence detects patterns and
trends in user behavior that may not be obvious at first glance. It could be a certain type
of content that gets the most attention, or certain pages that aren't getting the desired
engagement.

Optimizing User Experience (UX): Using artificial intelligence to analyze web
traffic allows you to improve UX by making changes that make site navigation more
intuitive and enjoyable.

In a world where every click and page view counts, Al web traffic analytics is
becoming a powerful tool to help you understand not just what's happening on your
site, but why it's happening. Thanks to deep data analysis, you can not only react to
changes, but also anticipate them, always staying one step ahead of your users' needs.
Using Al for web traffic analytics is like a bridge between you and your users, where
every step a visitor takes on your site gives you valuable information that helps you
create an even more personalized and engaging experience for them.

7. The integration of cloud technologies in web development has opened up new
horizons for developers and businesses. Cloud services offer flexibility, scalability and
availability of resources that were previously unavailable or too expensive for many
companies.

Computing Platforms and Infrastructure as a Service (IaaS):

- Amazon Web Services (AWS): One of the most popular platforms that offers a
wide range of services, including EC2 (Elastic Compute Cloud) for deploying virtual
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servers, S3 for scalable data storage, and RDS for database management.

- Microsoft Azure: A competitor to AWS, Azure provides a similar set of services,
with additional integration with other Microsoft products such as Office 365 and Active
Directory.

- Google Cloud Platform (GCP): Includes Google Compute Engine, Google
Cloud Storage, and Google Kubernetes Engine. GCP is known for its strong support
for containers and machine learning.

Platform as a Service (PaaS)

- Heroku: One of the most popular PaaS, specializing in simplifying the
deployment and management of web applications. Heroku supports many
programming languages, including Ruby, Node.js, Java, and Python.

- Red Hat OpenShift: Another popular PaaS that supports a variety of languages
and services, and offers capabilities for containers and automation.

Software as a Service (SaaS) for Web Development

- GitHub and GitLab: These platforms are used for code version control,
interoperability and CI/CD (Continuous Integration/Continuous Deployment).

- Shopify and BigCommerce: Examples of e-commerce SaaS that allow you to
quickly create and manage online stores.

Website and Application Hosting: Cloud platforms like AWS or Azure allow you
to host websites and applications with high availability and flexibility. They help you
easily scale resources according to changes in load.

Development and Testing: Cloud services provide developers with the
environment and tools for development, testing and deployment without the need to
invest in their own IT infrastructure.

Databases and Analytics: Cloud database solutions like Amazon RDS or Google
Cloud SQL offer flexibility, scalability and high availability for data management.
Cloud platforms also offer big data and analytics tools that can help gather valuable
insights from user data.

Cloud technologies are revolutionizing web development, offering flexibility,

efficiency and innovative solutions that make the development process more accessible
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and efficient. Using cloud services allows developers to focus on creating and
optimizing web applications, instead of worrying about infrastructure maintenance.

This chapter covers a wide range of topics that highlight fundamental aspects of
artificial intelligence and its applications in web development. From the historical
development of Al to modern technologies and methods, in the chapter we have
analyzed together how artificial intelligence has transformed the world of digital
technologies.

In the first part of the distribution, we considered how Al has evolved from early
theoretical concepts to modern complex systems affecting various areas of life. This
evolution underscores the importance of Al as a fundamental element in today's
technological developments.

Considering machine learning, neural networks, deep learning and other aspects
of Al, we see how these technologies play a key role in the development of intelligent
systems capable of analyzing data, solving complex tasks and automating processes.

Artificial intelligence has found wide application in the field of web development,
from automating routine tasks to personalizing the user experience. Interactive user
interfaces, increased website security, search and SEO optimization, and web traffic
analytics have all become much more efficient thanks to the introduction of Al. We
also realized that the use of cloud technologies that provide flexibility, scalability and
efficiency is critical in modern web development. Cloud services such as AWS, Azure,
and Google Cloud Platform play a key role in the development and deployment of web
applications.

In conclusion, Chapter 1 emphasizes that artificial intelligence is not just a
technological curiosity, but a powerful tool capable of radically transforming the field
of web development. Artificial intelligence opens up new opportunities for innovation,

increased productivity and the creation of more intelligent and effective web solutions.
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2.3. Analysis of tools and platforms that use artificial intelligence in web
development

Machine learning and artificial intelligence have become the basis of modern
technological solutions in web development. The frameworks and libraries used for
these purposes provide powerful tools for data analysis, process automation, and the
creation of innovative web applications.

Let's consider several examples of such tools.

1. TensorFlow. Developer: Google. Description: TensorFlow is an open
framework that allows developers to easily construct and train machine learning
models. It is known for its flexibility and a wide range of capabilities, ranging from
research in the field of Al to the development of real products. Examples of use:
TensorFlow is used in the creation of recommender systems, natural language
processing, computer vision, and other areas where machine learning is required.

2. PyTorch. Developer: Facebook. Description: PyTorch is another open source
machine learning framework that has become popular due to its intuitive architecture
and flexibility. It is suitable for research, prototyping and production. Usage examples:
PyTorch is often used in research projects and in the field of deep learning to create
complex models that require fast computations.

3. Keras. Developer: Francois Chollet. Description: Keras is a high-level
framework that runs on top of TensorFlow. It is designed for rapid prototyping and
machine learning experiments, while providing ease of use and flexibility. Use cases:
Keras is ideal for beginners and researchers who want to quickly implement their
machine learning ideas.

4. Scikit-learn. Developer: Various authors (Open Source). Description: Scikit-
learn is one of the most famous Python libraries for machine learning. It includes a
wide range of algorithms for classification, regression, clustering and dimensionality
reduction. Usage examples: Often used for data analysis, statistical modeling, and other
tasks where standard machine learning algorithms need to be implemented quickly and
efficiently.

5. Apache MXNet. Developer: Apache Software Foundation. Description:
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MXNet is an efficient and flexible deep learning framework powered by Amazon. Itg
distinguished by its optimization for parallel data processing and the ability to scale on
large computing clusters. Usage examples: MXNet is often used to train large scale
neural networks, especially in areas where high computing power is required, such as
computer vision and language processing.

6. Microsoft Cognitive Toolkit (CNTK). Developer: Microsoft. Description:
CNTK i1s an open framework from Microsoft that allows you to efficiently design and
train deep neural networks. It provides high performance and scalability on different
computing platforms. Usage examples: CNTK is particularly effective for tasks that
require high computational performance, such as large data sets or complex network
architectures.

7. Fast.ai. Developer: Fast.ai. Description: Fast.ai is a library that aims to make
deep learning more accessible and easier to use. It provides high-level APIs for
convenient work with neural networks, while not losing flexibility and performance.
Use cases: Fast.ai is ideal for developers who want to quickly prototype and experiment
with deep learning without getting bogged down in the complexity of low-level coding.

Each of these frameworks has its own characteristics and purposes, offering
developers a variety of opportunities to realize their ideas in the field of artificial
intelligence. The choice of a particular tool often depends on the specific requirements
of the project, including requirements for performance, flexibility, and ease of use.
Moving on from fundamental machine learning frameworks and libraries that provide
powerful capabilities for developing and training Al models, we now turn our attention
to cloud-based Al solutions. These cloud platforms open the door to new possibilities
by providing scalability, high availability, and integrated services that simplify the
implementation and deployment of artificial intelligence in web development. They
allow developers to effectively use the power of Al without the need for large
infrastructure costs, providing flexibility and speed in the implementation of complex
projects.

Cloud-based artificial intelligence (AI) solutions are paving the way for

innovation and scale in web development. They provide powerful computing
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resources, specialized tools for Al development, and flexibility in use. Such services
include:

1. Amazon Web Services (AWS). Features: AWS is one of the leaders in the
provision of cloud services, offering a wide range of Al services. AWS SageMaker is
a full-featured service that makes it easy to build, train, and deploy machine learning
models. Use cases: AWS 1is used to process big data, generate personalized
recommendations, automate web services, and other Al tasks.

2. Microsoft Azure. Features: Azure provides integrated cloud services with a
focus on Al and machine learning. Azure Machine Learning Studio is an interactive
environment for data visualization and creation of Al models. Examples of use: Azure
is used to develop intelligent web applications, data analytics, chatbots and other Al
solutions.

3. Google Cloud Platform (GCP). Features: GCP offers a wide range of Al
services, including Google Cloud Al and AutoML, which allow you to automate the
creation and training of Al models. Use cases: GCP is used to build intelligent
applications with machine learning capabilities such as language processing, visual
recognition, and predictive analytics.

4. IBM Cloud. Features: IBM Cloud offers a number of Al services under the
Watson brand. These services include tools for developing machine learning models,
natural language processing and computer vision. Usage examples: IBM Watson is
used to build intelligent systems for business intelligence, customer service
automation, and other web applications. These cloud-based Al solutions provide web
application developers with the tools they need to build advanced intelligent systems,
greatly simplifying the development and scaling of projects. They provide the
flexibility, scalability, and affordability you need to bring your wildest web
development ideas to life.

5. Alibaba Cloud. Features: Alibaba Cloud offers a variety of Al services,
including machine learning, data analytics, and computing capabilities. One of the
flagship products is PAI, a platform that allows developers to efficiently build Al

models. Usage examples: Alibaba Cloud is used to develop e-commerce platforms,
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analytical tools, and integrate Al into a variety of business applications.

6. Oracle Cloud. Features: Oracle Cloud includes a wide range of Al services and
solutions focused on business analytics, machine learning and process automation.
This platform provides powerful tools for data analysis and embedded Al solutions.
Examples of use: Oracle Cloud is often used in the corporate sector to create advanced
business intelligence systems, automate and optimize business processes.

Al cloud solutions such as AWS, Azure, GCP, IBM Cloud, Alibaba Cloud, and
Oracle Cloud are revolutionizing the world of web development by offering a wide
range of tools and capabilities for developers. These platforms not only provide access
to advanced Al and machine learning technologies, but also provide the necessary
infrastructure to effectively implement these technologies into various projects. Using
cloud services takes a lot of the burden off developers, allowing them to focus on
innovation and value creation instead of worrying about infrastructure support and
server maintenance. These platforms provide ample opportunities for scaling,
automation, analytics, and development of high-performance Al solutions.

All this makes cloud-based AI solutions indispensable in modern web
development, enabling the creation of more intelligent, efficient and adaptive web
applications that open new horizons for business and technology development. Moving
from cloud-based Al solutions that provide powerful platforms for developing and
deploying Al solutions, we now focus on tools for automation and optimization. These
tools play a key role in improving the efficiency and productivity of web development
by giving developers the means to automate routine tasks, streamline processes, and
improve the overall quality of web applications.

Automation and optimization are key aspects of effective web development. Tools
focused on these tasks make it much easier for developers, allowing them to focus on
the more creative and innovative aspects of their projects.

Automation Testing. Selenium: A web application testing automation tool that
allows you to simulate user actions in a web browser. Selenium supports different
programming languages and browsers, providing flexibility in the testing process.

Jenkins: This is a continuous integration and continuous deployment (CI/CD) tool
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that automates the build and deployment processes of web applications. Jenkirg
increases development efficiency and guarantees product stability.

Search optimization and SEO. Google Analytics and Google Search Console:
Indispensable tools for analyzing web traffic and optimizing sites for search engines.
They provide detailed information about user behavior on the site, the keywords they
use to find your site, and much more. Moz Pro and SEMrush: These tools provide
advanced capabilities for SEO analysis and strategy. They help in the selection of
keywords, monitoring the ranking of sites in search engines and identifying potential
opportunities for optimization.

Optimizing Productivity. Webpack: A modular packager for JavaScript that
optimizes and bundles different resources (JS, CSS, imaging), improving the
performance of web applications. Lighthouse by Google: A web page quality analysis
tool that evaluates performance, accessibility, mobile-optimization, and more.

These tools are indispensable for modern web development, allowing you to
automate key aspects of the development process, optimize websites for search
engines, improve their performance and ensure a high quality end product. Using these
tools not only helps developers save time, but also provides a better experience for end
users.

A detailed review of the key technologies and tools that form the basis of the use
of artificial intelligence in modern web development is made. From machine learning
and Al frameworks like TensorFlow and PyTorch to cloud solutions from leading tech
giants like AWS and Google Cloud Platform, we've looked at how these tools are
driving innovation and efficiency in web applications.

These tools play a vital role in the development of web technologies, enabling
developers to create more intelligent, interactive and personalized web experiences.
They provide opportunities for deep data analysis, automation of routine tasks, search
engine optimization and significantly increase the productivity of web development.
Therefore, understanding and being able to use these tools is key for any web developer

looking to innovate and improve the quality of their web products.
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2.4. Examples of successful projects and case studies

After a detailed overview of the tools and platforms behind the implementation of
artificial intelligence in web development, we move on to the next important element
of our research, which is the analysis of successful examples of the application of
artificial intelligence in web development. In this unit, we will look at specific
examples and use cases of Al in web development, analyzing real projects and
research. This will allow us to better understand how the theoretical foundations and
tools of Al are applied in practice, what results they have and their impact on web
development. The use of artificial intelligence (AI) in e-commerce has revolutionized
the way companies interact with their customers, optimize sales processes and improve
user experience. Let's look at some key aspects and examples of the use of Al in e-
commerce.

1. Personalized recommendations. Case study: Amazon uses machine learning
algorithms to create personalized product recommendations based on users' browsing
and purchase history. Result: Increased sales through accurate identification of user
interests, leading to improved user experience and loyalty.

2. Chatbots for customer service. Case: eBay uses a chatbot called ShopBot on
Facebook Messenger to help users choose products using natural language and query
processing. Result: Effective and fast customer service, reducing the burden on support
operators, increasing customer satisfaction.

3. Trend forecasting and inventory management. Case: Zara uses Al to analyze
fashion trends and consumer demand, allowing the company to effectively manage
inventory and plan collections. Result: Optimization of the supply chain, quick
response to changes in consumer preferences, reduction of losses from unsold goods.

4. Visual search and image recognition. Case: ASOS, a popular clothing retailer,
integrated visual search into its mobile platform, allowing users to search for products
using photos instead of text descriptions. The result: Increased user engagement and
satisfaction as shoppers can easily find and buy products they've seen online or in real

life.
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5. Dynamic pricing. Case Study: Airbnb uses machine learning algorithms g
recommend optimal pricing to hosts based on factors such as demand, location,
seasonality, and more. The result: Increased profits for owners and better resource
management for Airbnb, as well as more competitive prices for users.

6. Automated fraud detection. Case study: PayPal uses sophisticated Al
algorithms to monitor and detect fraudulent transactions among the millions of
transactions carried out every day. Result: A significant reduction in fraud cases,
ensuring the security of financial transactions for users and preserving the company's
reputation.

These cases show that Al has great potential in the field of e-commerce, offering
solutions to improve user experience, optimize business processes and improve
security. From shopping personalization to dynamic pricing and anti-fraud, Al is
demonstrating its ability to transform key aspects of e-commerce, providing a more
efficient and secure environment for both sellers and buyers. The implementation of
artificial intelligence (AI) in social networks and content marketing opens up new
opportunities for increasing engagement, personalization of content and effectiveness
of advertising campaigns. Let's consider several case studies demonstrating the impact
of Al on these areas.

1. Targeted targeting in advertising campaigns. Case in point: Google AdWords
and Facebook Ads use Al to analyze user interests and behavior, allowing advertisers
to create more precisely targeted advertising campaigns. Result: More effective
reaching of the target audience, increased conversion and optimization of the
advertising budget.

2. Analytics and Trend Forecasting. Case in point: Tools like BuzzSumo use Al
to track and analyze social media trends, allowing marketers to adjust their content
strategies. Result: Marketers can respond more quickly to changes in the interests of
the audience, creating content that resonates with current trends.

3. Al for Improving User Service on Social Platforms. Case study: Twitter uses
Al algorithms to detect and respond to user queries that come through their platform.

This includes identifying questions, complaints, and providing automated but
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personalized responses. Result: Increasing the speed and accuracy of responses to us;
requests, improving customer satisfaction and optimizing the customer service process.

4. Al for the Analysis of Emotional Context in Social Networks. Case study: IBM
Watson is used to analyze the emotional context in social media, helping brands
understand the overall mood and emotions around their products or services. The
result: Companies can engage more effectively with their audience by responding to
their emotions and feelings, and adapt their marketing strategies accordingly.

5. Al in Content Creation. Case: Companies like Articoolo and Wordsmith are
using Al to automatically create content that can simulate human writing. This includes
creating news articles, reports, analytical reviews and even blogs. Result: A significant
reduction in time and costs for content creation, the ability to quickly generate large
volumes of text for various needs.

These case studies illustrate how Al can be used for various aspects of content
marketing and social media engagement. From automated customer service and
sentiment analysis to content creation, Al is opening up new opportunities to improve
engagement, personalize experiences and optimize marketing efforts.

The integration of artificial intelligence (AI) into web interfaces opens up new
opportunities for interactivity, providing users with a more engaging and personalized
experience. Here are some examples that illustrate how Al can transform interactive
web interfaces:

1. AlI-Powered Chatbots for Websites. Case: Drift and Intercom use Al to create
intelligent chatbots that can answer user requests, provide recommendations and help
navigate the site. Result: Increased user satisfaction thanks to fast and efficient service,
reducing the load on the support service.

2. Personalization of the Web Experience Using Al. Case study: Netflix uses
machine learning algorithms to analyze user viewing habits and recommend
personalized content. Result: Improved user experience of the platform, increased
session duration and satisfaction with using the service.

3. Voice Assistants on Websites. Case: Integrating voice assistants such as

Amazon Alexa and Google Assistant into web interfaces so that users can interact with
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the site using voice commands. Result: Providing more intuitive and accessibg
navigation, especially for users with disabilities.

These case studies highlight how innovations in Al can significantly improve the
interactivity of web interfaces, making them more user-friendly and engaging. From
chatbots that make site navigation and interaction easier, to voice assistants that make
websites more accessible, Al is opening new horizons for the development of web
design and functionality. To summarize this chapter, we have conducted a
comprehensive analysis of real-world case studies that demonstrate the impact of
artificial intelligence (AI) in various aspects of web development, including e-
commerce, social media, content marketing, and interactive web interfaces. This
analysis revealed significant potential for Al to transform the web experience, increase
user engagement, and optimize business processes. The use of Al in e-commerce,
particularly through personalized recommendations, customer service chatbots and
trend forecasting, has revolutionized the way buyers and sellers interact. This not only
improved the user experience, but also increased sales and optimized inventory
management.

In social media and content marketing, Al has provided tools for deeper analysis
of user behavior, personalization of advertising campaigns, and automation of content
creation. This has allowed brands to more precisely target their marketing efforts,
ensuring high engagement and efficient use of advertising budgets. Innovations in
interactive web interfaces, such as the integration of chatbots and voice assistants, have
opened up new horizons for creating more dynamic and engaging web experiences.
They have not only increased the accessibility and usability of websites, but also
greatly improved the quality of interaction with users. Overall, the case study analysis
in this chapter demonstrates that Al is becoming an increasingly important tool in web
development, opening up endless possibilities for innovation, increased efficiency, and
the creation of more personalized and interactive web experiences. The use of Al
allows companies to become more competitive by responding to changes in user

behavior and needs.
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2.5. Potential benefits and challenges of integrating artificial intelligence into

web development

The integration of artificial intelligence (Al) into web development opens up
significant opportunities for improving the efficiency and productivity of processes.
This becomes possible thanks to automation, improvement of decision-making
processes and optimization of work procedures.

1. Automation of routine tasks. Al can automate routine and repetitive tasks often
found in web development, such as testing, website monitoring, and content
management. Using Al for automation allows developers to focus on more complex
and creative aspects of projects, increasing overall productivity.

2. Optimization of work processes. Al can analyze large volumes of data to
identify trends, patterns and anomalies, helping to improve workflows. Applying the
analytical capabilities of Al can improve development strategies, project planning, and
resource management.

3. Improvement of decision-making. Al can provide recommendations and
insights based on data processing, which improves decision-making in web
development projects. Intelligent systems can help in choosing the most effective
technical solutions, assessing risks and predicting potential problems.

Integrating Al into web development not only helps streamline and streamline
workflows, but also paves the way for a more innovative and creative approach to
development. Using Al to automate routine tasks and data analytics allows teams to
use their time and resources more efficiently, focusing on key project elements and
innovative solutions.

The integration of artificial intelligence (AI) into web development opens up new
opportunities to significantly improve the user experience. Al can be used to create
more intuitive, relevant and personalized web interfaces that meet the unique needs and
preferences of users.

1. Personalization of Websites. Al enables website content to be tailored to the

individual interests and behavior of users. This can include personalized product
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recommendations, customizing content or even adapting the interface according to user
habits.

2. Improving navigation and accessibility. intelligent algorithms can optimize site
navigation, making it more intuitive and accessible to all users, including people with
disabilities. This can include voice control, responsive layouts, or automated
navigation tips.

3. Interactivity and involvement. Al can be used to create more interactive
elements on websites, such as chatbots, interactive dashboards or personalized videos.
This increases user engagement and creates a more dynamic interaction experience.

4. Collection and analysis of feedback. Using Al to analyze user feedback can
help identify strengths and weaknesses in web design and functionality. This allows
teams to quickly make adjustments and improvements based on user needs.

Improving user experience with Al not only increases user satisfaction, but can
also lead to increased conversions, engagement and loyalty. Intelligent algorithms
allow you to create more personal and relevant web experiences, adapted to the needs
and desires of each user.

Integrating artificial intelligence (Al) into web development brings with it not
only advantages, but also certain challenges, especially in the area of security. These
challenges require careful consideration and a responsible approach when
implementing Al technologies.

1. Data protection and privacy. As the amount of data processed by Al grows, the
issues of data protection and privacy are becoming more and more relevant. The
challenge 1s to ensure safe storage and processing of users' personal data, in compliance
with regulatory requirements.

2. Protection against Al-enhanced fraud. Just as Al can be used to improve
security, it can also be misused by criminals to develop more sophisticated fraud
schemes. Web developers face the challenge of building systems that can detect and
counter such threats.

3. Identity and access management. Ensuring secure and effective identity and

access management in an Al environment is essential. This includes developing robust
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authentication and access control systems that can adapt to evolving securig
requirements.

4. Ethical and legal challenges. The use of Al also raises ethical questions,
especially in the context of automated decision-making. Web developers must consider
the possible impact of their systems on individual rights and freedoms and adhere to
legal frameworks.

Integrating artificial intelligence (AI) into web development brings unique
challenges, especially in the area of security. These challenges cover a wide range of
aspects, from data protection and privacy to risk management and ethical compliance.
On the one hand, there is a need to protect the huge amounts of data that are analyzed
and processed by Al. This requires careful consideration of privacy issues, protection
of personal data and compliance with regulatory standards. At the same time, the risk
of fraud and other types of cyberattacks increases, as attackers can also use Al to
develop more sophisticated schemes. In addition to the technical aspects, there are also
ethical considerations. Integrating Al requires developers to be aware of the potential
impact of their decisions on users, including issues of transparency, fairness, and
algorithmic bias. It is also important to ensure that systems using Al are understandable
and human-controlled, while maintaining the necessary level of security.

Given these challenges, web developers must actively work to develop safe,
ethical, and responsible Al systems. This includes the use of advanced encryption
methods, regular security audits, development of risk management strategies and
constant updating of knowledge about regulatory requirements. Thus, security
becomes not just a technical aspect, but a fundamental part of the web development
process in the age of artificial intelligence. Given these challenges, security is
becoming a key part of the development process for web applications using Al. This
requires a deep understanding of the potential risks, as well as the development of
strategies and solutions that ensure the protection of data and privacy, as well as the
ethical and responsible use of Al.

