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THE CONTRIBUTION TO THE SCATTERING OF ELECTRONS IN THE

RESISTIVITY AND TCR

BHECOK PO3CIFOBAHHS EJEKTPOHIB Y IMTOMMM OIIP I TKO
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Anomayia. B pobomi, Ha OCHOBI eKCNEePpUMEHMANbHUX OAHUX, PO3PAXOBAHO BHECOK
36PHOMENCO0B8020 I NOBEPXHEBO20 PO3CIIOBAHHA EeKMPOHIE8 ) NUMOMUL Onip I memnepamypHuil
Koeiyienm onopy ooHowapogux nonikpucmaniunux niieok Pd, Pt, Fe i Co 6 inmepgani mosujun
10-100 wum. IliomeepOddiceHo pO3MIPHY  3ANEHCHICMb  BIOHOCHO20 BHECK) 3EPHOMENCOB0O20
PO3CII0BAHHS eeKMPOHIB 810 MOBUJUHU 3PA3KA | 8I0 CepeOHbO20 PO3MIPY KPUCMATIMA.

Knrowuosi cnosa: 3epromedicoge po3cito6ants, po3mipHi epexmu, NONIKPUCTMANTYHI Memalesi
naieku, numomuii onip, TKO.

Beryn. YV po3BUTKY €JEKTPOHIKM 3a OCTaHHI JECSTIIITTS TOMITHI 3HA4HI
YCIIXH B Ipoliecax MiHIMIi3allii €JIeMEHTIB 10 CyOMIKpOHHMX, IMiJABUIIECHHS CTYTICHS
1HTerpailli, BUKOpUCTaHHA HOBHX sBHUI 1 edekTiB [1, 2]. Ile crasio MoxIMBUM, K
3aBJSIKM YOCKOHAJIEHHIO TEXHOJOTIYHUX IMPOIIECIB, TaK 1 BHACIIIOK BUKOPUCTAHHS
TOHKOIUTIBOBUX MaTepialiB pPI3HOMAHITHOI MNPUPOAXM 3 HIMPOKUM CHEKTPOM
eNeKTpo(Pi3nYHUX XapakTepucTuk. HaigacTime, OCHOBOIO OyJIOBH €JIEMEHTIB
Cy4acHO1 HAHOEJICKTPOHIKHM 1 CIIHTPOHIKHU, YYTINBUX €JIEMEHTIB CEHCOPHOI TEXHIKU
BUCTYINAIOTh OaraTOKOMIIOHEHTHI YM TETEPOreHH! IUIIBKOBI CHUCTEMH, B SKHUX
peani3yloThCs YHIKAIbHI €eKTH He TPUTaMaHH1 MAaCUBHUM 3pa3kam [2].

CucremMHe BUBYEHHS €NEKTPO(DI3MYHMX BIACTUBOCTEH ILTIIBKOBUX MaTepialiiB
MIATBEPKYE 1X CYTTEBY BIIMIHHICTh Yy TIOPIBHSHHI 3 BIATOBIAHUMH MAaCHUBHUMHU
3pazkamu 3, 4]. IllpuumHamMu TaKkMxX 3MIH MOXYTh OYTH, SIK CTPYKTypHI
NEPEeTBOPEHHS TakK 1 PO3MIPHI e(eKTU: 3aJeXKHICTh MUTOMOTOo omnopy (p) uu
TeMiiepaTypHoro koediuienty onopy (TKO) Bix reomeTpuuHuX po3MIpiB IUTIBKU 200
cepeaHboro po3mipy kpuctamiti (L). ABropu [5, 6, 7] moB’sA3yI0Th Taki MPOSIBU 3
MTOBEPXHEBUM Ta 3€PHOMEKOBHM PO3CIIOBaHHSAM HOCIIB 3apsmy. OTxe, BaKINBUM
€TaroM, y po3yMiHHI (PI3UYHUX MOPOLECIB, 10 MPOTIKAIOTh B 0araTOKOMIIOHEHTHUX
Yd TETePOreHHUX IUIIBKOBHX Mareplajax € BHUBUYEHHS pO3MIPDHUX €(QEeKTIB Y
OJIHOIIIAPOBHUX IUIBKAX, IO BXOMATH 210 iX ckiany [8]. Llbomy cripuse 1 miaBUIICHUA
1HTEepeC J0 MAarHIiTHUX IUTIBKOBHX MaTepialiiB Ha ocHOB1 ¢epomarHitTHux Fe, Co 1
omaroponuux Pd, Pt, ockinbku B HMX B 3aJIe’KHOCTI BiJ KOHIIEHTpallii, TOBIIUHHM 1
TEXHOJIOTTYHHUX YMOB OCaJPKCHHS Ta MOJANIbII0I 00pOOKH, MOXKYTh peali30BYBaTHCS
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aHI30TPOITHUM YU TraHTCHKUN MarHiTope3ucTuBHi edextu [1, 2, 8].

OTxe, MeTOI0 pOOOTH CTall0 BUBYEHHS PO3MIPHUX €(QEKTIB Ta BU3HAYCHHS
BHECKY pO3CiIOBaHHs HOCIIB 3apsny y Benuunau p 1 TKO (f ) onHOImIapoBHUX MITIBOK
¢dbepomaruiTHux Fe 1 Co Ta HemarnitHux Pd 1 Pt.

MeToauKa i TeXHiKa eKCIIEPUMEHTY

[Ipontec oTpumaHHsS 1 JOCHIDKEHHS OJIHONIAPOBUX IUIIBKOBHX 3pa3KiB
MPOBOAMBCS Ha 0a3i cTaHIapTHOI BakyyMHOi ycTtaHOBKH BVYII-5M, 3 ypaxyBaHHsIM
BUMOT BaKyyMHOi TexHiku. [Ipu KoHaeHcalli TUTIBOK THCK Ta3iB 3aJIMIIKOBO1
armocepu y pobouomy 00’emi cramosuB ~ 102 --10* Ila. B sgxocti Buximamx
MaTepialiiB BUKOPUCTOBYBAJIKCS MeTalu BUCOKOI yuCcTOTHU: Pt (99,95%), Fe (99,99%),
Pd (99,95%), Co (99,99%). Temmneparypa migkIagku mig dYac (GOpMyBaHHS
IUTIBKOBUX cHUCTeM MiaTpumyBanacs B iHTepBaimi Tp=300-500K (O6au3pkor0 10
Temneparypu Jlebas merana: 85°=467 K, 65'=230 K, 65°=385K, 85%= 275K [9]).

[IBUAKICT KOHJEHCAIli, [0 PO3paxoByBajach 3a KIHIEBOI TOBIIMHOK Ta YacOM
oca/DKeHHs1 Imapy Metany  ctaHoBwia 1,0-1,5 Hwm/c. 3 Merorw crabimizarii,
CBI)KOCKOH/ICHCOBAHI IIJIIBKA BUTPUMYBaIMCS y Bakyymi mpotsiroMm 0,5—1,0 roaunu
pyu  TeMmmeparypl MAKIaAkd. TOBIMIMHM 3pa3KiB B  MOpOLECl  OCaIKEHHS
KOHTPOJIIOBAJIMCST METOJIOM KBaplOBOTO pe30HATOpa, KM, mpu poOOTI 3 TOHKHUMHU
(1o 50 HM) muTiBKaMu € O11bII €()EKTUBHUM y MOPIBHSHHI 3 ONTUYHUMH.

[Ipu BUMIpIOBaHHSX EJIEKTPUYHOTO OIMOPY IUIIBOK HAMH BHKOPUCTOBYBABCS
yHiBepcanbHuil MynbTuMerp UT70D 1 mokasaHHS 3HIMaIWCh 3a JABOTOYKOBOIO
cxemoro 3 TouHicTio 0,01 Om. Temneparypa BumiproBanace myiastumerpom UT70B
Ha OCHOBI JU(EPEHIIHHOT XpOMEIb-AIFOMENIEBOI TEpMOMApy PO3TAIIOBAHOT Y
BaKyyMHil yCTaHOBIII Ha OJTHOMY PiBHI 3 I1AKJIAJIKOIO.

Buxonsun 3 mocTtaBiaeHUX 3adad, JOCHIIKEHHS (a30BOrO CKIagy Ta
KPUCTAIIYHOI CTPYKTYpH IUIIBOK MPOBOJMIIUCA 32 JONOMOIOI0 €JIEKTPOHHOIO
npocBiuyrouoro Mikpockona IIEM-125K. 3 ypaxyBaHHSM METOAMKHA OTPHUMAHHS
MOJIKPUCTANIIYHUX TUTIBOK, METaM MOMEPEAHHO HAMWISUIM Ha CBIKOCKOHEHCOBAaHI
IUTIBKM BYTJICHIO TOBIIMHOIO ~10HM poO3MillleHI Ha MOKPUBHOMY CKIII 200 CBIKHX
3konax (001) NaCl. Ha ocHOBI MiKpOCKOMIYHUX AOCIIIKEHb OJHOIIAPOBUX ILIIBOK
TOBIIMHOO 5 - 100 HM Oy110 po3paxoBaHO cepeaHii po3mip kpuctamtiB L (puc. 1).

Bcranosneno, mo kpucrainigyHa CTPYKTypa AOCTIHKYBaHUX 3Pa3KiB € THIIOBOIO
s Toakux miiBok (Co, Fe, Pd, Pt). Bona npibHoaucnepcHa, 3 cepeaHiM po3MipoM
3epHa, y BKazaHomy iHTepBaii ToBuwH, 1 maiBok ['TII1T-Co L=10-20 um (I'HK-Co
L=2-4 um) ta s OLIK-Fe ne mepeBunrye 10-15 um. [lpu 306inbiieHH] TOBIIMHU
3paskiB B fiana3oHi Big 30 g0 100 HM BigOyBaeThCsl HE3HAYHE 3POCTAHHS BEJIUYMHU
L, ame mMokHa 3a3HAUUTH, IO PO3MIP KPHUCTAIITIB CIa00 3aJICKUTh Bl TOBIIUHU
mniBky (d). Hesinmaneni 3pasku ['TIK-Pt 1 I'T[K-Pd Tex maroTh BHUCOKO JUCHEpPCHY
CTPYKTYPY 3 CEpeAHIM PO3MIPOM KPHUCTAIITIB 2-6 HM B Jiama3oHi TOBIIMH 5-25 HM,
kUil 3poctae 10 6-10 HM mpu 301bIIeHH] TOBIIMHM 3pa3ka 10 30-100HM.

Pucynok 2 imocTpye po3MmipHi 3anexHocTi mutomoro omopy ta TKO nmms
onnomapoBux miiBok Fe, Co, Pd i Pt. Otpumanuii Hamu xapakTep PO3MIPHUX
3aNEKHOCTEH  eNEeKTPOI3UYHUX  BIACTUBOCTEM  Y3TOMXKYETbCA 3  BITOMHMH
JiTepaTypHuMU ganumu [4,7, 10, 11].
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B r
Pucynok 1 — EjekrpoHorpamu i MiKkpocTpyKTypa HeBianageHux miiBok Fe (a),
Co (0),Pd (B) i Pt (r) ToBItuHOI d=30HM Aemopcvka pospobxa
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Pucynok 2 — Po3mipHa 3aje:kHicT, mUTOMOTO onopy (a, 60) i TKO (B, )
OTHOLIAPOBUX ILUIIBOK Asemopcvka po3pobka
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Sk BUOHO 3 pPHCYHKY 2, B ycix Bumagkax BemumuuHa TKO MOHOTOHHO
30UTBITYETHCSI 3 POCTOM TOBIIMHYW IUTIBKHA, TIOCTYIIOBO HAOMKAIOYNACH [0
aCUMNTOTUYHOTO 3HaueHHs f3... Ha Bimminy Big TKO, 3Ha4eHHS TUTOMOTO OMOpY,

BCIX PO3MIAHYTHX IUTIBOK, 3MEHILYEThCS MPH 3POCTaHHI TOBIIMHU 3pa3ka. [lurommuii
OMip TaKOX BHUXOJUTh HA HACHYEHHS ACHUMIITOTUYHO HAOIMKAIOYHCh J0 p.,.

[TopiBHSIHHS BIAMOBIIHUX BEJIMYUH JIA IJTIBOK 3 PI3HUM CTYIEHEM IUCIEPCHOCTI
KpUCTATITIB (PUCYHOK 2) mokasye, 1o y 3pa3kax Pd i1 Pt ToBmmHOO 5-10 HM, 1€
cepeaHii po3mip 3epHa 2-4 HM, uToMuii omip y 1,5 — 2 pa3u OiablIni Yy HOPIBHSHHI
31 3pa3kamu Takoi x ToBmMHU Fe 1 Co, ms sskux L~10 um 301abI11eHHS 3Ha4YeHHS Ly
TJTIBKOBUX 3pa3Kax CyMPOBOIKYEThCS 3MEHIIIEHHM p 1 30u1bmeHHsIM TKO.
MeTonuka BHU3HAYCHHS AaCHMNTOTHYHHUX 3HAYeHb L, Ta f, nependadae
nepeOyI0By BIAMOBIIHUX PO3MIPHUX 3aJIEKHOCTEH IS IUIIBOK Yy CHCTEMI 3
opauHaTor0 B'd 1 abciucoro d y BimnmosiaHOCTI 31 criBBigHOMmIEHHSM (1) B pamkax

13oTpomHoi Moxeni K. Tenpe, A. Tocce Tta K. ITimap [11], mo mepeBar sikoi MOKHA
BIJIHECTH MO>KJIUBICTh 3aCTOCYBaHHS 3a yMOBHU L<d

_ G, 03 0 _
‘d=p'd+=8"AInlp”
Jlis 3HaXO/DKEHHST ©_ BHUKOPUCTOBYBABCS AHAJIOTIYHUHN TiAXiJ OMHUCAaHUN
. .. . 3
apropamu [10]. 3 rpadika miHIHHOI 3anekHOCTI L d = gxlo( l-p)p, +p.d, 3a

YMOBH d>>1) , MOKHA 3HAWTU BEIUYUHY p,, AK TAHT€HC KyTa HaXWIy OTPUMaHOI

npsimoi. JlogaTkoBo, 3a BEIMYMHOIO BiJpi3Ka, IO BiATHHAE BKa3zaHa MpsMa Ha OcCi
OpJIMHAT, MOXHA BU3HAYUTHU Ao(I-p), ne p- Koedili€EHT I3epKaIbHOCTI, 1 OIIHUTH
3HAYEHHS CEPEIHbOI JOBKHUHHU BIJILHOTO MPOOITY (49) €IEKTPOHIB.

B Tabmumi 1 mpeacraBieHO OTpUMaHI aCUMITOTHYHI BEJIMYUMHU p, 1 B, ¥

HOPIBHAHHI 3 JaHUMHU U1 p, 1 [, MacCUBHUX 3pa3KiB. AHaJli3 TaKOIro MOPIBHSAHHS,
noka3ye, 10 HallMEHIIE aCUMITOTUYHI BEJIUYMHU O 15 BIAPIZHAIOTHCA Bl
BIANOBIAHUX o, 1 B, y mmBkax Fe (p,/p,=1,16, B./£,=0,7) 1 Pd (p,/p,=1,87 1

B./3,=0,7) Toni, ax y Co (p,/p,=3,69, B./3,=0,8) i Pt (P=/Po=6,59 i ﬂw/ﬂ020,9)
Il BIIMIHHOCTI OUIbIi. 3arajJibHUM JJIS BCIX PO3IVITHYTUX IIIBKOBHX 3pa3KiB € Te,
II0 HE3AJEKHO BIJ CTYINEHA AMCIEPCHOCTI KPUCTANITIB p,>p,, a B, < [, WO
UTIOCTPYIOTh 3aJI€KHOCTI MPEACTaBIEH] HAa PUCYHKY 2.
Tabnauus 1 - 3navyenns nuromoro onopy i TKO npist MacuBHUX 3pa3kiB
TA HECKIHYE€HHO TOBCTHUX ILTiBOK

[utomuii omip -107, Om'm TKO 103, K*!
Mertan
p., P, [9] B. B, [9]
Fe 1,14 0,98 4,25 6,51
Co 2,07 0,56 4,06 6,04
Pd 1,82 0,97 2,53 3,77
Pt 7,05 1,07 3,46 3,96
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AHanizyouu pe3ynbTatu JociimkeHHs nutomoro omnopy i TKO oanomapoBux
wIiBoK B iHTepBaii ToBIKH 10-100 HM cia BIAMITHTH, OO0 HAWBHPA3HIIIE PO3MIpPHI
3aJIEKHOCTI MPOSBISAIOTHCS B ob6yacti 70 60 HM. [Ipu 301IbIIIEHH] TOBIIMH TUTIBOK
CTYIIHb BUPAXEHHS PO3MIPHOTO €(eKTy 1 3aJIeXkKHUTh p 1 B BiJ CEPEeIHBOTO PO3MIPY
KkpuctanitiB ciabimae. Tak, nias miaiBok Pd 1 Pt mpu d>60 HM nuToMuii omip Bxke
MaJio BIAPI3HAETHCA B p, , TOAI K 1iist 1iBoK Fe 1 Co mpu ToBmuHI 3paskiB 60 HM,

I PI3HUL 1€ 3aTUMIAEThCS CYyTTEBOIO aX 10 80-90 M. [IutaHHS NpUYMH TaKOl
3QJIEKHOCTI pOo3TIsiaiuch B po6oti [12]. Ha nymMKy aBTOpa, Ha pO3MIPHY 3aJICKHICTh
MUTOMOTO OINOpPY HaNOIIbIe BIUIMBAE €(EKTUBHICTb PO3CIIOBAHHS E€JIEKTPOHIB
30BHIITHIMM TOBEPXHAMHU. Tak, i1 MOHOKPHUCTAIIYHUX 3pa3KiB 3 3HAYHUM
KOE(]IIIEHTOM J3€pKaJbHOCTI MUTOMHUN OIIp 3MEHIIYETHCS 3 POCTOM TOBIIUHU
3HaYHO IUBU/IIE 1 paHillle BUXOAWTh HAa HACHUYEHHS, HIK Y MOJIKPUCTATIUHUX
3pa3kax, Ui AKX KOoe(piieHTH A3epkanbHOCTI MeHuIl [12]. Omxe, ans po3yMiHHS
MOBEAIHKU PO3MIpHUX 3ayiexHocTed nmuromoro omnopy 1 TKO, BaxnuBo BU3HAYUTH
BHECOK, B JIaHI BEIMYMHU, BIJOMUX MEXaHI3MIB PO3CIIOBaHHS €JICKTPOHIB.

Po3paxyHOK BHeECKY 3€pPHOMEKOBOT0O Ta IOBEPXHEBOI0 PO3CilOBAHHSA
€JIEKTPOHIB

Bigomo, 110 enekTpuyHa MNPOBIAHICTE METAIIB B MEpIIy Yepry OOyMOBIEHa
npeiioM eIeKTPOHIB MPOBITHOCTI MMiJI I1€H0 30BHIINTHBOTO €JIEKTPUYHOTO ToJtst. OTxe
MIPUYUHOIO OIMOPY METAJEBOro 3pa3Ka € PO3CIIOBaHHS EJICKTPOHIB Ha (OHOHAX 1
nedekTax, Ha 30BHINIHIX MOBEPXHSIX IUIIBKU Ta MEXKax 3epeH. BBaxkarounm MexaHi3Mm
pPO3CIIOBaHHS aJAUTHUBHUM, aBTOpU [4] po3poOMIIA METOAMKY PO3AUICHHS BHECKY
KOYKHOTO 3 IepeiiueHuX (akTopiB 1 3aMucaid BUPA3 AJis1 MUTOMOrO OMOpPY IUTIBKH B
HACTyTHOMY BUTJISII:

P=PoF Pyt Pss PotPy=pP,=limp, 2)

1€ pPgh, Pd -  NUTOMI OINOPHU, OOYMOBIJIEHI 3EPHOMEXKOBHM 1 IOBEPXHEBUM
PO3CIFOBaHHSM BiAOBITHO.

B po6Goti [4] aBTOpH, mUIIXOM JorapudmigyHoro maudepeHIlitoBaHHS 3a
TeMIiepatyporo 13 ¢opmynu (2) oTpuMand BUpa3d, SIKI JMAIOTh 3MOTY TaKOX
po3paxyBatu BHecOK Yy TKO 3a3HaueHUX MEXaHi13MIB PO3CIFOBAHHS:

ﬁgbzw, ﬂd:M. (3)
P P

HeoOxigHO BIAMITUTH, IO NPU BHU3HAYEHHI pPg  Pe, Pa Ta fgs 32
CHIBBITHOIIEHHSMU 2 1 3, BUKOPHCTOBYBaIMCH JdaHi mpo mutoMuil omip 1 TKO
HECKIHYE€HHO TOBCTHMX IUIIBOK (o, 1 [, BIANOBIOHO) Ta pO3paxoBaHl aCUMITOTHYHI

BenmuuuHu (p, 1 B,) HaBedaeHl B Tabmumi 1. B Ttabmumi 2 cucremaTu3oBaHO
pe3yIbTaTh PO3PaxyHKiB p,, p,, [, Ta B

Jlani HaBedeHl B TaOnWIl TMOKAa3ylOTh, IO HAWOLIBII 3HAYCHHS P
BIJIMOBIAAIOTh HAHOKPHUCTATIYHUM IUIiBKaM Pt. Benuuuna p,, 3MCHLIYIOTBCS 3

POCTOM CEPEIHBOTO PO3MIPY 3€pHA 1 MiHIMaJIbHE 3HAYCHHS IpuiiMae y miiBkax Fe 3
HailOlbIMM L cepell IUX YOTHPbOX METaniB. 3HAYEHHS L, TEXK HAHOLIbIIl JUIs
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IIiBOK Pt Ta MarOTh pO3MIpHY 3aJIeKHICTh JUIS BCIX JOCHIDKYBaHUX 3pa3KiB, sKa
IPOSIBJISIETBCS. Y 3MEHIIEHHI o, 31 30UIbIIEHHSAM TOBIIMHM IUIIBKM. Tak, IpH

3011bIIEHH] TOBIIMHMU IUTIBKM BiJ 10 1o 40 HM, p, 3MeHmyeThes y 3,3 pasu g Pd
(y 2,4 1 2,7 y Bunaaky Pt i Co BiamoBigHo) Tta y 1,9 nna Fe. Takuii pesynbTar
MiATBEPIKY€E BUCHOBOK aBTOpa [4] Ipo 3aJIeKHICTh MUTOMOTO OIMOpY, 00YMOBJIEHOTO
MOBEPXHEBUM PO3CIIOBAaHHSIM E€JIEKTPOHIB, BiJ] TOBIIUHH TUIIBKOBUX 3Pa3KiB 1 CTyMEHS

pgb
Pa
MaKCHUMaJIbH1 3HAUYCHHS y BUIMAJKY HanWO1ab1101 ToBIMHU 3pa3ka (100 um). Lleit daxt

e pa3 MIJKPECIIOE 3HAYMMYy pOJIb IOBEPXHEBOI'O PO3CIIOBAHHSA EJEKTPOHIB Y
eJIeKTPO(I3UYHUX BIACTUBOCTAX HAHOPO3MIPHUX MOMIKPUCTATIYHUX 3PA3KiB.

AUCTIEPCHOCTI KpHUCTamTiB. [lns BCIX IUTIBOK BiJHOIIEHHS NPUIMAIOTh

Ta6auus 2 - BitHOCHUIT BHECOK 3¢PHOMEKOBOI0 Ta IOBEPXHEBOI0 PO3CilOBaHHS
y nutomuii onip Ta TKO

108 103 108 103 i p

e S0 10 10 0
10 72,81 0,31 0,12 3,58

Pd 8,50 1,11 40 21,83 1,35 0,39 0,82
100 1,84 -3,55 4,60 0,31

10 110,52 0,09 0,54 37,44

Pt 59,81 3,37 40 45,54 0,76 1,31 4,43
100 28,30 3,35 2,11 1,01

10 57,30 -1,04 0,26 3,20

Co 15,12 3,33 40 21,34 -1,73 0,71 1,92
100 14,32 -1,95 1,06 1,71

10 95,61 -0,77 0,02 12,45

Fe 1,62 -9,59 40 48,70 -1,56 0,03 6,14
100 6,52 -3,79 0,25 2,53

Aemopcwvka pospodka

AHaJi3 JaHUX, HaBEJACHUX B TaOmWIll 2 TOKa3aB, IO y BIAMOBIIHOCTI 3
BHCHOBKaMHU aBTOpa [4], 3HaUEHHS f; TEK BU3HAYAETHCSA CTYNEHEM IUCHEPCHOCTI
KPUCTAJIITIB TUTIBKOBOTO 3paska. Hampukman, 1jisi HaHOKpHCTaIIYHUX IUIiBOK Pd
3HA4YeHHs fg HaWMEHIl Ta NpUHMarTh MaKCUMallbHE 3HAu€HHs Uid IUIIBOK Fe 3
BITHOCHO OUIBLINM CEpeAHIM pO3MIpOM 3epHa. 3aleXHICTb BENUYMHHU f; Bia L
BUpaxkeHa cnabko. Ha nymky aBtopiB [4, 10] mosicHIO€TBCS II€ OZHOYACHOIO
sanmexHicTio TKO T1uniBKM BiJyi BEIWYUH 3 TPOTUJICKHOIO TEHJCHIIEI0 3MiH:
MPOBIJIHICTB 3POCTAE, a BEIMUYUHA Ap /AT 3MEHUIYETHCS 3 POCTOM TOBIIMHU 3pa3Ka.
P,/ p Ta p,/p JNAOTH MOXKIHMBICTb BH3HAYHUTH
CTaTUCTUYHY Bary BHecKy y muromuil omip Ta TKO KOXHOTro 13 3a3HaUY€HUX BUIIIE

MEXaHI3MIB PO3CIIOBaHHS €JIEKTPOHIB Ta MOPIBHATH iX MDK coOoro. Hampukian, npu
30uTbIIeHH] TOBIIMHM TUTiBOK Pt Bix 40 mo 100 HM (puCyHOK 2), BIAHOLIEHHS p,/p

Bignomenus p,/p,
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3poctaroTh Big 0,09 no 0,11 pa3om 13 3pocTaHHIM Lo/ P Bix 5,14 no 6,23 , B ToH
qac, ik p, / p 3menuyetscs Big 0,36 1o 0,22. Pe3ynbpratu, aHAIOr4HI IPUBEIECHUM,

OyJi0 OTpUMAaHO IJIsl BCIX JOCTIHPKYBaHUX ILUIIBOK. T0OTO, 13 3MEHIIICHHSIM TOBIIIHMHA
3pa3ka, BiI0OYBAa€TbCA 3pOCTAHHSA BHECKY IOBEPXHEBOTO PO3CIIOBAHHA Yy 3arajibHy
BenuuuHy TKO Ha QoHi 3MeHIeHHs: 00’ eMHOTO 1 3epHOMEXoBoro. Ha mymky aBTOpa
[4, 7, 10], came po3citoBaHHsS HOCIIB 3apsily Ha 30BHIIIHIX MOBEPXHSIX MOSICHIOE
OPUYMHY BUCOKMX 3HA4€Hb MUTOMOro omopy Ta Hu3bkux TKO y miiBkax manoi
TOBIIMHU. OTXKeE, 711 HAHOPO3MIPHUX HAHOKPHUCTATIYHUX IITIBKOBUX 3pa3KiB, B SIKUX
MOBEPXHEBE PO3CIIOBaHHS Jla€ OCHOBHMM BHecOK, mutomui omip ta TKO moBuHHI
3HA4YHO BIAPI3HATHUCH B [, , y IOPIBHSHHI 3 KPYITHOKPUCTAIIYHUMU 3pa3KaMHu.

BucHoBkmu.

Byno BcTaHOBIIEHO, 1TO JUIS MOMIKpUCTATIYHUX ofgHomapoBux miiBok Fe, Co, Pd
1 Pt B inTepBaii ToBmuH 10-100 HM HaliBUpa3Hille po3MipHI 3aJ1€KHOCTI ITUTOMOTO
ornopy 1 TKO mposBisitoteest B 06macti 10 60 aM. [Ipu 3011bII€HA] TOBIIKH TITIBOK
CTYyIiHb BHUPAXEHHS PO3MIPHOTO e(EeKTy 3alekKHuTh BiJl CEPEIHBOTO PO3MIPY
KPUCTATITIB 1 cJlabile BUSBISAETbCS Y 3pa3kax ToBIMHOKO 80-100 HM.

Po3paxyHku mokasanu, 1o 31 3MeHIIIeHHsIM ToBIIuHU 3pa3kiB Fe, Co, Pd 1 Pt B
iHTepBaii 10-100 HM , BiZOyBa€eThCs 3pOCTaHHSA BHECKY IMOBEPXHEBOTO PO3CIFOBAHHS
y 3arajgpHy BeauuuHy nutoMoro omopy 1 TKO Ha ¢oHi 3MeHIIeHHS 00’€éMHOro 1
3€pHOMEXOBOT0 PO3CIFOBAHHSI €JIEKTPOHIB.

Jlireparypa:

1. L1y ordered thin films for spintronic and permanent magnet applications /
Hafarov A, Prokopenko O, Sidorenko S, Makarov D, Vladymyrskyi I Modern
Magnetic and Spintronic Materials (NATO Science for Peace and Security Series B
Physics and Biophysics) eds A Kaidatzis, S Sidorenko, I Vladymyrsky, D Niarchos
(Dordrecht: Springer), 2020. pp 73-94 DOI: 10.1007/978-94-024-2034-0 4

2. Giant Magnetoresistance: Basic Concepts, Microstructure, Magnetic
Interactions and Applications / I. Ennen, D. Kappe, T. Rempel, C. Glenske, A.
Hiitten, Sensors, 2016. V. 16(6). 904 https://doi.org/10.3390/s16060904

3. Ilazyxa I.M., Ilpouenko C.I. BmnuB iHTepdeiicHOTO po3citoBaHHS Ha
eneKkTpodi3uyHl BIACTUBOCTI IUTiBKOBUX MatepianiB // Bicaux CymJlY. Cepis:
di3uka, MmaTemMaTrka, mexanika. — 2005. — Ne8 (80).—C. 148—153.

4. Yopuoyc A.M. PosmipHi edektn B eneKTpo(}i3UYHHUX BIACTHUBOCTAX
HAHOKPUCTATIYHUX IUIIBKOBHX CHCTEM B YyMOBax B3aeMHoOi audysii Ta
dazoytBopenHs: ABroped. muc. ... mokropa ¢.-m. Hayk : 01.04.07 // Cymcekuii
nepxaBHuil yHiBepcutet. — Cymu, 2006. — 37 c.

5. benerueB b.M., Komuuk 10.®., Ognoko30B B.M. PaccesHue 371eKTpOHOB Ha
IPaHUIAX KPUCTAIUIUTOB M MOBEPXHOCTH MOJUKPUCTAINYECKUX MieHOoK Pb // OTT.
—1984. - T. 26, Bem. 11. — C. 3274-3279.

6. buoyc O.A., IIpouenko [.1O., Hopnoyc A.M. BriuB cTyneHst JUCIIEPCHOCTI
KpUCTAJITIB Ha NapameTpu eJeKTpornepeHocy metaneBux MarepianiB // OXTT. —
2003. - T.4, Nel. - C.48 — 57.

7. Onuoxsopens JI.B. EnexktpodizuuHi 1 Mar"iTope3MCTUBHI BJIACTUBOCTI

ISSN 2567-5273 9 www.moderntechno.de


https://doi.org/10.3390/s16060904

Modern engineering and innovative technologies Issue 25 / Part 2 (\§

OaraTomapoBUX Ta TETEPOTCHHUX IUIIBKOBHX MaTepiajliB CEHCOPHOI TEXHIKH:
Astoped. muc. ... moktopa ¢.-m. Hayk : 01.04.01 // Cymcekuii nepskaBHUIN
yHiBepcuret. — Cymu, 2016. — 39 c.

8. The contribution to the scattering of electrons in the magnetoresistance of
multilayers of nonmagnetic metals / 1.Yu. Protsenko, L.V. Odnodvorets, S.I.
Protsenko, M.O. Shumakova. 2016. PAST, V. 101. Nel. P. 121—-123.

9. ®usnko-xumudeckrue cBoiicTBa snemeHToB [CrpaBounuk] / Ilox pen. I'.B.
CamconoBa. — Kues: Hayk. nymka.— 1965.— 807 c.

10. ITpouenko I[.FO., Caenko B.A. ToHki MeTajieBl IUNBKHA (TEXHOJIOTIS 1
BinactuBocTi). — Cymu: CymJ1Y, 2002. — 187 c.

11. C.R. Tellier, A.J. Tosser. Size effects in thin films. Amsterdam—Oxford—
New York: Elsevier, 1982, 310 p

12. Komuauk 10.®. Ousnka MeETANIMYECKUX TJIEHOK. Pa3MepHbIE U CTPYKTypHBIE
s dexTrr. — MockBa: Atomusnar, 1979. — 264 c.

Abstract. In the paper, based on experimental data, the contribution of grain boundary and
surface electron scattering to the resistivity and temperature coefficient of resistance of single-layer
polycrystalline films of Pd, Pt, Fe, and Co in the thickness range of 10-100 nm is calculated. The
dimensional dependence of the relative contribution of grain boundary electron scattering on the
thickness of the sample and on the average crystallite size was confirmed..

Key words: grain boundary scattering, dimensional effects, polycrystalline metal films,
resistivity, TCR.

Cratts Bignpasnena: 17.02.2023 p.
© I'puuanoBcbka T.M.

ISSN 2567-5273 10 www.moderntechno.de



Modern engineering and innovative technologies Issue 25 / Part 2

http://www.moderntechno.de/index.php/meit/article/view/meit25-02-056
DOI: 10.30890/2567-5273.2023-25-02-056

YK 621.793.8

PARAMETERS OF ELECTROCARRIED IN ASPECTS OF SIZE EFFECT
IMAPAMETPU EJIEKTPOIIEPEHECEHHS B ACIIEKTAX PO3MIPHOI'O E®@EKTY

Bibyk V. V. / Biouk B.B.

c.ph.-m.s., as. prof./ k.¢p.-m.H., ooy.

Konotop Institute of Sumy State University, Konotop, Myru Ave., 24, 41615

Konomoncokuui Incmumym Cym/[Y, m. Konomon, np. Mupy, 24, 41615

Hrychanovska T.M. / 'puuanoBcbka T.M.

c.ph.-m.s. / K.¢h.-M.H., cM.8UK.

Konotop Institute of Sumy State University, Konotop, Myru Ave., 24, 41615

Konomoncokuui Incmumym Cym/[Y, m. Konomon, np. Mupy, 24, 41615

Hrychanovska O.A. / I'puuanoBcbka O.A.

Specialist / ghaxiseyw.

AVTOR LLC., 31-33, str. Simi Brodskykh, Kyiv, 03057, Ukraine

ABTOP TOB, m. Kuis, gyn. cim’i bpoocekux, 31/33, 035037

Anomayia. B pobomi, po3enanymo mMemoouxy UsHa4eHHsA napamempis eneKmponepeHecerts
i ocobnusocmi 3acmocysanHs meopemudnux mooenet. Ha ocnosi oanux npo mikpocmpykmypy i
enrexkmpo@izuuni xapaxmepucmuku niieok Pd, Pt, Fe i Co 6 inmepsani moswun 10-100 Hm,
NpoBeOdeHO pPO3PAXYHOK Napamempa 03epKaIbHOCMI, NpO30pOCmi Medci 3epHa i Koeghiyienma
PO3CIilI08aHHS eNeKMPOHI6 Ha Medcli 3epHa. Bcmanoeneno xapaxmep po3mipuux 3anedchocmeti
cepeonboi 008IAHCUHU BIILHO20 NPODI2Y eneKmpoHie i napamempa lo(1-p).

Knrwouosi cnosa: napamempu enekmponepeHecenHs, cepeoHs O008XHCUHA BIIbHO20 Npobicy
eIeKMPOHIB, PO3MIPHI eghexmu.

Beryn

CydacHe eneKTpoHHE MpuiIago0yTyBaHHs TICHO MOB’S3aHE 13 MOLIYKOM HOBHUX
IUTIBKOBUX MaTtepiajliB, fKI 3/JaTHI 3a0e3MeUuTH BHIIl 1 CTaOUIBHINI pobOodi
XapakTepucTuKu eneMeHTiB [1-4]. ITniBkoBi cuctemu Ha ocHOBI (pepomarniTHUX (Fe,
Co) ta mapamarnitHux (Pd, Pt) metamiB € mepcneKTUBHUMH 00’€KTaMH B SKOCTI
YYTIWBUX €JEMEHTIB OaraToyHKITIOHAIbHUX JATYHKIB, 3aBIASKH YHIKAJTHHUM
MarHiTOPE3UCTUBHUM BJIACTUBOCTAM [3], TeH3ouyTiauBOocTi [1, 2] Ta BHCOKIH 1
peryaboBaH1i KOEPIMTUBHIN CUJIl B IOETHAHHI 3 CTIMKICTIO 10 KOPO3ii [5].

Bigomo, mo 1npu po3poOli 1 MPOEKTyBaHHI OararoyHKIIOHATbHUX
TOHKOIUTIBKOBHX JaTYMKIB MOTPIOHO BpaxOBYBaTH OJHOYACHUM BIUIMB Ha iX poOoui
XapaKTepUCTUKHA TaKWX 30BHIMHIX (akTopiB, sK naedopmariisi, Temreparypa,
€JIEKTPOMATHITHI TOJIS Ta 3BaKaTH Ha 30BHILIHI 1 BHYTPIMIHI po3MipHI edektu [6].
ABTOpH [7] BKa3yroTh, IO NMPHU 1IHTEPIIPETALli PE3yIbTaTIB TOCHIIKEHD EJIEKTPUUHUX
BJIACTUBOCTEH MOMIKPUCTAIIYHUX IUIIBOK CJIIJI BPaXxOBYBaTU SIK MOBEPXHEBE, TaK 1
3epHOTPAHUYHE PO3CIIOBAHHA €JeKTPOHIB. [Ipu po3rsimi GaratomapoBUX TUTIBOK
3'IBIIIETBCS JIOJATKOBUH MEXaHI3M PO3CIFOBaHHS CIICKTPOHIB Ha iHTepdelcax, Imo
TaKOXX BIUIMBA€ HA €JEKTPHUYHI BJIACTHBOCTI. Tak, MOCIIKEHHsS TeH30e(heKTy [6-8]
CBIJTYaTh PO T€, 110 EKCIIEPUMEHTANIbHI Pe3yIbTaTH Habarato Kpaie y3roIKyoThCs
3 IPOTHO30BaHUMH HA OCHOBI KJIACUUHUX TEOPETUYHUX MOJENEH, 3 OrIsily Ha Te, 110
nedopmariisi NpU3BOAUTH O 3MIHU MApaMETPIB eJeKTponepeHeceHHs. ABTopu [6, 7]
MarOTh Ha yBa3l 3aJI&KHICTh AepopMalii He TIIbKU BiJ 00'€MHOI JOBXHHHU BIJIBHOTO
podiry (Ao), ajie 1 Bijg mapamerpa JI3epKaJbHOCTI (p), MapaMeTpu MPO30POCTI MEXKI1
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3epHa (7), KoedilieHTa PO3CIIOBaHH €JIEeKTPOHIB Ha Mexkax (R) Ta iHmi. B po6oti [7]
OOTPYHTOBYETHCS, MO TAaKWUW TMIAX1A TOYHINIE onuiie ¢I3UYHEe TMPOIECH B
OaraTolapoBUX IUTIBKOBUX 3pa3Kax, Bpaxy€ 3MIHU HaJAIITyBaHHS TPAHCIOPTY
€JIEKTPOHIB 1 JI03BOJIMTH MPOTHO3YBATH €IEKTPO(I3UUHI XapaKTEPUCTUKH IUIIBOK B
yMOBax OJTHOYACHOI 1ii AeopMaIiifHiX 1 MarHITHUX MOJMIB.

BpaxoBytoun HaBeneH1 (akTu, METOIO POOOTH CTajl0 BU3HAUYEHHS NapaMeTpiB
SJICKTPOIIEPEHECEHHS OJHOIMIAPOBUX MOMIKPUCTATIYHUAX TUTIBOK (hepomarniTHuX Fe i
Co Ta napamaruitHTHUX Pd 1 Pt B inTepBani tomuH 10-100 HM.

TeopernuHi Moaei | MeToAMKA PO3PAXYHKIB

Bubip TteopernuHux Mojened, 3a JONOMOTOI SKMX MOXHa 3A1HCHUTH
PO3paxyHOK MapaMeTpiB JIEKTPONEPEHECEHHS, CyTTEBO 3AJICKUTH BiJl CTPYKTYPHOTO
CTaHy IUIIBKOBUX 3pa3KiB. BuzHauanbHy poJib MPU LbOMY BIITPA€ CIIBBIIHOIICHHS
MDK TOBLIMHOIO 3pa3Ka 1 cepeaHiM po3MipoM KpuctamiTiB [6], Ilepm 3a Bce, mpu
pPO3paxyHKy MapaMeTpiB €JICKTPOIEPEHECEHHS, BAXJIMBO MaTu iHGOpMAIlo 1 Mpo
CepeiHI PO3MIpU KPUCTANITIB (L) OTpuMaHi eKCIIEpUMEHTAIILHO.

Cepenniii po3Mip KpPHUCTAJTITIB y OJIHOIIAPOBUX MMOJIKPUCTATIYHUX ILTIBKaX
napamardiTHTHUX Pd 1 Pt He nmepeBunrye Benuuuny L~10 uMm (pucyHok 1). B Takomy
BUIAJIKY CTPYKTYPHUI CTaH IJIIBOK MOKHA BBaXXaTH JIpiOHOIMCIIEpCHUM. BimHOCHO
MeHm gucriepciumu € tonBkn  Co 1 Fe (L<25 wum). Bigomo, 1m0
HU3BKOTEMIIEPATYPHOIO TEPMOIMKIIIYHOIO OOpOOKOI 3pa3KiB MOXKHA IITYYHO
CTBOPUTH YMOBM, 3a SKHX pO3MIp KPHUCTAIITIB B TakKii IUTIBLI 3aJIUIIAE€THCA
OpUOJM3HO OJHAKOBUM Yy BCbOMY IHTEpBal JOCHIJ)KYBaHUX TOBIIMH 1 THM
cripocTuTH po3paxyHku. Onnak, nis wiiBok Pd, Pt, Co 1 Fe xapakrepHe He3HauHe
30UTBLIEHHS CEPETHBOIO PO3MIPY KPUCTAIIITIB 3 TOBIIMHOKO (PUCYHOK 2 a).

Aemopcovka po3poboxa
PucyHnok 1 — MKpOCTPYKTYypa HeBiAnaJeHUX IUIiBOK TOBIIUHOI d=30HM

BpaxoBytoun 3a3HaueHi BUIIIE BIACTUBOCTI ITIBOK, AJISl PO3paXyHKY mapaMeTpiB
€JIEKTPOTIEPEHECEHHS], OYJI0 BUKOPHUCTAHO DPsii TEOPETHUUYHUX MOJEIEH cepen SIKUX
JiHeapu30BaHa MOJIENb Ta MOJIelb 130TporHoro poscitoBanHs K. Tenne, A. Tocce Ta
K. Mimap (TTII). Mertonuka po3paxyHKiB, omucaHa aBTopamu [8], mepenbauae
BUKOPHUCTAHHS €KCIIEPUMEHTAIBHUX PO3MIPHUX 3aJIeKHOCTEN y KoopauHaTax fd Bif
TOBIIMHHU 3pa3ka (d), ae f- temmneparypuuil koediuieHt onopy (TKO) mmiBku. Lle

B, =P,

J03BOJISIE€ 32 KYTOBUM KOEQIIIEHT yCepeIHEeHOi MpsMOl 3HaWTU , @ BIIPI3OK,

0 BIATUHAETBCA HA OCI OpPJAWHAT, BIJMOBIIATUME ﬂgﬂo(l_p JH(a) 3a
CITIBBIJHOILIEHHSM:
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pd=pd-pB(l-pH(a) (1)

-1 -1 . . . .
ne &=4L R(1-R)"— mapamerp posciroBanHs enexTponi; H(a) - Bimoma i
npotaOynpoBaHa (QyHKuUisA; f, - TKO mnmmiBku, NoB’A3aHUN 13 3€pPHOMEKOBUM

=limp . BB,

PO3CIIOBaHHSM €JICKTPOHIB; d—0
Hanpuxknan, nns mmiBok Pd i Pt, 3pa3Ki SIKUX 3HAXOIATHCS Yy HAA3BUYANHO
nucriepcHoMy ctaHi, f(a)<0,6 - 0,9. OTxe, micias TakuxX MaTEeMAaTHYHHUX oOmepariii

3'SIBIIAETHCS MOKIHBICTh o0uncutu 4o (1= P) | a snatoun Bemmunny @, B nudy3HOMy

HabmokeHHi (p=0) MoxkHa BmsHaumtH A i 4 =4/S(@) . Opmiero 3 ymos
3aCTOCYBaHHS PO3IJISHYTOI MOJIEN € Te, 110 B JOCIIIKYBAaHOMY 1HTEpBasi TOBIIMH
MOTPIOHO BUTpUMATH L=const, ake B AINCHOCTI (PUCYHOK 2 a) pOCTE 3 POCTOM
TOBLIMHU 3pa3ka. [HIIa ymMoBa, sika 3BYXYy€ paMK{ 3aCTOCYBaHHS JIIHEAPU30BAHOTO
cuiBBigHomenHss TTII, mom’si3aHa 3 TUM, IO PO3MVISTHYTY METOAMKY MOXHA
3aCTOCOBYBaTH Jidie 3a YMOBU L=d. O4eBUIHO, 110, 3 JOCIIKYBaHUX B POOOTI
3pa3KiB, OCTaHHIN yMOBI 3a10BOJIbHSIOTE Juiie Fe 1 Co B inTepBaini d~10-20 HwM.

[TepeBaroro mMojesi 130TPOMTHOTO PO3CIFOBAHHS €JIEKTPOHIB Ha MEXKax 3€PeH € i
npuAaTHiCTh a1 L<d. Metonuka oOpoOKH pe3yibTaTiB 3a CIIBBITHOIICHHIMH (2)
aHaJIOT14HA PO3TIIHYTIN BUILIE.

3 -1 -1
pla=pd+ p An(p")
BB, =[1+145L" 4, Inr -1)]‘;

R(1-R)™=2(1-r)(1+r)" a60 mpu r>0,3 R(1- R = 0970(r )
B npomy BumaaKy, Ui po3paxyHKiB BUKOPUCTOBYETHCS 3aJICKHICTh ﬁ Id Bin d.
OxpiM TOTO, IO MOJIETh 130TPOMHOTO PO3CIIOBaHHS MOXKE OYTH BHUKOPHCTaHA IS
JOBUTHHOTO CIIBBIAHOIIEHHS MK TOBIIWHOK 1 CEPEIHIM PO3MIPOM 3€pHa, BOHA

)

JI03BOJISIE PO3PAXYBATH 3HAYEHHS BEJIMYMH B, do, p, r Ta R, ane s 1bOro OJHUM 13
MepeNiueHuX MapaMeTpiB HEOOX1AHO 3a7aTUCh. Taka METOIMKA JO3BOJISE MPOBECTH
PO3paxyHKH , K JUISl KPYMHOKPUCTATIYHUX IUTIBOK, TaK 1 JJIs JAPIOHOIUCIIEPCHUX
maiBok. Chifl BIAMITUTH 1 pas, mo MoAem TTII garoTh KOpEeKTHUI pe3yabTaT, SKIIO0
L wHe 3anexutb BiI d, aje SK CBIIYUTh PUCYHOK 2 a, Hailkpamie I yMOBI
3a/10BOJIbHSIOTH TUTIBKM Pd 1 Pt, y sIKHX MOPIBHSHO HE3HAYHE 3POCTAHHS CEPEAHBOrO
PO3MIpY KPHUCTAJITIB 3 TOBIIMHOK. OTXe, pO3paxyHKH [al0Th CEepeHl, B YCbOMY

IHTEepBaJl TOBIIMH 3HAYEHHS, HANPHUKIIA]A B ra CEpeIHbOI JTOBXKUHU BUILHOTO
npooiry (CJBII).

JlonatkoBo JUISt 00pOoOKH EKCIIEPUMEHTAIbHUX  Pe3yJIbTaTiB y
npioHoaucnepcHux 1iBkax Pd 1 Pt 3acrocoByBasiack monens edexktuBHoi CJIBIIT
OCHOBHE po0OYEe CITIBBITHOIIECHHS SIKOT MA€ BUTJISL;

34,(1-p
221222020 )t
ﬁo 8 d (3)

Buinomy, anami3 jgiTepaTypHUX JaHUX HIATBEPKY€ BUCHOBOK, 3pOOJICHUN IIIe
aBTOopamu [9] mpo mocnioBHICTh 1 KOpeKTHICTh Moaeneit TTII mpu BUKOpUCTaHHI 1X
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111 0OpOOKU eKCepUMEHTaNbHUX JaHuX. OIHaK, JOCTaTHs KUIbKICTh JAHUX BKa3ye
Ha 3HAYHI PO3XO/KeHHs pe3yabTaTiB mpu BuszHadeHHI CJIBII. [Ipuunboio Takux
HEOJIHO3HAYHMUX PpEe3yJibTaTiB MOXKYTh OyTH 1 pi3Ha KOHIEHTpauis ACPeKTiB Y
IUTIBKOBUX 3pa3kaxX, 1 HEMOXJIUBICTh MOBHOTO BIATBOPEHHS EKCIIEPUMEHTAIBHUX
YMOB OTPHUMaHHSl IUTIBOK, 1 HECHPOMOXHICTh CaMHX MOJIEIe BpaxoByBaTH
aH130TPOMII0 peaJTbHUX KPUCTAIIB.

I[TapamMeTpu ejieKTponepeHeceHHs

PesynbpTat 00poOKM €KCIEpUMEHTAIbHUX JaHUX po3MipHOi 3anexHocTi TKO
s mmBok Pd, Pt, Co, 1 Fe Ta pe3ynprath oOOYHUCIEHb MapaMeTpiB
€JIEKTPOINEPEHECEHHs, B paMKax po3nsIHyTux wmozenen (dopmynu (1) — (3)),
HaBeJeHO B Tabmuui 1. AHami3ylouum OTpUMaHi pe3yjbTaTH, MOKHA BiAMITUTH
3QJIEKHICTh KOe(Il[leHTa J3€pKalbHOCTI 30BHIIIHIX IMOBEPXOHb BiJ CEPEAHBOrO
pPO3MIpy KPHUCTANITIB IUTIBKOBUX 3pa3KiB. i1 ApiOHOAMCTIEPCHUX 3pa3KiB, IKUMH €
Pt 1 Pd, xoedimienT n3epkanbHOCTI (p) mpuitmMae 3HavyeHHs MeHmmn 3a 0,1, mo
30iraeThcs 3 pe3yabTaTaMu OTPUMaHUMHU aBTOPOM [8,9].

Tadanus 1 - [lapaMeTpu esieKTponepeHeCeHH ISl ITIBOK

/1(1_ )a
[IniBka | d, HM B.-10° K" | 7 Pram, p R r
(popmyia)
37,1 (2) 0,04 | 0,40-0,42 | 0,15-0,12
Pd 10-100 2,53 34.3 (3) ) ] ]
394 (2) 0,05 | 0,36-0,39 | 0,30-0,27
Pt 10-100 3,46 35.6 (3) ) ] ]
10-100 494 (2) 0,12 | 0,28-0,43 | 0,77-0,55
Co 10-30 4,06 37,2 (1) ; ; ;
10-100 53,3 (2) 0,16 | 0,24-0,47 | 0,65-0,51
Fe 10-30 4,25 45,1 (1) i i i
Asmopcovka po3pobka

3a pganumu Tabmuui 1 BUAHO, IO 30UIBLICHHS pPO3MIPY 3€peH 3pa3KiB
CYNpPOBOJKYETBCS 3pOCTasiM 3HaueHHA p. Takuil pe3yiabTaT 3HAMIIOB CBOE
MOsICHeHHS B poboTax [6, 8, 9]. Ha nyMKy 3a3HaueHUX aBTOPIB, MOBEPXHI ILIIBOK, 1110
CKJIaJIalOThCA 3 TpaHel OKPEMUX KPUCTAIIIB, MPU 30UTbIICHHS L BIOCKOHAIIOIOTHCS 1
TUM CaMHUM 3HIDKYIOTh IMOBIPHICTh JI3€PKaJbHOIO  BIJOUTTA  €JICKTPOHIB.
BpaxoByroun 3a3HayeH1 BUIIE NPUUUHH, 3pOOJICHO MPUITYLIEHHS, 10 JJIs1 OUTBIIOCTI
MOJTIKpUCTANIYHUX TUTBOK, 3 L>100HM, 3HauenHs p>0,1. OpHouacHo, 13
30UTBIIEHHSIM CEPETHBOTO PO3MIPY KPHUCTANITIB TUTIBKOBUX 3pPa3KiB, 3MEHIITYIOTHCS
Koe(iIieHTH pO3CiFOBaHHS €JIEKTPOHIB MeXaMu 3epeH (R) 1 3pocTatoTh KoedimieHTH
MIPOXO/KEHHS MEeX 3epeH (7). SKio y 3pa3kax CTyMiHb JUCTIEPCHOCTI 30UTBITYEThCS
TO POCTE€ 1 NMUTOMHI OMIp OOYMOBIICHUN TOBEPXHEBUM PO3CIIOBAHHSAM, TOJMI SIK
MATOMUH OImip 00YMOBJICHUHN 36pHOMEKOBUM PO3CIFOBAHHSIM MAJIa€E.

Pospaxynku CIIBII, npoBeneHi mpu JOCTIKEHHI METAIEBUX IUTIBOK MOKa3aly,
1[0 HaWOLIBIIl 3MIHM XapaKTEpH1 AJs 3pa3KiB 3 HMXKYMM CTYNEHEM JHCIIEPCHOCTI.
Tak nns moniBok Co 1 Fe, B intepBami tomuH 10-100 aM, 3minu CJIBII cTaHOBISTH
30-35%. VY Bumnanaky HaHOKpucTadiuHuX miiBok Pd 1 Pt Taki 3miHu ctaHoBysITH 10-
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20%. Sk npukian, Ha pucyHKy 2 O HaBeneHO po3paxyHkoBi 3anexHocTi C/BII Bix
TOBIIMHU 3pa3ka. Xapakrep 3Mminu CJIBII mpu 30i7blIeHHI CEpeIHbOrO PO3MIpy
3epHA Y3TOJKYETHCS 3 TaHUMH pOOIT [7-9], Kl OTpUMaHi 3 BUKOPHUCTAHHSIM PI3HUX
METOAMK. {711 MOSICHEHHS! OTPUMAHOTO pe3yJbTaTy, po BIUIMB Ha BeanunHy C/IBII
CEpPEeNHbOTO PO3MIpy 3€pHa, B poOOTI [9] CKOpUCTATUCh AAUTHBHICTIO PI3HUX
MEXaHI3MIB PO3CIIOBaHHS 1 MPUMIUIM 1O BUCHOBKY, HIO NpPU MaJIUX 3HAUYEHHSX
toBumHU BenmunHa CJIBII Bu3HauaTUMeThCs came po3Mmipamu TUTiBKH. Bucoxuit
OIp TaKOTO 3pa3ka, y MepIry 4Yepry, Oy/ne COpPUUYUHSATH TOBEPXHEBE PO3CIIOBaHHS
€JIEKTPOHIB. Y MOJIKPUCTATIYHUX TUTiBKax 3aranbHe 3HadeHHs CJIBII 3amexuth Bif
CKJIaJIOBOI, SIKa MOB’s3aHA 3 PO3CIIOBAaHHAM Ha MEXax 3epeH - Ag. Ilpu mpomy, Ha
OYMKY aBTopa [9], Ag» Ta BIANOBIAHO A9 OylyTh 301IbIIYBAaTUCH JOTH, TOKA (POHOHHE
PO3CIIOBaHHS HE CTaHE TIEpeBaKaTH.

L. HM A0, HM
- Fe
25 b -Co 50 b
¢ -Pd

- Pt

Asmopcovka po3pobka
Pucynok 2 - Po3mipni 3auaexnocti L (a) i 49 (0) oqgHOIIAPOBUX IJIIBOK

OTxe, CTymiHb JUCHEPCHOCTI KPHUCTATITIB BIUIMBAE Ha eIeKTpodi3nyHi
BJIACTHBOCTI Ta MapaMeTpH €JIEKTPONEPEeHECeHHs ITIBOK. Takum yuHOM, popMyroun
IUTIBKOBI 3pa3kl 3 TUM 4YM IHIOIMM pO3MIpOM 3€pHa MOXKHA KepyBaTH
eeKTpOo(I3NYHUMH BJIACTUBOCTSIMHU Ta BPAaxXxOBYBATU iX IPH IMEPEX0Ji BiJl OJHO- JO
JBO- 1 0araTolapoBHX 3pa3KiB.

BucHoBkm.

Byno BcTaHOBNEHO, 110 MPU PO3paxyHKy MapamMeTpiB eIeKTPONepEeHECeHHS s
MOJIKpUCTAIIYHUX ojiHOomapoBux miiBok Fe, Co, Pd 1 Pt B inTepBasi ToBuuH Bix 10
10 100 HM HallONTUMANBHIIIO € MOJENb 130TponHOT0 po3citoBanHs TTII.

[TokazaHo, MmO CTymiHb JUCHEPCHOCTI KPHUCTAIITIB BIUIUBAE Ha IMapaMeTpu
CJICKTPOIIEPEHECEHHs, a OTXKe, 1 Ha eJeKTPO(I3UUHI XAPAKTEPUCTUKH ILTIBKOBUX
3paskiB Ha ocHOBI Fe, Co, Pd 1 Pt, mo MoxHa BUKOpPUCTATH JJIsl IPOTHO3YBAHHS ITUX
XapaKTEPUCTHK B yMOBax Jii AedopMaIlifHuX 1 MarHiTHUX TIOJIIB.
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Abstract. In the work, the method of determining the electrocarried parameters and the
features of the application of theoretical models are considered. Based on data on the
microstructure and electrophysical characteristics of Pd, Pt, Fe, and Co films in the thickness
range of 10-100 nm, the specularity parameter, grain boundary transparency, and electron
scattering coefficient at the grain boundary were calculated. The nature of the dimensional
dependences of the mean electron free path length and the parameter Lo(1-p) has been established.

Key words: electrocarried parameters, mean free path length of electrons, dimensional

effects.
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Abstract. The work is devoted to the application of GIS technologies in the modeling of flood
research processes caused by negative anthropogenic influence. The considered technology of
geoinformation provision of modern models of the formation of a flood monitoring system with an
assessment of the consequences of flooding on the basis of open spatial data. The methodology and
results of flood risk assessment modeling based on DZZ and GIS technologies are presented. Using
the example of an abnormally high level of flooding in the studied territory, a web application was
created with a graphic demonstration of the flooded territory, a display of information about all
objects in the area affected by the flood, a selection of infrastructure objects damaged by the flood
and a display of the result of the flood impact analysis.

Keywords: GIS technologies, remote sensing of the Earth, monitoring, web application, risk
assessment.

Introduction.

The present of modern science shows fundamental changes that are associated
with the growing volume of data in free access, the emergence of modern algorithms
for their processing and analysis. With the development of information technologies,
traditional terrestrial methods of information collection are almost not used, they are
replaced by technologies of remote sensing of the Earth (DSR) and geographic
information systems (GIS), which ensure high efficiency of data acquisition and
processing. Objects and processes described in GIS are a part of everyday life, and
almost every decision made is conditioned by one or another spatial factor.
Nowadays, the use of GIS technologies contributes to the solution of complex applied
problems in various spheres of human activity [1]. GIS technologies together with
physical-mathematical models for the study of various processes and phenomena
have become the main tool for studying nature as a result of the negative
anthropogenic impact on it. The information provision of emergency situations
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requires the involvement of a large volume of various information from various
sources, data analysis and their presentation in an accessible form to the management
of relevant institutions in a short time for making management decisions.

The purpose of this study is to develop a web application for flood monitoring
with an assessment of the consequences of flooding. This will make it possible to
ensure wide coverage of potentially dangerous areas, high accuracy of results,
because objective and timely monitoring information is necessary for solving the
tasks of restoring damaged areas.

Main part.

In order to ensure the appropriate living conditions of the population in the
territories affected by floods and increase the level of environmental safety of these
territories, it is necessary to determine the extent of the impact of flooding processes
in a timely manner, which makes it possible to quickly respond to them by making
appropriate management decisions. Modern flood forecasting systems at the national
and regional levels operate on the basis of GIS technologies.

It 1s known that methods of monitoring the environment can be divided into 2
groups: contact measurement methods and DZ methods [2]. Today, modern GIS
technologies are an effective tool in solving water resource management issues [3-4].
The process of active implementation of GIS technologies in hydrology is presented
in works [5-6]. In studies [7-10], the process of data preparation for modeling and
management of water resources, which later became standards, was considered.

Space images from the Landsat 8 OLI satellite are used to create graphic maps.
These 1mages can be obtained from the open electronic resource
http://earthexplorer.usgs.gov. Atmospheric correction of the images is carried out, the
digital number is converted into the surface reflection coefficient, the normalized
wetness index (NDWI) is decomposed into a binary raster layer, where the water
surface classes and other classes are separated by a threshold value, which is
calculated using the Otsu method and is similar to the discriminant analysis method
Fisher. The optimal threshold is obtained from the solution of system (1):

o’=P (M, -M) +P, (M, -M),

nw

M :P an +})wa’

nw

P +P =1,

nw w

= AreMax{P, (M, ~M) +P (M, -M)}, 0
where O — interclass dispersion of water and other classes, M — average value

NDWI, B the probability of classes that are not related to water, £ probability

M M

of water,
class.

It is also important to consider harvest periods from land for agricultural
activities, as the model may erroneously include them in the flood zone. For this, the
basis for uninhabited lands should be prepared using the normalized vegetation index
NDVI, which we obtain from a satellite image according to formula (2):

w — class average without water, " » — the average value of the water
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_ NIR-RED
NIR + RED’ )

where NIR — amplitude of reflection in the near-infrared region of the spectrum, RED
— amplitude of reflection in the red region of the spectrum.

For the accuracy of the results, the normalized difference water index NDWTI is
still calculated, the threshold value for which is found using the Otsu method and
system (1) with the replacement of water and non-water by vegetation and non-
vegetation. A threshold value is used to classify layers based on binary. As a result,
on the basis of the received data and the received layers, an intersection search
operation is carried out and the inundation zone according to danger, damaged areas
of land and geographical objects are distinguished.

Spatial data based on GIS packages for a geometric approach using multi-
criteria analysis are used to model flood hazard areas. The impact of the criteria is
calculated using the Analysis Hierarchy Method (AHP). The method is based on a
semi-quantitative approach, which makes it possible to evaluate the impact of criteria
depending on their importance for the occurrence of flooding. Ukraine has its own
criteria (table 1).

NDVI

Table 1. Criteria for influencing flood formation

8 b

& s > = =

2 D = 5 A 2 .0 >

z 52| 224 5| 52| E BT 5| %

& <B|F&| T |AaE| 3| =8| = O
Accumulation 1 5 ) 3 5 7 7 9
of water
The possibility 0.5 1 1 3 4 5 6 7
of a shower
Height 0,5 1 1 2 3 5 5 7
Depth soil 033 | 033 | 05 | 1 3 4 5 6
water
Land use 0,2 0,25 0,33 | 0,33 1 2 4 5
Flow coefficient | 0,14 0,2 0,2 0,25 | 0,05 1 3 5
Incline 0,14 0,17 0,2 0,2 0,25 | 0,33 1 3
Geology 0,11 0,14 0,14 | 0,17 0,2 0,2 0,33 1

For each matrix, you need to find the consistency coefficient (CR), which is
calculated according to the formula:
Ccl

R, 3)

CR
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where RI 1s an index that depends on the number of criteria and CI is a consistency
index calculated by the formula:

CI — ﬂmax

n—1, 4)
where 4w — the maximum value of the comparison matrix, 7”7 — total number of
criteria. For a detailed selection of more problematic places on the map, you need to
break down the criteria into categories.

After calculating the effect of the parameters, it is necessary to calculate the
force of the flood on the landscape. For this, the flood danger index is used, which is
calculated according to the formula:

FHI = Zn:ir[jwi
P , (5)

where FHI — flood danger index, m — the number of categories of criteria, n — the total

number of criteria, = rating of the i-th parameter for the j-th category, i —

influence of the i-th parameter.
The developed web application is created for desktop personal computers on
Windows operating systems and has the following functionality:
- graphic demonstration of the flooded territory;
- display of information about all objects in the area affected by the flood;
- allocation of infrastructural facilities damaged by the flood;
- display of the result of flood impact analysis.

In the web application, you can open an interactive map (Figure 1) with an
image of the studied area with the necessary layers (flooding area, mountain streams,
rivers with a width of more/less than 3 meters, lakes), display all damaged
geographical objects at once (Figure 2). The territory of western Ukraine - the basin
of the Dniester River in 2020 - was chosen for the study.

<2 & Y.
g ~ -t
- o

Figure 1 — Image of the Western region Figure 2 — Image of the Western region
from Ukraine of Ukraine with damage

The application also helps the user find information about all settlements, rivers
and bridges in this area, assess the risks of flood impact and calculate the damage
caused. Figure 3 presents flood risk assessment graphs. They are interactive and
allow you to manipulate them.
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This web application will be wuseful for the leadership of the
country/region/district, as well as for the state service of Ukraine for emergency
situations, as it will increase the level of providing responsible persons with
operational and reliable information for assessing the scale of floods and planning
measures to reduce their negative consequences.

80

b
(=]
Water increase, %
—_ (%] o & W (=) ~
(=3 (=1 (=3 (=} (=1 (=3 (=]

o v
=}

0 | 2 3 4 s p ; 0 100 200 300 400 500
Depth of flooding, m Area of inundation, square km.

a) b)

Dependence (million
dollars) on %

40 Predicted

Million dollars USA

0 20 40 60 80 100
Probability of increase, %

c)
Figure 3 — Flood risk assessment:
a) the standard dependence of object damage on the depth of flooding,
b) the dependence of the flooded area on the increase of water in the river,
c) the dependence of the probability of an increase in total damage from a flood.

Conclusion.

The developed web application allows you to quickly diagnose inundation zones
due to floods and assess the consequences of flooding. This software product is quite
flexible and versatile, it can be easily adapted for use not only in assessing the
consequences of floods, but also in their forecasting and prevention.

