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THEORETICAL FOUNDATIONS IN RESEARCH IN ENGINEERING
SECTION 1. AEROSPACE ENGINEERING AND TECHNOLOGIES

10.46299/1SG.2022.MONO.TECH.3.1.1
1.1 CpaBHeHue Moesieil 00TeKaHUA TBEPABIX TeJl HAeaTbHOI cpeaoi

B nacTosiee BpeMs CyliecTByeT HECKOJIBKO MoJieielt 00TeKaHUs TBEPAbIX Tell
uneanbHol cpemoil. Hawmbosee wusBectHas wmoxenb JI’Anmambepa—Dinepa (wim
napanokc /[’ AnamOepa—DJiisiepa) onrcaHa BO MHOTUX SHITUKIIONEIUIX U YUYCOHUKAX.

dopmynupoBka mapagokca /I’ Anambepa—itnepa B Bukuneauu [1]:

«ITapagokc /I’ AnmamOepa (mapanokc J1’Anambepa—Diisiepa) — yTBEpKICHHUE B
TUAPOJMHAMUKE UJICaTbHON KUIKOCTU, COTJIACHO KOTOPOMY IPHU CTAllMOHAPHOM (HE
00s3aTEIbHO  MOTEHIIMATBHOM U  O€30TPHIBHOM) OOTEKaHWM TBEPJOTO Tela
Oe3rpaHUYHBIM MOCTYIATEIIbHBIM MPSIMOJUHEUHBIM MMOTOKOM HEBSI3KOM >KHIKOCTH,
NpH YCJIOBHHM BLIPABHHUBAHMS MapaMeTpoB (MIOTOKA) JaJIeKO BIepedd W MO03aaH
TeJIa, CUjla CONPOTUBIICHUS PAaBHA HYJIIO.

B cuny npunimna oTHOCUTENHOCTH ["ayiniiess MOKHO TOBOPUTH U O TTapasioKce
JI’Anambepa B ciy4ae MOCTYNATEIbHOTO TMPSMOJIMHEHHOTO JBIKEHUS Teja C
MTOCTOSIHHOM CKOPOCTBIO B O€3rpaHUYHOM 00BEME UCATBHON KUAKOCTU, KOTOPBIM
MTOKOUTCSI HA OECKOHEUHOCT.

Eme omno ompenenenue mapagokca J[’AnmamOGepa—Diinepa B bombInoit
CoseTckoit DHUMKIONEAUM [2]:

«JI’Anambepa — Diinepa mapagokc (.—D. 1.), MOJ0KeHHE TUIPOIUHAMUKH,
COTJIACHO KOTOPOMY TP PAaBHOMEPHOM M MPSIMOJIMHEHHOM JIBH)KCHUU Tejla BHYTPU
0e3rpaHUYHOMN KUAKOCTH, JIMIIEHHON BA3KOCTH, BUXPEOOPA30BaHUI U MOBEPXHOCTEN
pa3pbiBa CKOPOCTEN, pe3yNbTUPYIOIIAsi CHJIA COMPOTUBIIEHUS KUAKOCTU ABUKECHUIO
TeJa paBHa HYJIIO.

OT10 monoxxkeHue ObUT0 BhIcKa3zaHo (Pppaniry3ckuM yuéHbiMm K. I’ Amambepom B
1744 n netepOyprckum akagemuxkom JI. Diinepom B 1745. OTCyTCTBUE COMTPOTUBIICHUS
JBIDKCHUIO TeJIa CO CTOPOHBI JKUJKOCTH TPU YKA3aHHBIX BBIIIC MPEANOI0KEHUAX B
TUAPOJIMHAMUKE JI0KA3bIBAETCSI CTPOr0 MaTEMAaTUUYECKH KaK JJIsl HECKUMAEMOM, TaK U

JIIA CKUMaeMou KUAKOCTH. du3nyecku OTCYTCTBHUC COIIPOTHUBJICHHA 0OBICHSIETCS
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TE€M, YTO MPU YKA3AHHBIX YCJIOBUAX MOTOK >KMAKOCTU JOJKEH 3aMBIKAThCS MO3a01
JOBIDKYLIErocsl Tela, NMPUYEM JKUIKOCTh OKAa3blBa€T HA 3aJHIOI0 CTOPOHY Teja
BO3/ICIICTBHE, YpaBHOBEIIMBAIOIIEE BO3JACHCTBHE (BCErJa HUMEIOIIEEe MECTO) Ha
NEPEIHIO CTOPOHY. B IEMCTBUTENBHOCTH TENO MPU CBOEM JABUKEHHUH B KUIKOCTH
WJIY Ta3€ BCEr/1a UCIBITHIBAET COMPOTUBIICHUE.

[IpotuBopeune Mexay MAEHCTBUTEIBHOCTBIO MW cojaepxkanueM JI.—O. 1.
OOBSCHSIETCSI TEM, YTO B PEAIbHOM Cpeiie HE BBIMOJIHSIIOTCS T€ MPEIINONI0KEHUs, Ha
KOTOPBIX CTPOMTCA J0KAa3aTelIbCcTBO Mapagokca. [Ipu ABUXKEHUU Tella B KUJIKOCTH
BCEra MPOSIBIISIIOTCA M BSI3KOCTh SKHJIKOCTH, U BUXpeoOpazoBaHus (B 0COOEHHOCTU
103aJT1 TeJia), 1 BOSHUKHOBEHHE MTOBEPXHOCTEN pa3pbiBa ckopocTh. Bee atu hakTopbl
Y BBI3BIBAIOT COMPOTUBIICHUE JIBUKEHUIO TEJIa CO CTOPOHBI KUJKOCTI.

Eme onno onpenenenue napaaokca Jlanmam6epa—itnepa B [lukinoneauu [3]:

«ITapagokc Jlanambepa — Ha3BaHUE MapajOKca, KOTOPBIA yTBEPKIAAET, YTO
HATUHIP (WK 11ap), o0TeKaeMblid CTAllMOHAPHBIM JIAMUHAPHBIM MOTOKOM HEBSI3KOM
HECKUMAEMOM KUIKOCTH (ABUKYIIUNACS B TOM KHUIKOCTH ), HE UCIIBITHIBAET HUKAKOTO
CONPOTHUBJICHUSI CBOEMY JIBIDKEHHIO CO CTOpoHbl motoka. CdopMynupoBaH
¢bpaniy3ckum matematukoM JKanowm e Ponom JI” Anamb6epom (lanambepom) B 1752
TOIy».

Kaxnoe u3 3TuX Tpex ONpeAesieHU TMOCIeI0BAaTeIbHO CyXKaeT YCIOBUS
(TpeOoBaHMs) A peajM3alMd 3TOro mapajgokca: ecnu B Bukunmemuum [1] moTok
WJICAUTBHON KUJIKOCTU «He 00513aTeJIbHO NMOTEHIHAJbHBIA U 0€30TPBIBHBIN, TO B
bonbmoit CoBerckoit DHIIMKIONEANH [2] TOTOK MICAIbBHOM KUIKOCTH JOJKEH OBITh
«IMIIEH BSI3KOCTU, BUXPEOOpPA30BaHMM U MOBEPXHOCTEN pa3pbiBa ckopocTei». Eie
OonplIe orpaHnyeHuil 3anoxeHo B Lluknonenuu [3]: ¢popma TBEpAOro tesa MOKET
OBITH TOJIBKO IMJIMHAPOM HJIU HIAPOM.

B Huknoneauu [3] mis wumocTpaluu napaaokca JlamamOepa HCHoIb30BaH
pucyHok 1 u3 mMoux crarei 90-x romoB HMpOIUIOro BeKa. AHAJIOTMYHBIN PUCYHOK
MOHO HaliTu B Moei myOnukaruu B Uatepuere 2005 roxa [S] umm B Moelt cTaThe
2009 roma B CoBpeMenHoM HayyHOM BecTHUKE [4]. Crtarbs B Lluknonenuu [3]

HaIMCcaHa HEaKKypaTHO C OIIMOKaMH, a pUCYHOK 2 B 3TOU CTaThe (B KOTOPOM SIKOOBI
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OPUCYTCTBYET «3aCTOifHAasi 30HA») TIOBTOPSET CUMMETPUYHBIA pHUCYHOK 1 (6e3
«3aCcTOMHOM 30HBI»). JIFOOOM >Kemaronuii MOYKET HaMTH B MHTEPHETE PUCYHOK 2 C
«3acTOMHOM 30HOW MO3aJ1 TBEPAOTO Tejla B YKa3aHHBIX MOMX CTaThsiX [4,5].

['maBHBIN BBIBOJ] B MOUX CTaThsIX [4,5] 3aKIII09aETCs B TOM, YTO TaK Ha3bIBAEMBIii
napagokc /I’ Anambepa—Iilnepa — 3TO BCEro JIUIIb TeOpPeTHYeCKOe Hel0pa3yMeHne,
BO3ZHMKIIEE U3-3a MPOU3BOJIBHO (HEOOOCHOBAHHO) BEIOPAHHBIX HAYaIbHBIX YCIOBUN —
BbIPABHUBAHUE MAapaMETPOB IMOTOKA HJEATBHOM Cpelbl JaleKo BIEpead U TO03aau
TeJa, a TAKXKe OTCYTCTBUE yueTa (U3MUECKUX OrPaHUYEHU Ha TTapaMeTPhl IOTOKA.

Hu B oyHOM U3 fokazarenscTB napagokca JI’ AnamOepa—2itiepa He yUUTBIBAIOT
€CTECTBEHHOE (PU3NYECKOE OTPaHUYCHUE IS JaBJICHUS B MIOTOKE UICATIbHON CPEIbI,
KOTOPOE HEe MOKeT ObITh OTPUIIATEIbHBIM.

Ha pucynke | moka3zan npumMep «CTpOro MareMaTH4YECKOro» J0Ka3aTelbCTBA
napajgokca /[’ Anambepa—2iinepa npu 00TEeKaHUM KPYTIIOrOo 0ECKOHEYHOTO UJIMHIpa
MOTEHIUAIBHBIM O€3BUXPEBBIM MOTOKOM HJI€alIbHOU cpeabl. Puc. 1.a mmttoctpupyet
noaxoa OJiepa. OTOT PUCYHOK MOXHO paccMarpuBath Kak —(ororpaduro
PAaBHOMEPHOTO, YCTAHOBMBIIEIOCS MOTOKAa 4YacTUI] uaeaibHOM cpenbl. [loatomy
MapaMeTpbl MOTOKA UICAIbHOW CPEJIbl HA ’TOM PUCYHKE HE U3MEHSIOTCS BO BpPEMEHHU,
HO OyIyT pa3IMUHBIMU JIJI Pa3HBIX TOYEK I'€OMETPUUECKUX KOOpAMHAT (Hampumep,
JlekapTOBOI CUCTEMBI KOOPJIMHAT).

Ha GeckoneyHoM yjaneHw# OT IWIMHApPA HAMpaBJICHHE BEKTOPA CKOPOCTH
notoka V., COBIIafaeT ¢ MoJIoKUTENbHBIM HanpasiaenueM ocu 0X (cm. puc. 1.a).

3ajava pazaensiercs Ha JBa dtamna [6,7] :

» OTpe/eIICHUE COCTOSHUS JIBWDKCHHUS HIICATBHON Cpeibl NMpH OOTEKaHWU
TBEPJOTO TeJa, TO €CTh MOCTPOCHUE KUHEMATUYECKON KAPTUHBI TEUEHUS;

» ompejelieHue CHJI B3aUMOJICHCTBUS MEXTy HCANTbHON Cpefior U TBEPABIM

TCJIOM, TO €CTb PCUICHHUC I[HHEIMH‘-IGCKOVI 3aJa4H.
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Pucynoxk 1 — Obmekanue kpyenoeo yuruHopa nomokom uoeaibHou cpeovl

Ha nepBom sTame oObIYHO BHIOMpAIOT Oe3BHUXpeBOe IBMKEHHME HICaIbHON

CpeJibl, M 33/1a4a CBOJUTCS K HAXOXKJICHUIO KOMIUIEKCHOTO MOoTeHIana [7]:

9
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w(z2) = p(x,y) +i-p(x,y) (1)
riae: ¢(X,y) — MOTCHIIMAI CKOPOCTH;
w(X,y) — GyHKIHS TOKA.

Beibop moTeHIMambHOW ~ OE3BHXPEBOM  MOJCIH  apryMEHTHPYETCS HE
IIPOTUBOPEUYHEM 3TON Mojenu Teopeme Jlarpanxka [6,7].

3amaua MOKeT ObITh CBEJIEHA K HaXOXKJICHUIO TOJIBKO OJTHON (DYHKIUU ¥ UIIH @,
TaK Kak IMOTEHIMaJl ¢ CBSI3aH C  WU3BECTHbIMU YycioBusiMu Komm-Pumana,
MIO3BOJISIFOIIIMMU ONPEICIIUTh ¢ B BUJIC KBAIPATYPhI IO U3BeCTHOM (HyHKIMHU  [7].

@OyHKIUS TOKa /, KOTOpas BO BCEX TOYKaX IOTOKA HJICATbHON Cpebl
MPEANOaraeTcsl HEpepbIBHOM, YOBIETBOPSET BO BCEX TOUKax ypaBHeHUIo Jlamaca:
V2 y =0 (ycnoBue 6e3BuxpeBoro obrTexanus) [7].

JIOJKHO TaK)XKe BBINOJHATHCS TPAHUYHOE YCIOBHE — HEITPOHUKHOBEHUE Yepe3
TBEPAYIO CTEHKY [6,7], T.€. HA KOHTyp€ TBEPJIOTO TejJa HOPMAJbHAs COCTABIIIOIIAS
CKOPOCTH IPUJIETAIOIIUX YACTHUI] UACATBHOUN Cpelibl PAaBHAECTCS HYJIIO.

Ornpenenenue MIOCKOTO 0€3BUXPEBOro JABUXKEHHS HEBS3KOW M HECKMMAEMOMU
KUJIKOCTH, BHI3IBAEMOTO JIBUKEHUEM OTPAaHUYHMBAIOIIUX 00JIaCTh TEUEHUSI KOHTYPOB,
CBOJIMTCS K PEIIEHUIO HEKOTOPOU 3amaun Jupuxie [7].

AHanuTu4eckoe pelieHue 3TOW 3a/ayu yKa3blBa€T HAa TO, YTO JIMHUA TOKa,
MPUMBIKAIOIIAs K TTOBEPXHOCTU KPYTIIOTO IWIMHAPA, SBIsSETCS JTuHUeH Toka y = 0.
OcranbHble JIUHUH TOKA — CYTh KPUBBIE TPEThero nopsiaka (puc. 1.a) [7].

CKopOoCTh YacTHIl uaeanbHOM cpenbl Ha yyacTke Al-B ymensmraercs ot V., 10
0. Ha ygactke B-C-D ckopocTh U3MEHSIETCSI B COOTBETCTBHH C BRIPAKCHHUEM:

V=2V, |sin6|=7,, -|sing (2)

rae 0 — yrous B MOJSIPHON CUCTEME KOOPJIMHAT.

Hawubonwiee 3nauenue ckopoctu Vi = 2*V,, pocturaercs B Toukax Cl u C2
(puc. 1.a). [Tocne Touku D ckopocTh yacTull UeaaIbHON Cpebl yBeauduBaercs ot 0
10 Vo (puc. 1.8).

Ha BTopom »3rame, mpu pemieHWH IWHAMHYCCKOW 3a7adyd, BBIYHCISICTCS

pacupeacsiCHUC JaBJICHUA 110 KOHTYPY TBEPAOI'o TCJIa Ha OCHOBC MHTCIpaJjia BepHYJ'IJ'II/I.

10
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[TonHass cuMMeETpUsl pactpeneeHus CKOPOCTH JBHKEHUSI YaCTUL UICAIbHON CPEbI
0 TIOBEPXHOCTH UMJIMHApPAa OTHOCUTENBbHO BepTHKaibHOM ocu 0Y (puc. 1.B)
COOTBETCTBYET CUMMETPHUU pacnpeesieHus AaBieHus (puc. 1.0 — criomHas JIUHUSA)
[4,5,6,7].

[ToaTOMy HHTErPUPOBAHUE AABICHUS IO TOBEPXHOCTH LIUINH]IPA JAET HYJIECBOE
3HAYCHHE, a, CJIEIOBATEIbHO, WM CHJIA, JCUCTBYIOIIAS HA LWIMHIAP CO CTOPOHBI
UJCaTbHOM CPEbl, paBHA HYJIIO.

[Tpu nerampHOM paccMoTpeHuu puc.l.a u puc.l.B oOpaniaer Ha ce0si BHUMAaHHE
TOT (paKT, YTO BpeMs MIEPEMEIICHHS YaCTULIBI UACAIbHON cpelibl U3 TOUKU Al B TOUKY
B Gyner B 1,5...2 pa3a Goibliie, ueM BpeMs IPOJABUKEHHUS YACTUIIBI UICATBHON CPEIbI
u3 Touku K B Touky L ¢ mocrossHHOM ckopocThio Vo, &tk = Sk / Ve .

[ToTomy uTO paccTosiHuE Sk = S5, @ CKOPOCTb JBHMXKEHUS YACTHUIIBI UJ1€aTTHLHOM
cpenbl U3 Toukd Al B Touky B ymensmaercs ot V. 10 Hyns (puc. 1.B).

AHaAJIOTMYHO BpeMS MPOJBUKEHHUE YACTHUIIBI UIACATBHON Cpelbl U3 TOYKu D B
touky E1 6yner B 1,5...2 pa3a Oosbliie, yeM BpeMsi ITPOJIBH>KEHUS YACTHUIIBI UJ1€aTTbHOM
cpenbl u3 Toukd M B Touky N ¢ HOCTOSSHHOM CKOPOCTHIO Vo

[Ipu pacuere BpeMEHHU IBUKEHUS YaCTUIbI UACATBHON CPEbl MEKIYy TOUKAMHU
B-C-D HeoOX0AMMO y4YHTBIBaTh, YTO PACCTOSHUE Spcp PACCUYHMTHIBACTCS T10
MTOJIYOKPYKHOCTH: Sgcp = T * R (Ha puc. 1.B 3TOT y4acTOK ropu3oHTainbHOi ocn 0X
n300pakeH B BUJIE TTOJIYOKPYKHOCTH).

PacueTHOE BpeMs IBUKEHUSI YaCTHUIbI UICAUTBHOM CPEAbl MEXIY TOUKaMu B-
C-D 6yner B 2,25 pa3 Ooibliie, 4eM BpeMs TIEPEMEIICHUS YaCTUIIbI UICAIbHON CPeIbl
Mexay Toukamu L-M. IlosToMy wacTuibl uIeasbHOM Cpelbl, KOTOpPbIE Hayaiu
nBmxkeHue B Toukax Al, A2, A3, A4, K, BeicTposTcs no3aau nuuHapa B kiuH E1, E2,
E3, E4, N, o603HaueHHbIN Ha puC.].a TOUCUHON MyHKTUPHOU JIMHUEH.

C yd4eTroM U3JI0)KEHHOIO HAa OCHOBE MPUHIMIA OTHOCUTEIBHOCTH ['anmuies
pacCMOTPUM PAaBHOMEPHOE JBWXKEHHUE KPYTJIOrO I[WIMHIApPAa B HENOJABHWKHOU
UJeaTbHON CpeJie, — 3TO COOTBETCTBYET moaxoay Jlarpamxka (puc. 2). st Toro, 4ToOBI
HE 3arpoOMO’K/IaTh PUCYHOK MTOKAa3aHbl TOJLKO BEPXHUE TPACKTOPUHU JBUKCHHS YaCTHII

(ra camoMm Jene PHUCYHOK JOKEH OBITh CHMMETPUYHBIM OTHOCHUTEIHHO

11
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TOPU30HTATBLHON BPEMEHHOU OCH)

Touky HEMOABUKHOW UACATBHOM Cpelibl B HAaYaIbHbIM MOMEHT BpemeHu t0: Al,
A2, A3, A4, K Ha puc. 2 — COOTBETCTBYIOT OJIHOMMEHHBIM TOYKaM Ha puc. l.a. B
MOMEHT BpeMeHH t0 HUINHAP, KOTOPBI PABHOMEPHO JABUKETCS BIEBO CO CKOPOCTHIO
V4, HAXOAUTCS 3HAYUTEIBHO MPaBee ITUX TOUEK.

[TyaKTHPOM 0003HAYCHBI TTOJIOKEHUS ITUIHHIPA B MOMEHTHI BPEMCHH

» t1 — gactuma wpeanbHOW cpeabl W3 Touku Al yckopuiiack OT HYJS 10
CKOPOCTH ABWKECHUS UIUHApPA V., U IEpeMeCcTIIach B TOUKY B;

» 2 —yactuna uaeanbHOUN cpenbl U3 Touku B mepemectuiach B Touky Cl, B
’TOT MOMEHT BpPEMEHHM 3Ta YacTHUIla JIBIDKETCS CO CKOpOCThi0O V., HO B
MIPOTUBOIOJIOKHOM HAIMPaBJICHUU (C YU€TOM COOTHOIICHUS (2));

» 3 — yvacTuma uneanpHON cpenbl u3 Toukn Cl mepemectmwinachk B TOUKy D,

3aMeJITUB CBOIO CKOPOCTh 0T 2*V,, 10 V..

K,L,M,N
2

rj\> A4
&

Pucynok 2 — Jleuorcenue kpyeno2o yuiunopa 8 Henoo8UICHOU UOedlbHOLL Cpeoe

B nanpHeliiieM MUIUHIP NPOAOIKAET JABUKEHUE BIEBO CO CKOPOCTHIO Vo, a
YacTULA UACATbHON Cpebl, 3aMEJIJIUB CKOPOCTh OT Vo, J0 HyJs, EPEMECTUIACH U3
touku D B Touky El.

YacTuna uaeanbHOM cpelbl U3 TOYKM A2 mepemectunach B Touky E2 3a
MEHbIIIEE BpEMs, MOTOMY 4YTO 3Ta YacTUIa YCKOPSAJIach OT HYJS 10 CKOPOCTH,

MeHblIel, 4eM Vo, U CKOPOCTh B BEpXHEU TOUKE 3TON TPAEKTOPUH MEHBIIE, YeM — V.

12
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BpewMs nepemenieHus 4acTUlibl U1eanbHOM cpefibl u3 Touku A3 B Touky E3 eme
menble. M3 touku A4 B Touky E4 yacTuna nepemectuiiach emie obicTpee. A yacTuia
u3 Touku K ocranace Ha MecTe, TO €CTh HUKY/1a HE ITEpEMEIANach.