Integrating artificial intelligence (AI) into web development requires not only

technical changes in projects, but also adaptation at the level of teams and
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organizations. This process includes education and training, as well as cultural chang;
in the perception and use of Al

1. Education and professional development. Given the rapid development of Al
technologies, developers and project teams need to constantly learn and upgrade their
skills. This includes knowledge of the latest algorithms, tools, best practices and
industry standards. Training programs, workshops and conferences can help
developers stay at the forefront of innovation and implement effective Al solutions in
their projects.

2. Adaptation of work processes. Integrating Al may require revisions and
adaptations of existing work processes. This includes integrating new tools and
methodologies into daily work. Teams may need to learn how to work with Al tools,
interpret their results, and make appropriate changes to their strategies and approaches.

3. Cultural adaptation. The implementation of Al also requires a change in
corporate culture and attitude to innovation. Organizations must create an environment
that promotes experimentation, innovation and openness to new technologies. It is
necessary to promote the development of a "learning culture", where constant updating
of knowledge and skills is considered an important part of professional growth.

In the context of integrating artificial intelligence (Al) into web development,
adaptation and training are key elements to ensure effective implementation and use of
these technologies. This process covers not only technical aspects, but also changes in
corporate culture and approaches to work. First, there is a need for constant updating
of knowledge and skills of developers. The rapid development of Al technologies
requires web development professionals to stay one step ahead by understanding new
trends, tools and methodologies. This includes not only independent study, but also
participation in specialized courses and trainings. Second, adaptation of work processes
and work methods is critically important. Introducing Al into work processes may
require rethinking approaches to product design, development, and production. This
means adapting existing work procedures and implementing new practices that
optimize the use of Al. Finally, cultural adaptation is an important aspect. It's about

creating an environment that fosters innovation, openness to new ideas, and willingness
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to experiment. Companies should foster a culture of continuous learning arﬁ
development that allows teams to quickly adapt to new technologies and use them to
their maximum advantage.

Overall, adaptation and learning in the context of implementing Al in web
development requires a comprehensive approach that includes technical skills
upgrading, workflow reorganization, and building a culture focused on innovation and
adaptability. Adapting and learning in the context of Al in web development is not just
a set of technical skills, but also an evolution of the way of thinking and working. This
requires developers to be flexible, willing to learn and adapt, and organizations to
support such a culture of learning and innovation. Taking these aspects into account is
key to successfully integrating Al into web development.

Integrating Al into web development also requires organizations to strengthen
their approaches to staff training and development. As technology evolves rapidly,
learning and professional development become a continuous process. This applies not
only to developers, but also to project managers, designers and other team members
who need to understand the capabilities and limitations of Al.

In summary, implementing Al in web development offers the promise of
significant benefits, including streamlining processes, improving productivity,
improving user experience, and even opening up new opportunities for innovation.
However, these benefits come with responsibilities and challenges. They require
developers to be aware of ethical, legal, and security issues, and to be willing to
constantly learn and adapt. Ultimately, success in using Al in web development
depends not only on technological knowledge, but also on the ability to take a holistic

approach to innovation, security and ethical responsibility.
Conclusions
Thanks to the analysis of existing artificial intelligence technologies, it is possible

to select services that can help me in my work and everyday life. Looking at our project,

it is clear to everyone that it is not complete in terms of design and content, this is one
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of the most important factors that affects the audience. People will not consider tlg
author of the articles to be intelligent enough if the articles are on an outdated site.
Therefore, the content and design of the pages should be one of the first stages of how
to further develop our project outside of the thesis. Also, we used only a few
possibilities of artificial intelligence in web development, in fact, such services and
technologies are becoming more and more every day and it is even difficult to follow
their development. If we consider the question of what other artificial intelligence
technologies can be added to the current project, then these would be:

1. Advanced analysis of user data to use machine learning to analyze user
behavior on the site to improve UX and personalize content. After that, it is possible to
develop a system of recommendations for better personalization of the content of
individual users based on the results of the analysis by artificial intelligence.

2. Automation of SEO components so that Al is responsible for the process of
optimizing keywords, meta tags and content structure to improve SEO. After that, it
would be possible to implement Al that would automatically put metatags on images
and the like.

Although our work does not have a significant impact on the web development
industry as such, such a demonstration of the capabilities of artificial intelligence opens
up new perspectives for the use of artificial intelligence technologies. The conclusions
and possible methods presented in the work can serve as a reference point for other

developers and companies seeking to integrate Al into their web projects.
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Beryn

B cydacHiii cToMaTo0r1i IUPOKO BUKOPUCTOBYIOTHCS IU(PPOBI 300paKeHHS, 1110
chopmoBani cydacaumu cuctemamu [1]. e mo3Bomnsie BUKOopucTOBYBaTH HU(PPOBI
aITOPUTMU OOPOOKHM TaKUX JTAHUX, 30€piraTH ix Ha CydacHUX HOCISX, IepeaBaTH 1o
JHIAX 3B 3Ky, popMyBaTu 0a3u Al BUSBICHHS 1arHOCTUYHMX O3HAK 1 HAaBYAHHS
HEUpPOMEpEeXkK, a TaKOXK JUIsl HaBYaHHS CTYACHTIB [2]. BHacmigox moKparieHHs
PO3PI3HIOBAIBLHOT 37aTHOCTI cUCTeM (HOPMYBaHHS PalONOTIYHUX 300paKEHb Ta
3aCTOCYBaHHIO HOBUX PEKUMIB X pOOOTH (HAPHUKIIA]] TAHOPAMHOTO) CIIOCTEPITAEThCS
TEHJICHI[ISI 70 3POCTaHHSA CEPEHhOTO PO3MIPY 300pKEHh — THUIIOBUMH CTalOTh
po3Mipu B OAMHULI Ta AecaTku Mera6aiit. Lle mpusBoauts 10 mpobiieM 30epekeHHs
TaKUX JIaHUX 1, 0COOJIMBO, X TEPMIHOBOTO TMepecuiaHHs (0OMiHY) B CUTYyaIlIAX, KON
MOTPIOHO TOYHO BCTAHOBUTH JI1arHO3 CIEIiaIiICTaMHU.

[CHYIOTH METOZIM CTHCHEHHS MEIMYHUX 300pakeHb [3], ajie He BCl BOHM 3/aTHI
3aJI0BOJILHUTH CIIELIaNICTIB Ta KopucTyBadiB. llo-mepiie, Meroau cTUCHEHHs 0e3
BTpaT, K MPABUJIO, HE BUPILIYIOTh npodsemMy. [lo-apyre, 1ist MEAUYHUX 300paKeHb
XapaKTEPHOIO BUMOTOIO € CTHUCHEHHS 0e3 Bi3yaJlbHO MOMITHUX BTpar (06e3 BTpar
J1arHOCTUYHO BaXXJIMBOI 1H(OpMaIlii), 0 HE A03BOJISIE BUKOPUCTOBYBATU OYIb-sIKi
3Ha4YCHHS mapameTpy, mo kepye ctucHeHHs M (ITIKC). Tlo-tpete, He 3aBkK AU AOLLITBEHO
BUKOPHCTOBYBATH BiJIOM1 cTaHAapTH, K-T0 JPEG, a 611b111 po3ymMHO 117151 30€peKeHHS
JaHUX OOCTEKEHHsI MalllEHTIB 3aCTOCOBYBATH MEHII BioMi kojaepu. Tox y 1pomy
PO3/11J11 HAMU PO3IJIIHYTO OJIHY 3 MOXKJIMBOCTEH 3a0€3MeYNTH Bi3yalbHy HETIOMITHICTb
BHECEHUX CIIOTBOPEHBb Ta IMPOBEIECHO TNMEPBUHHUU TMOPIBHSUIBHHUI aHAi3 OCHOBHHUX

XapaKTEPUCTHK JCKITBKOX KOJIEPIB.

SAuthors: Lukin Volodymyr Vasilyovych, Kryvenko Sergii Stanislavovych,
Kryvenko Liudmyla Stanislavivna, Krylova Olha Volodymyrivna
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3.1. OcHOBHI i1ei HAIIOTO MiAX0xy

3a ocranHi 20 POKiB 3ampOMOHOBAHO 0arato METPHUK BidyalibHOI sikocTi (MBS)
JUIs1 300payKeHb B TpaJiallisix CIporo JJisl pI3HUX THUIIIB CIIOTBOPEHb, SIKI MOKYTh MaTH
MICIIE B IPAKTHII 00pOOKH 300paxkeHb. /{7151 ClIOTBOPEHB, 110 MAIOTh MICIIE B MPAKTHII
CTUCHEHHS 300pakeHb 3 BTpaTaMH, iICHyE JOCUTh Oarato MBS, siki € cyTTeBO OLIbII
aJIeKBaTHUMHM, HIK 3BHYaiiHe mikoBe BijgHomieHHs curHai-mym (ITBCII) [4], 1 ski
Ma€eTh paHTOBY Kopesiiito CrpMeHa 3 0CEpEeTHEHOI0 TYMKOIO JIFo/IeH (mean opinion
score — MOS) na piBHi 0,96-0,97, ToOTO 31aTHI qy’Xe A00pe XapaKTepu3yBaTH SIKICTh
CTUCHEHMX 300paxkeHb. KpiMm Toro, /y1sl KITbKOX 3 TAKUX METPUK O1liHeHO mopir T, s
SKOTO CIIOTBOPEHHSI a00 Bi3yaJbHO HEMOMITHI, a00 € Ty’Ke HECYTTEBUMH (TaKUMHU, 1110
HE BIUIMBAIOTh Ha JIarHOCTUYHY IIHHICTh TaHUX) [5].

Opniero 3 Ttakux MmeTpuk € PSNR-HVS-M, sxa BpaxoBye ABI BakJIMBI

ocobmmBocTi 3opy monein (https://ponomarenko.info/psnrhvsm.htm). [ls merpuka

Bupaxkaetbcss B a1b 1 mopir T mms Hel mpubnuzno gopiBHioe 40 nb. Toxi mig vac
CTUCHEHHS HeoOxiaHo 3a0e3neuntn 3HaueHHs] PSNR-HVS-M He ripmie (He mente),
HDK 40 nb 1 me Moxe OyTH MEBHOI 3alOpPyKOI0, IO BHECEHI CIOTBOPEHHS €
HEBHJIUMHUMH. AJIe TIPU IbOMY Tpeba BpaxyBaTH, 1€ CTICIIaTiCTH (JAHTUCTH ) 3a3BUYAM
PO3TISAAIOTh HE BCE BEJIMKE 300payKEHHS B IIIOMY, a MPUILISIOTE OCOOJIMBY yBary
NeBHUM (parMeHTaM po3MIpOM COTHI Ha COTHI IMIKCEJIiB, SIKi BOHU PO3UBIISIIOTHCS B
pEeXKUMI CKPOJIIHTY B HaTypaJbHOMY Macmitabl. Tox OakaHo 3a0e3MmeynuTH 3HAYCHHS
PSNR-HVS-M He ripie nopory He TUIBKH JJI BChOTO 300paK€HHsI, ajie i JJisi Horo
(hparMeHTiB, SIKi MOKYTh MaTH PI3HY CKJIAHICTh 1 XapaKTepU3yBaTUCh PI3HUM PIBHEM
BHECEHUX CIIOTBOPEHB [6].

TyT HeoOXiHO 3a3HAYMTH, IO KOXKEH MeToj cTucHeHHs wmae cBiii [IKC.
Hanpuxnan, nis JPEG xapakTepucTHKU CTUCHEHHSI BU3HAYAIOTHCS (PAKTOPOM SIKOCTI
(quality factor — QF), uro matots 3Hauenns Bif 1 1o 100, ne 100 BignoBigae mpakTHIHO
171eaIbHIM SIKOCTI 1 MiHIMaJdbHOMY 3HaueHHIO koedimieHTa ctucHeHHs (KC). s
IHIIMX METOJIB CTHUCHEHHS BUKOpHUCTOBYIOThcs 1HIN I[IKC, ski Tak 4 1HaKIIe

MOB’s3aH1 3 KPOKaMU KBAaHTYBaHHS KOE(]IIIEHTIB OPTOTOHAJILHUX MEPETBOPEHb, 110
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JIeXKaTh B OCHOBI OUIBIIIOCTI CydyacHUX KoAepiB. 3okpeMa, miis koaepy AGU-M [7] IE
OCHOBI  JuCKpeTHOro KocuHycHoro meperBopeHHs (JAKII) B skocti ITIKC
BUKOPHUCTOBYEThCS Koe(ilieHT MaciuTadyBanHs (scaling factor — SF), sikuit 3aramom
MOXKe OyTH OyIb-IKUM HEHEraTMBHUM YHCIIOM, ajié Ha MPaKTHUIl HOro 3HAYCHHS
JeKaTh B MEXaxX BiJl OJUHUITH 10 KUTBKOX JECSATKIB.

Tox B HacC € croiiBaHHs, 1110 3aBASKH BUKOPUCTaHHIO (DikcoBaHux 3HaueHb [TKC
Bracthes 3a0e3neuntd PSNR-HVS-M He ripiie 3a mopir moMiTHOCTI CIIOTBOPEHb IS
BCix (OUTBIIOCTI) (DparMEeHTIB TUMIOBUX CTOMATOJIOTIYHHX 300pa)Ke€Hb, MPHU IOMY
OynyTh nocsarHyTl noctu BUcoki 3HadeHHs KC. Tox 3aBaHHs noJssirae y Tomy, o0

3HaiTh Taki 3HadeHHs [IKC ta mpoanamizyBatu Mexi Bapiaiii 3HaueHb PSNR-HVS-

M ta KC.

3.2. AHaJIi3 OTpUMaHUX Pe3yJbTATIB

JPEG € MeTronoM CTUCHEHHS, KW, MaOyTh, € HAWOIIbII BUBYCHUM 3 PI3HUX
TOYOK 30py. [l HOTO ICHYIOTh MEBHI PEeKOMEHaIlil 1040 BcTaHoBIeHHS QF st
PI3HUX PEXUMIB B HM(POBHUX KaMepax Ta IHIIKUX 3aco0ax. 30Kpema, 1100 rapaHTyBaTH
HEMOMITHICTh CIIOTBOPEHb PEKOMEHIYeThCsl BcTaHoBIoBaTH QS=75. Hamm Oyna
nepeBipeHa 11 pexkoMeHparis juisi 20 ¢parMeHTiB CTOMATOJOTIYHUX 300pakeHb
po3Mipom 512x512 mikceniB, 10 BUPi3aHi 3 MAHOPAMHOTO 300pa)KEHHS PO3MIPOM
2761x1504 mikceniB, 10 OTPUMAHO Cy4yacHOIO cuctemoro Mopita (Morita, TUBHCH

https://www.imoritaeurope.de/en/products/diagnostic-and-imaging-equipment-

overview/) Ta 14 ¢parMeHTiB TaKkoro * po3Mmipy, 1o oTpuMani cucrtemoro Dentsply
Sirona (Orthophos S). Jlesiki 3 oTpuMaHMX pe3yJbTaTiB IMOKa3aHi Ha puc. 1. Sk
6aunmo, B 000x Bumankax 3HadyeHHs PSNR-HVS-M B cepennbomy mA0piBHIOIOTH 48
nb, ane 3MiHIOIOThCS B Mexkax Bia 45,5 no 50,5 n1b qis Bunaaky Ha puc. 1,a 1 Big 47,7
1o 48,8 nb Ha puc. 1,B. [Ipu nbomy 3nauenns KC nexarb y mexax Bij 5 10 13 Ha puc.
1,6 1811 9,8 mo 16,3 Ha puc. 1,r. Ha nam norsnsia, ogHa 3 nmpuduH Oiabmmx 3HadeHs KC
1u1st pparMeHTiB 300paXkeHb, 110 3opMoBaHi cuctemoro Dentsply Sirona, mosisirae B

TOMY, IO JIJISl HUX CIIOCTEPITaeThCs IOMITHO MEHIIINI PiBEHb 3aBa/l.
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Pucynok 1 — /lani ni1s1 cTucHeHHsI GpparMeHTiB CTOMATOJIOTIYHUX 300pakeHb

JJIA 1BOX cyuacHux cucrem, JPEG, QF=75

BtiM, ik MOXHA mOOaYnTH, HaBITH HaliMeHI1 3Ha4eHHI PSNR-HVS-M € nocuts
nanekumu Bin T=40 nb. Lle o3Hauae, mo MoxkHa cytreBo 3MmeHIIUTH QF,
3abe3neunBIy cepeani 3HaueHHss PSNR-HVS-M s ¢gparmentiB Ha piHi 42,5 1b.
Amnani3 3anexxnocteit PSNR-HVS-M Bin QF 10BiB, 110 11€ COCTEPITAETHCS 32 YMOBH,
mo QF~60. BinnoBiani gaHi A7 THX K€ (PparMeHTiB BETUKOTO PO3MIpY, [0 OTPUMaH1
JOCIIIKYBAaHUMHU CUCTEMaMU, HABEJIEHI Ha pUC. 2.

Sx moxxHa mobaunth, Bci 3HaueHHsI PSNR-HVS-M, sk 1 paHimie, nepeBUIyOTh
nopir T; B mepmioMy BumajKy (puc. 2,a) BOHM JexaTh B Mexax Bia 41 1o 45 nb, a B
JIpYyroMy BUMAJAKY (pUC. 2,B) BOHH € HaBITh OUIBIII KOMIIAKTHUMHU — BiJ IpUOJIN3HO 43
1o 44 nb. Ilpu upbomy 3menmenHs QF gano mo3utuBHU eekT y ceHCl 30UTbIIeHHS
MIHIMAJBHOT'O 1 MAaKCUMAaJIBHOTO (a TaKoXK cepeaHboro) 3HaueHb KC. 3HaueHHs 11boro
napameTpy Temnep Jexarh B Mexax Bin 7 1o 20 mis pparMeHTiB 300pakeHHS] CHCTEMH

Morita (puc. 2,0) ta Bix 13 mo 23 mns pparmenTiB 300pakeHHs1 cucteMu Dentsply

Sirona.
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Pucynok 2 — /lani nJ1i1 cTuCHeHHsI (parMeHTiB CTOMATOJIOTIYHUX 300pakeHb

JI4 1BOX cyyacHux cucrem, JPEG, QF=60

3aranioM, MokHa 1ie Tpoxu 30Ukt KC 3a paxyHok BukopuctanHs QF=59,
ajle B TaKOMy BHMNAAKy 30umbmyerbesi pusuk, mo PSNR-HVS-M s nesxux
(parMeHTIB BUSBUTHCA MEHIIMM 3a IOPIT 1, BIAMOBIAHO, BHECEHI CTHUCHEHHSIM
CIIOTBOPEHHS CTaHyTh TOMITHUMH.

BTiM, iCHYIOTH 1HII MOXJIMBOCTI MOKPAIIUTH €()EKTUBHICTh CTUCHEHHS, aJI’Ke
JPEG € «cTaprm» METOJIOM CTUCHEHHS 132 OCTaHH1 POKH 0yJI0 3alpOIIOHOBAHO Oarato
Kpalux 3a HhOTO B TOMY YU 1HOMY CEHCI, X04a OJICH He Ha0yB TaKOTO MPAKTUYHOTO
NOIMPEeHHS (MPUYKMHU I[HOTO PO3TJIAIaTh He Oyaemo). buibmiicts 3 po3pobiieHux B
OCTaHHI POKM METOJIIB CTHCHEHHsS 3 BTparamu Oaszyerbcsi abo 3a JIKII, abo Ha
TUCKPETHUX  MAJIOXBUJIBOBUX  MEPETBOpeHHsX. [l  KomepiB Ha  OCHOBI
MaJIOXBUJILOBUX MEPETBOPEHD MPOOJIEMOIO € 3a0€e3MeUeHHs 13 33JJ0BIIbHOI0 TOYHICTIO
Oa)kaHO1 SIKOCTI CTUCHEHHMX 300pakeHb (Hampukiaz, 6axanux 3HaueHb PSNR-HVS-
M [8]), ToMy pO3TJIIHEMO OJIMH 3 METO/1B CTUCHEHHs Ha ocHOBI1 JIKII.

Konep AGU-M e monudikartiero [7] po3pobsenoro B 2006 pori konepy AGU

(https://ponomarenko.info/agu.htm), skwmii, va Bigminy Big JPEG, BuxopucroBye
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010k po3MipoM 3232 mikcesl, O1IbII CydacHUH MIAXi 10 KOTyBaHHS KBaHTOBaHI/;
koedimientiB JKII ta BOymoBanuii 1e0I0KIHT micis aekoayBaHHsA. Moaudikartis [7]
noyisirae B Tomy, o ansi kBaHTyBaHHs JIKII-koedilieHTIB 3aCTOCOBYIOTHCSI HE
OJIHAKOB1 KOe(]iIlIEHTH KBAaHTYBaHHS, a Taki, 1[0 OTPUMaH1 1HTEPIOJISIIIEI0 3HAYCHB
mapuii kBaHTyBaHHS 3 JPEG, To0TO amantoBaHi A0 OCOOIMBOCTEH CHUCTEMH 30Dy
moaunu. lle mo3Bossie MABUIIMTH €(PEKTUBHICTH CTUCHEHHS Y BIAMOBITHOCTI [0
METPHUK Bi3yaJIbHOI SIKOCTI Y TTOPIBHSHHI 70 nepBuHHO1 Bepcii AGU.

Hanmani B po6Goti [7] rpadiku ycepeaneHoi 3anexxnocti PSNR-HVS-M Bin
srajganoro pasimie SF, mo Bukonye poib [IKC nns AGU-M, 103BOJISIIOTh OTpUMATH
pexkoMenoBane 3HaueHHs SF 3 meroro mocsarru PSNR-HVS-M=42.5 nb nns toro,
00 KOPEKTHO MOpIBHATH Xapakrepuctuku ctucHeHHs it AGU-M ta JPEG.
3navyenHs SF Mae npuOau3HO JOPiBHIOBATH &,8, TOK OTPUMAEMO Ta MPOaHATIZyeEMO
pe3yabTaTH came JIJIs IbOTO 3HAYCHHS.

Bonu HaBeneni Ha puc. 3. Sk mokHa mo6auuTH, cepeane 3HaueHHss PSNR-HVS-
M niticno npubnuzHo gopiBHioe 42,5 nb (puc. 3,a), a caMi 3HaYeHHS AJ1 PparMeHTIB
JexaTh B Mexkax Bim 41 no 45 nb, To0TO BUMOTH 10 SIKOCTI BAAJ0CS 3aJI0OBIJIBHUTH.
st dpparmenTiB 300pakennst cuctemu Dentsply Sirona (puc. 3,B) cepeiHe 3HaUCHHS
PSNR-HVS-M tpoxu Bumie (=43,5 n1b), a cami 3HaueHHS Jy1si PparMeHTIB Jie)KaTh B
Iayxe BY3bkuX Mexax Bill 42,9 no 44,0 nb. Ilpu upoMy HailBaXJIMBIILIUM € T€, LIO
3HadyeHHs1 KC BUsSBWINCH, 3arajioM, CyTTeBO OubiuMu, HiXK 1 JPEG. Jlna nanux Ha
puc. 3,0 3nauenns KC nmexartp B Mexax Big 9,8 1o 33, a miig qanux Ha puc. 3,1 — Bij
20 o maiike 50. Tox cyTTeBo OunbIMMU, HIXK 11s1 JPEG, BUSBUINCE SIK MiHIMaJIbHI,
Tak 1 MakcuMaibHi 3HaueHHs KC, mo CBIIYUTH NpPO AOUUIBHICTb BHUKOPHUCTAHHS
konepy AGU-M (mesiki 1oaTKOB1 JaH1 MOYKHA 3HAWTH B Hatii poOoTi [9]).