A promising direction for improving the application is the introduction of
artificial intelligence, which would make it possible to more efficiently and
accurately analyze flooded areas, assess damages, add 3D modeling of the process of
flooding land and settlements, as well as prepare recommendations for specific areas
where flood prevention measures are carried out.
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Anomauia. Poooma npucesuena sacmocysantio I'IC-mexnonoeii npu Mmooenrosanti npoyecise
00CNIOMNHCEeHHs NOBeHel, CNPUYUHEHUX He2amUueHUM aHmponoceHHum 6naueom. Pozenanyma
MEXHON02IA  2e0iHpOpMayitiHoc0 3a0e3nedeHHs Ccy4acHux mooeneti hopmMy8aHHs cucmemu
MOHIMOPUHEY NOBEHell 3 OYIHKOIO HACTIOKI8 3AMONIEeHHs HA OCHOBI BIOKPUMUX NPOCMOPOBUX OAHUX.
IIpeocmasnena memoouxka ma pe3yibmamu MOOeN08AHHS OYIHKU pU3UKI6 nogenell Ha ocHosi /]33
ma ['IC-mexnonocin. /[na cmeopenus epa@iuHux Kapm UKOPUCMOBYIOMbCA KOCMIYHI 3HIMKU
cynymuuxa Landsat 8 OLL. Ha npuxnadi aHOMAIbHO 8UCOKO20 PI6Hs NOBeHell HA 00CAI0NCYBAHill
mepumopii  cmeopeHo 6eH6-000amoK 3 2pagiuHo OeMOHCMPAYIEr 3aMONIeHOi Mmepumopii,
si0oOpadicennam  ingopmayii npo 6ci 00’€ekmu 8 30HI GNAUBY NOGEHI,  BUOLIEHHAM
iHppacmpykmyprux 00 °’€kmis, WO 3aA3HAIU WKOOU BHACIIOOK MNOBEHI ma B8i000PANCEHHAM
pe3yibmamy ananizy nauey 6i0 noseti. Jlooamok donomazae 3Haumu Kopucmysauesi ingpopmayiro
npo 6Ci HaceneHi NYHKMU, piuKu Ut MOCMU 8 YIl 30HI, OYIHUMU PUSUKU BNIUBY 8i0 NOBEHI Ma
nopaxyeamu 3a60ami 30umxu. J{anuti npoepamuull nPOOYKm € 00CUmMb SHYYKUM Ma YHIBEPCanibHUM,
8iH MOdICe OYymu 1e2K0 a0anmo8arum OJisi 3ACMOCYB8AHHS He MINbKU OJi1 OYIHKU HACTIOKI6 NoGeHell,
a 1l 07121 iX NPO2HO3Y8AHHSA MA NONEPEOIHCEHHSL.

Knrwowuosi cnosa: I'IC-mexuonocii, oucmanyitine 30HOY8aHHA 3emii, MOHIMOpUHe, 6e0-
000amoK, OYiHKA PUBUKIS.
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Abstract. Success of any project is defined by its ability to satisfy the consumer needs. That is
why providing high quality is a necessary task for any production, including software engineering.
Software quality is a complex subject. Standards distinguish quality of processes of development,
internal and external quality of software, quality of software at stage of using. There is a set of
metrics defining quality of software for each of the quality components. Obtained structure is called
a model of software quality. Software metric is a measure allowing to receive a numerical value of
some aspect of software or its specifications, as well as method of calculation of such value.
Metrics allow receiving numerical values of each software aspect or its specifications. Metrics of
software complexity are of special interest. Complexity is an important factor which can impact
other quality parameters such as accuracy, reliability, correctness, maintainability.

Keywords: software quality, software testing, quality metrics

Introduction Software testing is one of quality control techniques. It includes
test management, test design, test execution and test analysis.

Purposes of software testing:

— Detection of defects.

— Raising quality level.

— Supplying information for decision making.

— Preventing the occurrence of defects.

— Supplying information about software quality to end customer.

Software testing lifecycle is a part of software lifecycle. They must be
synchronized with each other. Design and development of testing may be as
complicated and time-consuming as software development itself. If testing is not
done with initial release of software, many problems will be identified at later stages
of development. As a result, product release is often postponed due to long period of
software bug fixing which almost neutralizes the advantages of iterative
development.

Purpose of this paper The purpose is to present developed software. Its main
function is to calculate metric measuring quality of software code.

Statement of basic materials Let us consider the detailed definition of
“Software testing”.

At different times and in different sources, testing is defined differently. Let us
look at some of the definitions.

Lisa Crispin and Janet Gregory defined software testing as a process of program
execution with a goal to find mistakes [2].

Cem Kaner said that testing is an intellectual discipline with a purpose to receive
reliable software without spending too much effort on its checking [3].

Glenford Myers, Tom Badgett, Corey Sandler noted that software testing is a
conformity check between real and expected program behavior at finite number of
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tests completed in a certain way [1].

Robert Culbertson, Chris Brown and Gary Cobb in their book “Rapid testing”
described software testing process as a process of observation of program execution
in special conditions and scoring of any aspects of its work based on such observation
[4].

In a textbook “Software verification” testing is a process which is aimed to
identify situations where program behavior is wrong, undesirable or where it does not
conform to specification [5].

Boris Beizer in his work noted that software testing is a process which includes
all lifecycle activities, both static and dynamic, relating to planning, preparation and
evaluation of software and related work results in order to determine that they meet
the declared requirements and to define defects [6].

Automated testing is one of the types of software testing. Automated testing
uses software tools for testing and verification of correctness of the results. It
simplifies and accelerates testing. Main advantage of automated testing is the ability
of repetition of testing without human involvement. Automated testing at the code
level is the traditional and most popular way among developers. The second way of
automatization of testing is to imitate user actions using special instruments (GUI-
testing).

Let us consider the concept of software product. Studying quality of a software
product at development phase implies working with the following metrics:

— Complexity.
— Correctness.
— Usability.

— Reliability.
— Performance.
— Mobility.

Of all these metrics it is complexity which is best subjected to formal evaluation.
Moreover, complexity management is the key to receiving adequate values of other
metrics, such as correctness, reliability, performance.

The better software is engineered the lower is its complexity: the lower is its
complexity the easier developer navigates the program and writes new code, the
lower the probability of creating new bug and the higher the chance to identify
existing one. Lower software complexity significantly decreases development time
and its maintenance cost.

Software complexity metrics are divided into three main groups:

» Metrics of software size.
» Metrics of complexity of software control flow.
» Metrics of complexity of software data flow.

The central points are used as the main statistical characteristics of the
distribution of metrics for classes in the collection:

— Mathematical expectation — mean value of random variable:

ISSN 2567-5273 24 www.moderntechno.de



Modern engineering and innovative technologies Issue 25 / Part 2

— Variance — an indicator of scattering of values of random variable relative to
its mathematical expectation:
x’ :L (xl.—f)2
n—143
— Skewness characterizes occurrences when different reasons favor more
frequent appearances of values above or below mean. Right-skewness (positive)

means that lower values of distribution appear more frequently, left-skewness
(negative) — higher ones:
—\3
X —X
A= Zz( ! )

3
no
— Kurtosis characterizes the degree of sharpness of the peak of the distribution
of a random variable and is determined by the formula:

_\4
E:—zf(xi . o) -3
no

Dimension driven metrics directly measures software product and its
development process. The most used software source code metric is Source Lines of
Code (SLOC). It displays the size of the software project.

SLOC (Source Lines of Code) metric. Initially, SLOC had been used when
programming languages had been relatively simple. One line of code in such
languages had been equal to one language command. Later programming languages
developed and became much more flexible, so one line of code can now contain
multiple language commands. Taking this into consideration, two versions of SLOC
metric were developed:

1. Number of "physical" SLOC (abbreviated as LOC, SLOC, KLOC, KSLOC,
DSLOC) is a total number of source code lines, including commentaries and empty
lines (when measuring the indicator for the number of empty lines, as a rule, a
restriction is used — their number is taken into account, not exceeding 25% of the
total number of lines in the measured code block).

2. Number of “logical” SLOC (abbreviated as LSI, DSI, KDSI, where SI —
Source Instructions) is a total number of commands. It depends on the used
programming language. In this case, if language does not allow putting multiple
command on one line, the number of “logical” SLOC will be equal to the number of
"physical" SLOC except for empty lines and commentaries. If the programming
language supports putting multiple commands on one line, one “physical” line must
be measured as multiple “logical” ones if it has more than one language command.

With respect to calculating SLOC metric here, it may be noted that there is no
single universally agreed and oriented approach acceptable for different programming
languages. In the most cases, SLOC is defined as a total number of lines of code
except for empty lines and commentaries. Usually a number of “physical” SLOC is
counted and multiple operands on the same line are not taken into account.

There are many products of SLOC metric for obtaining different indicators of a
project. The main products are:

v Number of Blank Lines of Code (BLOC);
v Number of Comment Lines of Code (CLOC);
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v Number of Lines with Both Code and Comments (C&SLOC);

v Number of lines with declarative source code;

v Number of lines with imperative source code;

v’ Percentage of commentaris (number of lines with commentaries multiplies
by 100 and divided by a number of lines with code);

v Mean value of lines for functions (methods);

v Mean number of lines for modules

v Mean number of lines for classes.

Initial data for calculation of LOC metrics:

Performance = Length (thousands, LOC) / Expenses (people-month);

Quality = Errors (units) / Length (thousands, LOC);

Unit cost = Cost (thousands) / Length (LOC);

Documentation = Pages of a document (pages) / Length (thousands, LOC).

Description of developed software After the analysis of environments for
writing automated tests, Selenium IDE was chosen.

Selenium IDE (integrated development environment) is an easy-to-use browser
extension which helps to develop test scenarios for web pages. This instrument
allows recording a certain scenario of user behavior at a website and then play the
recorded actions automatically and edit it later according to requirements.

During development of a complex project, it becomes inconvenient to contain
all code in one file. That is why it is split to separate modules. To build all these
modules, developers uses build command. Besides, building process may include
compilers. Instead of JS/CSS their dialects (CoffeeScript, SCSS, LESS, SASS) can
be used.

Jenkins is an open-source instrument for continuous integration written in Java.
It was forked away from Hudson after a dispute with Oracle. Jenkins provides
services of continuous integration for software development.

For realization and running of an automated test web browser, Mozilla Firefox
was chosen. Selenium IDE extension was installed. After opening Selenium
environment, it is possible to create a new project immediately and start recording
actions for execution.

After creating a project, an address for beginning execution of actions was
determined. It was a Jenkins localhost address.

After a page with this address opens, it is necessary to enable actions recording
that will be executed by a user through website interface by pressing a “Start
recording” button in a Selenium environment window. It is necessary to open project
in Jenkins in a recording actions mode and assemble a new collection with the latest
changes in the code, wait until collection finishes executing and go to a number of its
latest version. Then it is necessary to open a console and follow a link to SonarQube,
where one can open and see the results of scanning of a project in details (Figure 1).

Now it is necessary to copy required data to write them to a code of an
automated test. For this, it is needed to enable the inspector in the interface of
Selenium window and choose data that need to be saved for their further processing.
After choosing data at the website via the inspector in a current step in automated test
code, an element of code of a web-site is recorded. There necessary data are stored.
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At each next running of the automated test at this step, new data which will be
displayed in this element of the website code will be copied.
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Fig. 2 — Re'é-brdin_g-ii_ci:i_ons mode in Selenium IDE

After saving the necessary data at Selenium, one should set a transition to the
page where the form for entering the saved data is located in order to calculate this
data using a formula in accordance with the selected metric. In the input field, one
must enter previously saved data from SonarQube, such as:

 Performance;

* Quality;

* Cost;

* Documentation.

Summary and conclusions. For calculation of the data based on the results of
analysis of project code at SonarQube the SLOC metric was selected.

The obtained data at SonarQube can be calculated by SLOC metric formula.
These data need to be written to variables at Selenium IDE to be able to use them in
data calculation form. Transferring data to the input fields is performed by identifying
each field with an identifier and transferring the corresponding data to the
corresponding fields. To execute a function that will calculate data from the form
fields, one needs to create a button for calculation and assign an event that will
launch the calculation function every time after clicking the button to it.
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LOC-Oninka

HMpogyxkraenicrs = [oexuna (tac. LOC) / Butpats (gon-mic.)

{ 7,466 }= 4977.3

Awicrs = ITomuaaxu (on.) / Jorxuna (tae..LOC)

{ 33 } = 0.00442

nroma rapricTe = Bapricte(tuc.) / Joexmma (LOC)

{ 5000 }= 0.66970

JoxymerToeaHicTE = CTOPIHOK JoKyMeHTa (cTop.) / Jopauna (Tec. LOC)
{ 31 }= 0.00415

‘ 06uncnuTH ‘

Fig. 3 — Results of calculations using the SLOC metric formula

Therefore, we can conclude that with the help of the developed system, it will
be possible to calculate metrics that will represent the quality of the program code.
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Abstract. The proposed methodology "MathFISLearn" for the formation of competencies of
applicants for the degree "bachelor" in distance learning in the discipline "Mathematical
foundations of information security”: 1) the study of basic mathematical concepts, theorems and
methods in the following sections: the theory of divisibility, theory of decomposition; number
theory, the theory of lichens and the theory of algebraic structures during lectures conducted using
the "Zoom" system, 2) algorithmization and programming for the implementation of: Euclid's
algorithm,; extended FEuclidean algorithm; Fermat algorithm; decomposition of the number by
dividing by sampling; sieve of Eratosthenes; Miller's test and organization of relevant research
during laboratory work, 3) acquisition of practical skills in solving systems of equations according
to the module based on various mathematical approaches and means when performing independent
work using recommended sources, 4) elaboration of theoretical material using lecturer
presentations and passing testing in the "Lider" system.

Keywords: competence, distance learning, information security, mathematical concepts,
theorems, tests, algorithms, approaches, tools.

Introduction

Problem statement. The coronavirus and our "new life under fire" led to the use
of distance learning, in particular in the discipline "Mathematical Foundations of
Information Security" and the formation of relevant subject competencies among
first-degree applicants under martial law, which confirms the relevance of the topic.

Analysis of recent research. Evaluation of competencies is the subject of
research of such scientists as: Bykov V. Yu., Gurevich R. S., Gurzhiy A. M., Morse
N. V., Ovcharuk O. V., Spirin O. M., Sysoeva S. O., Zhaldak M. 1. and others. It is
important to identify, analyze and summarize the experience of EU countries,
significant international organizations and initiatives (UNESCO, ECDL,
MICROSOFT, INTEL, etc.), as well as comparability for modern Ukrainian
education in international studies of the quality of education (PISA, TIMSS,
PEARLS) [1]. The analysis of recent research and publications revealed [1-7] the
following: 1) the lack of unified information and communication technologies for
training in the discipline "Mathematical Foundations of Information Security"; 2)
lack of a general methodology for organizing information security using various
mathematical methods and algorithms; 3) features of generation Z and the relevant
features of training applicants for the first stage; 4) the need to use distance learning
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under the condition of the current situation in the world, and became the basis for the
development of its own methodology "MathFISLearn".

The purpose of the article is to develop a methodology for the formation of
subject competencies among applicants for the degree of "bachelor" in distance
learning in the discipline "Mathematical Foundations of Information Security".

1. Formation of subject competencies during lecture sessions

The proposed methodology "MathFISLearn" provides an opportunity for
applicants for the first degree in distance learning in the discipline "Mathematical
Foundations of Information Security" to study the basic concepts, theorems and
methods in the following sections: the theory of divisibility; theory of decomposition;
number theory; the theory of lichens and the theory of algebraic structures during
lecture sessions (32 hours), After the lecture lessons, the applicant must work out
theoretical material based on the compiled presentations of the teacher, which are
located in the distance learning system "Lider" [3], and undergo appropriate self-
testing. So, for example, when studying the theory of lichens, the applicant of the first
stage must: 1) know the definition (modulo comparison and the basic properties of
comparisons, the Euler function and its properties, the witness to the decomposition
of the number, Carmichael number, etc.); 2) to proof theorems (lemma, Fermat's
minor theorem, Fermat's theorem, Corcelt's theorem, etc.); 3) find solutions to
problems based on the use of Fermat and Euler theorems.

Finding a solution to some practical problems in the discipline "Mathematical
Foundations of Information Security" requires drawing up tables (Table 1 for
calculating the largest common divisor).

Table 1. Using the advanced Euclidean algorithm (general view)

Remains Incomplete particles X y
a — 1 0
b — 0 1
F1 q: Xj-2— qj " Xj-1 Yi2—=4qj " )1
2 q:
r3 qs3
Fn-1 qn-1
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An example (Figure 1) shows the decomposition of the number 105/38 into a
continuous fraction and the compilation of a table of subordinate fractions.

gs 2 1 3 4 2
P, 1 2 1%2+1=3 3#342=11 | 4*11+43=47 | 2*47+11=105
Oy 0 1 1#1+0=1 3¥1+1=4 | 4*4+1=17 2%17+4=38

Figure 1. Formation of subordinate fractions

2. Formation of subject competencies during laboratory work

The proposed "MathFISLearn" technique involves using guidelines [4, 5] the
following laboratory works (16 hours): 1) fundamental division algorithms
(Euclidean algorithm and extended Euclidean algorithm); 2) decomposition of the
number into factors (by sampling and using the Fermat algorithm); 3) methods for
generating prime numbers ("Eratosthenes' sieve" and the use of polynomial
formulas); 4) lichen theory (linear comparison solution and Miller test), and also
provides an opportunity for first-degree applicants to gain practical skills in
algorithmization and programming. So, for example, from the theory of division,
acquire practical skills in calculating the largest common divisor and the smallest
common multiple based on: Euclid's algorithm; extended Euclidean algorithm;
canonical decomposition of numbers, as well as compare the possibilities of different
approaches based on the results of research conducted on the created programs.

3. Formation of competencies during the performance of independent work

The proposed method "MathFISLearn" provides an opportunity for applicants
for the first degree when performing independent work on the basis of recommended
sources [4, 6] to acquire practical skills in finding a solution to compare the first
power by various mathematical means: Euler's theorem; properties of finite chain
fractions; extended Euclidean algorithm; properties of comparisons by module. In
addition, when performing independent work, the applicant can receive interesting
information about the life and research of outstanding scientists, such as: Abel;
Adamar; Bertrand; Carmichael; Corselt; Eratosthenes; Euler; Farm; Gauss; Germain;
Goldbach; Leibnitsa; Maltsev; Mersen; Miller; Riman; Vinogradov and others, the
contribution of which is studied in the framework of the discipline "Mathematical
Foundations of Information Security".

4. The use of a research approach in distance learning

Boyko M. A., Hrynevych L. M. and Morse N. V. determine that "the research
and cognitive method should become the most important component of the scientific
program at all levels and in all branches of science" [2]. The directions of acquisition
of research competence of applicants should include: analytical review of scientific
sources; solving a system of comparisons by module based on the use of two
approaches: according to the Chinese pastor theorem and by the substitution method;
analysis of the results; formulation of conclusions.
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Features of generation Z and the corresponding features of training applicants
for the degree "bachelor" under modern conditions require the introduction of new
methods [7] in the conditions of distance learning and the use of interactive teaching
methods. So, for example, according to the "Teaching-learning" method, one
applicant for the first degree, having created his own program, explains to another
applicant and jointly conducts appropriate studies of numbers based on the use of
various mathematical tools, in particular, according to Fermat's algorithm and the
decomposition of a number by dividing by sampling, as well as a graphical
interpretation of the Chinese remainder theorem.

Conclusions

1. The proposed methodology "LearnMathFIS" for the formation of
competencies of applicants for the degree "bachelor" when studying remotely in the
discipline "Mathematical Foundations of Information Security": the use of "Zoom"
during lecture classes; performance of laboratory work on the basis of compiled
programs; performing independent work using various mathematical methods and
approaches based on recommended sources; conducting unit testing in the "Lider"
system.

2. Based on the use of the proposed methodology "LearnMathFIS", the applicant
for the degree "bachelor": firstly, masters the subject competencies in the discipline
"Mathematical Foundations of Information Security"; secondly, it acquires practical
skills in scientific activity in organizing and conducting research on the basis of the
created programs and formulating relevant conclusions on the use of: mathematical
apparatus; algorithmization; programming; organization of research and their results.
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Anomauyia.  3anpononosana  memoouxa  «MathFISLearn»y — woodo  ¢opmyeanus
KoMnemeHnmHocmetl 3000y8a4ié Cmynens «0aKaiaepy npu OUCMAHYIUHOMY HABYAHHI 3 OUCYUNTIHU
«Mamemamuuni ocnosu ingpopmayitinoi 6e3nexuy: 1) 6usueHHs OCHOBHUX MAMEMAMUYHUX NOHAMD,
meopem ma Memooié 3a HACMYNHUMU PO30LIAMU: Meopis NOOLIbHOCMI;, Meopisi PO3KIAOAHH,
meopis wucei; meopis TUWKIE ma meopis aneedpaiyHux Cmpykmyp nio 4ac J1eKyiiuHux 3aHamitl, uo
nPoBOOAMbCA 3a OONOMO2010 CUucmemu «Zoomy, 2) aneopummizayis ma npocpamy8aHHs uooo
peanizayii: aneopummy Eexnioa; poswupenozo esknioogozo anzopummy, aneopummy Pepma;
PO3KNA0AHHA 4ucia OileHHAM Memodom npod; pewema Epamocgena; mecmy Minnepa ma
opeanizayii 8i0N0BIOHUX O0CNIONCEHb NI0 YAC 1AOOPAMOPHUX pobIim, 3) NpuoOAHH NPAKMUYHUX
HABUYKIB D036 °A3aHHS CUCTEeM NOPIGHAHb 3a MOOYIeM HA OCHOBI PI3HUX MAMEMAMUYHUX Ni0X00i8
ma 3aco0isé nio Yac UKOHAHHA CAMOCMIUIHOI pobOMU 3 BUKOPUCMAHHAM PEKOMEHOO0BAHUX OXcepel,
4) onpayvosyeanHs meopemuyHo20 Mamepiany 3 GUKOPUCMAHHAM Npe3eHmayii jaexmopa ma
NPOX0OJHCEeHHs mecmy8anHs 6 cucmemi «Jlioepy.

Kniouosi cnosa: xomnemenmuicmov, Oucmanyiline HAGYAHHA, IH@oOpMmayitina Oe3neka,
MamemMamuyHi NOHAMMS, meopemu, mecmu, arcopummu, nioxoou, 3acoou.
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Annomauyun. B pabome pewaemcsi npodrema MUHUMUZAYUU CTIOHCHOCIU JIOSUYECKUX CXeM
(JIC), onucvigaemvix cummempudeckumu @yuxyusamu (CP), komopule onpedenaromcs HecKONbKUMU
unoexcamu. Mnoekcom Hazvleaemcs Koauuecmeo edunuy 6 Habopax nepementvix CP.

IIpeonazaemcs memoo nocmpoenus maxou JIC, komopulii cocmoum u3z mpéx smanos:

1. ITlposooumcs ¢yukyuonanvHas pazoerumenvras oekomnosuyus ucxoonou C@ na
NOO@YHKYUU, OHU CIPOSMCSL HAO NOOMHOdICecmeamu mHoxcecmaa nepementvlx CD. [looghynrkyuu
— amo snemenmapuvie CD, onpedensemvie 0OHUM UHOEKCOM.

2. Tabauya 3anonHsemcsi 3HA4YeHUAMU UHOEKCO8 NOO@DYHKyull nymém ux nepebopa; oua
MUHUMUBUPYEMCS 3 CYEM  00beOUHEeHUs1 ONPeoeNéHHbiX cmonoyos madbauysl. Pezyivmam
MUHUMUZAYUU NPEOCTNABNAEMCS 8 MAMPUUHOU opMe Ol UHOEKCO8.

3. Mampuunas ¢opma nepesooumcsi 6 OUZLIOHKMUBHYIO HOPMAILHYIO ¢hopmy OJis
noogynxyuii; cmpoumcs JIC 6 cmewannom nocuieckom basuce.

Omanvt memooa noOpPOOHO PACKPHIBAIOMCS 6 Npumepe, Hpu  3MOM NOKA3blBAENCs
NpeuMyuiecmao asmopcKo2o no0xo0d no CPAGHEHUIO ¢ U3BECIHBIM NOOX00OM.

Knrwouesvte cnoea: munumuzayus, 102uyeckas cxemd, CUMMempuyeckas (YHKyus, UHOEKC,
Memo0, QYHKYUOHAILHASL pPA30eUMeNbHAsl O0eKOMNo3Uuyus, nooQyHKyus, mabauya uHOeKcos,
obveduHenue cmoioyos, Mampuyras Gopma, OUIOHKMUBHAS HOPMAIbHAS hopma, N02U4ecKutl
basuc.

Beenenne. I[IpobGnema moctpoeHuss oNTUMAIBHBIX ITUGPOBLIX ycTpocTB (1Y)
ynupacTCsa B CJI0KHOCTL UX pCainu3aluu, OHpC,Z[GJIﬂGMOﬁ, B TOM YHUCJIC, KOJIMYECTBOM
IEPEMEHHBIX B omnucaHuu TnoBeneHus LY. IlpudyéM 3aBUCHUMOCTH BBIXOJHOU
(I)yHKIII/II/I OT KOJHMYCCTBAa BXOAHBIX IMCPEMCHHBIX ABJISACTCA 3KCHOH€HHH3HBHOﬁ.
EcTecTBeHHBIM CIOCOOOM CHPaBUTHCA C 3TOM MPOOJIEMOI ABISAETCS JEKOMITO3UIIMS
MHO>KECTBA IIEPEMEHHBIX HA HemepeceKkatouuecs noamMHoxecrna [1]. Ognako meron
nexkommosuniuu B [1] kacaercs OyneBbix ¢yHkuuid (b®), a B Hamem ciydae
paccMatpuBatotrcsi cummerpudeckue ¢ynkmuu (CD) [2]. UszBectHo, yto CO
aBisAtoTCA moakiaccoM b®d, omnako Cd obnamaroT CHIbHON crenu(pUKOW IO
cpaBHeHuto ¢ b®. [loaToMy MeToa TEKOMITO3UITMHU AOKEH ObITh MOAUDUIIUPOBAH K
oTMeueHHON crnenupuke. B pabore [3] mpemnoken Meron aekommosunuu CO Ha
OCHOBE MOHOTOHHOTO Oa3uca. Takod TOAXOJ HMMEET OrPaHHYCHHYI 00JacTh
npuMeHeHus. bonee mpueMiieM MeTo/1, He IPUBSI3aHHBIN K KOHKPETHOMY 0a3ucy.

Heab padoTbl — CHWKEHHUE CIOKHOCTH JIOTHYEeCKOW cxembl LY 3a cuér
YIIPOUIECHUS €€ ONMMCAHUSA Ha OCHOBE JEKOMIIO3UIIMM MHOXECTBA # IepeMeHHbIX CD
Ha HEMePeCeKaoImuecs MoAMHOKeCTBa 0e3 MPUBSI3KN K KOHKPETHOMY 0a3ucy.
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OcHOBHasl YaCThb.

@yuxyuonanvHol dexomnosuyuei 6ynesoit pynkiuu (b®D) f(X) naspiBaercs [1]
npejacTaBieHue €€ B BHUAEC COBOKYNMHOCTH MOA(PYHKIMA HaJ TOJAMHOXECTBAMHU
MHO’KECTBA IEPEMEHHBIX X {X]..X)}:

. f(X) - (pO(XO’ (pl(Xl)a RN (pk(Xm))a (1)
rae X' — MoAMHOXKECTBO (MOXKET OBITh IyCTHIM) MHOXKECTBA TiepeMeHHbIX X (i=0..m);
@j(X") — GyseBa moadyHKIHS, 3aBUCAIIAS OT MHOKECTBA MEPEMEHHBIX X' = {X1;..X,;} .

B 3aBucuMocTH OT 3HAYCHUI MapaMeTpoB m U k, a TaK)Ke OT crioco0a pa3oneHus
MHOkecTBa X Ha noamHoxecTBa X' (i = 0..m) pasiMyaloT HECKOJBKO BHUJIOB
byHKIIMOHANBHONW AexoMno3uiuu. J{ns OyneBol (GyHKIUU C MOJHON CUMMETPHEH,
T.e. cummeTpudeckon pyHkuuu (C®D) [2], Mbl OyZieM UCTIONB30BATh PA30eIUMENbHYIO
(YHKIMOHAIBHYIO IEKOMIIO3HUIINIO; B 9TOM citydae X'NX=, i, j=1..m; i#j. [Ipu aTOM
HET HEOOXOAUMOCTH BBIAENATH MOAMHOKECTBO X',

[Tockonpky CD — moamuoxkectBo b®, cmocob aexommosuiuu mo (1) Moxet
ObiTh mpuMeHeH U Kk CD ¢ yuétom ux cnenupukd, a HMMEHHO: 0000IIEHHOE
npencrapienne CO B Buae cnucka e€ MHAEKCOB. Mnoexcom CD Ha3bpIBaeTcs TO
KOJIMYECTBO €IMHMI] B HaOOpe €€ MEePEeMEHHBIX, IPU KOTOPOM (YHKIIMS TPUHUMAET
3HaueHne 1. Ham KaxapiM TIOJIMHOXECTBOM TMEPEMEHHBIX CTPOUTCS CBOS
noAQyHKIUsA, KOTOopas B JaHHOM ciy4yae sBiseTcs dieMeHtapHoit Co,
ompenensieMol ogHUM HHAEKCOM. Torma ucxogHass C® — 3TO KOHBIOHKIHUS m
noadyHKIui, KoTopas HasbiBaeTcs cummempuueckum komniekmom (CK) G,G,..Gm;

B KOHKPETHOM ciryyae Belpakenue st CK npunumaet Bua

G[(Cl[)&Gg(az)&...&Gm(am), (2)
rae a; — uajaekc noadyHkuuu G;, KOTOPbIA MOXET HaXOAuThCs B npenenax ot 0 1o
m;, TAE m; — YUCIJIO IEPEMEHHBIX B i-M IMOJIMHOYECTBE.

B o6mem ciyuae ucxognas CO MOXKET OnpenensaTbesi HECKOJIBKUMU WHIEKCAaMHU
u CK cTtpouTtcs 115l Kak10ro €€ HHAEKCa OTAEIBHO.

Omnpenenenue. Cosepuiennot Oexkomnosuyuonnot Gopmou (CHD) Oynem
Ha3beIBaTh qU3BIOHKINIO CK.

CHA® umeeT BUA:

P P
y=UH,a)=UUG G, ...G,),. (3)
i=1 i=1 j=1
rjae a;,— unaekcel ucxoguoit CO y, G, ..., G, — noadynkuuu j-ro CK, ,— KoaudecTBo
CK Beca a;.

Paccmotpum  popmyny (3) moapoGuee. B oOmiem ciyuae wucxomnas CO
SBJISIETCSI COCTABHOM, T.€. ONPEEIAETCS p UHACKCAMHU a;; COOTBETCTBEHHO OHA MOKET
ObITh TIpE/ICTaBlIEHA U3BIOHKIMEN »diemeHTapHbix CO, omnpenenseMas OIHUM
nHjaekcoMm (teopema lllennona). 3to mepBoe paBeHcTBO (popmyisl (3). Bo BTOopoM
PaBEHCTBE TOJI BTOPBIM 3HAKOM o0beauHeHus 3amucanbl CK, KoTopsie, BO-TIEPBBHIX,
3aBUCIT OT KOHKPETHOTrO HHJekca ucxoaHo C®, a BO-BTOPBIX, ONPEIEISIOTCS
KOHKPETHBIM paclpeieIeHueM HWHJEKCOB MOAMYHKIMN TaKWUX, 4TO UX CyMMa paBHA
JAHHOMY MHJEKCY ucxoaHoit CO.

[IpenyioxkeHHBIE HAMU MemooO TOCTPOCHUS MHHHUMAIBHOW TIO CJIOKHOCTH
norudeckoi cxemsl (JIC) 3akitoyaercs B CIeAYIOMIEM:
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1. IIpoBoauTcst nexommosuius ucxoanon CO na noadynkuuu o (1) ¢ yuérom
cnerupuku CO. Jlns sToro MHOXKECTBO n TepeMeHHbIX C® pa3bumBaeTcs Ha p
MMOJIMHOKECTB, BKJIIOYAIONTUX B ce0s 10 2-4 MEpEeMEHHBIX; BEIOOP MEPEMEHHBIX IS
MOJAMHOXKECTB He BakeH. Crpositcs moadyHkimu G HaJ MOAMHOXKECTBAMH; 3TO
anemenTapubie C®. Kowbionkuus noadynkiuii obpazyer CK, a Iu3bIOHKIHS
BceBo3MokHBIX CK o6pazyer CJID.

2. Crpoutcs Tabmuia u3 m CTpok (1o 4uciay MoAQyHKINNA) U MHOXKECTBA
cTosiO1oB. CToNOLBI 3aMoIHAIOTCS MHACKCAaMU NMOAGYHKUUN, MPU 3TOM MX CyMMa
paBHa uHAEKCY ucxoaHoit C®. BapuaHThl COBOKYMHOCTEN MHAEKCOB (hOPMUPYIOTCS
HaIpaBJICHHBIM TepeOopoM Tpu (UKCAUM HHACKCA HEKOTOpOW MOADYHKIMU U
nepedopoM BapraHTOB MHJIEKCOB OCTAIbHBIX MOA(YHKIUH.

[IpoBogutcs Munumuzaius CIHD, njs yero cToyiOnbl TabIuIbl 00bETUHSIIOTCS.
WNHaekesl CKIEUBAIOTCS, €CIU B OOBEAMHEHUM COOMPAIOTCS BCE BO3MOXKHBIE HUX
3HAYEHUS JJI1 HEKOTOPOU MoAGyHKIUU, YTO 0003HAYAETCSI CUMBOJIOM X; TOTJa dTa
MOA(PYHKIIUS CTAHOBUTCS TOXKJIECTBEHHO paBHOW 1. Jlydmmm siBIsieTcs Takoi
pe3yibTaT OOBEAUHEHUs, MPU KOTOPOM KOJMYECTBO CKIEHBAHMM MaKCHUMAJIBHO.
[TepebuparoTcsi Bce BapHaHThl BIOOpAa OCHOBHOM MOA(PYHKIIUU U IMyTEM CPAaBHEHMUSI
HaxoAuTcsi MUHUManbHOE 3HaueHne CI®D. Pe3ynbrar npeacrapiseTcss B MAaTpUUHON
dhopme.

3. MarpuuHoe npeacraBieHue MUHUMHU3UPOBAHHOWM CJI® OTHOCUTENBHO
MHJEKCOB TpeoOpa3yercss B JU3bIOHKTUBHYIO HOpMalibHyro ¢opmy (IHD)
oTHOocUTENbHO AemMeHTapHbiX CD. [To JIH® ctpoutcs JIC crangapTHBIM 00pa3om,
npu 3TOM TOAPYHKIIMU paccMaTpUBAIOTCS KaK HOBBIE IIEPEMEHHbBIC, KOTOPbIC
JIOJKHBI OBITH IPEABAPUTEIBLHO PEATIM30BaHbI B BUJIE OT/ICJIbHBIX MOJACXEM.

IIpumep. [TocTpoum cxeMy NOPOroBOro yCTPOIMCTBA, UMEIOLIETO 9 BXOJOB X;..X9
U TOpOr, paBHbI 2; B oOo3HaueHusix misg CO Takoe yCTpPOMCTBO HMMEET BH/
Ho(>2) = Hy(2, 3, ..., 9). PazoObeM 9 BXOAHBIX MEPEMEHHBIX Ha 3 TTOAMHOKECTBA 110
3 mepeMEeHHBIX {X;, X2, X3}, {X4 X5, X6}, {X7, X5, Xo}; BBEEM HaJl HUMHU MOADYHKIIHH
G, G,, Gs. B nanHOM citydae uHJeKC oAGYHKIIMH MOXET HaXOAUThCs B mpeaenax 0
<a < 3;unnexkc b (2 £ b £9) ucxognoit CO omnpenensiercss CyMMOl HWHIEKCOB
nondyukuuid, b=a,+tar+as;. OprannzyemM ymHopsAOYCHHBINH (HampuUMep, B MOPSIKE
BO3pacTaHUs MHJIEKCOB MOAQPYHKIIHIA) epedop UHIEKCOB a MOoA(QYHKIUN TaK, 4TOOBI
CyMMa HUX HHJEKCOB JlaBajla KOHKpPETHBIM uHAeKkc b ucxomanoit CO u 3aHecéM
3HaYeHUs] UHJEKCOB B TaOu. 1 (mpuBeneHsl 6 HavainbHBIX U 4 mocineaHux u3z 60
BO3MOJKHBIX BApUAHTOB Tepedopa; OCTabHBIE BAPUAHTHI JIETKO BOCCTAHOBUTH ).

Hanee mnpousBeném '"ckineumBanue" uHAeKCOB C®D, KOTOpoe 3aKIIOYaeTCs B
cnenyromnieM. Onepanuent ckreusanus AByx HabopoB b® Ha3bIBaeTCS UCKIIOUCHUE B
pEe3yJIbTUPYIOIIEM Habope TMEpeMEHHOW X; M3 MHOXECTBA CYIIECTBEHHBIX
NEPEMEHHBIX, BXOJISALIUX B 3TH HA0OOPbI, B COOTBETCTBUH C TOXKAECTBOM: Y!xVyx,= .

B BoIpoxkaeHHoM citydae, korna b® ToxaectBeHHo paBHa 1 (Ha Bcex Habopax
¢byukius paBHa 1), Bce mepemeHHble ckieuBatoTcs. B cnyuae CO sToit cuTyanuuu
COOTBETCTBYeT Hanmuure Bcex MHAEKCOB (0 < a < n); 0003HAYATH 3Ty CUTYAIHIO MBI
oynem cumBoJioM X, Tak uTo G(X)=1. Hanpumep, B Ta6:1. 1 nocnennue 4 BapuaHTa B
pesynbTaTe "ckienBanus” manyt |3 3 X].
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Tab6suna 1 - Bapuantsl BecoB noapyukuuii ¢
Gi 0 0 0 0 0 0 3 3 3 3
G 0 0 1 1 1 2 3 3 3 3
Gs 2 3 1 2 3 0 0 1 2 3

Aemopckasa pazpabomka

[IpoBeném mnomoOHble "ckinewBaHuss" 1o Bceil Tabmuie. [lepBeie 2 cronbua
TabJIULbI 00pa3ytoT MHOXKECTBO A MHAEKCOB NOAGYHKIUN G; OHU OOBEAUHSIOTCS B
ctpoky A = |0 0 2,3|. Cnenyromnue 3 cronbia o0beauHstoTcs B cTpoky B =0 1 1-3|.
Crnenyromue 8 cton6O1oB o0wenuustoTess B ctpoky C = |0 2,3 X|. Cnenyronue 3
cTonbna oowpemunsitorcss B ctpoky D = |1 0 1-3|. Cnenyromme 12 ctonbioB
o0wequustOTC B cTpoky £ = |1 1-3 X|, a mocnennue 32 ctonbiia 0ObeIUHAIOTCS B
cTpoky F'=12,3 X X]|.

ITpoBeném manee 2-il 3Tan CKICUBAHUSI DJIEMEHTOB MHOXECTB A..F. OTMeTnm,
yT0 MHOXecTBa C M F y)Ke MOTYT OBITh 3aHECEHBI B PE3YJIbTHPYIONINE MATPHIIGI, B
KOTOPBIX CTPOKaM COOTBETCTBYIOT BapHAHTHI MHACKCOB MOAPYHKINN G, a CTOI0Imam
COOTBETCTBYIOT HAOOphI MHACKCOB 111 GyHKIMN G, G,, Gs. lpu aTOM U151 Kax o
MaTpPHUIIbl 3HAUCHUSI UHJIEKCOB PyHKIMU G PUKCUpYyETCSl.

OTMeTuM TakXe, UYTO HEKOTOpble BapUAHThI MOTYT BXOJUTh B pa3HbIC
MHOkecTBa. Tak, mHOXecTBa 4, B, C umeroT obmyto dacth G; = 0, Gz = 2,3, a B
PE3YIBTUPYIONMEM MHOXKECTBE (> IMEIOTCS BCE 3HAYCHUS d, a=X, T.€. B pe3yjbTaTe
noyuyaeM cTpoky |0 X 2,3|. B pe3ynbrate 00beauHenus B u C mojJy4uM MHOXKECTBO
|0 1-3 1-3|, yTo MoxeT ObITh mpenacTaBieHO B Buje MHOxkecTB: |1 10 X| u |1 X 0],
MOCKOJIbKY MHO>XECTBY MHAEKCOB 1-3 cooTBeTCTBYET MHBEpcHs 3HaueHus 0, 1.e. !0.

Cobupaem oTaeNnbHbIEe PE3YIbTaThl B KOMIIAKTHOE MATPUYHOE MPEACTaBICHHE:

0 X23
H.,2)=023 X|v
000
3nech 3anuch 2,3 o3Havaer, 4yro G=1 npu 3HaYEHUSIX WHIEKCOB, PaBHBIX 2 WUJIU
3; 10 o3HayaeT uHBepcUIo 3HaYeHUs GyHKkuMKU G pU 3HAYEHUU HHJIEKca, paBHOTO 0,
1.€. !G(0); uaaexc G npu sTom paBeH 1, 2, 3. CTpOKH MaTpullbl — 3TO BapUAHTHI
pelieHus, CTOJIOIBI MAaTPHUIIBI — ATO UHAEKCH noapyHKu G, G, G3. O0benuHEHNE

POBENICHO O cTo0LaM ¢ pukcanuen nuaekca rno Gi.

Martpuunoe npeactaBieHue (4) sBiasieTcss MUHUMU3UPOBAHHBIM aHATUTHYECKUM
onucanueM (YHKIIMOHUPOBAHUS 3a/JaHHOTO MOPOTOBOTO YCTPOMCTBA. 3alUIIEM €ro B
JTU3bIOHKTUBHOW HOpMabHOU hopMme. meem:

Y=G1(0)(G2(2,3)vG3(2,3))vGi(0)!G2(0)!G3(0))vGi(D(1G2(0)V!G3(0))vGi(2,3) (5)
O603Haunm (i=1..3):

M; — byHkumMu masxcopumaprocmo;

zi= G(1,2,3) — dyHkuuu wiu.

VYutémMm, uTO

'G,(O) = Gl(1,2,3) =Zj

G](l) = 'G[(O)'G1(2,3) = Z]!M];

ylxvx = yvx — 310 (popMyJia MPOCTOro MOTIOIICHHUS;

\

1X0

23X X| 4)
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12125 z3vzi(z2vz3) = 2122VZ123VZ2Z3 — DTO popMysia 0000IIEHHOTO MOTJIOMICHHUS;
2125VZ123VZ223 = My — QYHKIHS MasxcopumapHocme.
Torna (5) npumeT BUI;
H9(22) = M[\/!Z](Mg\/M3) \/M4 (6)
[To (6) mocTpoeHa cxema B CMENIAaHHOM 0aswce, BKJIFOYAIOIIEM B OCHOBHOM
byHKIU0 Maxcopumaprocms (puc. 1).

By ]
}{21_
Mg |
}{4 1
}{5_
¥g T |
He |
}{8 1
it
9 —

}{.1 N

Puc. 1 - PyHKkuMoHaJIbHAS ¢XeMa JJIs1 IOPOroBOro 3J1eMeHTa
Asmopckas pazpabomka

CpaBHUM CHHTE3UPOBAHHYIO IO NPEMIOKEHHOMY METOAY CXEMY CO CXEMOM,
nocTpoeHHoil mo meroxy [3], B comoctaBumom Oazuce 2M-HE mo ciemyronum
napameTpam: KOJIMYECTBO 3JIEMEHTOB, ITyOuHa cxembl U IieHa no Keaitny. UMeem
1151 cXeMbl Ha puc. 1 cootBeTcTBeHHO 54, 12, 85, a s cxemsl u3 [3] — 59, 13, 104.

Jlydmme 3HaueHWs MapaMeTpoB CXeMbl MO puc. | OOBICHAIOTCS TEM, 4YTO
MIPEIOKECHHBIA METO1 00JIe€ MOTHO YYUTHIBAET CHMMETPHUIO BXOHBIX IEPEMEHHBIX.

3akiIl0ueHue U BbIBOBI.

B pabote mpemyioxkeH MeToA MOCTPOSHUS MHHUMAaIbHOUW 1O cioxHocTH JIC,
Kotopasi onuckiBaeTcss CD. MeToa ocHOBaH Ha (PYHKIIMOHAJIBHOW pa3eluTeIbHON
JTEKOMIO3UIIUK U MoiuduiiupoBaH ¢ yuétom crienuduku CD otHocutensHo bd.

Meton BkitouaeT B cels 3 sTama: JEKOMIO3UIIUS MHOXECTBA TEPEMEHHBIX
ucxoaHot C@; 3amosHeHHEe TaOMUIBI WHAEKCAaMU TOAGYHKIMNA B TIpoliecce
HaIpaBJIEHHOr0 WX Mepedopa, MpU 3TOM CyMMa HHAEKCOB MOAQYHKIMA paBHA
KOHKpPETHOMY HHJEKCY ucxoaHon CD; MuHUMU3aIus TaOIUIbl TyTEM 00bEeTMHEHUS
CTOJIOIOB. Pe3ynbTaT npeacTaBiIsieTcs MaTpUIlaMy HHICKCOB U Jlajiee ePEBOAUTCS B
JIH®, no kotopo#i cTpoutcs cranaapTHeIM oopazom JIC.

[TogpoOHO paccMoTpeH mpumep MpUMEHeHus AaHHoro metoza. [lokazaHo ero
MPEUMYIIECTBO OTHOCUTENIBHO M3BECTHOTO METOJIa — CHUXKEHHE Ha 18% cioxHOCTH
MOJIYYEeHHOM CXEMBbI, BRIPAKEHHOM B COMTOCTaBUMOM Oazuce Ha snemenTax 2M-HE.
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Abstract. The paper solves the problem of minimizing logical circuits (LC) described by
arbitrary symmetric functions (SF), which are defined by several indices. The index is the number
of units in the sets of SF variables.

A method for constructing such a LC is proposed, which consists of three stages:

1. A functional separation decomposition of the original SF into subfunctions is carried out;
they are constructed over subsets of the set of SF variables. Subfunctions are elementary SFs
defined by a single index.

2. The table is filled with subfunction index values by iterating over them; it is minimized by
concatenating certain columns of the table. The minimization result is presented in matrix form.

3. The matrix form for indices is translated into disjunctive normal form for subfunctions; LC
is built in a mixed logical basis.

The steps of the method are detailed in the example; at the same time, the advantage of the
author's approach in comparison with the known approach is shown.

Keywords: minimization, logic circuit, symmetric function, index, method, functional
separation decomposition, subfunction, index table, column union, matrix form, disjunctive normal
form, logical basis.
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Anomauyia. Y cmammi noenubieHo  NPOAHANI308AHO  CYYACHUN  CMAH — cucmemu
OUCMAHYITIHO20 ~eleKMPOHHO20 HABUAHHA YHigepcumemy ma OOIPYHMOBAHO HeOOXIOHICb
nepexooy cucmemu Ha XMAapHy niam@opmy Oas nioguwjeHHs ii eghekmusnocmi ma Oe3nexu.
Cmamms maxodc NiOKpecnioe 8axdciugicmos 3abe3neuenHs Oe3neku KOHQIOeHYIHUX OaHux y
npoyeci nepexody ma micmums ecebiune 062080peHHs nepesaz i npoodiem BUKOPUCMAHHS XMAPHUX
MEXHON02IU Y CUCeMax eneKmpoHHo20 HasuanHs. Cmamms 3a6epulyemvbcs cepiero pekomeHoayiu
w000 NOOANbULO20 DO3BUMK) CUCHEMU OUCMAHYIUHO20 eNeKMPOHHO20 HABYAHHS VHIGepcumemy,
BKIIOUAIOYU BNPOBAOINCEHHS NEPEeO0BUX MEXHONO02IU Oe3neKU, po3pOOKY KOMNIEKCHOI NONimuKy ma
npoyedyp besnexu, a makolc 3abe3nedenHs Hag4uarHHs ma NIOMPUMKU CIYOeHmMI8 i CNiPOOIMHUKIE.

Kniouosi cnosa: xmapui mexuonocii, inghopmayiiina 0Oe3nexa, cucmemu eieKmMpOHHO20
HABYAHHS, OUCTMAHYIIUHA 0C8ImA.

Beryn

JlucraHIiiiHA OCBITA CTa€ BCE OULIBII BaXKJIIMBOIO YAaCTHHOKO BHIIOI OCBITH,
HAJA04M CTYACHTaM JOCTYN /IO OCBITH 3 OYyIb-sIKOTO MICIS Ta B OyIb-sSKUN yac.
VYHiBepcUTETChbKa CHUCTEMa JUCTAHIIIIHOIO EJEKTPOHHOIO HAaBYAHHS € KPUTUYHO
BaXXJIMBUM KOMIIOHEHTOM LIbOIO MPOLECY, BOHA JO3BOJISIE CTYJEHTaM OTPUMYBAaTH
JOCTYN J0 HaBYaJIbHUX MarepiajiiB, 3aBJaHb Ta IHIIMX OCBITHIX PECypciB 3 OyIb-
SIKOTO KOMIT FOTe€pa 4d MOOIJIBRHOIO MpUCTporo. He3Baxkaroun Ha CBOIO BaXKJIMBICTD,
MMOTOYHA CUCTEMa JUCTAHIIIMHOTO €JIEKTPOHHOTO HAaBYAHHS Ma€ KiJbka OOMEKEHD,
BKJIIOYAIOYM PU3UKH O€3MEeKH Ta OOMEXKEHHS 3 TOUYKH 30pYy MacITabOBaHOCTI Ta
HAJIAHOCTI. Y CBITJII IMX BUKIUKIB Cy4YacHI YHIBEPCUTETH IMOBUHHI PO3TISAATH
MO>KJIUBICTh MEPEXOAY CBOIX CHCTEMH JIHUCTAHLIMHOIO €JEeKTPOHHOTO HABYAHHS Ha
XMapHi wiatGopmu, o0 MiIBUIIUTH iX e(heKTUBHICTD 1 0€3MEKy 0COOIMBO B yMOBaX
BOEHHOTO CTaHy.

OCHOBHM TEKCT.

Buxopucranas XMapHHX TEXHOJOTIH Yy CHCTeMaxX €JIeKTPOHHOTO HaBYaHHS
HaJla€ KiJIbKa BaXKJIMBUX IEpeBar, 30KpeMa IiABUIIEeHY MacIITab0BaHICTh, HAIIMHICTh
1 6e3neky. MacmTaboBaHICTh XMapHUX MIAT(HOPM J03BOJISIE YHIBEPCUTETAM JIETKO
HaJIAlITOBYBATH CBOi CHCTEMHU €JICKTPOHHOTO HaBYaHHS BIAMOBIIHO JI0 3MiH
KUTBKOCTI CTYACHTIB, TapaHTYIOUH, IO CTYACHTH 3aBXAM MaTUMYTh JOCTYH [0
HeoOXxigHuX pecypciB. Kpim Toro, xmapui miatdopmu 3a0e3neuyroTh OUIbII
Oe3reyHy Ta HaJlliHY IHPPACTPYKTYpy AJid 30€piraHHs Ta JOCTYIY A0 JTaHUX, 3HAYHO
3MEHIIYIOUH PU3UKHU BTPATH a00 KPaai>KKu OCOOMCTUX JTAaHUX.

OgHuM 13 TOJOBHMX BHKJIMKIB, MOB’SI3aHHX 13 TIE€PEXOJAOM Ha XMapHY
miaThopMy, € HEOOXITHICTh 3abe3nedeHHS Oe3mekn KOHQIASHIIHHUX aHUX,
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30KpemMa ocobucToi iHpopmarllii Ta OCBITHIX pecypciB. B ocTtanHi poku Kibep3arposu,
Taki SIK XaKepCTBO, (IIIMHT 1 3JI0BMUCHE MporpamHe 3a0e3MeueHHs, CTaloTh BCE
OUIbII ~ MOIIMPEHMMHM 1  HEOEe3NeYHWMH, TOMY  YHIBEPCHUTETH  IMOBHHHI
BUKOPHUCTOBYBAaTH KOMILJIEKCHI MIAXOIW 0 BTPILICHHS MpoOsieM KidepOe3meku st
3aXHCTY CBOIX KOH(l)ineHuiﬁHHX nanux. lle Bximrowae B ce0e BIPOBAKCHHS
NepeIoBUX TEXHOJOTIN Oe3neKu, TaKuX sIK MH(ppyBaHHS, 6paHz[MayepH Ta CUCTEMU
BUSIBJICHHS BTOPTHEHb, a TaKOX PO3POOKY KOMIUIEKCHHUX IMOJITUK 1 MPOIEeayp
oesneku [1, 2, 3, 4].

[Ile ogHMM BHUKJIMKOM, TIOB’SI3aHUM 3 TEPEXOJAOM Ha XMapHy IwiaThopMmy, €
HEOOX1JTHICTh IHTETPYBaTH ICHYIOUl YHIBEPCUTETChKI CUCTEMH Ta MPOLIECH 3 HOBOIO
matdopmoro. Ile BUMarae peTeapHOro mjiaHyBaHHsS Ta KOOPAWHALIl, a TAKOX TICHO1
criBnpami Mk IT-Bigginamu, akageMiuyHUMH BUIJIUIaMHU Ta 1HIIMMU 3alliKaBI€HUMHU
ctopoHamu. Kpim TOro, yHiBepCUTETH TMOBHHHI 3a0e3MeuyBaTU HaBYaHHS Ta
MIATPUMKY CTYJIEHTIB 1 NEPCOHANy, MO0 JOMOMOITH iM aJanTyBaTHUCA 10 HOBOI
CUCTEMHM Ta IEPEKOHATHCS, 10 BOHU 3/aTHI €()EKTUBHO BHKOPHUCTOBYBATH HOBY
mwiatgopmy.

3arajqoM MOXEMO BHJIIJIMTH HACTYIHI KPOKHU IpOLECy MEPEBEIECHHS CUCTEMHU
JTMCTAHIIIHOT OCBITH YHIBEPCUTETY B XMapy [5, 6, 7]:

Kpox 1: Oyinka nomounoi cucmemu:

[lepmiiM KpokKOM y TIpOIECl MEPEeBEACHHS CHCTEMH JHUCTAHIIHHOI OCBITH
YHIBEPCUTETY Ha XMapHi OOYMCIIEHHSI € OI[IHKa MOTO4YHOI cucTemu. Ll owiHka
BU3HAYHUTh MOTOYHY 1H(PACTPYKTYpPY YHIBEPCUTETY, CUCTEMH 30€piraHHsl JaHUX 1
TUIIA BUKOPUCTOBYBaHUX mporpaMm. Llg iHpopmamis Oyae BHKOpHCTaHA JUIs
BU3HAYEHHS HAMKPAIIOTO MMiIX0Ty JUIsl IEPEHECEHHS CUCTEMH B XMapy.

Kpox 2. Bubip nocmauanbHuka XxmapHux nociye:

HactynHum kpokom Oyzae BHOIp mocTayajdbHUKA XMapHHX mociayr. BuOip
nocTayaJlbHUKa XMapHUX TMOCIyr Mae Oa3yBaTucs Ha MOTpebax YHIBEPCUTETY,
BKJIIOUAIOYM Oe3neKky Ta KOHQIIEHIIWHICTh JaHUX, BapTICTh MOCIYTU Ta PIBEHb
MPOMOHOBAHOT TEXHIYHOT MIATPUMKH. YHIBEPCUTET TAKOXK MOBUHEH MEPEKOHATHCH,
[0 MOCTaYaJbHUK XMapHUX IOCIYr Ma€ TOCBIJ HaJaHHS HAIIMHMX 1 Oe3nmeyHuX
MOCJIYT.

Kpox 3: Ilepenecenus oanux:

[Ticns BuOOpY moOCTayadbHUKA XMapHUX IMOCIYT HACTYITHUM KpPOKOM €
MEepPeHECeHHsT JaHWX 13 TMOTOYHOI cUCTeMHu a0 Xxmapu. lledi mporec mepembauae
nepenavyy JaHUX Ha XMapHUWA cepBep 1 HaJAINTyBaHHA HEOOXITHUX MPOTOKOJIIB
Oe3mexu I 3axXUCTy naHux. lIporec mirpariii faHuX Ciil BUKOHYBATH OOEPEKHO,
OCKUTBbKHU BIH MOXE CTOCYBaTHUCS KOH(IAEHIIIHOT iHpopMaIlii, a BTpaTa JaHUX MOXeE
MaTH CepHO3H1 HACIIIKH.

Kpoxk 4: Tecmysanns:

[Ticns nmepemileHHs JaHUX Y XMapy HACTYIMHUM KPOKOM € TECTYBaHHS CUCTEMHU.
Ile mepenbavae mpoBeneHHs (PYHKIIOHAIBHUX TECTIB 1 MEPEeBIpOK Oe3rmeku, 100
MEepeKOHATHUCs, IO CHUCTeMa TMpAIlO€ HaJCKHUM YHHOM 1 IO JaHl 3axHIICHI.
VYHiBepCUTET TaKOX MOBHHEH BUKOHYBAaTH PEryJIIpHE PE3EpBHE KOIIIOBaHHS, 1100
3a0€3MeUnTH 3aXUCT JAHUX Y eKCTPEHUX BUTAIKAX.

Kpoxk 5: Peanizayis:
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[Ticns 3aBepilieHHs eTamy TeCTyBaHHS HACTYITHUM KPOKOM CTaHE BIPOBAHKEHHS
CHUCTEeMH €JIeKTPOHHOro HaBuaHHS B xmapi. lle mnepenbadae HamamTyBaHHA
HEOOX1IHUX CUCTEM 1 JI0IaTKIB, @ TAKOK HAaBYAHHSI MIEPCOHAITY Ta CTYJEHTIB TOMY, SIK
KOPHCTYBATHUCSI HOBOIO CUCTEMOIO.

[lepeHeceHHsT CHUCTEMHM JMCTAHIINHOI OCBITHM YHIBEPCUTETY B XMapy MOXKe
3HAYHO MiJIBUIIUTU O€3MEKy CHCTEMH €JIEKTPOHHOTO HaBYaHHSA. J[oTpUMyrOUnch 1ux
€TamiB OI[IHKM, BIPOBA/KEHHS Ta OOCIYTrOBYBAaHHS, YHIBEPCUTETH MOXYTb OyTH
BIIEBHEHI, IO IiXHI CHCTEMH JUCTAHIIIMHOI OCBITH O€3II€YHl Ta 3axXHUIIEHI BIJI
MOTEHIIHUX 3arpo3. [Ipyu Hane)XHOMY TUIaHyBaHHI Ta peasi3allli YHIBEpCUTET MOXKe
3a0e3neunT Oe3leuHe Ta Ha/liiHe CepeIOBUILE €JIEKTPOHHOTO HABYAaHHS JJIsl CBOiX
CTYJIeHTIB. BapTo 3a3HauuTH, 110 YKpaiHCBKMMHU ekcnepTamu [8] B)ke BKa3aHO Ha
TPYJIHOUII Mi Yac PO3rOpTaHHS Ta aAMIHICTPYBaHHS XMapHUX MIATPOPM, TAKUX K
Google Workspace for Education B yniBepcuteTax. llepeaycim 1e cTocyeThbcs
«KOH(QIIKTIBY» MDK OCOOMCTUMHU OOJIKOBUMH 3alliCaMd Ta KOPHOPATUBHUMHU
akayHTaMu OCBiTHbOTO cepefoBuina Google Workspace for Education Ta
HaJalITyBaHHS JOCTYMYy JO CHUIBHUX JOKYMEHTIB, PO3TAIIOBAHUX Yy XMapHUX
cepBicax.

[Iporiec mepeBeeHHs CUCTEMU JIUCTAHIIMHOI OCBITH YHIBEPCUTETY HAa XMapHi
OOYHMCIICHHS BHUMAara€ pETEeJbHOTO TUIAHYBAaHHS Ta BUKOHAHHS. J{OTpUMYHOYHCH
KpPOKIB, OMHMCAHUX BHUIIE, YHIBEPCUTET MOXKE 3a0€3MEUNTH JOCUThH IJIABHUM MEepexif
0 XMapH, a TaKOX ICTOTHO TOKpAIIUTH O€3MeKy CBO€i CHCTEMHU EJIEKTPOHHOTO
HaBYaHHA. BHUKOpUCTaHHA XMapHHX OOYHMCIEHb y CHUCTEMax AUCTAHI[IMHOI OCBITH
MOX€ Hajarh OaraTo MepeBar, BKJIIOYAIOYM IOKpPAIIEHY MacluTaOOBaHICTh,
€KOHOMII0 KOUITIB 1 MIJBHILEHY Oe3MeKy. 3a JOMOMOIOI MPaBUIIBHOTO MIIXO1Y Ta
MPAaBIIIBHOTO TOCTAYaJIbHUKA XMAapHHUX TOCIYT YHIBEPCUTET MOXKE 3a0e3MeYUTH
Oe3reyHe Ta 3aXHIINCHE CePEIOBUINE HaBYaHHS ISl CBOIX cTyAeHTIB [9, 10].

OmHuM 13 TOJIOBHUX MIPKYBaHb Il 4ac MEPEeXOoAy Ha XMapHiI OOYHMCIICHHS €
oesrneka ganux. 1106 mepexoHaTucs, mo KoH(iIeHIiHa 1HQOpMaIlis 3aTUIIAETHCS
KOH(IEHIIIMHOI Ta 3aXMIIECHOI, YHIBEPCUTET MOBUHEH MPUUHATH HAAiHHI 3aXO01U
Oesneku, Taki gk mudpyBaHHs Ta O6ararodakropHa aBreHTHdIKalis. [HudpyBanas
JoTIOMarae 3axucTUTU KOHQIJICHIIHY 1H(OpMalLil0 B XMapi, MEepeTBOPIOKOYH 1i Ha
HeunTabenpHui dopmar, ToAl sAK OaraTodakTopHa aBTEeHTU]IKAIS J107a€
JIOJIATKOBUM PiBEHb OE3MEKH, BUMaralouu BiJl KOPUCTYBadiB HajJaBaTU KiJibka (Gopm
imeHTUdIKai a8 JOCTYmy JO CBOiX OOJIKOBHX 3amuciB. TakoX BaKIWBUM
acmeKToM € BHOIp HAAIMHOrO MocTadajdbHUKAa XMapHuX mnocayr. IlocradambHuk
NOBHHEH BIJMNOBIIaTH Taly3€BUM CTaHAAapTaM 1 MaTW JIOCBiJ HaJaHHS OE3MEUHHUX 1
HAIHHUX XMapHUX mochayT. [locTadalbHMK TakoX TIOBMHEH MAaTH HaJeXKHI
ceprudikatn Oe3meku, Taki sk [SO/IEC 27001. ISO/IEC 27001 € npoBimHuM
MDKHApPOJHUM CTaHAApTOM IS BIPOBAPKCHHS IIUIICHOI CHUCTEMHU YTMPABIIIHHS
iHpopmariiiinoro Oe3nekoro. Bin 3ocepemkennit Ha iaeHTHdIKAIi, OIIHIN Ta
yIpaBJiHHI puU3UMKamMu JyuIsi 1poieciB  00poOku  iHdopmanii. 3 EN ISO/IEC
27001:2017-06 Oyma omyOnikoBaHa Bepcis, KOOpPJAMHOBaHA E€BPONMEHCHKUM
komiTeToM craHgaaptuzamii (CEN), ska MICTUTh BUINpaBICHHS (KOPPUTEHIN)
Corl:2014 1 Cor2:2015. ix Bumor, npu mnpomy ceptudikatu o Bepcii [SO/IEC
27001:2013 36epiraroTh CBOIO JIIO.
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OkpimM Oe3neKkd, YHIBEPCUTET TaKOX TOBUHEH BpaxOBYBaTH BapTICTh 1
MacIITabOBaHICTh XMApHOI MIAaTPOpMHU. YHIBEpPCUTET MOBUHEH BUOpaTH miaTthopMmy,
sKa HaJa€ eKOHOMIYHO e€(EeKTHUBHI PIIICHHS AJIs YIPaBIiHHS Ta 30epiraHHs BEIHKUX
oOCATIB JaHuX 1 MOXXe MaciTadyBaTucs BIANOBIIHO 10 NOTpPed 3pOCTaroyoi
KUIBKOCTI CTYJCHTIB IUCTaHIIITHOI OCcBiTH. KpiM TOro, yHIBEpCUTET TaKOX MOBHHEH
MepeKoHaTucs, 1o IuiargopmMa Mae HEoOXiAHY 1HQPACTPYKTYpy Ta pecypcu is
MIATPUMKA BHMOT OHJIaiH-HaBuaHHA. lle Bkirowae 3a0esneueHHs MIaTGOPMH
BHUCOKOIIIBUIKICHUMUA MEpPEKaMH, HaIIMHUMU CHUCTEMaMM 30epiraHHsi Ta HOBITHIMH
TEXHOJIOT1sIMU ISl 3a0e3neueHHs 0e3nepeOiifHol JOCTaBKU OHJIAaHH-KYPCIB 1 pecypciB
[11-14].

HactynmHum KpokoM Yy mpoleci Mepexoay CUCTEMH AUCTAHLIMHOI OCBITH
YHIBEPCUTETY HAa XMapHi OOYMCIIEHHS € MPOBEJECHHS PETENbHOI OLIHKU pU3UKIB. Lle
BKJIIOUA€ BUSBICHHS Ta OI[IHKY MOTEHLIWHWX pPHU3HKIB, TaKUX SK BTpaTa JaHUX,
nopyIieHHs 6e3neku Ta npoctoi. OliHKa PU3UKY TOBUHHA BPAXOBYBATH KPUTHUHICTh
iH(dopMaIli yHIBEpCUTETY, UYTIUBICTh JAHUX 1 BIUIMB MOTEHI[IHHOTO MOPYIICHHS
oesreku. [licisi BU3HAYEHHS Ta OINIHKM PU3HKIB YHIBEPCUTET MOXKE BHU3HAUYUTU
HaWOLIBII BIAMOBIIHI CTpaTerii iX KoMIleHcallli, o0 3MEHIIUTH HWMOBIPHICTh
MOpYIIEHHST a00 MIHIMI3YBaTH MIKOY, SKIIO MOPYIICHHS CTAaHETHCSI.