Takum 00pa3oM paBHOMEPHO IBIKYIIUICS B WICAIbHOW Cpeie LHJIUHIP
MepeMeIIaeT BCe YacTHIIBl HIeaTbHOM cpebl 3a coboil. Ha manbonbiiee paccTossHue
MEePEMEIIIAIOTCS YaCTHUIIbI, PACTIONOKEHHBIE OJIMKE K IEHTPY HuianHApa (yactuna Al).
OcranbHbie yacTuisl (A2, A3, A4) nepeMenialoTcsi HA MEHbBIIIUE PACCTOSIHUS.

Ho, eciu mnepeMelieHHss 3TUX YacTHUI[ MNPOUCXOASIT B TOPU3OHTAIBHOM
IUIOCKOCTH, TO HHUKakas pabdoTa HE COBEpIIAeTCs M HE HyXHa JIOMOJHUTEIbHAs
BHEprusi g 3TUX nepeMemieHuil. [losToMy cuila CONpPOTHUBICHUS JIBUKEHUIO
LHWJIMHAPA B UJ€ATBHOM cpejie paBHA HYJIIO.

YuuteiBass OJHO3HAYHOCTh  PELICHUS KUHEMATHUYECKOM  3ajadd Ui

CTallMOHAPHOTO TEYEHHUs, HEOOXOJUMO MPU3HATh, YTO TMPHU YBEJIHUUYEHUU CKOPOCTU
notoka V,, MakCHMMalbHas CKOPOCTh Vi TakKe IMPONOPIHOHANLHO YBEIHMYUBAETCS B
COOTBETCTBHUHM C pactipezesieHueM (2). B Hamem npumepe npu 0O0TEKaHUH KPYIJIOrO
HWIMHAPA HECKUMAEMOW UICATIBHON Cpelo MaKCUMalbHasi CKOPOCTh Vm B TOukax

C1 u C2 (cwm. puc. 1.a) B 2 paza 6omb1ie V..

Brenem ko3¢ duiivieHT :

Vo 3)
Benmnunna »storo koddduiimenta omnpenensercs npoduiaeM 00TeKaeMbIX
TBEPJIBIX TEJT U MOXKET JIOCTUTATH OOJIBIIINX BETUYHH, Jake OECKOHEUHOCTH.
CyuectBoBanue unrerpaiioB bepnymm, Komm, bepnymm-Jiinepa [6,7] cTaBut
JUTSL BEJIMYMHBI MaKCUMAJIbHOM CKOPOCTH Vi M3BECTHBIN NIpeies, MPEB30MTH KOTOPBIi
JBIDKYIIASCS McallbHAs cpe/ia He MOXKeT 0e3 pa3phbiBa CIUIOMIHOCTH [7].
Ecnu B HEKOTOPOI TOUKE JTMHUU TOKA 33JIaHbl: Z, Voo U Pos, TO JJIS JTEOO0M TOUKHU
ATOM JIMHUU TOKa TEKyIIMe MapaMmeTpel: Z, V U P ONpenensioTcs HHTErpaioM

bepnymm:

13
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- 0
p-g 2:8 p-g 28 (4)
CootHomieHue (4) mMokas3pIBaeT, 4YTO BeIMuMHA V HE MOXKET OKa3aTbCs
YpEe3BbIYANHO OOJBIION HU B OJHOW TOYKE JIMHHM TOKA, TaK Kak JAaBJeHHe [ B
UJeAILHOM cpelie He MOKeT ObITh OTPUIATEIbHBIM [4,5,7]. [IoTOMY 4TO MOJIEIIBIO
HYJICBOTO JTaBJICHUS SBJIICTCSI BAKYyM, a YTO MOXET OBITh MEHBIIIE Bakyyma???

J171st TOuek Ha OTHOM BBICOTE (Z»= Z) MOJy4YaeM HEPaBEHCTBO:

Ve , Po 1’

— >0
2-g p-g 2-g

, (5)
TO €CTb JABJICHUC p B JIIO6OI71 TOYKE JOJIZKHO OCTaBATLCA ITOJOXKHUTCIIbHBIM. I/I3 3TOTO
HEPaBEHCTBA HAXOAMM IIPEICIT I BeIMYuHbI ckopocth V [4,5] :
2- Poo
b (6)

Torna npcaciabHOC 3HAUYCHUC CKOPOCTH IIOTOKa Voo, YAOBJICTBOPAIOIICC

Vi<V?+

HEpaBeHCTBY (6), OrpaHUYEHO BETUUMHOM:

(a-V, ) <p2+ 2P
P (7)

(8)

rae: a=Vn/V,—kodpdunuent uz cootHomeHus (3).

Ecnu, ne mensist puc. 1.a, yBenuuuTh BeIUUnHy Vo, 10 3HAYEHUS, OOJIBIIIETO, YEM
B cooTHoIIeHuH (8), To B Toukax B u D gaBneHue yBenuuurcs 10 BelUYuHbl B” win
D”, a B Toukax C1” u C2” paBnenue OyaeT oTpHIaTeIbHBIM (CMOTpH puc. 1.6 —
TOYEeUHas MyHKTHpHas JuHUsS) [4,5]. OT0 ykaspiBaeT Ha abCypAHOCTH Mapajokca
JI’ AnambGepa—Diinepa

Ecnu nocteneHHo cxxuMath Kpyriabii muuinHAp (B Toukax B u D Ha puc. 1.a) 1o

MJIOCKOM MOTEpPeYHON MIACTUHBI C OCTPHIMU KPOMKAMH Ha KpasiX, TO KO3 UIMeHT

14
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a= Vn/ V, crpemurcs x 6eckoHeuHOCTH. [Ipu 3TOM 3a OCTpOil KpOMKOW Oyjaer
OecKOHEeYHO OOJIBIIIOE OTPHIIATEIbHOE qaBieHue [4,5].

[TosToMy npy ABMKEHUH NMONEPEYHON IIIIOCKOM TUIACTUHBI B UACAIBHOM Ccpejie
HEBO3MO’KHO MOJYYMTH HYJIeBOE€ CONPOTHUBJICHHE HHM ISl KAKMX CKOpPOCTEH
aBuzkeHus. [ npoduneil ¢ oCTpbIMM KpOMKamH (a 3TO HE TOJbKO IONEpeYHas
IJIOCKasl IJIACTUHA, — ATO MOXKET OBITh KBAJPATHBIM WM TPEYTOJbHBIM M MHOTHE
npyrue npoduim) napagokc [’ AnamOepa—iiiepa ¢ HyJ€BON CUIION CONPOTUBIICHHUS
SIBJISIETCH Hepeaau3yeMou (PMKIHeN.

AnbpTepHATUBHBIE MOJIETU CTAI[MOHAPHOTO O0TEKaHUs TBEPABIX TEJ UJI€aTbHOM
cpenoit ¢ BuxpeoopazoBanueM (mojaenu Kupxroda—I'ensmronsia, Kapmana u np.) ve
npotuBopevat TeopemaM KenbBuna (Tomcona) u Jlarpanska, v mo3BOJIAIOT PACCUUTATh
CUJIy CONPOTHUBIICHHUSI IBUKEHUIO TBEPABIX TE B UacalbHOU cpene [4,5,6,7].

Eciu mpu cranioHapHOM JBMKEHUM TBEPAOrO Tela B HACAIBHOWU Cpefe
MPUCYTCTBYET CHJIA CONPOTUBJIEHUS, TO 3TO O3HAYAET, YTO IS MOJACpPKAHUS
JABWOKCHUSI KAaKOW-TMOO BHEIIHMH HMCTOYHMK SHEPIrUM HENPEPBIBHO MPOU3BOJIUT
paboTy nJsi MPEOJOJICHHS] CHJIbI CONPOTHUBICHHUS. B COOTBETCTBHHM € 3aKOHOM
COXpPAaHEHHUs PHEPTUU 3Ta paboTa 3aTpauyrBaeTCs Ha 0Opa30BaHMUE MO33aU TBEPAOIO
TeJa BUXPE, T.e. Ha yBeTuYeHHe o0l KUHETUUECKOW SHEPTUH NTOTOKA. DTH BUXPH
YHOCSITCSI TIOTOKOM Ha O€CKOHEYHOCTh [4,5,6,7]. A Mg peanbHbIX JKUAKOCTEH WU
ra3oB, 00JIaJalOIINX BA3KOCTHIO, KHHETUYECKasl YHEPTHs BUXpEH nuccunupyercs (T.e.
MpEBpAIIAETCS B TEIJIOBYIO DHEPrUI0) HA KOHEYHOM PACCTOSHUM 033y TBEPAOIO
Tena.

VYpaBHEHUs ABUKEHUS UICAIBHON Cpebl JOMyCKAOT PELICHMS, B KOTOPBIX Ha
MOBEPXHOCTU OOTEKaeMOro HUACAIbHOW CpElodl TBEPAOTO Tela MPOUCXOIUT, Kak
TOBOPSIT, «OTPBIB CTPY#»: JIMHUM TOKa, CJEJOBABIIME BJOJIb ITOBEPXHOCTH, B
HEKOTOPOM MECTE «OTPBIBAIOTCS OT HEE M YXOJAT B IIyOb UJI€aIbHOM cpebl (MOAeIb
Kupxroda-I'ensmromnsiua) [4,5,6,7].

B pesynbrare BO3HMKAET KapTHMHA TEYEHMS, XapaKTEPU3YIOIIASCH HATUYUEM
OTXOJSIINUX OT TeJla «IMOBEPXHOCTEH TAHIeHUHMAJIBHOIO Pa3pbiBa», Ha KOTOPBIX

CKOPOCTh HieaJIbHON cpelibl (OyIyur HampaBlieHa B KaXKIOW TOUKE 10 KacaTeIbHOM K
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ATHUM MOBEPXHOCTSIM ) TEPITUT Pa3pblB HEMPEPHIBHOCTH. JIpyruMu cJIoBaMu, BJIOJIb TUX
MTOBEPXHOCTEH OJMH CJIOW MACAIBHOM Cpellbl KaK Obl CKOJB3UT IO JApyromy (Io
«3aCTOMHOMY» CJIOI0 HEMOABUKHOM cpebl o3aau Tena) (puc. 3).

C maTeMaTHyecKoW TOYKH 3pEHHS CKAYOK TaHTCHIMAIBHOM COCTaBJISIOINICH
CKOPOCTH TPEACTABISAET COOOM TMOBEPXHOCTHBI poTop ckopoctu [4,5,6,7].
[ToguepkHeMm,  OgHAKO, YTO  MOBEPXHOCTh  TAHTCHIIMAILHOTO  pa3phiBa,
MpeJCTaBIAONIas CcOOOM TOHKHUW BHXpEeBOM clod, — HeycTtoumBa [4,5,6,7].
Pacmanmasce Ha OTHENBbHBIE BUXPH, MOBEPXHOCTH Pa3pbiBa OBICTPO «3AIOJTHSIIOT
3aCTOMHYI0 30HY BHUXPEBBIMH JABWKCHHSAMU. MHOTOYMCICHHBIE HAOJI0ICHUS
MOATBEPXKAAIN HAJIMYME TaKOHW KapTHHBI SBJICHUS U MPUBEIH K CO3JIaHHIO TEOPUHU

BUXPEBBIX A0opoxkek Kapmana [4,5,6,7].

VVVVYV

A £

SN l
ol

VVYVYVY

Pucynox 3 — Moodenv Kupxeogpa—I envmeonvya oomexanusi meéepoozo mena
UOeaNbHOUL CPedoli ¢ OMPLIBOM CIPYIL

B HmwxHel yacTu nUIMHIApaA HA pUC. 3 YCIOBHO M300pakeHa YBEIMYHUTEIbHAs

Jyna YW YBEJIWYEHHOE M300paKEHUE IIEPOXOBATOM IOBEPXHOCTH LMJIMHIApA. 3a
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OCTPBIMU KPOMKaMH II€POXOBATOCTEM Takke 0O0pa3yloTcsi OTpPBIBBI CTPYyHl U
HeOoJbIINE 3acTOMHbIC 30Hbl. CaMasi HUKHSSA KPOMKa IIEPOXOBATOCTH MOBEPXHOCTU
ONpeaENsieT TOYKY OTPhIBA CTPYHU OT LUJIUHAPA.

Hanuurie HeGoIbIINX 3aCTOMHBIX 30H MO3a/11 OCTPHIX KPOMOK IIEPOXOBATOCTEH
MOBEPXHOCTHU LIMIUH/IPA 00BACHAET 00pa30BaHNE OTPAHUIHOTO CIIOS TPH 00TEKaHUU
TBEPJBIX TEJ BA3KUMU KUAKOCTAMH. COCeHUE CTPYHU ABMXKYLIEHCS BA3KOM KUIAKOCTH
B3aMMOJIEUCTBYIOT C 3TUMHU 3aCTOMHBIMHU 30HaMHU (TO €CTh C MOTPAHUYHBIM CIIOEM) U
BHOCAT JIONOJIHUTEIbHBIA BKJIAJ B BEJIMYHMHY CHJIbI CONPOTHUBIICHHS JBUKEHUIO
TBEPJIOTO TEA.

Pacuetsl cuiibl conpoTuBiIeHUs Ha ocHoBe mojenu Kupxroda—Ienbmronbiia
IIpU CTAllMOHAPHOM, YCTAaHOBUBILIEMCS JBM>KEHUH TBEPAOIO Tella B UJI€ATIBHOMN cpene
MIPUBOJAT K pe3yJibTaTaM, COBIAIAIOIINM C IKCIIEPUMEHTAJIbHBIMU U3MEPEHUAMU [7]:

F=C*p*VZ, 9)
rae: F — cuna conpotuBieHus;
p — IUNIOTHOCTh MJI€AJIbHOU CPEbl;
C — MHOXUTENb (MMEIOIMI Pa3MEPHOCTD — M?), YUMTHIBAOIIUN GOpMy H
pa3Mepsl 00TEKaeMoro Tena.

OOBIYHO THApPOAMHAMHYECKHE Cuibl F, JedcTByrolMe €O CTOPOHBI
JBIDKYIIEHCS UealbHON Cpe/ibl Ha TBEPAOE TEJIO MPOU3BOILHON (DOPMBI, BHIpAXKAIOT
yepes ux npoekuuu [4,5,6,7] :

F=Xa*i+Ya*]+Za*Kk, (10)
rae: |, J, K— eauHMYHBIE BEKTOPBI BIOJIL OCEH KOOPAUHAT;

Xa — cua 1060BOro CONPOTHBIICHHS;
Ya — nogbeMHas cuia;

Za — 6okoBas cuia.

Hapsiny ¢ oOpa3zoBaHreM CUIIbI JOOOBOTO COMPOTUBIICHHS, UCIIONIb3YS MOJIENb C
BUXpEOOpa30BaHUEM, MOXKHO TakKKe OOBSICHUTh BO3HUKHOBEHHME MOABEMHOU H

OOKOBOM CHJI, KAK HOPMAJIbHBIX HJIM OPTOTOHAIBHBIX COCTABISIONTUX (OTHOCUTEIHHO

HaIpaBJIEHUs BEKTOPA CKOPOCTH MOTOKA V) Critbl conpotusnenus F.
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Takum oOpa3zoM, MoIbeMHAsl CHJIa BOSHUKAET MPHU CTAI[MOHAPHOM OOTEKAHUH
UICaIbHON Cpeo HECHMMETPHYHBIX (OTHOCUTEIIBHO BEKTOpa CKOPOCTH MOTOKA Vo)
TBEPBIX TEI.

N3BecTtHOE ycioBue KyTTra 0 «3akpyrjieHHOW NEpeIHE KPOMKE W OCTPOM
3aJIHEH KPOMKE» — HE HY>KHO JIJI1 BOSHUKHOBEHUS TIOTLEMHOM M OOKOBOM chitbl. Jla
u cama teopema JKykoBckoro-KyTTa ¢ GUKTHBHBIM «IIPUCOSAMHEHHBIM BHXPEM» —
TOXe He HYXHa JJIsI O0BICHEHHUSI BO3SHUKHOBEHUS MOILEMHON CUJIBI [8,9].

BriBogsl

1. Bce nokazarenbctBa mapanokca |’ AnmamOepa—Ditnepa, mpuBeeHHbIC B
yueOHukax [1,2,6,7], MATKO TOBOpsI, HEKOPPEKTHBI, TOTOMY YTO €IIe JIO IPOBEICHUS
pacyeToB Ha ATare BbIOOpa HaYaIbHBIX YCJIOBHUM O BRIPAaBHUBAHUS MTAPAMETPOB MTOTOKA
JIAJICKO BIIEPE/IM U TI033/IM Teja — 3aKJAaAbIBAETCS HYJIeBO KOHEYHBIN pe3yJibTar.

Ecin moTok wuaeanbHOW cpelbl, OOTEKArOUIMi TBEPAOE TEIO, OKPYXHUTh
3aMKHYTBIM KOHTYPOM (OXBaThIBAIOIIMM TBEPJOE TENO), U BHYTPU ITOr0 KOHTypa
OTCYTCTBYIOT MCTOYHHUKH DSHEPrMM WM HET IPUTOKA DHEPrUM U3BHE, TO, B
COOTBETCTBUM C 3aKOHAMHM COXPaHEHUS DHEPrUM U COXPAHEHUsI KOJIMYECTBA
JIBW)KEHUSI, BHYTPU OTOM 3aMKHYTOM TOBEPXHOCTH HEBO3MOXHO CHJIOBOE
B3aumozerncraue [4,5,6,7]. [loromy 4TO, IONMYCTUB HalW4YHAE CHIIBI COMPOTUBIICHUS,
HEOOXOJIMMO TMpHU3HATh, YTO HA MPEOJOJICHUE ATOM CHUJIBI HEOOXOIUMO OBLIO OBl
3aTpayuBaTh YHEPTUIO OT KAKOTO-TO UCTOYHUKA. DTa SHEPTUSI MPUBOIUT K U3MEHEHUIO
o011ei PHEpPrUuM MOTOKA, TO €CTh K 0Opa30BaHUIO BUXPEW M03aaud TBEPAOrO TeJa,
MOATOMY MapaMeTphl MOTOKA BIIEPEAM TBEPJOIO Tejla M M03aJqu €ro — He COBMaAaroT.

[ToaToMy HyJIeBas cuiia CONPOTUBIICHUS B mapagokce /I’ Amambepa He SABIIETCS
pe3yJIbTaTOM TEOPETUYECKUX pPacueToB, a €CTh CJEJACTBUEM OECCHUCTEMHO,
ITPOM3BOJILHO BBIOPAHHBIX HAYaJbHBIX YCJIOBUH, a TaKXe OTKa30M YYHTHIBATH
(¢u3nyeckrue OrpaHMYCHHUS HAa BEJIWYUHY [IaBJICHHS, KOTOPOE HE MOXKET ObITh
OTpUIIATEIBHBIM.

2. AJIbTepHATHBHBIC MOJCIH CTAllHOHAPHOTO OOTEKaHUsS TBEPABIX T
ujeanbHON cpefol ¢ BuxpeoOpazoBanuem (moaenmu Kupxroda—I'enbmronbiia,

Kapmana u nap.) He mporuBopeuatr teopemaM KenbBuna (Tomcona) u Jlarpanxa,
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YUUTBHIBAIOT (U3NYECKUE OrpaHUYEHUS Ha BEJIMYMHY JaBJICHUS, U IO3BOJSIOT
paccuuTaTh CHIIy CONPOTHUBIICHMS IBM)KCHHIO TBEPABIX TEJI B UACANBHOU Cpee

3. N3BectHas MOJIEIb JKyxkosckoro-Kyrra c (UKTUBHBIM
«TPUCOETUHEHHBIM BUXPEM» IPOTUBOPEUUT (PYyHIAMEHTAIIBHOMY 3aKOHY COXPAHEHUS
SHEPIUH, a TAKKE B OOJBIIMHCTBE CIy4YaeB IPUBOJUT K PEIIEHUSIM C OTPULATEIbHBIMU

JaBJICHUAMMU
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SECTION 2. AGRICULTURE AND FORESTRY

10.46299/1SG.2022.MONO.TECH.3.2.1

2.1 Jlicono3BeneHHsI — 0CHOBHUII METO/I €K0QJANTA[IHHOI0 BiATBOPEHHH JIiciB Ta
30L/IbIIEHHS JIICUCTOCTI YKpainu

IcTopiss Ta mepcrneKTHBHU JIicOpo3BeeHHA B YKpaiHi. OJHUM 3 TOJIOBHUX
METO/11B BIITBOPEHHSI JIICIB B YKpAiHi € JICOPO3BE/ICHHS] — CTBOPEHHS 1 BUPOIILYBaHHS
MTYYHUX JIICOBUX HACAPKCHbh HA 3EMJISIX JIICOTOCIIOAAPCHKOTO TMPU3HAYCHHS (HE
BKPUTHX JIICOBOK POCIHHHICTIO JICOBUX JUISHOK), HHU3BKOIPOAYKTUBHHX Ta
HEMIPUAATHUX  JUUII ~ BUKOPHUCTAHHS B  CUIBCBKOMY  TOCIOJApPCTBI  3eMIISX
CLIIbCHKOTOCIIOIAPCHKOTO MPU3HAYCHHS (SIpH, OalKu, MCKU TOIIO), K1 BUAIICHI IJIsI
CTBOPEHHS JIICOBHX IJIAHTAIIN Ta MOJIE3aXUCHUX JICOBUX cMyT [30].

IcTopruHO cknanocs Tak, MO B YKpaiHi 3aXUCHE JIICOPO3BEACHHS, 30KpeMa
CTENOBE TMEepeAyBaJI0 IITY4YHOMY 3ailicHeHHIo Jicocik. B kinmi XVIII — mepmriit
nosioBuH1 XIX ¢T. B cTenoBid 30H1 YKpaiHU BUHUKAIOTh TTOCEJICHHS cepOiB, XOPBAaTIB,
Oonrap, TpekiB 1 HIMIIB-MEHOHITIB. Llapcekuil ypsigx 3000B’si3yBaB MOCEIEHIIB
ca/pKaTH JIICK HaBKOJIO Cii. HiMIII-MEHOHITH 3aKianaiu caju, O3CJICHIOBAJIN Cela,
camxanu Jjicu. Ilicns 3uumenns B 1775 p. 3anopizbkoi Ciuit Karepuna II poznana
3emunl «BonbHOCTEN 3aM0Pi3bKUX KO3aKiB» CBOIM (paBopHUTaM, odiLepam 1 pociiiCbKUM
nmoMimukaM. baraTo moMINMKIB TaKoX capkKam nmapku 1 jgicu. [Tounnaroun 3 1817 p.
B HAaKa30BOMY TOPSAKY JICOPO3BEIACHHIM Ha MiCKaX 3aiiMalluCs CeJSTHH-COJIATH
BIMCHKOBUX TOCEJICHb.