3po3ymisio, 1mo Oyb-sKi METPUKU BI3YyaJIbHOI SIKOCT1 HE € ificalbHUMHU 1 MOPIT
MMOMITHOCTI BHECEHHX CIIOTBOPEHbB € JOCUTh YMOBHHM (ICHYIOTH MiJIXO/IU JI0 aHAJI3y,
mo 0a3yloTbCsd Ha Tak 3BaHUX JeJb MOMITHHUX CIOTBOPEHHAX — just noticeable
distortions [10]). Tomy, KpiM MpPOBEACHOr0 BUIIE KIJIbKICHOTO aHali3y Ha OCHOBI

metpuku PSNR-HVS-M, Gynu Takox mpoBeieHi eKCIEPUMEHTH 110 Bi3yalIbHOMY
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Pucynok 3 — /lani nJ11 cTucHeHHsI (pparMeHTiB CTOMATOJIOTIYHUX 300pa’keHb

nJid 1Box cyyacHux cucrem, AGU-M, SF=8,8

MOPIBHSAHHIO (PparMeHTIB JO CTHUCHEHHS Ta 13 CTUCHEHHSAM Yy BIJMOBIIHOCTI [0
HaJaHUX pekoMeHpamiil. Excriepumentu Oynu mpoBeAeHI YyoTHpMa CIelialicTaMu-
CTOMATOJIOTAMU 3 BUKOPUCTAHHSIM BHMCOKOSIKICHUX MOHITOpIB Ta BIAMOBIAHO 0
pEKOMEHJallld O TaKUX EKCIIEPUMEHTIB (BIACTaHb O MOHITOPY, Yac MPOBEIACHHS
€KCIIEpUMEHTY, TOII0). BusiBUiI0CH, 1110 Jutie y 15% BUNaaKiB CriemialicTd MOMIYain
NesKy BIAMIHHICTb MOPIBHIOBAHUX 300paKeHb, ajie B )KOJTHOMY BUIMAJAKY CIIOTBOPEHHS
BHACIIIJIOK CTHHEHHS 3 BTpaTaMU HE MOKHA OyJI0 BBa)KAaTW TAaKWMHU, 110 HETATUBHO
BIUIMBAIOTh HA 1arHOCTUYHY IIHHICTb.

[Ipukinan cTucHeHUX 300pakeHb HaBeAeHUH Ha puc. 4. B 060x Bunagkax PSNR-
HVS-M=~42 nb, anme nns 300paxenns, mo ctucayte JPEG (iioro ¢parment
posramoBanuii 31iBa) KC nopishioe 14,7, a nis 300pakeHHs, mo ctucayte AGU-M
(cupaBa) KC mopisHtoe 23,5, To6TO € cyTTeBO OlnmbimmM. Ha Hammm normsia, po3pi3HUTH
111 300pakeHHs (3HAWUTHU SBHI BIAMIHHOCTI) Jy>K€ BaXKKO, IIPH 1IbOMY BOHU aHAJIOTTYHO

HE BIIPI3HSAIOTHCA Bijl )parMeHTy HECTHUCHEHOTO 300pakeHHS.
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Pucynoxk 4 — ®parment 300paxenssi, crucienoro JPEG (3niBa) ta AGU-M (cnpaBa)

BucHoBku

TakyuM 4YHMHOM, IOKa3aHO, III0 € MOJKJIHMBICTh CTHCKAaTH CTOMATOJIOTTYHI
300pak€HHsI MPaKTUYHO O€3 Bi3yallbHO IMOMITHUX CIIOTBOPEHBb 13 3aCTOCYBaHHSIM
kozaepiB JPEG ta AGU-M i3 3a0e3neuenusm qocuth Bucokux 3HaueHb KC. Ilpu upomy
3aBASKUA HaBeJleHUM pexkomeHaarisiM no Bubopy IIKC MoxHa YHUKHYTH 1TE€paliiHOro
[7] aGo nBoeTanmHOTO [8] CTUCHEHHS, SIKE 3a3BUYail BAKOPUCTOBYIOTh, KOJIU HEOOX1THO
3a0e3neynTH Oa)kaHy SIKICTh CTHCHEHHMX 300pa)K€Hb Yy BIAMOBITHOCTI 10 METPHUK
SIKOCTI, III0 BUKOPUCTOBYIOThCS KOpUCTyBaueM. L{e 103BoIIsie BUKOHYBAaTH CTUCHEHHSI
IIBUIKO 1 B aBTOMAaTUYHOMY PEKUMI.

JloBenieHO, 1110 MpHU MPAKTUYHO OJHAKOBIN SIKOCTI CTUCHEHHX 300pakeHb KOAEp
AGU-M 3a6e3neuye cyTTeBo kpaii (011b111) 3HaueHHs KC, 1110 103B0JIsi€ 36 KOHOMUTH
naM'ath Ha 30epekeHHs JaHuX abo yac Ha ixX mepefady mo kKaHamax 3B’s3Ky. lle
MiATBEP/HKCHO PE3yJIbTaTaMU €KCIIEPUMEHTIB M0 aHalli3y CTUCHEHUX Ta MEPBUHHUX

300pakeHb, IO MPOBECHI CIEIiaTiCTaMU-CTOMATOJIOTaMHU.
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KAPITEL 4/ CHAPTER 4 *
MODERN SOLUTIONS FOR ASSEMBLING AND REASSEMBLING
DOCUMENTS IN A SPECIALIZED DOCUMENT MANAGEMENT SYSTEM

DOI: 10.30890/2709-2313.2024-26-00-031

S

Beryn

[Ilopoky pi3HOMaHITHI 1HCTaHIII OOpPOOJISIIOTh HE3NUEHY KIJIbKICTh 3aIUTIB Y
BurisiAi mokymeHtiB [1-5]. KoxxeH 3 HamiclaHWX NOKYMEHTIB BIJIIOBIJIa€ CTPOTIi
dbopmi Ta Mae CKIIagaTUCh Bpy4uHy. Takox Ha 06a31 HaaICIaHUX TOKYMEHTIB CEKpeTapi
CKJIQZIaI0Th IPOTOKOJIM 3aC11aHb Ta BUTATH MICIS PO3TISAY JOKYMEHTY Ta BUHECEHOIO
pilIeHHA Ha PIBHI KOXHOI 3 1HCTaHUid. Takui migxix A0 poOOTH 3 JOKYMEHTaMH
CIPUYMHSIE JI0BOJII BArOME HABaHTAXKEHHSI Ta € JIy>KE€ BPa3JIMBUM J0 OIOPOKPATUUHUX
MOMUJIOK [6-9]. TakuMu MOMUIIKAMU MOXKYTh OyTH SIK TpaMaTU4YHI HETOYHOCTI, TakK 1
NOXMOKU T Yac HAJICWIAHHA JOKyMEHTa Il MOJaibIIOro Horo oOpoOku. Yci
BUIIICHABE/ICHI apryMEHTH IIOB’s3aHl 3 MPOILECOM OOpPOOKH JOKYMEHTIB BPYUHY.
ToMy Tema qoCTiIKEHHS € aKTYaJbHOIO.

Takum unMHOM, icHye moTpeba y aHaji3l Ta BAOCKOHAJIEHHI METOMIB 0O0poOKHU
JIOKYMEHTIB, 30KpeMa METO/I1B 30epexeHHSI IIJTICHOCTI Ta aBTEHTUYHOCTI JOKYMEHTIB
Ta iX aBTOMaTU30BaHOi TeHepanii. OCHOBHA yBara NPHAUIAETHCS MPOIECam
aceMOJIIOBaHHS Ta peaceMOIIOBaHHS JOKYMEHTIB.

Meroto poOOTH € TIABUINEHHS BIAMOBITHOCTI aBTOMATH30BAHOI CHUCTEMHU
IO0KyMeHT000iry ocHoBHUM mpuHumnaMm ECJl 3a paxyHOK 3acTOCYBaHHS IpPOLEAYP
aceMOJIIOBaHHA Ta peaceMOIIOBaHHS.

J11s1 TOCATHEHHS MOCTaBIICHOT METH HEOOX1JHO BUKOHATH TaKl 3aBJaHHS:

1) Ilposectu ormsia cyyacHux ECJI, mpoanamizyBatu iX nepeBaru i He0J1Ku;

2) Po3poOuTH TEXHOJOTIYHUI JAHIFOXKOK CHEl1a]i30BaHOi aBTOMATHU30BaHOI
CUCTEMH JOKYMEHTOOOITY;

3) IloOyayBaTv aHATITUYHHUM OMKUC TEXHOJOTTYHOTO JiaHIto)kka CAC/I;

4) IlepeBiputu po3poOKy Ha MPEAMET BIANOBIAHOCTI OCHOBHUM MPUHLIUIIAM

ECJI.

YAuthors: Korobeinikova T. I.
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OG’eKTOM JOCHIJKEHHSI € TIPOIleCH aceMOJIOBaHHS Ta peaceMOJIIOBaHHS
JIOKYMEHTIB Ha PIBHI KOXHOTO 3 JemaptaMmeHTiB. [Iporecn acemOiroBaHHS Ta
peaceMONIIOBaHHSI CHPUSAIOTH ONTHUMI3AIlll ONpAalIOBaHHS JOKYMEHTIB IIiJ] 4Yac
ckiamaHHs  Oe3mocepedHix  ¢aimiB. Takuit  edeKkT  JOCATHYTO  IIISIXOM

[IpenmeTromM nOCHIKEHHS € METOAM Ta 3acO00M aBTOMAaTU30BaHOI 0O0pOOKHU
JTOKYMEHTIB.

HayxoBa HOBH3HA MOJIATAE Y TAKOMY:

— Bpockonaneno TEXHOJIOTTYHUN JIAHIIOKOK crerniaii3oBaHol
aBTOMATHU30BaHOI CUCTEMHU JIOKyMEHTOOOITY 3a paxXyHOK BUKOPHUCTaHHS MPOTPaMHHIX
3ac001B /17151 aceMOJIIOBaHHS Ta peaceMOJIIOBaHHS JOKYMEHTIB;

— 3anponoHOBaHO aHAJTITUYHUN OIKC MPOTPAMHHX 3aCO01B /17151 aceMOTIOBaHHS
Ta peaceMOIIOBaHHS JOKYMEHTIB, IIO BpPaxOBYE MOXJIHMBICTh aBTOMAaTH30BaHOI

reHeparii JOKyMEHTIB.

4.1. AHaJi3 cy4acHHMX CHCTEM JJOKYMEHTO000iry

B naniit yactiuHi poOOTH BUKOHAHO aHAJII3 Cy4YaCHUX CUCTEM JIOKyMEHTOO0O0Iry Ta
PO3TJISTHYTO MOHATTS PO MaHyaJIbHUM MiaX11 00pOOKU JOKYMEHTIB.

MeTtoro 1aHOT YaCTUHU POOOTH € 03HAHOMJICHHS 3 ICHYIOUMMH IMILIEMEHTAIIIMU
eNeKTPOHHUX cucteM nokymentoobiry (ECJ/]) Ta cTtBopeHHs iX  MOpIBHSUIBHOI
XapaKTePUCTUKU B XOJI1 SIKOI OyJIO PO3IIAHYTO iX MepeBaru Ta HEIOJIKU. 30Kpema

aBTopoMm Oynu po3rsiHyTi Taki ECJ] sik “/lis””,”PandaDoc” Ta “GoogleDocs”.

4.1.1. Manyanvnuit nioxio 0o cucmem 0OKymMeHmoooizy

VY cydacHOMy CBITI MiJIPUEMCTBA MAalOTh TPUMATH PYKY Ha IyJbCl, KOJIH MOBa
ie npo onepauii JTaHuMHu. Butpatu Ha po3BUTOK O13HECY Ta BEACHHS TIOKYMEHTOOOITY
IUISIXOM MaHyajibHOi 0OpPOOKH BUPOCTH 10 HEMMOBIpHUX MaciuTaliB. TpaauiiiHux

METO/MIB OOpPOOKHM JaHWUX CTAa€ HEAOCTATHBO, OCKUIBKH ICHY€ TIEBHUN JFOJCHKHIA
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dakTop, 1 00poOKa BETUKUX OOCATIB JaHUX YCKJIQAHIOETHCS 4Yepe3 0OpoOKy ix

criBpoOiTHUKaMK BpyuHy [10-11].

[TonatkoBi yeku, Oy1iBeNbHI JOKYMEHTH, TOPrOBEIbHI HAKJIAIHI Ta JOKYMEHTHU
OyIIb-SIKUX THIIB HAJCUJIAIOTHCS JI0 PI3HOMAHITHUX BIIJIUIIB JUIs iX 0OpoOku. barato
HIANPUEMCTB HE BHUKOPUCTOBYIOTH aBTOMAaTH30BaHy oOOpoOKy 1 HailMaroTh
MpaliBHUKIB JIJIs1 NEPETBOPEHHS LIMX (DI3SUYHUX JAHUX B €JEKTPOHHI. TakoX ICHYIOTb
CTaHJApPTH, SKUX CIiJ JOTPUMYBATHCS, SKI MOXYTh BIIPIZHATHUCS BiJI KpaiHU [0
KpaiHu, Hanpukiaj, €BpPOMNEHChKI MpaBuiia BUCTABJICHHS PAaxXyHKIB 3 MOJATKOM Ha
J0/1aHy BapTicTh. Bei hakTopu onucaH1 BUIIE CYTTEBO YCKIIAIHIOIOTh BEICHHS O13HECY
Ta NPU3YNUHSAIOTH HOTO PO3BUTOK [11].

Jlis pukiaay Ha MiJIpUEMCTBI 3 00pOOKH 3aMOBIIEHB MPOLIEC PYYHOI 00poOKHU
JIOKYMEHTIB JJIsl psIZIOBOTO TIpalliBHUKA BUTIISIaB O TAKUM YHHOM:

1) IlepernsiHyTH CIUCOK HOBUX 3aMOBJICHb;

2) 3anoBHUTH (HOpMY IS 3aMIUTY HOBUX TOBAPIB;

3) Ilepenatu 3anmoBHeHY (GOpMY MEHEIKEPY;

4) JlouekaTucs CXBaJICHHSI MEHEI)KEPOM;

5) Hanpicnatu dhopmy 1o Oyxrantepii;

6) [lodyexaTucst cxBajeHHs OyXTanTepi€ro;

7)Hanicnatu 3anut g0 OyxranTepii 3 MNPOXaHHSM MPO CTBOPEHHS HOBOTO
3aMOBJICHHS,

8) JlouekaTucs HaJICHUIaHHS 3aMOBJICHHS.

3anexHo Bij TUIY MiANPUEMCTBA MOXKYTh OYTH JI€sIKI BIAMIHHOCTI, ajié OCHOBA
OIOPOKPATHYHOTO MPOIIECY 3ATUIIAETHCA He3MIHHOI0. ONMHUCaHMM TTPOIIEC € HE TITbKH
IPOMI3IKUM, aje 1 moTpedye Oararopa3oBuX TMepenad BiJl OJHOTO BiIOMCTBA [0
1HIIOTO, IO MPU3BOJUTH 0 BEJIMKOI KMOBIPHOCTI YTpaTH EAKUX JOKYMEHTIB 1]l 4ac
nepeMIIeHHS.

Hwxkye mu omumiemo HaOlp HEOJIKIB, 10 BUHUKAIOTH M Yac MaHyaJbHOI
00pOOKH JIOKYMEHTIB:

1. O0OMerxeHa MBUIKICTH BBEACHHS JaHUX.

Xo4 JIOJMHA 1 MOXE BBOJWTH JlaHI MaHyaJlbHO 3 IOCTIMHOI IIBUJIKICTIO
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OPOTATOM TPHUBAJIOTO Yacy — HEMOXKJIMBO IJIOJO00BO MIATPUMYBATH MaKCUMAIbHY
MIPOAYKTUBHICTh 00 CEPEIHIO KIJIbKICTh HATUCKAHb KJIABIII HA TOJMHY O€3MepepBHO.
CmiBpOoOITHUKY CXUJIBHI 10 BTOMH, 1 KOJIU JI0 IIbOTO JIOJAOTHCS JIIKAPHSHI Ta BUX1/IHI,
TO 1€ CIIPUYHUHSE 3aTPUMKH 3 00pPOOKOIO TOKYMEHTIB.

2. Bucoki Butpartu.

Ha mignpuemcTBax mNpamiBHUKU BiAaily OOpOOKM TOKYMEHTIB OIUIAuyHOThCS
MIOrOJIMHHO, 110 B JOBIOCTPOKOBIN IMEPCIEKTHUBI CTA€ TOPOTUM IS MIATPUMKH Ta
4acTO NPU3BOIUTH 10 30UTKOBOCTI.

3. Binble BUNpaBiIcHb.

HixTo He moOuTh MepeBipsTH 3amoBHEHI (OpMHU Ta JHOKYMEHTH Ha MPEAMET
HAsIBHOCTI B HUX MOMUJIOK Ta MepepoOsATH Bke 00poOeHl JOKyMeHTH. Alle yepes
MaHyaJIbHUI JOKYMEHTOOOIT 11ed (hakT € HEeMUHYYUM. ICHye eleMeHT JIOJICHKOT
MOMMJIKH, 1 HE3aJIe)KHO B1Jl TOTO, HACKUIBKU KBaTi(PIKOBAHUMHU € MPAI[iBHUKH — BOHU
poOmsaTh moMuiiku. KpiM TOro, SIKIIO AeTaji B JOKYMEHTaX OHOBJIIOIOTHCS, 1 PO HUX
MOBIJOMJISIETBCSI TI3HIIIE, MPALIBHUKKA MalOTh MOBTOPHO BBECTH JaHI Ta pO3MOYATH
mpoiiec 0OpoOKU 3aHOBO.

Hwxue Oyne HaBeneHa TOPIBHSAHHS MaHYalbHOI 1 €JIEKTPOHHOI OOpOOKH
nokymeHTIB (tabmurt 1). Ilim gac anamizy manux OyJj0 TPOBEJCHHS IepeBar i
HEJOJIKIB MaHyaJIbHOI Ta €JIEKTPOHHOI CUCTEM JAOKyMeHToo0iry [12-13]. OueBunHo,
10 Pe3yJNbTaTH JAHOTO TOPIBHSHHSA CBiUaTh HA KOPUCTH EIEKTPOHHOI CHCTEMH, TaK
K MaHyaJbHa CHCTEMa MPOrpae B OUIBIIOCTI KaTeropiil. 30kpemMa MaHyaiabHa 00poOKa
MpeJICTaBIIsI€ COOOI0 JOBOJII TPYAOMICTKHM 1 Yaco3aTpaTHUM MPOIEC 32 BUCOKOTO
PIBHSI BPa3JIMBOCTI 10 MPOCTUX MOMUJIOK CIIPUYMHEHUX JIFOACHKUM (pakTopoM. B Toit
’KE Yac eJNEeKTpOHHA cucTeMa 0OpOoOKHM JOKYMEHTIB JO3BOJISE MMOBHICTIO HIBEIIOBATH
OUIBIIICTh 3rajlaHuX HEOJIIKIB MaHyaJIbHOI CHUCTEMH 4Yepe3 YCYHEHHS JIFOACHKOTO
dakTopa Bim mporecy o0poOku. [lapamerp modaTkoBOi BapTOCTI BCE K €IUHA
KaTeropis B sSIKii MaHyaJlbHa CHCTEMa OOPOOKH I11€ € BUT1THUM BUOOPOM Ha MPOTUBATH

€JICKTPOHHIMN.
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Taoauus 1 — [lopiBHAHHS MaHYaJILHOI i1 €JIEKTPOHHOI 00POOKM TOKYMEHTIB

ManyanbHa

EnexkTponHna

IlouaTrkoBa

BapTICTh

Hwu3sbka

Bucoka depes BapTicTh IPOTPaMHOTO

3a0e31eueH A

JIronceke

BTPYYaHHs

ManyanbHa 06poOka
BUMarae Bij| IpalliBHUKIB
MTOKPOKOBOTO

OIIparOBaAHHA

[Tporpamu ajis aBTOMaTH30BaHOI 00POOKH
JaHUX NOTPEOYIOTh MIHIMAJILHOTO BTPYYaHHS
J0IMHU. BOHM MaroTh 4iTKO BU3HAYEH1 po0oUi
nporiecH st 0OpOOKH JOKYMEHTIB Ta

BBCACHH JaHUX.

Ie myxe TpyIOMICTKUN

poI1iec, A0 TOTrO X

ABTOMaTHYHA 00pOOKA TAHUX

NIOCEPETHULITBOM MTONEPeIHbO HaBueHUX API

Yac . 3aliMa€ KUIbKA XBHJIMH.
KOMIIaH11 MalOTh 3HAUTH '
. . o [{e yynoBuit crocid 3a01aUTH TOAUHU Ha
BIJIMOBITHUX (paxXiBIIiB '
00poOky nokymeHTiB [11].
ManyanbHa 00poOka mae
TaKi pU3UKHU, 5K
o MOBTOPIOBaH1 3aIUCH, ABTOMAaTH30BaHE BBEJICHHS JJAHUX MOXKE
KinpkicTs . ' '
IpyKapChbKi TOMUIJIKH, MOCHJIATUCS HA TOCBIJ MOMEPEIHIX MOJIeei
MOMUJIOK ' ' . . .
rpaMaTU4Hl IOMWIKHU T4 | JIaHUX 1 IEPEBIPSATH BBEACHY 1H(POpPMAILit0
BBEJICHHSI HETIPABUIIbHOT
1HpopMarii
AHani3 1aHuX MaHyallbHO | TeXHOJIO0r1s aBTOMAaTUYHOTO BUITYUEHHS TAHUX
AHaJli3 | HACTUIBKHU K TPOMI3IKHH, | IIBUKO YHTAE, YIOPSAKOBYE Ta aHATIZYE JaHl,
4K 11X oOpoOKa 110 30epirarThes.
Aemopcovka po3poboka

4.1.2 O2na0 cyuacnux e1eKmpoHHUX CUCHEM OOKYMEHmMOo00izy

Enexrponna cucrema noxkymentooOiry (ECJl) — indopmariiiina cucrema, 110
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3a0e3nedye Mpouec CTBOPEHHs, YIPaBIIHHSA AOCTYIOM 1 MOUIMPEHHS CJICKTpOHHI/E
JIOKYMEHTIB, a TaKOX 3a0e31euye KOHTPOJIb HaJl TOTOKaMH JIOKYMEHTIB B OpraHizarii.