[Ticnst 3aBepilieHHs] OLIHKKA PHU3UKIB YHIBEPCUTET MOXKE PO3IMOYATH TPOIIEC
BUOOpY TMOCTavadbHUKA XMapHUX mochyr. Bubip mocTadanbHUKa XMapHUX MOCIYT
Mae IPpyHTYBaTHCS Ha MOTpedax 1 BHUMOrax YHIBEPCUTETY, a TaKOX Ha 3axoJax
0e3IeKH, NOJITUL KOH(PIACHIIITHOCTI Ta CTaHAapTaX 3aXUCTY JIaHUX MOCTavyaJbHUKA.
[TocTayalbHUK TaKOX MOBMHEH OyTH B 3MO31 MPOJIEMOHCTPYBATH CBOIO 3JaTHICTb
JOTPUMYBATUCA BIAMOBIIHMX HOPM 3aXHCTYy JAHUX 1 3a0€3MEeUUTH HAAldHI 3aXOAH
0e3MeKu 1S 3aXUCTy 1H(POpMallli YHIBEPCUTETY.

[Ticass BubOpy mocTadaqbHUKAa XMApHHX MOCIYT YHIBEPCHUTET MOXE MOYaTh
Ipoliec MePEeHECeHHs CBO€EI CUCTEMHM JIUCTaHIIMHOI OCBITH B XMapy. Lleit nporec ciia
pPETENBbHO CIUIAHYBAaTU Ta BUKOHATH, 1100 MIHIMI3yBaTH PU3HMK BTPATU JaHUX a0o
nopyuieHHs: Oe3neku. Ilepexin ciijg 3A1MCHIOBATH IMOETAIMHO, 3 MIJOTHUM €TaIioM,
SAKUW BUKOHYETHCS JUIsl TIEPEBIPKU TPOLECY Ta BUSBIEHHS OYAb-SIKUX MOTEHIIMHUX
poOJieM.

[licnst 3aBepiieHHS MIrpaiii yHIBEPCUTET IOBUHEH CTBOPUTH KOMIUIEKCHY
CHUCTEMY YMpaBIIHHSA Ta MOHITOPUHTY JIJIsl 3a0e3ledeHHs Oe3rnepepBHOi Oe3MneKku Ta
OPOAYKTHUBHOCTI XMapHOI CHCTeMH JUCTaHLIiHOT ocBiTH. lle Mae BkIOYaTH
pPETyJsIpHI TIEpEeBIpKH OE3IMEKH, OIIHKK BPA3JIMBOCTEH 1 MEPEBIPKU 3aXUCTy JTAHHUX,
o0 TapaHTyBaTH, IO CUCTEMa 3aJUIIAEThCS OE3MEYHOIO Ta BIAMOBIA€ HOPMaM
3aXUCTY JaHHX.

[I{o6 3abe3meunT YCIINIHE BNPOBAPKEHHS XMApHOI CHUCTEMH ITHUCTAHIIIHOTO
HABYaHHs YHIBEPCUTETY, BKpail BaXJIMBO MaTH JACTAIbHUI IJIaH BrpoBaKeHHs. Lleit
IUTAaH Ma€ OKPECIIOBATH KPOKH, IMOB’s3aH1 3 PO3TOPTAHHSIM, BKJIIOYAKOYHU MOPSI0K
pPO3rOopTaHHs, YaCOBl PaMKH PO3TOPTAaHHS Ta PECYpPCH, HEOOXITHI JIJIsi PO3rOpTaHHS.
[Ipouiec BHIpoBa/pKEHHS TaKOX Mependadyae HaBYaHHS IEPCOHANTY Ta CTYJICHTIB
BUKOPHUCTAaHHIO HOBOI 1H(PPACTPYKTYypu XMapHUX OOUYMCIIeHb. Lle BakJIMBHUI KPOK,
OCKIJIbKM BIH TapaHTye€, L0 CHIBPOOITHUKH Ta CTYJEHTH 3MOXYTh €(DEKTUBHO Ta
pE3yJNbTaTUBHO BUKOPHCTOBYBAaTH HOBY cucTeMy. HaB4aHHsS Mae OXOILUTIOBATH BCi
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aCIEeKTH HOBOi CHUCTEMH, BKIIIOYHO 3 THUM, K KOPUCTYBATUCS HOBUMH IPOrpamami,
AK OTPUMATH JOCTYN 1 BHUKOPHCTOBYBaTH [aHi, a TaKOX $K YCYHyTH Oynab-fKi
mpoOjemMu, SKi  MOXYTh BHHUKHYTH. OpjHaK BaXJIMBO  JOTPUMYBATHCS
CTPYKTYPOBAHOTO Ta J0OpEe CIUIAaHOBAHOTO TMPOIECy, MO0 3a0e3MeYnTH yCHIITHHMA
pe3ynbTaTr. 3aBsSKH MPaBUIBHOMY IUIAHYBaHHIO, KOOPJAMHAIIi Ta BIPOBAHKEHHIO
YHIBEPCUTET MO>KE YCHIIIHO NEPEBECTU CBOIO CUCTEMY TUCTAHIIIIHOI OCBITH B XMapy
Ta KOPUCTYBATHUCS OaraTbMa repeBaraMu, siki 3 1M OB’ sI3aHi.

B Cymcbkomy HamioHaibHOMYy arpapHomy yHiBepcuteti (CHAY) 1xe
BrpoBapkeHHs: npoekTy E-SNAU i1 E-SNAU: mo6inbHMIl gonaTok. OCHOBHOIO
METOI0 MPOEKTY € CTBOPEHHS MO3UTUBHOTO IMIJI)KY YHIBEPCUTETY, a TAKOXK PO3BUTOK
ICHyIOUMX 1H(QOpMAIITHUX CHCTEM, SIKI 3a0€3MeUyl0Th CBOEYACHY 1HQOpMAIIIIO PO
poOOTYy YHIBEPCUTETYy Ta MOCIYT, IO HaJarThcs B HboMy. Ha erami po3poOku
npoekTy Oyo BHU3HAYEHO HACTYMHWUN Tmepenik 3amad: 1. CTBOpPEHHsS €IUHOTO
1HpOpMaLIiHOTO BeO MOPTANy JIJsl CTYJCHTIB, SIKUH Ma€ 3a0€3MEeUUTH 1X B3aEMOJIIO 3
HAaBUAJbHUM 3aKJIaJIOM Ta TIJABUIIUTH PIBEHb JOCTYMHOCTI 1HGopmamii. 2.
Opranizauig 300py BCiX HEOOXIIHHUX TOKYMEHTIB JUIsl CTYAEHTIB - CTYAEHTChKHUN
KBUTOK, YHUTAI[bKMX KBHUTOK, JOCTyNm J0 010mioTeyHnx ¢GOHAIB 1 CHCTEMH
auctanuiiHoro HapuaHHs Moodle. 3. Ilepenoc cuctemu Moodle Ha XxXmaphHy
mwiargopmy. 4. ABTOMaTH3alis peecTpaiii CTyAEHTIB HAa MOpPTail JUCTAHIIHHOTO
HaByaHHs Moodle. 5. IlokpaiieHHss B3a€MOJIi CTYACHTIB 3 yciMa MIIPO3aiIaMH
yHiBepcuTeTy. 6. IliABUIIIEHHS NPOAYKTUBHOCTI IMpalll 3a PaxyHOK 3MEHIICHHS
KUTBKOCTI MICIb BBeJICHHA 1H(OpMaIlli Ha pi3HUX eTanax (iHAHCOBOi Ta HaBYAILHOI
JTUsJbHOCTI. 7. ABTOMaTH3allisi OTpUMaHHA JaHUX [P0 CTYJCHTIB pPI3HUMU
MIIPO3A1IaMH 332 PaxyHOK €QuHOi 0a3u JaHux, 1o cuHXpoHizyeTbcs 3 EDBO. 8.
Hananus noctyny no indopmariii mpo akTUBHICTb CTyA€HTIB. 9. Haganus goctyny 1o
iH(hopmanii npo ¢piHaHCOBI po3paxyHku cTyaeHTa. 10. Hamanua goctyny 10 Haka3iB
nmo crynentam. 11. B3aemonis 3 nexkanaramu. 12. Haganus moctymy go iHdopmairii
PO JO3BULIA - CHOPTHUBHI CEKIii, TBOPY1 KOJEKTUBHU Ta 1HIIIE.

BucHoBkmu.

[lepeBenenHs cucTeMu JUCTAHIIMHOI OCBITH YHIBEPCUTETY Ha XMapHi
o0uuciIeHHs] MOTpedy€e CTpaTEriYHOro Ta J00pe MPOIyMaHOTO IUIaHy. Y HIBEPCUTET
MOBMHEH BpaxoByBaTU O€3IeKy, BapTiCTh, MAacCIITA0OBAHICTh Ta 1H(PACTPYKTYpy
XMapHoi maTdopmu, o0 3a0e3MeunTy TIaBHUN 1 Oe3neyHuil mepexis. 3a yMOBH
HAJIEKHOTO TUTAHYBaHHS Ta BIIPOBAKCHHsI YHIBEPCUTET MOXE MOKPALTUTH Oe3MeKy
CBOEl CHCTEeMH €JIEKTPOHHOTO HaBYaHHA Ta HAAATH CTYIACHTaM SKICHUWA Ta
edbexTuBHUM JocBi Big HaBuaHHsa. [l[o0 BupimmTH 3a3HayeHI MpPoOJIEMH,
PEKOMEHIYIOTHCA 10 PO3IJISILY HACTYIHI MPONO3MUIILi:

1. BopoBamkeHHS NEpeIOBUX TEXHOJOTIM O€3MeKH, Takux $AK MudpyBaHHS,
Opanamayepu Ta CHUCTEeMH  BHUSBICHHS  BTOPTHEHb, I  3aXHCTy
KOH(}IISHIIIMHUX TaHUX Bij Kidep3arpos.

2. Po3poOka KOMIUIEKCHOI HOJITUKK O€3MEeKH Ta Mpolenyp A 3a0e3nedeHHs
Oe3neky KOHQIIEHUIMHUX JaHWUX 1 TPOCYBaHHS TIEPEIOBOTO  JOCBIITY
Ki0epOe3meKu.

3. IHTerpamis ICHYHOYMX CHCTEM 1 MPOIECIB 13 XMapHOIO TUIAT(OPMOIO s
3a0€3MeUeHHs] CYMICHOCTI Ta €()eKTUBHOCTI, a TaKOXX MiHIMi3alli 3001B s
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CTY/ICHTIB 1 IEPCOHAITY.

4. 3abe3neueHHsT HaBYaHHA Ta MIATPUMKH CTYACHTIB 1 TMEpCcOHANy, LI00
JOMOMOTTH iM aJanTyBaTUCS 10 HOBOI CHUCTEMH Ta MEPEKOHATHUCS, 110 BOHU
3/1aTH1 €(PEeKTUBHO BUKOPHUCTOBYBATHU HOBY IIATPOPMY.

5. PerynsipHuii MOHITOPHHT Ta OIlIHKA CHCTEMHU JJIsI BH3HAYCHHS OOJacTeil s
BJIOCKOHAJICHHsI Ta 3a0e3MeyeHHs i MOCTiiHOI e(h)eKTUBHOCTI Ta Oe3MeKu

Xoua BUKOPHUCTAaHHS XMapHHX TEXHOJIOTIH Hajlae Oarato mnepemar, 30Kpema
MIJIBUIIICHY MacIITaO00BaHICTh, HAAIMHICT 1 Oe3MeKy, OJIHaK MpOoIeC MEpexoay He
no30aBineHu mpoOieMm, 30KpeMa ToTpedu y Oe3nepepBHOMY MOKpalleHHI
Ki0epOe3neKku Ta HeOOX1AHOCTI IHTErpallii ICHYIOUMX CUCTEM 1 MPOILIECIB.
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Abstract. The article provides an in-depth analysis of the current state of the university's
distance e-learning system and substantiates the need to migrate the system to a cloud platform to
improve its efficiency and security. The article also emphasizes the importance of ensuring the
security of confidential data during the transition process and provides a comprehensive discussion
of the benefits and challenges of using cloud technologies in e-learning systems. The article
concludes with a series of recommendations for the further development of the university's E-
learning system, including the implementation of advanced security technologies, the development
of comprehensive security policies and procedures, and the provision of training and support for
students and staff.

Key words: cloud technologies, information security, electronic learning systems, distance
education.
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Annomauyun. B cmamoee npeonazaromcs Memoo u aneopumm GopmMupo8anus u 3anoaiHeHus
mabauywvt pyukyuonuposanus (T®@) mrozopazpsaonozo muozoonepanonozo cymmamopa (MMC).

MMC — uncmpymenm obpabomxu OOILUWUX NOMOKOE OAHHBIX HA OCHOBE ONEPAYUU C8EPMKU
MHO2OPAOHBIX apudmemuieckux 08ouyHvlx k0008 (MPK), komopas seisemcs 0000weHuem
onepayuu croxcerusi. MMC — ycmpoiicmeo clodceHusi MHOJcecmea oum n oneparoos, Komopbie
obpazyiom obnacme oum (OB), 6 obwem ciyuae npoussonvhyio. Pazpsonvim cpesom (PC) OB
HA3b18AENICL MHOJICECMBO M €20 OUM, PACHOLONCEHHbIX HA 8ePMUKAIbHOU TUHUU, 0003HaAUarowell
oannvlll paspsio. PC — smo xonkpemuwiii Habop 3nayeHull nepemenuvix gyukyuu. Ighgexmuenas
0Opabomka MHO2UX PSIO08 KOOOB BO3MOICHA MOAbKO € ucnoivsosarnuem CD orazooaps momy, umo
unoexc C@ (eé apzymenm) A61AemMCA UHBAPUAHMOM OIS MHOMNCECMEA HAOOPO8 3HAYEHUl
nepemennuvix. MHOeKkc — 3mo 4ucio a, paguoe KoOIuuecmey eOuHuy 6 HAOOpax 3HAYeHUutl n
nepemennvix CD, npu komopwvix oHa npuHumaem 3Hauenue 1. Dmo o3nauaem, 4ymo HeBAHNCHO
pacnonodicenue eouHuyHvlx oum 6 nabopax (¢ PC), a eajcHo Koauuecmeo eOunuy a 6 Habope;
BANCHO MAKIHCE BLINOTHEHUE YCI08USA. KOAULECMBO MAKUX HAOOPO8 PAGHO YUCTY COYeMAHUll U3 N No
a.

Tabnuya ¢ynxyuonuposanus MMC (T®@) — smo ocobas mabauya, Komopas 3ano0JHsemcs
sHayenusmu unoexcos C®. T® — co8oKynHOCHb NOPA3PAOHBIX NOOMAOUY, YUCLO KOMOPLIX PABHO
cymme n pazpsaoos cymmamopa u k paspadoe neperoca. Jns ¢hopmuposanusa 3aconoséka T® u
camou mabauywl, a maxdice e€ 3anoIHeHUs. UChOIb3Yemcs peoakmop maodauy Excel.

Paspabamuvisaromcs memoo u anecopumm popmuposanus TD. B ux ocnoge nexcam
paspsoHvie cuémuyuxu, oHu evluucasiom a maxoe, ymo C® cymmol S(a) u nepenoca P(a) pasnuvl 1.
OcobeHnocmb QYHKYUOHUPOBAHUS CUEMHUUKA — OOJIHCHO BbIOEPICUBAMBC COOMHOUEHUEe a < M,
20e M — MaKCUMATbHO 803MONCHOE 3HAYEeHUe eOuHUYHbIX oum 6 oannom PC.

Paccmampusaemces  cxemomexnuveckas — peanuzayusi  ONUCAHUA — HEMPAOUYUOHHO2O
cymmamopa.

Knrwouesvie cnosa: memoo, ancopumm, madbauya @QyHKYUOHUPOBAHUS, MHOOPA3PAOHbIL
MHO200NEPAHOHBIL ~ CyMMamop, —onepayus — ceépmku, obnacmsv  Oum, paspsaoHull — cpes,
cumMMmempuyeckas (yHKyus, UHOEKC, UHBAPUAHM, HAOOp 3HAYEHULl NePeMEHHbIX, PA3PAOHbLU
CUEMYUK, CXeMOMEXHUYUECKAS Peanu3ayus.

Beryniienue.

Onucanue (QyHKIIMOHUPOBAHUS M MocTpoeHus nudpoBbix ycrpoiicts (LY) 3a
BpeMs WX CYIIECTBOBAaHHUS TMPETEPIEIO 3HAUYUTEIBHBIE W3MEHEHUS B 4YacTH
MIPEICTABJICHUS TAHHBIX.

W3BecTHbIE YypOBHU TMPEJCTaBICHUS JAaHHBIX MOXKHO TIOKa3aTh B BHUJC
MOCJIeI0OBaTeILHOTO 00001meHust GopMbl TpeacTaBieHus onucanus [[Y: OuThbI
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(1BOMYHBIC JaHHBIE) — HAOOPBI OMUT (B TaOJUIlE MCTUHHOCTH) — JAeCATHYHbIE
JKBUBaJIeHTHI Ha0opoB (/IOH — necarnuHoe wucno mjisi ogHOro Habopa) —
TPOMYHAS MATPHUIIA C PAaCIIUPEHHBIM HaOOpoM 3nemMeHToB: 0, 1, —.

OTH TpeAcTaBiIeHHs 001a1al0T OOIMM HEIOCTAaTKOM — Majasi HarJaHOCTh H
rpOMO3IKOCTh. Tak, TabnauIa UCTUHHOCTU TPH YUCJIE TMEPEMEHHBIX 0oJiee MIeCTH
CTaHOBUTCS TPYJHO 0003PUMOM.

OTcro/la BBITEKAET BAXKHOCTh M AKTYyaJbHOCTbh pa3pabOTKHM HOBOTO MOJAXO0Ja K
OMHCAHUI0 CYMMAaTOpPOB, YMHOXKHUTEJIEH, MOCTPOCHHBIX HAa HMX OCHOBE, M JPYrUX
YCTPOMCTB, KOTOPBIE MCIOJIB3YIOT CYMMHPOBAHHE JIBOWYHBIX JIaHHBIX, HAMpUMeED,
NPy KOJUPOBAHWU U JCKOAUPOBAHWU. BO Bcex 3THX ClydasX HYX HbI TaOJUIIbI
HOBOTI'O THIIa, MO3BOJISIONINE TOBBICUTh YPOBEHb 0000IIEHHUS TaHHBIX.

Heab paboTel — MOBbIIIEHHE YypOBHS 0000mIeHUs onucanus LY Ha mpumepe
HECTaHJAPTHBIX CYMMATOPOB 3a CUET TaOHIl PYHKITMOHUPOBAHMSI.

JInst TOCTHXKEHUS 3TOU LIEU PEMIAIOTCA CIEAYIOIINE 3a4aUM:

- BBIOOD MOAXOASIIETO anmapara Jyisi ONUCAHUS HECTaHIaPTHBIX CYMMAaTOPOB;

- IPEJICTaBIICHUE OMKUCAHMS B BUE Tabmuibl pyHKimoHupoBanus (TD);

- pa3paboTka MeToa 3anojHeHus TO;

- pa3paboTKa aropuTMa, PEATH3YIOIIETO pa3paboTaHHBIN METO/I.

OcHOBHasl YacThb.

Cummerpuuyeckne pyHKUMH.

CnenyroomuM IIaroM  OTHOCUTENIBHO  M3BECTHBIX MPUEMOB  000OIIECHUS
MPE/ICTABICHUS] TAHHBIX SIBISIETCS IEPEXOJ K YUCTOBOMY NPeOCmasieHIu0 MHOXKECTBA
HaOOpOB TEPEMEHHBIX, 00JaJalolIUX CBOMCTBOM HWHBapuaHTa. TakuM CBOMCTBOM
obnagator cummerpuueckue (QyHkuu (CD). CyTb NpemIoKEHHOTO aBTOPOM
MOJX0/Ja COCTOMT B HCHOJb30BaHuu anreoper CO [1] mnpu  onmcaHuu
(GYHKIIMOHUPOBAHUSI MHOTOPA3psAHBIX MHOTOONEpaHIHbIX cymmaTopoB (MMCO).

C® — sro nmoakiacc OyneBbix ¢yHkuuii (b®P) ¢ TeM oTauyreMm, 4TO apryMeHT
C® — 310 uUKCNO a enuHUIl B HAOOpEe U3 1 MEePEMEHHBIX, NMPU KOTOPHIX (YHKIIHS
MPUHUMAET 3HayeHue |. DTOT aprymMeHT Ha3bIBA€TCS HHAEKCOM; 4YHUCIO a —
uneapuanum st CoBokynuoctu C%, HaOOpPOB NEPEMEHHBIX.

B teopun C® ucnonp3yercsi TO BaXHEUIee UX MPEUMYIIECTBO 110 CPABHEHUIO C
b®, uyto nornyeckue onepaunu Hax CD cBOAATCA K COOTBETCTBYIOUIUM OIEpaLIUIM
HaJl MHOXECTBAaMH HUX HWHJAEKCOB. Hamuume cuMMeTpuum B CIOXKHBIX (DYHKIMSIX
MO3BOJISIET KOMIIAKTHO UX MPEICTABUTh CBOUMH MHJIEKCAMHU.

MHoropa3spsiiHbie MHOTOOIIEPAHIHbIE CYMMATOPBI.

MMC — uHCTpyMeHT Juisi 0O0paOOTKM OOJNBIIMX MOTOKOB JAaHHBIX, KOTOpas
3aKJII0YAETCS B C8EpmKe MHOTOPSIHBIX apu@MeTHyecKkux NBOMYHBIX KoAoB (MPK)
Kak 00o0Omenust omeparuu cioxenus. Ceéprka MPK mpuBoauT K OJHOPSITHOMY
Koxy pesyibrata. MMC — yCTpONCTBO CIIOKEHHUSI MHOXKECTBA OUT OMpeneaEHHOTO
YyCiia OMEPaH/IOB. JTO MHOXECTBO OUT obOpasyer obaacms 6um (OB), B obOmiem
ciydyae mpou3BOJbHYI0. Takas cuTyauuss nNoOAMAaETCsl CBEPTKE TOJBKO MIPHU
ucnosbzoBanuu CO Gmaromaps Tomy, uto uHACKC CD sBIAETCS MHBAPUAHTOM IS
MHOKECTBa HA0OPOB. ITO 03HAYAET, YTO HEBAKHO PACIIOJIOKCHHUE STUHUYHBIX OUT B
HaOopax, a BaXXHO KOJHMYECTBO €IWHUIl B Habope. Pazpsaounvim cpeszom (PC)
Ha3bIBaETCs BepTUKaIbHOE ceueHre Ob; Mmpu 3TOM HAc MHTEPECYIOT 3HAUYEHUS TeX
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OUT, KOTOPBIE MONAIH B 3TO ceueHre. KomyecTBo a eMMHUYHBIX OUT UCTOIb3YETCS B
kauecTBe MHIEKCOB C®D; a MOKET NpuHUMATh 3Ha4YeHus B npexaenax 0.. m, rae m —
KOJM4ecTBO OuT B fanHOoM PC.

IIpumep. PaccMOTpuM ABOMYHBIN OJHOPA3PAIHBIN MONHBIA cyMMarTop (puc. 1),
Ha BXOJl KOTOPOTO TMOCTYNAalOT 3HAYEHMs CJIaraeéMblX a U b, a Takke BXOJHOIO
nepeHoca ¢; Ha BhIX0JIe cyMmmaTopa (OpMUPYIOTCS 3HaYEHHsI CYMMBI S’ M BBIXOJTHOTO
nepeHoca P. ®OyHKUMOHMpOBaHME JaHHOTO CyMMaTropa ONUChIBaeTcsa Tadm. 1,
KOTOpasi pecTaBisieT coooi Tabiuity uctunuoctu (TH).

N3 tabn. 1 BUAHO, YTO MMEETCS CUMMETPHsS BXOIHBIX MEPEMEHHBIX a, b, ¢
CyMMaTopa, 4YTO OINpPEAENSIETCS WX 'paBHONPABUEM' OTHOCUTEIBHO PEaKIUU
CyMMaTopa: JEWCTBUTENIbHO, MpHU JIIOOOW MEepecTaHOBKE IMEPEMEHHBIX 3HAYEHUs
byukuit S u P He uzMmeHstoTca. CUMMETpHUS BXOAHBIX MEPEMEHHBIX IMO3BOJISET
ucrosb30BaTh CP B ONMMCAHUUA CyMMAaTopa B BUJE TaOJUIbI €ro PyHKIUOHUPOBAHUS
(Tabm. 2; e — uanexc CD).

Taoauma 1 - Taoauna 2 -
Tabauna uctuiHocTn  OnucaHue cymMmMarTopa
Al b | lclP | S e | P S A
01 0[0]O0O/]O 01010 % ) =
0Ol 0[1]0]1 11071 o — __
0| 1]0]107]1 21110
04111110 31111 Pucynok 1 — Oagnopa3psaHblii
i 8 (1) (1) (1) MOJIHBIA CyMMATOP
1| 1701110
1 | 1T 111111

Aemopckasa pazpabomka

N3 tabn. 2 cnenyet, uto cymma S = H;(1, 3), a nepenoc P = H3(2, 3). Jlerko
BUJIETh, YTO CyMMa — 3TO (YHKIUS Heuémuocmb TPEX NMEPEMEHHBIX, a MEePEeHOC —
byHKIUS MasxcopumapHocms TPEX MEPEMEHHBIX C TIOPOTOM 2.

Takum 0O6pa3zom, onucanue cymmaropa (Tabi. 2) IpUHSIIO KOMITAKTHBINA BH/I.

bynem ouenuBath xomnaxmuocms TaOMUIBI €€ KOJIMYECTBOM CTpoK. Torma
MOBBIIIEHWE KoMMIakTHOCTU Tipu nepexoze oT TU k TD, coxepxaieit unaexcel CO,
OyneT onpenensaThcs BeipakenueM y=2"/(n+1). B nanaOM npumepe y=2.

C yBenuyeHueM n pacTeT y, IpUUEM PacTET 3HAUUTEIILHO OBICTPEE, YEM 7.

Taduua pynkunonuposanus (TP) ycrpoiicTBa.

B kauecTBe ycTponcTBa HUXKE PACCMATpPUBACTCS HECTAHAAPTHBIA CyMMAaToOp —
MMC. Ta6nuna ¢pyukiumonupoanus (Td) cymmaropa — 310 Tabiauia, B KOTOPOil B
oco0oit (hopMe MpeICTaBICHBI YHCIIa, XapaKTEPU3YIOIIUe ero (PyHKIIMOHUPOBAHUE.

T® — 310 0O0BeUHEHUE 1 + k TIOPA3PSAIHBIX OTACIBHBIX TAOIUIL (ITOATAOIMIY),
r7i€ 7 — Pa3psAHOCTh CyMMaropa, k — pa3psaHocTh nepeHoca. [loarabnuma — 3to
MHOKECTBO CTPOK, 3HAUEHHUS PJIEMEHTOB KOTOPBIX TAKOBBI, YTO BCe mopaspsaHbie CO
paBHbl 1. SIcHO, 4yTO paBHa | WX KOHBIOHKIMS, T.€. cUuMMeTpruyeckuil KoMIuiekT (CK)
st ctpoku. [lonHoe onucanue noaradnuibl — 310 Au3btoHKIKA CK Becex cTpok.
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T® moryT MCHoJb30BaThCS HE TOJIBKO JJI OMUCAHUA (PYHKIUOHUPOBAHMS
YCTpPOMCTBa, HO U B KauyeCTBE MWCXOJHBIX JAHHBIX [JII CXEMOTEXHUYECKOIO
IIPOEKTUPOBAHMS yCTPONCTBA.

His noctpoenust T® wucnonsdyercs penakrop tabmun Excel. [lpu stom
pemaroTcs 2 MpoOJEMBI: CO3/IaHUe AMHAMUYECKON TaOIHIIhl (HEM3BECTHO, CKOJIBKO
CTpOK OyjaeT B KoHeuHOM Bapuante Td) u popmupoBaHue CI0KHOTO 3ar0JI0OBKA.

Otmetum noctouHcTBa T®: KOMIAKTHOCTb, HArIsiAHOCTh, €CTECTBEHHOCTb,
y7100CTBO MCIIOJIb30BAHMUSI.

MeTtoa ¥ 2JIropuT™M NOCTPOeHHU M 3anojHeHus Td.

IIpenyioxxkennpii Hamu Meron nocrpoeHuss TXd cymmaropa cocTouT B
CJIeTYIOLIEM:

1) pa3pabotka Tabauibl 0co00it popmbl — HOPMUPOBAHUE 3ar0JI0BKA TAOIHIIBI,

B KOTOPOM TEPEUYHUCTISIOTCS BBIXOAHBIE PYHKIIMK CyMMaTOpa U €ro pa3psi/ibl;

2) mpencTraBieHUE BHIXOAHBIX QyHKIHM cymMMmarTopa B Buje CO;

3) 3amoyiHeHHWE TaOJUIBI MO TMPEIOKEHHOMY alITOPUTMY TAKUMU YHUCIAMH
(uanexcamu C®), 4TO MX COBOKYMHOCTH Ja€T | Ha COOTBETCTBYIOIIEM
BBIXOJIE CyMMaTopa, ornucanHoro CO.

OTMeTHM, YTO TOCTPOCHHUE OMUCAHUS ISl CYMMBI M IEPEHOCA OAUHAKOBO C TEM
OTIIMYMEM, YTO JJII CyMMBI i-TO pa3psija HyKHa HHpopMaius o0 HWHIEKcax I
pa3psioB, a IS IEPEHOCA — BCEX 1 pa3psiaoB.

Aaropurm 3anojHeHuss TD.

AJroput™M BKJIO4aeT B ce0s 3 9rTama: MOArOTOBUTENIbHBIM, OCHOBHOW U
3aKJIFOUUTEIIHHBIN; TTOCIETHUMN BBITIOJIHIETCS TBAXKIbI.

CTpyKTYpBI JaHHBIX
T; — 1-a noaTadmuna Td;

n, k — pa3psiIHOCTU CYyMMBI U [IEPEHOCA COOTBETCTBEHHO;

i, j, | — mapameTphl IUKIOB mepedopa MoATabIUIl, pa3psI0B U TMO3UIUN BEKTOpa

COCTOSIHUM CUYETYHUKOB;

a — TeKyIllee 3HaYCHHUE Pa3psIAHOrO CYETUHMKA, ITO K€ — pa3psaHblid nHjaekc Cd;

m — MaKCUMaJIbHOE 3HaYeHue KomuecTBa 0ut B PC onepanoB cymmaropa;

V', — BEKTOp MOpa3psIHOrO paCIpeaesIeHUs m OUT ONepaH/I0OB CyMMaTopa;

Vi, V2 — Texkymme (DaHHBIM W TPEABIAYIIHME) BEKTOpa MOATAOIUIBI, AIEMEHTHI

KOTOPOTO — pa3psiabie HHACKCH a CD; 3T0 K€ - CTPOKH MOATAOJIUIIHI;

V. — HIBOWYHBIA BEKTOP COCTOSIHUSI Pa3psIIHBIX CUETYMKOB; MPU MaKCUMaJIbHOM

3HAYEHUHU CUETYMKA [-T0 pa3psia STOT BeKTop yctaHaBiuBaetTcs B 1 (Ve [/]:=1).

IToaroroBuTe/bLHBIN dTAN
- BBOJ C KJIABUATYPHI 10 3aIIPOCy NPOrpaMMBbl 7 FJIEMEHTOB BeKTOpa Vp;

- BBIYUCJICHHME CYMMbl MaKCUMAaJbHBIX OMNEPaH/IOB Qy MO 3HAYEHHSIM HIIEMEHTOB
BekTopa V), nepeBos Oy B IBOMYHOE MPECTABICHUE U ONIPENEIECHUE KOJUYECTBA k
MIEPEHOCOB;

- (opmupoBanue 3aromoBka T® B pegakTope Tadbnui Excel.

OcHoBHOM ITAII.

1. Ilepe6bop noomaonuuy,.

1.1. Obnynenue Bcex n+k pa3psaHbIX CYETIUKOB.
1.2. Hukin no i (i=1..n+k).
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2. 3anonnenue noomaoauuwt T

2.1. BerzoB moarabmuist Ti u3 Excel.

2.2. Tlpm 3anomHeHun mnoxrabmumbl T; OO CyMMmbl i-TO  paspsaa
UCTIONB3YIOTCA JIaHHbIE OT 1-TO paspsna mo i—i, a s MepeHoca — JaHHbIE BCEX 1
paspsiioB.

2.2. lluxn no a (MHKpEeMEHT a; npoBepka: a < m? B cnyuae JIA nponomxaem
3aroJHEHUE NOATa0IMIIbl, HHAYE MEePEX0]l Ha KOHEI IIUKJIA 110 a).

2.3. [IpucBoeHME 3HAUCHHUS d j-MY dJIEMEHTY Tekyiero Bekropa (Vi[j] := a)/

2.4. Beriuncnenue cyMMbl Qo 3JIEMEHTOB TEKYIIIEr0 BEKTOPA, KOTOpas 3aTeM
MEePEBOJIUTCS B ABOMYHOE MpeicTaBieHue Q.

2.5. Ecnu Q;[i] paBHO 1, To BekTop V; 3anuckiBaerca B TD; unkpemeHt N; N
3aHOCHUTCS B ITOJITA0JIHUITY.

2.6. Konen niukia no a.

2.7. IlpoBepka 3alOIHEHHOCTH BCEX CUETYMKOB MO BEKTOpYy V.. B ciyuae
HET nponomkaeTcs MUKII 1O ] WHAYe KOHEIT ITUKJIA TT0 .

3. Obuynenue cuémuuxos.

3.1. /= 1; uuxn: noka V[[]:=1, Bemonuste {a:=0; V[[]:=0;1:=1+ 1;}.

3.2.j = 1; nepexoxa Ha m. 2.2 (3ammyckaeM cYETYUK 1-T0 paspsaa).

Koner 1riukiia 1o |

3ak/I04uTeNbHbINA 3TaN (00beJMHEHNE CTPOK)

- [lepe6op moaTabmuil B 1iukiie no i (i=1..n+k).

- ®opMHpoOBaHUE TIap TEKYILIUX BEKTOPOB V: W V’;: HavyanbHOE 3HaueHue N=1;
UKy 1o N: wmHKpemeHT N; i Kaxaoro N CTaBUM B Iapy IO O4Yepeaud BCE
MpebIAyIIME CTPOKU, HAaUYMHAS C |-H.

- CpaBHHBaeM Mopas3psAHO (LUKII 10 j, j<i?) 3Ha4YeHus BeKTopoB Vyu V.. Ecou
UMEETCSl OTIMYME TOJIBKO B OJIHOM paspsje (CYETUUK HEeCOBMaAeHUH, poBepka Clyy,
= 17?), To 3HaueHus B 3TOM paspsijie 00beauusaroTcs no [Ipapunam:

® [1pyu 00BEAMHEHUH HECKOIbKUX 3HAUYEHUN OHU 3alIUCHIBAIOTCS YEPE3 3aMATYIO;

® B CJIyyae HaJM4yus BCEX BO3MOXKHBIX 3HAUYECHUN a 3amuchiBaeTcs X.

- IIpu oObenuHEeHUU pe3yJIbTaT MPUIIKMCHIBACTCS MIIAJIIIEH MO HOMEpPY CTPOKE,
JaHHAsI CTPOKa YJIalisIeTCsl, a BCE MOCIEAYIONIME HOMEpa YMEHbIIAIOTCS Ha 1.

KoHel 3akmtounTenbHOro 3Tara.

Konen anroputma.

3.3. Ecnu a = m, TO BEKTOpY COCTOSIHUS CYETYMKa IMpucBauBaeTcs 1
(Ve[j]:=D).

4. OOHy/IeHHE CYETYUKOB.

4.1. [ :=1; opranuzyem muki 1o yciuouto: (eciu V [1]:=1 To a:=0; V[1]:=0).

42.j:=1 + 1; nepexoa Ha m. 2.2.

5. IIpoBepka 3amosaHenusi moaradamusbi: j<i? Ecmu JIA, TO mnpouecc
3aMoJHEHUs OATAOIMUIIBI TPOIOJIKAETCS, MHAYE TIEpexo/1 Ha 1. 2.2.

//[151g aTOTO HAaNMO B LIMKJIE 110 /, [ = 1..i mpoBepUTH, BCE JIM MOAPSIA @ PaBHBI m?

6. Konemw.

CxemoTexHnveckasi peajusamnusi Ha ocHoBe TOD.

Hwxe npuBenena T g AByXpa3psAAHOTO TPEXOIMEPAHIHOTO CyMMaTopa
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(Tabn. 3), omuceiBaeMOro BeKTOpoM pacmpeneienus V, = [3 3]. OHa nmoctpoeHa
IIPOTPaMMOM, B OCHOBE KOTOPOM JIEKHUT MPEJIOKEHHBIN AJITOPUTM.

Ta6auna 3 — Onucanue ABYXpa3psiiHOr0 TPEXONepaHaHOr0 CyMMaTopa

N S4:P2 S3:P1 Sz S1
mo | 2p 1p 2p 1p 2p 1p Ip
1 3 2,3 1 2,3 1,3 0,1 1,3
2 2 X 0,2 2,3
3 3 0,1

Aemopckasa pazpabomka

T® — 370 COBOKYNHOCTH MOATAOIUI] CO CBOMMHU CTPOKAMH, B slU€HKaX KOTOPBIX
pa3MelnieHsl 3HaueHus uHaekcoB CP omnpenenéHHoro paspsaa. Tak, B 1-i1 cTpoke
noaTabmuiel 2 (S;) aas 1-ro paspsna 3amucanbl MHuEKchl 0,1. DTy 3amuchk Hazo
NOHUMATh CJIEIYIOIUM 00pa3oM: 3T0 UHAEKCH HeKkoTopoil CD, koTopas paBHa 1 nipu
ATUX 3HAYECHUSX MHJIEKCOB. JlJisi MOJHOro onucaHus 2-i cTpoku Hajao ydectb CO u
IUIsL 2-r0 paspsiia, NPUYEM CTPOKA OMHUCHIBAECTCS KOHBIOHKIUEH mnopaspsaHbix CO.
Torma 1-1 ctpoka MoxeT ObITh 3ammcana kak Ri=H?3(1,3)AH'3(0,1); 3mech Bepxuue
uHAeKChl B 0003HaueHusix CD — 310 HOMEpa pa3psoB, a HUKHUE MHJIEKCHI — 3TO
KOJIMYECTBO NepeMeHHbIX JaHHoW C®. Jlng mosHoro omnucanus (yHKIHH CYyMMBbI
2-ro paszpsiia HaJI0 aHAJIOTUYHO MPEACTABUTh BCE CTPOKU MOATAOIUIBI U O0BEAUHUTD
ux ausbloHKNMel: S, = RivR, = H?%3(1,3)AH3(0,1)vH?3(0,2)AH3(2,3). D10 M ecTh
onucanue GyHKIIUA CyMMBI 2-TO pa3psijaa.

B cBowo ouepenp, CO moxHo mnpexncraButb B JIH® OTHOCUTENIBHO CBOMX
MEePEMEHHBIX X;, X2, X3. Tak, CD, xoTopass ompenensierca UHAEKcaMu 2,3, MOXKHO
npeactaButh B JIH® B Buae H3(2,3) =!xxx3vx 110X 3vx X2 X3V X 1X0X3 = X 1X2VX 1X3VX2X 3.

Wrak, nornueckas cxema, NOCTPOECHHas IO JaHHBIM T®, peannsyercs IByMs
apycaMmu: Ha mepBoM sipyce ¢opmupytorcs CO mo cBOMM MEpeMEHHBIM, a Ha 2-M
sapyce CO oowequnsitores B JJTHD B cooTBeTCTBUM CO CTpyKTYypOoii TO.

3akarouenue. [Ipeqioxennoe B paboTe MOHITHE mMabauya GyHKYUOHUPOBAHUS
(T®) ocHoBaHO Ha CHEAYIOUMX HAESX M TEPMHUHAX, CBSI3aHHBIX C MOHATHEM
MHO20pa3psaoHbll MHO2ooneparouvill cymmamop (MMC) u ero HamonHeHHEM. JTO,
npexe Bcero, nousatue ceépmrka MPK kak 0600menne oneparuu cinoxenus. Jlaiee

UIyT NOHATUS cummempuueckas ¢ynxyus (CD), kak mojkIacc kiacca OyaeBbIx
byHKIMA, U €€ uHOexcwvl (ApPryMEHTBHI), KOTOPhIE YKa3bIBAlOT HAa TO KOJUYECTBO
€JIMHUYHBIX OUT OTepaHIoB, Ipu KOTOphix CD npuHUMaeT 3HadeHue 1.

OtMmeruM, yto mpexactaBieHue uHbopmanuu B TD B Buge unaexkco CO
SBJISIETCS] CAMBIM BBICOKUM Ha TEKYIIUH MOMEHT YPOBHEM 000OIIECHHSI IaHHBIX.

Crnenyromum siBisieTcs nouarue ooaacmes d6um (OB), 00beauHsOMas BCe OUTHI
OTepaHOB omuchiBaeMoro cymmaropa; OB MoxeT OBITh TPUHIIUIHATHHO
MIPOU3BOJILHOM; OMUCAHUE TaKOU CUTyaluu 3()PEKTUBHO TOJHKO MPU UCTIOTH30BAHUH
C®. Paspaonvim cpe3om Ha3bIBAETCS COBOKYMHOCTh OUT B BEPTUKAJIBHOM CEUEHUU
Ob mo nmannomy paspsmay. OO0siuHo Ob pazOuBaroT Ha @pacmenmol; B TPAKTUKE
yaA00HEee HCIONIb30BATh pezyisapHble hpazmeHmyl: TPSIMOYTOJIbHUKH, TPEYTOJIbHUKHY,
napajuienorpammsl (pomOsl). OB onuceiBaeTcst pacnpedenenuem 6um no paspsaoubim
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cpezam. Takoe pacnpeeseHue sIBISETCS HEOOXOUMbBIM U JJOCTATOYHBIM B KaueCTBE
MCXOJTHBIX JTAHHBIX JUTsl onrcanus Tadmauieit dynkuuonuposanuss MMC.

Td Moxker HCnoNb30BaThbCs IS AanbHeumero mnepexoga k JHD u eé
CXEMOTEXHUYECKOMN peann3aluu.

[IpenMy1iecTBOM HAIIEr0 MOAX01A SIBJISIFOTCS €CTECTBEHHOCTh, KOMITAKTHOCTD U
HaTJISHOCTh IpeacTaBieHus onucanus GynkunonupoBanuss MMC B Buge TO.

[Iporpamma, peanusyronias TaHHBIA aaTOPUTM U OMOIMOTEKA 3arOTOBJICHHBIX
BoipakeHUM st CO MOTYT CYHIECTBEHHO COKPATUTh BpPEMs MPOCKTUPOBAHUSA
HECTaHJIapTHBIX CYMMAaTOPOB.
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Abstract: The article proposes a method and algorithm for formation and filling the
functioning table (FT) of a multi-bit multi-operand adder (MMA). The MMA is a tool for
processing large data streams based on the convolution operation of multi-bit binary arithmetic
codes (MC), which is a generalization of the addition operation. The MMA is a device for adding
multiple n-bit operands that form a bit field (BF), which is generally arbitrary. A slice of the BF
consisting of m bits located on a vertical line representing a particular bit is called a bit slice (BS).
A BS'is a specific set of variable function values. Effective processing of many rows of codes is only
possible using SF because the index of SF (its argument) is an invariant for the set of variable value
sets. The index is a number a equal to the number of ones in the sets of values of n variables of SF
when it takes the value 1. This means that the location of the ones in the sets (in BS) does not
matter, but the number of ones a in the set is important, it is also important to satisfy the condition:
the number of such sets is equal to the number of combinations of n by a.

The function table of the MMA (FT) is a special table that is filled with the values of SF
indices. The FT is a set of bit-by-bit sub-tables, the number of which is equal to the sum of n adder
bits and k carry bits. To create the header and the table itself, as well as to fill it, an Excel table
editor is used.

A method and algorithm for forming the FT are developed. They are based on bit counters;
they calculate a such that the SF of the sum S(a) and carry C(a) are equal to 1. The feature of the
counter operation is that the relationship a < m must be maintained, where m is the maximum
possible value of ones in the given BS.

A schematic implementation of the description of a non-traditional adder is considered.

Keywords: method, algorithm, function table, multi-bit multi-operand adder, convolution
operation, bit field, bit slice, symmetric function, index, invariant, variable value set, bit counter,
schematic implementation.
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Abstract. The main attribute of neural networks is determining relationships among different
parameters of information, which allows providing it more densely through the detection and
rejection of unnecessary information (lossless compression) or through rejection of a part of the
information that is less important and which loss we will barely notice (lossy compression). The
neural network of data compression consists of developing and training a neural network to receive
a layer with less number of neurons than in an input one. The received layer should allow restoring
the input (lossless compression) or something close to it (lossy compression). As a result of the
compression, the image size is reduced. It reduces the time of image transmission via the network
and saves data storage space. In this article, we will consider data compression algorithms that are
used in a widespread TIFF file format.

Key words: visual information, neural networks, image compression, neural network training,
algorithm

Introduction

During all time of the existence of digital technologies the task of compact data
transmission through information channels was, is and most likely will be relevant.

A distinct example of such information is visual information which static images
can be attributed to. With the development of digital data, processing requirements
for image size, compression speed and quality of its transmission through channels of
communication have increased but all existing algorithms to date can not satisfy such
requirements. That is why it is necessary to search for new methods of compression
which perform intellectual data analysis and which are more effective in certain
compression characteristics. Under such circumstances, the neural network approach
to data compression looks promising.

Today significant scientific and practical interest in computational structures of
a new type — artificial neural networks — is indisputable.

It is caused by a number of successful applications of this new technology which
allowed to develop effective approaches to solving problems that were thought to be
complicated for implementation at traditional computers.

A significant contribution to the study of the properties of neural networks was
made by such scientists as V.A. Duke [1], I.D. Mandel [4], A.A. Starikov[5], N.G.
Erushkina [7].

There 1s a certain field of action for the use of neural networks in the problem of
image compression regarding the specifics and effectiveness of the such method.

The main advantage of neural networks in the problem of image compression is
a high processing speed made possible by a parallel implementation. That is why
software development for image compression based on a neural network is quite
relevant.
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The main property of neural networks is to determine the relationships between
various parameters of information, which allows us to present it more compactly, by
identifying and rejecting redundant information (lossless compression), or discarding
that part of information that is not important and we hardly notice its loss
(compression with losses).

Therefore there is a need for researching artificial neural networks as a tool for
image compression. In this study information technology for image, compression will
be proposed and implemented.

Main text

When compressing graphic information, different techniques are used to reduce
the number of bytes needed to represent an image. Of course, a lot depends on the
compression method and the content of the graphic file (some files are compressed
much better than others), but the case is quite ordinary when a large graphic file is
compressed five times or more. There are methods that compress even more, but with
a loss of properties - when restoring the image, information is lost. As a result, the
unpacked picture may become slightly blurred and discolored. Lossy methods give
higher compression ratios, but do not allow to reproduce the original image with
pixel accuracy. The human eye does not perceive all subtle color shades in an
ordinary raster image. Thus, some details can be omitted without visible violation of
the informational content of the picture.

Neural network data compression consists in designing and training a neural
network in such a way as to obtain a layer with fewer neurons than in the input, such
that it is possible to restore the input signal (lossless compression) or close to it (lossy
compression).

As a result of compression, the size of the image 1s reduced, which reduces the
time of image transmission over the network and saves storage space.

The whole purpose of training a neural network is to minimize costs. Neural
networks do this using a process called back propagation. It seems like a complicated
word, but it's quite simple. As I mentioned, forward propagation is when you run
information through a neural network to get a result. Backward distribution is literally
the same, but backward. You simply start from the original layer and run the neural
network backwards to optimize the weights and biases.

A type of artificial neural networks that can be used to compress data and
images is Kohonen neural networks (Fig. 1).

It is shown in [6] that such networks can give better results than networks with
inverse error propagation during compression. Kohonen networks are one of the main
types of self-organizing neural networks. The ability to self-organize provides new
opportunities - adaptation to previously unknown input data. It seems that this is the
most natural way of learning, which is used in our brain, where there are no specific
patterns. These regularities are formed in the process of training combined with
normal work. Kohonen networks are synonymous with a whole group of networks
that use the method of self-organization, the competitive method of training. We set
signals at the inputs of the network, and then select the winning neuron that best
matches the input vector. The exact pattern of competition and later modifications of
synaptic wages can take different forms. There are many subtypes based on

ISSN 2567-5273 55 www.moderntechno.de



Modern engineering and innovative technologies Issue 25 / Part 2

competition, which differ among themselves in the exact algorithm of self-
organization.

Dy

‘DK

Fig. 1 — Kohonen network model

As opposed to traditional methods of compression — mathematical computation
and removing redundancies — in solving the problem of compression neural network
relies on a lack of resources. Network topology and its learning algorithm demand
that high-dimensional data should be transferred from the input of the neural network
to its outputs through a relatively small channel. To make such compression multi-
layer perceptron can be used. Its architecture will be the following: the number of
neurons in the input and output layer is equally equal to the dimensionality of
compressed data. Between these layers, there are one or more smaller intermediate
layers. A number of intermediate layers define the level of complexity of data
conversion. For example network with three intermediate layers can compress
training data better but can result worse in a real situation. It happens because some
dependency that bears no relation to reality may occasionally be formed in initial
data.

gl

44
e

X

Se
<2 y
//A . output layer

hidden layer 1 hidden layer 2
Fig. 2 — Layers of the neural network

input layer

Output data for the network are made in such a way that outputs always have the
same set of signals as inputs. During its work backpropagation algorithm minimizes
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the error. It means that weights of associations from the input layer of neurons to
approximately its middle layer will act to compress the signal and the rest of the
layers will act to decompress it. In the real world acquired network is split into two.
The output of the first network is transmitted through a communication channel and
fed to the input of the second network responsible for decompression.

Neural network training is usually made step by step. Such steps are usually
named cycles or epochs. At each step input of the neural network is fed with all
elements of the training set, then input values are calculated which in return are
compared with target (training) values and function error (training criterion) is
calculated.

Image with .tif format is selected as input data. In each specific case images with
size (1:64, 1:64) pixels are used. The network will be developed with 4 neurons in the
first layer (compression) and 16 neurons in the second layer (decompression) but
selected values may vary depending on desired results. A sigmoid function will be
used for the first layer. A linear function will be used for the second layer. Then
training using an optimization algorithm is conducted for solving many complicated
tasks including image compression. Backpropagation is one of the methods of
training of multi-layer feed-forward neural network. Multi-layer perceptrons are
successfully used to solve many complicated tasks including image compression.

Compression with this method will occur faster because of the use of an
optimization algorithm during the training of the neural network. Compression of
250-270 KB 1mages will occur in 2-3 seconds. Such information technology is better
than its alternatives if an image is no more than 300 KB in size.

Summary and conclusions.

Have been considered the algorithm of image compression that based on a
feedforward neural network using an optimization training algorithm is proposed.
Software based on this algorithm will be developed. It will have advantages over
existing services in such parameters as speed, convenience, accessibility, image
processing quality and, most importantly, it will have a higher compression ratio, and
therefore it will have a higher compression efficiency.
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Abstract. The paper examines the problem of transforming the Old Ternopil Castle into an
attractive tourist object of cultural heritage. The castle is an architectural monument of national
importance, however, after numerous reconstructions, today it has lost its authentic appearance
and needs restoration. At the same time, today there are no historical data on detailed plans, the
appearance of the former fortification structure, which makes architectural research particularly
relevant. The article, based on research by a group of Ternopil architects, analyzes the history of
the castle, shows the theoretical reconstruction of the building at various stages of its development.
All this will help to introduce data about the Ternopil castle into scientific circulation; can draw the
attention of scientists to the problems of preserving the cultural heritage and contribute to the
restoration of the castle and the reproduction of its original appearance.

Key words: fortification, cultural heritage, castle, palace, architectural monument,
restoration, theoretical reconstruction.

Introduction.

The Old Ternopil Castle 1s a fortification that dates back to the 16th century.
During its long existence, the monument was rebuilt several times and came down to
us in a very changed form and hardly resembles a fortress. Apart from the name,
nothing indicates that it was once a powerful fortification object that held back enemy
attacks in the tumultuous 16th and 17th centuries. Today, the premises of the Old
Castle house a children's and youth sports school for Greco-Roman wrestling, while
the technical condition of the monument is deteriorating. Therefore, there is a need to
turn the castle into a cultural object and make it more attractive to tourists. As part of
the implementation of the «Program for the Preservation, Restoration and
Popularization of the Historical and Cultural Heritage of Ternopily, it is possible to
return the monument to its authentic appearance, and to return to the citizens of
Ternopil the ancient symbol of the city depicted on its emblem [5].

A group of Ternopil architects from the architectural studio of Yurii
Verbovetskyi conducted historical and architectural research and developed a
theoretical reconstruction of the Ternopil Castle, which is important for its restoration
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and recreation of its original appearance.

The purpose of the article is to introduce into scientific circulation data on
current architectural research of the Ternopil Castle and proposed design solutions for
its reconstruction.

To achieve this goal, it is necessary to solve the following tasks: to show the
construction stages of the formation and development of the Ternopil Castle, to
introduce into scientific circulation the data of theoretical reconstruction of the
fortification and the proposed design solutions for the restoration of the monument to
restore its original appearance and turn it into an important tourist attraction in
Ternopil.

Main text.

Ternopil Castle is an architectural monument of national importance (protection

number 634-N) located in the central part of the city on the high eastern bank of
Ternopil Pond [15]. It was built in 1540-1548 by the founder of the city of Ternopil,
the Krakow castellan Jan Amor Tarnowski. Today's Ternopil Castle is the oldest
partially preserved building in the city. The two lower basement tiers with loopholes
on the side of the pond, the first ground tier, and fragments of the upper tiers are
remnants of the original castle construction. The modern three-story central volume
of the building with a gable roof and pedimented finials, as well as two symmetrical
two-story wings on the north and south sides, built above the basement levels, are the
result of reconstruction in the late 18th and early 19th centuries, when the castle lost
its defensive significance and was rebuilt into a palace [1; 8].
Probably, in the 16th century, the castle occupied a very small area. The main castle
building was a massive tower - a donjon above the floodplain of the Seret River,
located in the western part of the castle. It has survived in its rebuilt form and is the
central volume of the modern castle. The lower floors of the donjon housed
casemates, warehouses, and a prison. Two towers with battlements and defensive
walls surrounding a rectangular courtyard (dytinets) adjoined this main building to
the north and south. In the eastern part of the courtyard there was an entrance gate-
tower with a drawbridge, which was adjacent to outbuildings: a bakery, kitchen, and
stables. On the inner side of the walls, a gallery with loopholes was arranged around
the perimeter to fire at enemies. Figure 1 shows graphic sketches of one of the
versions of the theoretical reconstruction of the castle in the 16th century, made in the
Architectural Workshop of Yurii Verbovetskyi.

In the course of their research, the architects relied on archaeological
explorations conducted in 2017 by specialists of the State Enterprise "OASU
Podilska Archeology" (headed by B. Strozen), during which they discovered the
defensive walls on the southwestern side, established the contours of the castle and its
approximate dimensions (90 m % 75 m), determined the surface level in the sixteenth
century, etc. To this day, only the lower part of the original 16th-century building has
survived - two tiers of casemates adjacent to the steep slope of the pond bank. This
basement part of the castle (fragments of the main residential and defense structure of
the castle) is the oldest surviving building in the city. Not a single trace of the castle's
walls, towers, moats, and ramparts remains above ground level. The main territory of
the castle, which was once surrounded by walls, is not built up [1].
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Figure 1. Graphic reconstruction of Ternopil Castle in the 16 th century.

In the first half of the 17th century, the castle was substantially rebuilt during the
reign of Tomasz Zamoyski. The reconstruction was caused by the need to adapt to the
new defense tactics that arose in connection with the development of artillery [11].
The wall and tower type of defense was replaced by the bastion type. New ramparts
were built around the castle, probably lined with stone (Figure 2).
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Astopu: Bep6oseuskui H0.B., Cipui C.. TepHonine 2017

Figure 2. Graphic reconstruction of Ternopil Castle in the 17 th century.
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It is known that the castle was not the only defensive object in Ternopil; the city
also had its own fortification network. The old castle was originally a separate,
isolated fortification unit located north of the city. It was the last stronghold, the
citadel where the outpost was located. Over time, as the city expanded and new city
ramparts and walls were built, the castle became part of a single fortification network
that protected Ternopil during military conflicts. Therefore, the development of the
Old Castle should be viewed in the context of the development of Ternopil's defense
network at various stages, of which it was an important and organic component.
During this period, Ternopil and the castle were in the midst of historical events,
suffering numerous destructions from attacks by the Tatars and Cossacks during the
National Liberation War of 1648-1657. In 1675, all the defensive fortifications of
Ternopil, including the towers and entrance gates, were completely destroyed by the
Turkish army led by Ibrahim Shishman, and the castle was burned. Since then, the
city's defense network has not been restored [11].

In 1772, the First Partition of the Polish-Lithuanian Commonwealth took place,
after which Ternopil, along with other cities and lands of Eastern Galicia, became
part of the Austrian monarchy. The Habsburgs' policy of eliminating city defenses did
not spare Ternopil. These changes led to the city's release from its compact center and
expansion into the suburbs over the next century. Probably, during the 18th century,
all the city fortifications were dismantled, the ramparts were leveled, the ditches were
filled in, and the stone fortifications were dismantled [9].

From the end of the 18th century, the central part of the city was gradually
densified and organized, and traditional historic houses were replaced by new
buildings in the style of classicism, later eclecticism, secession, and constructivism.
In the early 19th century, the owner of the castle, Franciszek Korytowski, rebuilt it
into a palace. At that time, the defensive fortifications, towers, and gates were
demolished and the castle was surrounded by a simple wall. A three-story New Castle
(Castle Palace) was built on the south side, and a new entrance gate with narrow
gates and 2 stone pylons was installed. In 1810, a "dancing casino" was organized in
the castle, where the governor of the Ternopil region, Ignatius Teils [4], organized
high society balls. A valuable cartographic document is one of the earliest cadastral
plans of Ternopil, dated 1829 (Figure 3). This map shows the configuration of the
castle complex after the reconstruction by Franciszek Korytowski. The outline of the
brick wall that enclosed the castle grounds in the early 19th century is clearly visible.

In 1843, the last owner of Ternopil, T. Turkull, sold the castle to the city
community, which handed it over to the Austrian army for barracks. During the First
World War, Russian troops retreating from the city burned the Old Castle on July 21,
1917, and for a long time it remained roofless (Figure 4). It remained in this ruined
state until 1926, when the restoration of the buildings began. The New Castle was
also damaged.

In the interwar years, when Ternopil became the center of the eponymous
voivodeship as part of the Second Polish Republic, the castle was restored (1926-
1931). On April 12, 1931, the restored castle was consecrated. The military used the
Old Castle building for their own needs - the Infantry School was located here. In
1931, the restored New Castle housed various departmental institutions.
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During the Second World War in 1944, the battles for Ternopil continued
between Wehrmacht units and Red Army troops storming the city. During these
battles, the city was almost completely destroyed. The castle complex was chosen as
one of several strongholds of the German defense, and a hospital was set up in the old
castle cellars. The palace and castle complex became one of the last points of fierce
German resistance. The Soviet troops first shelled the castle with artillery, then
stormed it with separate groups of soldiers, as a result of which the buildings of the
complex suffered very significant damage. 85% of the city center buildings were also
destroyed, and the old market square disappeared from the city map. After the war,
the ruins of the 19th-century palace (the New Castle) were dismantled, and the
northern wing of the Ternopil Hotel was later built on its foundation. The walls and
gates were also dismantled.

The postwar reconstruction of Ternopil, which was carried out according to the
Soviet model, involved the demolition of some of the city's dominant buildings and
the construction of new administrative and public buildings [10]. Some of the
surviving buildings and monuments have been restored. The reconstructed premises
of the former castle were adapted into a Greco-Roman wrestling school, which is still
in use today [8].
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Figure 3. A fragment of the cadastral map of Ternopil, 1829.

In 1950-1954, the Soviet-style restaurant Khvylya was built right next to the

castle's basement on the northwestern side (a local architectural monument, item No.
1998-M).
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Figure 4. The ruins of the castle, photo from 1917.

In the 1948-1950s, a pavilion-gazebo was built on a high terrace on the site of
the northern bastion of the castle (local architectural monument, oh. 2002-M). In the
1950s and 1960s, new buildings were constructed on the territory adjacent to the
castle: a maternity hospital, the Ternopil Hotel (partially on the site of the New
Castle), and 4-story residential buildings on Zamkova Street. All of them are
classified as ordinary historical buildings by the current Historical and Architectural
Master Plan of Ternopil. In the late 1980s, during the last years of the Soviet Union,
the castle underwent renovations. In 1990-2000, the new owners of the former
Khvylya restaurant carried out a superstructure that disharmoniously affected the
visual perception of the Old Castle's facades from the Ternopil Pond [12].

After Ukraine gained independence, a new emblem of Ternopil was approved. A
schematic image of the castle palace was placed in its central part as one of the main
elements of the coat of arms. Thus, the authorities officially recognized Ternopil
Castle as a symbol of the city.

In 2007, archaeological excavations were carried out on the territory of the
castle, the first in the history of the castle. In the same year, the Institute
"Ukrzakhidproektrestavratsiya" received an order from the Ternopil Regional State
Administration to create a project for the elimination of the emergency state of the
castle building and to carry out works on the improvement of this architectural
monument. In the spring of 2009, the Ternopil City Council raised the question of
whether it was appropriate for a sports school to be located within the walls of the
historic building. As part of the implementation of the Program for the Preservation,
Restoration and Popularization of the Historical and Cultural Heritage of Ternopil, it
was proposed to place the Museum of the City History and a hall for honorary
delegations in the castle. In 2010-2011, the building's facades were repaired and the
surrounding area was landscaped [14].

The current building is the result of reconstructions in the late 18th and 19th
centuries that changed its appearance and interiors. Despite repeated fires and
destruction as a result of world wars, this building is well preserved, but it has partially
lost its authentic appearance and needs a scientifically based restoration (Figure 5).
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Back in 1991-1992, the staff of the Institute for Designing the Restoration of
Monuments (Vilnius, Lithuania) developed a project for the restoration and
adaptation of the Old Castle in Ternopil into an art museum. As part of the research
work, architectural and archaeological measurements of the monument and stylistic
cartograms were made, which indicated the periods of construction of various walls
of the Old Castle or their sections - from 1540 to 1951. Due to socio-economic
transformations and the general crisis, this adaptation project was not implemented.
However, some of the materials of the research work of Lithuanian specialists have
survived to the present day and were used by the architects of the Verbovetsky
architectural studio for further research. They carried out new field studies. As part of
the comprehensive scientific research, detailed architectural and archaeological
measurements were made of the rooms of the castle's southern wing and attics (above
the third floor, above the northern and southern wings of the building), narrow
passages in the thickness of the walls of the central volume, and the dimensions of
some other rooms were specified. This made it possible to make detailed plans and
sections of the entire monument, which in turn helped to describe the structural
scheme of the building, identify the original purpose of the premises, establish the
sequence of appearance and dismantling of partitions, analyze the three-dimensional
solution, and determine the original structure of the castle and its later layers [15].

As part of the field research, plaster probing was carried out in various places on
the facades, and two pits were excavated in two rooms of the northern wing of the
monument. In addition to solving the main tasks (clarifying the design features and
construction sequences of various volumes of the monument), the soundings and pits
made it possible to make sure that the authentic masonry is in satisfactory condition.
Its disclosure will make it possible to restore the appearance of the monument to the
features of a defense structure, to implement project proposals for its exhibition and
museumization, in particular, to create a basement museum space [3].

As is known from historical and bibliographic research, at the turn of the 17th and
19th centuries the castle was rebuilt into a palace. Along with the reconstruction, all the
ancient stone castle walls were covered with a layer of plaster for the first time.
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Figure 5. Modern view of the Old Castle.
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During the 19th and 20th centuries, the Old Castle building was repeatedly
damaged by fires and wars. However, most of the plaster still remained on the walls
from the period of reconstruction two centuries ago. Thus, the authentic masonry of
the 16th and 17th centuries is hidden (actually preserved) under the layer of plaster,
and with it the probable openings that were laid as a result of the long construction
history of the monument. They can be windows, loopholes, or a hypothetical entrance
gate from the pond. The discovery of such artifacts after the plaster has been removed
can radically change the idea of the Old Castle's ancient appearance and structure,
and cause a sensation among researchers and historians of defense architecture,
scientists, and local historians. This will undoubtedly improve the tourist
attractiveness of the monument, increase interest in it from both city residents and
visitors, and create a scientific basis for developing a comprehensive restoration
project in the future.

It should be noted that this research is also not complete, as access to all parts of
the monument is currently limited. A private restaurant complex "Maxim" has been
operating next to the Old Castle for many years, with its building attached to the Old
Castle on the northwestern side. From the side of Ternopil Pond, close to the
basement of the monument, there is a summer restaurant "Veranda", which belongs to
this complex. The owner of the restaurant complex is unwilling to facilitate scientific
research of the monument and does not provide access to the site where it would be
possible to conduct soundings, examine the stonework of the basement of the castle,
and perform pits to identify and uncover the most valuable preserved artifacts of the
monument as a former defense structure - the outer holes of the battlements. There is
also no free access to the structures of the monument from the northwestern side - in
the narrow space between the restaurant building and the castle wall, which is used
by the entrepreneur for household needs. For objective reasons, it was not possible to
carry out a large number of probes inside the building of the monument due to the
functioning of the Greco-Roman wrestling school. Therefore, field research was
carried out only in those places where it was possible. Despite these limitations, the
number of structural features and elements of the monument identified in the current
research indicates the need for full-scale research in the future, when more favorable
conditions arise.

Conclusions.

The article discusses the history of the Old Castle in Ternopil, which spans
almost five centuries. Despite numerous reconstructions and the loss of its original
appearance, it has partially preserved its ancient planning structure, and thus is a
valuable monument of European defense architecture of the 16th and 17th centuries.
It is proved that the absence of any historical iconography (engravings, paintings,
etc.) and detailed plans that would have recorded the castle at the time when it
performed a defensive function makes architectural research particularly relevant. It
1s shown that the proposed restoration project by Y. Verbovetskyi, which provides for
the removal of plaster from all facades, will reveal the authentic masonry of the 16-
17th centuries when the castle building performed its direct defense function. This
will make it possible to identify previously unknown artifacts (embedded window
openings, battlements, entrance gates, etc.), allow for a deeper study of the
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construction history of the monument and develop a more accurate theoretical
reconstruction of its original appearance. All of the above will restore the appearance
of a defensive structure to the monument; increase the tourist attraction of the
monument and improve the image of the city.

Literature:

1. Adamczyk J. L. Fortifications on the Polish bulwark from the mid-sixteenth
to the end of the seventeenth century / Monographs, studies, dissertations No. 48.
Kielce: 2004 (Polish).