B munynomy 43,6 % Ttepuropii Ykpainu BkpuBanu jicu [13]. Ha mouatky
XIX cr. OuplIa YyacTUHA JIEPEBOCTaHIB B PIBHUHHUX pallOHaX, 30KpemMa Ha O1JHUX
MIIIAHUX 3eMJISIX, OyJia 3HUIEHA W MEePEeTBOPEHA B CUIbCHKOTOCIIONAPCHKI YT Ta
nycTupi. B 6ararbox ry0epHisix 3’ sBHJIMCh CUITYYl MICKH, SIK1 HACTYTIAJIM Ha MOJIs, Cena,
nuIsixu 1 cinoskati. OnenikiBebki (HakHBOTHITPOBCHKI) MICKUA B OKPEM1 POKH 3aCUTIAH
70 9 Tuc. Ta poarodoi 3emii. B neskux palioHax 3’siBUiIacs BeIu4e3Ha KUIBKICTh SPIB.
[lepmi cnpobu 3akpiruieHHss OJemKiBCbKUX MICKIB po3nodanucs B 1834 p. o

HEJJaBHBOT'O Yacy IIe JaBajo MO3UTUBHI pe3ynbTatu. Jlumie 40 pokiB TOMY JIICIBHUKH,
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3aCTOCYBAaBIIM HOBY AarpoTEXHIKY JIICOBHUPOIIYBaHHS Ha 0a3l KOMIUIEKCHOI
MexaHizallii, Mo Jajgo 3Mory cTBoputd maibke 100 THcsd ra JicoHacaIkeHb WU
3YNUHUTH HAacTyn mickiB Ha moust. 3 40-x pp. XIX cr. B UepHiriBebkii, [lonTaBepkiid,
XapkiBcbkit,  KartepuHocnaBcekiii,  TaBpiiicbkili  TyOepHIsIX  MPOBOAMIOCS
IISJTFOTYBAHHS MICKIB, a 3Tr0JIOM CaJIiHHSI TUYOK Ta CISHIIIB COCHU. B HACI110K HU3BKOT
arpOTEXHIKM BUPOIILYBaHHS, BIACYTHOCTI JOTJISAAY 3a JICOHACADKEHHSMH, TOCYX 1
TIOIIKO/[KCHB IIKITHUKaMHU KYJbTYPH COCHHU, B OCHOBHOMY ruHy:H [13].

Cepen mioHEpIB 3aXWCHOTO JIICOPO3BEACHHS OCOONHMBE MICIIE HAJICKHUTh
[.A. Tanunescbkomy, B.A. Jlomukoscskomy, B.I1. Ckapxuncekomy, I.I. Kopciny 1
B.€. I'paddy Ta iHmUM misuaM. 3aBISKH BHUIE 3ragaHuM 1 0araTtboM O€31MEHHUM
missuam  YKpaiHa, TO TpaBy, BBAXKAETHCA KOJHCKOIO CTEIMOBOTO 1 3aXHCHOTO
Jicopo3BesieHHs. be3 mepeOibIeHHsT MOXKHA CTBEPIKYBATH, 110 y KOJIHINA KpaiHi
CBITY HE OYyJIO CTUIbKH IMOUTYKIB B CIIPAB1 JIICOPO3BEAECHHS 1 JIICOBITHOBJICHHS B PI3HUX
NPUPOIHO-KITIMATUYHUX MTPUPOTHUX 30HAX, K B YKpaini [12].

[TouaTtkoMm JiepskaBHOTO JTicOpO3BeIeHHS BBakaeThbes 1843 p., konu B.€. I'padd
3akyaB BenukoaHnanonschkuit sticoBuii MacuB (tenep JloHerpka oonacts). B 1846 p.
CTBOPIOIOTH JIICOBI HacaJKEHHSI B [HrylenbkoMy MacuBl XEpPCOHCHKOI T'yOepHii, y
1863 p. — B by3ynykcekoMy 00py (OpenOypcreka ryoephis). B XIX cr. B cremax
VYkpainu ctBopeHo 20 JiCOBUX MAaCHUBIB 3arajibHOIO IJIoIIeto moHas 15 tuc. ra. Okpim
Benukoananonschkoro macuBy (2727,0 ra), B JIHIIpONETPOBCHKIM o0Omacti —
Kowmicapisewkuii jic (996,0 ra, 1876 p.), I'pymoBarcekuii macus (608,0 ra, 1881 p.),
I'ypoBcrkuit macuB (612,0 ra), BeaukomuxaitniBcekuit MacuB (monayn 100,0 ra); B
MuxkonaiBebkiii o6macti — Pauuncskuit mic (1786,0 ra, 1875 p.), Bonoagumepcrkuii
MacuB (2581,0 ra); B 3anopizbkiii obnacti — CrapoOepasHcbkuii MacuB (996,0 ra,
1846 p.), Anraripcekuiit macuB (1098,0 ra); B Cymchkiit o6macti — TpocTIHEebKUN
MacuB Ta iH. [12]. 3akpituieHHs Bep001030M pyxoMuX mickiB y 40-x pp. XIX cT. mamu
MO3WTHBHI PE3yJIbTATH TIJIbKU 3a paXyHOK JIiCOpO3BeIcHHS [22].

VY npyriit monoBuHi XIX c1. B Ykpaidi OypXIMBUMHU TeMIIaMU PO3BUBAETHCS
OYIIBHULITBO 3aJI13HUIIb. Ix eKCIUTyaTallisi B3UMKY YCKJIQJHIOBAJIACcsl CHITOBUMH

3ametamu. Y 1876 p. miciBauk M.K. CpennHCbKHI CKJIaB MPOEKT >KUBOTO 3aXUCTY
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3aJII3HUIb CTBOPEHHSIM Y3/I0BXK HHMX JicocMyr. Ilif HOro kepiBHUITBOM Ta 3a MOro
npoektamu 3a 1876—1895 pp. 6yno nmocamkeno 1416,0 kM JicocMyT.

Jlo BHpoBaKeHHs JTICOKYIbTypHHX 3actaB (1899-1900 pp.) B VYkpaini
3anmicHioBamu 1-2 % BupyOok, y 1902 p. — 35 %, y 1913 — 96 %. B 1913 p. 78 %
JCOBUX KYJBTYp OyJIO CTBOPEHO CaIiHHSAM CISHINIB 1 22 % — mociBom xomymiB. Bci
poOOTH BUKOHYBAJIN BPYUHY.

3 mouatky XX cT. cisHIl camkanu mijg Med KosecoBa. 3rigHo 3 apXiBHUMH
JaHUMH B JIeB’SITH yKpaiHChbKUX TyoepHisx 10 1917 p. O6yno crBopeno 341 Tuc. ra
JICOBUX KYJIBTYp, 30KpeMa y KazeHHux Jjicax 153 tuc. ra. Jlicucricts B 1914 p.
cranoBmiia 9,8 %, 110 B 5 pa3iB MeHIle, HiX OyJia B 1ajiekoMy MUHyJIoMy [12].

[linBumieHa yBara Jio CTBOPEHHS JIICOBUX HacaJKeHb Oyia npuaiieHay 1921 p.
y 3B’SI3Ky 13 MOCYX010. Bij 1leHTpanbHOrO JICOBOTO BTy BUMAarajiud YKpIIUICHHS
0aJIoK 1 IMICKIB HIISTXOM CTBOPEHHSI 3aXUCHUX HACAXKEHb; TI0JIE3aXUCHUX CMYT B3JI0BXK
3aIi3HUIIb, IOPIT, OeperiB pidok. 3a mepiog 1925-1928 pp. crBopeno 38,0 tuc. ra
JCOBUX KYJBTYp, 3aKpIIUIEHO MICKIB Ha o 61 tuc. ra, ctBopeHo 15,5 tuc. ra
MOJIE3aXUCHUX JIICOBUX cMyT. 3a nepiog 1931-1941 pp. ctBopeno 400 TC. ra HOBUX
MOJIE3aXUCHUX JTICOBUX CMYT.

VY pokwu BiliHH, 0COOJIMBO Mij Yac oKymnauli GamncTtis, OyJI0 HAHECEHO BETUKHMA
30uTOK JicoBomy rocrnogapctBy CPCP, a Haitbinbiie YPCP. binzbko 20 MitH. Ta miciB
MOIIKO/PKEHO BHACTIZAOK BOEHHUX 1. Ha 3HauHiil Tepurtopii Oyiu 3HHUINEHI 1
MOIIKO/KEHI  JcOoBl cMmyru. BillHa npu3Bena 10 MacoBOro 30UIbIIEHHS
HETMPOIYKTUBHUX, OE3JIICHUX JUISHOK, TOTIPIICHHS BIKOBOI CTPYKTYpH JIICIB,
3MEHIICHHS TUIONII  XBOMHUX 1 TBEPAOJUCTSHUX  HACa/PKeHb, 3HWIKEHHS
MPOIYyKTUBHOCTI JiciB [20].

Bapro migkpecnautu, mo micns npudHatTs B 1948 p. IloctaHoBu mpo muiad
MePEeTBOPEHHS TMPUPOAM, OpTaHizaiii JICO3aXUCHUX CTaHIIA, BEJIUKOI KIJIbKOCTI
JICOPO3CAIHUKIB Ta 3a0e3MeyeHHsl iX HEOOXITHOK TEXHIKOK, HACTYNUB IMEpIoA
IITUPOKOTO BIIPOBAKCHHSI MAITUH 1 MEXaHI3MIB B JIICOTOCIIOAAPChKE BUPOOHUIITBO.
[Tounnaroun 3 1949 p., B Ykpaini Ha KOXKeEH reKTap 3py0aHoro Jiicy JiCIBHUKHU CaJKaJlu

3—4 ra jicoBuX 1 3aXMCHHMX HacajpkeHb. [lepembadanocsi CTBOPUTH TMOBHY MEPEKY
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MOJIE3aXUCHUX JIICOCMYT, 3aJlICHEHHSI SIpiB 1 MICKIB Ta I1HIIMX HEBT1/lb, CTBOPEHHS
BOJI03aXMCHUX HacaeHb. OCcO0JIMBY yBary B 3aXUCHUX JIICOHACAIKEHHAX MPUALISIINA
nyOy 3BUYAtHOMY, SIK TOJJOBHOMY 1 HAaHOUIBII I[IHHOMY Ta JOBTOBIYHOMY JE€PEBHOMY
Buny. Ilepenbauanocss BBEJIGHHS MOro B JIICOCMYTH 1 JIICOBI KYJbTYPU THI3IOBUM
crocoOoM, 3aIPOIIOHOBAHUM «HapoHUM akagemikom» T.J1. Jlucenkom [12].

[IpakTryHO yCi TCASIBOEHHI — HE 3aJIICHEH] 3pyOH Ta 3rapuiia, mycTupi Oyau
ocBoeH1 y 50—60-1 pp. XX cr.

[Ticns Jlpyroi CBiToBOi BifiHM iCTOTHOIO mpoOsiemoro y 3aximuomy Ilomicci
CTaJO0 3aJICHEHHS CTapOOpHUX 30IHEHHUX 3€Mellb, BHECEHUX [0 CKJIaay
nepxxitichonay [26], Ha gai — MOJIIIIEHHS CTaHy 1 BIIHOBJICHHS CTIHKOCT1 CTBOPEHUX
JicoBUX KyJIbTyp [12].

BaxnuBuM eramoM i pO3BUTKY JICOBOTO TOCHOAApCTBa YKpaiHu Oyiu
po3poOka 1 3arBep/KeHHs ['eHepanbHOro IJIaHy po3BUTKY Ha 1956-1970 pp.,
CTBOPEHHS HACaI)KCHb IIBUAKOPOCINX JEPEBHUX BHUJAIB, HacaMmIepen TOMOJi
TpemTsiyoi. Bukonytouu 3aBiaanHs, nependadeHi [ 'eHepaibHUM IIaHOM, JIICIBHUKH 3a
1956-1969 pp. ctBOopmnm B nepxkiichonmi 1427,1 Tuc. ra JNCOBUX KYJIBTYP,
pekoHcTpyroBaiu nmona 400 Tuc. ra MaJOIIHHUX HACA/KEHb.

VY 1958 p. B KaneBi nnsi 3akpimjieHHsl 1 3aJIICHEHHS JICIB Oyjia opraHizoBaHa
KaniBchka rigponicoMmeniopatuBHa ctaHiiss. 3a 40 p. KOJEKTUB CTaHI[li CTBOPUB Ha
apax 13,2 Tuc. ra micOBUX KYyJbTYp, 30yayBaB 94 3ami300€TOHHUX BOJOCKUIH, 9 KM
JOHHMX 3araT 1 HaBKOJIO BEpUIMH AitouuX spiB 425 KM BOJ0O3aTPUMYIOUUX Ta
BOJIOPETYIIOIYMX 3eMJITHUX BajiB. 11 3ax0au 1aiy MOKIIMBICTh 3yIIMHUTH €pO3it0 Ha
noJisix motero 18,8 Tuc. ra. Benuki o0caru po0iT Ha sipax 1 KPyTOCXMIIaX BUKOHAIH
KOJIEKTUBH PKUIIIBCbKOro, BepXHBOAHINPOBCHKOro, SAMMUIBCHKOTO Ta 0OaraTtbox
THIIKX JTICOBUX TocroaapcTs [12].

M.I. Topaienko [21] nucas, mo noynHarouu 3 50-X pokiB y kojuuiabomy CPCP
IIOPIYHO 3aKJIalajid MoHaA | MJIH. ra HacaKeHb B aepxitichonal, 6au3pko 300 Tuc.
ra B 0ankax, sipax Ta Ha mckax, 80 THC. Ta MoJIe3aXxUCHUX JTICOBUX cMyT. Temmu poOit
B YKpaiHi 3HayHO 3pociau B 1961-1965 pp., konu 3a pik 3akiajaid HOBI JICH B

cepenHboMy Ha riomii 164 THC. ra, 30kpema B JepkaBHUX jicax — 119 Tuc. ra, Ha
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HEMPUAATHUX ISl CLIILCHKOTO TOCIOIapCcTBa 3eMilsiX — 33,5 THC. ra, Ta B KOJITOCITHUX
1 pagrocnHux jicax — 11,5 tuc. ra. 3 TOro yacy OCHOBHOIO KaTEropi€ro IUIONI, SIKY
BUKOPHUCTOBYBAJIM i/ 3aJICHEHHS y ACPKABHUX JIICOTOCHOIAPCHKUX MIAMPUEMCTBAX
3aJIMIIAIOThCS CBiXKI 3pyou [11].

VY kpainax 3axigHoi €BpOIU 3aX0[U 3 JTICOPO3BEACHHS HU3bKOMPOIYKTHUBHHUX
CLIbCHKOTOCTIOAAPCHKUX 3€Mellb 31MCHIOEThCA Y paMKax pedopMu €BpOIenChKOro
CyCIUIbCTBA, TOYMHAIOUU 3 Apyroi nojgoBuHU 80-x pokiB. Y kpaiHax €C 3a nepioa
1983-1988 pp. mioma CiIbCHKOTOCIOAAPCHKUX 3€MEh IMOPIYHO 3MEHIIYyBajlach
npuom3Ho Ha 600 THC. Ta, a TUIOIIA HOBUX JIICIB 301bITyBanack Ha 240—250 Tuc. ra.
VY 1999 poui €BponapnameHnT BuaaB IlocTaHOBY mpo HEOOXiAHICTH 3amicHEHHS 12
MiH. Ta 10 2000 poky. IIpore, axmo y nap. nmoi. 80-X pokiB y (OKycCl 1HTEpECIiB
JOMIHYBAJIO 3aJICHEHHS OPHUX 3€MEJIb 1 TACOBHUIL 3 METOIO 3MEHILIEHHS BUPOOHUIITBA
CLITBCHKOTOCIIOIAPCHKOI MPOAYKIlii, TO B OCTaHHI POKHU MOJITUKAMHU 1 BUCHUMHU BCE
OUIbII 1HTEHCUBHO IUCKYTY€TbCS NMUTAHHS €KOJIOTIYHOI MOJITHKHA, a caMe€ — pOoJib
HIMPOKOMACIITAOHOTO 3aJIICHEHHS, SIK IHCTPYMEHTA 3MEHILIEHHS BYTJIEKUCIIOTO ra3y y
MOBITPl. AKIIEHTYIOTh yBary Ha NEpIIOYEproBid poJil JICy SIK €IeMEHTa INI00anbHOI
€KOJIOTTYHOI CHCTEMH, BOJHOIO IUKIY, TpO(IYHOrO JIAHIIOra, POCIMHHOIO Ta
TBAPUHHOTO CBITY, I100AJIbHOI KJIIMATHYHOI CUCTEMH Ta €HEPreTUYHOIro OallaHcy
maHetd. [lomituka €C nponoHye pi3HOMAaHITHI 3aXOJU CTUMYJIIOBAHHS LbOTO
poIiecy i, 30KpeMa, CucTeMa rpOIIOBUX KoMIeHcallii [14].

30UTbLIEHHST JIICUCTOCTI € TOJOBHUM MpiopuTeToM U cyciaHboi Ilombii,
JICUCTICTh TepuTOpii sikoi ckianae 27,8 %. Y nepcnektusi g0 2050 p. miaHyeTbes
30utbuTH 11 10 33 % 3a paxyHok 3amicHeHHs 700 THC. Ta HU3BKOMPOIYKTHBHHX
CLITBCHKOTOCTIOAapChKHX 3eMeb [19].

[TigBoAsTYM MT1ICYMKH IIOJTI0 JIICOKYJIBTYPHUX POOIT 32 XX CT. BApTO 3a3HAYUTH,
10 3a IIe¥ Mepioj] CTBOPEHO 3aXMCHUX JIICOBUX HACA/KEHb Ta MPOBEACHO CIPHUSHHS
MIPUPOTHOMY TTOHOBJICHHIO Ha TUIONII MoHaxa 7,4 MIIH ra, mo y 2,1 pa3u Ouibliie Hix
3py0ano 3a 1meit mepiog. Ha croromni y aepkaBHuX jicax 50 % micoBUX NUISHOK

BKPHUTHX JIICOBOIO POCIMHHICTIO — 1€ INTY4YHI HacaJykeHHs. OCTaHHI AECATUIITTS
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0COOJIMBY yBary NpUIUISIOTh HAa MIABUIIEHHS MPOJYKTUBHOCTI JIICIB 1 MIEPEBEICHHS
JICOBOI'0 HACIHHHUIITBA HA CEJICKIIHY OCHOBY [12].

OxpeMrM TIOJIOKESHHSIM Y TPOIIECi 3aJiCHEHHS € CTBOPEHHS IITYYHUX JICIB HA
3eMJISX, [0 BUHIUIM 3-TiJ CUIbCHKOTOCHOJapChKOrO0 KOPUCTYBaHHS. Y IUIaHi
BIJTHOBJICHHSI Ta BJOCKOHAJCHHS CTPYKTYpH JaHAMATIB, 3aJICHEHHS TaKUX 3€Mellb
crpuse pereHepanii npupoAHux yrifae. [IpoTe, y psAal BUMAAKIB CTBOPEHHA JICIB Ha
3eMJISIX JIe 1X paHiiie He 0yJio, 3 BAKOPUCTAHHIM 1HTPOYIIEHTIB, SIKI € arpeCHBHUMU
MO0  MiCIeBOi 010TH, 3aJiCHEHHS MOXHA pO3MJSIIAaTH, SK 3arpo3y JUis
OiopizHOMaHITTS [28].

3po06iieHo JTiCIBHUKAMU YKpaiHM YMMallo, ajieé OCHOBHUM 3aBJaHHSM JIJISi HUX
3QJIMIIIAETHCSI CTBOPEHHS KOMIUJIEKCHOT MEPEXi 3aXMCHUX JIICOHACAIKEHb, 3aTICHEHHSI
HEBTiJb 1 3€Mellb, SKI BUXOIATh 13 CLIBCHKOTOCIOJAPCHKOTO BUKOPHUCTAHHS,
30UTBLIEHHS IO JIICIB Ta MIABUIIEHHS X MPOAYKTUBHOCTI [12].

Oco0smuBoOCTI 3aJIiCHeHHS 3eMellb, HEeNPHUAATHUX AJIA
cijibcbKOrocnogapcbkoro Bukopucrtanisa. B VYkpaini B 50-70 pp. MuHynoro
CTOJIITTS. HA HU3BKONPOAYKTUBHUX 3EMJISIX CLIBCHKOTOCIOAAPCHKUX YIiAb OYyJo
CTBOPEHO ONM3bKO 1 MIIH. Ta JIICOBHX HAcaJKeHb. Y HACTYIHI JACCATHIITTS TEMIIU
3aJTICHEHHSI TAKUX 3€MENb CyTTEBO 3HU3WINCS, JOCATHYBIIHM MiHIMyMYy y 90-X pokax.
VY nepmiomy aecatumitti XIX crT., y 3B’S3KYy 13 IJIaHAMH 3MEHIIEHHS pPO30PIOBAHHS
TepuTOopii, 00’ €MU 3aJTICHEHHS TaKUX 3€MeJIb 3HOBY CTayM 3pocTtaTu. s 3axigHoro
[loniccss ne mepeBakaroTh O1HI MiMIAaHI 3€MJIl, MAJONPUAATHI JJIi BUPOLILYBaHHS
CUIbCHKOTOCTIONAPCHKUX KYJIBTYp, MpoOJieMa iX 3aJiCHEHHS Ha OCHOBI JOCBIIY
CTBOPEHHS TaKMX HAca/HPKCHb Y MUHYJIOMY HaOyBae 0co0JMBOrO 3HaYeHHs [14].

3a nanumu ®AO (3a nepiox 3 2000 mo 2005 pik), Ykpaina 3aiimae mouecHe
MICIIe y CIIUCKY KpaiH, sIKi IPUAUIAIOTH yBary yicopo3seaeHuio [40]. 3a ocranni 15
POKIB IIOPIYHO TuIoma ii JiciB 30uIblIyBasiach Ha 20 TUC. ra, B 3B’S3Ky 3 YHMM
JICUCTICTh YKpaiHU 32 POKU HE3aJIeKHOCTI 30UIbimmiIach 13 16,0 % no 16,6 % [35].