Ocnogni mpunIunu EC/I;:

1) OnHokpaTHa peecTpallii JIOKyYMEHTa, IO JO3BOJSE OJHO3HAYHO
171eHTU(IKYBATH TOKYMEHT B OyIb-AKii 1HCTAJSAIT JaHOI CHCTEMH;

2) MOXIMBICTh TapajelbHOTO BHKOHAHHS  OMEpalliii, M0 JJI03BOJISAE
CKOPOTUTH 4Yac pPyXy JOKYMEHTIB 1 TIJBHUIICHHS OIEPAaTUBHOCTI iX
BUKOHAHHS;

3) be3nepepBHICTh pyXy JAOKYMEHTa, IO J03BOJIsi€ 1AeHTU(]IKyBaTH
BIJIMOBIJAJILHOTO 32 BUKOHAHHS JOKYMEHTa (3aBJaHHS) B KO)KEH MOMEHT
qacy JKUTTS JOKyMEHTa (IIPOLECy);

4) €nuna (abo moromKeHo po3MnoaiieHa) 6aza JOKyMeHTHOI 1HdopMaIlii, 1o
JI03BOJISIE YHEMOXKJIUBUTH 1yOJIFOBaHHS IOKYMEHTIB;

5) EdexTuBHO OpraHizoBaHa cucTema MOUIYKY AOKYMEHTa (4ac Ha IMOIIyK
3MEHIIY€ThCSA), IO JO3BOJIAE 3HAXOAWUTH JOKYMEHT, BOJIOHIIOYH
MiHIMQJIBHOIO 1H(POPMAIII€I0 PO HHOTO;

6) Po3BuHeHa cucTeMa 3BITHOCTI MO PI3HUX CTaTycax 1 arpudyrax
JOKYMEHTIB, IO J03BOJISiE KOHTPOJIIOBATH PYX JOKYMEHTIB IO IMpolecax
JOKYMEHTOOOITY 1 MpHUiMaTH YINpPaBIIHCHKI PILICHHS, IPYHTYIOUHCh Ha
JTAHUX 31 3BITIB.

Enextponna cucrema qoxkymeHToo0iry «JI15». [list — 11e onuH moprai, 1e MOXHA
OTPUMATH BCI OCIYTH OHJIAMH: IIBUJKO Ta 3py4HO. B mopTani JoCcTyIHI Taki HOCIYTH
ak Enexkrponnuii macnopt, EnexTpoHHe BoAiiicbke MOCBIIYEHHS, ABTOLIMBLIKA,
CryneHTChKHIA KBUTOK, BifiChbKOBUI KBUTOK, 3aKOPJOHHMM macmopT Tomio [14].

3 HuHIIHIM QyHKU1oHaIoM «/lis» — 1e nanka, e 30epiratotbest HUGPOBI KOMii
JOKyMEHTIB KopucTyBauda. | ix o@imiiiHO BHU3HAIOTH aHAJIOramMH TMANEPOBUX YH
MJJACTUKOBUX MOCBiTYeHb. Ha moyaTkoBOMYy eTarmi, opasy Mmiciis 3amycKy J01aTKy, B
nu(ppoBOMY BUTJISAAI MOXHaA OyJO TpUMATW TUIBKH JBa JOKYMEHTH — BOJINCBHKE

MOCBITYEHHS Ta CBIJOITBO MPO PEECTPAIIIIO TPAHCTIOPTHOTO 3ac00y (pUCYHOK 1).
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Pucynok 1 — InTrepdeiic eJleKTPOHHOI cCTEeMH J0KYMeHT000iry “/lis”

Iorcepeno: [14]

Croroani onnaiH-cepsic «/lis» mependavae 6mu3bko 20 MOCIyT, SIKI MOXKYTh
HagaBaTHCcs oHJaiH. [Ipy IbOMy Taki MOCIYTH PO3paxoBaHi K IJid TPOMaJIsH, TaK i
JUIsl ¢y0’€KTIB MANPUEMHHUIIBKOT A1IbHOCTI. JIj1s1 TOro 100 MmovyaTu KOPUCTYBAaTHUCS
oHJaitH-cepBicoM  «/lis», HEOOXIAHO TMPOUTH peecTpalild 3 BUKOPHUCTAHHAM
KBaJ1(DiKOBAHOTO €JIEKTPOHHOTO MMANUCY (KOJHUIIHIKA eJeKTPOHHUM 1HubpOoBUi
IT1JIITHC).

B «[is» 3a3HayaroThCs Taki JaHl: NpUOMU3HUNA yac (OpMyBaHHS 3asBKHU,
BapTICTh 1 CTPOK HaJaHHS MOCIYTH, OMUC IMOCIYTH, MOKPOKOBA 1HCTPYKIIis, YacTi
3alUTaHHs, OB’ A3aH1 3aKOHH 1 HaKa3| TOILO.

[Ipore B OUIBIIOCTI BUIMAJKIB OHJIAWH-CEpPBICH, 3amponoOHOBaHI B «Jlis»,
peanizyroThesl He uepe3 BiIacHUM calT «/lis», a yepe3 BIJMOBIAHI CalTH JIEPKABHUX
opratiB. To0T0 (akTUYHO HEOOXITHO BUMHITH JOJATKOBI il (aBTOpU3yBaTHCS Ha
calTi BIJIOMCTB JIi OTPUMaHHsS OHJAWH-TIOCayru). BogHouac € cepBicu, sSKI HE
noTpeOyIoTh Takoi JOJIaTKOBOI aBTopu3allii (30kpema, O(QOpMIEHHS JOMOMOTH Yy
3B’s13Ky 3 06e3po0iTTsam) [12].

Enextponna cucrema nokymentoo0iry «PandaDocy. PandaDoc — onnaitn-cepsic
JUTSI CTBOPEHHST IOKYMEHTIB 1 €JIEKTPOHHOTO JoKyMeHTooO0Iry. Y PandaDoc moxnHa
CTBOPIOBATH JOKYMEHTH, BUKOPHCTOBYIOUM BOYJOBaHWUN pPENaKTOp, MiAMUCYBAaTH

JIOKYMEHT 3a JOMOMOIOI0 €JEKTPOHHOTO MIiAMUCY 1 BIANPaBIATH HOTro Ha
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3aTBepKeHHs (pucyHoK 2) [15].

Integrations 7 MNood halp

pipedrive HUbSAAL
Za p’fer @ Giickbooks * A 5y o

PucyHnok 2 — Intepdeiic eJJeKTPOHHOI CUCTEMH JOKYMEHTO000Iry
“PandaDoc”

Iocepeno: [15]

Boynosanuii penaktop B PandaDoc opieHTOBaHU# Ha CTBOPEHHS IOKYMEHTIB 3a
JOTIOMOT010 MIa0JIOHIB ab0 3 Hynsd. B pemakTopi MOXHa CTBOPIOBAaTHM HE TUIBKU
odimiHI JOKYMEHTH (paxyHKH, JOTOBOPH, YEKH), aje TaKOX MapKETHHTOBI
JTOKyMeHTH. Pemaktop mpairoe sk OJOKOBUM KOHCTPYKTOp — B JIBIA YacTHHI
BiJI0OpakaeThCsl caM JOKYMEHT, B IpaBiil O10ku /uia gogaBaHHs. KopuctyBau moxe
J0aTH B JOKYMEHT TEKCT, 300pakKeHHs, B1JI€O, TaOIMII0, Mpalc-TUCT, YEK-00KCY,
naty 1 inme. [Ipu poOOTI 3 TEKCTOM MOXHA 3MIHIOBaTH MIPUQPT, HOTO Po3Mip 1 KOJIip,
HAJIAIITOBYBATH TOJIOKEHHS.

CTBOpeH1 JOKYMEHTH 30€piraloThCsi B OJHOMY CIIMCKY, 3BIAKH KOPHUCTYBad
MO>K€ MiIMMCATH 1 BIANPaBUTH JOKYMEHT. [1icis BumHeHHs Oy 1b-sIK1 JTii 3 JOKYMEHTOM
MIPOIOHYETHCS CTATYC, IKUI KOPUCTYBAU MOKE BiJICTEKYyBATH B ITIIMEHIO «CTAaTyCiB».

Oco6muBocti PandaDoc:

— PandaDoc wmictute B co01 (¢yHKII AJI5 CTBOPEHHS, BIJICTSKECHHS 1
BUKOHAHHS JIOKYMEHTIB, a TaKOX (PYHKIIIT 1J1 €IeKTPOHHUX ITi/IMKCIB;

— Pimenns cknagaerses 3 PyHKIIN B TAKUX KaTETopisx: MPOMO3UIIii, yroau,
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yIpaBJIiHHSI KOMaH/I00, YIPABIIHHA KOHTEHTOM, OpeHTyBaHHs, poOOUni

MPOIIEC;

— PandaDoc iHTerpyerbcs 3 n1eKiibkoma IJIaTIXKHUMH CUCTEMaMH, XMapHUM
CXOBHIIIEM 1 IHIIIMMH CUCTEMaMHU;

— Hapgae MOXJIHMBOCTI CTBOpPEHHS MPOMO3MIIN 1 yroA 3 HaJallTOBAaHUM
mabJoHaMu, O[O JOMYCKaroTh (IPMOBI CTHII, TeMHU 1 HapaMeTpu
MepCoHaI3aIli;

— Hamae mMoxnmBOCTI aBTOMaTH3allli CTBOPEHHS IIHOBHX IPOIO3UINN 3a
JIOTIOMOT'OF0 KaTaJIOTiB TPOYKTIB 1 TUHAMIYHUX TAOJIUIIb ITiH, J03BOJISIIOYN
KJIIEHTaM BUOUpATH MPABWIHHHUM BapiaHT 1 MiHY IS HHAX;

— Hamae MOXIHMBOCTI HaNAMITYBaHHS MPOIO3UINN B TIapy KIIIKiB, J0/IaBIIN
B1j1€0 200 BIATYKH MPSAMO 3 BaIoi 010110TeKU KOHTEHTY, JOMOBHUBIIIH JaH1
npo yroau 3 CRM;

— HanamtyBanHs JOKyMeHTAIlll OHJIAKH.

[TepeBaru PandaDoc:

— Inrerparis 3 Ciyx6amu Google, Dropbox, Box 1 iHmmmu;

— 3aBaHTa)XCHHA Ta HAJAIITYBaHHSA (ailiiiB OyAb-SIKOTO THUITY;

— Biagmpaska noxkymentiB B Google Docs;

— IOpuandHOo 000B'I3KOB1 €ICKTPOHHI I IIHCH,

— KomenTyBaHHs 1 ciiBIpals B pexXUMi peajibHOTO Yacy;

— HeobOmexenuit foctyn Ao npodeciitnoi 610,110TeKH 1MabIOHIB;

— JlomaBaHHS TOIB A1 IMIAIKCIB, 1HIIIATIB, 1aT 1 T. 1I.;

— AynuT AisIbHOCTI.

EnextponHa cucrema nokymeHToo0iry «GoogleDocs». Google Docs — onmnaiiH-
penaKTop A CTBOpEHHs 1 (OpMaTyBaHHS TEKCTOBHX JIOKYMEHTIB. Pemaktop
J0TIOMara€e KOpuCTyBady CTBOPIOBATH IOKYMEHTH Ha XOY, JUTUTHCS HUMH 3 KOJICTaMH
1 mpy HEOOX1AHOCTI CHIBHO iX pemaryBatu. [Ipu3HadeHi 1ist KOpUCTyBava JOKYMEHTH
B Google Docs 36epiratoTbcsi B XMapi, 11e 3a0e3nedye J01aTKOBUM 3aXUCT 1 TOCTYI 3

PI3HUX MPUCTPOIB (pUCYHOK 3) [16].
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Pucynok 3 — InTepdeiic eJJeKTPOHHOI CUCTEMH JOKYMEHTO000Iry

“GoogleDocs”

Iorcepeno: [16]

Google Docs MaroTh MOBHO(MYHKIIIOHATLHUNA PEAAKTOP TEKCTIB, SIKMH MOKHA

BUKOPHCTOBYBaTH K B Opaysepi, Tak 1 Ha MOOUIbHOMY MpHUCTpoi. CTBOPIOIOYH

JOKYMEHT, KOPHCTYBad MOK€ 3MIHIOBATH IIPU(TH, 3aBaHTAKyBaTH BJIACHI1, BCTABIISITU

300paxkeHHsI, Tpadiku, TaOIMIN, CTBOPIOBATU CIUCKH 1 aBTOMAaTUYHO MEPEBIPATU

rpamatuky, i opdorpadiro. s 30impmenHs ¢ynkmionansHocTi Google Docs ix

MOHa IHTETPYBaTH 31 CTOPOHHIMH Be0-710/IaTKaMH.

Tax sik Google Docs — onnaitH-peakTop, TO BiH 100pe MiAXOAUTH JUIsl CIIIBHOT

pobotu. KopuctyBadi MOXKYTh IITUTHCS 3 KOJIETAMH 1 IPY3SIMU TOKyMEHTaMH, CITLITEHO

iX pemaryBaTu, YNpaBISATA JOCTYIIOM, 3ajUIIaTH KOMEHTapi, OayuTH B PEXHUMI

peabHOTO dYacy penaryBaHHsS, SKHM BHOCHTH IHIIMK penakTtop. BueceHi 3miHu

B1IOOpaXaloThCs B OKPEMOMY MEHIO, 3BIJIKM MOYXHA BIJKOTHUTBCS 10 HEOOXI1THOI

Bepcii.

Oco6muBocti Google Docs:

— CTBOpeHHS Ta pearyBaHHs JOKyMEHTIB,

— CrinbHe penaryBaHHs JOKYMEHTIB B peaJIbHOMY 4aci;

— BianmpaBka 3anpolieHb KOpUCTyBavaM Mo MOCUIIaHHIO abo MO eIeKTPOHHIN

TTOIIITI;

MONOGRAPH 93

ISBN 978-3-98924-032-2



M\

Science for modern man ‘ 2024 Part 2 %

i

— Ilepernsg icTopii 3MiH TOKyMEHTA,

— PobGota 3 hpopmaTom Word,;

— 3aBaHTaXeHHA JOKyMeHTIB y gopmatax Word, OpenOffice, RTF, PDF,
HTML;

— Tlepekisiam TOKYMEHTIB Ha 1HIIII MOBH.

4.1.3 Ananiz nepeeaz ma HedONIKI8 CYUACHUX €/IeKIMPOHHUX CUCHIEM
00KymMeHmoooizy

KirouoBumu nepeBaramu ECJ « L5 €:

— Komnakrthe 30epiranist opiiiHO BUSHAHUX HU(PPOBUX KON JOKYMEHTIB
— OTpumaHHs IepKIOCTYT HA PI3HUX PIBHAX OHJIANHH

OCHOBHUMU HEJIOJIKaMH €JIEKPOHHOT CUCTEMH TOKYMeHTooO0Iry «J(I51» €:

1) CxnagHa aBTOpU3aIlis.

[le meprra HE3PYUYHICTH, 3 KO CTHKAIOTHCS Ti, XTO BCcTaHOBIIOE «/[lito». [1]06
YBIUTH B 3aCTOCYHOK, 3HaJ00UThCA iAeHTH 1Kl yepe3 TexHonorito BankID. TToku
110 11€ €IMHUHI c1ocid peecTpatii. [ Bxke Ha LIbOMY eTarli, IPOMYUYUBLINCH 3 IEPEXOIOM
y J0JIaTOK JjIsi MOOUIbHOTO OaHKIHTY 1 Ha3zan y «Jlito», KiJibKa pa3iB BBIBIIM Maposib
(60 HaBITh TaKy eJeMEHTapHY omepaillito «/is»» BUKOHY€, TOTAaHO pearyroun Ha TI0TUK
1 mpomyckaroud OyKBH) Ta BIJIOBIBIIA Ha J3BIHOK BiJl 0aHKY, MOXXHa OTPUMATH
BiAMOBIb «HeycmilHa apTopr3aris.

2) BimoOpaxeHHs HE BCIX JOKYMEHTIB.

[le ogHa 3 HAMMOMIMPEHIMIMX KOPUCTYBAIbKUX CKapr. Big MOMEHTY 3amycky
0AaTKy [udpoBa KOIis MOCBIYEHHS BO1s JOCTYMHA TUIHKU BIACHUKAM JJOKYMEHTIB
HOBOTO 3pa3ka. [1lo6 maTu npaBa y cMapTdoHi, BIACHUKU CTApUX JOKYMEHTIB MYCSITh
OoOMIHATH 1X Ha HOBI. [loCBiTUEeHHS paJsTHCHKOTO 3pa3ka 4M 3pazka 90-x B3arayi He
ordposani. [IpodiieMu MOXKYTh BUHUKATH 1 3 TFIACTUKOBUMHU MTOCB1IKAMHU, BUJTAHUMH
1o 2014 poky. Y Takomy BUMAJKy JOBEAETHCS BIANPABUTH 3asBKY Ha JIOAATKOBY
Bepu(DiKallilo, IEPEUIIOBIIN B €JIEKTPOHHUN KaOIHET BOJIs, 3aBaHTAXUTH (POTO 000X
CTOpIH JIOKYMEHTAa 1 3alIOBHUTHU OHJaiH-popMy. 3asBKa BIAMPABUTHCS B CEPBICHUMN

ueHtp MBC, 1 sxuio nepeBipka MUHE YCIIIIHO, JOKYMEHT Ma€ BiIOOpa3UTHCS B
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TOJIATKY

3) OdnaiiH HEMOKIIUBO MIATBEPAUTH, 1110 JOKYMEHT CIIPABKHIH.

VY odumaitn-pexumi 3actocyHok He reHepye QR-kox. Cebto, sKIO MmaTpyib
CIIMHUTH Bac Ha KOMYCh TJIyXOMY MepeBali, ¢ BIICYTHE IHTEPHET-IOKPUTTS, a BaIlll
mpaBa Ta MacrnopT TUIBLKK B cMapTdoHi — BU y Xajnemni. He BigckaHOBaHMI KOJ —
HEeAIMCHUIM JOKYMEHT. TakoX JOKyMEHTaMH HE BBa)KalOThCS CKPIHU 3 JOJATKY.

KimrouoBumu nepeBaramu ECJl «GoogleDocsy €:

— Cepgic 6€3KOIITOBHUM;

— Bce 30epiraetbcs B xmapi. SKIo koMmm'roTep 3j1amMaBcs - iH(opmairis
3aJTUIIATHCS 11010,

— Ilpoctuii o6min ¢aitnamu. BianpaBuin nocunaaHHs - JIIOAWHA OTpUMaia
nokymeHT. e ekoHoMUTh GaraTo 4acy Bam, BallliM KOJIETaM 1 KIII€HTaM;

— Iuctpymentu mia konekTuBHOI pobotu. Han omnum daitnom moxe
MIPAIFOBATH KiJIbKa JIIOJIeH OJTHOYACHO;

— 3pyyHa icTOpis 3MiH. 3a JOMOMOIOK KOMOIHAIM KJIaBilll MOXHA
NepEeMHUKaTHCh MIXK BepcisiMu (ailiy;

— Kpocmnardopmenicts. Google Docs mpaittoe Ha Oyab-SKOMy TPHCTPOT 3
Oy1b-SIKOIO OTEpalliifHOK CUCTEMOIO, B SIKiH € 3BUYHUIN BeO-Opay3ep.

Ocunosunmu Henonikamu ECJL «GoogleDocsy €:

— Tlpamroe BimHOCHO TTOB1ITEHO. OCOOIMBO 3 00'€MHUMHU TEKCTaMU 33 HU3bKOT
IIBUJIKOCT1 IHTEPHETY;

— 3ayIexXuTh Bl 00J1IKOBOTO 3anucy. Bcl JoKyMeHTH 30epiraroThCs Ha XMapli,
gke mpuB'szane g0 Bamoro mnpodumo. I[lozdynmerecs poctymy —
mo30yaeTecst BChOro;

— 3ayeXuTh Bl HASBHOCTI JOCYTY /0 IHTEpHETY. be3 mocTymy mo mepexi Bu
HE 3MOXKET€ HIYOro BIAKPUTU. 32 BUHIATKOM (ailiB, Kl 30epiraloThCs B
Kelll.

Kirouosumu nepeBaramu ECJ] «PandaDocy e:

— Inrerpanis 3 Cnyxx6amu Google, Dropbox, Box 1 iHmmmu;

— 3aBaHTaXEHHA Ta HAJAIITYBaHHSA (ailiiB OyAb-SIKOTO THUITY;
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— Bianpaska noxymentiB B Google Docs;
— HOpuanano 000B'SI3KOB1 €IEKTPOHHI T TUCH;
— KomeHnTtyBaHHs 1 criBrpalis B pe:KuMi peabHOTO 4acy;
— HeoOmexenuit foctyn A0 npodeciitnoi 610,110TeKH M1abJIOHIB,;
— JlomaBaHHS TOIB A1 IMIAITKACIB, 1HIIIATIB, 1aT 1 T. 1I.;
— AyauT misIbHOCTI.
Ocnosuumu Hepodikamu ECJl «Pandadocy e€:
— BiJCYTHICTh CHUCTEMH KOHTPOJIIO BEPCIHA;
— Tlorane dhopmaTyBaHHs 111a0JI0HIB;
— 3aBwuileHa IiHa.

Pe3ynbraT BUKOHAHOTO aHaJ3Y.

3a pesynbTaTaMd HAYKOBOIO IOIIYKY AaBTOPOM IMPOIOHYETHCS TaOIUI
nopiBHSHHA po3risHyTHX ECJ] 3a TakuMu KpuTepisiMu, 1110 OyJIM BUCBITIICH1 y TaOIHII
1: IlouatkoBa BapticTh; Jltojnchke BTpyudaHHs; Yac; KinbkicTh moMMIIOK; AHalli3;
MOoXIMBOCTI €1eKTPOHHO-IU(GPOBOrO MiANUCY TOKyMEHTIB; CTBOpEHHS I1a0JIOHIB;
ABTOMaTHYHA TTOOY/I0Ba IOKYMEHTIB B peaJIbHOMY 4aci

Ouiaumo koxHy 13 ECJ] mo 10-0anpHif 1mIKadi MO KOXXHOMY 13 KPHUTEpIIB,
0a3ylo4nuch Ha TMPOBEACHOMY BHWINE aHAIi3l TepeBar Ta HEAOIKIB KOXHOI 13
posrisnyTux EC/I 1 3aHeceMo gaH1 B TaOIuUIIO 2.

I mobyayemo Bizyamizallito OTpUMaHUX JaHUX (PUCYHOK 4). Ik MokHa 6auuTH 3
HABEJICHOTO BHWINE OTJSAYy IepeBar Ta HEMOMIKIB TPbOX PI3HUX CHCTEM —
HaW3py4YHINIOW Yy BHUKOPHUCTAHHI € €JICKTPOHHA CHCTEMa JIOKYMEHTOO0OIry
«GoogleDocsy». Jlana cuctema Mae TpocTH 1 JOCTymHUN iHTepdeiic, €
OE3KOILITOBHOIO, a TaKOX HaJla€ MOXJIMBICTh BepcioHyBaHHsA (QainiB. Hapeneni
dakTopu € 03HaKaMH (uiarMaHa B 1HIyCTpli €IEKTPOHHUX CUCTEM JOKYMEHTOOOITY.