2. Okarinskyi V., Khanas V. Tarnovskyi Jan II Cupid // Ternopil encyclopedic
dictionary: in 4 volumes / edited by: G. Yavorskyi et al. Ternopil: Zbruch, 2008. Vol.
3: P—Y. 385 p. (Ukrainian)

3. Old Castle (Ternopil) [Electronic resource]. URL:
https://uk.wikipedia.org/wiki/Stary zamok (Ternopil)/) (date of  application:
10.02.2023) .

4. Petryshyn G. Von Mig's map (1779-1782) as a source for the urban history of
Galicia. Lviv: NU Lviv Polytechnic, 2006. ( Ukrainian)

5. The history of the Old Castle from the earliest period to the present.
[Electronic resource]. URL: https://ternopil-future.com.ua. (date of application:
12.02.2023) .

6. Tomchyshyn Y. A new story for Ternopil. 04.10.2017. [Electronic resource].
URL: mode:https://zbruc.eu/node/71420 (date of application: 12.01.2023)

7. Vodzynskyy, E., 1996. Historical cities of Ukraine: research and heritage
protection. Architectural Heritage of Ukraine, 3 (1), 243-254 pp. (Polish).

8. Boyko V., Duda I.. Ternopil Castle (Old Castle). Ternopil Encyclopedic
Dictionary: in 4 volumes / edited by: G. Yavorskyi et al. Ternopil: Zbruch, 2008. Vol.
3: P-Ya. pp. 426-427. ( Ukrainian).

9. Matsyuk O. Castles and Fortresses of Western Ukraine: hist. Travels. Lviv:
Center of Europe, 2005. 199 p. ( Ukrainian).

10. Duda I. Ternopil 1540-1944. Historical and local history chronicle. Part 1,
Ternopil: Educational book - Bohdan, 2010. 291 p. ( Ukrainian).

11. Finkel L. The city of Tarnopol in 1672. Tarnopol, 1892. (Polish).

12. Havryliuk O., Krochak I, Petrovskyi O. Ternopil: pages of the past and
present. Aston Publishing House, 2010. 120 p. ( Ukrainian).

13. Lennik J. Privileges of kings and owners of the city of Tarnopol. Ternopil,
1892. (Polish).

14. Rybchynskyi O. Market squares of historical cities of Ukraine: a monograph.
Lviv: Stary Lev Publishing House, 2016. 76 p. ( Ukrainian).

15. Monuments of urban planning and architecture of the Ukrainian SSR in 4
volumes. T. 4. Kiev: Budivelnik, 1986. 57 p.( Ukrainian).

Anomauia. Y poobomi posensioaemuvcs npoonema nepemsopennsi Cmapoeo Teproninbcbkoco
3AMKY HA NPUBAOIUGUL MYPUCMUYHUL 00 €KM KYIbmypHOI cnadwunu. TepHoninbCcoKull 3aMOK -
nam'asmxa apximexmypu HayiOHAIbHO20 3HAYEHHs (0XOpoHHUL Homep Ne 634-H), posmawiosanutl y
UeHMPANbHIU YACMUHI MIiCma HA 8Ucokomy cxioHomy bOepesi Tepuoninecbkozo cmagy. Cnopyoa
oamyemvcs 16 cmonimmsam, ane nicis YUCIEHHUX Nepedy008 CbO2OOHI 6MpaAmuilad Ceill
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asmenmuyHull 8u2nsd, nompebye pecmaspayii. OKpim HA36U 6Jce HIWO He 6KA3VE HA me, WO
KOIUCh, ye Oy nomydxicHuil Gopmugpikayiinuii 00'ekm, AKUl CMPUMYBA8 BOPOICI HABAIU Y
oypemuux 16 — 17 cm. Huniwnsa cnopyoa — pezyriomam nepe6yoos kinys 18 — 19 cm., wo 3minunu
1020 308HIWHIN 8uUlA0 ma iHmep'epu. B moti sce uac, Ha cbo200Hi 8i0cymHi 6)YOb-aKi ICMOPUYHI
0aHi npo OemanvbHi NAAHU, 308HIWHIU 6UNA0 POPMUGIKAYIUHOI KOAUCL ChOPYOU, WO pPoOUMb
npo6edenHs apXimeKmypHux 00Cai0HCeHb 0COOIUBO AKMYATbHUMU.

Memow cmammi € 66edeHHsi 6 HAYKO8ull 00ie O0aHUX Npo NOMOYHI aApXIMmeKmypHi
Odocnidoicentss TepHONIIbCbKO2O 3aMKY maA 3aNPONOHOBAHI NPOEKMHI  pPIleHHST NO U020
PEKOHCMPYKYIL.

Y emammi npoananizoeana icmopis 3amxy, nokazana meopemuira peKoOHCMpYKYis cnopyou
Ha pi3Hux emanax ii po3eUmMKy, CME0OpeHa 2pynor MmMepHONLIbCLKUX apximekmopis. Yce ye
0onomodice 6Hecmu 00 HaAyKo6o2o 06i2y 0aHi npo TepHONiNbCbKULL 3aMOK, MOACEe NPUBEPHYMU Y8A2Y
HAYK08Yi8 00 npobdiem 30epediceHtsi KyIbmypHo20 HA0OAHHA ma CHpUsmu pecmaspayii 3amMKy ma
BIOMBOPEHHS 11020 NEPBICHO20 U2IAOY O NEPEMBOPEHHS 3AMKY HA BANCIUBULL MYPUCTIUYHUL
00 ’exkm Tepnonons. Y pamkax peanizayii «Ilpoepamu 36epedxcents, 8i0HO8IEHH Ma NONYAAPUIAYTT
icmopuxo-kynemyproi cnaowunu Teprononsny 6 3aMKy nponoHyemscs po3micmumu Myseu icmopii
micma, 3a7 OJisl HOYeCHUX Oelle2ayill.

3anpononosanuii npoexm pecmaepayii epynu mepHONiIbCLKUX apXimekmopié nepedbayac
SHAMMS MUHBbKY 3I 8CIX pacadis, poskpumms asmeHmuyHoi kiaoku 16-17 cm., koau 6y0i6s 3aMKy
BUKOHYBANA CB0I0 Oe3nocepednio 000poHny yukyiro. Lle dacmev 3mo2y eusagumu paniuie HegiooMi
docnionukam apmegaxmu (3axiadeni 6iKOHHI npopizu, Oitinuyi, 8'i3Hy dpamy mowjo), 003601UMb
enubwe odocnioumu 6yo0igenvHy iCmopilo nam'smku ma po3pooumu Oiibll MOYHY MeopemuyHy
PEKOHCMPYKYII0 il nepsicHoco 8u2isoy.

Kniouoegi cnosa: popmudhixayitina cnopyoa, Kyiemypra cnaduwjuHa, 3aMoK, naiay, nam smKa
apximexkmypu, pecmaspayis, meopemuina peKoHCmpyKyis.
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Anomauin. B pobomi nposooumvcs OOCHIONCEHHS  BIACMUBOCMEU  PIOUHHOCKISAHUX
Menioi30NAYIUHUX Mamepianie, OMPUMAHUX HA OCHOBI 2PaHYIbO8aHUX npooykmie nio dieto HBY
sunpomintogants. Haeoosamvcs ximiuwi ma Gizuyni memoou moouixayii piOUHHOCKIAHUX
KOMNO3uyil, sKi MOJICHA 3acmocogysamu OJisi NOJINUWEHH B1ACMUBOCMel Menioi30NayitiHUX
mamepianie. Kpim Xximiynux memodie mooughikayii ocmaumuitl yac 6ce Oinvie HAOY8AOMb
3aCcmocy8ants izuuHi Memoou, AKi Hanpaeiexi Ha 3MiHY Qi3uuHo20 cmaHy peuosunu. /[o maxux
Memodie Hanedxcums i 06pobka mamepiany nio Oi€r0 eneKmpomacHimHo2o nois. Tak, 3a80saKu
00 ‘emHOMYy Haepigy | mexauizmy «Hemeniosoi» 0ii HBY eunpomintosanus na o00poOnosanvhi
00 "€KMuU 3HAYHO 3HUINCYEMbCA MPUBANICMb A MEMNEpamypa ix Hazpisy, a maKoH#c NOAINUYOMbCs
eKCNLYyamayitiHi  61acmueocmi 8upooie 3a pPaxyHoKk MoOougikayii cmpykmypu piOUHHOCKIAHOL
mampuyi ni0 naueomM ii ONPOMIHEHHSI OAHUM 6UOOM eHepeii. 3a paxyHoxk 00 eMHO20
MenioBUOINeHHs 6 MOBWi PIOUHHOCKISAHOI KOMNO3UYIi 80AEMbC OMPUMAMuU Menioi30AYIuHI
BUPOOU  WIIAXOM OOHOYACHOI nopusayii 3 00 €EMHUM PO3WUPEHHAM 2PAHYI 1 38 A3VI0U02O0.
3acmocysanna HecnyueHux «cupyesuxy» 2epaHyl O00YMOBNIOE WIIbHY YNAKOBKY 2pPaHyl npu
30inbWeHHl ix 00°emy 6 npoyeci ChyueHHs, d NOPU308AHe 38 S3YI0Ue 3AN0BHIOE MINCCPAHYIbHI
nopoodicHeyi, i Npu YbOM)y He MINbKU NOKPAWYE MENJIOMEXHIYHI 61acmueocmi mamepiany, a i
BMIYHIOE 11020.

Knrwwuosi cnosa: HBY esunpominiosanns, mooupikayisi, piOUHHOCKIAHI MeNn10i30aYiliHi
mamepianu,; 00 eMHe PO3UUPEHHS, eKCIILyAMAayitiHi 61ACMUBOCHI.

Beryn.

JlocmiDKeHHST PUHKY TEII0130J1s1111 Y KpaiHu MoKasalio, 0 Ha TeMepilIHiil Jac
KpYITHUX BUPOOHHUKIB Terutoiosiiiaux MarepiamiB (TIM) Ha OCHOBI piAMHHOTO
ckia (PC) B mumrtHiii Qopmi Ta y Qopmi Temnoi3onauiiHuX BUPOOIB 1HIION
KOH(Irypamii Hemae. BumyckaroTbCsi HEpeBaKHO TIpaHyIbOBAaHI Marepiand, SKi
BUKOPUCTOBYIOTH SIK TEIIOI3OJISIIINHI  3acUIKdA, a0 SK 3alloOBHIOBAYl IS
HI3IpIoBaTuX O€TOHIB. IcCHye psn Mamux MIANPUEMCTB, SKI  peali3yloTh
eKCIIEPUMEHTAJIbHI TEXHOJOTIi BUPOOHMIITBA MAaTepialliB Ha OCHOBI 3€pHUCTOIO
3alOBHIOBAaYa Ta PI3HUX BUIIB 3B s3yt0uoro. J[o Takux marepiayliB MOKHA BITHECTH
00XKUTOBHUI CKJIOCHIIIKAT, SIKUM OTPUMYIOTh HAa OCHOBI TPaHyJI CKJIOMOpPAa KOHTAKTHO
OMOHOJIIYCHUX PIAUHHUM CKJIOM, TEIUIOI30JAIIMHUN  Marepial  Hi3IprOBaTOl
CTPYKTYpH Ha OCHOBI 3allOBHIOBaYa 3 HATPIEBOTO PIAWHHOIO CKJIa, METAKaOJIHY Ta
CHUJIIKATBIMIIIYIOYMX BIJIXOJIB BUPOOHHUIITBA METAJIYHOTO KPEMHIIO Ta pEeakKIiiHUX

cyMileH, o CIy4YYHThCS, TEIIO130JIAM1MHI MaTepiaau Ha OCHOBI MOJU(IKOBAaHUX
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ATIOMOCWJIIKATHUX ~ KOMIO3MIINA Ta ITYy4YHUX ab0 MPUPOJHUX  MOPUCTUX
3aIOBHIOBAYIB Ta 1HIIII.

AHaJi3 0CTaHHIX J0C/iIKeHb Ta MyOdiKami.

JlochipkeHs MU BUILIE3TAJaHUX MartepiamiB 3aiiMaroThest BueHi KuiBcbkoro
HAI[IOHAJILHOTO YHIBEPCUTETY OyIIBHULITBA 1 apxXiTekTypu. Tak, y poborax II.B.
Kpusenko, K.K. IlymkaproBoi Tta M.B. CyxaneBuu, M.A. Canuupbkoro O0yio
BCTAHOBJICHO, 1110 JIYKH1 AJTFOMOCHITIKATHI KOMITO3HIIIT MAlOTh 3IaTHICTH 10 CITyYCHHS
MpY BUIAJIIOBAHHI 3a PaXyHOK BHJAJICHHS XIMIYHO Ta (PI3WYHO 3B’sA3aHOI BOAU 3
[IE0JIITONOIOHUX HOBOYTBOPEHb Ta PO3POOJIEHO JIETKUM CITy4YeHMI 3alOBHIOBAY Ha
ocHOBI HaTpieBoro PC, MeTakaosiHy Ta CHIIIKaTBIMIIIYIOUHMX B1JXOIB BUPOOHHUIITBA
METaJIIYHOTO KpeMH110. Ha 0CHOBI JaHOTO 3alIOBHIOBAaYa Ta PEaKIIHHUX CyMIIIEH, 110
crydyroThes, po3pobieno TIM HizaproBatoi crpykrypu [1-2]. ¥V pobotax K.K.
ITymikapsoBoi, O.A. I'onuap, A.l. bopucoBoi, Eiine I.A. npononytoTthcd ckinaaun TIM
Ha OCHOBI MOJM(}IKOBAHUX AITIOMOCHIIKATHUX KOMIIO3HUIIN Ta IITYYHUX MOPUCTUX
3alOBHIOBAYIB (CIIyYE€HOTO BEPMHKYIITY, MEpIiTy, ciomopy, mopasepy) [3-4].
Buennmu Kpusenko I1.B., T'yziit C.I., T'opOynomoro I[.A., KoBampuyk I.IO.
PO3pO0JICHO CKJIAN TEIUIOI30JIAMIMHNX MOPU30BAaHUX OETOHIB Ha OCHOBI CIIHEHUX
ATIOMOCUJIIKaTHUX B SDKYYHMX PEUYOBUH 3 3aCTOCYBAaHHSM IMEPIITOBOTO MICKY Ta 30JIH-
BUHOCY [5-6]. [lochmimkeHHSAMH TMPOLIECIB OTPUMAHHA TEOMOJIMEPHUX IIH
3aliMaloThCs BUCHI 3 pi3HUX KpaiH cBiTy (Badanoiu A., Al Saadi T., Chen X., Guo Y.
ta iH.) [7-10]. Humu Oyno po3poOiaeHO TEmIoi30AIiiHI MaTepiaJd Ha OCHOBI
JY’>KHOAKTMBOBAaHUX aQJTIOMOCHIIIKATHUX KOMIIO3UTIB Ta TEXHOT€HHUX BIAXOMAIB 3
BHUCOKOIO TEPMOCTIHKICTIO.

Onnak mpu yciX mepeBarax ajllOMOCHIIIKATHUX ITOPUCTHUX MaTrepialiB, CIiJ
3a3HAYUTH CYTTEBI HEAOJIKM TEXHOJIOTIA 71X BHPOOHMIITBA, a caMme: BHUIAJ
ATIOMOCHIIIKATHOT MaTpHIll BIIOYBAETHCS BIIPOJIOBXK TPHUBAJIOrO 4Yacy 3a BUCOKHUX
TeMIlepaTyp, a TaKOXX HEOOXIiIHICTb BHUTPUMKH TOTOBOi aJIOMOCHIIIKATHOI
KOMITO3HIIIT TIEpe]l CITyYEeHHSIM BIIPOJIOBXK JCKIIBKOX 10, 10 MOB’S3aHO 13 BIUTMBOM
MPOIIECY CTapiHHS TeIEBUX CyMlHleI/I Ha KIHETHKY KpPHUCTai3aIlii HOBOyTBOPEHb.

JlocmipKeHHSIM TepMO- 1 KAPOCTIMKUX MaTepialiB 1 MEMEHTHHX O€TOHIB, IO
MPAITIOI0Th B AMHAMIYHUX YMOBAX 3 BUKOPUCTAHHSAM PI3HUX BIIXO/1B IPOMUCIOBOCTI
npucBsueHi pobotu Illnmupsko H.B. 13 cniBpoOiTHUKaMU, SKUMU PO3pOOJIECHO P
AKAPOCTIMKUX TEIUIOI30JISIIIHHUX MaTepialiB [l (hyTEPOBKU TEIUIOBUX arperatiB 3
TeMmrepatyporo ekcryaramii o 1200 °C [11-12]. JocmimkeHHSM MpOLECIB
CTPYKTYPOYTBOPEHHSI B KOMIIO3UIIISIX HA OCHOBI PO3YMHHUX CHIIIKATIB JIYXHHUX
MeTaJliB MpuIeHy yBary B podorax Canunibkoro M.A. ta Kponupaunpkoi T.I1., B
SKUX PO3KPUTO (HI3UKO-XIMIUYHI 3aKOHOMIPHOCTI JaHUX MPOIECIB 1 BCTAHOBJICHO
MIPUHITUITN HAaHOMOIU(DIKyBaHHS IIEMEHTHOTO KaMCHIO, IO BHU3HAYA€ IOKpPAIICHHI
TEXHIYHI BJIaCTUBOCTI MiHOOeTOHY [13-14].

Jlns  BUpOOHWIITBA JaHUX MaTepialliB  3aCTOCOBYIOTh METOAU  XIMIYHOI
Moau(ikamii 3a TOMOMOTOI0 peakiiid B3aeMOJIl aTIOMOCHUIIIKATHOI CHUPOBUHU 13
CIOJIyKaMH  JIY’)KHUX METalliB, IO HAMpaBJICHO Ha TMOJIMIICHHS OCHOBHUX
eKCIUTyaTal[ifHIX BJACTUBOCTEH TEIIO130JALIHHUX BUPOOIB.

KpiMm ximiuHux MeToAiB Moaudikaiii ocTaHHIN uyac Bce Ouble HaOyBarOTh
3acTOoCyBaHHA (I3MYHI METOJHW, SKI HampaBjieHI Ha 3MiHY (I3UYHOTO CTaHy
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peyoBuHU. JlO0 TakWX METOJMIB HaJNEXUTh 1 00poOka Marepially IMija i€l
eJIeKTpoMarHiTHoro mond. Tak, 3aBAsku 00 €MHOMY HarpiBy 1 MeXaHI3My
«uererioBoi» nii HBY BumpomiHioBaHHA Ha OOpOOIIOBabHI 00 €KTH 3HAYHO
3HWXKY€EThCSA TPUBAIICT Ta TEMIIEpaTypa iX HarpiBy, a TAKOXK MOJINIIYIOThCS (Hi3UKO-
MeXaH14H1 BIACTUBOCTI BUPOOIB 3a paxyHOK Moaupikaiii ctpykrypu PC marpuni nia
BIUIMBOM ii ONPOMIHEHHsSI JaHUM BHJOM eHeprii. IlepeBarm Takoi TexHOJOrii B
MOPIBHSHHI 3 TEXHOJIOTIEI0 ATFOMOCHITIKATIB HaBEICHO Ha puc. 1.

Meta gocJaiKeHHS.

AJIOMOCHUJIIKaTHI KOMIO3UIIAHI MaTepiadl Ha OCHOBI MPUPOJHUX Ta IUITYUHUX
MOPUCTHUX 3aMIOBHIOBAYiB BUTOTOBIISIOTH IUISIXOM 3B SI3yBaHHS 3a3/1aJI€TiIb CITyUYeHUX
rpanyn. HBY BunmpoMiHIOBaHHSI, 3aBASKH 00 €MHOMY HarpiBy J03BOJISE€ BUKIIOUYUTH
CTa/Ill0 OKPEMOTO CIyYEHHSI IpaHyJl 1 OTPUMATH TEIUIOI30JIALINHI BUPOOH HUISTXOM
OJIHOYACHOI mopu3aii 3 00 €eMHUM PO3LIMPEHHSIM TpaHy 1 3B A3ytodoro. [Ipuyomy
CHIBBIHOIIEHHS TPaHyJ 1 3B SI3yIOYOTO BIJIrpa€e BaXKJIUBY POJb MpU (OpMyBaHHI
BHUPOOIB 3 OJTHOPITHOIO JPIOHOMOPUCTOIO CTPYKTYPOIO.

Mepesarn HBY TexHonorii TIM B nOpiBHAHHI 3 TEXHONOTIEHD aNKOMOCUIKAaTHUX MmaTepianis

MpoeeaeHHA

MeHLua Temnepatypa Tpueanicte npouecy Mo audikanina PCK 3
cnyyeHA nig giero HBY cnyyeHHs i cywku TIM e HBY eigbyeaereca HBY e e e
BUNPOMIHIOBaHHS ycTaHoBL 3aiimae Ao 10 xs. BUMPOMIHIOBAHHAM OTPUMAHHA ijl Ges
110-120 °C 3HaYHMX 3MIH
Bignan antomocunikaTHol Cry4eHHA aNIOMOCHJTIKATIB BeeseHHA A0AATKOBUX HeobxigHicTs v 40AaTHOBMX
MaTpu1LUi Npu TeMnepaTypi TpuBaE moaubi Wfoq“x TEXHONOTMYHUX onepaujiax
300-900°C 1-6 roanH aloMOBMICHUX npu XimiuHii mogudikauii

\ KOMIMOHEHTIB | )
J X J - 4 4

Puc. 1 - Ilepearu HBY TexunoJiorii TIM B nopiBHsSIHHI 3 TEXHOJIOTI€I0

AJTIOMOCHJIIKATIB
Aemopcmeo

Mertoro pobOTH € JOCHTIKEHHS BIUIUBY CIIBBITHOIICHHS T'PaHyJI 1 3B I3YHOYOT0
Ha BJIACTMBOCTI TEIIOI30JSALIMHUX MaTepiaiaiB, OTPUMaHUX HUIIXOM OJIHOYACHOI
nopu3ailii 3 00° eMHUM PO3IIMPEHHSIM I'PaHyJI 1 3B 3YIOUOTro Ta IMUISIXOM 3B SI3yBaHHS
3a37ajeribp Cy4eHuX rpanysi, oTpuManux mija aiero HBY BunpomiHioBaHHS.

Buxiani xani Ta meroam.

3B's3yroue, IO BHKOPUCTOBYETHCS JUII BHTOTOBJICHHS KOMIIO3HIIIHUX
TEIUIOI30JIAMINHNX MaTrepialliB, MICTUTh: SIK OCHOBHHI KOMIIOHGHT — DiIUHHE
HATpiEBE CKIIO, SIK MOAM(IKATOPH KOATYIAIIHHO-KPUCTATI3AIMHAX TPOIECIB —
OKCHJ ITMHKY 1 HAIBBOJHHM TilC, SK MOPOYTBOPIOBAY — TMEPOKCH BOJHIO, 5K
MIHOCTAOLTI3aTOp —  OKCHETWIhOBaHWM  anmkuipeHon. Sk TpaHyIbOBaHHMA

3aMOBHIOBaY BUKOPHCTOBYIOTHCSI HECIy4eHl rpanyiu Ha ocHOBI PC 1 okcuay HUHKY
[15-16].
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Texunomnoris komnosuiiiaux TIM Ha ocHoBi PC Bkitouae HacTymHi ctafii: 1)
npurotyBanHss PCK gns rpanyn, 2) rpanymioBanHs PCK y po3umni xjopumy
KaJIbLlito0, 3) BUTPUMKA rpaHyJ B po3uuHi npotarom 30 - 40 XB npu temmnepatypi 25-
30°C, 4) cymka rpa"ya 10 3aluiIkoBoi Bojiorocti ~50%, 5) mpurortyBanus PC
3B }ISYIO‘-IOFO 6) mnepemimryBaHHs PC 3B’s3yl04oro 1 HECHYYEHUX TpaHyd y
cuiBBigHomeHH1 1:1; 7) dopmyBanHs BupoOy Ta oro cnyuenHsi B HBU-ycranosiii
npu notyxHocTi 650BT, mo Binmosigae Temmneparypi 115-120 °C, mpotsrom 8-10
XB, 8) BUJIIyU€HHs BUPOOY 3 hopmH.

Pe3yabTaTu n0CaigKeHH .

[Ipn oTpuMaHHI KOMIIO3UILIMHUX MaTrepianiB BEJIMKE 3HAYEHHS Ma€ MacoBe
CIIBBIJTHOIIIEHHSI ~ KUIBKOCTI ~ TPaHyJhOBAHOIO  3allOBHIOBAa4Ya JI0  KIJIBKOCTI
3B’SI3yI0YOT0, TOMY IO HEOOXIAHO JOCATTH MOHOJIITHOI CTPYKTypH Marepiany i
PIBHOMIPDHOTO TOKPHUTTSI IIapy TpaHyld, BiJ LbOrO 3ajiekaTh BCl OCHOBHI
eKCIUTyaTallii{H1 BJIaCTUBOCTI MaTepiaiy.

Ha puc. 2 HaBeneHa 3aleXHICTh CEPEIHBOI TYCTHHH KOMIIO3HIIIITHOTO
Matepiaiay BiJ CIIBBIJHOIICHHS TPaHyJl A0 3B’ SI3yI0UOTO.

400

350 " O;{Jioqac-ﬁa TIOpH3ALA
¥ 35’ A3YBAHHA CTYHEHIX TpaHy T

300
250
200
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0

0.9 1 LI 151 21
Crdszi.unomemm 1B TIVIOUE - TPAHYIH
Puc. 2 - 3ajeKHICTh cepeIHBOI I'YCTHHUA KOMIIO3UIIHHOTO MaTepiany BiJ

CIiBBiTHOMIEHHS KiJIbKOCTI 3B’SI3YI0UOI0 /10 IPAHYJIbOBAHOI0 3AIMI0BHIOBAYA
Asmopcmeo

CepemHa Iy oTHHa, KT/n3

Ha naBenenomy rpadiky mympoBa Touka (0:1) BigmoBimae cepemHiii ryCTHHI
Marepiajly, oTpuMaHoMy 0€3 3aCTOCYBaHHS 3B’S3YHOYOro, TOOTO CHIKaHHSAM TUIBKU
rpanyn. Ilpm TakoMmy cmoco0l OTpUMaHHSA TEIUIOI30JALIIMHOTO  Marepiary
YTBOPIOETHCSI 3HAUHA KUIBKICTh BEJIUKHX IMYCTOT B MIKIPAHYJbHOMY IIPOCTOPI, IO
HEraTUBHO MO3HAYAEThCS HA iX BIIACTUBOCTSX. BBeJEHHS 3B’S3yIOUOTO J103BOJISIE
JIOMOTTHUCS 3aIlIOBHCHHS MIKTPaHYJIBHOTO MPOCTOPY 1 MYCTOT, THM CAMHUM 3MIITHUTH
Marepiaj i 3HU3UTH HOTO BOJOIIOTIMHAHHS 1 TIrPOKOITIYHICTb.

Sx BugHO 3 puc. 2, TpH 3OUIBIIEHHI KUIBKOCTI 3B’SI3YIOUOTO  IIOJI0
IPaHyJIbLOBAHOTO MaTepiaiy, CepedHsd TYCTHHA TaKOXK 30utbImyeThes.  [lpu
OJIHOYACHIN Tmopm3ailii rpaHyl 1 3B S3YI040TO  JUIsL  JIOCATHEHHS OJTHOP1AHOT
CTPYKTYpH MaTepially MOoTpiOHa HEBEJIMKAa KITbKICTh 3B’S3YIOUOTO, SIKE PIBHOMIPHO
3aMOBHIOE TIOPOXKHEYl MIXK TpaHyjamMu, W0 Choy4yyioThcsa. [lpu HaliBHUIIOMY
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CIIBBIJTHOILIEHH] 3B’A3YIOUOr0 /10 TpaHyJbOBAHOIO 3amoBHIoBaua — 1,1:1 cepenns
IyCTHHA 3pa3ka CcTaHoBuTh 250—260 xr/m°. Y pasi 3B's3yBaHHs 3a3maieriip
CIyYyeHUX TpaHyJl Tpd  HAWBUILIOMY  CHIBBIJHOLIEHHI 3B A3yHOYOTO [0
I'PaHyJIbOBAHOIO 3all0OBHIOBaYa — 2:1, cepeiHsa ryctuHa gocsirae 3HaueHss 380—400
kr/M>. ToOTO MpU 3pOCTaHHI KiILKOCTI 3B’A3YIOUOr0 MIUILHICTH YHAKOBKU TPaHYII
najae, OCKUIbKM BiJICTaHb MK KapKacOyTBOPIOIOUMMH e€JIeMEHTaMu (TpaHyJiaMu)
30LIBIIYETHCS, IO MPU3BOJUTH IO YTBOPEHHS BEIUKUX IMOPOKHEUY MPHU CITydEeHHI
3B’A3YIOUOT0 1 iX CXJIOIyBaHHS, CE€pelHs T'yCTMHA Marepialy MpH LbOMY 3HAYHO
3pOCTae, Yepe3 OCIIaHHS CIIyYEHOI CUCTEMH MICIIS 3aBEPIICHHS MIPOLIECY.

[Ipy cHiBBIAHOIIIEHHI TPaHyJLOBAHOTO 3allOBHIOBada /10 3B’si3yrodoro 1:1, y
pa3i 3B A3yBaHHS 3a3[ajerijib CIY4YEHUX TpaHyl, CepelHsi TyCTHHA MaTepianry
HaliHmK9a — 245 Kr/M°, oJHaK OTPMMAHUI 3pa30K Mac HE3aJ0BIIbHMI 30BHILIHIN
BUIJIAJ, TOMY WO BEpPXHIMl IIap TIpaHyJl Mae€ IOraHe IOKPUTTSA 3B’ SI3YIOUHUM.
[TopiBHSHO HU3BKOIO CEPEIHHOIO TYCTHHOKO B TOEHAHHI 3 33JJ0BIJIbHUM 30BHINIHIM
BUTJISJIOM XapaKTePU3yeEThCs MaTepiall, OTPUMAHUM MPH CIIBBIIHOIIECHHI KIJIBKOCTI
3B’3y1040r0 110 rpanyi 1,5:1 — 270—290 kr/m>.

Buxonsuu 3 oTpuMaHuX JaHUX, MOKHA 3pOOUTH BUCHOBOK, 1110 MIPH OTPUMAaHHI
KOMITO3MIIITHUX MaTepiajiB NMUIIXOM OJHOYACHOI Mopu3allii rpaHysl 1 3B S3yH0YOro
CKOPOYYEThCSI BUTpaTa 3B'SI3yI0YOro (CIIBBIAHOIICHHS 3B'A3YIOUOT0 J0 TIpaHyll
cTaHoBUTh 1:1), a mMarepian XapakTepU3yeTbCs OUIBLI HU3BKOI CEPEAHBOIO
rycTHHOW — 220—240 Kr/M°, 3aJ0BiIGHMM 30BHIIIHIM BHIVISOM, BHCOKOIO
MIIHICTIO, 3aBJSKH CKJCIOBAHHIO TPaHys] MK COOOIO 1 pIBHOMIPHOMY 3allOBHEHHIO
MOPO’KHEY MK IPaHyJIaMU CITyYEHHUM 3B’ 3YIOUUM.

OaHuMM 3 BU3HAYAJIBHUX XApPAKTEPUCTHUK JUIS TEIUIOI30JIALIINHUX MaTepialiB €
BOJIOTIOTJIMHAHHS 1 COPOIiiHA BOJIOTICTh (TITPOCKOMIYHICTB), OCKIJIBKH HaAMIpHE
NOTJIMHAHHS ~ MaTepiaioM  BOJIOTM  NPU3BOJAUTH  JI0  TOTIPIIEHHS  HOTO

TETIO130JISIIIHUX XapaKTepucTHK. JlaHl MOKa3HUKU HaBEJEHO Ha puc. 3.
300 -

® OgHOYACHA IIOPH3AIIN
= 3B’ S3VBAHHA CITYYeHHX I'PAHYII ® OIHOYACHA IOPH3AIIA
™ 3B A3VBAHHA CIY4YEHHX I'PaHyII

01 Ugl 11l , . , . 21 {0l 0,91 1,51 21
CIIBB|THOMIEHHS 33"513}10'{62 TpaHyTH CII]BB].HHOI.H&}HM 3B Hayme : TpaHyTH
a) 0)
Puc. 3 - 3ajexxkHicTh BOJONOIJIMHAHHA (a) 1 copOuiiiHOoi BoJiorocTi (0)
KOMIIO3UIIITHOT0 MaTepiaJjly Bil CiBBIIHOIIEHHS 3B’ A3y1040r0 /10
IPaHyJIbOBAHOI'0 3aII0BHIOBAYA
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He nuBnsuuck Ha Te, 110 MaTepiall, OTpPUMAHUM CHIKaHHIM TUIbKU rpanyd (0:1),
XapaKTEePU3yEThCSl HU3BKUMH  TMOKAa3HUKAMHU BOJOIOTJIMHAHHS 1  cOpOmiitHOT
BOJIOTOCTI, BIH Ma€ 1 HU3bKY MIITHICTh 1 HE3aJOBUIBHHI 30BHIMIHINA BUTIISAI. SIK BUTHO
3 JaHUX pHUC. 3, y pa3i 3B sA3yBaHHsA 3a37aJieri/ib CIIyYeHUX TpaHyJ Ipu 30UIbIICHHI
KUIBKOCT1 3B’S3YIOYOTO JI0 TPaHyJbOBAHOTO 3amoBHIOBaYa 2:1 BOJOMOTIMHAHHS 1
copOiriiiHa BojoricTh 3pocTae BianoBiaHo 10 290—300 % 1 33—35 %. binbm Hu3bka
aaresist PIAMHHOCKIISTHOTO 3B SI3YIOUOTO JIO CIIYUYEHHUX TPaHyJl 3yMOBIIOE YTBOPCHHS
BEJIMKOI KUTBKOCTI TOPOXKHEY Y MIKIPaHYJbHOMY MPOCTOPI, 110 BUKIUKAE HAAMIpPHE
NOTJIMHAHHSA BOAM Ta ii MapW 3 HABKOJMIIHBOTO CepeIoBHILLa. Jlns matepianis,
OTPUMAaHMX IIIJIIXOM OJHOYACHOI Topwu3allii TpaHyJ 1 3B SA3yIOUOTO, IMOKA3HUKH
BOJIOTIOTJIMHAHHS 1 COPOIIIHHOT BOJIOTOCTI HAa TOPSAIOK HWXKYi: TIpH 301IBIICHHI
KUIBKOCTI 3B’s13yt04uoro J1o rpanyi 1,1:1 moka3nuku 3poctaroth 10 34—35 % 1 4—

5% BigmoBigHO. 3aBASKA OJHOYACHOMY CITYYCHHIO TpPaHYJd 1 3B SA3YHOYOTO
YTBOPIOETHCS MIIJIbHA YMAKOBKA TPaHyJ, a MDKTPaHYJbHUW MPOCTIP 3aMOBHEHHMA
CIyYE€HUM 3B’SI3YIOUMM JPiOHOI MMOPUCTOCTI, 110 3armodirac akTUBHOMY TOTIMHAHHIO
BOJIM Ta 11 ITapH.

Ha puc. 4 naBeneno minHicH1 BnactuBocTi TIM.
12 08 -
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CIUBBITHOMEHHA 3B H‘MO‘IE ; Ipaﬂ}am CIUBBUIHOLIEHA 3B A3YI0UE : TPaHYII
a) 6)

Puc. 4 - 3aexkHicTh MilTHOCTI KOMIIO3ULIHHOT0 MaTepialy HA CTHCK (2) i
Ha 3ruH (0) BiJ CIiBBIIHOIIEHHS 3B’ A3yI040I0 10 TPAHYJILOBAHOI0

3allIOBHIOBa4va
Aemopcmeo

[lopiBHIOIOYM  3pa3KW, OTPUMaHI TpPU  OAHAKOBOMY  CIIBBIJHOILIEHHI
rpaHyJIbOBAaHOTO 3aMoBHIOBaya J0 3B’s3ytodoro — 1:1 gk ana  marepianis,
OTPUMaHUX MNUISIXOM OJHOYACHOI MOpH3allii TpaHysl 1 3B A3YIOUOTo, TaKk 1 s
MarepiayliB, OTPUMAHUX MIJISAXOM 3B SI3yBaHHS 3a37ajeriib CIYyYCHHX TIpaHyJl
(cepenHs IycTHHA 3pas3KiB IIPaKTHYHO PiBHA 1 cTaHOBUTHL 220—240 kr/m° i 240—260
Kr/M> BiamoBigHo). MoHa BiA3HAYMTH, IO Y Pa3i OJHOYACHOI MOpU3ALii MilHICTH
TIM wMae Buiie 3HadeHHs 1 Ha 3ruH crtaHoBUTH 0,8—0,9 MIlla, Tomi sk 1npu
3B'sI3yBaHHI Bxke ciydeHux rpanyia — 0,6—0,65 MlIla, a na ctuck 0,6—0,7 1 0,4—
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0,45 Mlla BianoBigHO. 3aCTOCYBAHHS HECIYYEHUX, «CUPLIEBUX» IPaHys B MEPIIOMY
BUIAJKy 00YMOBIIIOE IIUIbHY YIIAKOBKY I'paHyJI IpH 301IbIICHH] 1X 00’ €My B mpoIieci
CIIyYeHHS, a MOPU30BAHE 3B’SI3yI0UE 3alOBHIOE MIKIPAHYJIbHI MOPOXKHEYl, 1 HpU
bOMY HE TUIbKH MOKpaIlly€ TEIUIOTEXHIYHI BJIACTHBOCTI MarTepiandy, a 1 3MIIHIOE
ioro. Ilpu BUKOpUCTaHHI CIIyYE€HUX TPaHyJl, MIIIHICTh TEIUIO130ALIHHOTO MaTepiary
HUOK4YEe, TOMY 1110 TPAaHyJId HEPIBHOMIPHO PO3MOAUIAIOTHECS B MIApi 3B S3yH0UOT0, MPH
IIbOMY HU3bKa are3is MK KOMIIOHEHTaMU CyMIIIlll COPUYMHSE PyHHYBaHHS 3pa3KiB B
MICLSIX KOHTAaKTy TrpaHysl 1 3B’si3ytouoro. Bucoki nokazuuku wminHocTi TIM,
OTPUMAHUX INUIAXOM 3B A3YBaHHS  3a3JalieTifib  CIOyYeHUX TpaHyl, Tpu
CHIBBIAHOILIEHHI 3B S3YIOUOro 10 TpaHysa 2:1, MOSICHIOIOTHCS BUCOKOIO CEPETHBOIO
IYCTUHOIO Marepialy, OOyMOBJIEHOI OCIJJaHHSM CIIy4€HOTO 3B SI3yIHOUOIro IMpH
OCTHUTaHHI.

BiacTuBOCTI KOMMO3WILIMHOTO TEIJIOI30/AIMHOTO Marepially, OTPHUMAHOTO
[IUISIXOM OJTHOYACHOI TOpHU3aIlii TPaHysl 1 3B sI3yI0UOTO, MPOTIOHYETHCS TOPIBHSITH 3
ATIOMOCHITIKATHUMH MaTepialaMH 3 JISTKUMH 3all0OBHIOBaYaMH HAWOLIbII OJU3bKHMHU
32 CEepPeaHBOI0 TYCTHHOIO JIO0 po3poOieHoro. I[lopiBHSIBHI BJIACTUBOCTI JaHHUX
MarepianaiB HaBeJeHO B Ta0. 1.

Tadanus 1 - llopiBHsiIbHI TexHiYHI XapakTepucTuku TIM

3HaueHHS ITOKa3HUKa
. | ATIOMOCHIIIKATHUH | AJIOMOCHIIKATHUI
. Po3pobnennit VI AV
HaiimenyBaHHS TOKa3HHUKA cv o | KOMHIO3MIIIHHUN KOMITO3UILIIHHU I
KOMITO3HI[IHHHI } ) . )
MaTepian MaTepiall Ha OCHOBi | Marepiall Ha OCHOBI
cioniopy [4] rpanyn 3 PC [3]
CepesHs TyCTHHA, KI/M° 220—240 250—266 200—220
Bomonornunanss, % 28—32 — 10
Cop0r1iitHa BOJIOTICTB, % 4—5 - —
KoedimienT po3m skieHHs 0,65—0,75 0,7—0,94 0,7—0,9
Minnicts Ha 3ruH, MIla 0,8—0.,9 — -
Minnicts Ha ctuck, MIla 0,6—0,7 0,735—0,98 2,3—4.,5
Koedittient TEIIONPOBIAHOCTL ) 5 4 55 0,051—0,06 0,041—0,065
Bt/Mm-K
MakcumanbHa Tel}fngpaTypa 650 700 600
ekcruryaranii, “C

Asmopcmeo

3 maHuX TaOJUIll BUAHO, IO BIACTUBOCTI PO3POOJICHOr0 MaTepiany OIM3bKi 10
BJIACTMBOCTEH aJIOMOCUJIIKATIB, & OCh TEXHOJIOTIA 3HAYHO MPOCTIIIE, 110 3a3HAYEHO
Ha puc.l.

BucHoBkm.

3acrocyBaHHs (I3MYHUX METOAIB MOAU(DIKAIl PIAMHHOCKISIHUX KOMITO3UIIH,
Takux AK oOpoOka marepiany iy giero  HBY  BumpomiHioBaHHs, €
BHCOKONIEPCIIEKTUBHUM Ta CY4YaCHUM crmocoOoM wmoaudikailii, HampaBlIeHUM Ha
MOJTIMIIIEHHS eKCITyaTallliHUX BJIACTUBOCTEH BUPOOIB 3a paxyHOK 3MIiHU (HI3UYHOTO
CTaHy PEYOBHHU. 3aBJsIKM 00 €MHOMY HArpiBy 1 MexaHI3My «HeTerioBoi» aii HBY
BUIIPOMIHIOBaHHSI Ha OOpOOJIIOBaNIbHI 00 €KTH 3HAYHO 3HUXKYETHCS TPUBAIICTH Ta

ISSN 2567-5273 74 www.moderntechno.de



Modern engineering and innovative technologies Issue 25 / Part 2

TeMmrepaTypa iX HarpiBy, a 3a paxXyHOK OO0 €MHOI0 TEIUIOBUJUICHHS B TOBIII
PIAMHHOCKJISTHOT KOMMO3HIIIT BJAETHCSI OTPUMATH TEIUIOI30JISIIIHI BUPOOU HUIIXOM
OJTHOYACHOI mopwm3allii 3 00 €eMHMM pPO3MIMPEHHSIM TpaHyJ 1 3B A3yHYOro, IO
J03BOJISIE  OTPUMATH OJHOPIAHOCTPYKTYPHI MaTepialidi 3 BHCOKHUMH  (Di3UKO-
MEXaHIYHUMHU BJIACTHBOCTSAMU. TEepMOCTIMKICTh Ta HETOPIOUICTh JAaHUX MaTepialiiB
JI03BOJIsSI€E BUKOPUCTOBYBATH 1X Y TEIUIOBUX MPOMHCIOBUX YCTAHOBKAX (MPOMUCIOBUX
nevax, Ka3aHax, aBTOKJIaBax 1 T.I1.) Ta JIS 130JISIII11 TapssuuX TPyOOIPOBO/IIB.
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Abstract. The paper investigates the properties of liquid-glass heat-insulating materials
obtained on the basis of granular products under the influence of microwave radiation. Chemical
and physical methods of modification of liquid-glass compositions are presented, which can be used
to improve the properties of heat-insulating materials. In addition to chemical methods of
modification, physical methods aimed at changing the physical state of matter have been
increasingly used recently. Such methods include the processing of material under the influence of
an electromagnetic field. Thus, thanks to volumetric heating and the mechanism of "non-thermal”
effect of microwave radiation on processing objects, the duration and temperature of their heating
is significantly reduced, as well as the operational properties of products are improved due to the
modification of the structure of the liquid glass matrix under the influence of its irradiation with
this type of emnergy. Due to the volumetric heat release in the thickness of the liquid glass
composition, it is possible to obtain heat-insulating products by simultaneous poration with
volumetric expansion of granules and binder. The use of non-expanded, "raw" granules causes a
dense packing of the granules while increasing their volume during the swelling process, and the
porous binder fills the intergranular voids, and at the same time not only improves the thermal
properties of the material, but also strengthens it.

Keywords: Microwave radiation;, modificatio, liquid glass thermal insulation materials,;
volumetric expansion; operational properties.
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Anomauia. B pobomi npoananizoeano exkonociunuil cman nogepxHesux 600 m.Jlyyvka ma ix
BUKOPUCMAHHS, BUOLNEHO OCHOBHI NPUYUHU NO2IPUIeHHs X cmany. 30ilicHeHUul aHanis nPpUpooHO20
U AHMPONO2EHHO20 GNIUBY HA Npoyec OpMYSaHHS AKOCMI nosepxHesux 800 bacetiny p.Cmup 6
medxcax m.Jhyyvka 3anponoHosano OexinbKa 3ax00i6 O0iisl NOKPAWAHHA CMAHY B00HUX 00 €KMIi6 6
m.JIyyvKy i nooanvuie2o payioHanbHo20 GUKOPUCMANHI MAIUX piyoK. Bukonana exonociuna oyinka
600 3a Kaacamu saxkocmi. I[Ipedcmasneno npono3uyii Wyo0o NOKPAWeHHS AKOCMI NOBEPXHEBUX 80O,
WO 8 CBOI0 Uepey NOCIYHCUMb CYUACHUM NIOTPYHMAM OJi1 NOOANLUUX IX OOCTIONCEHD.

Knwuosi cnoea: piukosa exocucmema, 006KilIs, 600HU 00 €KMU, AHMPONO2EHHI YUHHUKU,
NPUPOOHO-peCcyPCHULL NOMEHYIAN, NOBEPXHeSi 800U

Beryn. Bhacniiok mOCHIEHOTO BHKOPWUCTAHHS JIIOABMHU BOJHHX PECYPCIB
npoxoJsaTh 3MiHM B rigpocdepi. Kinens XX ta mouatok XXI cTOMITh BiA3HAYAETHCA
KaractpodaMu, IO TEBHOI MIpOI0 TMOETHAHO 13 TOBEPXHEBHMMH BOJaMU. bimbina
JacTMHA PIYOK € TUMH OaceiiHaMW, KyAW CKUJAIOTBCA  MPOMUCIIOBI,
CLIbCHKOTOCTIONAPCHKI ¥ TOCHOAapChKO-MOOYTOBI CTOKM, @ HE TUIBKH OCEpPEeIKOM
BojonoctayanHs. Lle mpu3BOANTE 10 MOLIMPEHHS KHUIIKOBHUX XBOPOO, MOTIPIICHHS
MOKA3HUKIB MUTHOI BOJM, OIOMPOIYKTUBHOCTI Ta CaMOOYHMCHOI iX 3aaTHOCTI. OcCh
qoMy HaWTO0JIOBHIIIA pobjeMa y 0e3iIid KpaiH CBITY — 1€ YKMcTa Boja. SIKiCTh BOJIM B
CyyaCHMX YMOBax Mae€ IepHIOYeproBe 3Ha4YeHHs. [ISIbHICTD JIOAWHUA CHPUYMHHIIA
AHTPOTIOTEHHY TpaHCcQopMaIlilo 6araTboX piuoK Ta KaHaIIB, BOJOCXOBHII] 1 CTABKIB.
Ile mpu3BesNo 10 3HMKEHHS PIYKOBOIO CTOKY Ta MOTIPIICHHS MOKa3HMKIB. OIllHKa
MOBEPXHEBUX BOJ], MAIOUM OaraTOpiyHy 1CTOPIiI0, BCTAHOBIIIOE XapakTep 1 CTYMHiHb iX
3a0pyJHEHHs, SIKUM TOB’A3aHUM 13 AHTPONOI€HHUM HaBaHTaXEHHSAM. ToMy Tema
poOOTH € aKTyaJbHOIO.

Martepiajn Ta MeTOIM eKCIIePUMEHTIB: KapTa micta Jlympbka; KapTa rpyHTIB
M. Jlyupka; ¢oroznimkun Crupy, CamanaiBku, XKunyBku Ta OwmensHuk; Cxema
(GYHKIIIOHAILHOTO BUKOpPUCTaHHS TepuTopli M. Jlylpka; KapTa MOBEPXHEBHUX BOJ;
MOTEHL1aJl CAaMOOYHILIEHHS PIYOK, TPYHTIB Ta armocdepu Tepuropii M. Jlyibka;
KapTa MiI3eMHUX BOJ M. Jlylpka; KapTa €KOJOTIYHOI CHUTYyalii BOI03a00piB M.
Jlyupka. HalnommpeHIIIMMM METOJaMU JOCHIUKEHHs Oyiau aHam3 1 CHHTES,
KOpEJISIIlisi 1 perpecis, y3araJlbHeHHs 1 TOpPIBHSHHS, MaTeMaTH4HAa CTaTHUCTHUKA,
METOAM  TIIPOJIOTIYHOI  aHajorii, JaHAMAQTHO-EKOJOTIYHUX  XApPAKTEPUCTUK
teputopii. [Hpopmariiiina 6a3a - 11e CTATUCTUYHI JaHi, HaJlaHl y BUIBHUW JOCTYII
THCTUTYTOM «BOJIMHBBOANPOEKTY», YIPABIIHHSAM CTATUCTUKH, €KOJOTIYHI MAcHopTU
pi4OK, MOHOTpadii, IHTEpPHET.
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Bup4enictb nmpo6jemu. Mikpo06i0JIOT1YHUM CTaHOM NMUTHOI Boau 3aiimaBcs C.
SIxoBneB (1991). Bin 3ampononyBaB po3paxoByBaTH 1HAEKC MUTHOI BOJH 3a TPYIOI0
MoKa3HUKIB. Po3poOka KoHIeniii eKOJOriyHOi Kiacudikaiii SKOCTI MOBEPXHEBUX
Box Hanexuth M. Ipuby (1991). Metoauka OLiHKH CTaHY PiYKOBHX OaceiHiB i3
BOJIOTOCTIONIAPCHKUX TMO3MI  po3pobiena A. SAmukom (1992). Ilpobiemamu
3a0pyIHEHHs TOBEpXHEBUX BOJ o0iacTi 3aiimanucsa M. M. INanymak [1], B.1. ['omuak
[2], B. K. XimpueBcbkuit [3], M. P. 3ab6okpunbka [3], 1.0. Monpuak [4], 1. S
Muckosenb[6], C. I'. [lanbkeBuu [5] Ta 1HmI. [loka3HUKH SKOCTI TOBEPXHEBUX BO/I
M. Jlynpka € eKOoJIOTiYHO HamnpyXE€HUMHU. 3HAayHa KUIbKICTh CEPEeIHIX Ta BEJIMKHUX
MIIIPUEMCTB, SIKI €KOJIOTIYHO HeOe3NeuHi, 3HauHa ypOaHI30BaHICTb TEPUTOPIi 1
3acTapijia TPHUPOJOOXOPOHHA 1H(PPACTPYKTYpa CTBOPIOIOTH OCOOJIMBO TOCTPY
BOJIOOXOPOHHY MPOOsIeMy.

[Npapoximiuauii cknag BOJ € 0a30BOI0 XapaKTEPUCTUKOK ISl (OpMYBaHHS
SBJIEHB NPO €KOJIOT1UHY CUTYallil0 y BOAHINA Maci. [y miaHyBaHHS HaBaHTa)XeHb Ha
BOJIOMMH Ta JIIKBiJaIlli mpobyieM X MOXKIMBOI JAerpaaailii, HEOOX1JHO MaTH YSBJICHHS
PO CIPSIMOBAHICTD 3MiH Y X T1APOXIMIYHOMY CKJIaJl B 4aci Ta MPOCTOpi.

Po3BUTOK TPOMHUCIOBOCTI ¥ 301JBIICHHS MICBKOTO HACEJIEeHHS HETaTHUBHO
BIUTMBAIOTh HA MOBEPXHEBI BoaU. BOAoOBiABeACHHS MicTa BiOYyBalOThCS NajeKO HE
0e3cIiIHO /JIs MOBEpXHEBUX BOJ. By/b-sika cucTtema BOIOBIIBEACHHS Ma€ HEraTUBHI
HACJIAKK, 10 OOYyMOBIIOIOTH ii €KoJoriyHy Hebe3ne4yHicTh. OcobnMBO 1€ Mae
BIJIHOIIEHHS J10 B1A0OPY BOJAM 3 MOBEPXHEBHUX BOJ, @ TAKOXK 1X CKHJHU. 3A€01JIbIIOTO,
3a0pyIHEHHSI BOJOMM BIJOYBA€TbCS 4Y€pe3 BHUKUAM MIANPUEMCTB  MICLIEBOI
MIPOMHMCIIOBOCTI, B SAKUX OYHMCHI CIOPYIM B HE33JOBUIBHOMY CTaHl Ta HH3bKa
€(EeKTUBHICTh TEXHOJOTIYHUX MPOLECIB OYMILEHHA. 30KpEeMa, OCHOBHUMH
3a0pyIHIOBaYaMu PIYOK BHUCTYIAIOTh LYKPOBUHM 3aBOJ Ta MIANPHEMCTBA XapyOBOi
MIPOMHMCIIOBOCTI.

PazoM 3 TuM 3pocTaHHS NPOMHUCIOBOCTI TNOB’s3aHE 3 acQalbTyBaHHSIM
TEPUTOPIi CIPUYMHIOE 3MIHU (POPMYBAHHS CTOKY.

besnocepenHb0 piUKM BUKOPUCTOBYIOTHCSI Y TOCIOJAAPCHKOT  TISTTBHOCTI
HaceJIeHHs. 30Kpema, AJis BOJONOCTAaYaHHsl, Ul peKpealiiHuxX Lijied Ta y puoHOMY
rocrnofapcTBi. Take 1HTEHCMBHE BUKOPUCTAaHHS BOJU PIUOK BEAE O EKOJOTIYHUX
mpoOJieM, 30KpeMa, 10 3HIKEHHS BOJHOCTI PIUKH, 3apocTaHHs ii OeperiB 1, fK
HACJIZ0K, 3HUKHEHHSI BOJOTOKY. Buille3a3HaueHe CTaHOBUTH MPAKTUYHUN IHTEpEC.
ToMy 1i mUTaHHS HA Cy4acHOMY €Tarli 0COOJIMBO aKTyalbHi.

Pe3yabTaTrn Ta ix aHaJis.

VYpOanizamist TepuTOpii 3HAYHO BIUIMBA€ HA EKOCTaH IOBEPXHEBUX BOJI.
['ocnonmapchka AiSUIBHICTD BIUIMBAE HA PEXHUM piyoK. MicTto € HalOUIbIINM
3a0pyaHIOBayeM OaceilHiB pIYOK TOMY, IO B HbOMY KOHIICHTPY€THCS HaOLIbIIe
IPOMUCIIOBUX MIAIpUEMCTB. ['1posioriyHa pop MicTa MoJsirae, TOJIOBHUM YUHOM, Y
TOMY, L0 TEPUTOPISI XapPaKTEPUZYETHCS E€KCTPEMAJIbHUM CTAHOM BOJOMPOHUKHOCTI
noBepxHi. B wmicti BOHA € 3HAYHO MEHIIOI0, HDK y NPHUPOIHUX IPYHTIB. 3 mi€l
MIPUYMHU TIOBEPXHEBUU CTIK Y MICTI € BEJIMKHUM, a IMiJ3€MHHUI CTIK — HE3HAYHUM.
Pazom 3 tum wmicto Jlyubk € KepesnoM 3a0pyJHEHHsS MOBEPXHEBUX BOJI.
3a0pyIHEHHS HAAXOJATh y CKJIaJl KaHaM3allHUX CTOKIB, $KI HaBITh TICIs
OUMIIEHHS, MICTATh LIKIAJIMBI PEYOBUHHU.
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HenocTatHbO OUYHMIIEH1 CTOKU, a TAKOXK 3MHB 13 CUTBCHKOTOCTIOJAPCHKUX 3EMENb
B p. Crup mnpusBenu [0 TIABUINEHHS aMoOHIWHOTO azotry (mo 4,1 wr/n),
HadTonpoayktiB (10 0,16 Mr/i), 3pocTaHHs BMICTY 3alii3a, XpoMy, miai. [lepioanuHo
B11I0yBa€ThCS 3a0pyTHCHHS BOIU KaIpoJIaKTaMOM, MIECTULIMTaMHA 1
OTpyTOXiMiKaTamH [2].

Jlxepenamu 3a0pyTHEHHSI BOJIOMM €:
- 3Bajuiie mooytoBux BiaxomiB (Byi. Knuma Caypa);
- KaHami3auiiHui  Kojons3b  «JIylbKkBOJOKaHamy» B pailoHl  BYJIHMII
3aaBoperipka — mip.Boi;

- TpyOU HEBIAOMOTO MOXOKEHHS B apKy (HaTOMPOIyKTH);

- OYHCHI CIOPYIU AOUIOBOTO CTOKY JIyIIbKOTO aBT03aBOIY

- CMITTE€30IpHUKHU TYPTOKUTKIB JIylIbKOro aBT03aBoAy (amiak);

- KaHami3auliHUi KoJoas3b nuB3aBoAy (3aBucii pedyoBuHu CITAP, amiaxk);

- CMITHHUKHU Ta CTOKH 3 IPUBATHOTO CEKTOPY (amiak, 3aBUCII pEUOBUHN);

- o0sacHa BeTJIabopartopis (XiMiuHI PEYOBHHHU, 3aBUCI1 PEUOBUHU).

AHTpPOTIOTEHHUM HaBaHTAXXEHHSM Ha PIYKOBI OaceiiHW MicTa € 301TbIICHHS
MMOBEPXHEBOTO (JIOIIOBOTO 1 CHITOBOTO) CTOKY. B JIyIbKy, MPOTATOM OCTaHHIX POKIB,
e 00’eM TEepeBUIyBaB 00’€M IIEHTPAI30BAaHOTO BOJOBIJABE/ICHHSA. 3 MOBEPXOHb
MICTa aHTPOIOTEHHO 301IbIICHUI TMOBEPXHEBUH CTIK 3MHUBAE Yy BOJOUMH
3a0pynHIot0ul pedoBruHU. [loBepXHEBUM CTIK 3 TEPUTOPIi MiCTa 3MIHIOE MOKA3HUKH
AKOCT1 TOBEepXHEBUX BOA. [lOpiBHSHHS MOBEPXHEBOTO CTOKY 1 BOJOBIJABEICHHS
nokasye, 1o cTik 3a 00y y p. Crtup 3 Tepurtopii MmicTa BXKE MpU CEpeaHiil
MaKCHMAaJIbHIN CyMi omajiB nepeBulye y 6—11 pasiB. 3 NMOBEpXHEBUM CTOKOM Y
piuku M. Jlylibka BUHOCSATBCS 3a0pyJHIOIOUl PEUOBHHH, 32 PaXYHOK SKHUX YaCTKOBO
dbopmyeThes 3a0pyHEHHs] iX BOJ. binbiie 3a0pyjaHeHb HAIXOAWThH 13 JOIIOBUM
CTOKOM, MEHIIE€ — 13 TaJUM CHITOBUM. BCTaHOBIIEHO, 110 HA YacTKy CHITOBHX 1
JIOIIOBUX BOJI, y IIJIOMY 3a ik, mpunanace Bia S g0 20 % [6].

IToBepxHeBi BoaM Ta mig3eMHi BOAU

PiukoBa mMeperka € THAMKaTOpPOM E€KOJIOTIYHOTO CTaHy, BIITBOPIOIOYH XapaKTepHi
O3HaKU BOJIOT0OOITY, PIUKOBOTO CTOKY Ta ioro ckiany. I'igporpagiuny citky Jlynpka
(puc.1), 6e3nocepentbo, popmye piuka Ctup, sika CIyrye MeBHOIW Bicclo MicTa. Jlo
roJioBHOI piuku Brajae p. CamanaiBka, p. Omensauk ta p. XKugayBka, a Ha miBACHHUX
okonuipix Ctupy — p. HopHory3ska.

Crin BII3HAYUTH, IO PI3HI acleKTH rigporpadii micta JIynpka BUCBITIIOBAIHUCS
y podotax B.O.®ecroka [4], 4.0. Monbsuaka [5] , M.M. I'anymak [1]11H .

Ctup — piuka, sika € npaBuM JomiuBoM p. [lpun’sate. JJosxuna p. Ctup 494 km.
VYV mexax M. Jlyupka gomxuna 11,2 km. [Jonuna, mepeBaxHo, n100pe BHUpa)keHa,
TpaneuenoaioHoi (opMH 3alIaBHOTO THIMY. 3aruiaBa JIBOCTOPOHHS, Yy MeEKax
BonuHCchKOi BUCOUMHHU cyXa Ta By3bka, Ha [loichKiil HU30BHMHI — IIMPOKA, YaCTO
3a0onouena [1]. Pycio moBosi 3BUBHCTE, XapaKTEepHI YMCICHH] CTapUIll Ta MEaH IPH,
mupuHoio 2—10 M. ['mubuan Ha mecax 3MiHOIOTHCA Bijg 0,4 10 0,6, Ha mepekarax —
Bix 0,1 o 0,3 M. [IIBuakocti Teuii B MekeHb CTaHOBIATH (,2—0,5, 30LIBITYIOYHCH
mig Jac maBoiakiB g0 1,1-2,5 m/c. YV XuUBJICHHI PIYKHA MPUHAMAIOTh y9acTh BAITHSIKH
Ta MEpresieBi-KpensH1 BIIKIAJACHHS BEPXHBOKPEHISHOI Ta TpeTuHHOi cucteM. Lle
00yMOBITIOE TipoKapOOHATHO-KANIbIIiEBUI ckiian. Boma B piuri 6e36apBHa, mpo3opa.
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VY mMexax obnacHoro 1meHTpy — M. Jlympk, 10 rosoBHOI piuku OaceilHy BIajaae p.
CamnanaiBka, p. Omensauk Ta p. JKuayBka, a Ha HOro MiBACHHUX OKOJHILAX — .
Yopuoryska [3]. Caig 3a3Ha4uTH, IO YHACHIJOK IPOBEIEHHS OCYLIYBaJbHUX
MeTiOpaTUBHUX POOIT Ha TEPUTOPIi BOA0300pY PIUKU CIIOPYKEHA BEJIMKA KUIBKICTD
MaricTpajbHUX KaHalliB, a TaKOX Ha KaHAJIMU MEPETBOPEHO OKpeMi Malll pIYKd Ta
CTPYMKH.

™ Tiunnaku Kupuaun Kisepui Kosens
AYUbK 3

Tapacose Boromotn

.
:
g_\:
;

Puc.1.Kapra m. JIlyubka

Piuka YopHory3ka € HallKpynmHIIIMM MpaBoOepexHUM JomimBoM p. Ctup,
Blajiac B HhOro Ha Bijactani 320 kM Bij rupia. Xoua Tedis YopHOry3ku dyepes
TEPUTOPII0 MICTa HE TPOTIKAE, MPOTE TMOTIPIICHHS CTaHy PIYKH 3YMOBJIEHE came
BIUTMBOM ypOani3zaiii. Haiibinbie 3a0pyAHIOIOTh piUKy MPOMUCIIOBI MIAMPUEMCTBA,
30kpema, BAT «I'HigaBCbKUM ILYKpOBUW 3aBOJ». BHUTOKM pIUKKM 3HAXOIATHCS
no6nm3y c. Jlunip JlokaumHcbkoi rpoManu. CBOi BOAM HEce piuka y HAMNpsSIMKY 13
3axojy Ha cxi. 3amrasa mupuHoio 0,7 kM. Pyciio meannpytoue. Horo mmpuna six 2
710 5 M. CXuiM JAOJWMHU Y BEPXHIM 1 HUKHIA YaCTUHAX PIYKH, JIe BOHA BUXOJUTH Ha
HU3bK1 Tepacu p. Crup, mokarti, B cepeaHii yacThHi — oO0puBHUCTI. OCHOBHUU
npaBoOepexHui 1o1uB - p. [lomoHka.

Piuka CanaJjiiBka € npaBoOepexxHuM JormiauBoM p. CTUp, Blajgae B HbOTO
Ha Bifnctani 302 xm Bix rupna. Butok —y cem [Mapasmxka. Jlo M. Jlynibka Hece
cBoi Boau uepe3 TepeMHIBCbKHMI MikpopaiioH. Ha mpomy BiApi3Ky po3TalioBaHi
TepemnuiBcbki craBku. [4]. JoxuHa piuku 12,4 kM., y mexax Jlymeka - 8,3 k.
[Tnouri Bomo36opy — 39,2 km?. [llupuna 3amasu 1 kM. [upuna pycna 2 m. JTonuna
CamamiiBku wmicisamu  3a0omoueHa. Y Jlymeky pycno CamanaiBku pO3UHIICHE,
ka"aimi3oBaHe. [lapkoBo - cajioBl HacaKEHHS, B Me&XaxX OaceilHy, He € ICTOTHUM
YUHHUKOM (OPMYBaHHS TIAPOJOTIYHOTO peXuMy. BHACHIIOK CKUAY HEOUYHUIIIEHOTO
MIOBEPXHEBOTO CTOKY 3 MICBKOI TEpUTOpii, piuKa CIpaBise THITIOUEC BpaKCHHS.
Opnnak B Munysiomy CananaiBka 0yJia JOCUTh TOBHOBOJAHOIO PIYKOIO.
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Tepemniecvoki cmageku crnopymkeHi Ha p. CanamiBka (mpy — BYIL
TepemuiBcbkiit), 31 cximHoi croponu micta Jlympka. Ilmoma craBkiB 5,91 ra.
Binirpaiote 3HauHy (yHKLIIO y Pperyjsmii TigpOJOTIYHOTO PEXUMY PIUKH
CananaiBku. CrtaTyc mam’sTKH TPUPOAM  MICIEBOro 3HaueHHS «TepeMHIBCBKI
cTaBKW» HajgaHo y 1993 porii.

Piuka Omensinumk € mnpaBoOepexHuM gomauBoM p. Crtup. baceitn piuku
OMenssHUK  po3MillleHW B Mexax c¢. Bemukuit OMensHUK Ta  BYJIHIb
Bononumupcerkoi, Kosenbckoi, UepnuiieBcbkoro, 3apiunoi. BimBaetrses y p. Ctup
B 31 cropoHu Byi. llleBuenka. /loBkuHa pyciia OCHOBHOI piuku 12,5 kM, B Mexax
Jyueka - 3,5 km. Inomi Gaceiiny — 40 xm?. CTik JOIIMBY PiYKM 3aperyibOBaHHI
cTaBKaMu. Piuka BUKOPUCTOBYEThCA JIJIsl pekpeartii [2].