Maypep B.M. Ta in. [31] aiasHKH, 1110 BUMIILTA 3-111]T TAMYACOBOTO 1 TPUBAJIOTO
CLITBCHKOTOCIIOIAPCHKOTO BUKOPUCTAHHS, ITyCTUPI1, TTOJISTHU, CIHOKOCH HU3bKO1 SIKOCTI,

MIEPEJIOTH, MIIIaH1 3eMJIi, SIPY>KHO-0AJIKOB1 CHCTEMH, K1 TIPUIATHI JJ1s 3aJTICHEHHS 03
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JIOIATKOBUX MIJTOTOBYUX POOIT, BITHOCUTH JI0 JIICOBUX JUISHOK «3 OTIOCEPEIKOBAHUM
JICIBHUYUM TIOTEHIIAJIOM a00 6e3 Hhoro». [Ip1opuTEeTHOI0 METOI0 3aTICHEHHS TaKUX
oI, 3 TOYKM 30pYy €KOAaJamnTaliifHOTO BIATBOPEHHS JICIB, € BIATBOPEHHS Ha
3QIICHIOBAaHUX JIJISTHKAX O3HAK 1 BJIACTUBOCTEH JIICOBOTO 010T€OIIEHO3y Y KOPOTKI
TEPMiHH, HUISIXOM CTBOPEHHSI PI3HMX BHUIIB (MacHBHHX, CMYTOBHUX, TPAaIUIIHHUX 1
IUTAHTALIHHUX JIICOBUX KYJBTYp MEBHOTO MPU3HAYEHHS) Ta (popMyBaHHS HEOOXITHUX
YyMOB 1 MOXIJIMBOCTEW [JIsi BIJIHOBJICHHS Ha HHUX B MallOyTHROMY HacaJ>KeHb
aHAJIOTIYHUX 3a CKJIaa0M, (POPMOIO 1 CTPYKTYPOIO JI0 KOPIHHUX JI€PEBOCTaHIB (KpiM
30HA 3 HE3aJOBUIBHUM MPUPOJHUM TOHOBIEHHSM). Ha nmx nauisHkax BapTo
CTBOPIOBATH CYIIUIbHI JIICOBI KYJBTYPH 3 MEPEBAKaHHAM y iX CKJIajal JEpeB Mopia-
MOHEPIB, a00 TaKuX, M0 MEPEeAyIOTh KOPIHHUM HAaCa/UKEHHSM Yy TIpoleci iX
OpUPOAHUX Jico3MiH. CTBOPEHHSI JICOBUX KyJbTYp Ha HE JICOBHX UISHKaX
MMOYMHAIOTH 3 POOIT, CIPSIMOBAHUX HA MOCHA0JEHHS BIUIMBY XapaKTEPHUX IS HUX 1
HECIIPUSATINBUX JUIsl 3pOCTAaHHS Ta PO3BUTKY JICOBOI POCIMHHOCTI (DAKTOpIB 1
YUHHUKIB (3HULICHHS Oyp’siHIB, 3aJIEpHIHHS 3 METOI0 PETyJIOBaHHS CKJaay >KMBOIO
HAATPYHTOBOTO MOKPHBY 1 3MEHILIEHHS MUTOMOI YaCTKU HE JTICOBUX TPAB, PO3IYIICHHS
YIIUIBHEHOI IPYHTOBOI «IIJOIIBM») Ta BIATBOPEHHS Ha HUX O3HAK JIICOBUX IIEHO3IB
(YyCyHEHHs JIMITYIOYMX TIPYHTOBUX UWHHHUKIB, 3yYMOBJIEHHX OCOOJUBOCTSIMU
BUKOPUCTAHHA B MHHYJOMY, YPaKE€HHS IPYHTY CHEUU(DIUYHUMH MIKOTPOQHUMHU
rpubamMu, BBEJICHHS MOP1A-IIOHEPIB TOIIIO).

OO00B’SI3K0BOI0 YMOBOIO CLIIBCHKOTOCIIOAAPCHKOr0 BUPOOHUIITBA € palllOHATIbHE
BUKOPUCTAHHA 3€Melb. TOMy HITY4YHI HacaJKE€HHS CTBOPIOIOTh y spax, Oajikax,
B3/I0BX BOJOHMM Ta Ha IHIIMX HE MPHUAATHUX IS CUIBCHKOTOCHIOAApChKOro
BUKOPUCTaHHA 3eMJIsIX. SpH 1 OAJIKK 3aTICHIOIOTH 3 METOIO MOIEPEIKEHHS €pO31MHIX
nporieciB. [Ipu 1pOoMy HacajpKeHHS 3alMalOTh MPUSPOBY 1 MpUOATKOBI CMYTH
3aBupiiku 20—-50 M, cxuiu sipiB 1 6anok Ta iX JTHO.

[Tpu 3amicHeHH] sIpiB 1 0aJOK HE BApTO 3aKJIagaTH YUCTI HACAIKEHHSI, 0COOJIMBO
TaKUX JEPEBHUX BUIIB, AK SJIMHA, SUIULISA, COCHA, 110 YTBOPIOIOTH IIIJIbHY MiACTUIIKY.
SIKIIIO CTBOpIOBATH MPOTHUEPO3iifHI HACAPKEHHS 3 TOJIOBHUX IIMHJIBKOBHUX JEPEBHUX

BU/IIB, TO CYITyTHI JIEpEBHI BUIU TOBUHHI OyTH JTUCTSHUMU. Ha BepimHi 1if04nx sSpiB
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3 METOI TMOMEPEPKeHHS PYHHIBHUX TMPOIEeCiB HEOOXITHO CTBOPIOBATH JIICOBI
HacaJHPKEHHS akarlii 017101 y piIBHUX MPOMOPINAX 3 YarapHUKaMH, a00 YUCT1 HACa[KEHHSI
akaii sk momepenHruka. YucTi akarieBi HaCa/PKCHHsI HE JOBIOBIYHI M 4acTo y Billi
20-25 poKiB CyXOBEpUIMHSTH 1 BIAMHPAIOTh. Y MOCYIUIMBUX CTEMOBUX pailoHax
Kpainu y Bili 15-20 pokiB BOHUM MOKYTh YTBOPIOBATH IILIBHY JIICOBY MiJCTUIKY, KA
Ma€ HU3bKY BOJIOTIPOHUKHICTH 1 JIETKO 3MHBAETHCA 31 CXUIIIB 31uBamMu [21].

V sipax, Jie epo3iitHi MPOoIecH yKe MPUITMHUIUCS, Tpeba CTBOPIOBATH CKIIAIHI 32
dbopmor0 (3 APYrHM SPYCcOM 13 TIHBOBUTPHBAIMX JEPEBHUX BHUAIB 1 TpEeTIM — i3
JarapHUKiB) 1 3MIIlIaHl 3a CKJaJ0M HacajpkeHHs. [[o iX ckiamy AOLiIBHO BBOIAUTH
JIEpEBH1 BU/IH, SIKI BUPI3HSIOTHCS JIOBMOBIYHICTIO, CIPUSITIIMBO BILUTMBAIOThH Ha (13UKO-
XIMIYHI BJIACTUBOCTI I'PYHTY, YTBOPIOIOTh M SIKMIl OpraHIYHUI Omaja 1 yTBOPIOIOTH
KOPIHHS Ha pI3HIN TMOuHI. 3a MpaBWIBHOTO MiA00PY AEPEBHUX BUIIIB Y 3MIMIAHUX
HACQ/DKEHHSAX 3MEHIIYEThCS TIMOMHA MPOMEP3aHHS IPYHTY, MOJOBKYETHCS TEPMiH
TaHEHHSI CHITY, TaJi 1 JOLIOBI BOAM JIETKO MEPEXOASATh Y IPYHTOBI, MOCHUIIIOETHCS
MeXaHIYHE 3aKpIIJICHHS IPYHTY BiJl pO3MUBAHHA Ta 00BaIB.

3aieXHO BIJlI TPYHTOBO-KJIIMATUYHOI 30HHU 1 JICOPOCIMHHHMX YMOB ISt
3aKJIaIaHHs POTUEPO3INHUX HACaIP)KeHb MOXXHA BUKOPUCTOBYBATH AyO 3BUYANHMIA,
COCHY 3BUYaliHy 1 KpUMCBKY, aKallito 011y, bepect, 6epe3y NOBHUCILY, JIUITY CEPLETUCTY,
KJICHU TOCTPOJIUCTHM Ta TaTapChKui, SIOIYHIO JIICOBY, I'PYIIy 3BHYAHY, TEpEH,
Oy3uHy 4YOpHY, JIIIMHY 3BHYailHYy 1 BEIMEXY, BHIIHI MarajeOChbKy Ta CTEIOBY,
MAacCIuHKY CpiOJIsACTy, CKyMIiI0 3BUYailHY, CMOpPOJIUHY 30JIOTHCTY, OOJIMUXY
3BUYAiHY, Oy30K 3BHYAWHUMA, KUMOJIOCTh TaTapchKy. Ha mHi ApiB 1 0ajJok MOKHA
BHCA[KyBaTH TOTIOJI YOPHY 1 Cipy, BepOou pi3HUX (OPM 1 KyJIbTUBAPIB, BIIbXY CIPY
[20].

[Tin yac cTBOpeHHS JIICOBUX KYJbTYyp Ha MPHUOAJIKOBIM 1 MPUAPOBIA cMyrax
nepmuii psg BiJ spiB 1 0aJoK pO3TAIIOBYIOTH HA BIJICTaHI OYIKYBAHOTO BiJBaiy
BiJIKOCIB, ane He Ommkue 3—5 M Big OpiBku. [lo OaratoBepIIMHHHMX SipaX CMYTH
PO3TaIIOBYIOTh HABKOJIO KOYKHOTO BIBEPIITKA, SIKIIO BiJICTaHb MK HUMU 1oHay 100 m.
3a MEHINOi BIJCTaHI MIX BIJBEPIIKAMU CTBOPIOIOTh OAHY 3arajbHy CMYTY BHILE

BEPIINH BIJBEPIIKIB, a TIJIONLY MK HUMH BIABOJSTH I/ CYIIIbHE 3amicHeHHs. [leprr
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KUIbKa PSIIB B sIpiB 1 OaJOK 3aKJIaal0Th 13 MOCYXOCTIMKUX KOPEHEBOIMAPOCTKOBUX
JIEPEBHUX BUJIIB, OCKUIBKU B IIUX MICHSX y IPYHTI MICTUTBCS HaliMEHINa KUJIBbKICTh
BOJIOTH 1 MOXKJIUBI 0OBaJIH.

Jlo cuctemMu CTBOpPEHHS MITYYHUX 3aXMCHHX HAca/pKeHb MO sApax 1 Oankax
BXOJIUTH 3aTICHEHHS BOJOBIJBITHUX JIOUINH, TAJIbBETIB, JHA SPIB 1 KOHYCIB BUHOCIB.
MeToro 3ajiCHEHHS BOJOBIABIIHUX JIOIIMH € 3MEHIICHHS IIBUAKOCTI BOIM, IO
HIXOIUTH 10 SIpY, 1 TOCHIIEHHS KoJibMaTaxXy. Haca/pkeHHs 3aXuIiatoTh TaBeJbru Bijl
PO3MHUBAHHS 1 TEPENIKOKAIOTh PO3POCTAaHHIO SIpIB y JAOBXKUHY. B Hacmimok
KOJIbMaTaXy BOJIa 3HAYHO OYUIIAETHCS B1Jl TBEPIMX YACTOK 1 HE 3aMYJIIO€ PYCIIO PIUOK.
3alliCHEHHIO MIJUISTalOTh YC1 TaBeJbIHM, IO 3HAXONATHCS MOOMU3y sipy. JlicoBi
KYJbTYpHU CTBOPIOIOTH B3/I0BK BOJAOTOKY IO CXWJIAX 1 1o BUIle OpiBku Oanku. 1100
KOJIbMaTa)KH1 BJIACTHBOCTI 3aXMCHUX HACaPKEHb MPOSIBIIIN ce0e CHUIIbHILIE, B3JJOBXK
pycia BOJOTOKY 3akKJaJai0Th T'yCTl HAcaJ)KEHHsS 13 4arapHUKOBUX BepO. Y OLIbII
MOCYIUIMBUAX paiioHaX 3aMiCTh YarapHUKOBUX BepO MOXKHA BHCAIKyBaTU TEPEH,
CKYMIIi0, CMOPOJIMHY 30JI0TUCTY TOLIO. Py pO3MILLyIOTh NEPIIEHANKYIISIPHO 10 OCl
tanpBery. CanumBHI Miclsl PO3MILNIYIOTh Yy HH30BOMY pSIKy Ha  BIJCTaHl
1,0x0,25(0,5) M. noBXHHA KOJIbMATa)XHOi CMYTH IO JIHY TajJbBETIB 3aJICKHUTh BiJ
KUTBKOCTI TaJIUX 1 JOIIOBHUX BOJI, ajl€ BOHA MOBUHHA OyTH HE KopoTiowo 50 m [21].

[IIo6 He BUKIMKATH €pO31MHMX MPOIECIB, 3aXMCHI JICOBI KYJIbTYpU MO JTHY
JIOIIUHUA CTBOPIOIOTH 0€3 0OpOOITKY TPYHTy. 3alliCHEHHS JHA SIpIB 3yNUHSE iX
MOTJIMOJIEHHS 1 CIIPUSIE KOJIBMATAXy, BOHO MOX€ OyTH CYLIJTIbHUM 1 4acTKOBUM. Pycio
SApy 3QJIICHIOIOTH TUIBKU TOJI1, KOJIM BOJIa T€U€ Y HhOMY 3 BEJIHMKOIO MBHUAKICTIO. [Ipu
3HAYHOMY YXWJIi PycClia BUCAJKCHI POCIIMHU BUMHBAIOThCS IPOTOYHOO Bo10t0 [20].

Konyc BWHOCY 3amiCHIOIOTH Yy TOMY BHMAJKy, KOJH 3aKiHUMJIOCA WOTO
3pocTtanHs. JIiICOBI CMyTH HaBKOJIO CTaBKIB CTBOPIOIOTH BUIIE PIBHSA IMIIHSITTS BOJH, A
3a KpyTtux OeperiB — Buie OpoBku. Crocid oOpoOITKy TIpyHTY, BUOIp CXeM
3MIIIYBaHHS Ta PO3MIIIEHHS CaIMBHUX MICLB 1 CKJIaJ KYJbTYp MaikKe TaKl K, K 1 IpH
3amicHeHH1 O6anok. Ha rpedbinsix mo MOKpoMy CXWITy 3aKIajaioTh 1—2 psaaHi CMyTH 3
JEpEeBHUX BHIIB, a00 OaraTopsiiHI CMYTH 13 yarapHukoBux Bep6. Ha Bepiiuni rpebi 1

10 CYXOMY CXHJTy HAaCaJPKCHHSI HE CTBOPIOIOTH [34].
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B nicokynerypHomy donai [Tomiccss Ykpainu BeIMKy MUTOMY Bary 3aiiMaroTh
crtapoopHi 3emiii. OCOOJUBICTIO JIEPHOBO-MIA30JIMCTUX, TIWHUCTO-MIIAHUX 1
CYMIIIAHUX TPYHTIB € MaJia MOTYKHICTh TYMYCOBOT'O TOPU30HTY, a MOKUBHI PEYOBUHU
KOHIIEHTPYIOThCS Y BEpXHiX mapax. CucTeMaTHYHa OpaHKa TaKUX 3eMeJIb MPU3BOIUTD
710 TMIBUAKOTO BHHOCY OPTaHIYHUX PEUOBHH B HUKHI TOPU30HTH, HEIOCTYITHI JJIS
pocnuH. 301THEHHIO IPYHTIB CIpUs€ MIOpiuHEe 30MpaHHs Bpoxkaio [22].

B.B. Cronkans [37] BCTaHOBUB, 1110 MOPIBHAHO 3 [UIMHHUMH CTApOOPHI 3eMIIi
3HIKYIOTh 1HTEHCHUBHICTh PO3BUTKY MIKPOOpPTraHi3MiB 1 HITpUQIKALIMHY 37aTHICTD,
3HAYHO IMOTIPIIYIOThCS TaKOXK (h13UYH1 BIACTUBOCTI IPYHTY.

Ha crapoopHux rpyHTax cocHa 3BMYaiiHa pO3BUBA€E KOPIHHS Y BEPXHIX HIapax
rpynry. Ilicnst Toro, sIKk KOpeHEBa CHUCTEMa BCTUTa€ OXOMUTH BEPXHI, HANUOUIBIIT
IIUPOKI IIapu TPYHTY, KOpiHHA ii mouymHae 3ariuOitoBatuch. [IpoTte, B rimOuny
PO3MOBCIOIKYIOTHCS BOHU HAIMIPHO MTOBLJILHO BHACIIIOK CJIA0KOro 0OMiHY HOBITPS Y
HIDKHIX TOPU30HTAX, IO CYMPOBOKYETHCS HE TITLKH 3HIDKCHHSIM POCTY HaI3eMHOI
YacTUHH, aje U mocnabieHHsM nepeB. OciabieHi JepeBa MOUIKOIKY€E MiIKOPOBUIMA
KJIOI, ypaka€ KOpeHeBa TryOka. BHacHioK HEraTMBHOTO BIUIMBY IIKIJHUKIB 1
30yAHUKIB XBOpOO JepeBa BiIMUPaIOTh. B KylbTypax yTBOPIOIOTHCS IPOTAJIMHH.
3piKEeH1 COCHOBI MOJIOJHSIKHM 3aCENs0Th JIUYUMHKHU XpYyIliB. CHUIIbHE MOIIKOIKEHHS
KOPEHEBOI CHCTEMH JIMYUHKAMH XpYyIla, IHTCHCHBHE PO3MHOMEHHS ITiJKOPOBOTO
KJIOTIA 1 KOPEHEBO1 TYOKH MIPUBOJIUTH J0 BIIMUPAHHS KYJIbTYP, SIKE MOKE HACTYTIHTH B
12—-15 poxkis [22].

Pi3nuii xapaktep rocrnoapchbKoro BIUIMBY Ha IPYHTH 3aJIKHO Bl KaTeropii
yriab (OpHI 3eMITi, TACOBUINA, CIHOKOCH Ta 1H.) € OJIHAM 13 HalBaKJIMBIIINX YNHHHUKIB,
[0 BU3HAYAIOTh CTAaH CTBOPEHMX Ha HHUX HACAHKeHb. Y 3B’SI3Ky 3 THUM, IO
JOMIHYIOUMMH JIICOpOCTUHHUMU yMmoBamu y Ilomicci Ha 3emusax, 1mo Oynau y
CLITbCBKOTOCIIOIAPCHKOMY KOPHUCTYBaHHI € CBDXI Cy0opH, Maii’ke BCl, 3a JEIKUMHU
BUKJIIOYEHHSIMU, IITYYHO CTBOPEHI1 JICOBI HACaJ)KEHHS — COCHOBI, SIK YHCTI 3a
CKJIQJIOM, TaK 1 3 PI3HOIO YYacCTIO B OCHOBHOMY, O€pe3H Ta MOJACKYAH 1HIINX JEPEBHUX
BUiB. [IpakTuKa 1icopo3BeIeHHS Ha 3eMJISIX, 110 HE OYyJIM 3aiHSATI JIICOM, CBIT4aTh MPO

HU3BKY CTIWKICTh IIMX HACAJKEHBb JI0 PI3HUX MATOJOTIYHUX YMHHHKIB. Y COCHOBHX
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KyJbTypax — I1€ MacoBe MOIIUPEHHs KopeHeBux ramieit [14]. Ocepenku 1iei xBopoou
3yCTpIYalOThCA B yCiX TpodoTomnax, MpoTe, HaloOIbIIe y CBIKUX TpodoTorax Oopis,
cybopiB i cymiopos [13].

Ha nymky B.B. Cronkans [37], miaBUIIMTH O10JIOT1YHY CTIMKICTh COCHU B
KyJbTypax Ha TAaKUX 3€MJIIX MOKHA BHECEHHSM JTOOpUB 1 60POTHOOIO 3 MIKiTHUKAMH.
[Ipore, BapTO MaTu Ha yBa3i, U0 J0OpMBAa B OCHOBHOMY MiABUIIYIOTH XIMIUHY
POJIIOYICTh BEPXHIX TOPU3OHTIB IPYHTY, 11O CYMPOBOKYETHCS TIIbKU TUMYACOBHM
MOKPAIIEHHSAM CTaHy Ta IHTEHCUBHOCTI POCTY COCHM, OCKUIBKHU 11 KOPEHEBa CUCTEMA,
K 1 paHille, 3aJHUIIAEThCA MOBEPXHEBOW. ToMy, MiCis BUKOPUCTAHHS BHECEHUX
MOKMBHUX PEUOBHH B KyJIbTYPax 3HOBY HACTA€ KPU3a 1 CTaH CAKAHI[IB MTOTIPIIYETHCS.

JInst migBHILEHHS O10JIOT1YHOI CTIMKOCTI 1 MOKPAIIEHHS! IHTEHCUBHOCTI POCTY
COCHU 3BHYaHOI B KyJbTypax Ha CTapOOpPHUX 3€MJIX, KpIM BHECEHHsS J00pUB,
00poTHOU 3 MIKIAHUKAMHU 1 30yJHUKaMH XBOPOO, HEOOXIAHO MPOBOJUTHU 3aXO/H, AKI
COPUSIOTh PO3BUTKY Y JI€PEB COCHH TJIMOMHHOI KOPEHEBOi CHCTEMH, 30KpEMa,
po3nyiryBatu rpyHT puxitoBaueM H-60 nHa rmubuny 60 cm 1 Ouibie. Ile 3HauHO
3MEHIIUTh MEXaHIYHUI OMIp JIJIsl KOPIHHS. 32 TAKMX arpOTEXHIYHUX 3aXO1B 0 KIHIA
JBOX-TPhOX POKIB IIICIS CaAiHHS CISHIIB Ha IOCTIMHE MICIE KOpEHEBa CHCTEMa
CaJlKaHIIIB COCHU 3BUYAHOT 3HAYHO 3MIITHIOETHCS, MOKPAITY€EThCs ii cTaH. J{o1iapHuM
MIPU CTBOPEHHI JIICOBUX KYJIbTYp € BUCAIKyBaHHs 10—15 Tuc. WT. CiSHLIB Ha TeKTap;
3aCTOCYyBaHHA 0araTopiqyHOrO JIIOMHUHY; CTBOPEHHS MIIIIaHUX HACaJKeHb [22].