3 inmoro 6oky «PandaDoc» Bosojie BciMa 0COOJIMBOCTSIMU CUCTEMHU, sIKa Oy[e
3ampoOIOHOBaHA JIJII CTBOPEHHS B MeXkax 1€l poOoTH. A came HaJaHHS MOMKJIMBOCTI
€JIEKTPOHHO-ITU(GPOBOTO MIAMKUCY TOKYMEHTIB, CTBOPEHHS IA0JIOHIB Ta aBTOMATHYHA
noOy0Ba JOKYMEHTIB B peajbHOMY uaci. HaBeneni daktopu poOiste «PandaDocy

HalluM IpAMHUM TCOPETUYHHUM KOHKYPCHTOM.
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Taoauus 2 — [MopiBussuusa po3riasnytux ECJ{

Hist PandaDoc GoogleDocs

[TouaTkoBa BapTICTh 0 8 0
Jlroaceke BTpy4daHHs 3 2 1

Yac 1 1 0

KinpkicTh momMunok | | 2
Ananiz 5 9 0

Mo:KIIUBOCTI €EKTPOHHO-
1u(pPOBOro MANKUCY TOKYMEHTIB ° ’ )
CtBOpeHHs m1abIoHIB 0 10 5
ABTOMaTH4YHa TOOY0Ba
' ' 10 10 10
JIOKYMEHTIB B peaJIbHOMY Yaci

Aemopcwvka pospodka

MopiBHAHHA po3rnAHyTMX EC,

AsTomaTiuHa nobyAoBa AOKYMEHTIB B peabHOMYy yaci

CteopeHHs wabioHis

Mo NKUBOCTI enekTpoHHO-L M POBOTO NIgNUCY AOKYMEHTIB

AHanis

KinbKicTe nomunok
Yac
JioacbKe BTpyYaHHA

MoyaTkoBa BapTicTk

) I I
’ ‘

GoogleDocs PandaDoc m[Ais

Pucynok 4 — IlopiBusinas po3riasinytux EC/I

Aemopcwvka pospodka

4.1.4. Ilocmanoeka 3a0ay ma 0OIpyHMYy8aHHA 6UOOPY MEXHO102I1

[Ticns mpoBeaeHOTO aHaAMI3y Ta OTPUMAHKX JJAHUX BUHHUKAE TTOTpeda y po3pooIli
PO3pOOUTH CHeIiai30BaHy CUCTEMY JOKYMEHTOOOIrY JJii aBTOMATH3allli CTBOPEHHS
BUTSITIB 3 MPOTOKOJIIB 3aC1IaHHS CTPYKTYPHUX IMAPO311IB, 0OMIHY JIOKYMEHTaMHU M1%K

CTPYKTYpHUMHU Mipo3aiiaMu. [oaTok Mae 103BOJISITH pelaryBaHHs, 30epiraHHs Ta
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NEPECUIIKY TOKYMEHTIB M1’ yCTaHOBaMHU, 10 CIIPOCTUTH MPOILIEC MOJIaHHS Ta po3rﬂ;lz§
JIOKYMEHTIB Ha BCIX PIBHAX OMOPOKpaTHYHOI i€papxii. 3a0e3MeunTh MOXKIUBICTh
€JIEKTPOHHO-IIMPOBOTO mianucy nokymenrty [10-12].

KirouoBuMu nepeBaramu 3anporoHoBaHoi creriaitizopaHoi ECJ] MoxyTh cTaTu:

— aBTOMaTh4He ()OPMYBAHHS BUTATIB 3 MPOTOKOJIIB 3aCiJJaHb CTPYKTYPHHUX
1PO3/LIIIB,

— TMepecHIaHHs BUTATIB 3 IPOTOKOJIIB Mk CTPYKTYPHUMH I1IPO3A1SIaMU;

—  eJEeKTPOHHO-UK(POBHIL MiAMUC BUTATIB,;

— aBTOMAaTH30BaHE AaceMOJIIOBAHHS TMOPSAKY JIEHHOTO Ui MPOTOKOJIB
3acilaHb CTPYKTYPHUX MiAPO3AUTIB Ha 0a3i BXIJHOI KUIBKOCTI BHUTSITIB 3
CTPYKTYPHHUX MiAPO3A1TIB HUKYOTO PiBHS;

— penaryBaHHs Ta 30epiraHHsi JOKyMEHTIB y pi3Hux (opmarax (doc, excel,
pdf);

— MOXe OyTH pO3IIMpeHa AJisi BUKOPUCTAHHsS B OLIbII IIHPOKOMY CHEKTpPi
3azay.

TexHo0T1T 151 BUKOPUCTAHHS:

1) Spring-Boot Framework.

Spring Boot — 11e IHCTpYMEHT, KU JT03BOJISIE MIBUIIE 1 MPOCTIIIE PO3POOIATH
BeOIporpamu ta Mikpocepicu 3 Spring Framework 3a m1ormomMoroo TphoxX OCHOBHUX
MOJKJINBOCTEH:

— ABTOKOH}IryparIlisi OKpeMHX KOMIIOHEHTIB MPOrpaMu;

— MOXJIHMBICTh CTBOPEHHSI aBBTOHOMHMX JTOAATKIB.

i ¢yHKUii mpUCyTHI U1l TOTO, 1100 Ha/aTH IHCTPYMEHT, SKHM J03BOJISE JIETKO
CTBOPHUTH JIOJATOK HA OCHOBI Spring 3 MiHIMaJIbHUMH HaJallITyBaHHSAMH.

B 3anmpononoBaniil cnemnianizoBaHiii cHCTeMi JOKyMEHTOoOIry Spring-Boot
Framework Oyne BHUKOpPHCTOBYBAaTHCH JJiId HaNAIITYyBaHHS MIJAKIOUEHHS 10 0a3u
JaHMUX Ta HAIMCAHHS OCHOBHUX KOMITOHEHTIB CEpBEPHOI YACTHHU JOJATKY.

2) Hibernate.

Hibernate — 11e 1HCTpyMEHT pessLiHOTO BiOOpakeHHS OO0'€KTIiB, SIKUH Hajae

bpeitMBOPK 17151 BITOOpakeHHsI 00'€KTHO-OPIEHTOBAHUX MOJIENEH 70 pemsiiiHux 0a3
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JAHUX U BeO-10aTKIB.

OpeltMBOPK CHIBCTABISAE KJacu, po3poOJieHI MOBOIO IporpaMmyBaHHs Java, 3
TabnuisaMu 6a3 MaHUX 1 TUIIB JaHUX MOBH MpOTpaMyBaHHS Java 3 THMaMu JTaHUX
MoBH 3anuTiB SQL Ta Ha/lae MOXKJIMBICTh aBTOMAaTU30BaHOI OOYI0BU 3aMUTIB /10 0a3u
nanux [17].

B 3anpomnonoBaniii crnerianizoBaniii cuctemi nokyMeHtooOiry Hibernate Oyne
BUKOPUCTOBYBATUCH JIJISl IIBUJKOIO HAIAIITYBAaHHS Ta KepyBaHHS 00’€KTamu, IO €
pernpe3eHTaIliIMu 30epeKeHnX B 0a3l JaHUX PECypCiB KOPUCTyBayva.

3) Docker.

Docker — e mnardopma 15 po3poOku Ta 3amycky nporpam. Docker no3Bossie
BIJIOKPEMHTH MPOTPaMH BiJl IHPPACTPYKTYPH, 3315 IBUIKOI pO3POOKH MPOTPaMHOTO
3a0e3nedenHs. 3a qonomororo Docker MoxkHa kepyBaTH 1HGPACTPYKTYpOIO TaK caMo,
K 1 mporpamamu [18].

B 3anpomonoBaniii cmerianizoBaHiii cucteMi AokymeHToooOiry Docker Oyge
BUKOPHCTOBYBATHUCH JIJISl HAJIAIITYBAHHS JIOKAIBHOTO TECTYBAHHS JOJIATKY Ta 3aITyCKY.

4) AWS EC2.

Xmapna texHosoriss Amazon Elastic Compute Cloud (Amazon EC2) — 1ie Be6-
CepBic, IO Hajae Oe3neyHi MacimTaboBaHI OOYMCIIOBAIBHI pecypcu B xMmapi. Bin
CIIPOIIy€E MPOBEACHHS OOYMCICHh B XMapl B MaciTabi Bcroro IHTepHety. Jlo3Bossie
OTPUMATHU JOCTYH O OOUYMCIIOBAILHUX PECYPCIB 1 HAJAIITYBATH 1X 3 MIHIMAJIbHUMHU
3ycuuisiMu. BiH Hazae kopucTyBadaM TOBHUN KOHTPOJIb HaJ OOYHCITIOBAIBHUMHU
pecypcamu, a TakoX MepeBipeHy oOUMCIIOBaIbHE cepeoBuile Amazon ajisg poOboTH
[19].

B 3anpononoBaHiii crierianizoBaHiii cuctemi J0kyMeHToooiry Amazon EC2 Oyne
BUKOPHUCTOBYBATUCh [IJI1 BCTAHOBJICHHSI JOJATKy Ha BIpTyaJlbHY MaIlMHY, 100
3a0€3NeunTH BiIJaJICHUI TOCTYT O HHOTO Ta 3pOOUTH MOTO JOCTYITHUM JJIS 1HITUX
KOPHUCTYBAYiB.

5) AWS S3.

Amazon Simple Storage Service — BeO-cepBic, 10 HAIa€ MOKITUBICTh 30€piraHHs

Ta OTPUMAHHS Oy/b-KOT0 00CITY JaHUX B Oyb-sKHI Yac 3 Oyb-sKOi TOUKH MEPExi
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1 € Tak 3BaHUM (halisIOBUM XOCTUHTOM [20].

B 3anpomnonoBanili creriagizoBaHiii cUCTEM1 TOKYMeHT000iry Amazon Simple
Storage Service Oyae BUKOPHUCTOBYBATHChH i 30epiraHHs (¢aiiiB (BUTSATIB 3
MIPOTOKOJIIB) KOPUCTYBAUiB Ta MIBUIKOTO JOCTYITY J0 HHUX.

6) AWS RDS.

Amazon Relational Database Service abo Amazon RDS — BeO-cepBic, sxuit Hagae
KOpHCTyBa4aM JOCTYNl JO JaHUX peSiiHuX 0a3 [JaHuX 3 TMOAAJIBIINM
BUKOPHUCTAHHAM IIUX JaHUX B JojaTkax. Amazon RDS no3Bosisie BUKOHYBaTH MIBUIKE
pO3ropTaHHs, MIPOCTe OOCIYTOBYBaHHS 1 JIETKE MacIITaOyBaHHS cepBepiB 0a3 JTaHUX
[21].

B 3ampomonoBaHiii cremianizoBaHId CHCTEM1 JOKYMEHTOO0O0iry Amazon
Relational Database Service BUKOPUCTOBYBAaTHCH ISl PO3MIILICHHS 0a3W JaHUX Ha
BIpTYyaJIbHIN MallliH1 Ta 3a0€3MeUeHHs BIIAJIEHOr0 TOCTYIy 0 0a3u JaHUX.

7) Mysql.

MySQL — ue mBuaka, HajaiiiHa Ta THyYKa CUCTEMa YMPABIIHHS PENIALIHHUMU
0a3zaMu JaHUX 3 BIIKPUTUM BHX1JTHHUM KOJOM.

B 3anpononoBaniii cremiagi3oBaHiii cUCTeMi JOKYMEHTO0OIry Amazon
Relational Database Service Oyae BHKOPUCTOBYBAaTHUCH Ui 30€piraHHi JaHUX

KOPHUCTYBa4iB Ta MOCUJIAHb HA 1X pEeCypcH PO3MIIEHI B CXOBHUIIAX (HaiiiB.

4.2. PoGoTa cneniasii3oBaHOI aBTOMATH30BAaHOI CUCTEMH JOKYMEHTO00iry

B ganiii  yactuHi poOOTHM  pO3POOJIEHO  TEXHOJOTIYHHM  JIAHITHOXKOK
Creliaai30BaHOi aBTOMaTU30BaHOI CUCTEMH JIOKYMEHTOOOITY, po3po0iieH1 MexaH13MHU
aceMOJIIOBaHHSI Ta peacaMONIOBaHHS JTOKYMEHTIB, TaKOX OIMCAHO MPOILECH, IO
CYIIPOBOIXKYIOTh TEXHOJIOTIYHHIA JIAHIIOKOK. MeToro pyroi yacTuHa JaHoi poOoTH €
JNOKJIaJHUM pO3IVISA KIOYOBMX MEXaHI3MIB CIHEIiadi30BaHOI aBTOMAaTHU30BaHOI

CUCTEMU JOKYMEHTOOOITy, iX 3arajbHa B3a€EMOJIisl Ha PiBHI KIIEHT-CEPBEp.
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4.2.1. Texnono2iunuii 1aHUIOIHCOK CREUIANI306AHOT ABMOMAMU308AHOI cCUCEMU
00KYMeHmOo00i2y

CrenianizoBaHa aBTomMaru3oBaHa cucreMa qokyMeHToobiry (CACI) — ue Ttaka
cUCTeMa JOKYMEHTOO0O0ITy, IEPBUHHOIO LIJITIO SKOi € aBTOMAaTH3aIlis ITpoIiecy 00poOKu
JOKYMEHTIB Ta BCIX MaHyaJIbHHX TPOIECIB MOB’s3aHUX 3 HHUMH. [linBuUIICHHS
e(eKTUBHOCTI 0OpOOKH JOKYMEHTIB LUISIXOM HIBEJIOBAHHS HENOJIKIB MaHyaJbHOTO
MiaX0ay OOpOOKM JOKYMEHTIB BHUKOPHCTOBYIOUM XMapHI TEXHOJIOTIi Ta 3aco0u
MapCUHTY IS aBTOMAaTUYHOTO (OPMYBaHHS HOBUX JIOKyMEHTIB Ta IIBHJIKOTO
oTpuMaHHs 1H(pOpMaIlii, 10 Moxe OyTH 00pobJIeHa MPOrPaMHO.

TexXHOMOTIYHHUNA  JAHIIOKOK  CIIEIIai30BaHOI aBTOMATU30BaHOI CHUCTEMHU
JIOKYMEHTOOO0Iry (IMOSICHUMO 3MICT KOYKHOTO 3 TIPOLIECIB JOKIIATHO, PUCYHOK 5):

1) Ilepmum kpokoM o00poOku € ¢GopMyBaHHS CEKpeTapeM IPOTOKOIY
3acimanas kadenpu. Cekperap oOupae 3-IOMIK HAJICIAHUX HOMY
JIOKYMEHTIB Ti, 110 OyTyTh PO3IIISIHYTI 3aCiTaHHSIM.

[Ticyist Toro sIK cexpeTap 3aBepIIMB MPOIEC BiAOOPY IOKYMEHTIB BiH HAJICHJIAE 1X
JaHl CHUCTEMI, SKa 3rOIOM AaBTOMATHYHO AaceMOJI0€ TOTOBHM (ailll ImpOTOKOIY
3aciJlaHHs, 3aBaHTaXXy€ MOT0 B XMapy Ta Hajcwiae copMoBaHuil ¢aiisl cekpeTapeBl
Ta 3asigysayy Kadeapu 3317151 OTpuMaHHs mignucy. [1icis Toro sik JOKyMeHT pO3MIIEeHO
B XMapHOMY CEpeIOBUIIl OyIb-XTO 3 aBTOPU30BAHMX OCIO MOXE OCTYNHUTHUCH IO
HBOTO, Ta 3aBAHTAXUTH MOTO HA BIIACHUW KOMIT FOTEP JIJIsi [IOBHOTO MOTO MEPETTISTY.

1) Ilicas popMyBaHHS IPOTOKOIY, CEKpETAp MEPErISAAE CIIUCOK TOCTYITHUX
oMy TOKYMEHTIB Ta MAMUCYE MOTPIOHI.

YTBOpeHwmit mianuc cexperaps oyae 30epexeno B b/ anis noganpiioi Bepudikarii
MIMACAaHUX HUM JJOKYMEHTIB.

2) Ilicna ¢opMmyBaHHS MPOTOKONIY, 3aBiayBad Kadeapu Mepersisiac CIHCOK
JOCTYIHHUX HOMY JIOKyMEHTIB Ta MiJIUCY€ MOTPiOHI.

Y TBOpeHuii mianuc 3aBigyBaya Oymae 30epexero B b/ s mogansinoi Bepudikarii
MIMACAaHUX HUM JOKYMEHTIB.

1) Ha erami pgexoMIo3wiii MpPOTOKONy CHCTEMa IMepeBIpsS€ MPHUCYTHICTh

MIJNUCIB CEKpeTaps Ta 3aBiayBadya B 0a3l JaHuUX g Bepudikailii
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Asmopcovka po3pobka

[Ticist mepeBipKy MiAMUCIB AITOPUTM MPOBOAUTH MApCHHT (ailily 3 MapKyBaHHS

OKpeMHUX OJIOKIB TIOKyMEHTY (CIHCOK MPHUCYTHIX, MOPSAOK JCHHUMN, CIIUCOK PIIIECHb

yXBaJICHUX 3aCiIaHHsAM) JIJIs1 TOAAJIBIIOrO (POPMYBAHHS BUTATIB 3 IPOTOKOITY.

2) Ha erami

(GbopMyBaHHS BUTATY 3 TMPOTOKOJIY CHCTEMa CTBOPIOE

OKpEeMHUI TOKYMEHT (BUTSIT) 1 IEPEHOCUTh TyAH JaHi PO3MIILIECH] B IEBHOMY

0JI0111 TPOTOKOITY, SIKUH OyJIO TPOMApKOBAHO Ha MOIEPEIHBOMY KPOII.

HoBoctBopenuii ¢aiin Oyne 30epekeH0 B XMapHOMY CEPEIOBHINI Ta HaJICIaHO

CEKpeTapeBi 3acilaHHs 1 3aBilyBauy Kadeapu 3a/71s1 OTPUMAaHHS M1IIHCY.

3) Ilicns dopMyBaHHSI BUTATIB 3 MPOTOKOJY, CEKpeTap MEpPEerisiac CIIHCOK

HaJICJIaHUX HOMY BUTSATIB Ta MiMUCY€ TOTPIOHI.

YTBOpeHuii mianuc cekperaps Oyzae 36epexkeno B b/ ayist moganpiioi Bepudikarii

MIIMUCAaHUX HUM JIOKYMEHTIB.
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4) Tlicna dhopMyBaHHSI BUTSTIB 3 IPOTOKOJTY, 3aBilyBad Kadeapu HCpCFJIHI[a;
CIIMCOK HaIICIaHUX MOMY BHUTSITIB Ta IMIJIMUCYE MOTPIOHI.

YTBOpenui mianuc 3asigyBada Oyne 30epexxeno B b1 nis noganbuioi Bepudikarii
MIIMUCAaHUX HUM JIOKYMEHTIB.

5) Ha erami opmyBaHHS CeKpeTapeM MPOTOKOIY 3aciiaHHA BUEHOI paau
iHCcTUTYTY CekpeTap o0upae 3-moMixk HaJicIaHUX HOMY JOKYMEHTIB Ti, 110
OylyTh PO3IVISIHYTI 3aCiJaHHSM.

[Ticst Toro sik cekpeTap 3aBeplINB MpoIlec BiAOOPY TOKyMEHTIB BiH HaJICUIA€E iX
JaHl CHCTEMI, sIKa 3T0JIOM aBTOMaTHYHO aceMOJI0€ TOTOBUM (halll MPOTOKOITY
3acCiIaHHsl, 3aBaHTaXy€ HOro B XmMapy Ta HaJcuiae cpopMoBaHuil (aiin cekperapesi
Ta JUPEKTOpPY IHCTUTYTY 31l OTpuMaHHs mianucy. [licas Toro sk JOKyMEHT
PO3MIIIEHO B XMapHOMY CEpeOBUINl Oyab-XTO 3 aBTOPU30BAHUX OCIO MOXe
JOCTYIHUTHUCH O HbOTO, T 3aBaHTAXUTH MOTO Ha BJIACHHUI KOMII IOTEp ISl TIOBHOTO
HOr0 nepervsay.

6) Ilicas dhopmyBaHHS MPOTOKOIY, CEKpETap MEPErIsgae CIUCOK JOCTYITHUX
HOMy TOKyMEHTIB Ta MiMUCY€ TOTPiOHI.

YTBOpeHuii mianuc cekperaps Oyzae 30epexxkeno B b/ 1yist moganpiioi Bepudikairii
MIIMACAHUX HUM JOKYMEHTIB.

7) Ilicna ¢opmyBaHHS MPOTOKOIY, TUPEKTOP 1IHCTUTYTY MEPETIISAIAE CITUCOK
JOCTYIHUX HOMY JOKYMEHTIB Ta MiANMUCY€E MOTPIOHI.

YTBOpeHwuii mianuc qupexropa Oyne 36epexeno B b/l st momanbinoi Bepudikaiii
MIIMUCAaHUX HUM JIOKYMEHTIB.

8) Ha erami npexomMmno3uuii MPOTOKOIY CHUCTEMa NEPEBIpsi€ MPUCYTHICTh
MIMKCIB CEKpeTaps Ta TUPEKTOpa IHCTUTYTY B 0a3i JaHuX AJid Bepudikaiii
IUTICHOCTI T4 aBTEHTUYHOCT1 JJOKYMEHTY.

[Ticnst mepeBipKU MIAMKUCIB AJITOPUTM MPOBOUTH MApCUHT (aiily 3 MapKyBaHHS
OKpeMHUX OJIOKIB JOKYMEHTY (CHUCOK MPUCYTHIX, MOPSJOK JEHHUMN, CIIMCOK PIIICHb
YXBAJICHUX 3aC1JIaHHAM ) JUIsl HOAANbIIOr0 (POPMYBaHHS BUTSTIB 3 IPOTOKOIY.

9) Ha erami ¢bopMyBaHHS BUTATY 3 MPOTOKOJIY CHCTEMa CTBOPIOE OKPEMUU

JOKYMEHT (BUTST) 1 IEPEHOCUTh TYIU JIaHl PO3MIILIEHI B MIEBHOMY OJIOI
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POTOKOIY, SIKMA OyJI0 TPOMApPKOBAHO Ha MOMEPETHBOMY KPOIII.
HoBoctBopenwuit ¢aiin Oyne 30epekeH0 B XMapHOMY CEPEIOBHINI Ta HaJICIaHO
CEKpeTapeBi 3acilaHHs 1 AUPEKTOPOBI IHCTUTYTY 3a/J11 OTPUMAHHS MiJIHUCY.
10) ITicnst hopMyBaHHS BUTSATIB 3 MPOTOKOIY, CEKpETap IMeperisaac CIuCcoK
HAJICJIaHUX MOMY BUTSATIB Ta MiJMUCY€ TOTPIOHI.
YTBOpeHwuii mianuc cexperapsi oyae 30epexeno B b/l ansa noganpiioi Bepudikaiii
MIMUCAaHUX HUM JIOKYMEHTIB.
11) Ilicns  ¢opMyBaHHS BHUTATIB 3 MPOTOKONIY, JTUPEKTOP IHCTUTYTY
nepernsiae CuCOK HaAiCIaHUX HOMY BUTATIB Ta MIAMKUCYE MOTPIOHI.
YTBOpeHuii mianuc aupexropa oyne 36epexkeno B b1 s moganbinoi Bepudikarii
MIIMACAaHUX HUM JOKYMEHTIB.
12) Ha erani ¢opMyBaHHS CEeKpeTapeM IMPOTOKOJY 3aciiaHHS BUEHOI pajiu
yHiBepcurety. Cekperap ooupae 3-oMiXx HaJiCIaHUX 1OMY TOKyMEHTIB Ti,
1110 OyyTh PO3TIISIHYTI 3aC1TaHHSIM.
[Ticnst Toro sIk cekperap 3aBepIluB MPOIIEC BIIOOPY TOKYMEHTIB BiH HaJCHIIAE iX
JaHl CHUCTEMI, $Ka 3TOJIOM AaBTOMAaTHYHO aceMOII0e TOTOBHMM (haill MPOTOKOIY
3acCiIaHHsl, 3aBaHTaXy€ HOro B XMapy Ta HaJicuiae copMoBaHUll (aiin cekperapesi
Ta IUPEKTOpPY IHCTUTYTY 3l OTpuMaHHs mianucy. [licas Toro sk JOKyMEHT
PO3MIIIIEHO B XMapHOMY CEpEIOBHINI OyIb-XTO 3 aBTOPU30BAaHUX O0CI0 MOXKe
JOCTYIHUTHCH IO HHOTO, T 3aBaHTAXUTH WOTO Ha BJIACHHI KOMII IOTEpP ISl TIOBHOTO
HOr0 Meperssay.
13) Ilicnst popMyBaHHS IPOTOKOITY, CEKpETap MEPEIsLIae CIUCOK JOCTYTHUX
oMY JOKYMEHTIB Ta MiANKCY€ NOTPIOHI.
YTBOpeHwuii mianuc cexperapsi oyae 30epexeno B b/l anisa noganpiioi Bepudikarii
MIMUCAaHUX HUM JJOKYMEHTIB.
14) Ilicns popmyBaHHS MPOTOKOIY, PEKTOP MEPEITISIAE€ CIUCOK TOCTYITHUX
HOMY TOKYMEHTIB Ta MiAMKUCY€ TOTPIOHI.
YT1BOpeHuii mianuc pekropa oyne 30epexkeHo B b/ st mogansiioi Bepudikarii
MIIMACAaHUX HUM JIOKYMEHTIB.