Piuka KuayBka e niBoOepexxHuMm gorumBoM p. Ctup. Mae noBxkuHY 4 KM,
o 6aceiiny — 9,5 km?. Butoku p. XXunyska 3axignime Byi. JIbBiBCEKOT, IpoTiKae
nopy4 3 BAT «IligmmnuukoBuii 3aBoj», neperuHatou ByJ. [loTeOHI 3nuBaeThCs y
p. Ctup.

CriuHi BoaM € JpKepernoM >kuBieHHS JKumyBku, mpoTe ii 3a0pyaHio0Th. Piuka
ka"amizoBaHa. CTik cmabkuii. BiiTky MoXxe nmepecuxaru, B3SUMKY — IIepeMep3aTH.

['HiaBCchbKUil OONOTHHUI MAacHB T1APONOTiuHO 3’€nHy€eThes 3 p. CTup KaHaslamu,
110 BUMArae OiIbII JAeTAIBHUX T1IPOJOTTYHUX JOCIIIKCHbD.

VY rigporeosioriyHOMY BifHOIIEHH! JIyIbK 3HaXOAuThCA y Mexkax Bomuno-
[Toxinbebkoro apte3iaHchbkoro OaceliHy. BopjomocradanHsi micTa 371MCHIOETBCS 13
Mmiz3eMHUX JoKepen. BoHu mpicHi i MiHepanizoBaHi. Ix ¢opMyBaHHS 00YyMOBIIOE
reosioriyHa Oynosa. [locTiitHi 3amacu mig3eMHUX BOJ, (POPMyrOUM 30HM aKTUBHOTO
BOJ00OMIHY Ha rimouHy y mexax Bimg 400 go 500 M., 3yMOBIIIOIOTH KJIIMaTH4HI
0COOJIMBOCTI TEepUTOPii (3HAYHA KIJIBKICTh OIAJiB, IMOMIPHI TeMIMepaTypu MOBITPS,
M1JBHUIIIEHA BOJIOTICTh). BUAISAIOTECS BOJOHOCHI TOPU30HTH OOJIOTHHX; aJTFOBIAIBHUX
BIIKJIA/1B; BEPXHHOUETBEPTHHHUX €0JI0BO-IETFOBlaIEHIX BIIKJIaIIB Ta
BEPXHBOKPEHIOBUX BiJIKIIA/IIB.

OCHOBHUM BOJOHOCHUM TOPH30HTOM B Mexax Jlympka € BepXHBOKPEHIOBi
BiaKIaau. 3amsararoTh Ha TimbuHil 10-35 M. BoIOHOCHICTH BiJKIIaaiB HEOTHOPIAHA:
nediTi cBepIoBUMH ckianatk Big 0,57 mo 6,9 n/c [5]. Tomy, mns opranizamii
LEHTPATI30BAaHOTO BOJIOTIOCTAYaHHA BEPXHBO-KPEHAOBI BIAKIAOU € HaMOUIBII
MPaKTUYHUMU.

Bomonocrauanus M. Jlynbka 37iHCHIOETBCS 13 TIA3EMHUX JDKEpEN IT'SITH
B0103a00piB: JlyOHiBchKOTO, HOBO- JlyOHIBChKOTO, CXigHOTO, ITiBAenHO — CXiHOTO
ta OmensHiBcbKoT0. Beboro HamiuyeThest 47 cBepyioBUH. CBEpUIOBUHU HE JTyKE
rMOOKI: rIMOuHA 1X KoMBaeTbest Bia 26 M 1o 170 m. HaiiBuma Minepasizaiiisi BOau
Ha JlyOHiBCchbKkOMY Bojao3abopi (404,7 mr/m), Haitnmwkuya — Ha IliBgeHHO-CXigHOMY
(349,1 mr/n).

[TinzemHi Boau 3a0pyAHIOOTHCS. YnuM Bull (inpTpaiiiiHi BIACTUBOCTI MOPIiJ,
TUM BHUIIA CTYIIHb 3aXHCTY, SIKI € YACTUHKOIO 0araropiyHOro CTOKYy pidok. Y OaceiiHi
p. Ctup, y mexax M. Jlynpka, 9acTka mia3eMHOTO CTOKY CTaHOBHUTH 49%.

Cepen ycix obmacHUX IEHTPIB YKpaiHU JHIIE AEKiIbKa, Y T.4. JIyIbK, MalOTh
MOJIUBICTh JIJII OpraHi3allii MUTHOTO BOJOIMOCTAYaHHS JIMIIE 13 MiJ36MHUX BOJI.
[Hm11 MicTa 3a0€3Mmeuy0ThCS BOJOIO 3 IOBEPXHEBUX BOJIOKEPENT a00 MAIOTh 3MIIIaHe
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3a0e3reueHHs BojIol0. Tomy MiJi3eMHI JpKepena JAyKe BaKIIUBI. Alle SKICTh BOAU Y
MOBEPXHEBUX BOJAX TMOCTIHHO TOTIPIIYETHCS, BHACTIAOK BUCHAXEHHA W
3a0pynnenns. Tomy mpoOnema 30epexeHHsI MOBEPXHEBUX BOJ B CTAJOMY CTaHi €
JOCUTh aKTyallbHOIO. Bce Ie CTBOproe 3HAYHY 3arpo3y Oe3NedHidi Ta 3I0poBii
KUTTEIISIIBHOCTI JTIIOJUHA B CYY4aCHOMY MICTI, aJiKe JTy»Ke 6araTo XBopoO HaceIeHHS
MOB’sI3aH1 13 Y’)KHBaHHAM BOJHM HU3BKOT SIKOCTI.

BucHaxeHHs1 BOIHUX pecypciB 3pocTae. PiBeHb BUKOPUCTaHHS, SIKHH MU MaEMO
B CY4YaCHOMY CbOTOJICHHI, JaBHO TMEpEeHIIOB MOMYyCTHUMI HOPMH, IHTEHCUBHICTb
BUKOPUCTAHHS  Ta  pIBEHb  3a0pyJHEHHA  NEPelIKOKAIOTh  IpolecaM
CaMOB1THOBJICHHSI BOJIOMM, 110 MPU3BOIUTH JI0 JAeTpajallii BOAHUX 00’ €KTIB.

BonokopucryBanust M. Jlyibka 311MCHIOE HEaOUSKUN aKTUBI30BaHHWM BIUIMB Ha
penbed Micta. 30kpemMa, MeniopoBaHo 3ariaBy Ctupy, 3akuaaHo pycio p. [nmymens,
B MeXax 3aIjiaBu, nosBuwinMch ropou. Pycna CananaiBku 1 JKuayBku KaHasi3oBaHi.
Pycna Omensauka 1 YopHOTY3KH TIEpETOPOHKEHO rpediisiMu 1 3aperyiaboBani. s m.
Jlynipka Ba)KJIMBUM € CTaH TTOBEPXHEBUX BOJI.

BucHoBku

Po3BuTOK mpoOMHUCIOBOCTI Ta 30UIBIICHHS AaBTOTPAHCIOPTY HETaTUBHO
BIUTMBAIOTh HA TIOBEPXHEBI BOAM. AHTPOIOTCHHUH BIUIMB HAa MOBEPXHEBI BOIHU, B
Cy4acHHUX YyMOBaX, IPHU3BIB JO TOTO, IO 3AaTHICTh PIYOK JO CAaMOOUYHIICHHS
nopymieHa. Benuki  KOHUEHTpauli IMIKIJIUBUX  JOMIIIOK  MEPelIKOIKaI0Th
CaMOOYHMIIICHHIO BOJIU 1 ii 3a0pyaHeHHs nporpecye. Lle mpu3Beno 10 HE3BOPOTHUX
3MiH B €KOCUCTEMAX.

[ToripmmBcs OPUPOTHUN PEKUM PIUYOK, BHACTIIOK 30UIBIICHHS IIKIIIMBUX
PEYOBHH, SKI 3yMOBJIEHI CKUJIaMH MINPUEMCTB, PO3TALIOBAaHUX B iX OaceiHax.

Heo0xigHo moOyayBaTu HOBI 1 3AIMCHUTH MOJIEPHI3Alll0 OYUCHUX CIIOPY/I,
JOTPUMYIOUUCH TEXHOJIOT1M OYUIILIEHHS BOJIH.

OxopoHy 1 pO3yMHE BUKOPUCTAaHHS BOJHHUX PECYpCIB MOTPIOHO pealii3oByBaTH
Yyepe3 MOHITOPUHI MOBEPXHEBHUX BOJ Ta MPUPOJOOXOPOHHI 3aXOJH 13 BIJIHOBJICHHS
PIYKOBHUX €KOCUCTEM, SIK1 OyIyTh CIIPUSATH MOKPAIICHHIO €KOJOTIYHOTO CTaHy.
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Abstract. The paper analyzes the ecological state of surface waters of the Lutsk town and its
usage. The article highlights the main reasons for their deterioration. An analysis of the natural
and anthropogenic influence on the process of formation of surface water quality in the basin of
Styr river within Lutsk town was carried out. Several measures were proposed to improve water
condition in Lutsk town and further rational use of small rivers. An ecological assessment of waters
by quality classes has been carried out. Proposals for improving the quality of surface waters are
presented, which in turn will serve as a modern basis for their further research.
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Anomauia. B pooomi pozensoaemvcsa npobdiema Hebe3neku azdecmoemicHUX mamepianie 6
Vipainu nicna ix 3aboponu. Azbecm OiliCHO eKCMpAaopOuUHApHUll Mamepian, KUl 60100i€
VHIKAIbHUMU GACMUBOCAMU. KOPO30OCMIUKICMb, OieleKmMpuK, 008208I4HICIb, MEPMOCMIUKICMb,
manul  KoegiyicHm — memMnepamypHo20  NOOOBNHCEHHs, € HE2OPYUM — Mamepiaiom, He
NOUWKOONCYIOMbCA  2PpUSYHAMU Mda 20/108HA Nnepesaza — MiHimaneha eapmicme. (QOHak, 6cs
npusadIusicms Yb020 Mamepianry PYUHYEMbCA HACMYNHUM — 34 iHgopmayicio Bcecgimmuboi
opeanizayii 0XopoHu 300pos8’s y ecvomy cgimi opienmosrno 100 000 nodetl emupae wopiuno 8i0
3ax60p106aHb, BUKIUKAHUX Oi€l0 azdecmy. OHKONOIUHI 3AX60PIOGAHH CMAHOBNAMb 3A2PO3Y He
MinbKU 01 NPAYIBHUKIB, KT 3AUHAMI HA 8UCOMOBIEHHT 6Up00I6 3 azbecmy, a i Oisl 2POMAOAH, AKI iX
suUKopucmogytoms. 3ab0poHa euxkopucmauus asdbecmy 6 YKpaiuni mae, 6e3yMO6HO, npocpecusHe
3HA4eHHs, 3 MOuKU 30py 300po8’a HacenenHs. OOHAK, npodiema He2amusHo20 6NAUBY azbecmy
3aMUUUMBCS HA POKU.

Knrwwuosi cnoea: azdecm, OyodisenvHi mamepianu, Oe3neka, Npogeciiini 3ax80pi06aHHs,

3aKOH00aecmeo, KAHYEepOoceH.

Beryn

3a gac 30poiHoi arpecii 3 00Ky MBHIYHOTO Cycina, B YKpaiHi Oyyo 3pyHHOBaHO
0e3J114 JKUTIOBOI Ta HEKUTIOBOI HEPYXOMOCTI. 3a OIiHKaMu aHamiTHKIB KuiBchkoi
IITKOJT €KOHOMIKM B HaIIii KpaiHi, Ha KiHenpb 2022 poky, Bxke Omm3bko 144 Tucsadi
3pyWHOBAaHUX BHACIOK BOEHHUX Ai OyawHkiB [1]. BimOymoBa Ykpainu micis
3aKIHYEHHS BOEHHOIO CTaHy, 3pOo3yMulo, Oyne mnependadatu OyIBHUIITBO
OPUMIIIEHb PI3HOIO MPU3HAYEHHS, B MEpUIy 4Yepry Kumia. | TyT 3 sBISe€TbCs
MOXJIMBICTh O30y THCS TAKOTO IIKIIJTMBOTO MaTepiaiy, K a30ecT y HOBOOyJ0Bax.

IcTopia mommpenoro 3acTocoByBaHHs azdecTy nounHaerbes 3 1901 poky, komu
Jlronpir l'aTyexk oTpuMaB TATEHT Ha CBIM BHHAxXiJ MOpPO CHOCIO CTBOPEHHS
az0ecTolleMeHTHUX TUIUT. A30ecT B YKpaiHi 3aCTOCOBYIOTh B OYJIIBHHUIITBI, XIMIUHIN
IIPOMUCIIOBOCTI, PaKeTO- Ta MalIMHOOYAyBaHHI. ['pomMaasiuu YKpaiHu CTUKAIOThCA 3
HUM Yy HACTYNHUX BHpOOax: mu(bep, a30€CTOLIEMEHTHI JIMCTH (TEeII0130JIs1is
MPUMIILEHb, 5K B HpOMI/ICJ'IOBOCTl Tak 1 B MPUBATHHX OymiBisix), a3d0ecToBl TpyoOU
(BomomocTavaHHs, KaHajizarisi, KabelbHI MEpexi, TUMOXO0/U), a30€CTOBI TKaHUHU
(TeTI03axXMCHUN CIEIOST, PYKaBHIll Ta IIOJIOMH), TAIBMIBHI CTPIYKH, TPAHCMICIHHI
1 IPUBOJHI pEMEHI, TUCKU 3YCTIICHHS, YIIUTbHIOBAJIbHI MPOKIIAIKKA 1 HAOWBAHHS IS
TEMJIOBUX JIBUTYHIB, CIEIIaJbHUNA KapTOH (3aXUCHUM TEIUIOI30JSAIIMHAN MaTepian)
Ta 6e3714 1HIKMX BUpoOiB. Lle niiicHO yHIKaIbHUNA MIHEpa.

A30ecTOBI BOJIOKHA MOJISIOTHCS HA 1Bl OCHOBHI IPYIH CHJIIKATIB: XPU30THI Ta
amdi6osu. HaiOinbin pomoBuina azdoecty po3ramoBani: Kanana (xpuzotun), ITAP
(ampi6omu, xpuzotuin), Pocis (xpuzotun), Kazaxcran (xpuzotmin), Kwuraii
(xpuzotmn), CHIA (xpuzotun, amdibonu), bpaswma (xpuzortwi), 3im0Oa0OBe
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(xpuzotwmi), Iramis (amdidbonu, xpuzotui), Ppanmis (amdidbonm), DiHIIHIIA
(ampi60mm), Anonisa (xpuzotui, amdidonn), ABcrpanis (amdidonu, xpuzorun), Kinp
(xpuzoTuin).
OCHOBHHUI TEKCT
[TomynsipHicTh BUPOOIB 3 a3decTy B Oe3miui chep MOSCHIOETHCS HASBHICTIO Y
HUX 3HAYHUX TIepeBar. A came: CTIAKICTh A0 KOpO3ii, MieNeKTPUK, TOBTOBIYHICTS,
azbecToBa TKaHMHA BUTpuMye Temneparypy A0 1500 °C, HU3bKHI KOe)IiIieHT
TEMIIEPATyPHOTO TOJOBKCHHS, € HETOPIOYUM MaTepiaioM, HE TOIIKOKYIOThCS
nlypaMd MpU eKCIUTyaraiii Ta ToJIOBHAa IepeBara s YciX KpaiH 3 OlIHUM
HACeJIEHHSM — MiHIMaJbHa BapTICTh.
OnnHak, Bcs MpUBa0IMBICTh I[OTO MaTepiany pyHHYETbCS HOTro HeOe3MeKO0 IS
moauHu. BeecBiTHs opranizaiii oxoponu 310poB’s (BOO3) moBoauTh, 1110 y CBITI
npubaumzno 100 000 mromeit BMupae MIOPIYHO BijJ 3aXBOPIOBaHb, BUKIUKAHUX JIIEIO
azbecty [2]. Sk cBimuaTh HAyKOB1 JOCHIJKEHHS BUKOPHUCTaHHS a30ecTy Ta
OPOAYKIIii, B sIKIi BIH MICTUTHCS, MOKE COPUUYUHATH NpodeciiiHi 3aXBOPIOBAHHS Ha
pak roptasi, OpOHXIB 1 JIET€HIB, Ha paK sIEYHUKA, & TAKOX HA 3JI0SKICHY ME30TEI10MY
IUIEBPU, OUYEPEBUHH, MepuKapAa. Y TMpaliBHUKIB BUAOOYBHHX Ta MEpepoOHUX
HIANPUEMCTB 1i€i Taidy3l, BIPOTIAHICTP BUHUKHEHHS NYXJIMH Yy JEKUIbKa pa3iB
OunbpIlle, HDK y TepeBaXKHO1 OUIBIIOCTI HaceneHHs [3-6]. Ha mimcraBi pe3ynbTaTiB
aociikeHb MikHapoaHe areHTCTBO 3 BUBUEHHSA paky npu BOO3 3anecno azbdect 10
nepIoi, HauOUIbI HEOE3MEeUHOI KaTeropii CIoayK 31 CIUCKY PEYOBHUH-KaHIIEPOTEHIB,
JUIS SIKMX 1CHYIOTh BIJOMOCTI MPO iX IIKIAJIUBICTD IS JIFOJUHU.
Ha miit mizctaBi po3BUHYTI KpaiHU TTOYaId 3a00pOHATH BUKOPUCTAHHS a30eCTy:
o ypsan Kananu npuitass [lonoxxenns npo 3a6opoHy a30ecTy Ta MpOAYKTIB, 1110
MicTaTh azbect (2018), ogHak y AESKUX Taly3sX BUKOPUCTAaHHS a30ecTy
MoxxJBe 110 2029 poky;

e B KpaiHax €Bporneiicbkoro Coro3y i€ 3a00poHa Ha BUKOPUCTAHHA a30ecTy Ta
BUpOOIB 3 HBOTO 3 1 ciunst 2005 poky;

e B [liBgenHo-Adpukanchkiii PecryOminn Jiie moBHa 3a00poHa Ha BUI00YBaHHS
IOT0 MaTepiany;

® TOBHICTIO BUKOpPUCTaHHS a3decty Oyno 3aboponeHo B Amownii B 2002 porii,
BBE3€HHs OyJb-SKOro marepiaiay 3 BMiCTOM a30ecty Ounpmmm Hik 0,1 % B
Snoniro 3a00poHeHE;

e bpaswiis oronocuiia npo 3a00poHy Ha azdect y 2017 poi;

e y ABcrtpanii Bu00yBaHHs az0ecty npunuauiocs y 1983 poui, a 3 2004 nie
MOBHA 3a00pOHA Ha a30ecT;

o ypsn Crnonydenux IlltaTiB He 3a00poHUB a30ecT, ogHaK mpunuHUB B 2002

poiri BUA0OYTOK; BUKOPUCTAHHS B TPOMHCIOBOCTI OyJI0 3HAYHO CKOPOUYEHO.

B pesymbrari mmx 3ab60poH 1 OOMEXEHb BUPOOHHUIITBO IHOTO MaTepialry
nmocTiitHO ckopouyeThes. Y 2007 pori y cBiTi 1o0yBanu 2,2 MITH TOHH a30ecTy, TO y
2020 pomi — 1,2 maa ToHH [7]. OcTaHHIMU CBITOBUMH JIiJIepaMu 3 BUPOOHHUIITBA
az0ecty samummmch Pocis, Kutait, Kazaxcran, ski MaioTh HalOUIBIII pOAOBHINA
xpuzotwity. Iligo3proBaTu ypsiid LMX KpaiH, M0 BOHU 3aHAATO MIKIYIOTHCS IMPO
3I0pOB’Sl CBOTO HACEJICHHS HE BapTO, BUCOKUM MOMUT Ha HEJOPOTi BUpoOH 3 azdecTy
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€ OCHOBHOIO MOTHBAIII€IO, KA MPOTHUIIE 3a00poHi. Y 1999 poui Pocis 3aboponuna
mumme amdibonoBuit BuA azbecty (Ha TEpPUTOPIi € OJHE HE3HAYHE POJIOBUIIE 3
CHUPOBHMHOIO HHU3bKOi sikocTi). ChoronmHi us kpaina mocrayae Big 60-75% Bcworo
az0ecTy (XpU30TWUJI), IO BUKOPHUCTOBYETHCA Yy CBITI. B SKHX KpaiHax KymyloTb
Bupobu 3 aszbecty? Ile Pocis, Kupruzis, Kazaxcran, Kurait, [ugis, [amonesis,
B'ernam, Tainmang ta VYkpaina. OcHOBHa CHUIbHA pHCa LUX KpaiH HasBHICTb
HY)XKJIEHHOTO HAcCeJIeHHS, SKE€ AaKTHUBHO KyINye Ied pHU3UKOBAaHUN Oy/iBeIbHUI
Marepiall, 110 KOIITYE JeleBIe, HixK 0e3MedHi 1l 3/J0pOB'st aHAJIOTH.

B Vkpaini go BifiHM Oyjio 7 MIANPUEMCTB, $IKI BUTOTOBISIM BUpPOOU 3
BUKOPHUCTaHHSAM a30ecTy, Je MpauioBaio Onu3bko 4 Tucsd oci6. CupoBuHY Il
MiAnpueMcTBa iMmopTyBanu 3 Pociiicekoi ®Denepanii (64,5%) ta Kazaxcrany
(35,5%). Hacenennst cTukaeTbes 3 a30€CTOM Ha KOXKHOMY KpOILIi, 3p03YMLIIO, 1110 TaKe
PO3MOBCIOJKEHHSI I[OTO MaTepiajly He IMOKpaIly€e 3J0pPOB’s TPOMAJIIH KpaiHU Je
HalMEHIIIa TPUBAIICTD )KUTTA y €BPOIIL.

3 2005 poky YkpaiHa HamaraeTbCsi pyXaTUCh y OIK €BpONEWCHKHX KpaiH 3 ix
rYMaHHUM CTaBIIEHHSIM /10 370pOB’A Ta XKUTTS MoauHu. Kpaina mpocyBaerbes y
KitbBatepi kpain €C, oHaK Ha 3HAYHIN BiJICTaHI.

BiTun3HsHI 3aKOHOJABII MiJ BIUIMBOM 3MIH y CBITI, IO B1AOYJIHCS BiTHOCHO
CTaBJICHHS J10 a30€CTy TeX CIpoOyBay MPOBECTH CITIB3BYYHI 3MiHU. XPOHIKA MO
HACTYIIHA!

e 10-12 6epe3ns 2010 poky VYkpaina mianucana Ilapmceky [eknaparito Ha V
Kondepenuii MiHICTpiB 3 MNHTaHb OXOPOHU 3JI0POB'S Ta  OXOPOHH
HaBKOJIMIITHBLOTO CEpPEeoBUIlA, Jie¢ B3sja Ha cebe 3000B'sS3aHHS PO3POOUTH
HallIOHAJIBHUM TUTaH JIIA MO JIKBIAAIll MOB'sI3aHUX 3 a30€CTOM 3aXBOPIOBaHb [0
2015 poxkys;

e 2 jmunus 2012 poky I[loctaHoBa rOJOBHOTO AEPKABHOTO CAHITAPHOTO JiKaps
VYkpainu Nel6 — Oyrno 3arBepxkye rpannyHo gomyctumi kKoureHtparii (I'1K)
BOJIOKOH XPHU30THJIOBOTO a30ecTy y MOBITpi poOodoi 30HM — 1 BosokHO/cM?, 1
KJlac HeOe3NevHOoCTl, KaHueporeH (eBpomneiicbkuii HOopMmaTuB ['JIK BOJOKOH
XPU30TUIIOBOTO a30ecTy y MoBiTpi pobouoi 30uu — 0,1 BosokHo/cM? B 10 pa3iB
KOPCTKIIINM 32 YKpaiHChkuid — 1,0 BoslokHO/cM?);

e 01 xoBTHs 2012 poky Hakazom MinicTepcTBa 0XOpOHHU 370pOB’ st YKpainu Ne
762 3arBepmxeHo [lepkaBHi caHiTapHi HOpMu Ta mpaBuia «lIpo Oesmeky i
3aXMUCT TPAIIBHUKIB BiJ MIKJIMBOIO BIUIUBY a30ecTy 1 a30€CTOBMICHUX
MarepiaiiBy;

e 29 Oepe3ns 2017 poxky nHakaz MO3 Vkpaimu Ne 339 «IIpo 3arBepkeHHS
Jlep>xaBHUX caHITapHUX HOpM 1 nipaBui «IIpo Oe3neky Ta 3aXucT poOITHUKIB BiJ
IIKI/JTUBOTO BIUIMBY a30€CTy Ta a30€CTOBMICHUX MaTepialiB», SKU 3a00poHsE
BUPOOHUIITBO Ta BUKOPUCTAHHA BCIX BUAIB a30€CTy PHU BUKOHAHHI Oy 1IBETHHO-
MOHTaXHUX POOIT;

e 11 Bepecus 2017 poxy Haka3 MinictepcTBa toctuiii Ykpainu Big Ne 2859/5
«IIpo ckacyBaHHS PILIEHHS MPO JE€P>KaBHY PEECTPALliI0 HOPMATUBHO-TIPABOBOTO
aKTy», a caMe Haka3y MiHICTepCcTBa OXOPOHHU 310poB's YKpainu Big 29 Oepe3Hs
2017 poxy Ne 339 «Ilpo 3arBepmkeHHs [lep>kaBHUX CaHITAPHUX HOPM 1 MPaBUI
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«IIpo Oe3meky 1 3axuCT TMpaliBHUKIB Bl IIKIJJIABOrO BIUIUBY a30ecTy Ta

MaTtepianiB 1 BUpOOIB, IO MICTATH a30€CT»»;

e 27 Oepesns 2019 poky Kacamiiinuii anMiHICTpaTUBHHM CyI BiIMOBHUB Y
KacariifHux ckaprax MiHICTEpCTBY OXOpPOHH 370pOB'S YKpaiHU IIPO BU3HAHHS
MIPOTUNIPABHUMH i BITHOCHO CKacyBaHHs Haka3y 29 Oepesnst 2017 poky Ne
339 «Ilpo 3arBepmxeHHs [lep:kaBHUX caHITapHUX HOpM 1 npaBuil «IIpo Oe3nexy
1 3aXMCT TpalliBHUKIB BiJ] IIKIJIMBOTO BIUIMBY a30€CTy Ta MaTepialiiB 1 BUPOOIB,
110 MICTSTH a30€CT»»

e 4 motoro 2021 poky paemyTaTH MPOTOJOCYBAIM B TMEPIIOMY YHUTaHHI
3akoHONpoekT Ne 4142 «IIpo cucremy rpomMaiChbKOro 370pOB’s», B SIKOMY
cTaTrTero 28 mepen0adaeThCsi BCTAHOBUTH  3a00pOHY  BUPOOHHUIITBA 1
BUKOPUCTAaHHS a30€CTy HE3aJeKHO BiJ BUIY, a TAKOXK a30€CTOBMICHUX BUPOOIB
1 MaTepiamis.

e 6 BepecHs 2022 poky BepxoBHa paja YkpaiHu po3risiHyia y IpyroMy YdTaHHI
Ta TpuiHsia B IoMy 3akoH Ykpainu «IIpo cucteMy rpomaachbkoro
310pOB’51».

Opnak, ka3zaTd TOpo TEepeMory Haja a30ecToM 3aHaATo paHo. BHHHKAIOTH
NUTaHHS TPO 3aMiHy W yTuimizauiio BUpoOiB 3 azdecty. Hanpuxnan, 6iussko 60%
MOKpiBeNbHOTO (GoHAY YKpaiHM CKIaAaloTh MOKPIBII 3 mudepy, a 1e — MOoHaL
MUTBAP KBaJpaTHUX METPIB TOKpiBIl. BuHWKae cepis mNHTaHb, sSIKa MOXKE
3pyHHYBaTH yCi OUYIKyBaHHS BiJl 3a00pOHW IIKIJUIMBOTO MaTepialy: SIK JOBECTH
BJIACHUKY OyAWHKY, IO HOTo jJax moTpebye 3amiHu, XTO Oyae (iHaHCyBaTH
JEMOHTaX 1 MPUAOAHHS HOBOTO MaTepiainy IJisi TMOKPIBIi, J€ W SKUM YUHOM Oye
IIPOBOAUTHUCS YTHIII3AIlld JeMOHTOBaHOTO Imudepy. 3apa3, y mnepioa BIWHH, IO
npobiieMy He BupimuTd. KpiM Toro, i y MHpHI 4acu crocTepiranacs MpaKTHKa
3aCTOCYBaHHS MOJOMAHOI0 mHUdepy AJig 3aCUIIKU IPYHTOBUX JIOPIT, a y TIEpioJ] BIMHU
I TpakTUKa MoOe Juiie mnomuptoBatuca. [lpomy Oyae crpusitu 0e3niu
3pyHHOBaHOro mudepy y pe3yiabTari OOCTPUIIB 3 OJHOTO OOKYy 1 HEOOXIJIHICTh
IIBUJIKOTO PEMOHTY JOPIT 3 1HIIOro. TpoleHHsT 1oro aBTOMOOUISAMHM 1 TIIIOX0IaMH
npu3Belie /10 PO3MOPOIICHHS KAHIIEPOr€HHOI PEYOBMHU 3 HBOTO Yy TMOBITPI 1 came
HENPUIHATHE Y 30H1 JUXaHHS JIOAUHU.

Ha >xanp, cucrema yTtwm3aiii CMITTS B Hamliid KkpaiHi po3BuHeHa ciabo. B
€Bporni ctapuii mudep YTUTI3YEThCS HAa CHEIaTi30BaHUX CKJIaJaxX MPOMHUCIOBUX
BimxomiB. B YkpaiHi Takoi MpakTUKN HEMAE.

BucHoBku

3ab0poHa BUKOPUCTAaHHS a30€CTOBMICHUX BHPOOIB — II€ TOTYXHUH KPOK Yy
3a0e3nedeHHl OJIaromoiydusi HaceleHHS YKpaiHu. AJe 1e TUTbKH TEepImid KPOK.
Bunukae HeOOXIAHICTH y CHUCTEMHOMY MiJIXOJl y BHpIIICHHI mpoOjemMu a30ecTy.
kim0 3 HOBOOyJ0BaMU OLIBII-MEHIII OYEBUIHO — HEMAa€ Ha PUHKY OyamaTepiaiiB
TpaauiitHoro mudepy, He Oyae Woro Ha naxy. o podutu 3 mudepom, sikuit Bxe €7
[ToTpiGHa AepkaBHA Mporpama, sika 1acTh BIJMOBIJII HA HACTYIHI TUTAHHS:

® CTBOPEHHS MEPEIiKy a30€cTOBUX BUPOOIB 1 MICITh X pO3TAlTyBaHHS;

e mxepena (PiHAHCYBAHHS BUAAICHHS a30€CTOBMICHUX BHUPOOiB;

e cnocid TpaHCIOPTYBAHHS 1 MICIISI YTUIII3allisl IEMOHTOBAaHUX BUPOOIB;
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K
® KOHTPOJIb 32 MOPYIICHHSIM 3a00POHU Ha BUKOPUCTAHHS MOIIOHUX BUPOOIB Y
MaiOyTHHOMY;
e iHGOpPMYBaHHS HaCEJICHHS MPO IIKOAY TAKUX BUPOOIB.
HeoOximHi HOBI 1 THY4Yki (iHAHCOBI MeEXaHI3MHU MIATPUMKH TpoMaa Ta
NPUBATHUX 0CI0, SKI 3a0XO0YYIOTh iX JO BHJAJIEHHA MaTepiaiaiB 3 a30ecrty,

opraHizallisi HaBYaHHS JJisg IMIJBUIIECHHA O0O0I3HAHOCTI SK OpraHiB MiCII€BOTO
CaMOBPSAYBaHHS, TaK 1 IEPECIYHUX TPOMAISIH YKpaiHu.
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Abstract. The paper examines the problem of the danger of asbestos-containing materials in
Ukraine after their ban. Asbestos is a truly extraordinary material that has unique properties:
corrosion resistance, dielectric, durability, heat resistance, low coefficient of thermal elongation, is
a non-combustible material, is not damaged by rodents and the main advantage is minimal cost.
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However, all the attractiveness of this material is destroyed by the following - according to the
World Health Organization, approximately 100,000 people worldwide die annually from diseases
caused by asbestos exposure. Oncological diseases pose a threat not only to workers who are
engaged in the manufacture of asbestos products, but also to citizens who use them. The ban on the
use of asbestos in Ukraine is certainly progressive in terms of public health. However, the problem
of the negative impact of asbestos will remain for years.

Key words: asbestos, building materials, safety, occupational diseases, legislation,
carcinogen.
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Peztome. Heghpocenna apmepianvua cinepmensia (HAI) — oona 3 matinowupeniwux ma
XapaKkmepHux O03HAK NEPEUHHUX ™A 6MOPUHHUX 3AXE60PIOBAHL HUPOK, 0OYMOGIEHA OpP2aHIYHUMU
3AXBOPIOBAHHAMU HUPOK abo Hupxosux cyoun. HAI' nocioaromv oOne 3 nepwux micyvb cepeo
CUMNMOMAMUYHUX apmepianbHux cinepmen3is i 3ycmpiuaomocs y 6 — 20 % xeopux 3 niosuwenum
apmepianorum mucxkom (AT).

B 3anesicnocmi 6i0 pienss  3pocmanns AT Miscnapoone mosapucmeo cinepmensii, 2020)
pexomenoye pyopukayii piernis niosuwenus AT ma apmepianvuoi cinepmensii (((mabn 1).

Taomuus 1 - Knacugikanis AT (MixknapoaHe ToBapuctBa rineprensii, 2020).

Kareropis PiBHi AT, Mmm pT. CT.

CAT JAT
Hopmanbauii AT <130 <85
Bucoxko 130-139 85-89
HopMasibHUM AT
AT I ctynens 140-159 90-99
AT II crynens >160 >100
Kpurepii AT’
Odicuuit AT >140 1/a60 >90 MM pT. CT.
AmOynatopauii | 24-roguHHe cepeaHe 3HadyeHHs  >130 1/a6o >80 MM pT. CT.
KOHTpOJIb AT JleHHe cepeHe 3HAUCHHS >135 1/a6o >85 MM PT. CT.
(AKAT) Hiunwuit yac/con coH >120 i/a6o >70 MM PT. CT.
CaMOKOHTPOJIb >135 1/abo >85 mm pT. CT.
AT (CKAT)
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B ocmanne oecamupiuua 3pocmae uwacmoma HAI, sk eapianmy Al, wo noscHwoemuvcs
Hacamneped yoockoHnanenuam oiacnocmuxu [1,2]. HAI' cnocmepieaioms 3a HaAs8HOCMI RPAKMUYHO
BCIX 3AX60pI0O6AHb, WO CYNPOBOOIICYIOMbCSA BMASHEHHAM Yy HNpoyec HnapeHximu Hupok. [lo
PEeHONapeHxiMHux Hanexcums 6i0 5 — 15% ycix nupkoeux apmepianvuux cinepmensii. Hatiuacmiwe
HAI sunuxae y xéopux na xpouiunuii nienonegppum (XI1) — 50-60%, xponiunuii 2nomenyponedpum
(XI'H)-50-70%, Oiabemuuny xeopoby nupox 30-60 % [2,4]. XII cynposodicyemobcs po36umrkom
apmepianvhoi cinepmensii y 50- 60 % xeopux. [yace uacmo pisni npossu HAI' moocyms Oymu
nepuuMu npoasamu 3axeopiosants Hupok. [3,5]. Ilpu oughepenyiayii 3 cinepmoniynoro x60poooro
C1i0 pemenvbHO NPOaHAi3y6amu 4ac UHUKHEHHS Ceu08020 CUHOpoMY I nepuio2o niosuwyenns AT.

Ingpexyii cevosux winsaxie i nupox (ICIIH) € HauuucenvHiuwow epynowo 8 CmpyKmypi
3aX80PHOBAHL HUPOK MA NOCIOAomb mpeme micye cepeo IH@eKyil opeanizmy aOUHU 3a2anoM.
Busnauarome maxi ICLLIH: 6e3cumnmomua 6axmepiypis, inghexyii HUMNCHIX (YypempanbHuti CUHOPOM,
yucmum, NPOCMAMOYUCMUN) MA BEPXHIX Ceyosux wiiaxie (nicioHegppum nepeuHHull ma
8MOPUHHUL, KapOYHKY HUpKU, mo wo). [6]. Iicnonegppum (I1H) s8ionocumuvcs 00 inghexyii sepxHix
CeyoBuUx WAIAXI8, Ma OOKYMEHMYEMbCA HA NIOCMABI eKCmpapeHalbHUX CUMNMoMie - (hebpuivha
memnepamypa mina, iHmoxcukayis, 6oni @ obnacmi dcueoma abo nonepexy, HeumpoQiibHull
netxoyumos, 30inowenusn ILHIOE i penanvnux o3nax - baxmepiypii, netumpoghinoroi netikoyumypii,
Mikponpomeinypii, pH>6,5, nozumusHoeco mecmy Ha Himpumu, 1eUKOYUMIe, a MaKoHc HAA6HOCMI
nicisn cbomoco OHs x6opoou baxkmepit, wo nokpumi anmuminamu (bBIIA). [lpu cynymmuitl ingexyii
HUICHIX CeY08UX WLISIXI8 HEPIOKO ChOCmepieaemvCsl Ousypis ma 0004l ce4o8UnyCKAHHS.

Dakmopu  pusuxy, no8’sA3aHi 3 NpPOSPEeCcYBAHHAM XpOHIUHOI Xx6opoou Hupok (XXH):
npocpecyB8anHs X60poou HUPOK. cepye8o-CYOUHHI 3aX60PI0BANHS, NPOMEIHYPIs, 20Cmpe YPA#CEeHHs
Hupox, HAIL, yyxposuii diabem, naninHs, NOCMIilIHE GXHCUBAHHA HECMEPOIOHUX NPOMUZANATLHUX
npenapamie (HII3II), nenixosani obcmpykyii ceuosoco mpaxmy. YV xeopux i3 XXH cucmemme
earcusannsi HII3I1 moowce cnpuyunumu ii npoepecysann, a cumyamusHe suxkopucmanuua HII3IT —
360POMHE 3HUNCEHHS UBUOKOCII K1yOouK080i (hinempayii (LLIKD). [9].

Xpouiunuu ITH mpaxkmyemovcs sk "xpouiunuui (6mopurnuti) nienonegppum" i3 ymouHeHHs
xapaxmepy npoyecy (peyuous, 3aeocmpenns abo pemicis). opmynroeanns diacnozy XII micmumo
JiuuLe mi Xapaxmepucmuku, wo Marms micye y X6opoz2o.

Mema: ¥V nayienmis 3 xponiunum nieioHeppumom, Ha Xporiuny xeopody nupox I-I1I cmynens
0e3 XpOHIUHOI HUPKOBOI HeOOCMAamHOCMI OOCTIOUMU 8NIUE8 KOHMPOIIO ApmepiaibHo20 MUCKY HA
nepebiz 0CHOBHO20 3aX80PIOBAHHS.

Knruoei cnoea: apmepianvna cinepmensis, XpOHiuHa X60p0oOa HUPOK, YPANHCEHHS HUPOK

Marepiaau Ta MeTOIM X0CJIi/IKEHHS.

Ha 6a31 sedponoriunoro simmimenHs KHIT JlHinpoBchka Michka KIIiHIYHA
nikapus Ned JIMP m. Jlainpo Oyno obctexkeHo 60 xBopux (OCHOBHOI TpymH) Ha
XpOHIYHMH TieToHePpUT 3 XpoHiYHOK XBOpoOor Hupok (XXH) I-II crymens 6e3
XpOHIYHOI HUPKOBOI HemoctatHocTi (XHH) Ta 25 marieHTiB rpynu NMOpiBHSHHS 3
aQHAJIOTTYHHUM JI1arHO30M SIK1 BIAPI3HSUIUCH CTAaHOM KOHTpOJIt0 TiaBuiieHHoro AT. Bik
xBopux konuBaBcs Big 30 10 55 pokiB (cepenniit Bik 45,3 poku). Yci naiieHTu Oynu
roCmiTaji3oBaHl, OOCTEXKEHI Ta JIKYBaJUCh 3TIHO KJiHIYHOI HactaHoBa 00226
MixnapoHi kiiHiuHi npoTokoiu Duodecim Medical Publications Ltd (2017).

[Tinumennss AT y nami€eHTIB OCHOBHOI Ipynu OyJI0 BHU3HAYEHO BXKE€ MICIS
Bepudikarii kiiHiyHOTO MiarHo3y XII: 3aranbpHu aHami3 KPOBi Ta cedi, aHalll3 ceul 3a
Heunnopenkom, no6oBa mpoTeinypisi, 610XiMIYHMI aHai3 KpPOBi (CEYOBHHA KPOBI,
a30T CEYOBWHU, KPEaTHHIH KPOBi, €JNeKTposiTH (Kajii, HaTpiid, 3arajbHIA OLIOK Ta
o1nkoBi (ppakmii Ta iH.), [IIK®. TlamienTn, 0CHOBHOI TpyMNy Ta IPyIy MOPIBHSIHHS 3
piBaem AT Oymnu po3mnonisieHi Ha 3 Tpynu JUB. Ta0M 2.

KpuTepii BKIIFOUEHHS 10 OCHOBHOI I'pynu 3riiHO HactaHoBu MO3 VYkpainu e:
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HasBHICTh XXH I-II crynens 6e3 XHH, nassuicts HAI, XII B cTasii 3arocTpeHHs.
[TamienTn ocHOBHOT rpynu 3a piBHeM AT Oynu po3nofiieHH1 Ha 3 rpynu quB (Tadn 2)

I'pyna mnopiBusnHs xBopux Ha XXH I-II crymens Ta XII 6e3 XHH,
BIJIPI3HSJIMCH BIJICYTHICTIO Oa3oBoro JikyBaHHS HAI oTpumyBanu pi3HOMaHITHY
tepamnito [AII® abo BKK, mo ckmano mume 12% ycix XBopux i€l TPYIIH.

Tabauus 2 - Po3noninieHHs NalieHTIB OCHOBHOI IPYNH TA NOPiBHAHHA 32
piBHeM AT y Bianosignocti 10 pekomenaauii MTT, 2020 p

Bucoko Al I crynens AT II ctynens
HopMasibHuM AT
OcHoBHa rpyna n= 20 xBopux 33% | n=32 xBopux 53% | n= 8 xBopux 14%

(60 xBOPUX)

['pynna nopiBasiHHS | n= 4 xBopux 16% | n=9 xBopux 36% | n= 12 xBopux 48%
(25 xBOpUX)

PesyabTatu Ta ix o0roBopeHHsi. Uepe3 4 TIKHI MicClA MOYATKy JIIKyBaHHS Y
XBOpPHUX, OCHOBHOI Ipymnu, OyJi0 BiAMiYeHa MOKPAILICHHS iX CTaHy, a TaKOX KIIHIKO-
Ja00paTOpHUX  IMOKa3HUKIB  (MIABUINECHHS  TeMOITIOOIHY  KpOBl,  3HWKCHHS
TeMIeparypu Tijla, HopMaJjizallis 3arajJbHOTo aHai3y cedi, 3HwkeHHs KD, To m10).
Takoxx Oyna 3adikcoBaHa auHamika 3HWXKeHHS AT. 3rilHO KIIIHIYHOI HacTaHOBa
00226 MO3 VYkpaiHu OCHOBHMMHU KPHUTEpISIMU JUIsl BUIKUCKU 3 CTalloHapy Oyna
KJIIHIKO-JIabopaTopHa peMicisi, a Takox Hopmanizaiiss AT. Ile moxxHa oOrpyHTyBatu
TUM, 10 Oyrna mifgiOpaHa ajeKBaTHA aHTUTINEPTEH3MBHA Teparis, sSika BKJIOYalia B
cebe mikyBaHHs IAII® ta BKK 3 iHauBigyanbHO mMigiOpaHUMU TepaneBTHYHUMHU
no3amu. Takox Oyno mpoBeneHo JikyBaHHs 3aroctpeHHs XI1. 3minu AT B 0CHOBHIif
rpyni 3 TPYHOI TMOPIBHSHHA JO Ta MICHs JIKyBaHHS uepe3 4 TKHI Ha MPUKIHII
JKyBaHHS MpeACTaBIeHI B (Ta01 3)

Ta6umus 3. - 3minn AT B 0CHOBHIi rpymi 3 rpynor NOPiBHSHHS 10 TA MicCJIA

JiKyBaHHS
Bucoko nopmanbuuii AT AT I ctynens AT II crynens
OcHoBHa I'pyna OcHoBHa I'pyna OcHoBHa I'pyna
rpymna MOPIBHSHHS rpymna TTOPIBHSHHS rpymna MOPIBHSHHS

1o TiCIIs bi (o) micis bi (o) TiCIIS 1o TiCIIS 1o TiCIIS bi (o) micis

20 25 xB 4 7 XB 32 31 xB 9 10 xB 8 4 xB 12 & xB
XB XB XB XB XB XB
33% | 44% | 16% | 28% | 53% | 51% | 36% | 40% | 14% | 5% | 48% | 32 %

Tak ©Ha KiHeUb JIKyBaHHS KUIBKICTh XBOPHUX OCHOBHOI TPyNU BHCOKO
HopmanbuuM AT 30ubmmiocs Ha 11 %, kinekicts xBopux Al 1 crymens
3MeHmImIach Ha 2 %, kuibKicTh xBopux Al Il ctymens 3menmmuiocs Ha 9 %. VY
XBOpUX Tpynu mnopiBHsAHHSA, siki jikyBanucsi IAII® a6o BKK, AT 3menmryBaBcs
MOCTIHO Ta HEMBHUAKO MOKM He mnoyanoch JikyBaHHsA XII. Lli 3MiHM MOXkHA
oOTpyHTYyBaTH THM, M0 KpiM aHturinepren3uBHoi Tepamii [AII® Ta BKK, xBopi
3aCTOCOBYBAJIM JIIKYBaHHSI OCHOBHOTO 3aXBOPIOBAHHS (XPOHIYHOTO MieJIoHEPPUTY).Y
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XBOPHUX KOHTPOJIBHOI rpynu Oyiu 3apikcoBaH1 CIIIYIOYH JaHi: apTepialbHUN TUCK Y
[IUX XBOPUX 3HMXKYBaBCs (aje HE TaK IIBHJKO, SIK Y XBOPUX OCHOBHOI Ipymu). Y
KOHTPOJNBHIN Tpyni Bucoko HopmanbHuM AT 3menmmnoch Ha 3 %, xBopux 3 Al 1
ctynens 30u1bmuBesa Ha 1 %, xBopux Al I ctynens 3menmuBes Ha 4 %. Y XxBopux
000X Tpyn MOKpamuBcs 00 €EKTUBHUI CTaH XBOPHX, KIiHIKO-TaboparopHi aaHi. 1o
BifHOCHO 1HMPp AT 10 HAI 3MeHIIyeTbCcsl HE PIBHOMIPHO Ta 3aJIEKUTh BiJl SIKPCTI
nikyBaHHs XI1 ra HAT.

BucHoBkwu.

1. XBopi sKi OTpUMYBaJM IHIMBIAYyaJIbHO MiAIOpaHy AaHTUTINEPTEH3UBHY
tepanito npenaparamu [AII® Ta BKK y mnOpiBHAHHSIMH 3 XBOPUMH TIpyNH
nopiBHAHHA 3HMKEHHS! AT 1110 OUTBII CKOPIIIUM Ta CTIAKHUM.

2. 3umxeHHss AT OCHOBHOI Trpynd JO PIBHS BHUCOKO HopMaibHOTO AT
30utbmiocs Ha 5 %, kuibkicTh XxBopux Al I ctynens 3menpmmiioch Ha 1 %,
kutbKicTh xBopux Al Il crynens 3menmmnocs Ha 4 %.

3. HeoOx11HO MpoBOAMTH NOCTIHHUN KOHTPOb piBHSA AT Ta B pa3i He0OX1AHOCTI
MIPOBOJUTH KOPEKIIIIO 103 AaHTUTITTOTEH3MBHUX MTPENapariB.
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Abstract. Nephrogenic arterial hypertension (NAH) is one of the most common and
characteristic signs of primary and secondary kidney diseases, caused by organic diseases of the
kidneys or renal vessels. NAG occupies one of the first places among symptomatic arterial
hypertension and occurs in 6-20% of patients with high blood pressure (BP).

In the last decade, the frequency of NAH, as a variant of hypertension, is increasing, which is
explained primarily by the improvement of diagnostics [1,2]. NAG is observed in the presence of
almost all diseases accompanied by the involvement of the kidney parenchyma in the process. From
5 to 15% of all renal arterial hypertension belongs to renoparenchymal. Most often, NAH occurs in
patients with chronic pyelonephritis (CP) - 50-60%, chronic glomerulonephritis (CGN) - 50-70%,
diabetic kidney disease 30-60% [2,4]. CP is accompanied by the development of arterial
hypertension in 50-60% of patients. Very often, various manifestations of NAH can be the first
manifestations of kidney disease. [3,5]. When differentiating with hypertension, the time of
occurrence of the urinary syndrome and the first increase in blood pressure should be carefully
analyzed.

Urinary tract and kidney infections (UTIs) are the largest group in the structure of kidney
diseases and rank third among infections of the human body in general. The following UTIs are
defined: asymptomatic bacteriuria, lower (urethral syndrome, cystitis, prostatocystitis) and upper
urinary tract infections (primary and secondary pyelonephritis, kidney carbuncle, etc.). [6].
Pyelonephritis (PN) refers to an infection of the upper urinary tract, and is documented on the basis
of extrarenal symptoms - febrile body temperature, intoxication, pain in the abdomen or lower back,
neutrophilic leukocytosis, increased ESR and renal signs - bacteriuria, neutrophilic leukocyturia,
microproteinuria, pH>6 ,5, a positive test for nitrites, leukocytes, and the presence of antibody-
coated bacteria (BPA) after the seventh day of the disease. With a concomitant infection of the
lower urinary tract, dysuria and painful urination are often observed.

Keywords: Arterial hypertension, chronic kidney disease, kidney damage
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Abstract. Their chelated compounds with essential amino acids, which are the most optimal
form of biogenic metals, are extremely important in increasing the bioavailability of trace elements
and providing them to animals. When using chelate compounds, antagonistic relationships between
individual trace elements (ME) are eliminated, they are transported to the place of absorption
without dissociating, and are transformed in the organs into a metabolically active form.
Microelement diseases of animals refer to enzootic diseases of individual biogeochemical zones and
provinces, arising from a deficiency, excess, or imbalance of mobile forms of biotic microelements
in soils, water sources, and plants. Microelementoses of cattle cause significant damage to farms
due to a decrease in the efficiency of the use of feed nutrients, a decrease in resistance and
productivity.

Key words: trace elements, supplements of mineral origin, cattle.

Introduction. Laboratory regulations for the synthesis of iron, cobalt, iodine
and selenium lysinates have been developed. For the first time, the intensity of the
course of physiological processes and the productivity of animals under the influence
of methionates and lysinates of microelements were studied. New data were obtained
that characterize the activity of erythropoiesis, the state of protein metabolism, and
the veterinary-sanitary quality of beef after feeding different doses of trace element
compounds with essential amino acids (methionine and lysine) on hematological
indicators, productivity, and meat quality of fattening animals.

The obtained results make it possible to correct the rations of experimental
animals according to deficient trace elements. It has been proven that the introduction
of microelements in the form of chelated compounds (methionates and lysinates) into
the diet of animals has a positive effect on erythropoiesis, the respiratory function of
the blood, certain areas of protein, energy and carbohydrate metabolism in the body
of young cattle, leads to an increase in their productivity and an improvement in the
quality of the obtained beef from them.

The use of minerals and metals for medicinal purposes has been known since the
ancient civilizations of China, India and Mesopotamia. However, the description of
the impact of trace elements on the health of people and animals was episodic and
systematized. In particular, in 89 BC described the death of cattle from an unknown
cause, although they grazed on excellent pastures [2]. Two different methods are used
to assess the trace element status of the body: determination of the trace element
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content (for example, plasma or liver concentration of the trace element) or
determination of the functional state (for example, thyroid hormones, etc.). There are
data on different threshold values (norms) for assessing the content of the main
microelements, which are necessary for optimizing the diet and increasing
productivity.

The composition and quality of the ration affect the daily requirement of
livestock in trace elements. The need for trace elements will be minimal with a
complete balanced feed. If there is a large amount of acidic forage in the diet (silage,
pulp, bard, etc.) or if there is an excess of phosphoric and sulfuric acid in it, which
happens with a highly concentrated type of feeding, the animal's need for trace
elements increases [17]. Not only an excess or lack of microelements can lead to the
development of a pathological process, but also an imbalance between essential
elements causes severe violations of body functions [12]. An imbalance of trace
elements is one of the causes of the membrane-toxic enzymatic effect of disruption of
the structure and function of cells, imbalance of the body's microflora, and
intensification of lipid peroxidation.

A complex of various chemical elements enters the body of cattle with feed.
Therefore, when forming rations and supplementing with trace elements, their mutual
regulation, antagonism and synergism should be taken into account. Yes, the
antagonists of Cobalt are Manganese and Strontium; Zinc - Calcium; Copper -
Molybdenum, Zinc, Manganese and Plumbum; Molybdenum - Cuprum and
Manganese; Manganese - Molybdenum and Iodine; antagonists of Iodine - Calcium,
Manganese, Lead, Fluorine, Bromine [10]. Iodine is part of thyroid hormones that
regulate all types of metabolism. With a lack of iodine in the body, there is a delay in
the growth and development of young animals, a violation of metabolism, the
functions of the cardiovascular, hematopoietic, reproductive systems, and the liver.
Large doses of free lodine are toxic, so a dose of 2-3 g is fatal for humans. At the
same time, in the form of iodide, it is allowed to be taken inside in large doses. If a
significant amount of inorganic salts of 1odine is introduced into the body with food,
its concentration in the blood increases up to 1000 times, but after 24 hours its
content returns to normal. Moreover, the excess of iodine is compensated by several
mechanisms.

Iodine deficiency can be assessed using its content or functional markers. For
this, plasma inorganic lodine is determined, its concentration fluctuates significantly
according to feeding time and diet. The assessment of the functional state of the
hypothalamus-pituitary-thyroid system (thyroid-stimulating hormone, thyroxine,
triitodothyronine) [1] is used as functional markers, but the physiological status of
animals (pregnancy, circadian rhythm, age) should be taken into account. Thyroid
hormone analysis is commonly used to diagnose hypothyroidism in cattle caused by
iodine deficiency. Cuprum participates in the formation of hemoglobin, promoting
the assimilation of iron by transferring it from trivalent to divalent, regulates the
exchange of vitamin C, and stimulates the function of the thyroid gland. Activates a
number of enzymes, regulates protein, carbohydrate, pigment and vitamin
metabolism. Its lack in the body leads to a violation of hematopoiesis, metabolism
and functions of the thyroid gland [16]. The storage depot for Cuprum is the liver.

ISSN 2567-5273 96 www.moderntechno.de



Modern engineering and innovative technologies Issue 25 / Part 2

The content of this element in the liver reflects its long-term availability. A reduced
concentration of copper in the liver is an early marker of copper deficiency in the
diet. Therefore, liver biopsy is the most sensitive way to assess copper deficiency.
However, blood tests are more often used to diagnose cuprum deficiency [16].
Ceruloplasmin - an inflammatory protein contains about 80% of all copper in the
blood. There is a curvilinear relationship between the concentration of copper in the
liver, blood and ceruloplasmin content. However, the liver concentration of Cuprum
decreases earlier than the decrease in the concentration in the blood with its
deficiency in the diet [17].

Hypocuperosis is manifested by a violation of hematopoiesis and the
development of hypochromic anemia. In severe cases of hypocuporosis, the central
nervous system is affected, especially the cerebellum. Demyelination of brain tissue
occurs, which leads to encephalomalacia and hydrocephalus, which, in turn, leads to
ataxia, paresis and paralysis. Most often and massively, such lesions of the central
nervous system occur in lambs. In such cases, the disease is called enzootic ataxia. A
typical external clinical manifestation of copper deficiency in dark-colored animals is
partial depigmentation of the coat. At the same time, light stripes alternate with dark
ones, which causes the so-called tiger color.

Zinc activates sex hormones, pituitary and pancreatic hormones. It regulates
many types of metabolism. With a deficiency of zinc in the body of animals, the
reproductive function, metabolism, especially protein and carbohydrate, is impaired,
growth and development of young animals is delayed. Zinc is an essential component
of more than 70 enzymes found in mammalian tissues. Zinc is also important for the
normal development and functioning of the immune system, the stability of cell
membranes, and gene expression [19]. Diagnosis of zinc deficiency is a complex
process. It was found that the content of Zn in the liver of cattle decreases slightly
after a long-term deficiency, therefore, determining its content in plasma or blood
serum is the best test of metal deficiency. There are known data on the manifestation
of clinical signs of zinc deficiency before a decrease in its content in the blood.
Therefore, a low concentration of serum Zn indicates its deficiency, while a normal
level does not necessarily indicate its sufficient content in the animal's body [12].

The reactions of dairy cattle to different levels of zinc in the diet varies
significantly, suggesting that the main factors of the completeness of the diet in terms
of zinc are not its absolute content in the diet, but biological availability [12]. There is
evidence that the high content of calcium in the diet of cattle reduces the availability
of zinc. A number of laboratories have found a decrease in zinc levels in cows after
repeated calving. Moreover, excessive content of copper and selenium in the liver of
these cows was established. Obviously, an excess of Copper and Selenium can
interfere with the absorption of Zinc. Thus, low zinc levels are likely a secondary
effect [16]. Zinc deficiency is characterized by impaired reproductive function,
delayed growth and development of young animals, metabolic and hematopoietic
disorders. The most typical symptom of zinc deficiency in animals, especially in pigs,
1s a peculiar skin lesion in the form of parakeratosis [12].

Manganese in Europe is determined in dairy cattle on a regular basis. Lower
levels of Manganese in the blood of dairy cattle may be the result of high levels of
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Calcium and Phosphorus, which are antagonistic to Manganese [19]. The most
informative in the study of Manganese deficiency in the body of cattle is the
determination of its content in the liver, followed by whole blood and serum.
Hemolysis of erythrocytes can lead to a false increase in the manganese content in the
experimental sample. Research on the content of Manganese in feed is not
informative, since its various salts have different bioavailability. For example,
manganese oxide is absorbed rather poorly [23]. Manganese deficiency in livestock is
characterized by a violation of calcium-phosphorus metabolism. At the same time,
there is a delay in growth in length and deformation of tubular bones, joints, and
displacement of tendons [91]. Anemia is often manifested as a result of impaired
hematopoiesis [22]. Ferrum is part of hemoglobin, iron-protein complexes,
myoglobin, some enzymes and tissues. With its deficiency in the body, anemia
occurs, metabolism 1is disturbed, growth and development of young animals are
delayed. With a simultaneous deficiency in the body of Ferrum, Copper and Cobalt,
malignant anemia develops [4]. Ferrum enters the body with food and drinking water,
but it is absorbed only up to 10%, the rest passes through transit. In addition, Ferum
is excreted with urine, bile, and in lactating animals - also with milk. The presence of
copper and vitamin B12 in the body has a significant effect on the assimilation of
Ferrum [4]. Ferrum is needed not only for the formation of hemoglobin, but also for
the normal functioning of many vital enzymes of the animal body that actively
participate in metabolic processes [4]. Significant reserves of Ferrum (up to 20%) are
deposited in the liver, spleen and bone marrow in the form of ferritin and
hemosiderin. In addition, Ferum is contained in myoglobin (10-15%), oxidases,
cytochrome enzymes and in a small amount in blood plasma (non-hemized Ferum) -
no more than 0.1% [1].

Not only the lack, but also the excess of individual microelements affects the
vital activity of the animal organism, their productivity and resistance. Thus, a lack of
Fluorine in the body causes dental caries, and its excess leads to fluorosis. An excess
of Nickel in the body is accompanied by damage to the cornea of the eyes, and an
excess of Molybdenum, Boron, Lead, Cadmium - to poisoning, Beryllium - to lesions
of bone tissue [22]. Up to 70% of the total number of heavy metal ions polluting the
internal environment of the body enter the body from the outside. Microelements
should enter the body of animals in such quantities and ratios that will ensure the
realization of the genetic potential of animals, preserve their health and reproductive
functions. The supply of trace elements in sufficient quantities with feed and
inorganic salts does not guarantee 100% supply of Mn, Cu and Zn to animals,
because only a certain part of them can acquire a functionally active form in the
body. In this connection, the concept of bioavailability of trace elements was
introduced. Most researchers understand the quantitative assimilation and use of trace
elements by the animal organism or their accumulation in the animal organs by
biological availability. The biological availability of trace elements depends on the
forms and sources of their entry into the animal body and on the physiological state
of the organism [5]. Trace elements in organic forms, especially chelated compounds
of trace elements with amino acids, are characterized by high biological availability.
Inorganic salts of trace elements (chloride, nitrate, sulfate, carbonate) have low
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bioavailability, so they are absorbed by the body of animals worse than organic ones.
Removal of crystallized water from the molecule of sulfuric acid salts of trace
elements leads to a decrease in their biological availability [7]. The assimilation of
trace elements in the gastrointestinal tract depends on their interaction with other feed
nutrients and the formation of new forms of complex compounds in it, which are
significantly different from the forms of compounds. The degree of stability and
solubility of the compounds formed has important physiological significance [12].

It has been proven that the use of chelated compounds of trace elements as feed
additives provides better assimilation of the metal than when it is introduced into the
diet in an inorganic form. This, in turn, helps to increase the productivity of animals
and reduce feed costs per unit of production. All this allows us to consider internal
complex chelate compounds of biogenic metals as a means that improves the quality
of mineral supplements, which in turn contributes to a targeted effect on the
metabolism of animals. Chelated compounds of biogenic metals are able to cross the
placental barrier and nourish the fetus [7, 14]. The functional activity of
microelements depends on their chelating ability, which increases when they are
combined with organic compounds and is carried out when they are included in
organometallic compounds of a certain shape and structure [20]. The biological effect
of chelates on the animal's body is determined by their stability and the properties of
the ligands included in the complex [2]. Microelements of various metalloproteins
have different properties that depend on the nature of the functional groups included
in the coordination complexes. The role of chelating complexes in the body depends
on the nature of the chelating compound, the nature of the ligands included in its
composition, their size, and configuration [2]. The lack or excess of biogenic macro-
and microelements in feed reduces their productive effect, restrains the growth of
animals, reduces productivity, worsens the quality of products, causes disease and
death. Calcium, Manganese and Zinc in the acidic environment of the small intestine
form a strong insoluble complex with phytic acid, from which the cations are not
absorbed.

When evaluating the bioavailability of zinc from 13 chemical compounds, it was
found that chelated compounds with methionine and tryptophan, as well as
complexes of this element with caprylic and acetic acids, have high bioavailability
[13]. Among the microelement complexes with proteins is Zinc, which is transported
in the form of easily dissociable complexes with albumin and a tightly bound
compound with globulins [13]. Manganese in plant feed is mainly bound by chelated
compounds, and therefore is absorbed better. It is believed that the element is
absorbed in a divalent form and competes with iron and cobalt for absorption sites
[11, 12]. So, the importance of individual microelements for the animal body has
been comprehensively investigated, however, certain aspects of the impact of
different levels of microelements on protein metabolism indicators and hematological
indicators of cows, depending on the territory of their existence, have remained out of
the attention of researchers. Deficiency or excess of trace elements in the animal
body is the cause not only of a decrease in productivity, but also of the occurrence of
peculiar diseases - trace element diseases, which are most common in
biogeochemical zones and provinces - localities whose soils and water sources have a
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very low or very high content of mobile (assimilable) forms trace elements. Such
content of chemical elements causes a certain reaction of local flora and fauna, can
lead to diseases of plants, animals and people.

The need for trace elements is also determined by the age, productivity and
physiological state of animals. Thus, during the period of intensive growth, high
productivity and in the second half of the cow's body, the need for trace elements
increases by 1.5-2 times. The symptoms of trace element diseases are peculiar and
not always clearly manifested, which complicates the clinical diagnosis of trace
element diseases in productive animals. In today's conditions, large losses to animal
husbandry are caused by trace element diseases caused, in particular, by a lack or
excess of certain trace elements. The problem of trace element diseases in agriculture
has been thoroughly studied. On the one hand, most of the soils of Ukraine are poor
In certain essential microelements, but there are more and more man-made zones in
which the content of heavy metals in the soil significantly exceeds the optimal
parameters. Given the fact that there are a large number of biogeochemical zones and
provinces on the territory of our country, which differ significantly, researchers
mainly conduct tests in different regions of Ukraine. Most of the research in this
direction is devoted to the study of lactating cows, while the dry period of cows is
neglected, although it is at this time that the most intensive development of the fetus
takes place and the future productivity of the cow is formed. Unbalanced feeding of
dry cows and heifers is often the main reason for poor calving, weakened offspring,
poor development of calves and low milk productivity of cows in the next lactation.

Despite the fundamental and comprehensive research of trace element diseases
of animals in the conditions of different biogeochemical provinces of Ukraine, urgent
issues related to this issue still remain unanswered, in particular, there are no data on
the physiological, biochemical and clinical status of dry cows and the calves obtained
from them in different biogeochemical zones and with different levels and ratios of
trace elements in the blood. There are no data on the intensity of hematopoiesis and
protein metabolism in the body of newborn calves obtained from cows with
manifestations of trace element diseases. The effect of different content and ratio of
microelements in the blood of dry cows on the microelement status of calves obtained
from them has not been clarified. The dependence of hematological indicators and
protein metabolism on the deficiency of microelements in the blood serum of dry
cows and calves obtained from them of different biogeochemical provinces has not
been investigated. So, a brief review of the literature proves that there are certain
relationships between mineral elements among themselves, with organic substances,
vitamins, enzymes and hormones. These relationships determine the participation of
microelements in the regulation of the exchange of proteins, fats and carbohydrates,
mineral elements, as well as the possibility of their influence on such physiological
vital processes as tissue respiration, hematopoiesis, cell division, reproduction,
growth.