Ha 61gHux 1 cyxux rpyHrax Ilomiccs, 1€ KUIbKICTh JTUCTSIHUX JAEPEBHUX BUJIIB,
K1 MOXYTh YCIIIIIHO POCTU B IUX YMOBaX, Ty’Ke OOMEXeHa, B CKJIaJl KyJIbTYp COCHH
3BHYAHOI BapTO BBOJUTHU COCHY baHkca; Ha OUIbII POJIOYUX TPYHTaX — Oepe3y
MOBUCITY, Iy0O 3BUYANHUI, KIIEH TaTapChKUM, IPyIIy AUKY, JIIIUHY 3BUYaiiHy, Oy3uHYy
YEpBOHY, KAJIMHY (KaJIMHA CTiiIKa MPOTH KOPEHEBOI Ir'yOKH) Ta 1HIII IEPEBHI POCIHHH.
J.J1. JlaBpuHEHKO Ha CTApOOPHUX IPYHTAX B KYJIbTYPU COCHHU IIPOIIOHYE BUCAKYBATH
Torouti Oayb3aMiuHy i jaBposucty [27], a B.B. Cronkanp [37] — OGepe3y moBuciy i

31HOBATh.
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Ha 3emiiix CUIBCHKOrOCTIOAAPCHKUX MIAMPUEMCTB 3aTICHEHHIO MIISATaI0Th
TaKOXX MICKU 10 HE MalOTh MPOIIAPKIB CYIICKY, CYIVIMHKY 1 IJIMHH, SIKI HE MOXHa
BUKOPHUCTATHU JJI BUPOIIYBaHHS CUTLCHKOTOCIOIAPCHKUX KyIbTYp [20].

3a TOBroTPUBAIICTIO 1 €(hEKTUBHICTIO JI1i OE3MOIUIEBE TIIMOOKE PO3IMYIITyBaHHS
IPYHTY TmepeBaka€e Bci 3axoiau. Ha BuimyryBaHMX mickaxX, OITHMX Ha MOXKMBHI
peYOBHHM, 30Kpema B 30HI [lomccs, rnmmbOoke pO3MymIyBaHHS IOEIHYIOTH 13
BHECEHHSIM MICIICBUX OPTaHIYHUX JTIOOPUB — KOMIIOCTOBAaHOTO Top(dy B 1031 30—60 ToH
Ha 1 ra. Ilicns ocHoBHOro 0OpOOITKY IPYyHTY 1 pPO3IMyIIyBaHHS HOro B psaax
ManOyTHboro cafinug Ha 60—80 cm mmyrom ITKJI-70 npoBoasTe 60po3HU TIMOUHOIO
20-25 cM 1 3a JOMIOMOT'010 THOEPO3KHKJa4a BHOCATH KOMIIOCTOBaHUH TOP( 1 3a0pIOIOTH
HOT0 B IPYyHT AMCKOBUMH 3HAPSIIIMU TIOCTAaBICHIUMH B 3Bajl. 32 TAKOIO arpOTEXHIKOIO
y AII «Capuencbke JII'» PiBHeHCHKOT 001acTi, B 0cOOIMBO O1IHUX OOPOBUX yMOBax
nuiire, B 70-x pokax BuporieHo 1700 ra moBHOIIHHUX COCHSKIB [12].

JInst mepeBaXkHOI O1IBIIOCTI JICOPOCIMHHUX YMOB Ha MICKAX YCIX MPUPOJHUX
30H YKpaiHu TOJIOBHUM JIEPEBHUM BHUJIOM € COCHA 3BHYaiiHa, a Ha mickax Cremy —
COCHA 3BMYallHA M KpUMCBKa, JJII MOKpPUX CYyIIOpOB ycCiX 30H — Oepesa IyxHacTa,
BUJIbXa YOpHA Ta BepOa OiJia; CBIKUX Ta BOJIOTUX CYIIOpPOB — TomoJs yopHa; B Cremny B
CyXHMX Ta CBIXKHUX CyJiOpoBax — akarlis Oina. BBeIeHHS 10 COCHM IHIIUX JEPEBHUX
BU/JIIB MOJIMIIYE YMOBU PO3KJIaay JIICOBOI MiJACTHIKH, 30arauye IrpyHT MOXUBHUMU
PEYOBUHAMHU, CTBOPIOE CIIPUSTIMBI YMOBH JIJIsi OCEJIEHHS B JIICI KOPUCHUX MTaxiB [34].
B ymoBax 3axianoro Ilomiccs YkpaiHu MeToAu CTBOPEHHSI HAacaJ)KeHb Ha MICKax
MPAKTUYHO HE BIAPI3HAIOTHCS Bl 3aralIbHONPUUHITHX Yy JTicOBOMY (OHI1: TIEPBUHHUN
00pOoOITOK IPYHTY — CMyTaMH, PiJIIe CYIITIbHUMN; CKIIa] KyJIbTYP — YUCTI COCHOBI 200
MimaHi 3 0epe3oro; cxema camiHasg — 2—2,5%0,5-0,7; Tam 3MilTyBaHHS — PSAAOBHIA;
caminHs — pyuHe mig med KoiecoBa, 3pika MeXxaHi30BaHE; CAAUBHUNA Martepial —
BHUPOIICHUIN Y TAMYACOBUX a00 MOCTIMHUX JIICOBUX pO3CcaJHMKax [14].

['opaienxo M.I. [20] 3a3Hauae, 10 CyLITIbHE PO3MYIICHHS MICKIB 1HO1 BUKJIMKAE
epo3iiini npouecu. CamkaHIll COCHA 3BUYANHOT YyTIUBI 10 AedisLii, a TOMy IOTraHO
POCTYTh 1 PO3BHBAIOTHCS 32 OTOJIEHOTO KOPIHHS, 3aCHMAaHHI HAA3EMHOI0 YaCTHHOIO

MICKY 1 MEXaHIYHO MOLIKO/KEHI. 3 METOIO MONEPEHKEHHS 3aru0ei JIICOBUX KYJIbTYP
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Ha TIiCKaX, Kl 3a3HAIOTh BITPOBOI €po3li 3aCTOCOBYIOTh PO3POOJEHUM HAYKOBISIMHU
YxkpHAUIT'A cnoci6 yacTkoBOro oOpoOITKY IPYHTY 3 PO3MYIIyBaHHSIM HOTO Ha
rnbuHy 60—80 cm. CamiHHS POBOJATH Ha APYTHUH PiK micis 00poOITKy IpyHTY [21].
[Munmunenko O.1. [34] 3a3nauae, mo Ha [lomicci ta [liBHiuHOMY JlicocTemy oco0iIMBO
MiJ 3aXWCTOM CTiH JICy, J€ HEMae 3arpo3 BUHUKHEHHS nedisiii, JOIIIBEHO
3aCTOCOBYBATH CYIIUIbHY OpaHKY IPYHTY Mif JICOBI KyJbTypd. Y CBDKHX Ta OUIbII
BOJIOTHX CyOopax 1 cyZi0poBax IpyHTH MIJATOTOBIIIOIOTHCS TaK CaMo SIK 1 B CLIIbCBKOMY
rOCIOAapCTBi Ha cymickax Ta cyrimHkax. B [liBnernomMy JlicocTery i1 3aXUCTOM CTiH
JICy MJIaHTaKHA OpaHKa CTBOPIOE ONTUMAJbHI YMOBH JJisi POCTY KOPIHHS COCHHM 1
3HAYHO MOJIETIIye OOpOTHOY 3 TpaB’SHOK POCIHMHHICTIO, OCOOJIMBO B MEPIIUN PIK
nicas caainHg [34]. Ilpu npomy 3akiiafaroTh 3MIIIAHI JIICOBI KYJbTYPH 3 JAEPEBHHUX
BU/IIB 1 YarapHuKiB. [lepBUHHA y4acTh IEpEBHUX BU/IIB IOBUHHA CTAHOBUTHU HE MEHIIIE
50 %. CynyTHi AepeBHI BUAM 1 YarapHUKU JOLUIBHO J0OMpPATH BIANOBIAHO 0
JICOPOCITUHHUX 30H 1 sskocTel mickiB [20].

Sk caguBHMIA MaTepianl BUKOPUCTOBYIOTh 1—2 piyHi CisiHIIL, SIK1 BUCA/KYIOTh Ha
4—6 cM HMK4YE KOPEHEBOI MHMUKHU. 3a CyL[UIbHOI MIATOTOBKU IPYHTY PSIIM HACaIKEHb
po3mimyroTh depe3 1,5-2,0 M, 3a gactkoBoi — yepe3 2,5-3,0 m. CigHIll B psaax
po3tamoByTh yepe3 0,5-0,7 m [21]. [Tmmnenko O.1. [34] BBaXkae 1o JOMIUIEHUMU €
MUKpsaas 1,5 M, ki JA03BOJISIFOTH BECTH JIHIAHI PyOKU JOTJISIAY MOJIOJHSIKIB 10
10-piyHOTO BIKY 1 HIMPOKO BHKOPHCTOBYBATH MOJIOAI JEPEBISI COCHU SIK HOBOPIYHI
SUIMHKW, JJISI BUTOTOBJICHHS XBOWHO-BITaMiHHOro OopomHa [34]. Mormsg 3a
KyJbTypaMH 3a CYIIJIBHOTO OOPOOITKY IPYHTY MPOBOJATH MPOTIroM 3—4 pOKiB, 3a
YaCTKOBOTO — CMyTaMmH (y TEpIIi JBa POKH BPYUYHY TPHUUl MPOTITOM BETETaIlIifHOTO
nepioay Ha cmysi 3aBuupiiku 0,5-0,7 M). MexanizoBanuii 3—4 pa3zoBuil JOrisij
MOYMHAIOTh 3 JPYroro pOKy CUIIAHHAM PSIiB JUCKOBHUMH KyJbTUBAaTOpaMu 3
PO3IIMPEHHSIM pO3MyIIeHoi cMyru. Ha TpeTiii pik JBa mepiii MexaH130BaH1 JOTJISAIN
BUKOHYIOTh CIJUIAHHSIM THUM >K€ KYJbTUBATOPOM 1 OJMH — y MUKPSIIAX OOPOHOIO
BJIH-2,0. ¥ nactynHi 1-2 poku pobissats 1-2 porasan y Mixkpsaasx [20].

Ha ropOuctux mickax, A€ CyLUIbHY HIATOTOBKY IPYHTY HE MPOBOIATH, MiA

2

KyJbTypU CTBOPIOIOTH IUIOMAKA po3MipoM 1 M y TOHMKEHHX Micisax. Ha
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IJIOMIAJIKaX TIPYHT pO3MymlyroTh Ha riauouny 50-60 cm. Ha 1 ra cTBOprOIoThH
800-1200 mromamok. Ha KoOXKHIM muiomaaii BUCAKYIOTh MO 3—5 CISHIIB, JOTJISA
MIPOBOJISATH BPYUHY MPOTATOM 3—5 pokis [19].

[1ix yac nicopo3BeAcHHS Ha AUISTHKAX, JI€ 3 JIICIBHUYOI TOYKH 30Py HEAOIIBHO
BBOJIMTH JICPEBHI BUIU KOPIHHUX HACAIKEHb, BAPTO BUCAPKYBAaTH MOPOIU-TIIOHEPH,
abo Taki, IO € TMOMNepeAHHKAMU KOPIHHMX B NPHUPOJHUX JICO3MIHAX 1, SIKI
3a0e3neuyoTh (OpMyBaHHS Ha HE JICOBUX IUIOMIAX CHPUSTIMBUX YMOB JUIS
HACTYITHOTO 3aJTICHEHHS iX 3a CXeMaMH, pEeKOMEH/I0BaHUMHU JIJIs1 JTICOBUX 3emelb [31].

BnimB TpaB’siIHMX POCJMH HA IPYHT. Jlic HE MOXe iCHyBaTH 0e3 IpYyHTY.
[Topsia 13 KJIIMATOM IPYHT € HAHBAXKIUBIIIUM €KOJIOTTYHUM (DaKTOpOM, IO BU3HAYAE
ICHyBaHHs JiCy. Y MeXaX OJHOrO PErioHy, SIKMA Ma€ OJHAKOBHM KiIIMaT, IPYHT
BHU3HAYA€ BUJIOBUU CKJIaJ Ta MPOAYKTHBHICTH JICIB. SIK OJMH 13 HaWBa)KIMBIIINX
KOMIIOHEHTIB JIICY, IPYHT 3HaXOJUTHCS y MOCTIMHIN B3a€MO/III 3 TICOBUMH POCIMHAMM,
TBAPUHHUM CBITOM, MIKpOOpraHi3aMamH, 110 ¥ OOyMOBIIOE OCOOJHMBOCTI JICOBOTO
1pyHTy [25]. IpyHT € OXHMM i3 NPOBIAHUX €KOJOTIUHMX (PaKTOPIB y KUTTI Jicy. Bin
BHU3HAYA€ JIICOBI BJIACTUBOCTI JIICOBUX HAacapKeHb. JIiC y CBOIO uepry BIUIMBA€E HA
BJIACTUBOCTI IPYHTY [25].

[".® Mopo3oB [33] BKa3zye Ha BaKJIMBICTh 3HUILIEHHS TPAB SHOI POCIMHHOCTI B
MEPIINA PIK XKUTTS JICOBUX KYJIbTYp, OCKUIBKM OCTaHHI MOBUHHI YKPIIUTUCH, a IS
I[IbOTO BOHU MOBHHHI CKOPUCTATUCS THUMHU 3K IIapaMu IPYHTY, IO 1 TpaB’siHI POCIMHU
[25]. [lepmmii moryiaa Ha BeCHI MOTPiIOHO MPOBOJUTH, KOJIU IPYHT MMOYMHAE 3E€JEHITH,
TpaBa, OCOOJHMBO II€ B&XJIUBO y OOpoThOI 3 THUPIEM Ta POCIMHAMH, IO
PO3MHOXYIOTBCS 32 IOTIOMOT0I0 KOPEHEBHILI.

3a nanumu M.I. Topmienka [20] 3maku GopMyrOTh y HE3IMKHEHHUX KYJIbTYpax
COCHY JIOCUTh TOBCTY CITKY TOHKHX KOPEHIB, K1 IPOHU3YIOTh 3HAYHO OLIBIIHI 00’ €M
IPYHTY HiXK KOpiHHS cocHHM [25]. 3a manumu B.1. SIkymiesa [39], TpaB’siHi pocaunw, sKi
pPOCTYTh B COCHOBHX KYyJIbTypax, MAarOTh MOTY>KHIO, HI)K COCHA, IUIONLy KOPEHEBUX
cucteM. BimHONIEHHS MOTJIMHAIBHOI TOBEPXHI KOPEHIB JI0 Baru HAJI3€MHOI MacH

capKaHLiB cocHu aopiBHIoe 0,15 M?/T, a KyHUuHHKA — 6,44 M/T.
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A.l. Axpowmeiiko [10] Bkasye, mo TpaHcmipaifisi TpaB (TOJIOBHUM YHHOM
KYHHUYHHUKA) Yy 4-5 pa3iB MepeBUIlye TpaHCHipalilo CcocHU. Bwu3Hauawuu
BUITAPOBYBAHHS BOJM MOBEPXHEIO IPYHTY (T0JIOTO) i TPYHTY, MMOKPUTOTO TPaB’SIHOIO
POCIIMHHICTIO, BYUCHUN BCTAHOBHUB, 1110 BUMIAPOBYBAHHS B OCTAHHROMY BHUIAJKY B 3—5
pa3iB Ounplle, HDK y mepuoMmy. TpaHcmipalliiiHi BUTpaTu TpaB (TOJOBHUM UYHWHOM
CYHWYHHKA) Jmmie Maike Ha 17 % MeHmn TpaHCHipamifiHuX BUTpaT 370POBOTO
32- piYHOTO COCHOBOI'O Haca PKCHHS. 3a WOro JaHMMHU HAA3E€MHI 1 MiA3eMHI OpraHH
POCIIMH JOCSTAIOTh y by3ymylbkoMy OOpy 3HAYHUX PO3MIPIB, IO MPU3BOIUTE 0O
BUCHAKEHHS TIPYHTY HE JIMIIE MO0 BOJOTHU, a ¥ MOXMBHHX pedyoBHUH. [{um
NOSICHIOIOTHCSL BUMAJIKH, KOJIM 3apOCil TpaBaMHU COCHOBI KYJbTYpH, a00 MOOJMHOKI
COCHM MalOTh NMPUTHIYEHUN CTaH, yHOBUIbHEHUN HaBITh HAa POAIOYUX IPYHTax W 3a
J0CTaTHHOTO 3a0€3MeUEHHS X BOJIOTOIO.

Ha 1pyHTax, BKpPUTHX TpaB’SHOKO PpPOCIMHHICTIO, BUIIAPOBYBaHHS W€
IHTCHCHUBHIILIE HIK Ha TOJUX, OCKUIBKM OJHOYACHO 3 BHUIIAPOBYBAHHSM 3HA4YHA
KUIBKICTh BOJIOTHM BUTPAYa€ThCsl POCIMHAMHM Ha TpaHcmipaliio. B Toil ke yac mpu
BUIIAPOBYBaHHI 3 TIPYHTYy, MOKPUTOTO TPaB’sIHOIO POCIWHHICTIO, CIIOCTEPIraroThCs
INPOTUJIEKHI TPOLECH: POCIUHHUI IOKPUB, 3 OJHOro OOKY, 3aTpUMy€ ONaJH,
BHACJII/IOK 9OTO 3MEHIITYEThCS TOTPATUISTHHS BOJIOTH B IPYHT, 3 1HIIIOTO — BiH 3aTPUMYE€
MOBEPXHEBUH CTIK, BHACIIIOK YOI0 BUHMKA€E HAOUIbIIa (DUIbTpALlisi BOJIOTH Y HUXKHI
mapu TIpPyHTY, IO CTBOPIOE€ HWOTO TIJBUINEHE 3BOJIOKEHHS 1 BIJAMOBIIHO
BUIIapOBYBaHHs. ButpaTtu Bojoru Ha cymMapHe BUNIApOBYBaHHS 3HAXOIUTHCS Y TICHIN
3aJIEKHOCT1 B POCTY 1 PO3BUTKY POCIHMH MPOTITOM BereraiiitHoro mepioay. Ha
wioniax, Je OyJlo MpOBEIEHO CKOUIYBaHHS, CyMapHE BHIIApOBYBAaHHS MiCIA
CKOUIYBaHHS PI3KO 3HMKYETHCS 1 IO Mipl TOSIBU CBIXKOI TPaBU MiJABULLYETHCS 3HOBY.
HaiiGinbiie BunapoBye KyHU4HUK — 283 MM, ToJIMH — 258 MM, ronuii micok — 200 MM
(¢p13uune BunapoByBaHHs) [32]. Benuke BunapoByBaHHSI BOJIOTH OTOJICHUM I'PYHTOM
BigmiuaB B.€. Jlebenen [29]. CuiibHE BUNIApOBYBaHHS OTOJICHUM I'PYHTOM MOPIBHSIHO
13 TPYHTOM, IMOKPHUTHM TpaB’sHOW pociuHHicTI0, B.E. KazakoB [22] moscHioe ix

PI3HUM TEMIEPATypPHUM PEXUMOM IPYHTIB.
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CocHoBHI JIiC Ha TMIIIAHUX TIPyYHTAXx BUCYIIyE IX HE OuUIbIle, HIK
CLITBCBKOTOCIIOIAPCHKI KYJIbTYpH, 00 JTy4YHA POCIMHHICTD, a 3 IIEBHUX YMOB HaBITh
MEHIIIe, HIXK 3JJaKOBa POCIMHHICTh. |HKONM BIUIMB TpaB’sTHOI POCIMHHOCTI HA IPYHT
MOK€ OyTH CHUJIBHIIIUM, HIK YHUCTOTO COCHOBOIO JepeBoctany. [lpu cuibHOMY
HarpiBaHHI TMOBEPXHI IPYHTY BOPOAOBXK JIHS BIITKY NPYXHICTb BOJASHUX MapiB y
BEPXHHOMY TOPH30HTI OyBa€ 3HAYHO BHUIOIO, HDK y TOBITpi. ToMy KOHIEHCAIlis
BOJISTHUX ITapiB y TPYHTI HE B1I0OyBaeThes [32]. BHoui, 32 3BOPOTHOTO CITIBBIIHOIIICHHS,
3a nanumu B.€. JleGeneBa, nocuth 4acTo BiiOyBaeThes 30araueHHs IPYHTY BOJIOIO Bij
napiB armocepu [25]. 3a HasBHOCTI TpaB’sHOI POCIMHHOCTI 3’SIBIIIETHCA Ha HIH
KOHJIeHcallia onaaiB (poca). Yacti 1 pi3ki 3MIHU TEMIIEpaTypu MPUIPYHTOBOTO IIAPY
MOBITPS 1 IPYHTY, @ TAKOX HPYXKHOCTI BOASHUX MapiB IPHUBOAATH A0 30arayeHHs
BOJIOTOI0 BEpPXHIX TOPU3OHTIB IpyHTY [29]. Ha muiomax, MOKpPUTHX TpaB’ SHOIO
POCIIMHHICTIO, BOJIOTICTh IPYHTY 3MIHIOE€TBCA PI3KIlIE, HIXK BUIbHUX [ 16].