15) Ha eranmi nexomMmno3ullli MPOTOKOJIY CHUCTEMa IMEPEBIPS€ MPUCYTHICTH
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HIJMKACIB CEKpeTaps Ta pekTopa B 0asi JaHux ajia Bepudikarii HiJIiCHOCE
Ta aBTEHTUYHOCTI JOKYMEHTY.

[Ticast mepeBipKH MIANUCIB aJTOPUTM MPOBOAUTH MAPCUHT (Daiily 3 MapKyBaHHS
OKpeMHUX OJIOKIB JOKYMEHTY (CIHCOK MPHUCYTHIX, MOPSAIOK JCHHUMN, CIIUCOK PIllICHb
yXBaJICHUX 3aC1IaHHsAM) JIJIs1 TOAAJIBIIOrO (POPMYBAHHS BUTATIB 3 IPOTOKOITY.

16) Ha erani ¢popmyBaHHS BUTATY 3 MPOTOKOIY CHUCTEMa CTBOPIOE OKPEMHUI
JIOKYMEHT (BUTSAT) 1 MEPEHOCUTh TYJIW JlaH1 PO3MIIIEHI B MEBHOMY OJIOIII
MPOTOKOITY, SIKUiA OyJI0 MPOMapKOBAaHO Ha MOMEPEAHbOMY KPOIIi.

HoBoctBopenuit ¢aiin Oyne 30epekeH0 B XMapHOMY CEPEIOBHIII Ta HaJICIaHO
CEKpeTapeBl 3acCiIaHHs 1 pEeKTOPOBI 33 151 OTPUMAaHHS M1ITUCY.

17) Ilicns popMyBaHHS BUTSTIB 3 MPOTOKOIY, CEKpeTap Meperisiiae CIucoK
HaJICJIaHUX KOMY BUTSITIB Ta MIANMKUCYE TOTPIOHI.

YTBOpeHwmit mianuc cexperaps oyae 36epexero B b/ aisa noganpiioi Bepudikaiii
MIIMACAHUX HUM JOKYMEHTIB.

18) Ilicns popmyBaHHS BUTSATIB 3 MPOTOKONY, PEKTOP MEPErIsgae CIUCOK
HaJICJIAaHUX WOMY BUTSITIB Ta MIAMKUCYE TOTPIOHI.

YTBOpeHuii mianuc pekropa Oyne 30epexxero B B/ st momansiioi Bepudikarii

MIIMACAHUX HUM JOKYMEHTIB.

4.2.2 Ilpouecu acemonrweanns ma peacemono6ans

[Ipouecu peacemOmoBaHHs — II€ MPOLIEC PO3KIAJAaHHS JTOKYMEHTY Ha YaCTHHH,
BUKOPHUCTOBYIOUHM CHellialbHI MApKyBaHHS Ta PEryJsipHI BUpa3u 3aJyIs MOAAJIBLIOTO
MapcUHTy [HMX YacTUH nporpamoro. Ilpouec peacemOmoBaHHS mnepengdavae
MePETBOPEHHS JOKYMEHTY Ha MPOrpaMHi 00’ €KTH JJIsI TOJABIIIOTO X MaHIMyTFOBaHHS
cucteMmoro. Bizyanizaitist mpoliecy peacemMO0BaHHS HaBEJEHO Ha PUCYHKY O.

[Tig yac mporecy peaceMOIIOBaHHSI CUCTeMa po30upae HaJaHUIl MPOTOKON Ta
aBTOMaTU4YHO (GOpMye BUTITH JIE HHOTO. B jgaHOMy BUMNAJKy NPOTPaMHO MU
PO30MBaEMO MPOTOKOJ HA 4 YACTUHHU:

1) Ilepiioro 4aCTHHOIO € 3aroJIOBOK MPOTOKOIMY, IO MICTUTH Horo HoMep. [1s

YaCTHHAa BUKOPUCTOBYETHCA JJIsI BUSHAYCHHA HOMCEPY ITPOTOKOITY. 3FO,Z[OM

MONOGRAPH 105 ISBN 978-3-98924-032-2



it

Science for modern man ‘ 2024 Part 2 %

e Homep Oyze pO3MIIEHO Yy BEpPXHINW YacCTHUHI BUTATY JJIS MOAAIBIION
11eHTU(IKaIil TPOTOKOJY 3 AKOTO BUTAT Oy10 c(hOpMOBaHO.

2) HacTtymHoro 9acTUHOIO € OJIOK 3 IaTOY0 MTPOBEICHHS 3aciianHs. Bin 3rogoM
Oy/le BUKOPUCTOBYBATUCH JIJISl BUBHAUEHHSI J]aTH, 10 Oy/1e pO3MIIyBaTUCh
y BEpXHiil YaCTUHI IOKyMEHTY-BUTATY.

3) TpeThOr0 YaCTUHOIO € OMKC MUTAHHSA, 10 OyJI0 PO3MISIHYTO 3aCiJTaHHSM 1 €
IIPEIMETOM CTBOpPEHHS BUTATY. Ll yacTMHA pO3MIILYETHCS MPOTrpamoro B
Takuil caMuii croci0 sk BoHa Oyna O po3MillieHa BpUHY (BHILE CEpeIUHU
JIOKYMEHTY, ITICJISI IIIAIKU BUTSTY)

4) YeTBepTol0 YaCTUHOIO € PINIEHHS NPUMHATE 3aciJaHHSM CTOCOBHO
MUTaHHS, 10 PO3MIIIYBajoCs B TPETHOMY OJIOIII 1 ONUCaHE JETaNbHIIIE B
MONEepeTHbOMY MYHKTI. YacThHa 3 PIMIEHHSM PO3MIILLYEThCS y BUTSA31

oJIpa3y IiJl MUTaHHSIM CTOCOBHO SIKOTO BOHO OYyJI0 BUHECEHE.

SIPOTOKOI Ne3

sacianns Kade T SERT IR, reXHOAOr i

I'[pncy‘]'ui: Makaimoenu B.M., Mopoa JLB., Xypasene LM., Muuyga J1.3., Hemxoea O
Baifryck C.C., Kopobeiinixosa TL, Koctis 10.M., Pycunio MK, Iabatypa M.1.
Tiyweuska H.M., Monotaii O.L, Yypa TO

= 3 nporakony Ni3

o .
IHCTUTYTY KOMN'IOTEPHAX TEXHONOT I, ABTOMAT MKM Ta MeTponoril

= Big “06" momTHa 2020 p. Iz I

. MpucyThi 13 4nexis BP
TMopanok AeHHHIH:

BlacyTHl -
1. TMpo BHKOHaHHA HaKa3iB Ta po3nopspkens pektopa HY JIM
2. Tigrotoska jo BeeykpaiHcbkiii KOHKYPC CTYJEHTCBKHX Haykoenx pobit 3 cneijiansHocti = Caysaau:  pT.n., fouenta Kadeapn Gesnexu indopmayiiimx Texuonorii
Kifepbemexa 1 . .
P Muuygy Jlecio  3iwoBiiBHY mMpo MiArOTOBKY  HaBMaIbHOrO  MoCiOHHKA
1. CIYXAJM: « KoM H0TepHi Mepeskin, SKiil BHRDPHCTORYETHCS /T8 METOMUHOTO 3abesneteHHs
npod. Makcumoniua B.M -/ saniayeaua kadeapu BIT npo BHKoHaHHS poanopsypkents NeBS «TTpo

hopMyBaHHA n1aHy BHAGHHA MoHOrpadiit HY «TM»» HapuabHOl  AMCUMIUIMK  «Komm'ioTepui  mepemi»  creuiansHocTed 123
Mo 6.11. 20 p. nogath CIMCKH BHKIAYiB, AKi N1aHYIOTL Brgasath MoHorpadii y 2021 w.p. «Kowm'ioTepra irpkenepis» Ta 125 «KibepGesnekar. Yichaaii K.TH., AOLEHT
YXBAJTHIIN: kadeapu Gesnekn indopanjituux Texwonorii HY «Jlksicbka nosniTexuikas

Tnpopuaigieo npUARSTH A Bl0Ma T2 BHKOERHHA KopoGeiinisopa TI., KTH., fouent Kadeapn ofuncmosanbHoi TexHikn BHTY

Z. CIIYXAJH: 3 X Jaxapuenko C.M. 3
ATH., gouenta kadeapn Geanexn indopmaniiinnx Texnonoriii Muygy Jlecio 3isosiibuy npo = W N — . .
A S win:  Bpax: j i MicTy 6
NIATOTOBKY HABUAALHOTO NOCIGHMKA «KOMN'KTepHI Mepewi», SKHii BHKOPHCTOBYETbCA Ans XGUIIALE  Dpaxonyiofn BIATIOBIARICTL 3MICTY  HaptaflbHoro  NOCTDHUKA
MeToguuHoro 3afesneueHHs HaBuAILHOT JHCLHIIHI «Komn'torepHi Mepeski» cneyiansHocted «KoMI'loTepHi  Mepesd» BCTAaHOB/IEHHM BHMOTaM, @ TakKK MNOINTHBHY OLHKY
123 «Kown'totepua ikenepian Ta 125 «KibepGesnekar. Yinaaaui: KTH., AOUHT Kadeapn _
Gesmexn indopmaiinmx Texnonorit HY «/lbsiscika nonirexnika» Kopobeiinikosa T.l., KTH., PeuPHIeHTIB, Kahgipa PEKIMEHIYC BUSHATH  HamIbHMH  nociGuk  pm

JouenT Kadeph ofuncmoBabHOi Texni BHTY 3axapuenko C.M. MeToguunoro 3abesneuenns HagianbHoi Aucuming «Komn'rorepui Mepexi»

= YXBAJIW/IM: Bpaxosyioun BIFIOBIIHICTH 3MICTY HaBUQLHOMD MOCIGHIKA «KoMn'ioTephi creyiamtocteit 123 «Kown'iotepua iikenepia» Ta 125 «Kibepbeanexa»
MEpEKi» BCTAHORMEHHM BHMOTAaM, a TakOA NOSMTHEHY OUIHKY DeleHsewTis, Kagenpa METHION TPAIEI0, HOro QNYGAKYSAHEN TA NMNMUCTAIN § HANIATMHDMY

PEKOMEH/YE BHIHATH HaBUaTsHHH MOCIOHHK 1A MeTogHuHoro 3abesneueHHA HaBUATEHOL

AvaHnning «Komm'iotepii Mepexi» crietjiambiocTeii 123 «KoMn'ioTepua hinkenepia» Ta 125 npoueci HY "Mbsischka nonitexuixa” |
«KiGepGesneka» METOMUHO0 Npaet, fioro onylnikyBaHHs Ta BUKOPUCTAHHA ¥ HABUA/TLHOMY [
npoyeci HY "JIbsiscbka nonitexuika”.. 4

Fonosa BuyeHol panw IKTA

3asigyBau KadeapH _ npod. Makchmosiu B.M. AT.H.. npopecop Mukmiyi MM
‘Cexperap Kapeaph Aou. Pycutiko MK. Cexpetap Buewoi panu IKTA
Pucynox 6 — Bisyasizauis nmpouecy peaceMOJII0BAHHSA
Aemopcovka po3poboxa

[Ipouec acemOmoBaHHS — 1€  MPOLEC, IO € TMPOTUASKHUM MPOIECY
peaceMOIOBaHHA 1 Ma€ HAa METI KOHBEPTYBaHHA JOKYMEHTY 13 IPOTPaMHOTO CTaHy B

Gbi3uyHui U1 oAanbinoi 0O0poOku. 3a3Buyail B Mpolieci aceMOJIFOBaHHS TaKOXK
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3a[IISTHUI MyCTUI (HE3alOBHEHMI) 3pa30K JOKYMEHTY, SIKMi ITporpamMa BUKOPUCTOBYE

JUTsl HanoBHEHHs nanuMHu. [Ipoiiec acemOntoBaHHs niependadyae yTBOPEHHs TJOKyMEHTY,

BHUKOPUCTOBYIOUH JaH1 Ta 00’ €KTH, IO € y PO3MOPAIKEeHHI nporpamu. Bizyamizaiis

npoliecy aceMOIIOBaHHS HaBEJIEHO Ha PUCYHKY 7.

BWUTAIN
3 npoToxony Ne3
Facipamun Buewol pagwn
IHCTHTYTY KOMN'KXTEPHUX TEXHONGTIA, ABTOMATWKKM Ta MeTpancril

Bin "06" mosTHA 2020 p.

NpwucyTei 13 ynexis BF

BigcyTHl -
Crysaau: ATH., JOUEHTa Kadegpu Gesmeny inpopManiimm TexHonorii
Muuypy  Jlecio  3iwopllsny  npo  nlgromosky  HasuasHoro  nociDHHKa

KoM HTepHi MEpesin, SR BHRDPRCTOBYETHCR U715 METORHYHON 3afesnegenin
HABUATbHOI  JUCUHMITHH  «Komn'woTepui  mepesds cheliamssocTedd 123
wKomn'toTepHa Isedeplas Ta 125 «Kibepbeanexas. Mnagaul K.TH, Z0UEHT
kaeipn Desmern inpopaaniinnx Texuonorii HY  wlinceka nomtexqika
Kopobeitwiroea TI., KTH., JouedT kadespn ofuncmosanbhoi Texwikm BHTY

Jaxapuenwo C.M.

Meanawny: Bpaxosyioun pignosiaHicns  amicty  HassaibHoro  noci Dk
KoM’ ioTepHi Mepesies BCTAHOBIEHHM BHMOTEM, a TakO# MOSMTHEITY OLIHKY

it mocifHMk oA

TIB, 1Y€ BHSHATH

P PeApa P

METOAHUHOMD  sabeweucHHn HamamsHol aucupnnisn «Kosn'worepsl  Mepesin

creianeiocTer 123 aKomn'wrepna  Dokesepine Ta 125 aKifepBeanekan
METOIHTHOR MPaLEtD. foro onyOnikysaHsd Ta EBHROPHCTAHHA ¥ HAFAThHOMY

npouect HY "Jsalscoka nonltexmika.)

=]

Fonoea BuyeHol pagw IKTA

A-T.H.. Npodecop MUKHASYE MM,

Cekpetap Buenol paow IKTA

K.T.H., BOLEHT CoBWH AP,

I

TMpucyrul: Makoimosnu B.M., Mopos JLB., Eypasens LM. Muuyga JL3.,

1.
2.

1

npo

MPOTOKOMT Ne3
sackaasua Kadeapu Gesnewn iHdopmaniimug rexnonor i

Big 06.10. 2020 p.
) Hemrosa O.A.,
Boiityenk C.C., Kopobeinikosa T.1., Kocrie H0.M., Pycumko M.K,, Hlafarypa M.L.,
Jlyweyska H.M., MomwoTail O.L, Hypa T.O.

Tlopagok geHHmii:
Tpo pHEOHEHHA HaKasle Ta pOINOPRKeH L pexTopa HY JITT
MigroToeka Jo BeeykpaiHChkMil KOHEYPC CTYAEHTCBKHX HaykoBMX pofiT 3 cremianenocTi
Kibepbemexa

CITYXAJIH:
. Makcumoniua B.M [ sanigyema kadeapi BIT npo susosanns posopspeenss N85 ollpo

opMyBaTHE MY BAanNE Monorpadiinl HY «JTMes,
Oo 6.11. 20 p. nogaT aisMcku BUEAagauis, skl niaHyoTs Bugasard modorpadil y 20021 \.p.

YXBATTHITH:
Trcpopsatyiio nPUIHETH A0 BIIOMA Ta BUKCHAHHS,

- CIN¥XAJIH: 1

ATH., AMIENTA Kadespn Gesnern indopmatimm Texnonorin Muayyy Jleco 3inosiisny npo
NiAroToEKY HaBuanLHOro noclbHuka «Komn'iorepl sepesis, SKuil BHKODHCTOBYCTLCH 08
METOJHYHOTD 3afEINeyenig HaByATLHOl r'LIIi'ILKIl.1iIﬂ| NK(JM[[.K]TFrﬂli \151“’)“]‘1! GWIPI[iiIJIhI[(JIT"ﬁ
123 «Komn'woTepHa i in» T2 125 «Kibep . ¥enagaui: K.TH., AOUERT Kadempu
femern impopmay iy rexnonorii HY «/leaiscsca nonitexuikas Kopobeiinikosa T1, k1.,
AouenT KatheapH ofuHcToBankHol Texnimn BHTY 3axapuenko C.M.

YXBAJTWIIH: Bpaxoeyeue BUIOBNICTE 3MICTY HaEBUankHoro  nocionwka  «Komn wrepii
Mepesi» BCTAHOBNEHHM BHMOMGM, a TakmK NOIHTHEHY OUIHKY PeljeHseHTi, Kafegpa
PEKDMEHJIVE  BHIHATH HABYAABHWH  noCibumg AR METIIHYHOTTD safiemeuena  HaBuaT EI0T
ANCUHNAIHK «Komn 'toTepri Mepesiis cnedjaneHocTedi 123 «Komn'woTepsa ikenepia» ta 125
wKibephemenan MeToguHo0 Npaten, Roro onyBAiKysEHEE Ta BHKOPHCTAHER ¥ HABWATLHOMY

npoueci HY "JIbBiBchka nonitextika'.. 2
KadeapH npod. Makcumosit B.M.
Cexperap Kadeipn aoil. Pycunko MK,

Pucynok 7 — Bizyaaizanis npouecy aceM0JIl0BaHHA

Aemopcvka po3pooka

Hi,ZI qgac npouecy aceMOJIIOBaHHS CUCTEMA 06Hpa€ BUTATH, IIMTAHHA AKUX MAalOTh

OyTH BKITIOUEHI B IPOTOKOJI 3aC1/IaHHS 1 TOKPOKOBO J0AA€ aH1 3 BUTATIB J0 JOKYMEHTY

3rogoM (opmyroun BiacHe Mpokoid. OnuieMo sK mporpaMa po3KIafae BUTAT Ha

YACTHHU JJIS TOAAJIBIIOTO 1X MEPEHECEHHS 10 MPOTOKOILY:

1) [lepmoro YacTUHOIO y BHUTSI31 € ONWUC MUTAHHS, IO € MPEAMETOM

chopmoBaHoro BUTATy. Lleil OMOK BUKOPUCTOBYETHCS Uil MUTAHHA [0

MPOTOKOJTY 1 PO3MIILIEHHS HOTO y BiJMOBIAHOCTI A0 MOPSAIKY JIEHHOTO.

2) Jlpyroro 4acTHHOIO € PIIIeHHS MPUHUHATE 3aCi1IaHHSIM CTOCOBHO MUTAHHS,

1[0 ONUCaHe JeTalbHillle B MONEepPeAHbOMY MYHKTI. YacTuHA 3 pillleHHSIM

PO3MIITYETHCS] B MPOTOKOJII OApa3y MiJ MUTAHHSM CTOCOBHO SIKOTO BOHO

OyJI0 BUHECEHE.
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4.2.3 Bionogionicmo po3pooku ocnoenum npunyunam EC/]

OroJomieHi B mepioMy po3aiiai poootu ocHoBHI npuHiuny ECJ] 3Hainmm cBoe
BiIOOpaXEHHSI y 3alpOINOHOBAHOMY TEXHOJOTIYHOMY JIAHLIIOXKKY —CIeliaai30BaHol
aBTOMAaTH30BaHOI CUCTEMU JOKYMEHTOOOIry (Tabmulist 3 Ta pucyHoOK 8).

1) OmHo3HayHY  iAeHTH(IKAIII0  JOKYMEHTY  3a0e3leYeHO  IPOIeCcCOM
MPUCBOEHHS KOXKHOMY 3 JOKYMEHTIB YHiKaJibHOTO 3HaueHHs ID. ID — none
CTPOKOBOTO THITY, IO CKJIAJAETHCA 3 12 CUMBOJIIB Ta MOKE MICTUTH LIUPPU
Ta JITEPH JJATHHCHKOTO an(asiTy.

2) CkopoueHHs 4acy pyXy JIOKYMEHTIB 1 MiJBUIIEHHS OINEPaTUBHOCTI iX
BUKOHAHHS  3a0€3MeUeHO aBTOMATH30BaHUM IPOIECOM TeHeparlii
MIPOTOKOJIIB T@ BUTSTIB 3 MPOTOKOJIB.

3) be3nepepBHICTL pPyXy JOKyMEHTa 3a0€3leUueHO aBTOMAaTHU30BaHUM
MPOLIECOM HAJCUJIAHHS TOKYMEHTIB /10 JIENapTaMEeHTIB JJIsl MOAAJBIIOL 1X
00poOKH Ta reHeparii mimuciB.

4) YHeMOXJIMBJICHHS JyOItOBaHHS JOKYMEHTIB 3a0€3MEUEeHO ajIrOpUTMOM
XEILIyBaHHS, 1110 TeHEPYE YHIKaJIbHY CTPOKY, 1[0 MICTUTh HAOlp CUMBOIIIB,
SKI BIJMOBIJAIOTh JOKYMEHTY TIJIbKM 3 TaKUM CaMHUM BMICTOM SK 1
XEIIOBAHUN OpUTIHAIL

5) Cuctema 3BITHOCTI 3a0e3MedueHa aBTOMATU30BAHUM IPOIIECOM TeHeparlii
MIJMUCY CEeKpeTapiB Ta 3aBijyBadiB 3acifianb. [lianuc iMrieMeHToBaHUN
Ha 0a31 anropuTMy acuHXpoHHOro mudpysanas RSA. Koxen kopuctyBad
Ma€ BJIACHY YHIKaJbHUW MPUBATHUM Kirod, 1m0 ¢opMmyeThes Ha 6a3zi 1D
KOpUCTYBaua Ta CEKPETHO1 CTPOKH, siKa 30epiraeTbCs Ha cepBepi.

[Ipouiec cTBOpeHHS MIANMUCY AOKYMEHTY BHUKOPHCTOBYETHCS [JIsi HaJaHHS
ABTEHTUYHOCTI JOKYMEHTY Ta 3a0e3leyeHHs WOro UuIicHOCTI. BukopucToByoun
3rajiadi MiMUCH 3T0JIOM aBTOP MOXKE HaJaTH MiITBEPIKEHHS TOTO, 1110 JJOKYMEHT OYyB
MIOACAHUI BIAIIOBIAHUMHU 0COOaMHU.

Buxonsiun 3 naHux HaBeJeHUX B TaONMIl 3 MOXKHAa 3pOOWUTH BUCHOBOK, IO
sanporionoBana CAC]/I Bimnosimae ocHoBHuM mnpuHiunam ECJI| mHa 8% kparmie 3a

HAWOJIMKYWI aHAJIOT,
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Taoauus 3 — BignoBigHicTs po3po0xku ocHoBHUM npuHmunam ECJJ

His | PandaDoc GoogleDocs CAC/]
Opnno3HayHa iaeHTUdIKAIisT
8 9 9 9
JIOKYMEHTY
CKopoYeHHS Yacy pyxy JOKYMEHTIB 10 7 8 9
besnepepBHICTh pyXy HJOKyMEHTa 10 7 9 10
YHEMOXKIIUBIICHHS TyOJIFOBaHHS
' 9 8 8 10
JOKYMEHTIB
Cucrema 3BITHOCTI 7 7 8 10
Asmopcovka po3pobka
]
T
]
e
e —
mcAcy
R — P
W PandaDoc
u lia
e
O
.