Chelated Zinc reduces the number of somatic cells by 22-50% depending on the
dosage of Zinc used and increases the productivity of animals. Addition of Bioplex®
Zntm (Alltech company) to the diet reduces the risk of reinfection in the mammary
gland [12, 13]. According to Jr.B. Harris, in 90 days, the number of somatic cells in
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the milk of the cows of the experimental group decreased by 30-40% from the
beginning of the experiment compared to the control group. Somatic cell content is a
common indicator for assessing the health of the mammary gland and the quality of
raw milk. An increase in the content of somatic cells in milk is observed in various
inflammations of the mammary gland [12]. They report that chelated zinc reduces the
number of somatic cells (SCC) by 22-50% in eight trials, depending on the dosage of
zinc used, and increases milk yield. Most research on this issue has focused on the
reduction of CSC under the influence of supplemental use of organic zinc, which is
many times more bioavailable to ruminants than inorganic forms. Addition to the diet
of Bioplex® Zn (Alltech company) reduces the risk of reinfections in the mammary
gland [15]. The theoretical basis for detecting an increase in the number of somatic
cells in mastitis is that their number in milk correlates with changes in the content of
sodium, potassium, chlorides, lactose and whey proteins in milk, that is, with signs
that reflect the state of the mammary gland. The number of somatic cells is affected
by a number of factors: lactation stage, calving season, productivity [14]. An increase
in the content of somatic cells is more often observed in various inflammatory
processes in the mammary gland, although it can also be caused by the influence of
such factors as the stage of lactation, the calving season, the amount of milk yield.

The number of somatic cells in 1 ml of milk from a healthy udder is
approximately 50-250 thousand, with a minor infection — about 250-300, with a
severe infection — more than 600 thousand. This does not affect the technological
properties of the milk. However, even with the number of somatic cells of 400
thousand/ml, up to 40% of cows and 17% of mammary gland quarters are infected. In
studies aimed at studying the influence of organic forms of trace elements on the
productivity and reproductive qualities of dairy cows, the use of Bioplex® caused a
significant decrease in the number of somatic cells (by 40%). Although the
coefficient of insemination at first calving was within the normal range in both
groups, it was higher in the group of cows receiving Bioplex® (65 vs. 57%). The
results confirm that the microelements that are part of Bioplex® have a positive
effect on the reproduction of dairy cattle, ensure the normal content of minerals in the
blood [14]. According to research carried out in England, for the number of somatic
cells less than 250 thousand in 1 ml of milk, milk yield losses amounted to 190 kg,
with 500-749 thousand — 340 kg, with 750-999 thousand — 770 kg, and with the
content of somatic cells of more than 1 million cells in 1 ml, the loss was already
equal to 890 kg of milk from a cow per year.

Thus, the dairy laboratory of the Estonian Animal Husbandry and Veterinary
Institute examined 30,000 milk samples and found a correlation between the number
of somatic cells and the following components: negative - with the content of lactose
and potassium, positive - with the content of sodium and chlorine. When the number
of somatic cells increases from 104.5 thousand to 14-20 million/ml, the content of
total protein — from 3 to 3.8% and chloride — from 0.13 to 0.29% increases
significantly in milk from the affected quarters of the udder. % [17]. The best way to
classify mastitis is to divide cows into risk groups depending on the level of somatic
cells in 1 ml of milk, for example: up to 250,000 - the possibility of infection is
unlikely; 250-400 thousand — the possibility of infection is limited; 400-750
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thousand — the probability of infection is high, more than 750 thousand — the
probability of infection is very high.

In Finland, a slightly different ratio is adopted regarding the number of somatic
cells and the state of health of the cow: less than 125 thousand - the condition of the
udder is excellent; 125-250 thousand — udder condition is good; 250—500 thousand —
the beginning of the inflammatory process; 500—1000 thousand — clear violations of
secretion; 1000-2000 thousand — mastitis, more than 2000 thousand — severe
inflammation. The threshold of a normal number of somatic cells should be
considered: for whole milk - 1 million/ml, for daily milking cows - 660 thousand; for
individual quarters of the udder - 300 thousand/ml [17]. Such a classification of cows
according to the level of somatic cell content in milk does not exist in the CIS
countries. The requirements for the indicator are developed only in the standard for
purchased raw cow's milk (DSTU 3662 - 18). The norm of the content of somatic
cells for the highest grade of milk is no more than 500,000, for the first grade - no
more than 1,000,000 in 1 ml. Milk intended for the production of baby food products
must meet the requirements of higher or I grades, but with a somatic cell content of
no more than 500,000/ml.

Today, the content of somatic cells in cow's milk is one of the most reliable
methods for assessing the state of the mammary gland. The special commission of the
International Dairy Federation on mastitis and a number of scientists believe that 1 ml
of milk from healthy cows should contain up to 500,000 somatic cells. According to
the data of English scientists, if there are less than 250 thousand somatic cells in 1 ml
of milk, milk yield loss is 190 kg, with 500—749 thousand — 340 kg, with 750-999
thousand — 770 kg of milk from a cow per year. In dairy farming, there are significant
problems with fertilization, which are aggravated by increasing milk productivity. It
is important to prove that organic forms of trace elements have a positive effect on
various systems of the cow's body, including reproductive function. Thus, the use of
microelement proteinates effectively affects not only the productivity of cows and the
quality of milk, but also contributes to the strengthening of reproductive qualities and
the preservation of livestock. In addition, it increases the efficiency of the use of
fodder, extends the period of productive use of breeding animals [13].

The data available in the literature suggest that the introduction of organic forms
of microelements as feed additives into rations will have a significant impact on
solving the problem of micromineral supply of cattle. However, there is not enough
information on the use of organic forms of microelements, such as Bioplex® Zn-,
Cu-, Mn, in the diets of highly productive Holstein cows in the industrial complexes
of the Steppe of Ukraine. But even those data obtained even in short-term
experiments indicate an increase in the productivity of animals [15]. One of the
solutions is to increase the use of minerals in organic form in animal husbandry by
replacing inorganic minerals with organic chelates, such as Bioplex®. Bioplex®
minerals are chelated into peptides in the same way as in nature, which significantly
increases their digestibility. Therefore, when using a feed additive, Bioplex® can be
used to completely replace the current levels of inorganic minerals. This allows
producers to reduce the quantitative level of mineral additives in feed, which will
cause a decrease in animal growth rates [14, 15]. As a result of feeding

ISSN 2567-5273 102 www.moderntechno.de



Modern engineering and innovative technologies Issue 25 / Part 2

microelements in the form of chelating compounds, the intestinal microflora grows
significantly. This increases the intensity of the entire process of digestion and
fermentation of feed in the digestive tract.

Therefore, research on the use of regional mineral additives in the diets of high-
yielding cows with the aim of increasing their productivity has today an important
scientific and economic significance and is relevant for every biogeochemical zone of
Ukraine. An important role in the prevention of trace element diseases is played by
the rational feeding of animals with good quality feed. Microelements come with feed
in the form of complex organometallic compounds, from which they are easily
absorbed. However, feed alone does not satisfy the need of high-yielding cows in
individual microelements, so various premixes and combined feeds containing
inorganic salts are introduced into their diets. Inorganic salts of microelements, as
part of compound feed, are not always safe for animal health and have low
bioavailability [9].

Their complex compounds with amino acids and other organic substances, the
so-called ligands, increase the bioavailability of trace elements. The interaction of
metal ions with ligands consists in their coordination, mostly ligands bind to ions of
trace elements through amino and carboxyl groups [16]. Microelements of the chelate
complex, which consists of metals and ligands, have high biological activity and
digestibility (95-100%). Due to the gradual breaking of chelate bonds, the drugs have
a prolonged effect. Ligands are effectively used by the body when microelements are
broken down. All this makes it possible to reduce the doses of trace elements, as well
as positively solve environmental and economic problems. One of the main directions
of increasing the productivity of animals and improving the quality of their products
i1s a complete and balanced feeding of the main nutrients and biologically active
substances (BAR). However, both a lack and an excess of the latter can lead to a
violation of metabolism in animals and people, which leads to the occurrence of
various diseases.

The study of the trace element (ME) composition of feed, water and tissues of
fattening cattle within specific farms established that the content of trace elements in
feed changes under the influence of various agrotechnical and atmospheric factors
and the type of soil. At the same time, it was established that the most deficient are
iron, cobalt, iodine and selenium. Fe deficiency is 39.2%; Co - 54.5%; I — 46.4% and
Se — 73.2%. Such a low percentage of providing animals with individual trace
elements leads to overspending of feed per unit of production, deterioration of the
general physiological condition of animals, and as a result - a decrease in meat
productivity and the quality of the obtained products, which do not meet the
physiological needs of humans [13, 14, 15].

For a more thorough and in-depth study of the effect of chelated trace element
premixes on animal growth, we determined the speed and intensity of growth, in
addition to total and average daily growth. These data are shown in Table 1. As can
be seen from Table 1, the live weight of bulls of the control and experimental groups
when put on fattening was practically the same. Supplementation of bulls of the
experimental groups (II - X) led to an increase in average daily and total growth, as
well as an increase in the live weight of animals at the end of the experiment. In
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animals of II-IV groups, which were fed with microelement methionates, the total
and average daily growth increased by 3.7, respectively; 5.1 and 3.1% relative to the
control. Animals of groups V - VII were fed Fe, Co, I and Se lysinates, and this led to
an increase in the above-mentioned indicators by 0.6; 2.9 and 1.1%, respectively,
compared to the control group.

Table 1 - Productivity of experimental steers when feeding them
methionates and lysinates of deficient TE, M+m, n=10.

Live weight, kg Increase
Groups| Atthe Growth
.. : : Growth : :
of | beginning | Finally General. k medium- rate. % intensity,
animals| of'the research K8 daily, T > 70 g/kg/era
experiment
I 190+3,5 [251,2+3,7| 61,2+1,4 680+5,1 27,7£0,7 | 3,6+0,06
11 19243,2 [255,443,3| 63,4£1,8 | 705+£6,2** | 28,4+0,6 | 3,7+0,04
111 188+3,9 [252,343,0] 64,3£1,5 | 715+£6,6%** | 29,2+40,7 | 3,840,05*
1\ 186+3,7 1249,1+39| 63,1+1,9 701+£5,6* | 29,0+0,5 | 3,8+0,06*
\Y 190+£3,1 [251,6+3,2| 61,6+1,8 684+5,0 27,9+¢0,6 | 3,6+0,05
VI 188+£3,8 [251,0+£3,1| 63,0£1,7 | 700+5,1** | 28,7+¢0,7 | 3,7+0,04
VII 185+3,1 [246,9£3,2| 61,9£2.0 688+5,4 28,7£0,7 | 3,7+0,05
VIII 184£3,4 1247,9+£3,6| 63,9£1,6 | 710£6,1*** | 29,6+0,5 | 3,9+0,09**
IX 187£3,9 [252,743,5| 65,7£1,3 *| 730£6,0**** | 29.9+0,4* | 3,9+0,08**
X 188+3,9 [252,943,6] 64,9£1,8 | 721£6,8**** | 294+0,5 | 3,840,06*

Animals of VIII-X groups were fed both methionates and lysinates of trace
elements. This supplement provided an increase in average daily and total growth by
4.4, respectively; 7.3 and 6.0% compared to the control group. From the data in the
table, it can be seen that the growth rate of the animals of the experimental groups
increased compared to the control group. The increase in live weight of the animals
of the experimental groups was more intense compared to the control. Thus, in
animals of II - IV groups, the intensity of growth increased by 2.8; 5.5 and 5.5%
compared to the control group. For a broader study of the effect of chelates of
microelements on the productivity of cattle, we conducted a second experiment, the
data of which show that the premix developed by us has a positive effect on the
productivity of animals. Productivity of experimental bulls when using methionates
and lysinates of deficient microelements in feeding is given in the table. 2.

Thus, the average live weight at the end of the second experiment in the animals
of the experimental groups was 62.9 kg higher than in the control due to the fact that
the average daily gain increased by an average of 21.3% compared to the control. An
increase in growth rate by 40.9% and growth intensity by 18.3% compared to the
control was also established. Supplementation of animals of the second group with
methionates in the doses mentioned above led to an increase in their live weight by
51.5 kg compared to animals of the control (first) group.
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Table 2. - Productivity of experimental steers when feeding them methionates
and lysinates of deficient TE, M+m, n=15.

Live weight, kg Increase Growth

Groups of Finals Finally | General, kg [Medium-daily, o
. rate, %

animals | researcher | research g

I 230+3,7 | 488,8+3,8 | 258,843,5 71945,5 72,0+1,2
218,5£3,7 | 528,8+3,7 | 310,343,5 862+5,5 83,1£1,0

II kokosk sk skekosksk skekosksk skekosksk
242,4+3,9 | 547,7£3,9 | 305,34£3,6 848+5,7 77,3%1,1
252,543,9 | 578,7+£3,8 | 326,2+3,8 906+6,1 78,5+1,2

IV sekosksk kokskosk sekosksk skekosksk skeksk

Animals of the III group, in addition to the basic diet, additionally received
lysinates of microelements in doses: Fe - 0.05 mg/kg of live weight; Co — 0.04; I -
0.05 and Se - 0.02 mg/kg of live weight at the end of the experiment had 46.5 kg
(which is 12.0%) more live weight than animals of the control group. They increased:
average daily and total growth by 18.0%; growth rate by 5.3%; growth intensity by
12.9% compared to similar indicators of animals of the I group (control).

Biotic levels and synergistic ratios of individual microelements in premixes
allow their use throughout the feeding, ensuring optimal metabolism in the contents
of the rumen and body tissues, stable productivity of livestock and obtaining
ecologically clean products [12]. In order to eliminate the deficiency of certain
microelements in the body of animals of the experimental farm, it is advisable to
carry out the correction of microelement nutrition after a preliminary analysis of ME
composition of soils, fodder, water and body tissues. Feeding animals compound feed
with premixes developed by us, which include optimal levels, in certain ratios of
chelated compounds of deficient microelements, allows to increase the meat
productivity of livestock by an average of 21.3%, as well as to improve the biological
and nutritional value of products. Extremely important indicators at slaughter are
carcass yield, slaughter yield and internal fat yield, which always depend on the
fatness of the cattle. Meat and its qualitative composition is determined by the
quantitative ratio of tissues, namely, its morphological composition, which depends
on the species, breed, age, sex, feeding and conditions of keeping livestock.

We conducted a production inspection (second test). The obtained results (Table
3) more significantly confirmed the data of the first experiment. Analyzing these
data, it can be seen that feeding the animals of the experimental groups with chelates
slightly improves the slaughter qualities of the experimental bulls.

Yes, supplementing animals of the II group with methionates in a dose: iron
0.05 mg/kg body weight. m., cobalt - 0.04, selenium - 0.02 and iodine 0.05 mg/kg of
live weight helped to increase the slaughter yield, carcass yield and internal fat yield
by 3.78, 3.5 and 0.28%, respectively, compared with control In animals of the III
group, which received lysinates in a dose: Fe - 0.05 mg/kg body weight; Co — 0.04;
Se — 0.02 and I 0.05 mg/kg of live weight, slaughter output, carcass output and
internal fat output increased by 3.01, respectively; 2.8 and 0.21% compared to the
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control (I group). It should be noted that all these data were statistically reliable.
Animals of the IV group were fed ME methionates in doses: Fe - 0.025; Co - 0.02; I -
0.025; Se - 0.01 mg/kg of live weight and Fe lysinates - 0.025; Co - 0.02; I - 0.025
and Se - 0.01 mg/kg live weight and this contributed to an increase in slaughter yield
by 5.2%, carcass yield by 4.8% and visceral fat yield by 0.4% compared to the
control group. Therefore, comparing the obtained experimental data, it can be seen
that the use of ME methionates and lysinates has a positive effect on the slaughter
performance of experimental bulls.

Table 3 - Slaughter quality of experimental cattle when fed with methionate and
lysinates of deficient trace elements, M+m; n=15.

Groups | Pre- Mass steam Mass stem Mass of | Output of
Slaughter | Slaughter room rum | :
of |slaughter| . ht k o internal fat, |internal fat,
animals | w/m, kg weight, kg| output, % | carcasses, | Tsartsass, ke o
’ kg kg, %
I 482+2,41233,3+3,7|48,41+0,60/224,6+3,33 | 46,6+0,59 | 8,72+0,36 |1,81+0,04
52242,41272,543,6(52,19+0,51|261,6+3,36 | 50,1+0,56 |10,92+0,41 |2,09+0,06
II skekosksk kokosk sk skekosksk koksk ok koksk ok Hkoksk Hkoksk
54142,5(278,243,8|51,42+0,62|267,3+3,40 | 49,44+0,56 10,93+0,43 |2,02+0,05
570+2,4 {305,643,4|53,61+0,57|292,9+3,35 | 51,440,59 (12,65+0,40 |2,21+0,05
IV seskosksk kokskosk sekosksk skokoskosk skokoskosk skekosksk sekosksk

Analyzing the data obtained in Table 4, which shows the change in the chemical
composition of the meat of the cattle of the second experiment, it can be seen that the
results of the second experiment confirm the results obtained in the first experiment
and indicate that chelated compounds of trace elements with essential amino acids
improve the chemical composition and increase calorie content of the longest muscle
of the back. Meat of animals of the second group, which were fed ME lysinates in the
dose: Fe - 0.05 mg/kg body weight; Co — 0.04; Se - 0.02 and I 0.05 mg/kg of live
weight, contained 1.53% more dry matter than the meat of animals of the control
group, protein - 1.46%, fat - 0.09%, ash - 0.1, caloric content was higher by 5.9%,
tryptophan by 0.16% and protein qualitative index increased by 1.08% compared to
the control group. In the meat of animals of the III group, which were fed ME
methionates in a dose: iron 0.05 mg/kg body weight. m., cobalt - 0.04, selenium -
0.02 and iodine 0.05 mg/kg live weight, the content of dry matter increased by
0.75%, protein by 0.77%, fat - 0.04%, ash - 0.04%, caloric content increased by
2.9%, tryptophan by 0.13%, and the protein qualitative indicator increased by 0.8%
compared to similar indicators of animals in the experimental group.

Animals of the IV group were fed ME methionates in doses: Fe - 0.025; Co -
0.02; 1-0.025; Se - 0.01 mg/kg of live weight and Fe lysinates - 0.025; Co - 0.02; I -
0.025 and Se - 0.01 mg/kg of live weight. At the same time, the content of dry matter
increased by 2.32%, protein by 1.78, fat by 0.28, ash by 0.17, caloric content by 9.5,
tryptophan by 0.22, and protein quality index by 1.45% compared to the control
group. The amount of oxyproline decreased in all three experimental groups. In group
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IT by 0.03%, group III by 0.021% and group IV by 0.037% compared to the control
group. So, summarizing the results of Tables 3 and 4, it can be stated that feeding
cattle with methionates and lysinates of ME improves the chemical composition and
nutritional value of beef.

Table 4 - Chemical composition and caloric content of the longest back muscle of
cattle when fed with methionates and lysinates of deficient trace elements,
%, M+m; n=15.

: Groups of animals
Indicators I 0 I v

Dry matter 23,57+0,18 [25,10+0,20%***| 24 3240,20** |25,89+£0,2 1 ****
Protein 19,25+0,27 | 20,71+0,30*¥** | 20,02+0,25 [21,03+£0,30%***
Fat 2,92+0,05 3,0140,05 2,96+0,06 | 3,2040,06***
Ash 0,90+0,03 1,00+0,03* 0,9440,03 | 1,074£0,03****
Calorie content, kJ/kg | 4530+£30 | 47964£32%*** | 4661+£30*** | 496]1+£34****
Tryptophan 1,3240,03 | 1,48+0,03*** | 1,45+0,03%** | 1,54+£0,03****
Oxyproline 0,300+0,01 | 0,270+0,01* | 0,279+0,01 | 0,263£0,01**
Protein quality 444021 | 54840 21%%% | 5204020%* | 5,85+0,2]*+#*
indicator

The issue of micronutrient nutrition of animals is receiving special attention
today in connection with the low level of mineral supply of feed, which, in turn, leads
to a decrease in animal productivity. Therefore, in recent years, research related to the
study of the influence of trace elements on the course of morpho-biochemical
processes in the body of animals, and their influence on the productivity and non-
specific resistance of cattle has gained great importance and relevance. A prerequisite
for increasing beef production, improving its quality, and increasing the profitability
of the industry as a whole is full and balanced feeding of animals. This is possible
only on the condition of knowledge about the need of animals for nutrients, vitamins
and microelements, and their full use by the animal's body from feed.

Since ME are cofactors of enzymes, components of hormones, vitamins and
many metalloproteins, they regulate the processes of metabolism and the initiation of
anabolism, their deficiency in the body of animals leads to significant metabolic
disorders and the occurrence of microelement diseases. Studies have established that
medical and preventive measures should be based on the study not only of the
peculiarities of biogeochemical provinces, but also of individual farms [16]. In order
to effectively manage animal husbandry in the region, it is necessary to constantly
monitor the content of trace elements in feed, water and body tissues of various
biogeochemical zones, provinces and individual farms and, on this basis, develop
measures to eliminate the corresponding deficiency of an element or group of
elements. Optimal concentration of trace elements, vitamins, etc. BAR in body
tissues depends on their content in diets and the biological availability of each of
them. If the content of ME in diets can be adjusted to a certain extent due to the
additional introduction of one or a mixture of them, then the biological availability of
the element for the body can be increased only through the appropriate level of
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mineral and organic components in feed, the physiologically approximate ratio of ME
in premixes and more effective inclusion in them chelate compounds of biogenic
metals. The effectiveness of the biological action of chelates is determined by their
structure and stability of ME and the chelating ligand.

Feeding animals with standard premixes does not always ensure the realization
of the genetic potential of the organism, productivity, quality of livestock products
and the prevention of microelement diseases, since they do not take into account the
zonal peculiarities of ME composition of feeds of individual provinces and farms [10,
11]. In order to increase the physiological action and biological availability, as well
as reduce the negative impact of certain deficient MEs on the animal body, we have
developed new approaches and directions for balancing rations with premixes
containing chelated (organic) compounds with essential amino acids and BAR.

It is traditionally accepted to compensate for the lack of macro- and
microelements in diets by introducing them into premixes in an inorganic form (in the
composition of sulfates, chlorides, carbonates). Compared to organic compounds, the
inorganic compounds of individual MEs in the animal body are insufficiently
assimilated, and increasing the dose to achieve a normal level of assimilation in the
animal body causes toxicosis in them. Chelate compounds, which are the most
optimal form of biogenic metals, play an important role in increasing the
bioavailability of trace elements for animals. The use of trace elements in the form of
organometallic compounds with amino acids significantly increases the level of
assimilation by body tissues and increases the total biological effect several times
when feeding animals even with biotic (minimally optimal) doses, which is
manifested by the intensification of metabolic processes, increased productivity and
improvement of the quality and biological value of livestock products. At the same
time, ME costs per head decrease. The use of ME chelate compounds eliminates
competitive (antagonistic) relationships between individual microelements, since
chelate complexes are transported to the site of absorption without dissociating, and
in this state can be deposited in organs and tissues, turning into a metabolically active
form.

The use of ME chelating compounds together with limiting amino acids
(methionine, lysine, etc.) ensures the latter metabolic processes, stimulates the growth
and reproduction of scar microflora, promotes the synthesis of LFA, in particular
propionate in the scar content, which is intensively used in energetic and plastic
processes. At the same time, the resistance of animals to the disease increases. In
connection with the peculiarities of the ecological situation in Ukraine and the
presence of separate biogeochemical zones, the use of chelated compounds of metals
and other BARs also has the advantage that MEs, easily penetrating through cell
membranes and competing with xenobiotics, radionuclides and other non-
physiological substances, displace them from metabolism and ensure proper
exchange of substances and energy. Based on this, there was a need to find an easily
applicable form of ME, an available semi-industrial technology for the synthesis of
chelate compounds of scarce elements with essential amino acids and the
development of a recipe for premixes for fattening cattle and cows, taking into
account the economic characteristics and biogeochemical zones of the region. We,
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together with university employees, have developed the technology of laboratory and
semi-industrial synthesis of chelate compounds with cobalt, selenium, iodine, iron
(methionates and lysinates), which enables their wide application in animal
husbandry. The choice of methionine and lysine for the synthesis of chelates is
appropriate for ruminants and poultry, as they are the initiators of the initial stages of
protein synthesis, and also facilitate the transmembrane transfer of the ME chelate
into cells. The synthesis technology of ME chelate compounds is simple and
available for industrial production.

Feeding different types of animals and poultry compound feed with developed
premixes, which include optimal levels in certain ratios of salt deficient ME with a
complex of fat- and water-soluble vitamins, will prevent various microelement
diseases, increase the meat productivity of livestock by an average of 14-20%. milk
by 8-10.3%, as well as improve the biological and nutritional value of products.
Therefore, the animals of the experimental farm were provided with copper for
76.8% of the need, zinc - 70.4%, manganese - 67.35%, iron - 60.8%, iodine - 53.6%,
cobalt - 44.5% and selenium by 26.8% of the need. The obtained data indicate the
impossibility of balancing the rations of cattle in normal conditions according to the
most deficient trace elements (iron, cobalt, iodine and selenium) only at the expense
of the available feed in the farm. The content of these elements is so low that it can
lead to the disease of animals with trace element diseases, especially in the winter and
spring periods. Therefore, in our opinion, it is advisable to additionally introduce
deficient trace elements (Fe, Co, I and Se) into the diet of cattle in the form of chelate
complexes with essential amino acids methionine and lysine (methionates and
lysinates).

These microelements enter the body mainly with feed, where they are absorbed
in the small intestine, mainly in the duodenum. There, iron, cobalt, iodine and
selenium are easily absorbed through villous membranes and are easily fixed by their
components. Blood indicators are a "mirror" of the general state of metabolism and
energy in the body, therefore the study of its composition is of important clinical
importance in veterinary practice and science. With a relatively normal physiological
state of the animal organism, the composition and properties of the peripheral blood
are more or less constant. But even minor changes in the functioning of the organs
and systems of the body necessarily lead to certain changes in the peripheral blood.
The greater the changes in the body's metabolism, the stronger and more significant
the changes in the blood will be. With significant physiological changes in the body,
fluctuations in the composition and properties of blood approach pathological ones to
such an extent that it is impossible to draw a line between a physiological and a
pathological state.

Changes in blood parameters are observed not only in diseases of hematopoietic
organs, but also in various diseases of other systems and organs, so blood tests can be
used for diagnosis and prognosis of many internal non-contagious, surgical,
infectious and invasive diseases. As it is known, the growth of gains simultaneously
leads to a significant improvement in the slaughtering qualities of animals. The
slaughter yield, carcass yield, and internal fat yield increased by 3.78%, 3.5, and
0.28%, respectively, in bulls of the II group, which were fed ME methionates,
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compared to similar indicators of the bulls of the control group. The same indicators
in animals fed ME lysinates (III group) increased by 3.0%, 2.8 and 0.21% relative to
the control. Supplementation of IV group animals with methionate together with
lysinates contributed to an increase in slaughter yield by 5.2%, carcass yield by 4.8%,
and internal fat yield by 0.4% compared to the control group. The chemical
composition of meat is complex and depends on the type of animal, age, sex,
fattening, method of fattening, etc. The main and most nutritionally valuable part of
meat is muscle tissue, the constituent parts of which are: water, proteins, nitrogenous
and non-nitrogenous substances, lipids, minerals, enzymes, hormones and vitamins.
And the results of the chemical composition of meat and meat products serve as a
criterion for evaluating the quality of the product and allow judging its nutritional and
sanitary quality.

Analyzing the data obtained on the chemical composition of meat as a result of
feeding cattle with different doses of methionates and lysinates of Fe, Co, Se, I, we
can talk about positive changes in the chemical composition of meat in all
experimental groups, in relation to the control group. The data show that the content
of dry matter in the longest muscle of the back increased by 0.15 - 1.54% in animals
of the II - X experimental groups compared to the control. Longer feeding of cattle
with ME chelate compounds (II experiment) confirmed the previously obtained data.
According to which an increase in dry matter by 0.75 — 2.32% in relation to the
control was also observed in all experimental groups (Il — IV). Moreover, it should be
noted that such an increase in all experimental groups was statistically probable
(P<0.05 - 0.001). The most important component of food products of animal origin is
protein, which is the main part of the organic substances of muscle tissue and its main
biological value. Proteins are the basis of structural elements of cells and tissues.
Proteins are associated with the implementation of the main manifestations of life,
metabolism, contractility, irritability, the ability to grow, reproduce, and even the
highest form of movement of matter - thinking. Our studies have shown that feeding
bulls on fattening with iron methionate at a dose of 0.025 mg/kg body weight. m.,
cobalt - 0.02, selenium - 0.01, iodine - 0.025 mg/kg body weight together with iron
lysinates in a dose of 0.025 mg/kg body weight. m., cobalt - 0.02, selenium - 0.01,
iodine - 0.025 mg/kg body weight accelerates the intensity of physiological and
biochemical processes in the body, increases their productivity, improves the
biological value and availability of the products obtained from them, increases food
the value of meat, allows to increase the profitability of production and, as a result, to
obtain a significant economic effect from their use.
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Anomauia. Haoszsuuaiino eadciuse 3HayeHHs 6 NiOBUWEHHI 0i0102IYHOI 00CmYNnHOCMI
MIKpoenemenmie i 3a0e3neuenHi HUMU MEApUH HALeHCUMb iX Xel1amHumM CnoIVKAM 3 He3aMIiHHUMU
AMIHOKUCTIOMAMU, AKI € HAUONMUMANbHIWOW Gopmoro biocennux memanie. Ilpu 3acmocysauni
Xenamuux — CHONYK  YCYBAIOMbCSA — AHMALOHICMUYHI  83AEMOBIOHOUIEHHS — MIdC — OKpeMUMU
mixkpoenemenmamu (ME), 6onu mpancnopmytomscs 00 Micys abcopoyii He Oucoyiioouu,
nepemeopIomvCs 8 OP2aHax 8 MemaboaiuHO AKMUBHY opmy.

Mikpoenemenmosu meapun 8iOHOCAMbCA 00  eH300MUYHUX — 3AXB0PIOBAHbL  OKPEeMUX
0i02e0XiMIYHUX 30H [ NPOGIHYIU, WO BUHUKAIOMb 3a Oehiyumy, HAOTUWKY AO0 OUCOATAHCY PYXOMUX
Gopm Giomuynux mikpoenemeHmis y IpyHmax, 600HUX ddicepenax i pocaunax. Mikpoenremenmosu
8eUKOI poecamoi Xyo0odu 3as0aromv 3HAYHUX 30UMKIE 20CN00APCMEAM BHACIIOOK 3HUMNCEHHS.
eghekmueHocmi  GUKOPUCIMAHHI NONCUBHUX PEYOBUH KOPMY, 3HUICEHHS pe3UCMmeHmHOCmI ma
NPOOYKMUBHOCHI.

Knrwuoei cnoea: mixkpoenemenmu, 000a8KU MIHEPATIbHO20 NOXOONCEHHs, GeIUKA po2amd
xyooba.
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Anomauia. B pobomi npeocmasieHo po3pooOKy Memoouxu BUSHAYEHHS SAKICHO20 CKIady
¢naeonoioie i  GenorkapOoOHOBUX  Kuciom Yy  mpasi  uyedOpeyio - No83yu020  MemoooM
sucoxkoeghekmueHoi xpomamoepagii nicin nposedeHHs nonepeoHvo2o 2ioponizy. Ilonepeonimu
Hauumu O0CIiOHCeHHAMU, O)TI0 8CIMAHOBNIEHO HAABHICMb (EHONbHUX CHONYK Y CUPOBUHI uebpeyio
Nn063yU020 MemoOOM MOHKOWAPOBOi Xpomamozcpaghii, 8 pe3yibmami sAKoi 00paHo ONMUMANbHY
cucmemy PO3YUHHUKIG I3 HAUKPAWOIO PO3OLNI0EANLHOI0 30AMHICMIO (X10pOpOopM — MemaHon —
memunemunkemon — ayemunayemon 70:10:5:1). Lle exasye na ooyinbHicms 3acmocysanus 0aHoi
cucmemu po34uHHUKI@ 8 skocmi pyxomoi ¢asu npu TIIX-ananizi, came ¢hragoHoidis-a2nikoHie
(n1romeonin, aniceHin, MIpuyumuH, KeepyemuH, Kemngepon, izopamnemun). Kpim moeo, eusueno
HaMU, mMakoxic memoo ucoxoegekmugnoi xpomamoepagii (BEPX) 0o nposedents nonepeornbo2o
2ioponizy onsa idenmugbikayii ghenonvHux cnonyk yedbpeyro noszyuoco (4Il). B pesynomami uoeo,
6CMAHOBNIEHO HAAGHICMb Y HbOMY (DIABOH0IOI8, 30Kpema, pYmumy, 2ineposudy, aromeoniu-7-0-
2NI0KO3UQY, aniceHin-7-0-2noKo3udy iU 00H020 21iKO3Udy J0MeOoNiH) HeBCMAHOBIeH020 CKIady. 3
(heHonKapboOHOBUX KUCIOM BUABNEHO. KOQElHY, XJI0pPO2eHO8y ma pO3MApuHosy Kuciomu. [ns
HaNedKHCHo20 8UOOpPY  I0eHmMupiKayiinux Mmapkepie sAKOCMI Npu NpPOGeOeHHI CmaHOapmu3ayii
cuposunu Y11, neobxiono docnioumu AKiCHUU CKIA0 PEHONbHUX CRONYK, MAKONHC, NICAA NPOBEOEHH s
nonepeonbo2o 2i0poniszy, Mmomy HOmpiOHO po3podOUmMU MemoOuxKy ix idenmughixayii memooom
BEPX (nicia 2idponizy) Ons niobopy ioeHmugixayitiHux mapkepie sKocmi 00CHioxCy8aHol
CUPOBUHU.

Kniouosi cnoea: uedOpeyv nossyuuil, GenorvHi CHnOAYKU, BUCOKOeDEeKMUBHA PIOUHHA
Xpomamoepagis, cmanoapmuzayis.

Beryn. ¥V ¢dapmakortepanii 3aXBOproBaHb OpOHXOJETEHEBOI CHCTEMH BaXKJTHBE
MicIie 3aiiMalOTh POCIMHHI JIIKapchKi 3acobu (JI3), siki mposBISAIOTH MPOTHU3ANANIbHY,
MYKOJIITHYHY Ta TMPOTHUKALUIEBY Mii, [0 3YMOBJIEHI KOMILJIEKCOM O10JIOTIYHO
aktTuBHUX pedoBuH (BAP) BigmoBigHMX pociuH (4eOpelh MOB3y4Hid, 4YeOpeIb
3BUYAMHUM, TUTION] 3BHYalHMM, (iajika TPUKOJIpHA TOIO). BpaxoByrouu Te, 110
JiKapchbKi 3aco0M Ha OCHOBI JiKapchkoi pociuHHOI cupoBunu (JIPC)  mpu
MPaBUWJIBHOMY JI03yBaHHI MPAKTUYHO HETOKCHUYHI, HEIIKIJIMBI, BITHOCHO JOCTYIIHI,
e(deKTUBH1, TOMY NoIIyK, nociiakeHas BAP JIPC ta ¢papmarnieBTuuHa po3podOka Ha iX

OCHOBI BiTUM3HAHUX JI3 € akTyanpHuM 3aBnaHHsM dapMmailii Ha ChOTOJTHI.
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AHanizyroun mkepena jgitepatypu, BimoMo 1o YII Bojogie MyKOJIITHYHOIO
aktuBHicTi0. lle minTBepmkeHo BupoOHHuUTBOM Takux JI3, sk: «Ileptycuny,
«I"epbion cuporm nmepBouBiTY», «IlekTocom» Tormo. 3 ycix rpyn BAP tpaBu uebperrto
HaWO1IBIII BUBYUEHUMHU € KOMIIOHEHTU €(ipHOI Oil, BUMIJICHHS 1 JOCHTIKEHHS SIKUX
3MIACHIOETBCS PI3HUMHM MeTojamu. [lns aHamizy cymimed TepHneHOBHX CIIOIYK
HaWIIMpIIEe 3aCTOCYBAaHHS 3HAMIIIM XpomarorpadiyHi MeTOAd, s[Ki JO3BOJISIOTH
PO3AUIUTH KOMIIOHEHTH CyMIIIell Ta 3AIHCHUTH IXHE KUIbKICHE BHM3HAYCHHS. Y
Hepxapniit ®apmakonei Ykpainu (JPY) nHaBenena dapmakoneiiHa crtaTTs Ha
JTOCHIDKYBaHy CHPOBHHY, 3TiIHO SIKO1 1MeHTU(IKAIIHHUMH Ta KUIBKICHUMHU
MapkepaMu SIKOCTI OOpaHO THUMOJI 1 KapBakpoJ Ta BMICT e(dipHOI OJiii BiAMOBIIHO.
BpaxoByroun netkicth edipHoi onii Ull, nopeuno npoanamizyBatu il iHmi BAP, sxi
HasiBH1 y AaHii JIPC. IlonepeaHiMu AOCIPKEHHSIMA HAMU BCTAHOBJICHO HAsIBHICTh
¢deHonbHMX crnoinyk y BuTarax 3 TpaBu UIl. Tomy, ansg mnpoBeaeHHs i
cTaHaaprtuzailii, a Takox [JI3 Ha i OCHOBIi, KpiM THMOJy 1 KapBaKpoIy, JOPEUHO
BU3HAYMTHU SKICHUN CKJIAJ] Ta KIJTbKICHHUM BMICT 1 ()€HOIBHUX CITOJIYK.

Iocepeno: [1- 8]

OcHoBHU# TekcT. [neHTHdiKAMi0 (EHOTPHUX CHONYK Yy CHPOBHHI 4eOpEIlto
MOB3YyYOTr0 3/A1MCHIOBaK (hapMaKONEHHUM METOJIOM - BHCOKOEC(EKTUBHOI PIAMHHOI
xpomarorpadii (BEPX) [6]. TlomepeaHiMu HOCHIPKEHHSIMHU HaMH BHUKOPHCTAHO
BEPX — anam3 i3 3acTOCYBaHHSM METOJUKH JI0 TPOBEACHHS IONEPEIHHOTO
rigponizy [8]. Sk pe3ynbrar, 1A€HTU(PIKOBAHO I'STh (PIABOHOIAIB Ta TpH
(peHonkapOOHOBUX KUCIOT. 15t BUOOpY 1A€HTHDIKALIITHUX MapKepiB AOCIIHKYBaHO1
CUPOBHHH, HEOOXITHO OUIBII TNMOIIEe AOCHIIUTH (iaaBoHOIIM 1 (peHOoIKapOOHOBI
kucinotu. [Inga mporo mMm BukopuctoByBamum Mmeron BEPX 3a 3ampornonoBannmu
METOJMKaMu /10, Ta MiCJsl, MPOBEICHHs riapoiizy. Came, 1[I METOJIUKH, HA HAIy
TYMKY, TO3BOJIATH Tauomie gocuigutu mi BAP, a takox, 3poOuTH BHCHOBOK MO0
BUOOpY 1MeHTU(DIKAIIHHUX MapKepiB SKOCTI JIOCHIKYBaHOT CHUpOBUHHU. Jlis
MPOBEICHHS BIJAMOBITHOTO METOJIY aHali3y, BUKOPHUCTOBYBAJIM TpaBy dYeOpeLto
MOB3y4Oro, TOMEPEAHbO TiAIOpaHl pPEaKTUBH, a TaKoX NpWiIaa — PIAMHHUN
xpomatorpad “Agilent 1200 13 3acToCyBaHHSIM JETEKTOpa ‘“‘/i0HA MATpHIl’ Ta
BIIMOBIAHUX  TONEPEAHbO  MiAIOpaHMX YMOB  MPOOOIMIATOTOBKH:  KOJIOHKA
“XTerraC18” (pipmu “Waters”, Ipnanais), posmipom 4,6 x 250 mm, 3aroBHEHa
COpOEHTOM 3 PO3MIPOM YAaCTUHOK 5 MKM, ab0 aHaloriyHa, JJisl sIKOi BUKOHYIOTHCS
BuMoru TecTy “IlepeBipka mpuaaTHOCTI XxpoMaTorpadiuHoi cucteMu”; pyxoma ¢asa
A: 0,6 T nampino ouciopogocpamy mornociopamy P pozunusaroTs y 1000 M eoou
sucoxkoouuwenoi P, moBomste pH posuuny xuciomow ¢ocgopunoro P nmo 2,5
(moteHmioMeTpuvHO); pyxoma (daza B: ayemonimpun P; mBuakicts pyxomoi dazu —
1,0 m/xB; nerektyBaHHs 3a AOBXKUHU XBWIl 330 HM, 370 HM; TemnepaTypa KOJIOHKU
25 °C; 06’ eM po6u, 110 BBOAUTECA 50 MKII; yac XpoMaTorpadyBaHHs 55 XB.

Po3po6nena meroauka igeHtudikamii gocmimkyBanux BAP y Tpasi ueOperto
noB3ydoro metogom BEPX (micis rigposnisy) npeacraBieHa HaMu y Takiid peaKiiii:

Buxionuti po3uun: Y xpyriononny koiaoy mictkictio 100 mi, BiiBaxyoTh 2,0 T
CUPOBHHH, TOJIPIOHEHOT 1 MPOCISTHOT Yepe3 CUTO JlaMeTpoM 2 MM, aoaaroTh 1,0 mu
po3unHy TekcamerwieHTeTpaminy P (5 1/m), 20 wmn ameromy P 1 2,0 mn
XJIOPUCTOBOIHEBOT KUCJIOTH P1. Ky’ a1s1h 31 3BOPOTHUM XOJIOAMIIBHUKOM TPOTATOM
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30 XB, OXOJIOKYIOTh 1 (PUIBTPYIOTh PiAMHY 4epe3 GIIbTp “CHHS CTpiduka’ y MIpHY
k0s10y MicTkicTiO 100 M. BUTATHEHHSI TOBTOPIOIOTH 1II€ /1B pa3H 3aCTOCOBYIOUH IO
20 mut arieToHy P, KOXHOTO pa3y MpOKUIT ITUBILIM 31 3BOPOTHUM XOJIOAUIBHUKOM 10
XB, IPOMUBAIOTh KOJIOY 1 (Q1IbTp aneToHoM P 1 1oBoaATh aneToHoM P 10 mo3Hauky.

20,0 M1 01epKaHOTO PO3UMHY MOMIIIAIOTh Y JUIHIIbHY JHKY MicTKicTio 100 M1,
nonaioTh 20 M Boau P 1 15 mu etunanerary P, ctpymytots npotsrom 15 xB. Ilicas
PO3UICHHS TIapiB, HYKHIN (BOIHUIN) IIAp 37IMBAIOTh Y KOHIYHY KOJOY, MicTKiCTIO 50
MJI, a BEpXHIA (OpraHiyHUMN) 31MBaIOTh y KOHIYHY KoiOy 100 M 1 3aKpuBaroOTh
KOpKoM. ExcTpakiiito BOIHOTO mapy NOBTOPIOIOTH 2 pa3u no 15 mi etunanerary P 3a
BKazaHuX BuIille yMoB. O0’eqHaH1 eTHIAIETaTHI BUTATH KIJIBKICHO, 32 JIOTIOMOI00 25
MJI Bogu P, mepeHocsaTs Ha3a y AUIMIIbHY JIHAKY 1 CTPYILIYIOTh 2 pa3u 3 BojoK0 P, 1o
25 ma 1 50 mui, BIAMOBIJIHO, MPOTATOM 5 XB. ETHnanieratHi BUTATHEHHS (UIBTPYIOTh
gyepe3 GpuibTp “Oi1na cTpiuka” 3 5 T HaTpito cyibdary 6e3BoaHoro P y MipHy K00y
mictkicTio 50 mut. Jliiky npommuBatote 10 Mia ertunanerary P 1 1oBoasTe BMICT B
MIpHIM KOJIOl IO TO3HAYKH THM caMUM po3unHHUKOM. OO0’e€IHaHI eTHiIareTaTHI
BUJIyYCHHsI yMaprolOTh Ha BOJsAHIN OaHl mpu Temmeparypi He Bummii 70 °C mo
BOJIOTOTO 3aJUIIKY, SKUW PO3UUHSIIOTH y 5 M1 pyxoMoi ¢daszu A.

Pozuun nopienanus. 2,5 mr cranmaptaux 3paskiB (C3) kBepreruny (Fluka), 5,0
mr C3 i3opamuetuny (Sigma), 2,5 mr C3 amireniny (Fluka), 5,0 mr C3 mroreomniny
(Sigma), 5,0 mr C3 kemndepony (Sigma), 5,0 mr C3 wMipunutuny, 2,5 Mr
HapuHreHiny, 2,5 mr C3 kodeitnoi kucnoru (Fluka), 2,5 mr C3 ¢depynoBoi kuciotu
(Fluka), 5 mr C3 posmapunoBoi kuciotu (Fluka) po3umHstoTh y pPO3UMHHMKY,
JOBOAATH 110 25 MJI THM CaMHMM PO3YMHHHKOM. 5,0 MII OZEPKAHOTO PO3YMHY
noBoaATh 10 100 mut pyxomoro ¢azoro A.

Pesynpratn BEPX-anami3y npeacrasieni y tTadnumi 1.

Tadoanus 1 - PesyabTaTtn anasizy ClMpTOBHUX BUJIYYeHb 3 TPAaBU 4eOpeio
NMOB3y40ro, OTPMMAHMUX NP XpoMmatorpadgiuaux gocaipxkeHasx Mmerogom BEPX
(micaig rigpodtizy)

Ne 3/ Kodeiina DepyroBa Po3mapuHoBa I3ocanimypy- MipHiuTHH Jlroteomin ATireHin
KHCJIOTA KHCIIOTA Kucnora 3H1
S % S % S % S % S % S % S %
3p.1 3343 | 2,0 | 2930 1,8 24748 14,9 6102 3,7 5070 3,0 17245 10,4 1609 1,0
3p.2 2676 | 3,5 2250 3,0 25708 34,0 3399 4,5 2718 3,6 4310 5,7 617 0,8
3p.3 3927 | 2,1 1437 0,8 84042 45,8 1931 1,1 21534 11,7 3122 1,7 403 0,2
3p.4 7702 | 32 2012 0,8 66235 27,9 3436 1,4 11937 5,0 13790 5,8 2516 1,1

IIpumitka: Nel — cupoBuna UIT KuiBepkoi hapManeBTHYHOT (paOpuKi;
Ne2 — cuposuna UIT XKuromupeskoi @D «Jlikrpasm», c. 40810;
Ne3 — muxopocna cupoBuna UII I'ycstuncskoro p-Hy, Teprominbeskoi 0611. 2009 pik 3aroTisii;
Ne4 — muxopocia cupouna UII I'ycsituncbkoro p-Hy, TepHorminbepkoi 0611. 2010 pik 3arotisii;
S — mromia miky;
% — BMicT gaHoi BAP y BificoTkax, po3paXxoBaHHH METOJOM BHYTPINIHBOI HOpMaITi3amii.

3 orpumanux pesynbrariB BEPX-gochimkenns ¢eHonbHHX cronyk (Imicis
TipoJIi3y) BHUILIMBAE, 110 TOJOBHUM MPEICTAaBHUKOM (DJIABOHOINIB € JIIOTEOJIIH, a 3
(heHonKapOOHOBUX KHUCIIOT — PO3MAPHUHOBA KHUCIIOTA, BMICT SIKMX € PI3HUH BIAMOBIIHO
o pizHUX 3pa3kiB cupoBuHu UIl, ane — mnopiBHIOBaHUN. BiaMiHHICTH CKiIaay
(EHONMBHUX CIOJYK IS PI3HUX 3pa3KiB CHUPOBHUHM TIOSCHIOETHCS, HacaMIlepe,
PI3HUMU YMOBaMU 3pOCTaHHS, 3aroTiBii 1 cymriHHsA TpaBu YII.

B pesynbTaTi po3pobiieHoi MeToAuKHY 1eHTU(IKaIli (GEHOIbHUX CIOIYK TPaBU
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UIT micnst mpoBeAeHHs TiApoJii3zy, BCTAHOBJICGHO HAsSBHICTh Yy HiM (piaBoHOIMIB —
amireHiHy, JIIOTEOJIiHy,  MIPHUIMTHHY Ta  130Calimypmy3uay, a  TaKOX
TIPOKCUKOPUYHUX KHUCIOT — KoeiHoi, (epysoBoi Ta po3MapHUHOBOI BIINOBIIHO,
0 JI03BOJIMIJIO 00’ €KTUBHO 0OpaTH OCHOBHI Ta JOJATKOBI 11eHTU(DIKAIIITHI MapKepH
AKOCTI aHai30BaHoi cupoBuHU YII.

BucnoBku.

Po3pobneno BEPX-metomuky s inentudikamii (QEHONbHHX CHOJIYK Yy
CUPOBHHI 4€OpEII0 MOB3YUYOro MIiCas MPOBEAEHHS TiAPOdi3y, HiaidpaHo ONTUMAIbHI
yMOBHU XpoMaTtorpadyBaHHs, B pe3yJIbTaTi 40OTO, 3alIPONIOHOBAHO J0/IaTKOBI MapKepu
SAKOCT1 JIOCHIIP)KYBaHOT CHUPOBUHM 3 TpyNnHu (PEHOJBHUX CHOJIYK MpU MPOBEACHHI
crannaptuzaiii JIPC Yll, a Takox npemnapartiB Ha HOTro 0CHOBI. Takox, HEOOX1THO iX
OpOCIIAKYBaTh B oiepkaHux excrpakrax YUl 1 TBepaux kancynax BiANOBIIHO.
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Abstract. The paper presents the development of a methodology for determining the
qualitative composition of flavonoids and phenol carboxylic acids in creeping thyme grass by the
method of highly effective chromatography after preliminary hydrolysis. Our previous studies have
established the presence of phenolic compounds in the raw material of creeping thyme by thin-layer
chromatography, as a result of which the optimal solvent system with the best separation capacity
was selected (chloroform — methanol — methyl ethyl ketone — acetylacetone 70:10:5:1). This
indicates the feasibility of using this solvent system as a mobile phase in TLC analysis, namely
flavonoids-aglycones (luteolin, apigenin, myricitin, quercetin, kaempferol, isoramnetin). In
addition, we have studied the method of highly effective chromatography (HPLC) before pre-
hydrolysis to identify phenolic compounds of creeping thyme (CT). As a result, the presence of
flavonoids in it was established, in particular, rutin, hyperoside, luteolin-7-O-glucoside, apigenin-
7-O-glucoside and one glycoside luteolin of unknown composition. From phenol carboxylic acids
found: caffeine, chlorogenic and rosemary acids. For the proper selection of identification markers
of quality when standardizing the raw materials of the CT, it is necessary to investigate the
qualitative composition of phenolic compounds, also, after pre-hydrolysis, therefore, it is necessary
to develop a methodology for their identification by the HPLC method (after hydrolysis) for the
selection of identification markers of the quality of the studied raw materials.

Key words: creeping thyme, phenolic compounds, highly efficient liquid chromatography,
standardization.
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Abstract. The rationale for the relevance of software tools for mathematical modeling of the
functioning of rehabilitation engineering products, in particular orthopedic products, is presented.
A computer model of an orthopedic supinator was implemented in the ANSYS environment,
which lays the foundations of an engineering approach to the design of such rehabilitation tools.
Key words: supinator, rehabilitation engineering, computer model, ANSYS.

Introduction.

The tasks of development and design of orthopedic products are now becoming
very relevant. However, specific features of shape of such products complicate
application of traditional methods of engineering analysis regarding their functioning.
At the same time, the need for such analysis is obvious, because with a suboptimal
choice of elastic parameters and strength of structures, not a therapeutic, but a
harmful effect of rehabilitation products can be observed, or dangerous situations
may arise during their operation.

This can be clearly explained on the example of an orthopedic instep, which in
order to perform rehabilitative functions in flat feet must be elastic in all phases of the
patient's gait. Otherwise, the effect of its use will be negative. At the same time,
patients differ greatly in their weight, leg size, and the nature of their pathologies.
Currently, the technologies for manufacturing rehabilitation products for such
patients are based on the accumulated experience of practitioners without any
engineering rationale.

Workbench ANSYS is best suited for solving relevant engineering analysis
problems, which provides the ability to create parameterized computer models and
further study the influence of various parameters on product characteristics.

The ANSYS computer simulation environment was created for engineering
analysis of complex structures in various industries, and primarily in construction and
mechanical engineering. But the technologies of this environment turned out to be
extremely versatile and effective, which is promising for use in many related
industries.
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Currently, rehabilitation engineering tasks require improvement in terms of the
mathematical apparatus used, as they are still based more on practical experience than
on engineering calculations.

The advantages of mathematical modeling of processes occurring in
rehabilitation engineering products are obvious and outline the prospects for their
improvement and optimization.

Main text

The purpose of the work is to develop a technology for optimizing parameters of
orthopedic rehabilitation means using computer modeling in the ANSYS
environment for engineering analysis of mechanical phenomena of elastic
deformations under loads.

The proposed technology is demonstrated on the example of an orthopedic
insole, but can be generalized to other orthopedic rehabilitation products.

It is known that for the purpose of complex correction of various forms of foot
deformities, inserted orthopedic insoles, supinators of various shapes and functional
purposes are used. The main function of insoles is mechanical lifting of the inner arch
of the foot and its support during movement and standing. Medical indications for the
use of insoles-supinators are static deformations, flat feet, flattening of the front parts
of the feet (transverse flat feet). The use of hard correctors (metal, plastic, cork, a
mixture of cork crumbs with nitro varnish) is contraindicated, because they do not
have elasticity and cause damage to deformed feet. Elastic correctors, along with the
supporting function, perform a constant massage that strengthens the musculo-
ligamentous apparatus of the foot. Among the available materials, the most effective
is foamed polyethylene, which is easily molded and has such properties as elasticity,
flexibility, hygroscopicity, thermal insulation [1]. An important advantage of this
material is the possibility of changing its mechanical properties during production by
controlling the foaming conditions

In terms of structure, the real rehabilitation insole is quite complex and has
several different elements depending on the type of deformation of patient's foot. But
these elements are quite similar to each other in their drop-like shape and differ in
size, height of rise and location on the plane of foot. Therefore, the task of initial
stage of computer modeling was formulated as an engineering analysis of
deformations of such a typical droplet-shaped element. It should be noted that in
some cases of simplest deformations of the foot, for example, only longitudinal flat
feet, such an element fully reproduces the function of instep. In other situations, the
supinator has several similar elements.

The maximum degree of its deflection should serve as an indicator of
correctness of the instep design, because this parameter is responsible for supporting
the arch of the foot. That is, in the case of significant deformation up to
disappearance of elasticity of the product, its rehabilitation function will be reduced.
Therefore, the main numerical result of the computer model study should be the
maximum degree of deflection.

To create a 3D computer model of instep, the authors used powerful capabilities
of ANSYS Workbench modeling toolkit and corresponding forms from the work [1].

The geometric model was created based on sketches of intersections of the
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modeling object. First, sketches of two cross-sections of the instep were reproduced
using splines of curves: on the inner part of foot in the shape of the pattern from the
work [1], and on the outer part in a shape close to a straight line at the base of the
sole. The 3D model of droplet-like element of the instep was obtained by drawing
technology along two sections (Skin / Loft). When parametrizing model, the
dimensions are first set for an averaged patient, and the typical parameters of material
polyethylene foam (modulus of elasticity, Poisson's ratio, specific density, etc.) are
also set, as well as the averaged load from above in the form of vertical pressure. In
the future, all these numerical values of quantities are parameterized, that is, they are
given names and the possibility of changes during analysis of the completed model.

The finite element mesh parameters for numerical analysis are left at default.
The model with superimposed grid is shown in Figure 1.

0,000 0,025 0.050(rm)
[ EEIaaa—-— |

003 0038

Figure 1 — 3D model of an instep element with an overlaid finite element mesh

After calculations by ANSYS processor of the correspondingly created model,
the results of stresses, deformations and other parameters of grid nodes of the model
are obtained, which can be further displayed in a user-friendly form. These can be
appropriate tables, graphs, charts. For processing and presenting the results of
calculations in a convenient form in ANSYS environment, there is a special powerful
post-processing module that provides the possibility of additional processing of
results through user-entered formulas and code fragments or standard library
functions.

For example, one of the options for presenting results of calculations in the
form of a deformations diagram along the plane of instep element is shown in
Figure 2.

The insole parameters for the average patient and material are chosen: length
0.08m, width 0.06m, height in the undeformed state 0.012m, material density
7850kg/m3, Young's modulus 300000Pa, Poisson's ratio 0.42.

Here, the degree of deformation in corresponding points of the plane of instep
element is indicated by color or intensity of gray. As you can see, the value of
maximum deformation is highlighted on diagram. At the same time, it is clear that the
deformation depends on many factors, such as dimensions of instep element, material
parameters, the patient's weight, the size of his foot, and so on.
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Figure 2 — Presentation of results in the form of a deformations diagram

in the instep element
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Figure 3 — Graph of dependence of the maximum deformation
on the load (pressure on surface of the instep)
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Figure 4 — Graph of dependence of the maximum deformation

on the length of the instep
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Parameterization of the model provides an opportunity to study dependencies
between its target characteristics and independent parameters. As an example, in the
graphs of Figure 3 and Figure 4 are shown the obtained dependences of maximum
deformation on the load (pressure on the surface) and on the length of instep. The
pressure is related to the patient's weight, and the length is related to the size of his foot.

As can be seen from the graphs, based on results of modeling the stress and
deformation processes in rehabilitation product, it is possible to optimize the
parameters of rehabilitation products depending on patient's characteristics.

Summary and conclusions.

The use of ANSYS environment is promising in solving the problems of
rehabilitation engineering, where practical experience of specialists, rather than exact
mathematical calculations, dominates so far. The paper shows possibility of building
a model and engineering analysis of the functioning of different complex orthopedic
products.

References:
1. Vikhlyaev Yu.M. (2006). Correction of the functional state of students by
technical means: Monograph . - K.: NTUU "KPI", 2006. - 308 p.
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Abstract. In an experimental study on a model of rhabdomyolysis-induced acute kidney
injury, the dynamics of the main indicators of the proteolytic and fibrinolytic system were found. In
the animals of the group of model pathology, inhibition of the fibrinolysis system was found, which
was realized by a decrease in enzymatic fibrinolytic activity, and as a result, total fibrinolytic
activity. In terms of the proteolytic activity of the kidney tissue, inhibition of the lysis of collagen,
low- and high-molecular proteins was found. The use of ademethionine led to the restoration of
proteolytic and fibrinolytic activity in the kidneys under the conditions of the development of
rhabdomyolytic acute kidney injury.

Key words: proteolysis, fibrinolysis, rhabdomyolysis-induced acute kidney injury,
ademethionine.

Introduction

In recent years, the concept of AKI has undergone significant changes and
finally fixed the main mechanisms of development and symptom complexes of this
pathology depending on the etiology, although it has been proven that the
pathogenesis of AKI is complex and only to a certain extent depends on the cause of
its occurrence. Taking into account the significant prevalence of AKI, which is on
average 5% of all hospitalized patients, about 20% of patients in intensive care units
[1], with the majority of surgical and obstetric hospital patients, mortality from AKI
can reach up to 80% in certain groups of patients (children and elderly age, multiple
organ failure), especially where the loss of renal function is combined with the
development of multiorgan failure [2]. Therefore, for the pharmaceutical and medical
community, the issue of finding new and improving existing methods of
pharmacotherapy, including etiological, pathogenetic and symptomatic ways of
correcting AKI, does not lose its relevance.

ISSN 2567-5273 123 www.moderntechno.de


https://orcid.org/0000-0001-5547-0243

Modern engineering and innovative technologies Issue 25 / Part 2

Rhabdomyolysis is a frequent cause of AKI, and accounts for about 10-30%,
while the mortality rate of patients can reach 8%. The occurrence of rhabdomyolysis
can be preceded by factors of both traumatic and non-traumatic genesis, caused by
the toxic effect of alcohol, drugs, metabolic or electrolyte disorders, infections, etc.
[3]. The main pathogenetic mechanism of the development of rhabdomyolysis is the
formation of extensive muscle myolysis, the release of a large amount of heme-
containing myoglobin, which leads to myoglobinuria, renal vasoconstriction and
vascular dysfunction with the development of obstruction of renal tubules by
myoglobin cylinders and acute tubular necrosis. In addition, during muscle damage, a
large amount of thromboplastin i1s released, which leads to the activation of
intravascular blood coagulation, and, as a result, the formation of microthrombi in the
kidney parenchyma with the development of ischemia, as a result of the activation of
the coagulation system with the simultaneous inhibition of the fibrinolytic system,
which is often accompanied by the development of fibrosis [5, 6]. Therefore, the
system of regulation of the aggregate state is, on the one hand, an important factor in
the development of AKI, and on the other hand, a component that can be controlled
and influenced to improve the course of AKI.

Taking into account the pathogenesis of rhabdomyolysis-induced AKI, the
development of which is accompanied by microcirculation dysfunction, changes in
the structure and functions of tubular epithelial cells, the development of hypoxia,
oxidative stress, due to the generation of a large number of free oxygen radicals, the
initiation of a cascade of inflammatory reactions, cytokines, chemokines, activation
of leukocytes, adhesion molecules, with a predominant damage to tubular epithelial
and vascular endothelial cells, which subsequently leads to necrosis and apoptosis of
nephrocytes, an important stage of research in thabdomyolysis-induced AKI was the
evaluation of the proteolysis and fibrinolysis system, since its dysfunction is one of
the key factors in the activation of inflammatory reactions and fibrinogenesis, due to
the breakdown of regulatory proteins [ 6, 7].

Ademethionine is an active sulfur-containing metabolite of methionine, a natural
antioxidant, the activity of which is ensured by the presence of an active sulfur atom
and CH3- group in its chemical structure. Participates in three main reactions:
transmethylation, transsulfuration and aminopropylation, is a precursor of glutathione
and taurine. According to the pharmacological classification, it belongs to the group
of hepatoprotectors [8, 9]

The purpose of the experimental work was to study the changes in
proteolysis/fibrinolysis of kidney tissues after administration of ademetionine under
conditions of development of rhabdomyolysis-induced AKI.

Materials and methods.

The experiments were conducted on 21 nonlinear mature white rats weighing
130-180 g, kept in the vivarium conditions at constant temperature and humidity, free
access to water and food (full value fodder for the laboratory animals). Animals were
randomly distributed into three groups (n=7): group I — control, group II — animals
with rthabdomyolysis-induced AKI, which were intramuscularly injected with a 50%
solution of glycerol at a dose of 8 mg/kg and decapitated for 24 hours of the
experiment under light ether anesthesia [10], group III — administration of
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Ademethionine (Heptral, "Abbott spa", Italy, Italy) at a dose of 20 mg/kg. The drug
was administered within 6 days after simulation of rhabdomyolysis-induced AKI.
Dose of Ademethionine was determined in accordance with the literature and the
results of own experiments [11]. All studies were carried out following the criteria
outlined in the European Union Directive 2010/63/EU “On the protection of animals
used for scientific purposes” (2010) [12]

The study materials were kidney homogenates. The state of proteolytic activity
was determined based on the reaction with azo compounds (azoalbumin, azocasein,
and azocollagen ("biomark", Lviv). The principle of the method is based on the lysis
of albumin, collagen, and casein associated with an azo dye, which gives a bright red
color in an alkaline environment. Determination of optical densities were performed
at a wavelength of 440 nm, proteolytic activity was expressed in E440/(ml/h) [13].

The principle of the method of tissue fibrinolytic activity is that when azofibrin
is incubated with a standard amount of plasminogen in the presence of fibrinolysis
activators, which are contained in urine, blood plasma or in tissues, plasmin is
formed. The activity of the latter is estimated by the degree of coloration of the
solution in an alkaline environment due to the lysis of azofibrin in the presence of ¢
aminocaproic acid (non-enzymatic fibrinolysis) or without it (total enzymatic
activity). Enzymatic fibrinolysis is determined by the difference between total and
non-enzymatic tissue activity. Indicators of fibrinolytic activity were expressed in
E440/(ml/h) [14].

Results and discussion.

With rhabdomyolysis-induced AKI, a significant decrease in enzymatic
fibrinolytic activity by 5.7 times was recorded in kidney tissue, which led to a
decrease in total fibrinolytic activity by 1.3 times compared to the indicators of intact
controls. The same difference was observed when assessing non-enzymatic
fibrinolytic activity (Table 1). Probably, inhibition of the fibrinolysis system was a
consequence of damage to the proximal tubules of the nephron by myoglobin, which
led to the development of urothrombosis and a decrease in the filtration capacity of
the kidneys. Changes in the non-enzymatic link were also observed: in animals with
model pathology.

Table 1 - State of fibrinolysis in Kidney tissue of rats during administration
Ademethionine under rhabdomyolysis-induced AKI (M+m, n=7)

Total fibrinolytic Non-enzymatic Enzymatic
: . fibrinolytic : : .
A group of animals activity, activity fibrinolytic activity,
E440/(hxmg) E440/(hxmg) E440/(hxmg)
Intact control 17,27%1,16 11,55+0,80 7,84+0,98
Rhabdomyolysis- 4 4 i
induced AKI 12,914+0,59 8,431+0,32 1,3610,99
Rhabdomyolysis-
induced AKI + 20,51+0,52™ 11,95+0,77" 10,97+0,84™
Ademethionine

p<0.05 versus control; *p<0.05 versus rhabdomyolysis-induced AKI
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When using ademetionine against the background of Rhabdomyolysis-induced
AKI, an increase in the activity of fibrinolysis was noted, where the drug contributed
to the recovery of the activity of the total fibrinolytic activity: by 58.8%, probably
due to the non-enzymatic fibrinolytic activity by 41.7%, with a significant increase in
the enzymatic component.

From the side of proteolytic activity of the kidney tissue, collagen lysis was
inhibited by 1.6 times, which is a factor in the chronicity of the pathological process
in the kidneys. A significant suppression of the lysis of low-molecular-weight
proteins by 2.2 times was also found (see Table 2).

The use of ademethionine normalized the state of proteolysis in kidney tissue.
Administration of the drug was characterized by a 2.3-fold increase in the lysis of
low-molecular-weight proteins and 2.3-fold increase in collagen lysis, compared to
the group of animals with model pathology. Also, in the group of treated animals,
there was a tendency to increase the proteolytic activity of the kidney tissue in
relation to high molecular weight proteins by 35.2%, which became more reliable
under the influence of the studied agent (see Table 2).

Table 2 - The state of proteolysis in the tissue of the kidneys of rats with the
introduction of ademethionine under the conditions of the development of
Rhabdomyolysis-induced AKI in rats (M+m, n=7)

Lysis low- Lysis of high molecular Lysis

A group of animals | molecular proteins weight proteins collagen

E440/(hxmg) E440/(hxmg) E440/(hxmg)
Intact control 45,52+0,59 16,4410,66 1,56+0,99
Rhabdomyolysis- " i
induced AKI 20,73%0,82 14,76+0,17 0,98+0,06
Rhabdomyolysis-
induced AKI + 47,94+0,35"™ 19,95+0,91" 2,23+0,08™
Ademethionine

'p<0.05 versus control; *p<0.05 versus rhabdomyolysis-induced AKI

These effects of the drug are probably due to its physiological functions, the
ability to promote the restoration of epitheliocytes by stimulating the synthesis of
phosphatidylcholine of cell membranes throughout the nephron, due to the anti-
inflammatory properties of the drug. In addition, as a result of the transsulfuration
reaction, ademethionine acts as a precursor of taurine and glutathione and provides a
redox mechanism of cellular detoxification, increases the energy potential of cells,
reduces the content of methionine in the blood plasma, and normalizes the metabolic
reactions of cells.