Hocmimkennss IL.I. KanpHoro [24] mnokazaiu, 10 BIiAHOCHI BEIMYUHU
KOe(DiIiEHTIB BUHOCY MOXUBHUX PEYOBHHI 3 IPYHTY 1 €(PEKTUBHICTH BUKOPUCTAHHS
OCHOBHHUX €JICMEHTIB JKUBJICHHS JCPEBHUMHU POCIMHAMH 3MIHIOETHCS 3aJICKHO BiJ
I'PYHTOBUX YMOB 1 010JIOTIYHUX BJIACTUBOCTEW JEepeBHUX BUIIB [24]. 3’gacoBaHO, 110
MDK Koe(illleHTaMHd BUHOCY 1 BMICTOM €JIEMEHTIB UBJEHHS ICHYE 3BOPOTHA
3JIEKHICTh: UMM OlIbllIe B IPYHTI a30Ty, Gocdopy 1 Kanito B JOCTYMHIN hopmi, TUM
MEHIIIa BEJIMYMHA KOe(DIIIEHTIB BUHOCY. [HINE SBHIE CHOCTEPITAETHCS IIOA0
B32€EMO3B 3Ky MK BMICTOM €JIEMEHTIB JKUBJICHHS B IPYHTI Ta €()EKTHUBHICTIO
BUKOPUCTAHHSA 1X: TaM, JIe B IPYHTI MICTUTHCS O1IbIIIE€ €JIEMEHTIB KUBJICHHS MA€EMO 1
Outbily e(eKTUBHICTh iX BHUKOpUCTaHHA. [l TpaB’ssHUX pociuH OaraThMa
AOCTITHUKAMH BCTAHOBJICHO, IO TOPSAJ 3 TOTJIMHEHHSM 13 TPYHTY €JIEMEHTIB
KUBJICHHSI Ma€ MicIie JiecopOllisi KOpeHsIMHU JeSKUMH €JIEMEHTIB Ha3aa y rpyHT. Llei
npoliec Bi10yBa€ThCs MEPEBAXKHO B KiHIII BereTallli.

["'M. Bucoupkuii [17] Bigmivyae, M0 pUXIUH MOPUCTHIN 1 HE IyKEe MILHHUMA
MEPTBUU TIOKPHUB J00PE 3aXUINAE TPYHT BiJ] COHAYHOTO CBITJIA 1 YHIUIBHIOOYOT il
BOJISTHUX Karlellb 1, KPIM TOT0, 3alIKO/KY€E MPSIMOMY BUIIapOBYBaHHIO BoJioTH [25]. Bin

K€ BKazye, LI0 MOBEPXHS IPYHTY OUIbIIE BUCYIIYETHCS TaM, /€ BOHA HaWOUIbII
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BIJIKpUTA, B TOM 4Yac, SIK, BJIACHE, IPYHT HAMOLIbIIE BUCYLIYETHCS i 3apOCTIMU
TpaB’sSIHUX POCIIMH 1 HAMMEHIIIE — MiJT MOJIOAMMH HACAJKEHHSIMU, B SKUX MMPOBOJSTH
00pOoOITOK IPYHTY.

3aTiHAIOYM TIOBEPXHIO, TpaB’sHAa POCIUHHICTh TEBHOIO MIPOI0 3HUKYE
TEMIEpaTypy TIpPyHTy, WI0, B CBOIO 4Yepry, NPU3BOAUTH [0 CIOBIIHHEHHS
KUTTEIISUTBHOCTI MIKPOOPTaHi3MiB, PO3KIJIay OpraHIYHUX PEUYOBUH 10 MIHEPATbHUX
CIOJIYK, MEPEIIKO/I’KA€ 3aCBOEHHIO €JIEMEHTIB MIHEPAJIbHOTO KUBJIEHHS CaJKAHISIMU
cocHu [22].

BruiuB Tpap’siHOI POCJMHHOCTI HAa KYJbLTYPH COCHHM 3BHMYAiiHOI. [[ns
JICOpPO3BEACHHSI 0COOIMBUI IHTEPEC MA€ BUBUEHHS BIUIMBY TPAB’ sIHOI POCIMHHOCTI HA
pICT 1 PO3BUTOK MOJIOJUX HacaJKeHb. B3aeMOBITHOIIEHHS JE€PEBHUX BHUIIB 1
TpaB’sSIHUX POCIUH OCOOJIMBO SICKPABO BUSBISIOTHCS Yy TMEPIIl MEPIOTU SKUTTS
HACa/HKEHHs, KOJM KPOHU JE€PEeB HEJOCTATHHO 3IMKHYTI, 1100 3aTiHIOBaTH IPyHT. B
yMOBaxX IHTEHCHBHOTO PO3BHUTKY TpaB’SHUX POCIMH MIX HHMH Ta COCHOIO e
’KOPCTKA KOHKYPEHIIisl 3a MOKUBHI peYOBUHU Ta BoJiory [22]. 3 1iporo morisy Iikasi
pesynbratd otpuMaB B.H. Cykados [19], 1110 MOYKH 3)1aKiB MPUMYIIYIOTH KOPEHEBY
CHUCTEMY MOJOJIUX AYOKIB PO3BUBATHUCH Y O1AHIIIIOMY IMiI30JIMCTOMY TOPHU30HTI [25].
AJenonaTuyHUMH JOCTIPKEHHSIMH BCTaHOBJICHO, 1[0 HETATUBHUM BITUB TpaB’sHOI
POCIIMHHOCTI MPOSBIISIETHCA HE JIUILE B KOHKYPEHIIi1 3@ MOXUBHI PEYOBUHH 1 BOJIOTY, &
i y TOMy, 10 KOPEHEB1 BUIIUICHHS TPaB’SHUX POCIHH, 30KpeMa MHUPII0, HEraTUBHO
BILUIMBAIOTh Ha PICT MOJIOAUX AYyOKiB [15].

BrmvB TpaB’sHOT POCTMHHOCTI HAa PICT 1 PO3BUTOK CAKAHINB COCHH [0
S-piyHOTO BIKY BiI0OYBa€ThCI OCHOBHUM UMHOM uepe3 KOpeHeBy cucteMy. B nepHoBo-
MIJ30JMCTUX TPYHTaX JyXe Majio a30Ty, a TOMY J€PEBHI POCIMHU YacTO B1IUyBalOTh
HOro HecTady, 110 MiATBEPIKYIOTh Aocaimkenns I[1.M. Pemesosa [36]. BiTunsusHi Ta
3apyO1’KHI JOCTIAHUKH JIOBEJIU, III0 TPaB’siHI POCIUHM MOCWIIOIOTh HECTady a30Ty B
I'PYHTI, IEPEXOIUTIOI0YH HOro y AepeBHUX BUAIB [36]. binbil Toro, TpaB’sHi pOCIHHU
CTBOPIOIOTH B TPYHTI yYMOBH JJIS BTpPAaTH a30Ty, OCKUIBKM iX KOpPEHEBI CHUCTEMHU
nOTpeOyIOTh OLIBIIOI KIJTBKOCTI KMCHIO 1 BIATaK CIIPUSAIOTH IpolLiecaM JeHITpudiKaIii

[22]. Tak y 01HO- Ta IBOPIYHMX JIICOBUX KYJIbTYpax COCHU (hOPMYIOTHCS CBOEPITHI HE

36



THEORETICAL FOUNDATIONS IN RESEARCH IN ENGINEERING

CTIWKi, JWHAMIYHI YTPYNOBaHHA, SKI XapaKTepU3yKOTbCS HU3BKOI BHIOBOIO
MOJIOHICTIO MPAKTUYHO 3 yCiMa IHIIMMH BIKOBUMH KaTETOPISMH JIICOBUX KYJBTYD
[14].

VY mmuiibkax YOTUPIYHUX KYJIBTYp MICTUTHCA B cepeiHbOoMY 14,7 Kr/ra a3oTy.
B3zarani, B 1ipoMy Billl B Ha/I3€MHI 4aCTUHI COCHU MICTUTHCS 19 KT a30Ty, B KOPEHSIX
— 2,3 xr/ra, ToAl SIK B TpaB’siHIM pOCIMHHOCTI MiCTUTHCS BianmoBiaHo 31,2 kr/ra 1 24,3
kr/ra. @ocopy BUHOCUTHLCS COCHOIO B CEPEIHBOMY 7,9 KT, TpaB’SHOIO POCIMHHICTIO
— 19,4 kr/ra; kamiro: cocHoro — 12,4 kr/ra, TpaBamu — 53,5 xr/ra [22]. B.1. SIkymes [39]
BIJIMIYA€E, IO B XOJII POCTY KYJbTYp COCHH 3a MOCTYIOBOTO BUTICHEHHS TpaB’sSHOI
POCIMHHOCTI 0anaHC MOKUBHUX PEYOBUH CKJIAJAETHCS HA KOPUCTH JIEPEBHUX BU/IIB
[39]. Yxe B 15-piuHOMY Billl 3 PI3HOTPABHO-3JIAKOBUM MTOKPHUBOM COCHA BUHOCHUTh 3
rpynty 105 kr/ra a3oty, a TpaB’sHa pociauHHICTh — 81 kr/ra. HaitOunblny KiJIbKICTh
pamioaktTuBHOTrO (hochopy MOrIMHAE KYHUYHUK Ha3eMHUM, mo B 1,8 pasi Oiiblie
MOPIBHSIHO 3 COCHOIO.

VY BCIX THUIIaX JIICY CIIOCTEPITaeThCs 301UIbIICHHS KIJTbKOCTI MOKUBHUX PEYOBUH
13 301JIBILIEHHSAM KUIBKOCTI JIOTJIAJIIB 3a IPYHTOM SIK y psAfax, Tak 1 y Mukpsaaax. L1
3MiHU J00pe MOMITHI y BepxHboMy 10-TH cM miapi IpyHTy. [3 30UTbIIEHHSAM TITUOWHU
pI3HUIIA 30BCIM HE MOMiTHA, ab0 HaBiTh i1 Hemae. SBuIlE 30UIBIICHHS KUIBKOCTI
MOKMBHUX PEYOBMH y BEPXHBOMY IIapl TPYHTY TMOSCHIOETHCS, 3 OJHOTO OOKY,
3HUINECHHSIM TpaB’sIHOI POCIMHHOCTI, SKa 3HAYHO Oi7bIIa 3a COCHY TOTJIMHAE
MOKUBHUX PEYOBWH, 3 IHIIOTO OOKYy — TOBEPHCHHSM TOKMBHHX PEYOBHH UeEpe3
po3KJIaJ cTeOe 1 IUCTKIB, 3apO0JICHUX B IPYHT MiCis Aorsny [22].

Kopenesa cuctema TpaB’ tHUX pOCIMH Ma€ BEJIMKY MOTIMHANIBHY mtomry. Ha 1 r
HaI3eMHOT MacH POCIMHHM Ipunazaac Big 1 1o 7 m2. B mepii 10 pokiB Tpas’sHi pOCIUHE
MOTIPIIYIOTh MIHEpaJdbHE Ta BOJHE KUBJICHHS JEPEBHUX BUJIB, MPUTHIUYIOTH iX
IIKIVIMBUMUA ~ KOPEHEBUMH  BUJIUICHHSIMH, 3HIDKYIOTh TOpupicT J1epeB [39].
[IpurHiyeHHs COCHM TpaB’sSIHOIO POCIHHHICTIO 3HUXYE OCBITJICHICTH OCTaHHBOI,
3MEHIIy€ TpaHCHipalio, o0Mexye ¢GOTOCHHTE3, M0 € TPUYUHOI [OTAHOTO
HaKOTMYEHHSI OPraHIvHOi Macu cajpkaHisaMu [22]. Pazom 3 Tum, TpaB’sHI POCIHHHU 3

POKY B PIK MiJABUIIYIOTh MOTEHIIHHY POAIOYICTh IPYHTY 32 PaXyHOK HAKOTHMYCHHS
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ryMycy Ta MEpeBOJy HH3KM HE3aCBOIOBAaHUX €JIEMEHTIB Yy 3acBOIOBaHI, SIKI B
MOJIANIBIIOMY peai3yIOThCsl MICS 3MUKAaHHS KPOH JEpeB, TOMY IHTEHCUBHICTh POCTY
Haca/pKeHb B 1eil nepion (15-20 pokiB) 3HaYHO MOCHUITIOETHCA. TpaB’siHI POCIMHU B
MOJIOAMX KYJbTYypax COCHH pPO3BUBaIOTH y 10—15 pa3iB OuIblly NOTIUHAIBHY
MOBEPXHIO KOPEHEBUX CHCTEM, HIXK cocHa [39].

[Mkona, sIKy CIPUYMHSAIOTH TPaB’siHI POCIMHM CaJKAHISIM COCHHU, MOXe OyTH
0e3mocepeIHbOI0 a00 1M001YHOI0. B 0cTaHHROMY BUIIAJKY BOHA MOJISTAE Y BUCHAYKECHHI
I'PYHTY BHACJIJIOK MOTJTMHAHHS MOKUBHUX PEYOBUH 1y BUCYIIyBaHHI Yepe3 BUTPATU
BOJIOTM Ha TpaHCHipamlio. IpyHT, 0COONMBO Mij 37aKaMM, YHIIILHIOETHECH, 8 TOMY
BUTPATH HAa BUIMAPOBYBAHHS 30UIBIIYIOTHCS: y BUMAAKY OLIbII, a00 MEHII 3HAYHOTO
MIPOCUXAHHS IPYHTY IHTEHCUBHICTh XUTTEAISUIBHOCTI MIKPOOPIaHi3MiB B HBOMY
3HIDKYETBCS, @ Pa30M 3 IIUM MPUIHHSIETHCS 1 0arato XiMi4HMX MPOIECIB PO3KIIATLY
JCOBOT MIJICTUJIKHU, EPEX1J] PI3HUX COJIEH Y JIETKO 3aCBOIOBAHI POCIMHAMU 3’ €IHAHHS,
TaKOK 3HHMKAIOTh JOIIOBI YEPBH, K1 BIAITPAIOTh 3HAYHY POJIb y MepepoOLll IPYHTY 1
MEXaHIYHOMY MepeMIlTyBaHHI OCTaHHBOTO. be3mocepenHbo TpaB’siHa POCIMHHICTD
BUSBIISIE IPUTHIYYIOUMI BIUTMB Ha MOSBY CXOJIB Ta X PO3BHUTOK, a TAKOXK HA MOJIOI
HACa/PKEHHS, CTBOPIOIOYM MEXaHIYHI NEPEIIKOAM MAJs iX PO3BUTKY. 3arlylIeHHs
CISIHIIIB 1 Ca/IPKAHIIIB B1I0YBA€ThCS BHACIIIOK HECTa4yl HOTPIOHOTO iM IPOCTOPY SIK JJIS
PO3BUTKY KOPEHIB, TaK 1 HaJA3€MHOI YaCTHUHU, BiJl HECTAyl CBITJIA, BOJIOTH, €JIEMECHTIB
MiHEpaJbHOTO >KHUBJIEHHS. KpiM TOro, 3umor0 cyxi crtebiia miJ THUCKOM CHITY
HABAJIIOIOTHCS Ha 1€ HE 3MIIHIII POCIMHY 1 1aMatoTh iX. ['ycTa TpaB’siHa pOCIMHHICTD
HE P1JIKO CTa€ MPUXUCTKOM JUIsl MHIIICH, K1 CTBOPIOIOTH B Hill THi31a. Cyxa TpaBa, 110
nepesuMyBaiia, sBisiE COOOI0 JIETKO3aMHUCTUH Matepiai, TOMY Yy MOXKEKHOMY
BIIHOIIEHHI BOHA BHCTYIA€ JyXe HEOE3MeYHOW ISl JICOBOr0 TOCIOAapCTBa,
0c00JIMBO BeCHOIO [22].

3a wiacudikaiiero HiMmelpkoro mnpodecopa ['ecca kMBI JiCOBI Toproyi
Marepiaiau AUISIThCS Ha JIBl Tpynu: 1) TpaBu 1 TpaB’THUCTI POCIMHMU; 2) XBOS, JIUCTA 1
TUIKA JgiaMeTpoM MeHIe 6 MM. 3rigHO JaHUX OOCTEKECHHS TOPUIBHHUKIB, JiaMeTp
6 MM — II€ BEpXHS Mexa JlaMeTpy KMBHUX JEPEBHUX MarepiajiB, Kl MOBHICTIO

3rOparoTh TIPH JIICOBIM Mmoxkexi [38].
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TpaB’siH1 POCIIMHU € HE JIUIIE MPSIMUMUA KOHKYPEHTAMH JIepEB 3a BOJIOTY, BOHU
CBOIMM Mi3EMHUMH 1 HAJA3eMHUMH OpraHaMH MEpelIKo/KalTh Audy3ii Trasis,
ra3000MiHy M) aTMOC(HEPHHUM 1 IPYHTOBHM TOBITPSIM, @ TOJIOBHE — TPABU BUIUISIOThH
y TPYHTOBE TOBITpS BENUKY KUIbKICTh BYIJIEKMCIOIO Ta3y B HACIiIOK 4YOro
IHTEHCUBHICTh TUXaHHS KOPEHEBUX CUCTEM JCPEBHUX POCIUH Y HAHOUIBII BiITOBITHI
Mepiod POCTy PI3KO 3HIKYEThCS. lle HeraTMBHO MMO3HAYAETHCS HA MOTJIMHEHHI
BOJIOTH JEPEBHUMHU BHUJIAMU 13 TPYHTY Ta Ha IXHOMY BOJISHOMY PEXHMI, HaBITh 3a
J0CTaTHLOTO BMICTY BoJioTH [22].

OTxe, Ha OCHOBI PO3IJIAHYTOTO Marepialy MOKHA JINTH O BUCHOBKY, IIO
TpaB’sSIHUW MOKPUB BUHOCHUTD 13 IPYHTY 3HAUHY KUIbKICTh €JIEMEHTIB KUBJICHHS 1 IIUM
3HIXKYE PICT KyJbTyp cocHU. EHepris nmorinumHanHs (pocaTiB COCHOIO y COTHI pa3
MEHIIIA HIK TpaB SSHUMH pOCIUHAMU. [IpoTAroM KUTTA TpaB’sTHUN MOKPUB HETATUBHO
BIUTMBA€E HA BOJHE XKUBJICHHS KYJbTYP COCHU; BCMOKTYIOUA CHJIa KOPEHIB COCHH ITiJT
BILUTMBOM TpPaB’sTHOT'O MOKPHUBY 30UIBIIYETHCS B 2—3 pasu.

PexomenaoBaHi 17151 JIicOPpO3BeIeHHS THIIN JIICOBUX KYJbTYP Ta IX OHIHKA 3
NMO3HUIli eKOJIOTiYHO OPiEHTOBAHOTO JiciBHUIITBA. «HacTaHOBHU 3 J11COBIIHOBJICHHS
Ta Jicopo3BeicHHs» [18] mpu micopo3BeACHHI PEKOMEHAYIOTh CTBOPIOBATH Y
3axinHomy llomicel Taki J1icOB1 KyJIbTypH:

1) Ha HamiB3aEPHIIUX MYCTHPSX 3 PIBHUHHUM 1 TOPOUCTUM PENTbe()OM B yMOBAX
A1 —4pC31pCo, abo 1pC3 13 cxemoro po3mimenHs 1,5%0,7512,5%0,5 wm;

2) TansBUHM 1 3pyOH pIAKOIICH BKPUTUX BepecoM (A _3) —4pC3lpbn, 7pC33pbm,
a6o 1pC3 13 cxemoro po3mimenHas 1,5%0,7512,5%0,5 wm;

3) cTapoopHi 3emili, rassBUHHU, myctuiia (Az3) — 4pC3lpbn, 7pC33pbn, ado
1pCs3 13 cxeMoro posminieHns 1,5%0,75 1 2,5%0,5 m;

4) ocymieni 6omota (Ass) — 4pC3lpbn, 9pC3lpbn, 1pC3 i3 cxemor0 camiHHS
3x0,5 m;

5) ctapoopHi 3emili, 3a7CpHIII MyCTUPl 1 TaJsIBUHH 3 PIBHUM 1 XBHJIICTUM
penbedom (B1) — 1p C i3 cxemoro caminus 2,5x0,5 m.

6) Bucyreni 6osiota (B4 s) — 4pC3lpbm; 4pC31pBiy; 1pC3 i3 cxeMoro caaiHHs
y B4—2,5%0,5 M, ay Bs —4x0,5 m;
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7) ocymieni 6onota (Cys) — 4pC3lpbn; 4pC3lpBau; 1pCs; 1pss; 1pBau i3
cxemoro po3mimieHHs B Cq4 — 2,5%0,5 M, y Cs — 3,0x0,75 M. A y OmoanenogioHux
3aMKHEHHMX TOHmKeHb — 3,0%0,5 m [18].

Jlan1 pexomeHpallii 31 CTBOPEHHS JIICOBUX KYJIbTYpP Y HaBEJIEHUX YMOBaX He
BIJIMTOBIIAIOTh HAJICKHUM YMHOM TO3UIlISAM €KOaTanTaI[liiHOTO BIJTBOPEHHSI JIICIB.
3anpomoHOBaHI  CXeMH 3MIIIyBaHHS HEOOXIAHO  JOTMOBHUTH  PO3IIMPEHUM
ACOPTUMEHTOM JIEPEBHUX 1 YarapHUKOBHUX JE€PEBHUX BHUIIB 13 BKJIIOYEHHSIM I10
MO>KJIUBOCTI YCiX KOMITOHEHTIB JIICY.

BucHoBku. 3aceneHHs 3eMelb, SKI HE BHUKOPUCTOBYIOTHCS, BIIOYBAETHCS
TOJIOBHUMHU Ta CYMYyTHIMHU JEPEBHHUMH BHJIaMU, ajie HE 3aBXJU PIBHOMIPHO 1 B
JOCTATHIM KUIBKOCTI, 13-3a J1i HECIPUATIMBUX YMHHUKIB. B Takux Bumagkax BapTo
OpIEHTYBATHUCS HA IPUPOHE TIOHOBJICHHS JICPEBHUX BU/IIB HA MOKUHYTUX 3EMJISIX, IIIO
MEXYI0Th 3 JicoM. Y 3axigHomy llosicci B OCHOBHOMY 11€ BIIOYBA€ETHCS 13 MIBHIYHOI
Ta 3aXiJIHOI CTIH JICY, TOMYy IO CaM€ TYT CTBOPIOIOTHCS YMOBH CHPHSITIIMBI IS 1X
pocCTy.

YucTi 3a CKIaA0M KYJIbTYpH, IO CTBOPEHI HA 3€MJISIX, K1 HE OyJM Mmijg Jicom
MEHIII CTIHMKI 1 YacTilIe MOIIKOKYIOThCS MKIJHUKAMU Ta XBOpoOaMu, a HIXK MIIIaHi
JIEPEBOCTAHH.

binbin nepeBakarouuM 1 €KOHOMIYHO BUT1IHUM, Ta HE 3aBXKIU 13 JICIBHUYOI
TOYKH 30pYy MPAaBHIBHUM 00pOOITKOM IpyHTY, € Hapi3aHHs 0oposeH [1KJI-70 ta pyune
caxinns mia med Konecora.