(=]
L)
£
o
o
=

12

Pucynox 8— Bisyaaizauis BixnoBigHocti CAC/l ocHoBHum npunuunam ECJ]

Aemopcwvka pospodka

Takuit edext HOCATHYTO 3a paxyHOK 3amoOiraHHs AyOJIOBaHHIO JOKYMEHTIB.
MexaHi13M nepeBIpKU YHIKAJIbHOCTI JIOKYMEHTIB IMIIJIEMEHTOBAHMM 33111 YHUKHEHHS
MOBTOPHOTO PO3IVISIAY OIHAKUX JOKYMEHTIB 3aCiJaHHSMHU 3 METOI €KOHOMII dYacy.
IlepeBipka TOKyMEHTIB Ha MpeAMET TyOatOBaHHS BiJOYBAETHCS IUISIXOM XEITyBaHHS
BMICTY KOXKHOTO 3 HuUX aiaroputMoM SHA256. Pesynbrarom xenryBaHHs Qailty €
yHIKaJbHa CTPOKA, 110 MICTUThH HAOIp, Kl BIAMOBIAAIOTh JOKYMEHTY TUIbKH 3 TaKUM

CaMUM BMICTOM K 1 XeloBaHui opuriHaji. CTpiuka xeury 30epiraeTbCcsi CHCTEMOIO B
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0a3i 1 € IpUB’SI3aHOIO O TOKYMEHTA, 1110 BUKOPHUCTOBYBABCS /JIsl XCIIIyBaHHS.

4.2.4 Ananimuunuii onuc npoyedyp acemonr08ants ma peacemontoeanns
OnuiieMo CTPYKTypy MNPOTOKONY 3acijiaHHs kadeapu (TOOTO CTPYyKTypHOTO
migposainy nepmoro pisas CIT7) ax muoxuny Pr! cknamosux mporo goxkymenty (1):
pPr! = {N!,SP!,D!, Pres!, Agenda!, Sign'} (1)
ae
NT —iM’s foKyMeHTY, TyT Lie «IIPOTOKOJ 3aciJaHHs Kadeapu»;
SP! — nasBa cTpykTypHOro migposainy nepimoro pisus CIT%;
D! — nara 3aciganns CIT
Pres' — cimcok npucyrtnix CIT7;
Agenda'— nopsanox nennuii CIT7;
Sign! — mignucantu CIT',
OnuinemMo CHMCOK NPUCYTHIX CTPYKTYPHOrO Mifpo3ainy mepuioro pisas CIT !
MHOXHHOI Pres!, mo wmicturume IIIB mpauismukis (2). Tyr El El — TIIb

rOJIOBYIOYOIO Ta CEKpeTaps BiJIMOBITHO.
Pres' = {El,EL E}, .. EL) 2)

J1J1sl KO’KHOTO TpalliBHUKA Mepe0aueHo BKa3aHHs Moro peramiil R, ik MaTpUILIIO
: I I
BIOPSIAKOBAHUX CKJIQI0BHX, 0 MictutuMme 3HadeHHs [IIb Ey, mocamy Posp Ta
HayKoBHii cTyninb Scl (3).

E!  Pos! Scl
Rl =1 .. 3)
I I I
Ey Posp Scg
OnuuiemMo HopsanoK aeHHuil Agenda! sx MaTpuIliO BOOPSAIKOBAHUX CKIIATOBHX,

10 MICTUTUME 3HA4YCHHS 3aClIyXaHUX IIMTaHb «CIyXalJlnl» QIIV] Ta 3HA4YCHHA

BiJIMOBIHMX yXBall «yxBaaumm» Di; (4).
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Q1 D;
I I

Qu Du

OnuieMo MHOKUHY MAMUCAHTIB CTPYKTYPHOTO MiAPO3aUTy niepiioro piBHs CI7

Agenda! = 4)

I ax Sign!, mo micTuTuMe 3HaYEHHS NUPPOBUX MiANKCIB (5).
Sign! = {DS!,DS}} (5)
3a 17e€r0 TeKOMITO3HUIIIT JOKYMEHTY BI0OYBAEThCS MPOIEAYpa peaceMOIOBaHHS
nporoxomy CIT7, i Toxi 3a mpoueayporo aceMOIOBaHHs y BUTAT 3 ipotokoiy CIT! Priy
HadiiinyTs enementy Pr!, mo momomoxyrts CACJl cgopMyBaTH BHTST:
SPL, D!, L, Dl DSI, DS, El, Posl,Scl, EL, Posl,Scl. Onumemo crpykrypy Burary
npotokoiy 3acimanus CIT7 ax maoxuny Ex! cknagoBux mporo gokymenry (6):
Ex" = {EX};ame, SP', D', Q}, Din, (E1, D1), (E3, D3)} (6)
ne
Ex} me — IM’S1 JOKyMEHTY, TyT LI€é «BUTAT 3 IPOTOKOJIY 3aCillaHHs Kaempu»;
SP! — nasBa cTpykTypHOro migposainy nepimoro pisus CIT%
D! — nara 3aciganns;
QL. Dl — snHauenns 3aciyxaHOro mMUTaHHA, IO BHHECEHE y BUTAT 1 HOro
BIJIMOBIHA yXBaJa;
(E{,DI) 1a (EL, DI} — xoprexi, mo micrars 115, peranii Ta uudposi mixnucu
roJI0BYI04Oro Ta cekperaps CIT 7.

Tenep omnumemMo cTpyKTypy NpOTOKOIY 3acinanus Buenoi paau incturyty (BPI,
CTPYKTypHOTO Tiapo3ainy apyroro pisaa CIT ') sx muoxuny Pr!! cknagoBux 1poro
nokymeHty (7):

pril = (N, SP! D! pres', Agenda™, Sign''} (7)
ae
N —iM’a mokyMeHTy, TyT 11 «IIpoTOKON 3aciganus BPI»;
SP!! — waspa crpykTypHOro mgposainy apyroro pisus CIT 7,
D! — nara 3aciganns CIT ",
Pres' — crucox npucyrtrix CIT 7,

Agenda'— nopspnox nennuit CIT7;
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Sign! — nigmucantu CIT".
3a ananorieo 3 (2) ta (3), cnucok npucythix Pres!! 3acimanns BPI ta peranii

y4aCHUKIB onuiemMo (8):

EIl Posil Scf!
1 1 1
Pres! = {EIl EIIEY EI} 1a R =

(8)
E Posll  Scil
[Topsanox AeHHMIA TyT (32 HMPOLEAYPOIO0 aceMOIOBaHHS) MOXe (hopMyBaTucs 13

NHWTaHb, PO3NIAHYTHX HA 3aciJaHHAX JOBLIBLHOI KimbkocTi pisamx CIT 1 i

JIOTIOBHIOBATUCSl TUTaHHSIMH, BBEACHHUX cekpeTapeM 3acimanHs BPI Bpyuny, Toxi

MaeMo (9):
ol bi\ fer pf
Agenda = .. .. |Ix| .. .. 9)
¢ oi) \e o}

3a amasoriero 3 (5) omumemo MHOXuHY miamucanTis CIT 7, ax Sign'!, mo

MICTUTHME 3HA4eHHS [IUGPOBUX IMIAMKUCIB TOJIOBY0YOro Ta cekperaps BPI BiamoigHo
(10).
Sign!' = {DSIT, DS} (10)
3a i1e€10 AEKOMIIO3HIIIT TOKyMEHTY Bi0yBa€ThCsl MpOILEaypa peaceMOIIOBaHHS
nporokoiry CIT 7, i Toxi 3a mpoueayporo aceMOIOBaHHs y BUTAT 3 mpotokony CIT !
Prfl, manifinyts Taki exementu Pr!!, mo momomoxyTs 3anpononosaniii Tyr CACJ]
copmyBatu BUTSAT 3 IIPOTOKOIY 3aciJaHHS BPI:
sp't, D" Qf, DL, Qf, DI, DS, DSI, EX Posit, Scit EX, Postt, Scll. Omnwumemo
CTPYKTYpy BHTATY npotokoiy 3acimanus CIT 7 sk muoxuny Ex!! cknamosux mporo
nokymeHty (11):
Ex" = {Ex!lyme, SP", D", @Y, DY, (E{!, DI"), (ES, DY')) (11)
ae
Ex!l . —iM s JOKyMeHTY, TyT lie «BUTAT 3 IPOTOKOMY 3acimanus BPI»;
SP!! — waspa crpykTypHOro migposainy apyroro pisus CIT 7,

1 - .
D' — nara 3acigaHHs;

I DIl — 3pauenns 3aciayxaHOTo IUTaHHS, MO0 BUHeceHe y BUuTAr BPI i ioro
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BIJINOBIHA yXBaJa;
(E11, DIy ta (EY, DI — xoprexi, mo micTats I1IB, peranii Ta qudposi mianucu
rojioByro4oro ta cexkperapsa CIT 7 signosigno.

Toxi crtpykTypy mnportokomny 3acimanHs Buenoi paau VYmiBepcutery (BPY,
CTPYKTYpHOTO Hifpo3ainy apyroro pisas CIT ') moxua onucaru sk muoxuny Prl!
CKJIaJIOBHX LIbOTO IOKyMeHTY (12):

prill = (N1 spI DI pres!ll Agenda', Sign''} (12)
ae
N _iM’st TOKyMEHTY, TYT Lie «IIPOTOKOJ 3acigaHHs BPYy;

SPM _ yaspa crpykTypHOTO Hijpos3ainy apyroro pisus CIT ™,

D' _ nara 3aciganns CIT™;
Pres!!! — cnucox npucyrnix CIT ™,

M _ nopspox nennnii CIT7,

Agenda
Sign'! — nignucantn CIT™,
Toni BuTsAT 3 IpoTokoiy 3aciganus BPY moxxna onucatu sik (13)
ExIII — {Exrlllémei SPHI, DIII, Q:{/H, DJI,”, (E{”, D{H>, (Eé”, Dé”)} (13)
ae
Ex!l . —iM s JOKyMeHTy, TyT 1ie «BUTSAT 3 IPOTOKOJy 3acimanus BPYy;
SPM _ yaspa ctpykTypHOTO miaposainy 3-ro pisus (yHiBepcurery) CIT
D' _ nara 3aciganns BPY;
Qy/', Dy — 3HaueHHs 3acTyXaHOTO MUTAaHHSL, IO BUHECEHe y BUTsr BPY i jforo
BIJITTOBI/THA yXBAJIa;
(E{, DIy ta (EX! DIy — xoprexi, mo micrars I1IB, peranii ta uudposi
HiANICH pekTopa Ta cekperaps BPY BianosigHo.
Takum 4uHOM, y APYyTii YacTHHI POOOTH PO3POOICHO TEXHOJIOTTYHUN JTAHITFOXKOK
CHelliai30BaHO] aBTOMAaTHU30BaHOI CHCTEMHU JOKYMEHTOOOIry, KUl Ha BIAMIHY BiX
KOHKYPEHTIB MICTUTb MOKpPAILEHUI aJrOpUTM 3arnodiraHHs ayOsikaiii JOKyMEHTIB,

MOKPAIllEHy CUCTEMY 3BITHOCTI MOOyA0BaHy Ha 0a31 eJIeKTPOHHO-ITU(POBUX I IMUCIB.

Takox po3nIsiHYTO MpoLecu aceMOIIOBaHHS Ta peaceMOJIIOBaHHS, 30KpeMa JaHO
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BHU3HAYEHHS IIUM IIpoIiecaM, Bi3yaTi30BaHO iX Ta OMHCAHO.

[IpoBeneHo MOCHIKEHHS 100 BIAMOBIAHOCTI pO3pOOKH, BUKIAJACHIN B JaHii
poOOTi, OCHOBHMM NPHUHIIUIAM €JIEKTPOHHOI CHCTEMH JOKYMEHTOOOIry, sKi
BiIoOpaXkeH1 y mepIniii yacTuHi 1 BUABIEHO, 110 3anmpornonoBana CAC]] Biamosigae
ocHoBHuM npuHiunam EC/] na 8% kpaiie 3a HaitOmxunii anasnor. Takox po3po6iaeHo

AHANITHYHAN OIMKC TexHoorigHoro naniokka CAC/I.

BucnoBku

[IpencraBiena poOoTa BUKOPUCTOBYBajla CUCTEMHMH MIJIX1A 10 BHUPILICHHS
3a/1a4i aceMONIIOBaHHSI Ta peaceMOIIOBaHHS JIOKYMEHTIB Yy cHelliani3oBaHiii cucTeMmi
JOKYMEHTOO0OIry. 30KpemMa, OCHOBHA yBary MNpHJIiJIeHa aHali3y Ta BJOCKOHAJICHHS
METO/IB O0OpOOKM JTOKYMEHTIB, 30KpeMa METOIIB 30€pEeKEeHHS IIJIICHOCTI Ta
ABTEHTUYHOCTI JOKYMEHTIB Ta IX aBTOMAaTHU30BaHOI reHepaiii. Y naHid poOoTi
JOCSTHYTO TIABUINEHHS PIBHA €(QEKTUBHOCTI OOpPOOKH JOKYMEHTIB B MeXKax
€JIEKTPOHHOI CUCTEMH JOKYMEHTOOOIry Ha 8% 3a paxyHOK aBTOMAaTH3allil MpOIEeCiB
aceMOJIFOBaHHSI Ta peaceMOTIOBaHHS JOKYMEHTIB, TIOKPAIIEHOTO TMIAXO0My O
30epeKeHHsI MUTICHOCTI Ta aBTEHTUYHOCTI JIOKYMEHTIB.

3okpeMa, B poOOTI BHUKOHAHI TaKi 3aBAaHHA: MPOBEICHO ONISA Cy4acCHUX
€JIEKTPOHHUX CHUCTEM JOKYMEHTOOOITY, MpOaHali30BaHO iX MepeBaru Ta HEIOJIKU;
PO3pO0JIEHO TEXHOJOTIUHHUM JIAHIKKOK CIIeIiajli30BaHOI aBTOMATHU30BaHOT CHUCTEMU
JOKYMEHTOO00Iry; moOyI0BaHO aHATITUYHHUIA ONUC TeXHOJoriyHoro jnaHioxka CAC/;

nepeBIpeHo po3poOKy Ha MPEIMET BIAMOBIIHOCTI OCHOBHUM nipuHItunam ECJI.
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KAPITEL 5/ CHAPTER 5°
EXACT EQUATIONS OF MOTION OF TURBULENT LIQUID FLOW

DOI: 10.30890/2709-2313.2024-26-00-014

Introduction

Turbulent and laminar flows have a great influence on natural processes, as well
as on energy and transport. To effectively use the capabilities of these processes, it is
necessary to have the most accurate mathematical description of the movement of
continuous media. This description is based on the law of conservation of momentum
and uses partial differential equations. The most common flow regime is turbulent,
which is characterized by the presence of three types of motion - translational,
rotational and oscillatory. Currently, mathematical models are used, implemented in
the form of a combination of exact and semi-empirical equations that do not take into
account rotational motion [1-4]. In this paper, problems are considered within the
framework of an averaged turbulence model, which takes into account the influence of
translational and rotational motion [1, 2, 4].

The laws of motion of working bodies as a continuous medium are studied in fluid
mechanics, the mathematical basis of which is the equations of motion in stresses
(Navier).

In the classical literature, there are two exact three-dimensional special cases of
these equations: the equation of motion for a rigid body (elasticity theory) and the
Navier-Stokes equation for a liquid. The theory of elasticity has proven the high quality
of calculations and has a clear structure of equations [5, 6]. In fluid mechanics there is
no similar structure for all flow regimes, which led to a large share of experimentation
and, accordingly, to a high labor intensity of research.

Writing accurate equations requires accepting the point of view that the general
equation of motion must describe the most general (turbulent) flow regime.

The implementation of this point of view became possible by applying the
operation of extracting the rotor of velocity from the gradient of velocity and from the

Laplace operator from velocity to the Navier and Navier-Stokes equations. In this case,

SAuthors: Budarin Vitalii
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the second form of the equation was used for the total acceleration of a liquid particg
in the Gromeka-Lamb form, which includes the angular velocity of rotation of the
particles [4].

The equations are derived for continuous media in which shear stresses are
described by the velocity gradient function - two models of a Newtonian fluid and one
model of a non-Newtonian fluid with a power rheological law.

Thus, the main task of the derivation was to find the term characterizing the
influence of the viscous friction force on the turbulent flow regime.

In any version of the derivation, the initial equation is the motion of a continuous

medium in stresses.

0
X +l apxx + T}’X + a/Z-zx — dux
p\ Ox oy oz dt

+l(8%, N ap,, N or,, J _du,

ox oy oz ) dt
P Y ( 1 )
0
Z +l az-xz + Tyz + 6pzz — duz
pl ox oy Oz dt

T T T
where PxPw Pz gre normal stresses, ** = = are shear stresses,

. u u u . . . .
XY, Z_ specific mass force, “*>"»*"= - velocity projections, ?- time.

The search for general integrals and partial solutions was carried out for two
problems: flow around a horizontal plate and flow in a straight circular pipe in turbulent
and laminar flow regimes. Particular solutions were compared with known analytical
and semi-empirical equations.

The differential equations in this work were obtained for an incompressible fluid;

the influence of pulsations of all thermodynamic quantities was not taken into account.

5.1. Non-Newtonian fluid

Let us apply system (1) to derive the equation of motion of one group of Non-

Newtonian liquids ( Ostwald de Waele model ), which has a power-law rheological
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equation T=k-€", (where ¢ = 894 U = const, n = const) [7, 8].
Transformation conditions:

1. Normal stress Piand pressure #i have opposite directions.

P =7Px Pw=7Py P===P-(where are ~>P»*P- " the pressure projections).
2. Let's accept meaning constants £ = x4, (where u is the dynamic viscosity of the

liquid).

3. Let us express the total acceleration of a liquid particle using Gromek -Lamb

equation.
This form is equivalent to the standard formula, but allows one to establish the

influence of linear and angular velocity on the total acceleration of a fluid particle

(du/dt).

In vector form, this equation looks like:

2
%:%+g}’ad[%}+2-[ﬁ)xﬁ].
2)

In projections on the coordinate axes:

ya)z)

du.  ou. 0 (u?
t=—t et —| — [+ 2-(u, 0, —u
dt ot ox\ 2 7

®,)

z X

d 0 2
& u},+i z +2-(u,0. —u
dt o oy\?2

du, _ ou, iu—2+2-(ua)—ua))
dt ot oz\ 2 Yo s

The convective part of the total acceleration in (2) also follows from the formula

vector analysis (ﬁ ' V)ﬁ - grad(u2 /2) +rotu X

4. Let us transform the terms characterizing viscous friction using the X axis as an
example (1).

Let's add zero to the derivatives inside the brackets, presenting it in the form of
two specially selected terms with opposite signs.

Then we get:
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1 op, o(ou, ou ou ou ) 0 (8ux ou. ou. ou j
-————=+v|— + - + + + - + =
p Ox o\ o&x oy Oy Oy 0z Ox Ox Ox

ou, 0 (u’
=—4+—| — |[+2u.o, —u w. ).
o ax[zj (10, ~u,00)

Or

n n 2
X—ia&+2”-v- g a)z+au" +i[a) +8qu _9jw :au'“++2(uzcov—u a)z).
p Ox oy oy oz\ "’ ox ox\ 2 ot v

Where - for tangential stresses [1, 2, 4]: - for the speed rotor:
ou, ou
_ y B _Ou, Ou,
(" y[ x o j, 20, =(rot u), = 2 o
0
T.=H aux-’_% ’ 20)22(7"0t M)Z:&—%
oz Ox ox 0Oy
ou, Ou, ou Ou
— —_z + — = == -
T, ,u[ > a ) 2w, = (rot u), >

After similar transformations for other coordinate axes we get :

2
G—ldivp+2" ~V~f(u,a),n)—grad(u—j=a—u+2[a)xu],
Yo, 2 ot

3)
where the projections of the friction function f(u,0,n) have the form:
fx(u,a),n):i wz+aux +£(a) +8uzj
Oy Oy oz\ ' ox
a n n
S, (u,0,n)= ai(@x + Guvj +§(mz + aau"j
Z zZ X 4 (4)
n a n
ﬂ(uaman)ZQ((D ’ auzj +i (DV + uy
ox\ " ox o\ ' oz

Accounting influence linear ( # ) and angular speed ( @ ) rotation particles
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indicates that equation (3) describes turbulent regime within the framework of the

1S
S

averaged turbulence model.

5.1.1. Analysis of the equation of motion (3)

Equation (3) has three special cases:

l.n=1.
This special case describes the flow of a Newtonian fluid with a rheological
equation * M8 ad U 51 has the form:
2
G—idivp+2~v~f(u,w)—grad(u—j =a—u+2[a)xu].
Yo, 2 ot (5)
This equation was obtained in a different way in [9].
Equation (5) breaks down into two special cases:
- for laminar flow regime (v = 0).
2
G—ldivp+2-v-f(u)—grad[u—j :a—u.
- for the vortex flow regime (u = 0).
G-Ldivp+2.v- flw)y=202").
Yo, ot

2.0=0.
After eliminating the angular velocity o from (3), we obtain:

G—%divp+2" -v-f(u,n)—grad(%} :88_1,;.
By definition (6) describes the laminar flow regime of a Non-Newtonian fluid.
3.u=0.
After eliminating the linear velocity u from (3), we obtain:

o(w-r)

G—ldivp+2” v f(w,n)=
Yol ot
This equation describes the vortex flow regime with a fixed axis of rotation.

In Fig. 1 shows the place of these equations among other equations of motion

of a continuous medium.
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d(m u)=F dt
\/
elasticity theory [=—_ ,:| Navier equation o Navier—s_mker.
i N equation

J { T
noe VS P s U
convection |

!

Non-Newtonian fluid

turbulent regime
n=1 ﬂ u=0
® =0
\/
‘.\F’

laminar regime vortex regime

Newtonian fluid |

=0
u=0

laminar regime vortex regime

Fig. 1. Connections between various equations of motion of a continuous

medium.

In the fig. 1 shows two versions of the Newtonian fluid, which differ in the
system of assumptions. When deriving the Navier-Stokes equation, restrictions are
imposed on the tangential ( 7; ) and normal stresses (For example p w=—p +2 - - du
«/ dx ) [4]. Equation (5) describes flows in which the same Newton’s rheological law
1s used, but normal stresses (pressure) can change arbitrarily.

The equation of motion (3) breaks down into two special cases when angular or
linear velocity is excluded. This indicates the existence of a third flow regime, the

dynamics of which depends on the particle rotation speed @ .

5.2. Newtonian fluid

5.2.1. Turbulent flow regime
Let us find the simplest special cases of equations (1, 5).

We will use two methods for finding the integrals for the velocity distribution on
the plate and in the round pipe u (v ) and u . () [10].

1. Let's find a special case (1) for a one-dimensional flow, and then use Newton's
rheological law.

2. Let’s use (5), which in coordinate form has the form:
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2 2 a
_l%+2v|:au auz+a('oz+ w);j|:%

b

X =+
p Ox oy° 0x0z 0Oy Oz dt

2

1p, 52uy Ou, 0o, O du,
~42 x = = | = —dt'
(7)

—-— +—=+ +
p Oy 0z*  oxdy 0z @ Ox

_1%4_2 4 = .
p Oz dt

82+68+8
X Oz x Oy

S {awz O'u a(x)y+6(ox:|_duz

Let us find a one-dimensional special case (7) and integrate it.