Conclusions. The obtained results indicate the ability of ademetionine to restore
proteolytic and fibrinolytic activity in the kidneys under the conditions of the
development of rhabdomyolytic acute renal failure, which reduces the risk of
chronicity of the pathological process. probably due to the antioxidant and
cytoprotective effects of ademethionine.
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Anomauin. Aemopom nposedeHo 00TPYHMY8AHHs KOHYeHmpayii memuiypayuiy (in vivo) ma
deKkamemoKkCcury (in vitro) 0isi po3pooOKu ckiady, mexHonozii ma nposedenHs biopapmayeemuyHux
00Cni0CeHb MA3i AHMUMIKPOOHOT Ma paH03a20108anbHOL Oii 3 MeMmuiLypayuiom, 0eKamemoKCcuHoM
ma meHmonom. Busnaueno sxichuil ckiad mazi aHmMumikpoOHOI ma pano3acorseanvHoi Oii 3
MEMULypayuiom ma OeKaMemoKCUHOM, a came: B6CMAHOBIEHO, WO MOOEeIbHUll 3PA30K 3
KOHYyenmpayieto memunypayuny 3 % 6usaeus HatOinowi (Y NOPIGHAHHI 3 IHUWUMU MOOETbHUMU
3pA3KAMU) BUPAICEHY NPOMUZANATLHY AKMUBHICMb, ONMUMAILHOIO 3d CE0IMU B1ACMUBOCMAMU €
KoHyenmpayia oexamemoxcury — 0,1 %. [lani oocnioscenusn cnpuamumyms nooanvuiiti po3pooyi
CYYACHUX PAHO3A20I08ANbHUX TIKAPCLKUX 3AC00I8.

Knruoei cnosa: memunypayun, 0ekamemokCcuH, pano3a2o8aibHull 1iKapcyKull 3acio, paua.

Beryn. OpHiero 3 HaOUIbIIMX MpoOJieM, L0 TMOCTa€ mepea BiChKOBUMHU
JIKapsIMU B MUPHUI Yac, a TAKOXX € 0COOJIMBO aKTyaJlbHOIO IPU BeJeHHI O0HOBHX Aiif
B YMOBaX pOCIHCHKO-YKPaiHCHKO1 BIMHU Ta, HMOBIPHO, OyJ1€ MOTpeOyBaTH BUPIIICHHS
Ha eTari HaCTYITHOIO JIIKyBaHHs 1 peadiiiTallii mopaHeHUX BIHCHKOBOCTY>KOOBIIIB, €
OTNTUMI3AIlISI CXEM MICIIEBOTO JIIKYBaHHS paH Ta MpOo(UIAKTUKU PaHOBO1 1IH(EKIIIT, SKe
MTOBUHHO 3/1HCHIOBATHUCS Yy CYBOPIM BIJMOBIIHOCTI 3 (hazaMu paHOBOTO mportiecy [1-3,
7, 10].

MeauuHe MOCTa4yaHHS € HEBIJ €MHOIO CKJIAJOBOI YAaCTHHOK MEIUYHOTO
3a0€3IeUeHHs], TPU3HAUYCHOIO ISl CBOEYACHOTO 1 0e31epeO0ifHOro mocTayaHHs BIHChK
MEIMYHOI0 TEXHIKOI 1 MaiHOM 3 METOI0 BCEOIYHOIO BHMKOHAHHS KOMILIEKCY
JKYyBaJIbHO-IPOPIIAKTUYHHUX, CAHITAPHO-TITIEHIYHUX Ta MPOTHEMIIEMIYHUX 3aXO/IiB.
Peanizamiss 3a3HaueHUX 3axOAiB € TMepeayciM OOOB’SI3KOM KOXHOi Jep>KaBU —
byHIaMeHTalNbHUNA MPUHIUI, L0 JIEKUTh B OCHOBI MaTepialbHO-TEXHIYHOTO
3a0e3nedeHHs BIChbKOBUX orepalliii [[iBHIYHO-aTIaHTHYHOTO abIHCY — 1€ TIPUHIIHIT
KOJIEKTUBHOI BIAMOBIJAIBHOCTI KpaiH-y4acHULb 1 CTPYKTyp, cTBopeHux HATO 3
METOI0 PO3BUTKY CHiBIpalll y miii cdepi [12]. PazoM 3 muM 10CUTH BaXKIUBUM ISl
MEINYHOI CITY)KOM € CTBOpPEHHS «3amaciB» — HAKOMWYCHHSI JOCTATHHOI KiTBKOCTI
JIKapChKUX 3ac0o0iB Ta 1HBEHTAPHOTO MaiHa, sKe HEOOXITHE MJid 3aJ0BOJICHHS
noTped MeAUYHOI CiTy>KOM 30poHHMX cUJl YKpaiHu, 10 30epiratoThCsl y BIHCHKOBUX
JacTUHAX, HA MEIMYHHUX CKIIaJax, B IIEHTpax (popMyBaHHA Ta 30epiraHHS MEIUIHOTO
MaifHa 1 TeXHIKM HEMOPYIIHOTO 3amacy, 3 METOI0 X MOJANBIIOr0 BUKOPHUCTAHHS 3a
npu3HadeHHsAM. OCHOBHOIO METOI0 CTBOPEHHS 3alacy MaTepiallbHUX 3amaciB €
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3a0€3MeUeHHs] CTPATEeriyHOro, OMEPaTUBHOTO Ta BIMCHKOBOTO PE3E€PBY HA BUMAJ0K
3aCTOCYBAaHHS BIWCBHK (CHII), MOTIEPEPKEHHSI IMOBIPHOCTI MOPYIIEHHS BCTAHOBJIEHUX
rpagikis MIOCTa4YaHHs, CE30HHI 3aXBOPIOBAHHS 0c000BOTO CKJIay
BIMICHKOBOCITYKOOBIIIB, a TaKOXX MOTpeda HEraifHOTO 3aJI0BOJICHHS BUMOT MEIWYHOI
ciyx0u 30poiiHux cun Ykpainu y moBHomy o0cs3i Tomo [13].

JlIocHTh BaXKJIMBHM Ha CHLOIOJHINIHIA JEHHL € IINTAaHHS HasIBHOCTI Ta
HAKOIMUWYEHHS JUIsl MOTped MeauyHOl city 0 30poiHUX cuil YKpaiHu eeKTUBHUX
paHO3aroloBaJbHUX JIKApChKUX 3aco0iB. PaHo3aroroBajbHI IpemnapaTd, 110
3HAXOAATHCS HA OCHAIIEHHI MiPO3/UIIB BIMCHKOBO-MEIUYHOI CIIY>KOU MarOTh PsJl
HEJIOJIKIB, Cepell SKHWX OCHOBHMMHU € HEJOCTaTHS pereHepaTuBHA aKTUBHICTD,
BUCOKUH pU3UK MIKpOOHOI KOHTaMiHallll paHu Ta HEOOXIJAHICTh 4acTOi 3aMIHM Ha
paHoBiil noBepxHi [11].

Came TOMy Ha/I3BHYAMHO TIEPCHIEKTUBHUMH CTAIOTh JTOCIHKEHHS, CIIPSIMOBaHi
Ha CTBOPEHHS CYYaCHHUX PaHO3arolBaJbHUX JIIKAPCHKUX 3ac001B, a caMme: Po3poOKy
TEXHOJIOTIYHUX CXEM OTPUMaHHS Cy4YyaCHHX M SKMX JIKAapChbKuX 3aco0iB
KOMIUIEKCHOI i1 BITYM3HSAHOTO BHPOOHUIITBA JIsl JIIKYBaHHS PAHOBOTO MPOIIECY,
0 HE BHUMAaralmTh YacToi 3MIHHM Yy TMpoIleci MEIMKAMEHTO3HOTO 3a0e3MeueHHs
BilICBKOBOCITYKOOBIIIB.

Marepiaaun Ta MeToau aociilkeHHsi. Ha gaHomy erami METOO HaIIoro
JOCTIKEHHST OyJio OOIPpYHTYyBaHHS KOHIEHTpalii Metunypauuny (in vivo) Ta
NeKaMeTOKCUHY (in Vvitro) nisa pPoO3poOKH CKJIaay, TEXHOJIOTli Ta MpOBEACHHS
010¢hapMalleBTUYHUX JNOCTIIKEHb Ma3l aHTUMIKPOOHOI Ta paHO3arorBalibHION i 3
METHITYPAIUIIOM, J€KAMETOKCHTHOM Ta MEHTOJIOM.

JlociimKeHHST TPOBOMIIACS 3a HACTYITHUMH €TallaMu:

— JIOCHIDKCHHSI aHTHEKCYNAaTUBHOI (MpOTHU3amaibHOi) aKTHUBHOCTI 3 METOIO

BCTAHOBJICHHSI ONTHUMAJIbHOI KOHIIEHTpAIlli METUITypalluy;
— JOCIIKEHHs] aHTHAJIbTePaTUBHOI aKTUBHOCTI MOJIEIBHUX 3pa3KiB HAa MOJE1
CTaHAAPTHUX MIKIPHUX paH y IIYypiB;

— OOIPYHTYBaHHs KOHIIEHTpALlli IEKaMETOKCUHY (in Vitro).

JlociPKeHHSI aHTUEKCYIaTUBHOT (MIPOTU3aNaibHOI) aKTUBHOCTI MIPOBOJIMIIA Ha
MOJIeJIi TEpMIYHOTO 3amajeHHs Jian O1TnX 0e3MopoAHNX MUIIeH Macoro Tina 17-22 r.

[IpoTr3ananpHy aKTUBHICTH PO3paxoByBaju 3a opmydioro (1).

(My, — M) 100

A=100% —
A Mo My, 1

ne: A — mpoTu3analibHa aKTUBHICTb, %0;

M, — Maca HaOpSKJIIO1 JTanu Y AOCHI/I, MT;

M3, — Maca 3710pOBOi Janu y TOCIHIIl, MT;

My, — Maca HaOPSIKIIOl J1aly y KOHTPOJI1, MT;

My, — maca 3710pOBOi JIary y KOHTPOJIi, MT.

bionoriuni mocmipkeHHs TPOBOAWIMCH, Ha 0asi BiBapito HamionanbHOrO
yHIBEpCUTETY OXOpOHHM 370poB’st Ykpainu imeni I1. JI. llynuka mig kepiBHULITBOM
norenta HaymoBoi M. . 3rilHO MeTOAMYHHMX pEeKOMEHAIli [6] MeTogoM in vivo

(Mozenp cTaHAApTHUX HIKIPHUX paH) Ha Oumux mrypax macoro 200-240 r. Jlana
MOJIeNIb € HAWOUIBIII MOIMUPEHOI JUIsl BUBUCHHSI aHTUAIBTEPATUBHOI aKTUBHOCTI Ta
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Jla€ 3MOTY MPOCTEXKUTH JIKyBaJIbHY JIII0 IpenapaTy Npu ajJbTepPATUBHOMY 3allajieHHI
Ta WOro BILJIMB HA 3arO€HHS PaH.

[Tin rexceHanoBUM HAapKO30M (POpMyBalid CTaHAAPTHI paHU ILIKIPU T1aMETPOM
10 MM Ta TnubuHOIO ckapudikoBaHoi panu Bix 1,5 mo 5 mm. Ha momepemubo
JeMUIbOBaHy MOBEPXHIO HAHOCHIIM CTAHIAPTHOTO JAlaMeTpy Ta INIMOMHU LIKIPHY paHy
HUIIXOM TOBEPTaHHS TICHO MPUTHCHYTOTO JO WIKIpH CKapuQikatopa 3TiJHO
METOJUYHUX PEeKOMEH IaIii [6].

JIJst OLIHKY aHTHAJIbTEPATUBHOT aKTUBHOCTI BUKOPUCTAHO MOKA3HUK TuIomii (.S)
panu (MM?), KU BUMIPIOBAJIM IUIAHIMETPUYHO. 3a IIUM TTIOKA3HUKOM PO3Pax0oBYyBaIH
B1JICOTOK aKTUBHOCTI JOCII>KyBaHuX JI3 BITHOCHO HETIKOBaAaHUX TBapHH [7].

Bu3HaueHHs 110111 paHU 3 HACTYITHUM OOYMCIIEHHSM IIBUKOCTI 3aTO€HHS paHU
npoBoarK 3a MeToaukor A. B. Ctedanona [5].

HIBUKICT 3ar0€HHS paH Po3paxoByBaju 3a popmyrioro (2):

V=200
_ < a, (2)

v
ne: V— mBuakicts 3aroeHus panu (%);

S, — II0YATKOBA IJIOMIA PaHH (MM);

S, — MJI0111a paHy B ICHb BUMIPIOBAHHS (MM).

CratuctuHa o0poOka OTpUMaHUX MJaHUX 3[A1MCHIOBaNacsi 3a METOAMKOIO
HepxaBHoi papmakonei Ykpainu [4, 7].

Pe3yabTaTu gociigkeHHs: Ta iXx 00roBopeHHs.

[licass orpumaHHS paH pi3HOI €TIOJNOrii, y TOMY 4YHCIi BOTHENaJbHUX,
CHPSMOBaHICTh OOPOTHOM 3 PAHOBOIO 1H(EKIIEI0 YCKIATHIOETHCS THUM, IO YacTO
paHu  1H(}IKOBaHI  TMATOT€HHUMH  QHTUOIOTUKO-PE3UCTEHTHUMH  IIITaMaMu
cTaIOKOKIB, YMOBHO TAaTOT€HHOK MIKPOQIOpOI0, a TaKOXK MIKPOOHUMHU
acorarisaMu. vy BUHUKHEHHI THIHHUX YCKJIaJIHCHb 3pocia pOJIb
aHTHUO10TUKOPE3UCTEHTHOI BHY TPIIIHBOTOCIITAJIBHOT 1H(EKITI].

[Iportec dopmyBaHHS PE3UCTEHTHOCTI MIKPOOPTaHI3MIB Yy PIiBHIM Mipi
MOIIMPIOETHCS HE TUIBKU HA TPyINy aHTUOIOTHKIB, ajie 1 Ha TPAAWLIIiHI aHTUCEIITUKH,
110 ICTOTHO YCKJIQIHIOE JTIKYBaHHS paH 1 BUMarae CTBOPEHHS Mpenapatis 13 IUPOKUM
CIIEKTPOM aHTHOAKTEpiaJIbHOI Aii, a TaKOX 3 MPOTHU3ANAIBHUM Ta 3HEOOIIOIOUYUM
edexramu [11].

Pann  xapakTepusyloTbCcs HASBHICTIO CEPO3HO-TEMOPAriuHOro  eKCyJary,
MONIKO/PKEHHSAM ~ CHOJyYHO-EMITETIaNbHOI TKAaHWHHU, KOJIKBAI[IMHUM HEKPO30M,
JIETeHePAaTUBHO-3aMAILHAN THUIIOM PAHOBHUX BIAOWUTKIB, Mepru(POKAITBHUM 3ammaieHHIM
KpaiB paHu, a TAKOX HASIBHICTIO HE3HAYHOI aJjanTaIlli CTIHOK 1 KpaiB paHHU.

JloCPKEHHIO MMi1aBaIl MOJAENBHI 3pa3Ky 3 BMICTOM MeTHIIypanuiay Bif 1 1o 3
% mpu nocTiiHINA KoHIeHTpalii nqekametokcuHy 0,1 %. KinbkicTh MeHTONy B yCIX
3pazkax ckiagana 0,5 %, 1mo BIANOBIIa€ KOHIEHTpALli MEHTONy B rotoBux JI3 mjs
30BHIIIHBOTO 3actocyBaHHs ([uknoden-renp, ma3p bopomenrton, Bikc aktuB
0anb3aM, Ma3b XeNmneKke ePekT TOIIO).

OOrpyHTyBaHHsI BUOOpPY KOHILIEHTpAlli METHUIypaluuiIly NPOBOAWIM Ha IiJICTaBI
JOCITIKEHB Crienn(I1YHOT aKTUBHOCTI — aHTHAJILTEPATUBHOI Ta AHTUEKCYIATUBHOT [6,
8, 9].
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JlocmDKeHHST aHTUEKCYAaTUBHOI (MPOTH3aNaibHOI) AaKTUBHOCTI 3 METOH
BCTAQHOBJICHHS ONTHUMAJIbHOT KOHIIEHTpAIlli METWIypaluily HpOBOAWUIM Ha MOJEi
TEPMIYHOTO 3aNaJIeHH Jan 01X 6e3MopoAHUX MUIIEH Macoro Tija 17-22 r.

[IpoTuzananbHy akKTUBHICTh PO3paxoBYBajH 3a GpopmyJioro (1).

B nocnigax Bci TBapuHM OyJIM pO3/UICHI HA S TPYH MO 5 MUIIEH y KOKHIMN.

| rpyma — KOHTpOJIbHA;

2 rpyma — MUIlli, SSIKUM HaHOCHWJIM TpernapaT Ma3b Metuiypanuiioa 10 %;

3 rpymna — MHIlli, SKUM HAaHOCHJIM 3pa3Ku 3 BMICTOM MeTHiIypauuiy 5 %;

4 rpyna — MulIl, IKUM HAaHOCUJIM 3pa3KH 3 BMICTOM MeTuiypauuiy 3 %;

5 rpymna — MuIlli, SKUM HaHOCHJIM 3pa3Ku 3 BMICTOM MeTinypaty 1 %.

Pe3ynbpTraTy MOpIBHIIBHUX JOCIIIKEHb MPOTU3aMNaIbHOI aKTUBHOCTI MOJICIBHUX
KOMITO3HUIIIH Ta MpenapariB NOPIBHSAHHS MPEACTaBIIeHl B Ta0. 1.

Taoauus 1 — IIpornzanajibHa aKTUBHICTh MOJEJIbHUX 3Pa3KiB reJil0 Ha Moaei
TEPMIYHOI0 3anajieHHs Janu y muineii (n =5, P 95 %)
Cepennst pi3HULA B Maci

['pymna TBapuH HaOPSIKIIO01 Ta 310POBOT Hpomsa}nanbﬂa
9 aKTUBHICTb, %
JIany MUTIIEH, MT

1. KonTpoJsibHa nmaToJioris 621,4+11,3 —

2. Ma3sbp MeTHIlypaluiIoBa 10 % — 4617+ 132 23.71
npenapaT NopiBHIHHS

3. 3pa3ok i3 MeTrmypanuiom 5 % 4692 +£11,3 32,84

4. 3pa3ok 13 MeTuIypamrioM 3 % 441,4 +£9,73 36,87

5. 3pa3ok 13 Metunypauuiiom 1 % 481,6 £ 134 30,32

Aemopcvka po3pooka

Amnamiz nmanux Tabmmmi 1, mMOKasaB, MO BCi MOJENBHI 3pa3Kd MarOTh
MpOTHU3aMajIbHy aKTHUBHICTh, OCKUIBKH CEpeHs PI3HUI MacH HAOPSKIIOI Ta 37J0pOBOT
Jany MULIeH B JAOCTIKYBaHUX Tpymnax BIPOTIIHO BIAPI3HIACH BIA LI€T PI3HUII Y
Ipymi KOHTPOJbHOI matojiorii. HeoOXigHO BIAMITUTH, 1O MOJIEIBHUN 3pa3ok 3
KOHIIEHTpall€l0 MeTUiaypanuity 3 % BUSBUB HaHOUIbII BUPAXKEHY MPOTU3ANAIBHY
aKkTUBHICTB — 36,87 %. Tomy Hamu 00paHo 3pa3ok 3 MeTUIyparuiom 3 %.

Masb metminypammiioBa 10 % — npenapar nopiBHSHHS, BUSIBUB NMPOTU3ANAIbHY
akTUBHICTH 23,71 %, 110 3HAYHO MEHIIE BiJ] MPOTHU3aANa]bHOI aKTUBHOCTI 3pa3Kka 3
MeTuiaypauuioM 3 %. Lle moB’s3aHo 3 HAsBHICTIO HE TUIbKU JEKAMETOKCUHY Y CKJIaji
3pa3ka Mmasl, ane 1 TpUpofor OcHOBHU. [IpemapaT MOPIBHSHHSA TNPEICTABICHO
riagpodhoOHOI0 OCHOBOIO, a pPO3pOOJIEHUN 3pa30K — eMyJibCiiiHOW. OTXe, MPOBEICHI
JOCIIDKCHHS TTOKa3aIu JOIUIBHICTh 00paHoi KOHIIEHTpallii MeTuaypammry 3 %.

Jlocniooicennsn anmuanibmepamusHoi aKMusHOCMI MOOEIbHUX 3PA3KIE HA MOOei
CMAaHOaApmMHUX WKIpHUX par y wypis. JlocmiKeHHsS TpOBEACHI Ha OUIMX IIypax
macoro 200240 r. ITig rekceHaIOBUM HapKO30M (POpMyBaIM CTAaHAAPTHI PaHU MIKIPH
niamerpom 10 MM Ta TiayOomHOIO ckapudinupoBanoi panu Big 1,5 g0 5 mm. Ha
NOMNEePEIHbO JIENUILOBAHY MOBEPXHIO HAHOCHIIM CTaHAAPTHOTO JIaMETpy Ta riyOUHH
HIKIPHY paHy LUISXOM MOBOPOTY TICHO MPHKATOIO JO LWIKIPU CKapudikaTtopa 3rigHO
MeToauuHux pexkomenpaaiii akana. O. B. Credanoa [6]. [IpenapaT mopiBHSIHHS —
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Ma3b METHIIypalioBa (BUpoOHUILITBO YKpaina) 3 BMicToM MeTuirypammty 10 %.

JIJist OIIHKY aHTHUATBTEPATHBHOT AaKTUBHOCTI 3aCTOCOBAHO MOKA3HUK TUIONI (S)
panu (MM?), SIKy BUMIPIOBAIU IUIAHIMETPUYHO. 33 IIUM MOKA3HUKOM PO3PaxOBYBajd
BIJICOTOK aKTHUBHOCTI MOJIEIbHUX 3pa3KiB BIJIHOCHO HEIKOBAaHWX TBapHH.
AHTHANbTEpaTUBHY aKTUBHICTh MOJICTIFHUX 3pa3KiB BU3HAUAIH 3a (popmyIoro (2).

Hlypu Oyl mofiieH: Ha TPYIIH:

| rpymna — KOHTpOJIbHA;

2 rpyna — urypi, IKUM HaHOCWJIM Tpenapat Ma3b MeTuiypanuiosa 10 %;

3 rpymna — mypi, SKUM HaHOCHJIM 3pa3Ky 3 BMICTOM MeTHiIypauuity S5 %o;

4 rpyna — urypi, SIKUM HAaHOCWJIM 3pa3KH 3 BMICTOM MeTuiypauuiy 3 %;

5 rpyna — mypi, SKUM HaHOCHJIM 3pa3Ky 3 BMICTOM MeTuiypaty 1 %.

Pe3ynbTaTi AOCIIKEHHS HaBEIeH1 B Ta0I. 2.

[loka3HUK IWIBUJKOCTI 3arO€HHS paHU € BIJHOCHUM 1 J1a€ MOXJIMBICTD
XapakTepu3yBaTU AWHAMIKY Mepediry paHOBOTO MPOIECY HE3aJeKHO Bl PI3HMII
BEITMYMHU IUIONI paH. Po3paxyHKku mpoBoawiv 3rifHO (HOpMyJH, siKka HaBeJcHa B
Martepiangax Ta METOJIax.

PesynpTaT mOCHiIKEHb JWHAMIKM CKOPOYEHHS IUIONII TOBEPXHI paHH
MpeCTaBIICHl B Ta0I. 2.

Ta6auus 2 — IlnaniMeTpU4YHI MOKa3HMKHM Ma3i Ta mpenapary NOPiBHAHHSA HA
MoO/1eJli AaCeNTHYHUX MKIPHUX BUPA30K y mypiB (n =5, P 95 %)

H1 I'pyna TBapun
HiK}iaHHH Hoxasmix 1 2 : 3 ’ 4 5
1-i S 1,014 1,018 1,024 1,023 1,019
30t S 0,968 0,965 0,972 0,972 0,971
\Y% 4910 4,921 5,084 4911 4,514
5t S 0,910 0,883 0,539 0,522 0,598
A\ 10,612 13,352 47,163 49,218 41,845
70 S 0,753 0,547 0,269 0,171 0,311
\Y% 26,732 46,364 74,168 73,724 70,138
9-it S 0,664 0,347 0,034 0,017 0,112
A\ 35,563 66,602 97,64 100 89,95
11 S 0,518 0,113 0,010 — 0,01
\Y% 49,318 88,616 100 — 100
13-t S 0,421 0,091 — — —
\Y% 59,142 91,553 — — —
1553 S 0,292 0,028 — — —
A\ 70,928 98,451 — — —
17-i S 0,201 0,011 — — —
\Y% 79,567 100 — — —
A6m0pCbKa p03p061<a

[TpuMiTKH: S — IUIOIIA ACENTHYHUX BUPA30K, CM;
V — MIBUJKICTb 3aTO€HHSI paH — BIJICOTOK aKTUBHOCTI JOCIIKyBaHUX JI3
BIJIHOCHO HEJIIKOBaHUX TBAapHH, %o.
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AHani3 jgaHux TaOJMIll MOKa3zaB, IO MOYMHAKOYM 3 5-TO JHS E€KCIIEPUMEHTY
JIOIA PaH y HIypiB yCiX TPyIl MoYyajga CKOPOUyBaTUCh. SIKIIO TTOBHE 3arO€HHS pPaHU
y TpYIIli MOPIBHIHHS (2 rpyma) cnocTepiraeTbest Ha 17-i AeHb JIKyBaHHS, TO y Tpymax
3 — 5 BinOyBaethes Ha 11-#, 9-if Ta 11-i1 neHpb MiKyBaHHS BiIMOBITHO.

ExcrniepuMeHTansHUMU TOCITIKEHHSIMH JIOBEJIEHO, 110 IIBUAKICTh 3aTOE€HHS paH
M1]] BIUVIMBOM MOJEJIBHOTO 3pa3ka — Ma3b 3 METHWIypanuioM 3 % 3HaYHO MEepPEBUIILYE
IIBUJIKICTh 3aTO€HHS paH y TBapHH, SKUX JIKyBaJli MPEMapaToM MOPIBHSIHHSI — Masb
MetwiyparnuiaoBa 10 %. BcraHoBiieHO, 110 BCl ONpaibOBaHI KOMIO3UIlT BUSIBUIN
OIbIIly aHTHAJIBTEPATUBHY aKTUBHICTh Y MOPIBHSHHI 3 MPENapaToM HOPIBHIHHS.

OTrxe, MeETOJIOM in Vivo OOIPYHTOBAaHO ONTHUMaJbHy KOHIICHTpAIlIIO
Metwiypauiy (3 %) y ckiaji masi.

HactynHum etanmomM Hammx JIOCHIIKEHb CTajl0 BHBYEHHS AHTHUMIKPOOHOT
aKTUBHOCTI MOJICJIbBHMX 3pa3KiB 13 TOJAJIBIIMNM BCTAaHOBJICHHSM KOHIEHTpAIlil
JIEKAMETOKCHHY.

ObtpyHmyeanns KoHyewmpayii oexamemoxcuny (in vitro). JIekaMeTOKCUH 0
CKJIaJly MOJISLHUX 3pa3KiB yBeAeHO y KoHmeHTparii Big 0,025 mo 0,2 % 3 Kpokom
30UIBIICHHST KOHIICHTpaIii yaBivi. [Ipy BUBYEHHI KIHETUKM BUBUIBHEHHS aKTHBHHUX
dapmareBTuuHUX 1HTpeaieHTiB (ADI) 3 0CHOBH, B 3aJI€XKHOCTI BiJl CIIOCOOY BBEICHHSI
A®I 10 ocHOBH, HAMH OOTPYHTOBAHO, 110 ONITUMAJILHUM € CTI0ci0 BBEJAEHHS Yy hopmi
po3uuHy B nodietuneHriikonb-400 (ITET-400). BpaxoBytouu Te, M0 J1eKaMETOKCUH
n00pe PO3UMHSIETHCS y BOJ1, HAMH BUBYEHO aHTUMIKPOOHY aKTHBHICTH 3pa3KiB MpPH
KOHIleHTpalli aekameTokcuny Big 0,025 go 0,2 % mpu cnocoOi BBEACHHS HOTO 110
ocHoBH y (opmi po3uuny B IIEI'-400 (cmoci6 4) 1 Boai (cmocid 5). Ilpu npomy
KUTBKICTh METHIIypalMiIy B YCiX 3paskax ckiamana 3 % (y ¢opmi cycmensii 3
YaCTHHOIO OCHOBH), a MEHTOJTy — Yy (hopMmi po3zuuny B [TET-400.

Pesynbratu gocnikeHb HaBeeH1 Ha puc. 1 Ta 2.

. 18 - B St. aureus
&5 | O Ps. aeruginosae
g 16 OE. coli
§ 14 - @ C. albicans
2212 -
2 10 |
o E
T 4
5 4
=76
E
: 4
B 2

0 -

0,025 0,05 0,1 0,2

KonnenTpariisi 1ekameTokcuny, %

Pucynok 1 — /liarpama 3a/1e5kHOCTI AHTUMIKPOOHOI AKTUBHOCTI IEKAMETOKCHUHY

Bil 4 coco0y BBe/IeHHSI Ta KOHIIEHTpAaIii
Aemopcovka po3pobdka
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Pucynok 2 — J/liarpama 3a/1e5KHOCTI AHTUMIKPOOHOI AKTUBHOCTI IeKAMETOKCHUHY

BiZ S cnoco0y BBeJeHHS Ta KOHLEHTPAIlil
Asmopcobka po3pobka

JlocmiKeHHSIMA ~ BCTAQHOBJICHO, 10  ONTHMAJIBHOI €  KOHIIEHTpAIis
nexametrokcuny 0,1 % (puc. 11 2). [Ipu 1pomy pe3ynbTaTu JOCHIKEHHS MOKa3aiu,
10 HE CIIOCTEPITraeThC CYTTEBOI PI3HMII MK MOKA3HUKAMH TP CIIOC001 BBeACHHS 4
1 5. Tomy BuOIp cnocoOy BBEICHHS AEKAMETOKCUHY JI0 OCHOBM Ma3i Oyje 3aiexaTh
B1JI TEXHOJIOTTYHOT'O MPOIIECY.

BucHoBKkM.

1.B xomi Hamoro AOCHIKEHHS Oyjao OOIPYHTOBAaHO KOHIIEHTpAIlilO
Metunypanuny (in vivo) Ta JeKaMeToKCHHY (in vitro) s po3poOKH CKIIamy,
TEXHOJIOT1] Ta mpoBeJeHHs 010(hapManeBTUUHUX TOCTIIKEHb Ma3i aHTUMIKPOOHOT Ta
PaHO3arorBaILHIOT i1 3 METHITYPAIUIIOM, IEKAMETOKCTHOM Ta MEHTOJIOM.

2. BcranoBieHo, MOJETBHAM 3pa30K 3 KOHIIEHTpaIiew MeTwrypammry 3 %
BUSIBUB HaWOUIhIN (y TMOPIBHSAHHI 3 IHIIMMH MOJEIBHUMHU 3pa3kaMy) BHUPAKCHY
MPOTU3aNAIbHY aKTUBHICTH — 36,87 %. ToMy HaMu 00paHO 3pa30K 3 METUITYPAIUIOM
3 %.

3. BcTtaHoBJI€HO, 110 ONTHMAJIBHOIO € KOHIeHTparlis aekamerokcuny 0,1 %.
Bubip cnocoOy BBeaeHHS JE€KaMETOKCHHY JI0 OCHOBM Ma3i Oyje 3ajexaTd BiJ
TEXHOJIOTIYHOTO MPOIIECY.
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Abstract. The author has substantiated the concentration of methyluracil (in vivo) and
decamethoxine (in vitro) for the development of the composition, technology, and
biopharmaceutical research of an antimicrobial and wound-healing ointment with methyluracil,
decamethoxine, and menthol. The qualitative composition of the ointment with antimicrobial and
wound-healing action with methyluracil and decamethoxine was determined, namely: it was
established that the model sample with a methyluracil concentration of 3% showed the most
pronounced anti-inflammatory activity (compared to other model samples), the optimal
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decamethoxin concentration is 0, 1%. These researches will contribute to the further development
of modern wound-healing medicines.
Key words: methyluracil, decamethoxine, wound healing medicine, wound.
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ASSESSMENT OF ANTIBIOTIC RESISTANCE PROBLEM IN MODERN

CONDITIONS
OIIHKA MNPOBJEMU AHTUBIOTUKOPE3UCTEHTHOCTI B CYYACHUX YMOBAX
Shved O.V./ llIBex O.B.
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Hayionanvnuii ynisepcumem «JIvgiscoka nonimexuixay, Jlvgie, Cm.banoepu, 12, 79013

Anomauin. Hasedeno gioomocmi w000 00Hi€l 3 HAUOLIbUWUX NPOOIEM CYHACHO20 C8IMY -
AHMUOIOMUKOPE3UCMEHMHOCMI 30YOHUKIE [IHQEKYIIHUX 3aX60pIO6aHb, NPUYUHU ii BUHUKHEHHS,
PO3NOBCIOONCEHHS, WsXU NodoNanHs. OUuiKyeanocs, wo siokpumms anmubiomuxie npubnuzno 80
POKie momy mano 6 o3Havamu KiHeyvb iH@eKyilHux 3axeoprosansv. Hasnaxu, 1iky8anHs MiKpoOHUX
3axX60pI06AHL 00CA2I0 MAKO20 CMAHY, KOAU Oazamo iHpexyitl NpakmuyHo He nid0aromuvcs
JIKYBAHHIO HAABHUMU HA OAHULL MOMEHM aHMUMIKpoOHuMu 3acobamu. Cnocmepicacmucs nocmitine
30i1bUWEeHHS PE3UCTEHMHUX WMAMI8, AKe He CYNPOBOONCYEMbCA 88€0CHHAM HOBUX eheKMmUBHUX
mepanesmuuHux 3aco6is. QOHAK, NPOOOBHCYEMBCA [THMEHCUBHE OO0CINIONCEHHS AIbMEPHAMUBHUX
niox00ie CMEOpeHHs ma OnmumMizayii anmubiomuKie 0Jisl 1iKy8aHHsA IHQEKYIHUX 3aX60PIOBAHb

Knrouosi cnosa: anmubiomuxu, aHmubiomukope3ucmeHmHicms, 30Y0HUKU.

Beryn

HammipHe BUKOpUCTaHHS aHTHUOIOTHKIB MIAIMTOBXHYJO OAaKTEPili JO PO3BUTKY
MeXaHi3MiB cTilikocti. lle sBuIne, Bigome sSIK CTIMKICTh OO aHTHOIOTHKIB, 3apa3s
posrasaaerbes BOO3 sik oaHa 3 HalOIBIINX 3arpo3 37J0POB 10 TIOAUHU. BiacyTHICT
JIKyBaHHSl 3aXBOPIOBAaHb, BUKIMKAHUX MYJIbTHUPE3UCTEHTHUMH OaKTEpIsIMH MOXKeE
IIOBEPHYTH HAC JI0 TOr'O 4acy, KOJU MUIBMOHU JItOJIel IOMUpAJIX BiJl THEBMOHII abo
CaJIbMOHEIbO3Y.

JIroaCcTBO MPOJIOBKYE CUHTE3YBaTH HOBI @aHTUO10TUKH, 10 KUX JOBIIE Ta TSKYE
BUpoOIsieThess pe3ucTeHTHICTH (How to make antibiotics great again?). Tomy
O0opoTh0a 3 aHTHOIOTUKOPE3UCTEHTICTIO, HaXKallb, TpUBA€E. BHUPOOIAIOTHCS HOBI
npenaparu, a 6akTepii BUPOOJISIOTh HOBI METOJIM 3aXUCTY BiJ HUX.

«30510TOI0 eporo» aHTHOI0THKIB Ha3uBarOTh 1940-1960 p.p., KOIM HIMPOKOTO
3aCTOCYBaHHA HaOyB MEHIIMJIIH, [0 COPUAJIO 3HAYHOMY IOKPAIICHHIO JIKYBaHHS
XBOpHUX Ha 1H(EeKIiiHI 3axBopioBaHHs. [[poTAromM HaACTYNMHUX JBOX AECATUIITH OYJI0
BUHANJICHO 1 3allpOBa/KEHO B MPAKTHUKY 3HAYHY KUIbKICTh aHTHOIOTHKIB, B TOMY
Yhcloi IIMPOKOrO CHEKTPY [ii. IX [puOMcyBaly TalieHTaM 3  Oy/Ab-fKOIO
OakTepiabHOO 1H(EKITIETO.

Ane takuil migxin OyB HEJANEKOIVISIAHMM Ta B KOpPEHI pYWHYBaB MPUPOJHY
CUCTEeMY J1I000py, a pa3oM 3 THM 1 MO3UTHUBHY 110 aHTUOIOTUKIB, OCKUIBKU OakTepii
HAJTO LIBUJKO MPHUCTOCOBYBAJIMCS 10 HOBUX mpenapariB. Tak, BXKe HalpUKIHII
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1940-x oauH 13 aMEPUKAHCHKUX IIMUTANIB MOBIJIOMUB, 1110 BiJICOTOK PE3UCTEHTHUX
mramiB ctauiokoky 3pic 10 59%. A Bxe B 60-x pokax 3’SBHUBCS LITaM
Staphylococcus aureus 80/80, IOBHICTIO PE3UCTCHTHUM 10 TMEHINIIIHY, IPOTE BIH
OyB MIBUAKO MOJOJAHUN HOBUM CHHTETUYHHM aHTHOIOTHKOM 3 MOJU(IKOBAHUM
OeTa-TakTaMHHUM KUIbLIEM — MeTHIHIIIHOM. OJHaK, yepe3 pik OyB BUSBICHUN HOBUMH
MYJIBTUPE3UCTEHTHUNH wmTaM  Staphylococcus aureus - methicillin-resistant
Staphylococcus aureus (MRSA), mo nerxo mpotuctoss metuimiiny. [Ipotu MRSA
CTaJIM 3aCTOCOBYBATH HAWHOBIIIMI Ha TOM Yac mpernapaT — BAHKOMILIMH, IPOTE B¥KE B
1979 p. 6ynu BUSBIICHI BUIIQJKK PE3UCTEHTHOCTI 1 JI0 I[LOTO Ipenaparty. Jluie Toai
JIIOJICTBO 3PO3YM1JIO, SIKY HEOE3MeKy Hece HeoOJyMaHe BUKOPUCTaHHS aHTHO10THKIB.
[1,2].

3aknaganucs MiABAIMHU PE3UCTEHTHOCTI MATOTEHIB JO 3aco0iB MIPOTHIIL
iH(]ekIiaM TonpH 3AaTHICTh IMYHHOI CHCTEMM JIIOJIMHM, a TaKOXX TBapUHU Ta
POCTIMHH MPOTUIISATH 3aXBOPIOBAHHSM [3].

Bukiaa ocHOBHOTO MaTepiany

[IpuponHs PE3UCTEHTHICTh 10 aHTHOIOTHKIB — MPUPOJHE SIBUINE, a T€HU, IO
3a0e3MeYyI0Th L0 PE3UCTEHTHICTh Y MOIYJIALI] BIOM1 SIK €KOJIOTTYHA PE3UCTOMA.

ExcniepumenTy, ski mokasyBaid, 10 OaraTo MyTaliidl € BHUIIaJKOBUMH, a HE
cpssMOBaHUMHU, npoBeseHi me y 1952 p. E. 1 [Ix. JlenepOepr. Bonu npunyctuinu, mo
CTIWKI 70 aHTUOIOTHKIB INTaMH OakTepid, $KI BIWKWIM TICIS 3aCTOCYBaHHS
aHTUOIOTHMKA, Maju I[f0 CTIHKICTh JO TOYaTKy 3acTOCYBaHHS aHTHUOIOTHKA
MEHILUIIIHY, @ HE B pe3yJIbTaTl HOro BIUIMBY 1 YTBOPWJIMCS BHACTIAOK BUMAJKOBUX
MyTalii. AHTUOIOTUK BHUCTYIAB JIMIE CUJIbHUM (HaKTOpOM BIAOOpYy, IO JaBaB
MOJKJIMBICTh PE3UCTEHTHUM IITaMaM MOIIMPHUTHCS Ha BCIO momyJsiito. Jlo mporo Jxk.
Jlenen6Gepr 1 E. Tatym me B 1946 p. BUSBWIN 3/IaTHICTh 10 Tiepeaadyl reéHeTUYHOI
iH(popMarlli B pa3l NpAMOro KOHTAaKTy MDK KJIITHHAMHU JESKUX IITaMiB MHOXUHHUX
MyTaHTIB Escherichia coli 1 MOJanbIIO0 PEKOMOIHAIIEID MIX HUMH. 3T0JA0M VY.
Xeiz, ®. XKako6 1 E. Bymnman, JI.JI. KaBaiuni mosicHUIM 11 SIBHINE, BIJAKPUBIIN
HAsSBHICTh Y KIITHH-JIOHOPIB TeHETHYHOTro (hakTopa, skuii HazBamu F-dakropm
(paxkTopom (epTunbHOCTI), MO SBIsE CO00I0 OKpemy MoOUIbHY Moisekyny JIHK.
[Ipouiec nepenayi reneTnyHoi 1HGOPMAITT BiJ KIITUHA 0 KIITHHH M1 4aC KOHTAKTY
Ha3BaJIM KOH IOTaLIENO.

Kpim kon’roramii, nepenoc JJHK B kimituHu Oaktepiii Moke 3A1HCHIOBATHCS
IUISIXOM KJIITUHHOI TpaHcgopmaliii, sika Brepiie BusiiieHo @. ['pidditom B 1928 p. y
Streptococcus pneumonia, 3a SIKOi reéHeTWYHA IH(OpPMAaLIs BHOCUTHCS Y KIITHHY
BUlbHUMH MoJiekyJamu [IHK abo Benmukumu ii ¢pparmeHTamu, 1m0 MarOTh NEBHHMA
CTYIIHb TOMOJIOT1] 10 XpPOMOCOMH KJIITHHU-PELHUITIEHTA.

Tperiit BimoMuii Ha AaHuN yac MoxiauBui nuisix nepenadl JIHK Big kmituHu-
JIOHOpA JI0 KJIITUHU-PELMIIEHTAa HA3UBAETHCS TPAHCAYKIIEI, SIKY BiaAKpuTo JIX.
Jlenenbeprom 1 H. Ilinmepom nHa mouarky 50-x pokiB XX cr. y Salmonella
typhimurium, 3a $KOIO TeEpelaBaHHs TE€HETUYHOTO MaTepiany 3AIMCHIOEThCA 3a
JIOTIOMOTOI0 TIOMIPHUX (paris.

Ili mocnipkeHHS B OLIBIIOCTI BUIAJKIB MOSCHIOIOTH HEHMOBIPHY 3/1aTHICTh
OakTepii 0 aganTallii Ta PO3BUTKY aHTHUOIOTHMKOPE3UCTEHTHOCTI - «TJI00AIbHOT
poOIEeMU TPOMAICHKOTO 3/I0POB’ 5.
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[{omo kmacudikaiiii aHTUOIOTHUKIB 3 BpaXyBaHHSIM BUHUKHEHHS PE3UCTEHTHOCTI
IOJI0 BUAAHO PsiA MDKHAPOIHUX Ta BITYM3HSHUX CTAHIAPTIB, HAMMCAHO Oarato
HayKOBUX Ipalk. 30KpeMa, Ha CbOTOIHI YnHHA 3anpornoHoBana BOO3 kiacudikarris
aHTUMIKpOOHUX mpenapatiB AwaRe, 3anpomonoBana 2019p.) [4], 3a sKoio
aHTHO10THYHI MTpenapaTy MOAUIAIOTh Ha TPU OCHOBHI TPy, KYJIU BXOSTh HAMOLIBIII
9acTO BUKOPUCTOBYBaHI aHTUOIOTHKH, IO BIAHOCATHCS O YOTUPBHOX KIIACIB CHOIYK
—11eanocopuHy, NEHIUIIHN, GTOPXIHOMHK, MakpoJiau. OHOBIIeHA Kiacudikaris
aHTUOIOTUKIB 3a cucremoro AWaRe 3a 2021 pik BkiIOYae a0JaTKOBI 78
aHTUOI10THKIB, SIKI paHilie He Oynu kinacudikoBani. lle KOpUCHUN THCTPYMEHT ISt
BUBYEHHS aHTUO10TUKOPE3UCTEHTHOCTI [5].

XapakTepucTuka rpyn aHTHOIOTMYHHMX MpernapaTiB 3a kiacudikaiiero AwaRe
[6]:

I'pyna A (Access) abo cpyna odocmyny — epEeKTUBHI Ta MIMPOKO BXKHBaHI
AHTUOIOTUKYU 3 HU3BKUM TMOTEHINAJIOM JI0 PO3BUTKY aHTHUMIKPOOHOI PE3UCTEHTHOCTI.
Ili antubiotnku € npemnapatamu | ta Il minHIiT Tepamii OGLIBIIOCTI OakTepiaTbHUX
3aXBOPIOBaHb 1 MalwTh CTaHOBUTH >60% mikapchkux mnpu3HaueHb. Jlo HuX
BIJIHOCATBCSA aMIKallMH, aMOKCHIIWJIIH, aMOKCHIIWJIIH/KJIaByjJaHaT, T'eHTaMIiI1H,
JOKCAIlWJIIH, KIHAAMIIUH, 1eda3oiH, METPOHINa30J, HITPodypaHTOiH, KO-
TPUMAKCa30J1, TOLIO.

I'pyna W (Watch) abo zpyna cnocmepeicenns — 11¢ aHTUMIKpOOHI TperapaTu
BHCOKOTO TPIOPUTETY I METUIMHH. Y HHUX BHUIIUA TOTEHINal 10 PO3BHUTKY
aHTUMIKpOOHOI ~ pe3ucTteHTHOCTI. OO0’eMHM  IXHBOTO  CIIOXKMBAaHHI  Tpeda
KOHTpoitoBaTu. Jlo 1€l rpynu  HajexaTh  a3UTPOMILMH, BaHKOMIIIUH,
neBo(aokcanuH, HepikcumM, negorakcuM, HedTpiakcoH, nedrazuaum, HedypoKkcum,
BAHKOMIIWH, UUIPOQIIOKCAIIMH, KIAPUTPOMILMH, MEpPONEHEM, MiNepauuiH-
Ta3o0aKkTaM, TOIIO.

I'pyna R (Reserve) abo cpyna pe3epgy — pe3epBHI aHTUMIKpOOHI MpernapaTu, ski
BUKOPUCTOBYIOTHCA Y SKOCTI OCTaHHBOI HAJlli, SKIIO MOIMEPEAHE JIIKYBaHHS 3a3HAJIO
HeBJ/Iaul a00 BUKOPUCTAHHS 1HIIMX 3aC001B HEMOXKIIMBE ISl JTIKYBaHHS 1H(QEKIIIHHUX
3aXBOPIOBaHb, BUKIUKAHUX MYJIbTUPE3UCTEHTHUMHU MiKpoopraHizmMamu. Jlo Hux
HajeXaTh a3TpeoHaM, KOJICTUH, JIHE30JJ, mNoJiMIKCMH B, MeporneHem-
BaOopOakTam, e razuauM-aBidaKkTam, MIa30MIIMH TOIIO.

[IInpoke 3acToCcyBaHHS aHTHUOIOTHUKIB OOyMOBJIeHE OararbmMa MPUYMHAMH,
30KpeMa: MiJBHUILIEHHS TI00albHOI JOCTYMHOCTI MpenapaTiB MPOTATOM TPUBAJIOTO
yacy, mounmHaioud 3 1950-x pokiB; HEKOHTPOJIbOBAaHI MPOJAXi AaHTHOIOTHKIB Y
OaraTpoX KpaiHax 3 HU3bKHM a00 CEpeIHIM pIBHEM JOXOIY, A€ X MOKHA OTPUMATH
0e3  pelenTty; HEOCBIUEHICTh  HaceleHHa y  cdepl  aHTHOIOTHKIB  Ta
aHTHO10TUKPE3UCTEHTHOCTI.

[TprunHOIO HEepallOHATFHOTO BUKOPUCTAHHS aHTHOIOTHKIB JIKApsIMU BUCTYIIA€
iX HaAMiIpHA O0EPEXHICTh 3 MEAUYHUX a00 IOpUINYHUX NpUYUH. BrachHe, 3Buyaiina
3acTy/la € HAaHO1IbII MOIIMPEHO NMPUYHUHOIO MPU3HAYEHHS aHTUO010TUKIB. CTIHKICTD
710 aHTUOIOTHKIB TaKOX 3pPOCTA€ 13 301IBIIEHHSIM TPUBAJIOCTI JIIKyBaHHSI. Tomy, B
penaKkiiiHiii  cTaTTi bBpUTAHCBKOTO  MEAMYHOTO JKYpHalTy PEKOMEHIYEThCS
MPUIUHATH TPUITOM aHTUO10THKIB Yepe3 72 TOJAMHHU MiCIid 3HUKHEHHSI CUMIITOMIB [7].

[IpyuriHOIO BHHUKHEHHS PE3UCTEHTHOCTI € TaKOX COLIaIbHO-€KOHOMIYHI
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(daxkTopu, MOB's3aHl 3 OIMHICTIO, SKI BIUIMBAIOTh HA JIOCTYIHICTH BIJIIOBIIHOTO
JIKyBaHHS cepell OKpeMHX TpyN HaceleHHsA. MexaHIYHa BEHTWILIS Ta MoraHa
ririeHa pyK MEIWYHUX TPAliBHUKIB TEX CHPHUAIOTH MOLIUPEHHIO aHTHO10THK
pesucteHTHOCTI. KpiM TOro, maimieHTH i3 KUIbKOMa CYIyTHIMH XBOPOOaMHU MOXKYTb
CTaTH MOTCHIIMHUMH HOCISIMU PE3UCTEHTHUX OakTepiii [8].

Exonoriuni ¢akTtopu TeX BaXKJIMBIi: 4epe3 BIAXOIM JIKapeHb, HAIPUKIA] CTIYHI
BOJIM, CLIBCHKOTOCHOJAPCHKI BIAXOAM Ta BIAXOAW (PapMaleBTUYHUX BUPOOHUIITB,
aHTUOIOTUKHU Ta PE3UCTEHTHI OakTepii MOTPaIUIIOTh Y HABKOJIMIIHE CEPEOBHIIIE,
pPeIUTIKYIOYM Ta TepeJlaloud TeHUW  PEe3UCTEeHTHOCTi. Jleski  JoCHimKeHHs
JEMOHCTPYIOTh BUINIAJKOBY Tepefady CTIMKUX /10 aHTHOI0THUKIB MIKPOOPTaHI3MIB Bijl
TBapuH 1 Tr0uHU [9].

MenuuHi NOpUYUHM BUHMKHEHHS PE3UCTEHTHOCTI: 301IbIIEHHA 00 €MIB
BUMKMCYBAaHUX aHTUOIOTHKIB, HAJAMIpHE JO3yBaHHS IIPU MPUHOMI AaHTHOIOTHKIB,;
HEHAJIC)KHE  BUNUCYBAaHHS  AHTUOIOTHKIB  JIKApAMH, TEPEPUBAHHS  KYypCy
aHTHO10THKOTEpaInii; HEAOCTaTHS Tiri€Ha Ta MEIUYHHM KOHTPOJb Yy JIKyBaJbHHUX
3aknanax [10].

MexaHi3M mpuUpoaHBOi (BHIOBOI) BHYTPINIHBOI PE3UCTEHTHOCTI — SIBHINE, 34
SAKOTO OaKTepialbHUW IITaM TPUPOAHO CTIHKHA 1O TEBHOTO aHTHOIOTHKA abo
ciMeiicTBa aHTHOIOTHKIB O3 HEOoOX1MHOCTI MyTamii abo OTpUMaHHS JTOJATKOBUX
rexiB. ToOTO, BC1 MPEACTaBHUKH aHOTO BUIY OyayTh NOBHICTIO HECTIPUHHATIMBUMHU
JI0 TIEBHOTO aHTHOIOTMKAa 4YM TPYINU aHTUOIOTHKIB, 1 1X HIKOJM HE MOXKHa OyJe
BUKOPHUCTOBYBATH ISl JIIKYBaHHS 1H(EKIiHd, BUKIMKAHUX LMM BHJIOM OakTepiil.
[IpuknagoM mpUPOIHOI PE3UCTEHTHOCTI € CTIHKICTh Pseudomonas aeruginosa no
OlnbIIOCTI  P-TakTaMHMX aHTHOIOTHKIB. Taka CTIMKICTh 3yMOBJIEHA KUIbKOMA
MeXaHI3MaMH: diSUTbHICTIO €(JIIOKCHUX HACOCIB, HEMPOHUKHICTIO 1i 30BHIIIHBOT
MeMOpaHu Ta CHHTE30M (EePMEHTIB-IHAKTUBATOPIB AaHTHUOIOTHKIB, TaKuUX 5K [-
nmaktamasu [11].

B cyuwacHiii miTeparypi OKpECIIOIOTH HACTyIHI MEXaHI3MH BUHUKHEHHS
aHTHO10THUKOPE3UCTEHTHOCTI y OakTepii [12-14].

1. ImakTuBaris abo MoaudikaIis JiKapCchbKUX 3ac001B.

Hanpuknan, pepmenTatuBHa ne3akTuBamisa neHinmwiiny G y ASSIKUX IMEHIIAIIH-
PE3UCTEHTHUX OakTepili NUIIXoM BUPOOJeHHS [-makramasu. Haityactimie 3axucHi
dbepMeHTH, 10 BUPOOIAIOTHCS OaKTepiasibHOKO KIITHHOIO, AOAAIOTh alMIbHY abo
dbochaTHy Tpyny A0 MEBHOI NUISHKA Ha aHTUOIOTHII, 110 JO3BOJUTh 3HU3UTHU HOTO
3IaTHICTH 3B'A3yBaTUCS 3 puOOCOMaMu OaKTepii Ta mepepuBaTH CUHTE3 O1JIKA.

2. Moaudikariss  mimeHed  aHTHOIOTHMKA  HUIAXOM:  MyTalii;  XiMIYHO1
Moau(ikallii; 3aXUCT KIITHHHOI CTPYKTYpu OakTepli; Timepekchpecii reHiB, 0
BIJIMOBIAAIOTh 32 YTBOPEHHS IMEBHUX KIITUHHUX CTPYKTYp, 30UIBIIYIOUM TaKUM
YUHOM HEO0OX1/IHY JIeTaJbHYy 03y aHTHO10THKA.

Hampuknan, cnocrepiraerbcsi 3MiHa MillieHI NMeHINWIHIB-B y MRSA Ta iHmmx
MEeHIWIIH-PE3UCTEHTHUX OaKTepisx, a TAaKOXX BHU3HAYEHO 3aXHMCHUU MEXaHi3M,
3HAWICHWA y OakTepii, sIKk CHHTE3 pUOOCOMHHMX 3aXHCHUX OUIKIB, IO 3aXUINAIOThH
OakTepiaNbHy KJIITHHY BiJl aHTHOIOTHKIB, fKI HAIUICHI HA PUOOCOMHU KJITHUH Ta
1HTIOYIOTh cHMHTE3 Olnka. MexaHi3M BKIIIOYAE 3B'S3yBaHHS PUOOCOMHHX 3aXHCHHUX
OikiB 3 pubocoMaMu OakTepiaqpbHOI KIITUHH, IO B CBOK YEpPry 3MIHIOE ii
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koHpopmariito. Ile mo3BosisIe pubocoMaM MPOJOBKYBATH CUHTE3 O1IKIB, HEOOX1THUX
KIIITUHH, TIEPEIIKOKAI0YN 3B'I3yBaHHIO aHTHOI0THKIB 3 pUOOCOMOIO.

3. 3MiHa MeTa0O0TIYHUX TIIISAXIB.

Hampuknan, nis neskux cynbhaHiiaMia-pe3sucTeHTHUX OakTepiii He moTpiOHa
nmapa-aMiHoOeH30iHa kuciora (PABA), 3aMicTh 1IbOT0, MOAIOHO JO KJIITHH CCaBIIIB
BOHU BUKOPHCTOBYIOTH YK€ CPOpMOBaHY (POJII€BY KUCIIOTY.

4. 3HM>KeHHS KOHIEHTpaLlil JIKapChKUX MpenapaTiB y KIITHHI.

Hanpuknan, nanuii nporec BiOyBAa€ThCS NPH 3MEHIIEHHI MPOHUKHOCTI YU
30UIBIIIEHH] AaKTUBHOTO BHBEJEHHS (BIIKadyBaHHsS) JIIKAPChKUX PEUYOBHH Yepe3
MOBEPXHIO KIITHHHU, SK Yepe3  CIeliadi3oBaHl HACOCH, SKI MOXHa 3HAWTH B
KIITUHHIA MeMOpaHi JesSKUMX BHIIB OakTepiid, BOHHU BUKOPUCTOBYIOTHCS ISt
nepekadyBaHHsI aHTHUOI0THUKIB 3 KJIITHHH, MEPII HIXK OCTaHHI OyIyTh 3/1aTHI 3aBAaTH
OyI1b-SIKO1 IIKOJIM, 00 Taki e(JIIOKCHI HACOCH MIEPEBAYKHO aKTUBYIOTHCS CIEU(IYHUM
aHTUO10TUKOM.

5. TlepeneceHHs TeHIB aHTHUOIOTMKOPE3UCTEHTHOCTI BiJ CTIHKHMX IITaMiB
MIKPOOPTaHi3MiB JI0 Yy TJIUBHX.

Tpancdep reHiB MoierIye MOMMUPEeHHS] PE3UCTEHTHOCTI JI0 JTIKApChKUX 3aC00IB.

[Insxu ycyHEeHHS aHTHOIOTHKOpPE3UCTEHTHUX Oaktepii [15-18]. Buxomsun 3
AHATITUYHOTO aHAJI3y JITEpaTypHHX JaHUX HA JaHWUM Yac MOXKHA OKPECIUTH
HACTYIIHI HapsIMH y 00pOTHO1 3a CTIUKICTIO OaKTepiit 10 aHTUO10THUKIB:

- Moaudikalis Ta BHUPOOHHUIITBO HOBUX AaHTHUOIOTHUKIB Ta JOMOMIXKHHUX

aHTHOAKTEplaTIbHUX CIIOJIYK.

- BUKOPHCTAHHS 1HIIKUX METOJIIB JIIKYBaHHS, 1110 HE OB’ A3aH1 13 3aCTOCYBaHHAM

aHTUO10THUKIB.

- TIOIIYK aJIbTePHATUBHHX CTOJIYK, [0 MalOTh aHTUMIKPOOHY IitO.

- po3poOKa HOBUX METO/IIB J1arHOCTUKU 30y THUKIB OaKTeplaJbHUX 1H(PEKIIIH.

- 3aCTOCYBaHHSI KOMOIHOBAaHOI aHTUO10THKOTEPAITii.

ToOTto mist mogonanHs ra00ambHOT KPU3U B TaTy31 OXOPOHH 37I0OPOB'sl, IKY CBIT
IIEpE)KMBAE Yepe3 CTiMKI 10 aHTUOIOTHKIB OakTepii € BelWue3Ha Halsd Ha Ti
HOBATOPCHKI TMIX0U CUCTEMHOT 01071011, SIK1 3aCTOCOBYIOTh HAYKOBITI.

BuchoBok

[IIBuaKe mOmMMpEeHHs aHTUOIOTUKOPE3UCTEHTHOCTI — IIo0anbHa Tpoodiema, i
Ui 11 BUpIIIEHHS HEOOXITHI CKOOPJAMHOBAHI Mii PI3HUX IHILIATUB B UIMPOKOMY
MaciTadl 100 TOCUJICHHS KOHTPOJI0 CHUTyallli 31 CTIMKICTIO HE TIIBKH [0
OIMHUYHUX, ajle BXe A0 OaraTboX  aHTHOIOTHKIB. OTXKe, NHUTaHHSA
aHTHOI0THKOPE3UCTEHTHOCTI K SBUIIE CTOITh B OJHOMY DSy 3 HaWBaKIMBIIIMMHU
npobiieMaMy OXOpPOHHM 3J0POB'Sl 1 Mae€ HACTOPOXKYBaTH JIIOJCTBO Ta CIOHYKAaTH
eKCIIEPUMEHTATOPIB Ta BUPOOHUKIB JO PIITy4yHMX /il 1HBECTyBaHHS B IHHOBAIlIMHI
pPO3pOOKM Ta KOHTPOJbHI METOJAMKM Ta METOAM Oe3NMeYHuX Ta e(PEeKTUBHUX
aHTUOIO0THKIB, a TAKOXX YJOCKOHAJICHHS ICHYIOUYHMX aHTHOIOTHYHUX Tpemnaparib, 1Moo
MIIBUIIUTH €()EKTUBHICTD iX BUKOPUCTAHHSI.
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Abstract. Information provided on one of the biggest problems of the modern world -
antibiotic resistance of infectious disease agents, its causes, spread, and ways to overcome it. The
discovery of antibiotics about 80 years ago was expected to mean the end of infectious diseases. In
contrast, the treatment of microbial diseases has reached a state where many infections are nearly
untreatable with currently available antimicrobials. There is a constant increase in resistant
strains, which is not accompanied by the introduction of new effective therapeutic agents. However,
alternative approaches to antibiotics for the treatment of infectious diseases are intensively
researched

Key words: antibiotics, antibiotic resistance, pathogens.

ISSN 2567-5273 144 www.moderntechno.de



Modern engineering and innovative technologies Issue 25 / Part 2

http://www.moderntechno.de/index.php/meit/article/view/meit25-02-072
DOI: 10.30890/2567-5273.2023-25-02-072

UDC: 636.03:636.2:636.082

AGE VARIABILITY OF ETHOLOGICAL PARAMETERS OF CATTLE
Pikula Oksana Anatoliivna
candidate of agricultural sciences
Vinnytsia National Agrarian University (Vinnytsia, Ukraine)
ORCID: 0000-0001-8950-6099

Abstract. It was found that ethological traits and indicators of milk production of cows are
characterized by a medium and high degree of phenotypic variability. With age, cows rested less
time lying down, but spent more time eating feed. Analyzing the factor dependence of the level of
milk yield per lactation in cows, it was found that the greatest influence on the formation of this
trait is age, the strength of which is 74.5%, and the share of the influence of unaccounted factors
was 25.5%.

With the increase in milk production, there is a tendency to reduce their reproductive
function. This feature should be used in the breeding process with livestock. An in-depth study of
the causes of variability in farm animals will allow us to assess the adequacy of their habitat and
develop the most rational and economical systems of interaction between the organism and
technical means, feeding factors and other realities of industrial technology. Ethological research
will make it possible, first of all, to create optimal conditions for keeping both in industrial livestock
farms and on traditional farms, to find ways to increase cow productivity in specific feeding and
housing conditions.

Animals bred with ethology in mind have a calm disposition, their behavior can even be
controlled, and they are usually characterized by high milk and meat production and efficient feed
use. Skillful application of ethological techniques in animal husbandry can increase the
productivity of cattle.

The reaction of high-yielding cows to paratypical factors is ambiguous and is always
accompanied by behavioral changes, reduced milk production, deterioration in product quality,
increased morbidity, reduced duration of productive use, and premature culling from the herd.
Finding out the behavioral characteristics of high-yielding cows will make it possible to optimize
the methods of their maintenance, feeding, and operation and ensure high milk production with
high milk quality and herd safety.

Keywords: behavior, variability, age, productivity, cattle

Dependence of ethological traits on genotypic and paratypic factors.

Factors affecting milk production can be divided into genotypic and paratypic,
or environmental factors.

Animals of modern specialized dairy breeds (Holstein, Red and White Dairy,
Black and White Dairy, Black and White, Angler, etc.) are characterized by the
highest milk production. The annual milk yield of dairy cows is 4000-6000 kg with a
fat content of 3.6-4.1% and a protein content of 3.2-3.7% [8].

The fat and protein content in milk of different breeds is not the same. Holstein
cows (on average) have 3.68% fat, 3.31% protein; Black-and-White cows,
respectively, 3.70 and 3.24; Simmental cows, 3.91 and 3.48; Swiss cows, 3.75 and

3.41; Red Steppe cows, 3.73 and 3.32; and Swan cows, 3.90 and 3.56%. In milk of
Ayrshire and Jersey breeds with milk yields of 3500-4000 kg, the fat and protein
content in milk reaches 5.0-6.5 and 3.9-4.3%, respectively. Among the dairy breeds,
there are more productive ones (Holstein, Black-and-White dairy, Red-and-White
dairy) and relatively low-productive ones (Ukrainian Whitehead, Polish Red). Among
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the dairy and meat breeds, the most productive are the Shorthorn, Lebedinsky, and
Simmental. They are significantly inferior to such breeds as Brown Carpathian and
Pintzgau [35].

One of the main environmental factors that significantly affects the level and
quality of milk production is proper feeding and keeping of animals according to
zoohygienic standards. Optimal nutritional feeding helps to maintain a high level of
lactation for a long time. Proper and standardized feeding affects not only milk yield
but also milk composition. With insufficient energy nutrition, cows first have a
decrease in milk yield, and then the fat content in milk decreases. It is known that the
higher the milk production of cows, the stricter the requirements for balancing diets.
If earlier the insufficient quality of own basic feed could be compensated for by using
special feed additives with micro- and macronutrients and vitamins, now we need to
worry about transit protein, which is not broken down in the rumen [22].

The intensity of the decrease in milk yield after cow insemination is inversely
related to the length of time between calving and new pregnancy (service period). By
mating cows in the first estrus after calving, the prerequisites are created for a rapid
decline in lactation, and sometimes its reduction. When the service period is
extended, i.e., when cows are mated during the fourth estrus, the foundations are laid
for obtaining maximum milk yield and a uniform course of lactation [23].

The normal service period for dairy cows is 56-84 days. This duration makes it
possible to annually receive a calf from each cow, maintain lactation for 300 days,
and obtain the largest amount of milk for the entire period of economic use of the
cow [33].

The calving season affects the level of productivity because it causes changes in
feeding conditions and climatic factors. Practice shows that the most favorable time
for calving is autumn and early winter. Summer is not quite as desirable. The
literature shows that cows calving in November-December produce 300-700 kg more
milk than those calving in May-June. Autumn-winter calves are usually in better
health, more viable, and the lactation curve of cows is flatter, the animals are more
productive [21].