3anpoBaKyBaTH Hu(EepeHIIHOBaHMM MiIX1]] 10 CTBOPEHHS HACAJKEHb COCHH
3BHYAMHOI Ha JUISHKAaX, K1 He OYyJW Mg JIICOM, 3 METOK CTBOPCHHS 010J0TIYHO
CTIMHMX, BHUCOKONPOAYKTUBHUX HacaJKeHb. ToOTO Mpu JCOPO3BEACHHI BapTO
BBOJIUTH YBECh ACOPTHUMEHT JIEPEBHUX 1 KYIIOBUX BHJIB, IO BIAMOBIIAIOTH JTaHUM
THTIaM JIICOPOCTMHHUX YMOB.

3aiyyaTd MO MOKJIMBOCTI MPUPOJHUM TOTEHIIAl CAMOCTIMHOTO 3acejeHHS
JIEPEBHUX BHJIIB HA 36MJISIX 3 OMOCEPEIKOBAHUM JIICIBHUYUM IMOTEHITIATIOM, 3 METOIO
MPUIIBUJIIICHHS. TEMITIB 301IbIIEHHS] JIICUCTOCTI /IO PIBHSA ONTHUMAJIbHOTO Ta

3a0IIAPKCHHA ACPKABHUX KOIIITIB.

40



THEORETICAL FOUNDATIONS IN RESEARCH IN ENGINEERING

Jlep>kaBHUM OpraHaM BJIaJld CIPOCTUTH CXEMY Iepejadi 3eMellb, L0 He
BUKOPUCTOBYIOTHCA 32 MPU3HAYECHHSIM 1 MYCTYIOTh (TE€peoru), Ha SKUX YKe
MTOCEJIMIINACS CAaMOCTIHHO JAEPEBHI BUIH, a00 K MOXKYTh TTOCEIIUTUCS IMiCIISI KOMIUICKCY
3aXO0/I1B MO CIPUSHHIO IIOMY 1 3€MeJIb ITi]T JTICOPO3BEICHHS.

3 METOI0 CIIPUSHHS PO3BUTKY JIICOBOI POCIMHHOCTI HAa HE JIICOBUX JUISTHKAX
PEKOMEHJIOBAHO BHECEHHS B IPYHT JICOBOI MACTUIKHA 3-TiJ TOJOTY CTHUTJIHX
Haca/DKeHb, SIKa CIpUs€ 30UIBIICHHIO B HBOMY KIUIBKOCTI BJIACTUBHUX JIICOBUM
eKocucTeMaM 0e3XpeOeTHUX TBApUH 1 MIKPOOPTaHi3MiB.

[[Inpoko BUKOPUCTOBYBATH 1HIIN CIOCOOM OOpPOOITKY TIPYHTY, SKI OUIBII
e(deKTUBHINIE CHOPUITUMYTh Ha PICT 1 PO3BUTOK MOJOAMX pociauH. Hanpuxmnan,
CTBOPIOBAaTH MIKPOIIIIBUIIICHHSI HA TEPE3BOJIOKEHUX JUISHKAX, 110 JAacTh 3MOTY
30anaHcyBaTH (1310JI0T1YHI MTPOILIECH CTBOPIOBAHUX JIICOBUX KYJBTYD.

3anpoBagUTH CTBOPCHHS HACA/PKCHb CYYacHHM TIOCAJIKOBHM MaTepiajioM,
30KpeMa 13 3aKpUTOK KOPCHEBOIO CHCTeMOw Tuily «bpuka», 10 mM03BOIUTH

3M1MCHIOBATH CaJIIHHS YBECh BETeTAIIHUMN MTEPIO/.
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SECTION 3. ARCHITECTURE AND CONSTRUCTION

10.46299/1SG.2022.MONO.TECH.3.3.1

3.1 3arajbHa MeTOAMKA JOCJIIIKEHHS «CBITJIOBOI CKJIaJ0BOD» apXiTeKTypHHX
MiCHKHMX CHCTEM

HaykoBo-TeopeTnuHo0 0a3010 Il TPOBEIACHHS JAHOTO JOCHIDKEHHS €
MOJIOKEHHSI TaKMX HAYKOBUX JHUCIHUIUIIH SK CBITJIOTeXHIKa, ¢urocodis, Teopis
iH(dopmartii, ecreTuka. BpaxoByrouu midcoucyuniinapuuii Xapaktep J0CIiHKYBaHOT
npoOjieMH, TEeHepalbHOI CTpaTeriero poOoTh OyB O0OpaHUNA CHUCTEMHHUH 1
KOMILJIEKCHUH IAXOIH.

Cepen BaXXJTMBUX HAYKOBHUX PO3POOOK, SIKI CTAIW HIATPYHTSM 71l BUSHAUCHHS
METOJMKH JaHOTO JOCHIDKEeHHs, ciif Buaumtu MoHorpadii M.M. I'ycera, B.T.
Makapesuua, M.B. O6Gonencekoro, A.H. Pimmu, B.M. ®ipcanoBa (Pocis), T'.I.
JlaBpuka (Ykpaina), Moseda I'pamku (Crosakis), Moxeba Koco (Benrpis), SIxbs
Basipi (€Erumner). Tak, Moxed Koco Ha OCHOBI peTeIbHOT0 BUBUECHHS €BPOIEHCHKOTO
JIOCBITy MQJIOITIOBEPXOBOTO JKUTIIOBOTO OY/IIBHUIITBA, PEAII30BAHOTO B TIEP101 HA MEXK1
JIBOX THUCSYOJITh, MPOaHai3yBaB 00 €KTH 010apXITEKTYpH, TaK 3BAHUX «COHSYHUX
Oy IMHKIBY.

[Tepmr HiXXK TPHUCTYNUTHA A0 TPOBEICHHS ITAHOTO JOCHTIDKCHHS, HEOOXiTHO
3YMUHUTUCS HA TOJIOBHOMY MHUTAaHHI — BUOOP1 3arajbHOI METOOJIOTIT AOCTIHKSHHS.
Ile BuKIMKaTO HEOOXIAHICTh 3BEpPHYTHUCS A0 0a30BHX JKEpeNl y ramysl Teopil
apXIiTeKTypu 1 poOIT, MPUCBSIUYCHUX METOJIOJIOTIYHUM TMPOOIEeMaM JOCIIKEHHS
apXITEKTYPHUX CHUCTEM, CEpel AKX BUILIIETHCS JTOKTOPChKA qUcepTallis mpodecopa
I".I. JTaBpuka (1980 p.). Moro HaykoBa KOHIELis IPOJIILIa apoOaIio B my6IiKamisax
1 peanbHUX po3poOkax (Hampukian, y Kasaxcrani, B reHepanbHOMYy Tutani M. Kuea),
OyJia TakoK BUCOKO OIliHeHa JlepxrianoM, miareepkeHa BAKowm.

3 Mo3WIlii eKOJOTIYHOTO MiAXOAYy Haml 00’€KT (apXiTeKTypHE CBITJIOBE
CEPENIOBHUIIE) € HE TEXHIYHOK CHUCTEMOIO, SIKa PETYJIOEThCS HAa OCHOBI TEXHIKO-
€KOHOMIYHHMX KPUTEPIiB, a CUCTEMOIO B3aEMOJIIT JIIOAMHU (HACEICHHS) 1 OTOYYHYOTro

il MaTepiaJbHOTO CepenoBHINa, M0 3a0e3rneyye HeOoOXiTHI YMOBH KUTTEIISILHOCTI
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JIOJIUHM, 1 CTIPSIMOBAHA HA 3aJ0BOJICHHSI MOT0 COIladbHUX 1 O10JOTIYHHUX MOTPEO, —
nemoekocuctemoro. [lpunnmmnoBa cTpykTypa nemoekocucremu (puc. 2.1.1.)
CKJaiaeThes 3 KomnoHeHTiB: H — nacenenns, E — npupoane (HatypHe) cepenoBuine, |
— IITy4He (apXiTeKTypHe) cepeaoBuile. HaceneHHs BIuMBaE Ha MPUPOAY 1
MEePETBOPIOE ii TUIBKK 3a JOTOMOTOI0 apXiTEKTypH, TOOTO «IPYyroi MPUPOIN.
Benuuesnuii BrunB (akToOpiB MITYYHOTO CEPElOBHUINA Ha MPUPOIY 1 HACEJIEHHS, Ha
fioro O1oJIOTiYHI Ta coIliajbHI TPOIIECH, BiJ3HAYAETHCS OararbMa BUYEHHUMH CBITY.
ApXITEeKTOpH BCiX 4YaciB BU3HABAIM BAXJIMBY pPOJIb IITYYHOTO CEPEIOBHINA B
KUTTEIISIIBHOCTI JIFOJCBKOTO CYCIIUJIBCTBA K «OOOJIOHKM» IS PI3HUX MPOIIECIB,
TOOTO OITIHIOBAJIM CEPEIOBHIIE TIILKH 3 TTO3UIIIN TEXHIKO-EKOHOMIYHHUX KPUTEPIiB, 110
€ TIOMIJIKOBUM. Y B3a€EMOJIIi 3 CEPEOBHUINEM CaMe HACEJICHHS BU3HA4Ya€ MOBEIIHKY
JIEMOEKOCUCTEMH, a, 3HAYUTh, MPOBIJTHUMHU MarOTh OYTH «JIIOJCHKI», a HE TEXHIYHI
Kputepii onTUMaibHOCTI. [Ipu AOCHIDKEHHI apXITEKTypHI CHCTEMH MOXYTh OyTH
PO34WICHOBAaHI HA KOMIIOHEHTH 3a JIBOMa OCHOBHUMH O3HaKaMH — (PYHKI1OHAJIbHIH 1
MPOCTOPOBIiH. J[eMOeKOoIOriYHMI MiAX1]] BUMarae po3ujieHyBaHHs 00’€KTa Ha SIKICHO
pi3HI (QYHKIIOHAIBHI €J1eMEHTH. EleMeHTH 1eMOeKOCHCTEMHU MOBUHHI BAOOpakaTH
HE0OX17H1 3 GYHKIIOHATBHOI TOYKU 30py (CUCTEMOYTBOPIOIOY1) BUU JISTILHOCTI, SIK1
XapaKTEPU3YIOTh ii SIK LIUIICHY CUCTEMY, 1[0 CAMOOPTaHI3y€eThCs.

I'.1. JlapukoM po3poOJieHa MPUHIIUIIOBA CXE€Ma BIUIMBY 30BHIMIHIX (PaKTOPIB 1
B3a€EMO3B'SI3KY BHYTpIMIHIX (AKTOPIB 1 €JIIEMEHTIB (IMiJICUCTEM) apXITeKTYpPHUX
o0'ektiB. Y miii cxemi: @ — rpyna ¢akropis «[IPUPOJHE CEPEJOBHIIIE»
(kTiMaTUYHI, TOMOTEONIOTIYHI, pecypcHi); @y — rpyna dakropiB «HacenenHs»
(memorpadivHi, coriajibHi, EKOHOMIYHI TTapaMeTPH KUTTENISUTBHOCTI HaceIeHHs ); My
—rpyna (akropis «IHTYYHE CEPEJIOBUIIE» (cdepu BupoOHHULITBA, CIOKUBAHHS,
HAayKOBO-TeXHiUHA cdepa). BHyTpimHi daktopu (®Pmu, ®m, Pae) BU3HAYAIOTH
(YHKIIIOHYBaHHS JEMOEKOCUCTEMHU B paMKax O0OMEXeHb, 00YMOBIIEHUX 30BHIIIHIMU
(daxTopamu. DakTop (COHIIE), IO JOCHTIKYEThCS HaMU, 3HaX0AuThcsl y Pg. CoHIle
(D), 5K 30BHINIHIA (AKTOP BIUIMBAE HAa MPUPOAHY CKIaaoBy ([E) 1eMOeKOCHCTEMH.
(de) 3Bepraethes g0 (JAm), a (JIm) — e meromosoris. Takum duHOM, coHIle (Pk)

00pobisie dakTop 3 TOUKH 30py aAemoekocuctemu (g) mertomonoriero (m).
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Merononoris roBOpHUThb, IO JAHKOK — MOTHUBATOPOM CHCTEMH € HaCEJICHHS.
be3yMoBHO, coHIle HarpiBae MOBEPXHI MaTepialiB 1 MOXKE iX HaBITh 3pYHHYBaTH, Bij
COHILIA BiAOYBA€THCSI BUTOPSHHS KOJBOPY PI3HUX MartepiamiB. AJie TOJIOBHUMN BILIKB
COHIIE poOUTHh Ha JOAWMHY. HaWrojgoBHIMIMM y JISVIBHOCTI apXiTeKTopa €
MPOEKTyBaHHS KOM(OPTHOTO cepedoBuia s JroAel. ToMy MM MOBHMHHI
MPOaHaJI3yBaTH COHsYHE CBITIO (PE) y KOHTEKCTI KOMITOHEHTIB: (Ph) 1 (Dr). Y Moiit
po6orti (JIm) anamnizye (®ag), AKHiA € BHYTPIIIHIM (aKTOPOM K peakilis CUCTEMH Ha
«IUPEKTUBHI» BIUTMBM  30BHIMHIX (akropiB. [am (BigmoBigno mo cxemu [.1
JlaBpuka) Oima cTpiiika (3BOpOoTHHH 3B'a30K) Bin (®ak) Hae Ha (Hde) — pe3yinbrar
poGoTu. [IpoananizyBaBiiu 110 npsimy (OLTy CTPUIKY), MOXHA OyJ1e 3pOOUTH BUCHOBOK
po Te, SIK MPUPOJHA CKIAJ0Ba JEMOCKOCHCTEMH TOBUHHA IIKABUTHCS COHIIEM, SIKI
MOBMHHI BpPaxOBYBAaTHCS TapamMeTpu 1 BUPINIYBATHUCA 3aBIaHHS, SK HEOOX1THO
BIIKODUTYBaTH HOpPMaTHUBHY 0a3y, $K BOHa MoOXe OyTH OIOCEpeJKOBaHA
KOHCTPYKTUBHHMH 3aX0JIaMH 1 JIFOJTUHOIO.

MeTon00TIYHOI0 OCHOBOIO JIAaHOTO JIOCHIPKEHHS MOXe OyTh oOpaHwuii
CUCTeMHHMH TIJIX1J SK HaNpsSIMOK, OPIEHTOBAHWW Ha BHUBYECHHS: CHEIU(DIYHUX
XapaKTEPUCTUK CKJIQJIHO OPTraHi30BaHUX O0’€KTIB 1 PI3HOMAHITHOCTI 3B’S3KIB MIX
eJIeMEHTaMHU, iX PI3HOSKICHOCTI Ta CyHiAPSIHOCTI.

ITi3HanHsS 00’€KTa fAK CHCTEMH BKIIIOYAE€ 1O ceOe: BHU3HAYCHHS €EJICMEHTIB
CHUCTEMHM; OpraHizaiiro abo CHCTeMH 3B’S3KiB; BJIACTUBOCTI CHCTEMH; BH3HAYCHHS
MO>KJIMBOCTEW CTBOPEHHS Ta TEHJICHILIIM 3MIH CUCTEMHU.

[TopiBHSHO TOYHKMM BU3HAYEHHSAM MPEIMETHO-TIPOCTOPOBOTO CEPEAOBHINA, SKE
MO>KHA BIJIHECTH J10 apXiTekTypH, € BusHaueHHs B.C.Troxtina (1972 p.). Bin Bu3navae
1€ MOHATTS SIK MHOXXUHY TIOB’SI3aHUX MI>)K COOOI0 KOMITOHEHTIB TOM UM 1HILIOT TPUPOIH,
YIOPSAIKOBAHUX 32 BITHOIICHHSIMHU, SIKI BOJIOJIIOTH IIJTKOM ITEBHUMH BJIACTUBOCTSIMHU.
[le MHOXWHa, KA XapaKTEPU3YEThCS €IHICTIO, MO0 BHUPAXKAETHCS B IHTETPATBHUX
BJIACTUBOCTAX Ta QYHKUISIX MHOKUHU. Bimomo BusHaueHHs: «CTpyKTypa 00’ €KTa SIK
CUCTEMH € BHUJ KOMMO3MIIi, a00 BHUJ YMOPSIKOBAHOCTI €JIEMEHTIB, KU CTIAKUN
(iHBapiaHTHUM) BIJHOCHO BHM3HAYEHUX WMOT0 3MIH, MEPETBOPEHbY. I[lpu 1BOMY

CTIMKICTh 3aJIMIIAETHCS ¥ MPH BIAHOCHIN «yHIKaJIbHOCTI» 00’ €KTa.
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B.C. TioXTiH TiIKpEeCIioe, U0 y BUMNAAKY, SKIIO HAC LIKAaBUTh T€OMETpUYHA
dhopma, TOOTO MPOCTOPOBA CTPYKTYpa YHIKAJIBLHOI'O 00’ €KTa, CIIOPY/AH, ApXITEKTYPHOI
nam’sITKY, JIIOAWHU, TO MOTO MpOEeKIii Ha pi3HI MOBEpPXHi, SIKI PO3TAlIOBaHI Mij
PI3HUMH KyTaMH CXWJIy MO BIJHOIICHHSIM OJWH JI0 OAHOTO, MOKHA PO3IJIANIaTH SIK
nepeTBOpeHHs 1i€i ¢popMu. [HBapiaHT 1UX MEPETBOPEHB € BIACHOIO T€OMETPUUYHOIO
dopmoro 1poro o6’ekta. B 1bOMy BH3Hau€HHI aBTOpP PO3MHUGPOBYE TMOHATTS
«IHBApPIaHTHOCTI» apXITEKTYpHOI (JOpPMH, a TAaKOXK IMPSMO BKa3y€ Ha 3B’A30K IMOHATH
«apxXiTeKTypHa ¢opmay, «CTpyKTypa» Ta «reomerpuuHa (opma». B.C. TroxTin
CTBEPJIXKYE, 10 «yCl TPU MOMEHTH — Pi3H1 €JIEMEHTH, P13H1 BUJIM BIITHOCHH Ta MOPSIIOK
€JIEMEHTIB MO JaHUM BIJHOIIEHHSM — 1 CTBOPIOIOTH MOHSTTS CTPYKTYpH Ta € ii
CKJIaJIOBUMI).

Jlnst  apxiTeKTypHOro oO0’€KTa eJeMEeHTaMu € JIOKali30BaHl (OCBITJICH1)
MPOCTOPH, BIAHOCHMHAMM — iX 1€papXidyHa CyHIAPSIHICTb, 3aCHOBaHAa Ha (YHKIIII,
MOPSOK €JIEMEHTIB IO IAaHUM BIJIHOCUHAM — X 3B’SI3KH Y BIAMOBIAHOCTI 3 (PYHKIII€IO.

[.Lb. MuxaiioB pga€ BU3HAYCHHS NPEAMETHO-IIPOCTOPOBOI CUCTEMH Ta
CcTpyKTypHu: «CHcTeMa — KOMIUIEKC €JIEMEHTIB, sIKI B3a€MO3B’si3aHI MK COOOI0 Ta
CTBOPIOIOTH [IEBHY LILIICHY €1HICTh. CUCTEMA CKIIQAA€ThCA 3 €JIEMEHTIB, CTPYKTYpH Ta
BUKOHY€ TIEBHY (PYHKI110. APXITEKTYpHI €1€MEHTH — BIIHOCHO HENO1JIbHI YaCTUHU
IJI0r0 00’€KTa. ApXITEKTypHA CTPYKTypa — CTIMKMN 3aKOHOMIPHUHM 3B’S30K MK
eJIeMEHTaMU CUCTEMU. APXITEKTypHA (PYHKIIIS — 30BHIITHE BUSBIICHHS BIACTHBOCTEH
00’€KTa B CUCTEMI BITHOCHHY.

Ak yxe Oyso JOBEeIEHO OLIBIIICTIO JOCTITHUKIB, MICTO — II¢ JUHAMIYHA
cucTeMa, TOMy IO B i1 MeXax JIE€ThCS MOCTIMHUN PO3BUTOK, 3MIHM Ta B3a€EMOJIIi
CKJIaJIOBHUX 1i KOMIIOHEHTIB. MiCTO sIK cHCTeMa SIBJis€ COOOK CKIaAHy OYyIOBY, sika
CKJIQ/Ia€ThCS 3 B3AEMO3B’SI3aHUX KOMIOHEHTIB. KoMmoHeHTH MiChKOi cucTeMu
MIIPO3AUIAIOTECS HAa KOMIIOHEHTH MPUPOAHOTO (HATypaJIbHOTO) Ta IITYYHOTO
MOXO/DKEHHS (1HXKEHEPHI, apXITEKTYpHI Ta IU3aiiH-00’€KTH). Y CBOIO Yepry, KOKHHMA
apXITeKTYpHUN 00’ €KT SIK IUIICHICTH, JI0 CAaMOTO HWOTO IHTEp €PHOTO CEpPEOBUIIA,

TaKOX SIBJISIE COOOI0 CUCTEMY .
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J{nst po3yMiHHSI POIECIB B3a€MO/I1i BCIX KOMITIOHEHTIB SIK yCEpEeauHI MIChKOT
CUCTEMH, TaK 1 KOMIIOHEHTIB 0€3MOCepeHhO yCepeaHI KOKHOTO 00’ €KTa BUHHUKAE
HEOOX1/THICTb PO3YMIHHS 00’ €KTIB SIK CKJIaJHOI CUCTEMH 31 CTPYKTYpPOIO €IEMEHTIB, 3
MOKJIMBOIO JICKOMIIO3HUIIIEI0 Ha TIJICUCTEMH, 1 CHCTEMHOTO MiAXO0Iy, 1 CHCTEMHOTO
aHaJizy i€l CTPYKTYpH.

TyT cucrema — 1e IHiJliCHE, OPraHIYHO €IMHE CTBOPEHHS, K€ CKIAJA€THCS 3
MHOXXHHH €JIEMEHTIB, 10 3HAXOASATHCS Y BITHOCMHAX a00 3B’si3KaxX OJMH 3 OJAHHUM, a
MiJICUCTEMA — BITHOCHO HE3aJIe)KHA YaCTUHA CUCTEMHU, 3’ €THYI0UYA CIEMECHTH, BUIIICHI
pH JEKOMITO3ULIIi (P03’ € JTHAHHS CUCTEMH Ha YACTUHM 3apajiy i1 JOCIIJIKEHHS), Ta sIKa
peanizye BUKOHAHHS JIEsKO1 (QYHKII, 10 3a0e3neuye MOCITHEHHS 3arajibHOi METH.
EnemMeHT cucremu — HallpocTilla HEMOIIIbHA ii YaCTUHA, sIKa BIAMOBIAA€ TPAHUYHO
JETATBHOMY PO3TJIAy CUCTEMHU B paMKaXxX 3aBJIaHHS, 110 BUPIIIYETHCA, a IUTICHICTh —
HalBaXJIMBIIIA XapaKTEPUCTHKA CUCTEMH, KOTpPa BHUSIBIISIETHCS B TOMY, IO B TIPOIIEC]
B3a€MO/IIi €JIEMEHTIB, K1 BXOJATH JI0 il CKJIaJy, BUHHKA€E MPUHIIMIIOBO HOBA SIKICTh,
BJIACTUBICTb, AKIM HE BOJIOJIE JKOJICH 3 €JIEMEHTIB, 110 BXOJATh Y CUCTEMY.