Flow on a horizontal plate

dp/dx
/ uyx (y) L

8(x) 1

|t 2 *

Fig. 2. Calculated flow diagram on a plate (1 — turbulent boundary layer, 2

— laminar sublayer).

Let us apply the Navier equation (1) to find the distribution of shear stress in the

boundary layer (Fig. 2). For the x coordinate we have:

lop, 1(0t, ot | du,
- + — + = .
pox p\ oy Oz dt

X

After simplification for one-dimensional and steady flow we obtain:

ap, _ 9%
dx dy

After integration with dp /dx=const we find

ap, y+c.
dx (8)

T.(y) =

We find the velocity distribution normal to the surface of the plate using Newton’s

equation for viscous friction:
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dp du
T =—=y+c = -
)=yt =p &
after integration
1 4
u, ()=o) +ay+e,
2u dx 9)

Let us use the second method of finding the velocity distribution using (7) and

taking into account the rotation of particles. Because speed u , is changing only along

the y axis:

2
) 80)2_‘_814; :8px‘
oy oy ox

By calculating the function ® you can get:

O'u, _10p.
o' opoox

(10)
Integrating (10) with (1/ w)-dp/dx = const we find the general integral, which

coincides with (9).
Flow in a round pipe

Let us use the general equation of motion of a continuous medium in stresses in

coordinates ( 7, 8, z). For the z coordinate, the general equation has the form [2, 4]:

1 p. 1(612, 1 o, rzrj du.
——— | T4 2= ,
p 1574 p or r 00 r dt (11)

where p . =— p ..— pressure along the z axis, which, according to the sign rule, is

opposite to the normal stress p ..
Let us simplify (11), assuming that there are no mass forces and rotation around

the pipe axis.

Then we get:
oy T 0.

zZr

or r 15/4

With a constant pipe diameter dp./dz = const , the solution has the form:

122 ISBN 978-3-98924-032-2
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da//
c Jdz "
’Czr — _1 + L .
r 2

Because

du, _ldp, . ¢

T = )
“ Ma’r 2 dz r

then after integration we get:

1
u_(r) :4—%1’2 +¢Inr+c,.
u dz

(12)
Let us use the second solution method, for which (7) in a cylindrical coordinate

system for the z axis takes the form:

Z—l%+2v l co9+auz +li cor+% +l (coe+auz :duZ_
p Oz or or r 00 0z r or dt

For this problem, the flow velocity changes only along the radius and the
derivative along the z axis can be neglected. We will also assume that the speed does
not change depending on the angle 0 (the flow does not rotate around the pipe axis).

Then, calculating @ ,and making reductions, we find:

o’u. +18u2 _1op,
o’ ror pnoz (13)

After integrating (13) with (1/ 1) - dp ./ dz = const we again obtain (12).

Thus, the general integral for the velocity distribution in a turbulent regime is
equation (12).

In Fig. 3 shows a diagram for obtaining general integrals for finding tangential

stresses and velocity distribution for a turbulent flow regime.
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&n. 1w lip

o oror u oz

o 1odp particaiar
i}

soiution

P lén | o
P ( _.h
CF FCr ues

Fig. 3. Two ways to find the general integral for turbulent flow in a round pipe.

Table 1 - General integrals for turbulent flow

Mode Pipe flow Flow on the plate
1 dp. 1 dp,
Turbulent MZ(F)ZEEFZJFCI Inr+c, “x(y)=a pa Vitey+e

Private solutions

1. We will find a particular solution for the velocity distribution in the pipe from

the general solution (12) using the variable y (Fig. 4).

u, (1) = uy(y)

—
y\Lgé\
! / Z

Fig. 4. Calculation scheme for searching for a particular solution (y =r¢-r).

r

Let us apply to these equations the boundary conditions characteristic of the pipe
axis:

fory=ryp, t=0and u . ()= U max .

Then we get:

u(y) :L“dpz {yZ -1+ 25 lnr—°j+umx.

y (14)

This solution is not applicable to calculating the velocity on the wall (y = 0) ,
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since near the wall there is a laminar sublayer that separates the core of the turbulent

flow from the wall.
In Fig. 5 shows a comparison of the velocity distribution constructed according to

(14) and the semi-empirical equation u . (V)= u ymax (V/ 7 0) 19 [4].

1.5
1.5

1.125

utl(y)

0.75
ut(y)

0.375

0.025 0.05 0.075 0.1
y r0

Fig. 5. Comparison of the theoretical velocity distribution in a pipe for a
turbulent flow regime - solid , for a power-law semi-empirical equation - dots.

o < ---.-.
°
°
L]

2. Let us consider a particular solution for turbulent flow on a plate. Let us set the

conditions on the outer boundary of the boundary layer and apply them to the integral

of Table 1.
When y= (x), 7+ (¥)=0, and u  (y)= u ;.
Then we get:
_ldpr, 2
u, (v) === y* +8(x) = 2y-8(x) | +u,.
2w dx (15)

In Fig. 6 shows a comparison of the velocity distribution found from (16) and

from the well-known semi-empirical equation ue (v)= u « (y)= u /[y/ &x)] 7 [4].
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30
30

225

u(y) .

15/ e
ue(y) °
L °
o
7.5
P
4
0 b

0 01 02 03 04 05 06 0.7 0.8 09

0 y 1

&(x)

1

Fig. 6. Comparison of the theoretical velocity distribution for turbulent flow on

a plate (15) — solid line and semi-empirical — points / Re «=2-107, dp ./ dx =35

Pa/m, air

As follows from a comparison of the curves, in the range y/ o(x) = 0...0.1 there is

a sharp discrepancy between the theoretical and semi-empirical dependence.

This is due to the presence of a laminar sublayer in which there is no rotation of

particles and the velocity distribution in this range 1/ 6(x) must be calculated using a

different equation.

In table 2 shows particular solutions that were obtained as a result of applying

boundary conditions to the previously found general integrals.

Table 2 - Particular solutions for turbulent flow

Mode

Pipe flow

Flow on the plate

Turbulent u(y)=

L dp. y -’ +2n ™|+ U,
4u dz

y

_ 1 dpx 2 2
ux(y)—xg[y +8(x)" =2y -8(x) |+,

Note: O(x) is the thickness of the boundary layer.

5.2.2. Laminar flow regime.
Let's consider the flow on a horizontal plate and in a round pipe, find general

integrals and particular solutions.
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Flow on a horizontal plate

U
e
)
8 dp, /dx
h X

Fig. 7. Scheme of laminar flow on a plate.

To find the general integrals, we will use the well-known calculation scheme (Fig.

7) and (6) in coordinate form.

2 2
_1p, +2\{8 u, 0 uz}: du

p Ox o' oxéz| dt’
Y—l%+2vrzu}’ + Ou, }: du,
0 oz>  oxo dr’
p oy Z xXoy (16)

2 ?
—lapz+2vau;+ e =duz.
ox~  0yoz dt

p Oz
Let us find a particular solution by simplifying (16) for a one-dimensional steady

flow with its subsequent integration.

Then

du, _ 1 dp,
dy* 2 dx

Let us assume that the dynamic viscosity is constant and the pressure drop along

— =~ = const |.
the x axis does not change \ 2* &

After integration:

1 d
u () =4—M%y2 +oy+a,

Private solution
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For a laminar flow regime, the boundary layer begins at the wall and the boundary

conditions will be as follows: for y= &(x), u « (v)= u s, and for y=0, u . (y)=0 . As a

result, we obtain for laminar flow:

_1dp, A
)= B y8<x>]+8()u -

Let us compare the solution (17) with the Blasius solution, which is presented in

tabular form [4]. When constructing the graph, the dimensionless coordinates

u (v)/up= f{n =§J§J

laminar flow regime at a distance x from the leading edge.

adopted in [ 4] were used. The numerical data correspond to the

Comparison results of the graph in Fig. 8 and the table data for the Blasius solution

show their satisfactory agreement.

0 05 1 15 2 25 3
0 n(y) 3

Rice. 8. Theoretical velocity distribution over the thickness of the laminar
boundary layer on the plate ( Re «=5.8:10°, dp ./ dx =3.2 Pa/m, air) .

Flow in a round pipe

In Fig. Figure 9 shows a design diagram of a stabilized flow in a round pipe.

I

Rice. 9. Calculation scheme for laminar flow in a round pipe.
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A special case (16) for a one-dimensional flow in coordinates 7, z has the form:
Cu. _ 1 op.
o’ 2u oz (18)

After double integration at (1/2 1) dp ./ dz = const we find:

1 4
u_(r) = 2 +r+c,.

4u dz (19)

Table 3 - General integrals for laminar flow regime.

Mode Pipe flow Flow on the plate
. 1 dp. 1 dp,
Laminar () =—L= P v e, U, (y) =2 teyte,
4u dz 4p dx

Private solution

Let us find a particular solution for pipe (19) under the following boundary
conditions:

If =0, then o du ./dr =0, and when r=r y, u . =0 . Then we obtain the velocity
distribution along the radius, which coincides with the known equation Poiseuille [1,

2,4].
u_(r) =41—Mapz /('iz-(r20 —rz),

In Fig.11 shows a diagram for deriving the general equation of motion (5) and

obtaining particular solutions for flow in a pipe and on a plate.

5T

turbulent
tube <:| ) :> plate

{}m:O

L~ 11— laminar :> plate
tube ] ‘

Fig. 11. Scheme for obtaining private solutions
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Thus, to find exact solutions for the laminar flow regime, it is necessary to use

equation (6).

5.3. Stokes liquid

5.3.1. Analysis of Assumptions
The Stokes equation is derived in two ways: using general theorems of

mathematics and using the equation of motion in stresses (1) [2, 4]. Let's consider

the analysis of assumptions for the second option for deriving the equation.

Table 5. Constraints for deriving equation (20).

N | Restrictions Stress
o
1. Po=—D+2u au* Normal
X
2. u,
p, =-p+2u— | Normal
oy
ou
3. p.. =—p+2u—= | Normal
0z
4 .| t=u grad u Tangents
5. p = const

From Table 5 it follows that the restrictions in the Stokes equation apply to all
components of the surface force. This means that normal and shear stresses must
change according to certain rules. (In equation (5), normal stresses can change
arbitrarily.)

Let us analyze the Stokes equation for an incompressible fluid:

1
G——grad p+v-V'u :ﬂ,
P dt

(20)

From (20) it follows that the main factor taking into account the dynamics of the

flow is the linear velocity, which affects the terms of the force of viscous friction and
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Inertia.

5.3.2. Second form and special cases
Let us reduce the Stokes equation to a form more convenient for subsequent

analysis and combine the terms that take into account viscosity. Let's perform the
transformation using the x coordinate as an example.

— From the limit for normal stress (Table 5):

Ou ou
L =— =p +2 =3
Oox Px or P px H 6x

Do =—D+2u

b

where normal stress p . = — p raccording to the sign rule.

Then the pressure term will take the form:

2
Lo 10, ) 10,0
pox  pox\ Ox p Ox Ox (21)

— Let us transform the Laplace operator and select terms that take into account

the influence of linear and angular velocity.

vy - o’u, . ou, s O’u,
Then oot et et

Let's express the second and third terms in terms of the first derivative, add a
zero in parentheses and present it in the form of two identical terms with different

signs.

&u 6(8% ou, 6uy]_82uy_a(mz w, _Ou, oo,

x _ _ + — —
o> oyl oy ox ox OxOy oy Ox0y oy

X < +2

u, 0 (au _ Ou, +8u2j_ o’u, [ Obrotw), O'u, 0w,
0z2  o0z\ 0z ox  Ox ox0z 0z Ox0z oz
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From these equations it follows that there is a function y(u, @) , which depends
on two arguments and has a component on the x axis in the form:

Qu, u, oo, ow
v, (u,0)=—=+—=+—=+2 Lo—=
ox~ 0Ox0y 0OxOz 0z Oy

Taking into account the last equation and (21), we obtain:

2 o> 2 0
—la—p+v-V2ux=—18p*+v —au;+ uy+8uz+2 o o, .
p Ox p Ox Ox~ Ox0y OxOz 0z Oy

Carrying out similar transformations for the y and z axes we get:

u, 0u, u

X

= —2(rot )

,0) =— + +
¢, 0) ox*  ox0y Oxoz

X

u, Ou, du

u,w)= - + z _2(rot w
?,( ) xdy o  oyoz ( )y )
2 82 2
o )=t T T (ot )
Ox0z 0yOz Oz z
0 o
(rot w) _9o, _ a)y; (rot ) _ 9o, _5602; (rot @) = o, _ﬁwx_
Where - oy oz Y 0z o Toox oy

Taking into account (22) and the total derivative in form (2), the Stokes equation

can be written:

2 62 2 2
1 %, +v~{—a Y Yoy 0w, —2(rot w)x}i{u j= Ou +2(u,0, —u,0,)

+ —_—
p Ox ox*  oxdy Oxo ox\ 2 ot
2 82 2 2 0
Y—l%ﬂx- Ou, _ uzy + Ou, -2(rot ) S (U L +2u .0, —u,)
p Oy ox0y 0Oy~ 0Oyoz 71 oyl 2 ot ’ ’ (23)
14 u. O, @ o(u*) @
Z——&+v- e +—L— lez —2(r0t a)) LA L L +2u,0, ~u0,).
p Oz ox0z Oyoz 0Oz ooz\ 2 ot h !

In this form of recording, the terms taking into account viscous friction and
inertia have the same influencing factors - ( #, @). In brief form, system (23) can be

written:
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G—idivp+v-¢)(u,a))—gmd(£j =a—u+2[a?)><ii].
P 2 ot (24)

From (24) it follows that the Stokes equation describes the turbulent flow regime
within the framework of an averaged model.

The derivation of this equation was carried out without the use of additional
restrictions. This means that (24) can be considered the second form of writing the
Stokes equation (20).

Let's consider some special cases (24).

1. By eliminating viscosity ( v = () , we obtain a general equation for inviscid
flow from which we can obtain the Bernoulli equation for an ideal fluid:

G—idivp—grad(ﬁl=8—u+2[c?)><ﬁ].
P 2 ot (25)

xaysZ):

2. For a laminar flow regime, the angular velocity o( 0 and equation (24)

will take the form:

1 op, o’u, azuy o’u, o(u*) ou,
—— X4y ——=4 + -—| ==
p Ox ox*  oxoy oxoz ) ox| 2 ot
2
(e T o)
p oy X0y Qy dyoz y ¢ (26)

1 op, o'u, u, Ou. | o(u’) ou,
Z———"2+y- +t—2L—— |-—| = |=—==.
p Oz 0x0z 0y0z 0Oz 2

In short form, system (26) has the form:

G—ldivp +V~(p(u)—grad[£j = 6_u

3. When * (x..2)=0 from (24) we obtain the equation for a standing vortex

G—Ldiv p-v-pw)=212".
yo, ot

Particular problems

Let us find the integrals for the cases of flow on a horizontal plate and in a
straight circular pipe.
Flow on a horizontal plate
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The goal of solving the problem is to find the velocity distribution normal to the
surface.

Finding solutions is done in two ways. The first method uses the Navier equation
(1), and the second uses the Stokes equation (20).

Using the first method, the shear stress distribution is found, and then the velocity
distribution is found using Newton's law for viscous friction. Using the second method,
the velocity distribution is found by integrating the one-dimensional second-order
equation of motion. Both methods complement each other and should give the same
result.

The first method was implemented earlier (section 2.1) and as a result the integral
(9) was obtained.

Let us use the Stokes equation in the form (20), which after simplification takes
the form:

d*u _ld_p

X

dy’ B ; dx’
After double integration, we obtain the equation of motion for turbulent flow (9):

1 4
u.(y)= Zd_zyz +oy+c,.

In Fig.12 shows a diagram for finding general integrals for the distribution of

tangential stress and velocity during flow on a plate.

Stokes Navier o dp, dr,
€q. €q. Ta &
< v

ﬂ=l@ r_“_:ﬂ}wc]

vk 4}

7 2

L b .
u, (V)= o ﬁy‘ +ey+e,
e

Fig. 12. Scheme for finding integrals for turbulent flow on a plate.

MONOGRAPH 134 ISBN 978-3-98924-032-2



AT
g
Science for modern man ‘ 2024 Part 2 %

To find the velocity distribution in the laminar sublayer, it is necessary to use
equation (27), but there is no term d”u,/dy’. This means that it is impossible to find the
velocity distribution for laminar flow.

Let us find a particular solution to equation (9), excluding the assumption that the
flow sticking hypothesis on the wall is fulfilled. Let us use the boundary conditions
only on the outer boundary of the boundary layer: fory = o6(x ) ,7t.(y)=0,and u . (y
=d)=uy.

Then we get:

u(y)= %@[yz +8(x)* =2y- S(x)] +u,.
M dx (28)

Equation (28) coincides with (15).

Flow in a round pipe

Let us consider the flow in a straight circular pipe and find the general integrals
for the distribution of tangential stress and velocity along the radius of the pipe (Fig.

13).
* 1
i W u,(r) z
r dp/dz

0 —

Fig. 13. Calculation scheme of flow in a pipe (1-turbulent core, 2-laminar

Y

(]

sublayer)

Let us use the Stokes equation in the form (20) in (7, z) coordinates. Since the

flow is steady and one-dimensional, the equation has the form:

d2u2+lduz_ld_p
ar’ rdr udz
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After double integration we get [(u)(dp/dz) = const].

u (r)= Ld—pr2 +¢lnr+c,.
4udz (29)
Let's solve the same problem using the Navier equation .

From the equation (1):

_L%+1(%+1%+zj du,

p Oz ; or r ol r ZE’ (30)

where p . — pressure along the z axis, which, according to the sign rule, is opposite
to the normal stress p ..

Let us simplify (30), assuming that there are no mass forces and rotation of the
flow around the pipe axis.

Then we get:

_82'” +i :%

or r oz (31)

At a constant pipe diameter ( dp ./ dz = const ), solution (31) has the form:

@/.
cl dZ r

7 =Ly LL2
T 2
— du,
Let's use Newton's equation dr .

du. _ldp. . ¢

o "2 a T

After integration we obtain equation (29).

In Fig. 14 shows a diagram for finding integral (29) in two ways.
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Stokes Navier Ml S t"ﬁ
e i o r &
J:H 1 {-’1” 1 f{” r (é} __'Ir:b. r
Tt r ="+
dr  rdr oudz T o 2

| |

1 dp .
1. (r) P, ¢lnr+e,
’ Jp ez ’

Fig. 14. Scheme for finding the integral for turbulent flow in a pipe.
Private solutions
Let's find the quotient solution equation (29) for the following boundary

conditions : at y=,0 7= 0and u .= u max .

Then we get:

u(y)= 4L CZQZ Lyz -5t +2r} lnij U
The result coincides with (14).
Thus, particular solutions of the Stokes equation coincide with similar solutions

for a Newtonian fluid in a turbulent flow regime.

Laminar flow regime

2 2
aux auz

For the laminar flow regime there are no derivatives o’ and o’ and it is not
possible to find the speed distribution.

This property can be interpreted as the absence of a laminar flow regime.

Thus, in a Stokes fluid only a turbulent regime is possible and the velocity
distribution is described by equation (14, 15) and Fig. 5, 6. A similar nature of the
velocity distribution is observed in rarefied gas (Fig. 15 for different Knudsen

numbers ( Kn )) [11].
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Fig. 15. Velocity distribution in a rarefied gas flow in a channel.

To determine the compliance/inconsistency of equations (14, 15) with this flow

property, it is necessary to conduct additional experiments.

In Fig. 16 shows a diagram for transforming the classical version of the Stokes

equation for an incompressible fluid and obtaining partial solutions.

Navier

(1)

7

1 2
G——grad p+v-Vu=—
P

du
dt

7

tube

=

Stokes

turbulent

—>

plate

{}m_o

laminar

Fig. 16. Scheme for obtaining partial solutions of the Stokes equation

From Fig. 16 it follows that the equations of motion for particular problems can

be obtained in two ways.
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Conclusion

The three-dimensional equations found use the same system of forces and have
the same structure. A comparison of these equations for various models of turbulent
flow shows that they differ in only one term - for viscous friction.

The breakdown of these equations according to physically known conditions
allows us to assume that there are three flow regimes - turbulent, laminar and vortex.

In Fig. 17 shows an example of the third flow regime over the surface of boiling water.

Fig. 17. Vortex tube compressing a cloud of water vapor.

Despite the large amount of information, the properties of the vortex tube have
not been sufficiently studied and require research from low to the maximum possible
rotation speeds [12, 13].

Further progress in energy is associated with the theoretical and experimental
study of the third (vortex) flow mode, which has an increased energy density. The
mechanical properties of this flow regime make it possible to reduce the requirements
for the thermal properties of the solid wall of the channel, which can lead to an increase
in the temperature of the working fluid and will favorably affect the efficiency of the
heat engine.

General equations have nine or six unknowns and are not closed. In fluid
mechanics there are no exact equations for solving the closure problem, but such
equations exist in another area of continuum mechanics - the theory of elasticity. The
role of closing equations is played by six second-order Saint-Venant equations, written
in the form of deformations. This form of recording does not allow these equations to

be used to describe the movement of a fluid, because The dynamics of the flow depends
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on the strain rates. The transformation of these equations for a fluid medium W;
carried out in [14], which made it possible to obtain six third-order equations, which
break down into two special cases according to the same physical conditions.

Saint-Venant's equations refer to a different way of describing motion and are
derived using the rules of geometry. This allows them to be used for any continuous
medium.

Solving the closure problem will allow the use of general equations to improve
application programs in the field of fluid dynamics. In addition, the possibility of
drawing up an equation of motion for the electrolyte opens up.

The analysis of the possibilities of general equations of motion was carried out
using the example of two well-known one-dimensional problems - flow around a
horizontal plate (external problem of hydrodynamics) and flow in a straight round pipe
(internal problem of hydrodynamics). General integrals and some particular solutions
are found.

A comparison of these solutions with known data showed that for a laminar flow
regime the velocity distribution coincides with the Blasius solution for a plate and with
the Poiseuille equation for flow in a round pipe. The velocity distribution for the
turbulent flow regime is in satisfactory agreement with semi-empirical equations, but
requires additional experimental verification.

Integrals for the turbulent regime were obtained in two ways:

1. From the equation of motion in stresses ( Navier ) taking into account Newton’s
rheological equation.

2. By simplifying three-dimensional equations for various fluid models and
integrating special cases. Both paths lead to the same results.

Analysis of the Stokes equation showed that it has a second form of notation,
which includes the angular velocity of particle rotation. This form of the equation
breaks down into two special cases, similar to other flow models.

The search for partial solutions turned out to be possible only for the turbulent
flow regime. For laminar mode, there are no differential equations for the velocity

distribution on the plate and in the pipe. This property of the Stokes equation can apply
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to flows in which the laminar regime does not exist. This may mean that the stickirg
hypothesis is not satisfied for solutions of the Stokes equation and the flow velocity on
the wall is not zero. This conclusion follows from the analysis of equations (28) and
(32).

One of the possible variants of such a flow is the movement of a rarefied gas in
the presence of particle sliding [4,11]. Testing this assumption will make it possible to
clarify the physical meaning of the Stokes equation and will have a positive impact on
progress in many areas of energy.

It is characteristic that special cases of the Navier equation (3, 5, 6) are more
complex versions of the Bernoulli equation for an ideal fluid. The same applies to the

second form of the Stokes equation (24).
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