During the day, milk is continuously synthesized in the mammary gland of
cows. When it arrives, it fills the udder, creates pressure, and if the cow is not milked
in time, the process of milk production stops and pregnancy begins. At the same time,
milking is reduced. Cow milk production is closely related to udder capacity: the
higher the milk yield, the greater the udder capacity. And vice versa. The capacity of
the mammary gland is determined by a single milk yield [23].

Correct and timely milking is a normal physiological process for animals.
Observations show that an experienced machine milking operator can get 20% more
milk yield than an inexperienced one. One of them will start milking a cow a few
months after calving, while the other will be able to milk it for a whole year. Too
frequent unskillful milking is painful for the cow and leads to a decrease in its
productivity [32].

The milk production of cows after calving increases for 3-4 months, reaching a
peak at 4.5.6 months of lactation (depending on the breed, feeding, and housing),
after which milk production decreases. The lowest amount of fat and protein in milk
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is observed at 2-3 months of lactation, and then the fat and protein content in milk
increases before the start of lactation. During this period, milk sugar content
decreases and acidity decreases. Before the cows are launched, the technological
properties of milk change, it is poorly curdled by rennet, and its viscosity increases.
The decrease in rennet curdling of milk is mainly due to a decrease in acidity.
Changes in milk during the day - the content of dry matter and fat in morning milk is
lower compared to milk produced in the evening. Milk production of cows of the first
and second calving is lower than that of adults. It has been established that the milk
yield of cows in 1 lactation is 75%, and in 2 - 85% of the milk yield of adult cows.
The highest milk yields are usually obtained in 5-6 lactations. The decline in milk
production of cows due to aging begins in the 8-9th lactation. Under favorable
feeding conditions, high milk yield can be maintained at the age of 12-15 years.

The development of a cow is most accurately determined by live weight. Large
cows are characterized by better development of internal organs. They are able to
consume more feed, and therefore produce more milk. In dairy cattle breeding, a
positive correlation (up to a certain limit) has been established between the live
weight and milk production [32].

Today, large dairy farms are implementing advanced milk production
technologies based on untethered cows in boxes and milking in specialized parlors.
These technologies help reduce labor costs for milking, lower costs and improve the
quality of milk produced. However, an important criterion for evaluating existing and
developing new technologies for keeping dairy cattle is the behavior of the animals,
which indicates their biological needs. Since behavior is a heritable trait, it is possible
to create animals of the desired type through selection. Such animals are
characterized by high milk and meat production and efficient use of feed. It is known
that the skillful application of ethological methods in animal husbandry can increase
animal productivity by up to 20%.

Today, tetherless cow housing is considered one of the most proven
technologies for intensive milk production. However, any technology for keeping
dairy cattle must meet the animals' needs for rest, movement, free access to feed and
water, body care, etc. Among the ethological indicators, an important place is
occupied by feeding behavior, which indicates the satisfaction of the animals' need
for feed, and also allows us to conclude on the degree of their adaptation to the
applied industrial feeding conditions [6].

The presence of a correlation indicates the possibility of using the initial
behavioral reactions of calves in practice to determine their viability. Thus, a positive
medium and high degree of dependence was found between the live weight of
newborn calves and ethological indicators. The values of the correlation coefficients
are reliable, and therefore the identified relationship between the studied traits is a
natural phenomenon and can be manifested not only in the sample but also in the
general population. By the way, a high degree and positive direction of correlation
(rs=0.77 at P>0.999) was found between the live weight of newborn calves and
adaptation to gravity. In heifers, behavioral reactions to the technological
environment are characterized by positive medium correlation coefficients. Bulls are
characterized by the fact that there is an inverse relationship between live weight and
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the evaluated ethological indicators, with the exception of the correlation "live weight
- adaptation to gravity" [24].

At the same time, under conditions of untethered housing, an increase in the
duration of feed intake will have a positive effect on milk fat content (r = 0.655), milk
yield, milk protein content and density will decrease (r = -0.655, r = -0.052, r = -
0.579). With increasing water intake, nadir (r = 0.824) and density (r = 0.473) will
increase and fat and protein content will decrease (r = -0.766, r = -0.210). The
duration of standing and physical activity will not have a significant effect on milk
yield, milk fat and protein content (r= -0.188...0.258) and will have a positive effect
on milk density (r= 0.498, r= 0.701). A multifaceted relationship with an average
degree of dependence was established between the duration of lying down and milk
yield, milk fat, protein, and density (r= -0.463......0.447). An increase in the duration
of milking will lead to an increase in milk yield (r= 0.803) and milk protein content
(r= 0.688), and will negatively affect the content of milk fat (r=-0.923) and density
(r=-0.404) [7].

It has been established that cows of the same breed under the same feeding and
housing conditions, but in different climatic zones, produce milk with different fat
content. The highest fat content is observed in cows kept in mountainous regions. The
milk production of cows depends on meteorological conditions. High and low
temperatures, increased solar radiation, and changes in barometric pressure have an
adverse effect on the animal body. It has been established that a decrease in milk
production is observed with a decrease in barometric pressure, high relative humidity
in the room (85-90%), and air movement at a speed of 1.5-2.0 m/s [8, 18].

A somewhat smaller range of daily fluctuations in relative humidity when kept
on deep, long-lasting litter had an impact on the indoor temperature and humidity
index, clinical parameters, and, as a result, on heat resistance, bioenergy, and
respiratory effort. It was found that heat stress in cows kept on deep litter was absent
from 23.00 to 09.00 hours, and from 09.00 to 22.00 was moderate. In box housing,
the period of absence of heat stress was much shorter - from 01.00 to 08.00 hours,
and moderate stress was observed from 08.00 to 00.00 hours, respectively. Timely
introduction of high-quality bedding material in the proper amount (6 kg/head/day)
promotes faster adsorption of moisture and contributes to the creation of more
comfortable conditions for keeping animals in hot periods of the year [4].

It was found that low temperatures (from 12 to 18 C) became a stress factor for
cows and caused a temporary decrease in productivity compared to the thermoneutral
period. In tetherless box housing, the decrease in productivity (on average for 10
days) was 3.55 kg or 10.85%, and on deep litter this figure was 1.82 kg or 5.64%.
During the period of low-temperature loading, the consumption of metabolic energy
decreased by 4.68 MJ in tetherless box housing, while on the contrary, it increased by
1.50 MJ on deep litter [2].

The results of studies of the effect of ambient temperature during the
thermoneutral period and during the period of low-temperature load on the
productivity, daily behavior and bioenergetic traits of Ukrainian Red and White dairy
cows under different variants of untethered housing in boxes and on deep litter in
easily assembled premises showed that cows in both variants of housing technologies
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reacted to changes in temperature by reducing productivity - by 10.86% (3.55 kg) in
the case of untethered box housing and by 5.65% (1.82 kg) in the case of deep litter
technology. At the same time, the mass fraction of fat in cow milk during this period
increased by 0.09 and 0.08%, respectively. During the low-temperature period, cows
in both variants of untethered housing spent somewhat less time eating feed, drinking
and walking, but more time resting in a lying position compared to the thermoneutral
period. In general, in both temperature periods, the duration of the main behavioral
acts corresponded to physiological norms. Reducing the duration of feed intake
during the period of temperature load led to a decrease in the number of feed
reactions and the duration of chewing in cows under both housing technologies. The
proportion of net feed energy consumption that is converted into milk energy (energy
index) during the period of temperature load decreased by 2.69 % in the free-box
housing and by 1.16 % in the deep litter [26].

The air velocity in prefabricated cowsheds is three times higher (P>0.999)
compared to traditional cowsheds, which has a positive effect on air pollution, which
is 8.07 times lower in the presence of ammonia compared to traditional premises.
Under such conditions, bacterial air pollution is only 26.4 thousand cfu/m3, while in
traditional barns it is 18.7 times higher and amounts to 493.6 thousand cfu/m3.

At an average sub-zero ambient air temperature, the indoor temperature in a
prefabricated barn ranges from minus 1.8°C to minus 4.8°C. As the ambient air
temperature decreases at night, the air temperature in the prefabricated barn decreases
accordingly. That is, there is a proportional relationship between the ambient air
temperature and this indicator in a prefabricated room [19].

The analysis of the herd showed that it contained cows from the st to the 6th
lactation. The largest share was made up of cows of the first and second lactations -
43.45 and 37.7%, respectively. The share of cows of the third lactation and older was
much smaller and amounted to 7.35% in the third lactation, 8.95% in the fourth,
2.23% in the fifth, and 0.32% in the sixth. On average, the daily milk yield from each
cow was 27 kg with a range of deviations from 5.02 to 48.46 kg, the average number
of milking times per day was 2.9 times with a range of fluctuations from 1.86 to 4.49.
The average interval between two consecutive milking was 8.3 hours with
fluctuations from 5.2 to 12.7 hours. In the technological groups, cows were different
in terms of productivity and stage of lactation. Thus, in the first group there were
cows with an average of 252 days (83-386 days) of lactation. Their average daily
milk yield was 29.79 kg, and the frequency of milking was 2.98 times per day. In the
second technological group, cows were kept with an average lactation day of 262
days (8-460), and their daily milk yield was 20.4 kg, with the lowest milking
frequency of 2.77 times. In the third technological group of cows, the average
milking day was 173 (112-225), daily milk yield was 28.73 kg, and the milking
frequency was 3.24 times. In the fourth group, cows were kept, most of which were
in the early stages of lactation - on average 93 days after calving, with fluctuations
from 17 to 179 days; their average daily milk yield was 30.53 kg per cow, with 2.9
times of milking during the day. Ethological studies have shown that under
conditions of voluntary milking, cows spent an average of 53.04% of the day on rest,
17.55% on eating fodder, and 2.12% on milking. The peak of feeding activity (feed
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intake) occurred in the morning (8.00 am) and afternoon (17.00 pm). This is due to
the fact that the majority of cows (more than 90%) rest in a supine position from 1-2
am to 4-5 am, after which they need to consume feed, water and milk. In the
morning, feed mixtures are distributed so that animals can consume them freely and
to their heart's content [3].

The health of the cows has a great influence on the level of milk yield. Healthy
animals always have higher productivity than sick ones. For example, tuberculosis
reduces milk yield by 20-35%, brucellosis by 40-60%, and foot-and-mouth disease by
35-50%. Mastitis and digestive disorders lead to a long-term decrease in milk
production.

Impaired reproductive functions lead to cow leanness and reduced productivity.
Acute infectious diseases also dramatically reduce milk yield. Influence of
physiological condition. The decrease in milk yield, which is typical for cows in the
5-6th month of pregnancy, occurs under the influence of the action of ovarian corpus
luteum hormones. They suppress the action of lactogenic hormones of the pituitary
gland. The state of sexual excitement in cows affects milk yield. The decrease in
daily milk yield is especially noticeable. During estrus, daily milk yields decrease by
10-20% within 2-4 days. The main reasons for this are the cow's loss of appetite
during estrus and her growing anxiety. Cows with a good physiological condition and
high fatness during dry season have a much higher chance of the next lactation than
cows with insufficient fatness. It has been established that for every kilogram of live
weight gain during the dry period, a cow increases the chance of the next lactation by
20 kg [37].

Dairy productivity is the main breeding trait and the purpose of economic use of
cattle of dairy and dairy-meat breeds. Dairy productivity is characterized by the
quantity and quality of milk obtained from cows over a certain period (one milking,
day, month, lactation, year, life, etc.).

Milk is a product of the secretory activity of the mammary gland of mammals
and is intended for feeding offspring. Female mammals that are not specifically
milked produce as much milk as necessary to raise their young. Wild animals lactate
only during the period of milk feeding of the offspring, while domesticated animals
lactate much longer under the influence of constant irritation of the mammary gland
during milking and as a result of increased feeding and artificial selection. It is
considered normal for cows to lactate for 300 to 305 days, to have a dry period of 55
to 60 days, and to give birth to a calf annually.

Milk is synthesized in the cells of the secretory epithelium of the alveoli and
mammary ducts by absorption from the blood and biosynthesis of its components
(fat, protein, sugar) or direct transfer of vitamins, enzymes, hormones and minerals
from the blood. Proteins, fats and sugars synthesized in the mammary gland differ
significantly in composition and properties from the corresponding substances in the
blood. To synthesize 1 kg of milk, 400-500 liters of blood must pass through the
udder. On average, cow's milk contains 12.5-13.0% dry matter, including 3.8% fat,
3.3% protein, 4.8% milk sugar, and about 1% minerals.

The most common criterion for evaluating cow milk production is milk yield for
a standardized lactation of 305 days or a calendar year. The milk yields of cows of
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different ages, breeds and herds per lactation range from 1000 to 25000 kg or more.

Numerous studies convincingly prove the influence of age, herd, year, season
and other paratypic factors on cow milk production. However, sometimes there is a
significant contradiction in the degree and even direction of this influence, as well as
the need to study it under slightly changed modern management conditions, on
animals of new domestic dairy breeds and at the population level, necessitates
additional research in this area. The maximum profitability of dairy farming is
ensured not only by increasing the milk productivity of livestock, but also by the
long-term economic use of cows. Given the evolutionarily fixed inverse correlation
variability, the result of successful selection for dairy productivity is primarily a
noticeable decrease in reproductive capacity, health and duration of economic use of
COWS.

Recently, in scientific research and practical breeding, considerable attention has
been paid to substantiating the feasibility, possibility and search for ways to select
dairy cattle to increase the duration of their use and lifetime productivity. It has now
been established that the duration of use and lifetime productivity of cows is
determined by both genotypic and paratypic factors, ontogenetic parameters of the
animal's body formation.

Consequently, the formation of cows' milk production is influenced by many
factors that must be taken into account when managing the dairy cattle industry.

Methods of the work.

The research was carried out in the private agricultural enterprise "AF
Batkivshchyna" in Stryzhavka village, Vinnytsia district, on cows of the Ukrainian
black-and-white dairy breed.

To study the manifestation of behavioral reactions, experimental groups of cows
of the Ukrainian Black-and-White dairy breed were evaluated and formed by the
ordinal number of lactation, among which there were 15 cows of the first lactation,
21 cows of the second, 29 cows of the third, 16 cows of the fourth and 16 cows of the
fifth, 26 cows of the sixth lactation and older.

The cows were kept in a stall-pasture system at the same level, type of feeding
and diet structure.

The behavioral response of cows was studied for 720 minutes (excluding the
time spent on milking - 180 minutes) using the method of visual observations with
the help of the alphabet of elements and acts of behavior in accordance with the
method of M.V. Zubets (1996).

The biometric processing of the results was carried out by the method of
variation statistics according to the method of M.O. Plohinsky (1969).

Research results. Ethological traits of cows depending on age. It was
established that ethological traits and indicators of milk production of cows are
characterized by a medium and high degree of phenotypic variability (Table 1).

Cows of the second lactation lay down 2.7% longer (P<0.99) compared to cows
of the first lactation, animals of the third lactation 25.0% less compared to the first
lactation, fourth-fifth lactation - 23.8%, sixth lactation and older - 28.5%,
respectively. Thus, with age, cows spent less time lying down, but more time eating
feed.
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The duration of feed intake in cows of the first lactation was 208 minutes, which
is 3.8% less than in animals of the second lactation, 14.4% in the third, 24.5% in the
fourth and fifth (P<0.99), and 29.8% in the sixth and older lactations (P<0.999),

respectively.

Table 1. Characteristics of productivity and ethological traits of cows

. Parameters
Indicators X 8 x o Cv, %
I lactation, n=15
Milk yield per lactation, kg 4110+£62.,4 353,5 8,6
Eating, min. 208+7.9 23,4 11,3
Standing, min. 128+15,1 17,3 13,5
Lying down, min. 256+10,9 36,8 14,4
Chewing gum, min. 181+£8,7 16,2 9,0
Moving, min. 130+£5,8 9,5 7,3
II lactation, n=21
Milk yield per lactation, kg 4862+49.3™" 383.5 7,8
Eating, min. 216£19,8 13,4 6,2
Standing, min. 140+16,2 19,3 13,5
Lying down, min. 263+11,7 34,1 12,9
Chewing gum, min. 174+10,3 19,2 11,0
Moving, min. 101+£12,0" 7.5 7.4
III lactation, n=29
Milk yield per lactation, kg 5446+65,4™" 450,7 8,2
Eating, min. 238+54.7 13,9 5.8
Standing, min. 134%8,1 19.4 14,5
Lying down, min. 192+7,1 21,2 11,0
Chewing gum, min. 131£9,3™ 23,9 18,2
Moving, min. 157£5,0" 26,9 17,1
IV-V lactation, n=16
Milk yield per lactation, kg 6507+75,9" 402,0 6,2
Eating, min. 259+15,9™ 18,9 7.5
Standing, min. 124+24,1 11,5 8,4
Lying down, min. 195+28,0" 16,4 9,9
Chewing gum, min. 156+17.6 22.8 17,9
Moving, min. 142+11,2 25,8 19,3
VI and older, n=26

Milk yield per lactation, kg 6204+58,9"" 335,0 5,4
Eating, min. 27049,6™ 17,7 6,5
Standing, min. 116144 12,2 10,5
Lying down, min. 183+24,8" 10,4 5,7
Chewing gum, min. 146+17,3 24.8 17,0
Moving, min. 152+16,2 28,6 18,8

Notes: *P<0.95; **P<0.99; ***P<0.999, compared to the indicators of cows of the first lactation
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It was found that in terms of chewing duration, there was also a significant
difference between the index of cows of the first and second lactation by 3.9% less,
with animals of the third lactation - by 25.0% (P<0.99), by 13.8% - of the fourth-fifth
lactations, by 19.4% - of the sixth lactation and older.

Cows of the second lactation spent more time standing by 9.4% compared to
cows of the first lactation, by 4.7% - with animals of the third lactation, by 3.2% less
- of the fourth-fifth lactation, by 9.4% less - of the sixth lactation and older.

Thus, the dependence of productivity on feed activity was established, which
confirms the main conclusion about the need to evaluate and take into account these
parameters when forming technological groups.

The coefficient of variability of the duration of feed intake in cows of the first
lactation was 11.3% (average variability of the trait), in cows of the second and older
lactation - 6.2-7.5% (average variability of the trait), but the indicator was almost
twice as low.

The index of variability of the trait of active movement in cows of the first and
second lactations was characterized by an average variability of the trait (7.3 and
7.4%), with a strong variability of this trait in older animals (17.1-19.3%).

With age, the index of variability of the duration of supine rest decreased. The
coefficient of variability of the index of lying down rest in cows of the first lactation
was 14.4% (average variability of the trait), in cows of the second - 12.9%, in the
third - 11.0%, in the fourth-fifth - 16.4, in the sixth and older - 10.4% (average
variability of the trait).

Thus, the coefficient of variability of ethological indicators is not constant and is
adjusted by the influence of housing conditions, environmental factors, and the
intensity of selection.

The ratio of time spent on individual elements of cow behavior. Analyzing the
ratio of time spent on individual elements of cow behavior, it was found that
ethological indicators vary depending on the level of milk production. Cows with
lower milk yields spent most of their time lying down, while animals with higher
productivity levels consumed feed for the longest time and were more active.

Cows of the first lactation spent the largest share of daily time (37.5%) on feed
consumption. At the same time, the animals spent an average of 25.4% resting in a
lying position, 16.1% standing, and 21.1% moving.

As for the second lactation cows, the analysis showed that the act of eating feed
lasted the longest and accounted for 36.0% of the total time. On average, the animals
spent 27.1% of their time resting in a lying position, 17.2% standing, and 19.7%
moving.

In dairy cows of the third lactation, the main time of daily behavior was spent on
feed consumption and amounted to 33.1%. Cows of the third lactation spent 26.7%
on resting in the supine position, 18.6% on standing, and 21.8% on movement.

Cows of the fourth and fifth lactations spent the largest share of daily time
(36.5%) in the supine position. At the same time, the animals spent an average of
30.0% on feed consumption, 19.4% standing, and 14.0% moving.

The analysis of the duration of behavioral reactions of cows of the sixth
lactation and older showed that the act of lying down lasts the longest and accounts
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for 35.6% of the total time. On average, the animals spent 28.9% of their time eating
feed, 17.8% standing, and 18.0% moving.

Analyzing the ratio of time spent on individual elements of cow behavior, it was
found that ethological indicators vary depending on age. Older animals spent most of
their time lying down and standing and spent more time eating feed, while younger
animals were more active and spent more time in active movement.

Relative variability of ethological traits of cows and milk yield per lactation.
The relationship between milk yield per lactation and ethological traits was
characterized by the presence of a medium to strong correlation between traits in
cows of different ages. A strong, direct correlation was established between the milk
yield of cows of the first and second lactations and the time of feed intake (r=-0.82 -
first lactation, r=0.88 - second lactation), an average direct correlation - in older cows
(r=0.650 - third lactation, =0.62 - fourth and fifth lactation, =0.69 - sixth and older)
(Table 2).

An average, inverse, statistically significant correlation (P>0.999) was
established between cow's milk yield per lactation and the duration of standing rest
(r=0.41 - first lactation, r=-0.45 - second lactation, r=-0.35 - third lactation, r=-0.46 -
fourth - fifth lactation, r=-0.51 - sixth and older).

Table 2. - Relative variability of cow ethological traits and milk yield per

lactation, r+Sr
Lactation
Correlating features 7 11 I vy VI and
older
n 15 21 29 16 26
. ) 0,82+ | 0,88+ | 0,65+ | 0,62+ 0,69+
Feeding time - hopes for lactation 0.093 | 0.147 | 0.122 | 0,024* 0.122
Standing resting time - hopes for 0,41+ | -0,45+ | -0,35+ | -0,46=+ -0,51+
lactation 0,034 |0,089"0,078(0,0317"| 0,015
Resting time lying down - hopes for| -0,58+ | -0,25+ | 0,15+ | 0,25+ 0,29+
lactation 0,024 | 0,217 |0,042"(0,122""| 0,012
Chewing time - hopes for lactation 0,54+ 10,00 1 0,21+ ) 0,34+ 0,31+
0,145 | 0,247 | 0,051* | 0,024 0,044
Time of movement - hopes for -0,27+ | -0,29+ | -0,54+ | -0,67+ | -0,34+
lactation 0,111 0,242 | 0,137 | 0,122* 0,217

Notes: ¥*P<0.95; **P<0.99; ***P<(0.999, compared to the indicators of cows of the first lactation

An average, inverse correlation was observed between cow milk yield and the
duration of active movement (r=-0.27 - first lactation, r=-0.29 - second lactation, r=-
0.54 - third lactation, r=-0.67 - fourth - fifth lactation, r=-0.34 - sixth and older).

Thus, there is a mutual relationship between the trait of "milk yield per
lactation" and ethological parameters, the regularities of which should be taken into
account in the early assessment of productive and ethological qualities by these
indicators that correlate with the characteristics of older cows.
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Factorial dependence of cow milk yield on age. Analysis of variance is a set
of statistical methods designed to test hypotheses about the relationship between a
certain trait and the studied factors that do not have a quantitative description, as well
as to determine the degree of influence of factors and their interaction.

The analysis of variance of the one-factor uneven complex and the analysis of
the effect of age on cow milk yield per lactation showed that the greatest influence on
the trait is the lactation number, which is 74.5%. The share of the influence of
unaccounted factors in the study of the factorial dependence of milk yield on age was
25.5%.

Analyzing the factorial dependence of the level of average daily milk yield of
cows depending on age, it was found that the greatest influence on the formation of
this trait has age, the strength of influence of which was 61.6% When studying the
factorial dependence of the level of average daily milk yield on age, it was found that
the strength of influence of unaccounted factors was 38.4%.

The economic evaluation of cows' milk productivity was carried out by such
indicators as average milk yield per cow, cost and selling price of one centner of
milk, gross milk yield, profit per cow (Table 3).

Table 3. - Economic evaluation of cow productivity by lactation

Lactation
Indicators 7 11 774 vy VI and
older
n 15 21 29 16 26
Milk yield per cow, kg 4110 | 4862 | 5446 | 6507 6204
Gross milk yield, ¢ 616,5 | 1021,0|1579,31041,1| 1613,0
Cost price of 1 cwt of milk, UAH. 698 698 698 698 698
Realized price of 1 cwt of milk, UAH.| 781 781 781 781 781
Profit, thousand UAH 51,2 84,7 | 131,1 | 864 133,9
Profit per cow, thousand UAH. 3.4 4,0 4.5 5,4 5,1

The calculations showed that, taking into account the serial number of lactation,
the highest profit per cow was obtained from cows of IV-V lactation (5.4 thousand
UAH) and VI lactation and older (5.1 thousand UAH).

The figure for IV-V lactation cows was 36.8% higher than the profit, compared
to cows of the first lactation, 25.3% for cows of the second lactation, 16.3% for cows
of the third lactation, and 4.6% for cows of VI lactation and older.

The indicator of cows of the sixth lactation and older was 33.1% higher than the
profit, compared to cows of the first lactation, second lactation - by 20.9%, third
lactation - by 11.4%, VI lactation and older - by 5.9%.

Conclusions. The milk yield of cows of the second lactation was higher than
that of first-born cows by 18.3%, the third - by 32.5%, the fourth - fifth - by 58.3%,
the sixth and older - by 50.9%.

It was found that ethological traits and indicators of milk production of cows are
characterized by a medium and high degree of phenotypic variability. With age, cows
rested less time lying down, but spent more time eating feed.
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The duration of feed intake in cows of the first lactation was 208 minutes, which
is 3.8% less than in animals of the second lactation, 14.4% in the third, 24.5% in the
fourth and fifth (P<0.99), and 29.8% in the sixth and older lactations (P<0.999),
respectively. Cows of the second lactation spent more time standing by 9.4%
compared to cows of the first lactation, by 4.7% - with animals of the third lactation,
by 3.2% less - of the fourth-fifth lactations, by 9.4% less - of the sixth lactation and
older.

The coefficient of variability of ethological indicators is not constant and is
adjusted by the influence of housing conditions, environmental factors, and the
intensity of selection.

By analyzing the ratio of time spent on individual elements of cow behavior, it
was found that ethological indicators vary depending on the level of milk production.
Cows with lower milk yields spent most of their time lying down, while animals with
higher productivity levels consumed feed for the longest time and were more active.

Ethological indicators vary with age. Older animals spent most of their time
lying down, standing, and more time consuming feed, while younger animals were
more active and spent more time in active movement. Cows of the first and second
lactations spent the largest proportion of daily time (37.5% and 36.0%, respectively)
on feed intake. Cows of the fourth and fifth lactations and the sixth lactation and
older spent the largest proportion of daily time (36.5% and 30.0%, respectively) in
the lying down position.

The relationship between milk yield per lactation and ethological parameters
was characterized by the presence of a medium and strong correlation between the
traits in cows of different ages. A strong, direct correlation was established between
the milk yield of cows of the first and second lactations and the time of feed intake
(r=-0.82 - first lactation, r=0.88 - second lactation), an average direct correlation - in
older cows (r=0.650 - third lactation, r=0.62 - fourth and fifth lactation, r=0.69 - sixth
and older).

Analyzing the factor dependence of the level of milk yield per lactation in cows,
it was found that the greatest influence on the formation of this trait is age, the
strength of which is 74.5%, and the share of the influence of unaccounted factors was
25.5%.

The highest profit per cow was obtained from cows of the fourth - fifth lactation
(5.4 thousand UAH) and the sixth lactation and older (5.1 thousand UAH), which
was 36.8% higher than the profit of cows of the first lactation, cows of the second
lactation - by 25.3%, the third lactation - by 16.3%, the sixth lactation and older - by
4.6%. The figure for cows of the sixth lactation and older was 33.1% higher than the
profit, compared to cows of the first lactation, 20.9% higher than the second lactation,
and 11.4% higher than the third lactation.
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Anomayia. Hayxosa cmamms micmumbs pe3yibmamu eKCnepumMeHmanibHux O00CHiOHNCeHb 8
2any3i 6UHO2Padapcmea, 30Kpemda, 3MiHU A2pOKIIMAMUYHUX YMO8 HA NPOOYKMUBHICIb MEXHIYHUX
copmise eunozpady 6 30Hi Ilpasobepescnozo Jlicocmeny. Knimamuuni ocobaugocmi ma no2ooHi
YMO8U (3MIHA KilbKOCMI menna, onaodis, cuiu eimpis, mowo) nio uyac eecemayii 6uHocpaody y
BeNUKIU MIpI GNAUBANU HA NPOOYKMUBHICMb OOCHIONCYBAHUX COPMIB, WO OAI0 MONCTUBICID
NPABUILHO 3ACMOCO8Y8AMU ASPOMEXHIUHI 3aX00U, WO BUKOHAHI 8YACHO mMA AKICHO, SIKI 8 C8010
uepey 6NIAUHYIU HA OMPUMAHHS BUCOKO20 PIBHSA NPOOYKMUBHOCHII.

Knrowuosi cnosa: mexniuni copmu, acpoKkiimMamuymi ymosu, npooOyKmueHiCmo.

Berym.

Crenmdika po3BUTKY BUHOTPAIAPCHKOI ray31 BU3HAYAETHCS 1i TICHUM 3B'SI3KOM
3 TIOTOJHUMH Ta KJIIIMATHYHUMH yMoOBaMu. [ YkpaiHu yCHimmHICTh KyIbTHBAIlT Ta
PEHTA0CNBHICTh COPTIB BHHOTPAAY IIOB’s3aHA 3 CTIWKICTIO BUPOIILYyBAaHUX 10 il
HECTIPUSTINBUX  KIIMAaTUYHUX yMOB. Apean TPOMHUCIOBOTO BHPOIIYBAaHHS
BUHOTPaAy IMOCTYMOBO IMONIMPIOETHCS HAa MIBHIY Ta 3aXill, OTPUMYIOUYH HEOOXITHY
KUIBKICTh TEIUIa, a CTpaTeris pO3BUTKY BUHOTPAAapChKOi raidy3i B KpaiHl B3aramii i B
OKpeMHUX pailloHaX 30KpemMa, B TOMY YHCJI BUOIp COPTUMEHTY BUHOTpamy, 0a3yeTbCs
Ha BCEOIYHOMY aHaIi31 PEeKUMIB TeMIEpaTyp 1 BOJIOTH BIPOJOBXK 0araTb0X POKIB SK
y PETPOCIIEKTHUBI, TaK 1 B MallOyTHHOMY.

Opranizariis, sKa 3aiiMa€eTbCsl TOCIKEHHSIM 3MiHU KiiMmaty, € KoncynpTaTuBHa
rpyna 3 MIDKHApOJHUX ciibebkorocnoaapebkux gociimkeHb (CGIAR), sika kepye
OPOEKTOM «3MiHa KIIMaTy, CUIbCbKE TOCHOJAPCTBO 1 MPOAOBOIbYA Oe3MeKa
(CCAFS), mo gocmimKye BIUTMB 3MiHU KIIIMaTy caMe Ha CUTbChKe TocrmoaapcTso [1].

[TepeaymMoBOtO AJIsi CTAJOTO PO3BUTKY Taidy3l BUHOTPAAApCTBA € MPOBEACHHS
BEJIMKOMACIITA0HOIO aMIICIOCKOJIOTYHOTO PAaHOHYBaHHS TEPUTOPIl 3 ITOJAIBIIOI0
PO3pOOKOI0 pPEeKOMEHAAIIM IMOJAO0 PO3MIIICHHS BHHOTPAIHUX HACaKeHb Ha
copToBOMY piBHI. Bubip Tteputopii mnsi TPOEKTyBaHHS HOBUX BUHOTPAIHUKIB,
PEKOHCTPYKINli ICHYIOUMX € KOMIUIEKCHA aMIIEIOCKOJIOTIYHA KapTa ISl JEeTalbHOT
OIIIHKH TepUTOpii [2].

KnacuuynuM mnpukiazoM ananTUBHOI CTparTerii, sKa 3aCTOCOBYETHCS Y
BUHOTPAJAPCTBl, € CTIMKE YNPaBIiHHA BHUHOIPAJHUKAMH, SIKE MOXKE CIPHUATU
MNOTJIMHAHHIO Ta MOKPAIEHHIO CTIMKOCTI aMIIEJIOEKOTOIIB Ha OCHOBI €KOCHUCTEMHOI'O
niaxony [3].

TexHiyHl cCOpTM BHHOTpaay IMOIIMPEHI JAJEKO 3a MeXaMU apeajiB CBOIo
MOXOJ/KEHHS, TOMY, IIe JI0 TJ00QJHMX 3MIH KJIIMary, BUHOTPAJHUKU OyJu
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30cepe/keHl came Ha miBaHi. KoiMaTtuuHi  OCOOJIMBOCTI Ta YMOBH IIOTOIU
CHOTOJICHHSI, TO3BOJWIM KYJhTHUBAIII0 BUHOTPAJIHUX COPTIB B JOCIIHKYBaHIi 30HI.
[Tpu oMy, BeTUKY yBary Ciia NPUIUIATH COPTOBUBUYCHHIO Ta arpoTexHiii [3].

Krnimar Bimirpae BuUpilIagbHy pOJIb Y PO3BUTKY BHUHOTPATHUX POCIHMH Yepe3
ONTHMAaJIbHI TEIJIOBI BHMOTH, HASBHICTH BOJU TPOTATOM IUKIIy BHUPOIILYBaHHS Ta
IHTCGHCHBHICTh 1 CTyIIHb BHUIIPOMIHIOBAHHS, IO MOXKE MOPYIIUTH  PICT,
MPOAYKTHBHICTH Ta SIKICTh MOKAa3HUKIB BpOXkato [6].

[IpoBenenuii aHai3 METEOPOJOTIUHMX JAaHUX Yy 30H1 I[IpaBoOepexHOro
Jlicocteny, 3a pesyabratamMu aHanmizy MereogaHux Kam’siHeub-Iloginbebkoi
METEOPOJIOTTYHOI CTaHIi XMEIbHUIIBKOTO 00JaCHOTO LIEHTPY 3 T1JIPOMETEOPOJIOTii,
JEMOHCTPYE YITKY TEHJCHIIIIO JI0 CYTTEBUX 3MiH Y (hOpMYyBaHHI OCHOBHHMX BereTarlii
BUHOTPAy B pIYHOMY LIUKJI1 CTOCOBHO TEMIIEPATYPHOro (pakTopa Ta OnaiiB.

Merta po6oTu nosisirana y BUBYEHHI OCOOIMBOCTEH MPOyKTUBHOCTI BUHOTPALY
CyYyaCHUX TEXHIYHHUX COpPTIB, 3aJIe)KHO BiJ KJIIMATUYHUX YMOB 1 JOCTIIKYyBaHUX
dakropis [IpaBobepexunoro Jlicocremy Ykpainu.

Marepiajim Ta MeTOAM J0CJIIIKeHHS.

VYHiKanpHICTh MyOJiKaIii € B TOMY, IO I cTabuTi3aIii BpoKar0 BUHOTPATY
mocrajga TrocTpa HEOOXIJHICTh MEperyiaay 3arajJibHOTO MiIXOAy /A0 1CHYIOYOi
METOJHMKHN BJIOCKOHAJICHHS OCHOBHHUX €JIEMEHTIB TE€XHOJIOTIi BUPOIILYBaHHS, KA Ma€
OyTH aJanTUBHOIO KOHKPETHO I KOXHOI TPYHTOBO-KJIIMATHYHOI 30HU W
CIpsIMOBaHA Ha pallloHaJIbHE BUKOPUCTAHHS BOJIOTH, ONTUMAJIbHY MPUCTOCOBAHICTD
il OCHOBHUX eJieMeHTIB. OTHUM 13 HAMIPOCTIIIMX METO/A1B BiTOOpaKEHHS MOMKIUBHUX
3MiH Y KIIMaTUYHOMY PEKUMI OyAb-sIKOT METEOPOIOTIHHOT BEJIMUUHHU € TTOPIBHSAHHSA 3
MUHYJIMMH TJaHUMH, 30KpeMa cepeHIMU 0araTopiYHUMH BETUYUHAMM.

OG’exT nochimkeHb — pocauHu BUHorpany (Vitis vinifera L.), 6ionpenapaty.

ExcnepuMeHTallbH1 TOCTIKEHHS MPOBOaUINCs BrpoaoBxk 2020 — 2022 pp. y
MeXaxX TOJBOBUX CTAI[IOHAPHUX MJOCIIJIB TEXHIYHUX COPTIB BUHOTpany Kabepne
CoginbiioH Ta Pucninr Marapaua, ta 6ionpenapariB biocui, Exonucr 1 Hanomike Ha
6a3i IIII c. «OnumykiBy XMenpHUIBKOT o6Onacti. DopMyBaHHS KYIIIB —
ABOIITAMOOBUN KOpIOH, cxema camiHHsg 3,0x1,5 M. OOnpuckyBaHHS KyIIiB
MpOBOIMIN 3 po3paxyHkKy 250 mi/kymi, 550 n/ra. OOpoOKy mpemaparamul KyTiliB
BUHOTPAly MPOBOAUIN y Takl cTpoku: I — 3a 5 — 7 muiB go uBitiaas; II — ogpasy
micns uBiTiHas; 11 — mepen mocturannsm srig. Jlocmia 3akiaafeHO y TPUKpPATHIN
MTOBTOPIOBAHOCTI MO 15 00JIIKOBUX KYIIIB B KOXKHIM, METOJIOM peHaoMizaiii. Jlorsn
32 HACAJKEHHSIMU Ta I'PYHTOM OYB 3BUYAHHUMN, IPUIUHATUM BUPOOHULITBOM.

3a BMICTOM T'yMyCy YOPHO3E€MH BIJHOCSTBbCS O Mano rymycHux — 1,83 %.
Pociaunu BUHOTpamy, SIK 1 POCIMHU Ha IUX IPYHTaX OTPUMYBAJIM 3HAYHY KIJIBKICTb
JUISl CIIO>KMBaHHS pyxomoro dochopy 214 mr/kr ta oominHoro kamiro 104 mr/kr (3a
UupukoBuM), MpOTE, BMICT JIETKO TiIpOJII30BAHOTO a30Ty OyB JyK€ HHU3bKUU 1
cranoBuB 43,5 mr/kr (3a Kopadinsaom) [5].

[loronHi mMOKa3HUKK CBiAYaTh MpPO CHPHUSTIMBI YMOBU JUIsl 3pPOCTaHHS
BUHOTPAy B AOCTipKyBaHoMY perioHi [IpaBobepexuoro Jlicocremy Ykpainu.

Pe3yabTaTu aociaigKeHHs.

Bunorpaana pocnvHa BIIHOCHTBCS JO POJMHU BHHOTpanoBux Vitaceae Juss,
ska 00’eqnye 15 poais ta 6utbm Hixk 1020 Buais [4].
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3a (HEeHOJIOTIYHUMHU CIIOCTEPEIKEHHSAMHU, PIYHUA JKUTTEBHA LUK BUHOTPAIY
CKJIAJIA€ThCS 3 aKTHBHOTO IIEpIOAy BereTailii Ta mepioay BiTHOCHOTO (3MMOBOTO)
CIIOKOI0. Y CBOIO 4epry, mepioJ BereTallii moAuUIIE€THCA Ha OKpeMi (pa3u: Bij MOYATKY
COKOPYXJIUBOCTI J0 PO3MyCKaHHS OpPYHBOK; BiJ MOYATKy PO3IMTyCKaHHS OPYHBOK IO
MOYATKy IBITIHHS, B TMOYATKy JO KIHIS TBITIHHS, BiA 3aB‘sS3yBaHHS STLA 0
ITOYATKy CTUIJIOCTI; BiJI IMOYATKY CTHUTJIOCTI JO IOBHOI CTHIJIOCTI SATIJ; BiJ HOBHOI
CTHUTJIOCTI ST 10 JucTonany [6; 7].
[lopiuHi criocTepekeHHs TOJsTAIN y (PiKCyBaHHI (a3 BEreTalllifHOro mepioay
POCTY 1 pO3BUTKY BUHOTPAJly B yMOBax rocmojiapcrna (tadi. 1).
Taoauus 1 - OcHoBHI akTHUBHI (a3u PO3BUTKY COPTiB BUHOIPaay B YMOBax

rocnnogapcrea Caguda «OHuInykKiBy», cepeane 3a 2021-2022 pp.
IToyarok [Touarox |3aBepiieHHS . Cyma
. .. 3aB‘a3yBannsi| IloBHa
COKOPYXJIUBOCTI |pO3ITYCKaHHS| IBITIHHS AR 10 crurmiors | AXTHBHEX
Copt |10 po3myckaHHS | OpyHBOK 10 | JOCTUTAHHS HoUATK arin o |TEMIeEpaTyp
OpYHBOK MOYaTKy ST Y. e
HBiTiHAS CTUTJIOCTI |JMcTonany| 2021 | 2022
*Kabepne
Cosinbifon,|  24.IV+4 06.VI£10 | 22. VII+4 | 04IX+5 | 15X+7 | & | ¥
_ 2| =
Pucrinr = a
Marapaua, 25.1V+2 07.VI£9 | 12.VIII+3 13.1X+£5 15.X+7

[HTEpBaT MK PO3IMYCKaHHAM BIYOK Ta LBITIHHSIM BHHOTPAIy B CEPEAHBOMY —
42 ni6. 3a CTpOKOM TMOYaTKy LBITIHHS PI3HMIS MK COpTaMH CTaHOBWJIA /10 5 1iO0.
TpuBanicte HBITIHHS cTaHOBWa 9+2 nobu. Haiipanime (12.VIII+3116) TexHiuHa
3puTicTh AT Hactae y copty Kabepue CoBiHbIOH, Halmi3HiIIE B cOpTy Pucminr
Marauapa (13.IX+5 n110). BopomoBxk 1BOX POKIB BiJf MOMEHTY CaJiHHS CHJIa POCTY
MaroHiB 30UIBIIKIIACS B CEPEIHBOMY IO copTax Ha 12 %, oJHAK BU3piia 4acTHHA
OJTHOPIYHOTO MPUPOCTY Oyia Maike 0JHAKOBOIO 3a BC1 poku BUBYEHHS (87-90 %).

Bererarist BuHOorpamy posmnouanacs mpu temmeparypi mositps 10 — 12°C B
3aJIEKHOCTI BiJl BUJIy Ta COpPTy. Y TeEpioj IBITIHHSI HECHPUATIUBOIO € TeMIEparypa
Hwxk4de 14°C, B nepion nocturanns — Hwkue 10 18°C. MakcumanbHa Temmeparypa
2021 poky cranoBmia +32.1° C cnocrepiraiacs B TpaBHI MiCsIIi, TaK sIK MiHIMaJIbHa -
19.5° C 6yna B ciuHl Ta He 3arpoxyBaja BUHorpaaHuky. Haitbinbiie omaniB 99,8 —
129.9 MM BuUmano B JIMIIHI Ta CEPIHHIi, IO MO3UTUBHO MO3HAYMIOCS Ha HAPOCTaHHI
3eJIeHOI Macu Bereryrouoi yactuHu. B 2022 pori HaiOuIblIa KUIBKICTH OIAJiB
criocTepiranacs B BepecHi 115, 5 MM npu cepeHbo-0araTropiyHux JaHUX — 85 MM.
TeMmneparypa moBiTps 3MiHIOBaiacs 10 cepeaHboOaratopiyHux. CnekoTHo Oyino B
yepBHi +32.4°C, MiHIMalbHa TeMIlepaTypa crocTepiraiacs B CiuHI Ta CTaHOBHJIA -
14.2° C. 3HayHO MOTIpIIMIACH CHUTYyallisi B CEpPIHI MICSII MOBITpsIHA 3acyxa Ta
HecTaya OIajiB HETaTUBHO BIUTMBAIM HAa TPOXO/KEHHS (a3 pO3BUTKY. 3araibHa
KUTBKICTh OIMAaiB cepmHs Micsis crtaHoBwna 18,7 % Bim cepeaHboi OaratopiuHoi
HopmH (68 MM). 3a BereTaiiitHuil mepio; BUHOTpaay Bunano 431,9 MM onamis.

Ha pict 1 po3BUTOK BHHOTPAAy TaKOXX BIUIMBAIOTH IIOTOJHI YMOBH
MOTIEPETHBOTO POKY, IMiJT JII€I0 SIKUX (hOPMYIOTHCSI TeHEPATUBHI OpraHu BUHOTPATHOL
POCIIVHHU.
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TexHIuH1 COPTH BUHOTPaly B yMOBAaX rocnojapcrBa (popMyBalld Ty’K€ BUCOKY
YaCTKY IJIOJJOHOCHUX MaroHiB (010J10T14HA MPOYKTUBHICTh), @ BU3HAYEHHS KPaIOTO
COPTYy 3 ICHYIOYHMX € TEpIIOYEePrOBUM 3aBJaHHSIM TIPH PO3POOII EJIEMEHTIB
TEXHOJIOT11 BUPOIIYBaHHS BUHOTPAIY.

VY cepenHbOMY 3a JIBa POKU JIOCIHIKEHb MOKA3HUKH MPOAYKTUBHOCTI COPTY
KaGepue CoBiHBIOH, MNpH 3aCTOCYBaHHI mpemnapaTy biocun KigbKICTh T'pPOH
30utbmuiIach Ha 5,1 MT./Kyll MOPIBHAHO 13 KOHTPOJEM; TPU 3aCTOCYyBaHHI
npenapaty HaHomikc BUHOTpaj, KUIbKICTh TPOH cTaHOBUJA 28,9 miT./Ky1l, 1o Ha 5,3
IT./Ky1l OUTbIIE KOHTPOJIIO, a MPU 3aCTOCYBaHHI EKONMCTY, MOKAa3HUKHU CYTTEBOI
pI3HUIII HE MokKazaid. Maca TpoHa, y CEepeIHhOMY 3a JBa POKH, MPHU 3aCTOCYBaHHI
JOCIIKYBaHUX MpenapartiB 30ubmmiacs Ha 11,6 t (puc. 1; 2).

129.8
HAHOMIKC BHHOI PAT
28,9
132,1
BIOCIHI
28,7
141.4
EKOJINCT, TP CTPOKH
28,1
132,2
KOHTPOJIIb
23.6
| |
0 20 40 60 80 100 120 140 160
Maca TpoHA.T KiTbKicTh TPOH HA KyII, INT.

Puc. 1. 3acrocyBaHHs1 mo3aKkopeHeBoro miakusBjaeHHss Exoaucrom, biocuiom ta
Hanomikc BUHOrpaa Ha NpoAYKTUBHICTHL copTy KaGepne CoBiHbiioH (cepeaHe
3a 2021 - 2022 pp.)

HAHOMIKC BHHOI'PA]J 130,3
29,3
, 133,1
BIOCHII 20.1
1452
EKOJIMCT, TPH CTPOKH 28,9
1342
KOHTPOIJIb 245
|
0 20 40 60 80 100 120 140 160
Maca rpoHa, T KiTbKicTE TPOH HA KyII, IIT.

Puc. 2. 3acTocyBaHHA M03aKOpeHeBOro mikuBaeHHs Exoaucrom, biocuiom ta
Hanomike BUHOTpaJa Ha NPOAYKTUBHICTH copTy Puciainr Marapaua (cepenHe 3a
2021 - 2022 pp.)
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[Toxa3sHuku npoayKTUBHOCTI copTy Pucminr Marapayua npu 3acTOoCyBaHHI
M03aKOpEHEeBOTo MipKUBIeHHST Exommctom, biocunom ta Hanomike BuHOTpan mamm
HaWBHIII PE3yIbTATH MACH TPOHA Ta KUTBKOCTI TPOH HA POCIHUHI 10 29 MTYK.

OOroBopeHHsi Ta aHaJji3 pe3yabTaTiB. Y XO0Mi JOCTIPKCHHS BCTAHOBIICHO
MO3UTUBHUN BIUIMB JaHUX OiompemnapariB Ha PO3BUTOK OIOMETPUYHHUX IMOKAa3HUKIB
MOPIBHSHO 3 KOHTPOJIBLHUM BapiaHTOM IIPH II100aTbHUX 3MIHAX TIOTOJHUX YMOB.

Bunorpagna mo3a Moxke OyTH ypakeHa MOpPO30M Yy CyBOpI 3HUMH, SKi
criocTepirajocsi 3a JeKUIbKa pPOKIB Has3ajl, B Mepioja TJIO0AIbHOTO MOTEIUNHHS, 3
MOKa3HWKA aKTUBHUX TEMITEpaTyp, BIPOIOBK TPHBAJIOTO Yacy CTOsIa TeIa Mmoroja,
sKa CIPUYMHIIIA TIEpEeIYacCHUH PyX COKIB y JI03i, MPOTE, YpakKeHI BECHIHUMHU
IPUMOPO3KAMU JI03U MOTPEOYIOTh 10 ce0e BIAMOBIIHOT yBaru 1 TaKOTO MPOBEICHHS
3eJICHUX OIlepalliid, ke O rapaHTyBaj0 HOPMaJIbHE JKHUBIICHHS POCIIHMH. AJANTHBHI
TEXHOJIOT11, 1100 BUPOITYBaHHS BHHOTPAIHOI POCIMHHU, & TAKOK CTBOPEHHS HOBUX
OUTBIII CTIMKIMIUX COPTIB IO PI3HUX KATaKJIi3MIB IMOTOIM MOXKE CIIPUSTH TIH rpajaaiii,
0 TIPU3BeJia 0 MOPYIICHHS HOPMAJIBHOTO (Pi310J0TIYHOTO MUKITY 1HIUBITyaTbHOTO
PO3BUTKY POCIIMHH.

BuchoBku.

Hacnmigku 3MmiHM KiaimMaTy, pa3oM 13 MalOyTHIMH TPOTHO3aMH, CTaHOBJISITH
CEepHO3HI BHUKJIWKMA [JI1 BHHOTPAIAapCTBA Ta BUHOPOOCTBA, TOMY BaXJIMBO
BJIOCKOHAJIIOBATH MPAKTUYHI Ta HAyKOBO OOIPYHTOBAaHI 3HAHHS MAJIs MiJBUIICHHS
aJanTUBHUX PEaKI[iii BUHOTPAIHOI POCIMHHU JI0 3MIH KIIIMaTy.

Hoosaku. ['ocnooapcmey 1111 c. « OHuwgyku» 3a nposedeH st O0CAI0HCEHD.
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Abstract. The scientific article contains the results of experimental research in the field of
viticulture, in particular, changes in agroclimatic conditions on the productivity of technical grape
varieties in the Right Bank Forest Steppe zone. Climatic features and weather conditions (changes
in the amount of heat, precipitation, wind strength, etc.) during the growing season of grapes
greatly influenced the productivity of the studied varieties, which made it possible to correctly apply
agrotechnical measures performed on time and with high quality, which in turn affected obtaining a
high level of productivity.

Key words: technical varieties, agro-climatic conditions, productivity.
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Anomauia. /{ocniodceHHamMUu HA JIyYHO-YOPHO3EMHOMY KAPOOHAMHOMY IPYHMI 6CMAHOBIEHO,
Wo mpusane 3ACMOCY8AHH MIHEPATbHUX 000pu8 Ha @OoHi nicaAdii opeaniyHux, 3abe3neuye
npupicm 8poXiCar 3epHa paroHosano2o copmy apoi nuwenuyi "Muponiecoka apa" na 1,62 m/ea.
Bcmanosneno, wo Haubinbwull noKasHUK YuUCmMoi npooyKmueHocmi gomocunmesy CMAaHo8Umb
11,5 2/M° 3a 006y y eapianmi, Oe susuanu Oil0 NOLYMOPHOI HOPMU MiHEPATLHUX 000pUE Ha (DOHI
nicnadii 30 m/eHoto, y nepiod HatOibuL IHMEHCUBHO20 POCMY POCIUH APOI NULeHUYi, NOPIGHIHO 3
koumponem - 7 45 2/m°.

Kniouogi cnoea: sapa nwenuys, npupicm 6podxcaro, NIOWA JUCMA, CYXA PevyoBuHd,
npOOYKMuUBHiCmMb homocunmesy.

@dopMyBaHHA TIOCIBIB 3 ONTHMAJIBHOI TUIOMICIO JIMCTKOBOI TOBEPXHI —
HallBaXKJIMBIILIA yMOBa OTPUMaHHS BHCOKHX BpOXaiB, SKa MoOxe OyTH
J1arHOCTUYHUM TMOKa3HUKOM BpokaHOCTI [1-3]. IIpoayKTHBHICTH HOCIBIB, piBEHb
010JIOTIYHUX 1 TOCHOJAPCHKUX BPOXKAiB CUILCHKOTOCIOAAPCHKUX KYJIBTYp IMOBHUHHI
BHU3HAQYATHCI HE OJHUM II0OKa3HHKOM, a JUHAMIYHUM CIHIBBIIHOIICHHSIM BCIX
eleMeHTIB (oTOCUHTE3Y [4].

Hait6ispii 1 Halkparli 3a sSKICTIO BpoXkal MOXKHA OTPUMATH TUIBKU Yy MOCIBax,
K1 BOJIOAIIOTh ONTHUMAJIbHUMH 32 pO3MIpaMHy IUIOUIAMU JIUCTKIB Ta MPOIECOM iX
dopmyBanns [4-5].

3B’S130K MK (DOTOCHHTE30M 1 BpPOXKAeM JAyXke CKJIaTHUM, 1 MIHIUBUI. 3araabHa
KUTBKICTh HArpOMaJ[XKEHO1 OpraHIvYHO1 PEYOBHHHM 3aJICKUTh BiJ] CIIBBIIHOIICHHS MiX
mpoiecaMu iX cuHTEe3y 1 poskinamadHs [9-10]. Bwict cyxoi pedoBuHH Mae
Oe3nocepeiHE BIAHOLIEHHS 1O KOPMOBOI LIHHOCTI KyJbTypu. B 3B’s3ky 3 1mum
BOXJIMBUM MOMEHTOM € BHUBYEHHS JIMHAMIKA HAKOMHUYEHHS CyXOi PEYOBHHHU
pOCIIMHAMH TIIeHuII [2-4].

AHaJI3 OTpUMaHUX JaHUX CBIIUUTH MPO TE, III0 HAPOCTAHHS IUIONII JTUCTKIB SApOi
TMIIEHUII YIPOJOBK BereTaliitHoro nepioay BiA0yBaeThCcss HEpIBHOMIPHO (Tad. 1).

Hapocrannss momii JMCTKIB Ha TMOYaTKy BereTamii BIIOYBA€eTbCS JIyXKe
MOBLIBHO. Y BapiaHTax, 0 yAOOPIOBAIKCH 11€i MOKa3HUK KOJIMBaBCs B Mexax 31,8—
51,8 Tuc. M*/ra, y KOHTpOJI 1€l MOKa3HUK cTaHOBMB — 31,3 Tuc. M%/ra
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Tadauus 1- Biiiu TpUBAJIOro 3acTOCYBaHHA J00PUB HA MOKAZHUKH
(oTOCHHTE3YI04U0I AKTUBHOCTI SIPOI MIIEHU i

[T011a TMCTKIB, THC. M>/Ta Yucra npogyKTHUBHICTb

dortocunTesy, r/™M* 3a 100y

Bapiant 10emay | 416 15019 | 2020 CefaegHe 2018 | 2019 | 2020 Cefaeg‘*e
P p- p. pOKH p- p. p- POKH

bes nodpus 31,3 1309 | 31,7 | 313 | 7.09 | 7.45| 7.82 | 7.45

(KOHTPOJIB)

Hicwania 30 tra | 5y 5 | 3161 306 | 318 | 7.14 | 7.5 | 7.87 | 7.50

rHo10 (poH)

Don+Ps, 33,7 | 343 | 351 | 343 | 725 |7.63| 801 | 7.63

Dona+PgKso 39,7 | 40,5 | 41,5 40,5 7,7 8,1 8,5 8,1

PoH+NgoPsoKso 44,9 | 45,6 | 46,7 45,7 8,74 | 9,2 | 9,66 9,2
PoH+N10P120Ki20 | 50,9 | 51,6 | 52,9 51,8 109 | 11,6 | 12,2 11,5
NszoPsoKsgo 43,2 1 43,7 | 44,8 43,9 8,28 | 8,7 | 9,13 8,7
HIPys 5,22 5,70 6,64 5,85 0,84 1,06 0,89 0,93

OTpumaHi pe3ynbTaTH AOCTIIKEHb CBIiI4aTh MPO T€, IO 3aCTOCYBaHHS
MiHepalibHuX J00puB Ha ¢oni micmsinii 30 T/ra THOIO CYTTEBO BIUIMHYJO Ha
HApOCTaHHS IUIOUI JIMCTKOBOI TIOBEPXHI POCIMH spoi mmieHuri. HaiBumimii
MOKA3HWK HAPOCTaHHS IUIOUI JIMCTKIB sSIpOi MILEHUII BIAMIYEHWH y BapiaHTi, A€
BHOCHWJIM TIOJYTOPHY HOpMY A00puB Ha ¢oHi micisaii 30 T/ra THOIO, KUl CTAHOBUB
51,8 tuc. m?/ra.

Pe3ynbpTaTi mOCHIKEHHS CBIIYATh MPO TE, 110 HAHOIIBIINN MOKa3HUK YUCTOI
POAYKTUBHOCTI GoTocunTe3dy cknangae 11,5 r/m? 3a 100y y BapiaHTi, 1€ MM BUBYAIIA
JI0 TOJYyTOPHOI HOPMHM MiHEpabHUX 100puB Ha (oni miciasaii 30 1/ra THOMWO, y
nepiof HaAWOIIBII 1HTEHCHMBHOTO POCTY POCIWH SApOi IMIIEHMII, TOPIBHSHO 3
KOHTposieM — 7,45. Pe3ynbraT JOCHIIKEHb CBIIYaTh MOpo Te, M0 J00puBa
BILJIMBAIOTh HA MPUPICT CyXO1 peHOBUHU B POCIMHAX SApOi MieHu (Tadmn.2).

Taoauus 2- BiiiuB TpUBAJIOro 3acTOCYBaHHSA 100PUB B CiBO3MiHi Ha
HAKONUYEHHSA CYX0l Pe4OBHHH B POCJIAMHAX SAPOI MIIEHUILI

da3a pocTy 1 PO3BUTKY POCIUH
Bapiant nocniny BUXIJ B : IIOBHA
KYIIEHHS KOJIOCIHHS )
TpyOKy CTUTJICTh

be3 1o6puB (KOHTPOJIb) 21,1 225.,5 610,5 756,0
[Ticasmigs 30 T/ra THOMIO 20,2 4345 649.0 828.5
(don)
dou+Pg 40,5 464.,5 632,0 797,0
Dou+PgoKso 42,7 464.,0 782,0 840,5
®0H+N80P80K80 51 ,7 580,0 746,0 864,0
Dou+N110P120K120 53,6 664.,0 777,5 881,5
NsoP30Kso 38,2 507,5 651,0 748.0
HIPys,e 5.4 60,8 59,8 36,6
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BcranoBneno, mo B yci (a3d pocTy 1 PO3BUTKY POCIUH SPOi MIICHMII,
KUIBKICTh CyXOl PEYOBMHM Yy BaplaHTax, IO YAOOprOBalIMCs MepeBHIlyBaia ii
MMOKa3HUKU y BapiaHTi 0e3 J0O0pHuB (KOHTPOJIb). Y Tepio HaWiIHTEHCUBHIIIOTO POCTY
POCIUH SIPOi MIICHMIIl 32 YMOB TPUBAJIOr0 3aCTOCYBaHHS JOOPUB KUIBKICTH CyXOl
pEYOBHHM Yy KOHTpoJi (0e3 moOpuB) craHoBuia - 756 T (maca 100 cyxux pocivH).
[Tpupict cyxoi pedoBHUHU SPOIO MILEHUICI0 COPTY MUpPOHIBChKa sipa y BapiaHTax, L0
ya00proBasiics KoJlMBaBcs B Mexax 29,2-53,6 v y ¢asy kyuienus, 434,5-664,0r y
dazy Buxoay B Tpyoky, 632,0-777,5 r y a3y kosociHHs, y ¢ha3y NOBHOT CTUTIIOCTI —
797,0-881,5 r. HakonuueHHs1 Cyxoi peuoBUHHU Yy BapiaHTi (6€3 100pUB), KOHTPOIII IO
OCHOBHHUX (hazax pOCTy 1 PO3BUTKY POCIIMH MIIEHUI[l CTAHOBWJIA BiAmoBiaHO — 21,1,
225,5,610,5, 756,0 .

TakuMm 4yumHOM, B MPOLECI POCTY 1 PO3BUTKY POCIMH SPOi MILIEHHULI, CyXa
pE€UOBMHA HAPOIIYETHCA HE PIBHOMIPHO, IO MOB'S3aHO 3 PIBHEM MIHEPAIHHOTO
KuBJIeHHs. HalliHTeHCHUBHIIIIE HAPOIYBAaHHSA CYXO0i PEUOBHMHHU CIIOCTEPIrajocs Bij
movaTky (a3u BECHSHOTO KYIICHHS 10 (a3um BUXOOYy B TPyOKy, B IE€pioa pPOCTY
cTebia, 1 Big (a3u BUXoay B TPYOKy a0 ¢a3u 1BiTiHHA. Came UM BU3HAYAIOTHCS
BHMOTH POCJIMH SIpO1 MIIIEHUIII 10 YMOB >KUBJICHHSI B P13H1 TIEP10JI1 BETeTAaIlii.

PesynbraramMu OCHIIKEHb BCTAHOBJIEHO, II0 CHUCTEMAaTHYHE 3aCTOCYBaHHS
N0OpUB BUKJIMKAE 3HAYHI 3MIHHU ypOXKAHMHOCTI Apoi mimeHuil copty «MupoHiBChKa
sapay» (Tab6s.3.). Haitbinpi BUCOKUi yposkaih oTpuMano npu BHeceHH1 NjjoP120Ki20.Ha
¢doni mcmsaaii 30 1/ra rHoro — 3,8 T/ra 3epHa sApoi mineHuIll. TpuBajie 3aCTOCYBaHHSI
MIHEpaJIbHUX J100puB Ha ¢oH1 micisaii 30 T/ra THOO CHpHsie MiIBUIICHHIO BPOXKAIO
3epHa spoi mmenul Ha 0,51-1,62 1/ra, mpu yporkai Ha KOHTPOJII BigmoBigHO 2,18
T/ra (Tabmn. 3).

Tadunus 3 - BiuiuB TpMBAaJIOro 3acTOCyBaHHA 100PUB HA YPOsKail 3epHA APOL
NineHui, T/ra
VYpoxai, T/ra [TpupicT 10 KOHTPOJIIO, T/Ta

BapianT nocminy | 2018 | 2019 | 2020 2018 | 2019 | 2020

B CEpEITHbOMY 3a
3 poku

B CEPEAHBOMY 32
3 poku

p p. p p p. p
KonTpoib 2,08 | 2,40 | 2,06 | 2,18 - - - -
Hicmania 30w/ra | 5 0 | 590 | 273 | 2,69 | 036 | 05 | 0.67 | 051
rHOI0-DPOoH

Don+Pgo 273 | 337 | 3.2 | 3.07 | 0,65 | 0,97 | 1,06 | 0,89
Don+PsKso 262 | 312 | 2.94 | 289 | 054 | 0,72 | 0,88 | 0,71

®on+NgoPsoKsgo 325 | 366 | 352 | 347 | 1,17 | 1,26 | 1,46 | 1,29
CDOH"‘NH()PU()KU() 3,62 3,97 3,83 3,80 1,54 1,57 1,77 1,62
NsoPsoKso 298 | 345 | 3,26 | 3,23 0,9 1,05 1,2 1,05

0,15 -
HIP(),()s, T/Ta 0,24
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AHaJ3 ypoXalHMX JaHUX CBIIYWTH MPO Te€, 10 HAHOIIBII BUCOKY MPUOABKY
BpOXKaro 3epHa sipoi mmieHwui-1,62 t/ra orpumano npu BHeceHHI DoHFN10P120K 20
Ha (oHl micasaaii THoro. Jlemo MeHiry mpuOaBKy ypoXKal0 OTPUMAaHO IPU BHECEHHI
OJIMHApHOT HOpMH J0OpUB Ha (HoHI micisaii THO, sika ckianae 1,29 1/ra Halimentny
MpuOaBKy BPOXKAaK OTPUMAHO HA BapiaHTax, /¢ BHOCHIUCH (hochopHi Ta dhochopHO-
KaJiiHi 100puBa Ha (POHI MICHAMII OpraHiuHUX, sSKa CTAaHOBHJA BiAMOBinHO-0,71,
1,05 1/ra.

OTpuMaHi pe3yJIbTaTH CBiAYATh MPO T€, IO BPOKANWHICTh 3€pHA IMIIEHUII TICHO
KOpEJIoE 3 MOKAa3HUKOM HAKOMMYEHHS CyXOi PEYOBMHHU, KOJMBAIOYHCH B MeEXax
= +0,90-0,96.

BucHoBku. BHeceHHs1 pi3HUX 7103 1 CHIBBIJHOIIEHb MiHEpaJIbHUX AOOpPUB Ha
¢oni micnsamii 30 T/ra THOWO MIJBUILYE YpOKail 3epHa SPOi MILEHHULl COPTY
«MuponiBcbka sipa» Ha 0,51-1,62 1/ra, npu yposkai Ha koHTpoJi 2,18 1/ra.

Buecenns minepansuux n106puB Ha (oni micasaaii 30 T/ra THOWO BIUIMHYJIO Ha
MPUPICT CyX0l PEUOBHHHM B POCIMHAX Spoi miieHuIll. B yci ¢ha3um pocty 1 po3BUTKY
POCIIMH SIpOi MIIEHUIll KUIBKICTh CyXOi PEUYOBHMHHU y BapiaHTax, IO YJIOOpIOBAIHCS
NepeBUIIyBaa i MOKa3HUKH Y BapiaHTi 6e3 10OpuB (KOHTPOJIB).

[Ipu BupomtyBaHHi spoi MIIECHUI CcOPTY «MHPOHIBChKA fpay ONTHUMAJbHI
MOKA3HUKW TUIOMII JIMCTKOBOI TOBEPXHI, YHUCTOI MPOJYKTUBHOCTI (HOTOCHHTE3Y
BiJIMIUEH1 Y BapiaHTi, ¢ BUBYAIACH Jisl MOJYTOPHOI HOPMU MiHEpATbHUX JOOPHUB HA
¢don1 nicasaaii 30 T/ra rHoro.
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Abstract. By researches on carbonate soil is certain that the protracted application of mineral
fertilizers on a background the afteraction of organic, provides the increase of harvest of grain of
the districted sort of fervent wheat on a 1,62 t/he. It is set that the most index of the clean
productivity of photosynthesis makes a 11,5 g/ m° for twenty-four hours in a variant, where studied
the action of one-and-a-half norm of mineral fertilizers on a background an afteraction a 30 t/he/ 1
leave to rot, in the period of the most intensive height of plants of fervent wheat, comparatively with
control — 7,45 g/ M.
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