CTpyKkTypa CHCTEMH — ONHMC CYKYIHOCTI €JEMEHTIB (CKJIaJ CHCTEMH) Ta
HaWOIBI CTIMKUX 3B S3KIB (B3a€MO3B’A3KIB) MK HUMH.

CucteMHMI TAX1 OPIEHTYE NOCHITHUKA HA PO3KPUTTS LILJIICHOCTI 00’ €KTa, Ha
BUSIBJICHHSI PI3HOMAHITHUX THUIIB 3B’SI3KIB y HBOMY Ta 3BEACHHS iX B €AUHY
TEOPETHYHY KapTUHY.

I'.I. JlaBpuk (1970 p.), mipkyroud mpo HpoOJEeMU CUCTEMHHX HOCIIKEHb
apXITEKTYPHOI KOMITO3HIIi1, TUCaB, IO «3 MO3UIIIH CUCTEMHOTO MiAX0IY apXiTeKTypa
BKJIFOYA€E JI0 cebe maTepialibHEe CEpe/OBHUIIE SIK MiJICUCTEMY Ta € HE TEXHIYHOIO
CHUCTEMOI0, a €KOJIOTIYHOK CHCTEMOI0, sKa 3a0e3rnedye HeoOXigHI O10JIOT1YHI Ta
COIIJIbHI YMOBHM KUTTEMISUIBHOCTI JIIOJICBKOTO CyCHUIbCTBA. ApPXITEKTypa SIK
eKOCHCTEMA JIIOJMHU Ma€ JESKY CHUIBHICTh 3 010-€KO-CUCTeMaMH, OJHAK y HUX € 1
MPUHIUITIATBHT BIAMIHHOCTI: SIKIIO OCHOBOIO 010-€KO-CUCTEM € MPUCTOCYBAHHS
(amamrarist), TO JIOACHKE CYCHUIBCTBO AKTHBHO J€ Ha TPHUPOAHE OTOYCHHS,
CTBOPIOIOYH «IPYTy TPUPOAY», SKa BIAMOBIIAE JIIOACBKUM KputepisMm. Jlrojaceke

CYCIILJIBCTBO € B €KOCUCTEMI ... JIJAHKOIO — «MOTHBATOPOM» MOBEIIHKH Y L1JIOMY, TOMY
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TEXHIYHI KpUTEpii B HaIlll €KOCHCTEMI € BaXKJIMBUMHM, ajeé HE BU3HAYAJIbHUMHU.

OfHMM 3 BaXJIMBIIIMX 3arajbHUX HPHUHLHUIIB APXITEKTYPHOI KOMIIO3ULII €
MPUHIIAIT KOMITAKTHOCTI, MPUHIIMIT BU3HAYaJIbHUX O3HAK, MPUHILMUI 1HBap1aHTHOCTI
CTpyKTYypu» [41].

Lleit mepernik, 3BU4aitHO, HE BUUEPITY€ BCHOT'O YMCIIA APXITEKTYPHUX MPUHLIUIIIB.
Kpim cnierudiuno apxiTeKTypHUX MPHUHIIUIIIB, ICHYIOTh 3arajibHi CHCTEMHI MTPUHIIUITN
— IJIICHOCTI, 3BOPOTHOTO 3B’SI3KY, 1€papXii moOyI0BH Ta 1HIII.

[TpyHIMIT KOMMAKTHOCTI IHTYITUBHO YCBIJOMIIIOBABCSI apXiTEKTOpaMH BCiX
€I0X Ta BUPaKaBCs Yy MParHeHH1 O «IIPOCTOTH», «JIAKOHIYHOCTD?, «3aKIHUEHOCTI». 3
JABHIX TMip YyBary 3004UX NPUTITYBaIU «HAWAOCKOHAMIII» (HAWKOMITAKTHIIII)
reoMeTpuyHi (popmu — Kpyr Ta KyJs. HacTynHul ix aHasi3 npu3BiB A0 (OPMYITIOBAHHS
TaK 3BaHOI 130MEPUMETPUYHOI TeopeMmH. [IparHeHHs apXiTEeKTypu A0 HPOCTOTH €
B1JI00payKEHHAM 3arajibHOr0 MPUHUUITY «HANMEHIIOI A11», IKUA MICTUTHCSA B TOMY, IO
OyIb-sKHil Ipolec ado SBUILE B KUBIMA a00 HEXKUBIN MPUPO] ITParHe A0 MiHIMAIbHO
HEOOX1HUX BUTpAT CHEPTii.

['epon AnekcaHapiCbKUI BIAKPUB, 110 MPOMIHb CBITJIA MPOXOAUTH MK OKOM
Ta JDKEpeJIOM CBITJIA MO KOpPOTHIOMY NUIAXy. Y mnoxpaneiiomy ¢izuk E. Depwmi
chopMyIIrOBaB IPUHIIUIT MOBEIIHKU CBITJIa: CBITJIO OOMpAE 13 BCIX MOMIIMBUX IILISAXIB,
AK1 3’€IHYIOTh JIBI TOYKH, TOM LUISIX, SKUM MOTpeOye HAWMEHIIOro 4acy sl Moro
MPOXOJIPKEHHS, TOMY 1110 y CBITI HE BiAOYBa€ThCA HIYOTO, Yy YOMY HE Oysio O BHUIHO
CEHCY SIKOTO-HEOYb MaKCUMyMy a00 MiHIMyMYy [42].

biodizukom H. PameBchkuM CTOCOBHO 3XKHMBOi mpupoau cHopMyibOBaHUMN
OPUHITUIT  «MaKCUMaJIbHOI TPOCTOTH» ab0 TMPUHIUIN aJCKBATHOI KOHCTPYKIIIi,
BIJIMOBIJIHO JI0 SIKOTO KOHKPETHA CTPYKTypa a00 KOHCTPYKIisl, ICHYIOUa B MPUPO/I], €
HAWIPOCTIMIO 3 MOXJIUBUX CTPYKTYp a00 KOHCTPYKIIH, 3/I0HUX BUKOHATH JaHY
¢yHkuio adbo rpyny QyHkuii [42].

['.I. JlaBpuk Big3Ha4yae, MO SKIO TMPUHIMI KOMIIAKTHOCTI Ta MPHHIIUII
BU3HAYAJIIBHUX O3HAK HAJICKUTh 7O SKICHHX (METPUYHHMX) ACIEKTIB apXITEKTYpHOI
TEOpii, TO MNPUHIMUI 1HBAPIAHTHOCTI CTPYKTYPHU HOCHUTH SIKICHUWA (peIsiiiiHmil)

xapaktep. Hum 3poOsieHHii BaKIMBUN BUCHOBOK: BIJHOIICHHS MDK €JIEMEHTAMH
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(miacucreMamu) MUTICHUX apXITEKTYpHUX 00’ €KTIB IHBapiaHTHI JJis BCIX 00’ €KTIB, 5K
OM OCTaHHI HE BIAPI3HSUIMCS CKIIAJHICTIO a00 MpHU3HAYCHHSAM (a00 THM YH 1HIIUM
OJIHOYACHO).

0.0. Tin Bu3Havyae 00’€MHO-TIPOCTOPOBY CHUCTEMY SK «CHUCTEMY, IO
B3a€MO3B’s13aHa 00’ €MHO-TIPOCTOPOBHMH €JIEMEHTAaMHU, KOTPI BOJIOAIIOTH CTIHKHMHU
npuHIUIaMu GopMOTBOpeHH:». Le 1 € MOHATTS iHBapiaHTa.

Y poboti JI.B. baxapeBa po3risgaroThCcs 3arajbHI METOJOJIOTIYHI OCHOBHU
PO3paxyHKy COHSIYHOI pajiaifii B yMOBax IMPOCTOpPY, IO E€KPAHYETHCS, METOIHKA
TCOMETPUYHOTO PO3PaXyHKYy 1HCOJAIII HA OCHOBI METOJY YHCJIOBUX BIIMITOK, IO
JeXUTh B ocHOBI rpadikiB ['. MapTti Ta A.M.Pynuunekoro [43].

Metonu po3paxyHKy iHcoyAlii (Tpadiku, MOPUCTPOi) PO3POOMIN TaKOXK
I'. IIneibkep, M Twaposcekuii, B.I' Makapesuu, JI.B bepimze, A.f. llreitn6epr,
B.M IliBkin, I.B Mapriani. Haiibinbmr panioHaabHUMU BU3HAHI 1€HTUYHI METOAM
I Mapti, A.M. Pynnunbkoro ta M TBapoBCBKOro, 3aCHOBaHI Ha 3aCTOCYBaHHI
«lHcomsamiinux TpadikiBy abo «CoHSYHMX JHIAOK», posnoBctokeHnx [.C.
CyxanoBum Ta b.A. [lynaesum [43].

Sk BiJIOMO, CHCTEMHUHN aHaI3 — HAYKOBHM METOJI IM3HAHHS, SIKUW SBJISE
co0010 MOCIIOBHICTD 11 3 YCTAHOBJIEHHS CTPYKTYPHHUX 3B’SI3KIB MK MEPEMIHHUMU
a00 eJeMEHTaMH CHUCTEMHU, IO JOCIIKY€ETbCs. ICHYe BellMKa KIIbKICTh METOMAIB Ta
MeToauK cucteMHoro anainizy (CA), siki MOXKyTh OyTH BUKOPUCTaH1 JIsl pO3B’ sI3aHHS
3aBJlaHb, MOB’SI3aHUX 3 MPOBEICHHAM JOCTIKEHb CKIAIHUX, C1a00 CTPYKTypOBaHUX
cucteM. Jlo uywcia HaWOLIBII €PEKTUBHUX METOAIB TPUUHATTSA PINICHb MpU
JOCTIKEHH] CKJIQHUX CHUTYyallld HaJeXuTh MeTon aHamzy iepapxiii (MAI),
3anponoHOBaHU aMepukaHcbkuM yueHuM T.Caati. Meron mapHux mnopiBHsHb T.
Caati BUKOPUCTOBYETHCS JIJIsl MPOBEACHHS CYy0’ €KTUBHUX OIIIHOK, TOOTO KOJM HEMae
MO>KJIMBOCTI YMCEJIbHO OL[IHUTHU CUTYall110. BCTAaHOBIIEHHS BaXXJIMBOCTI1 €J1€MEHTIB MpU
MapHOMY TMIOPIBHSHHI € BIAOUTTS CHPOMOKHOCTI JIFOJAMHHU JIO BHCJIOBIIFOBAaHHS
BIIHOCHUX (TMOPIBHSUIbHUX) CY/KeHB. [Ipu ToMy, 1110 BOHA 3a3BUYail yTPYIAHIOETHCS
BiJIpa3y OLIHUTU 0araToaclneKkTHy npobieMy B LuioMy. JlaHHWil METO/I ONUPAETHCS HA

JICKOMITO3HUIIII0 CUCTEMU Ha OUIBII MPOCTI CKJIAMOBI i YaCTWHUW, MPOBEACHHS 3a
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CreliaJIbHOK (POPMOI0 E€KCIEPTHOrO OMUTYBAaHHS OCI0, SIKI MPUHAMAIOTH PIIICHHS
(OITP) Ta noganblry MaTeMaTUYHy 00OpOOKY iX CYKEHb.

Ananiz mpobieMu TpuHATTA pimeHs y MAI (MeTonl anamizy iepapxiif)
MOYMHAETHCA 3 MOOYA0BH 1€pApPXIUHOI CTPYKTYPH, SIKa BKIIFOYAE TPH piBHI: | piBeHb —
e Bubopy; Il pisens — kpurepii; III piBeHs — anpTepHaTHBYU Ta iHIII (HAKTOPH, IO
PO3TISAAIOTHCS Ta K1 BIUTMBAIOTH Ha BUOIp pilieHHsA. BupimeHHs ckiaaHoi npoliemMu
3aB/IM € MPOIIECOM MOETAIMHOI0 BCTAHOBIICHHS MPIOPUTETIB. lepapxis — cTpyKTypa
CUCTeMM, KOTpa TMpHU3HAYeHa [JIsi BUBYCHHS (YHKI[IOHATBHUX B3aEMOIIN i
KOMITOHEHTIB Ta iX B3aeMOJiNl Ha cucteMy B IjioMmy. Ll cTpykTypa Biga3epkaiioe
PO3yMiHHS TTpoOJIeM 0c000¥0, 110 TPUKMAaE PIIICHHS.

BepmmHowo iepapxii € TOJOBHA IijIb, €JIEMEHTH HIKHBOTO PIBHS SIBISIOTH
MHOXMHY BaplaHTIB JOCSTHEHHS MU (QJIbTEpHATUB), €JIEMEHTU MPOMDKHHUX PIBHIB
BIJINOBIJIAIOTh KpUTEpiAM ab0 (akropam, sKl 3B’A3yIOTh LIb 3 aJIbTEPHATUBAMH.
[ToGynoBa Takoi CTPYKTypH JloIOMarae mpoaHalli3yBaTh BCl aCMEKTH MpoOiIeMu Ta
OLIBIII TIMOOKO BHUKHYTHU B CYTh 3aBJIaHHS.

KoxxHuil eneMeHT iepapxii MOXe SBISATA PI3HI aCHEKTH 3aBJaHHS, IO
BUPIIIYETHCS, MMPUUOMY JIO YBaru MOXYTh OyTH TPHUHHATI SIK MaTepiasibHi, TaK 1
HeMarepianbHl (DAKTOpH, KUIBKICHI MapaMeTpH, $KI BHUMIPIOIOTBCA, Ta SKICHI
XapaKTEepPUCTHKU, OO0 €KTHBHI JaHl Ta CyO’€KTUBHI €KCIepTHI OI[IHKH. OCHOBHE
3aBAaHHS 1€papXii — OIlIHKA BHINMX PIBHIB, BUXOJSYM 3 B3aEMOJII PI3HUX PIBHIB
lepapxii, a He Oe3MmocepeIHbO1 3aJIeKHOCTI BiJl €JIEMEHTIB Ha X piBHAX. lepapxiuHa
cucTeMa OUIBII CTiMiKa Ta THyYKa — MaJTi 3MiHM BUKJIMKAIOTh MUK €(eKT, a T0JaTKH
HE pyHHYIOTb 3arajbHUX XapaKTEPUCTHUK.

Hactynnuii eran anamizy — 3a JOMOMOIOI MPOLEIYpH MAPHUX MOPIBHIHB
BU3HAYCHHS MPIOPUTETIB, 5K ABJISIOTH COOOI0 BIIHOCHY BaKJIMBICTH a0O MEPIIICThH
€JIEMEHTIB KOXHOi rpynu noOyaoBaHoi iepapxiyHoi cTpykrypu. IlomioHO
HWMOBIPHOCTSIM, IPIOPUTETH — OE€3pO3MIPHI BEIUUHUHH, SIKI MOKYTh HA0yBaTH 3HAUECHHS
Bil HyJsl M0 oauHWIl. YuM OBl BeMTWYMHA MPIOPUTETY, TUM O1IbII 3HAYHUM €
BIJINOBIIHUY oMy eremMeHT. CyMa NpiOpUTETIB €J1EMEHTIB, MIAMOPSIAKOBAHUX OJJTHOMY

€JIEMEHTY BHIIE JISKAYOTO PIBHA i€papxii, mopiBHIoe omuuuill. [Ipiopurer mim 3a
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Bu3HaueHHsIM JopiBHIOE 1.0. [{imboBa QyHKINSE — MaTeMaTUYHO MPEJICTAaBJICHA b
IPOEKTY.

be3po3MipHi NpiopuUTETH T03BOJIAIOTH OOTPYHTOBAHO MOPIBHIOBATH PI3HOPIIHI
(haxTopu, 110 € Bi3HAYHOI 0co0auBicTIO MAI. SIKIIIO IPIOpUTETH BCIX €IEMEHTIB HE
BcranoBmincsa OIIP (ocobGamu, mo nmpuitMaioTh PilIeHHs), TO 32 YMOBYaHHSIM BOHHU
BBAXKAIOTHCA OJTHAKOBUMH, TOOTO KpUTEpii MAIOTh PIBHY BAKJIUBICTH 3 TOUKH 30Dy
11711, @ TPIOPUTETH BCIX aJIbTEPHATUB PIBHI 32 BCIMa KPUTEPISIMHU.

Jlst mpoBesieHHs Cy0’ €KTUBHUX TApPHHUX MOPIBHSAHD (KOJM HEMAE MOXKIUBOCTI
YuCceIbHO OLIHUTH cuTyarlito) T. CaaTi 3arponoHOBaHa I1Kajia BiJTHOCHOT BaXKJIMBOCTI,
npejcTaBiieHa B Tabmi 1.

Tabm. 1.

[IIxana BIZHOCHOT Ba)KJIMBOCTI1

Koedirient
BIJTHOCHO1 )
. BusnaueHns curyaiii
BaYKJIMBOCTI
1 PiBHa BaXJMBICTh, IPIOPUTETHICTh
3 [TomipHa nepeBara
5 IcToTHa (cuibHA) IEpeBara
7 Jly>ke 3HayHa repeBara
9 [TpuromommnmBa nepeBara
[TpoMixkHI 3HAYEHHS MK JIBOMA CYCIIHIMU CYJKEHHIMHU
2,4,6,8 : :
(1711 KOMITPOMICHUX CUTYaI1id)

Ha 3axnrouHoMy etani aHami3zy 30MpaeTbes 1HPOpMaLis 3 YCIX YYaCHUKIB IS
PO3CTaBJICHHS TPIOPUTETIB, MATEMAaTUUYHO OOPOOITIOETHCS Ta BHUKOHYETHCS CHUHTE3
(J1iHIMHE 3ropTaHHs) JOKAIbHUX MPIOPUTETIB YCIX €JIEMEHTIB 1€papXii, B pe3yJibTari
AKO1 OOUYHMCITIOEThCS KIJIbKICHA OIHKA (Ir100ajJbHUX) MPIOPUTETIB albTePHATUBHUX
pillieHh  BIAHOCHO TOJIOBHOI 1um. Kpamoro BBaXaeTbcsl ajabTEepHATHBA 3
MaKCUMaJbHUM 3HayeHHsM mpiloputery. [lociaigoBHe BUKOHAHHS BCiX KpokiB MAI

(MeTomy aHamizy iepapxii) mepeadadae MOKIMBICTH 3MIHM CTPYKTYpH lepapxii, 3
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METOI0 BKJIFOUEHHSI JI0 HET KPUTEPIiB Ta allbTEpHATHUB, 1110 3HOB 3’ BUJIKCS a00 paHiiie
HE BBAXKAJUCS BAKIMBUMU.

VY Teopii apxXiTEeKTypu CHUCTEMH KIACU(IKYIOTbCS Ha «BIAKPUTI» Ta «3aMKHYTD».
Cucrema € «3aMKHYTOIO», SIKIIO Yy HEI HEMae OTOYYHYOro CEpeloBHINA, TOOTO
30BHIIIHIX KOHTAKTYIOUHX 3 HEIO CUCTEM. [0 «3aMKHYTHX» HaJeKaTh 1 TI CHCTEMH, Ha
SKi 30BHIIIHI CHUCTEMH HE OKa3ylTh 3HAYHOTO BrumBYy. CHCTeMa Ma€ Ha3BY
«BIIKPUTAY, SKIIO ICHYIOTH 1HIII, 3B’ 3aH1 3 HEI0 CUCTEMH, KOTP1 BIUIMBAIOTh HA HEl 1
Ha SKI BOHA TEX BIUTUBAE. YCi JKMBI CUCTEMHU — II€ «BIOKPHUTI» cucteMu. Hexusi
CUCTEMHU € BIJIHOCHO «3aMKHYTUMH». HasiBHICTH 3BOpPOTHOTO 3B’SI3Ky HaAUIAE iX
JEKOTPUMHU HENOBHUMM BJIACTUBOCTSIMHU >KMBUX CHCTEM, MOB’SI3aHUX 31 CTaHOM
pPIBHOBAry.

Cucremu 3a CBOIM XapakTepoM MOJAUISIOTBCA Ha <«JIETEPMIHOBaHI» Ta
«IMOBIPHICHI». Y «IETEepMIHOBAaHUX» CHCTEMAaX €JIEMEHTH OJHO3HAYHO B3a€EMOMIIOTH
TOYHO BU3HAYEHUM UYMHOM. Y Takid CHCTEMI 3B 3Ky MIX €JIEMEHTaMHU CYBOpPO Ta
OJIHO3HAYHO BU3HAUYECHI, JETEPMIHOBAHI 1 TOMY iX HA3MBAIOTh «JIETEPMIHOBAHUMID)
cucteMaMu. [l «J1€TE€pMIHOBAHUX» CHUCTEM BAaXKJIMBHUM € MOHSTTS LUIICHOCTI. Y
«MMOBIPHICHUX» CHUCTEMaxX 3B’SI3KM MIXK €JI€MEHTaM HOCATh BHUIIQJIKOBUN XapakTep.

ApximexmypHa cucmema — 1€ BIAKpUTa CUCTEMa, TOMY IO ICHYIOTH I1HIIII,
3B’s13aH1 3 HEK CUCTeMH (OTOYYIOYa MPUPOJA, JIFOJICHKE CYCHUIBCTBO Ta 1HIII), SIKI

OKa3ylOTh Ha HEl BIUIMB 1 HA SIK1 y CBOIO YEPr'y BILUIMBAE apXITEKTypHA CUCTEMA.
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SECTION 4. COMPUTER SCIENCE

10.46299/1SG.2022.MONO.TECH.3.4.1

4.1 Implementation of information and mathematical models and algorithms in
the software environment

The main component of object-oriented analysis in the development of an
information system is the decomposition of the problem into separate classes of
concepts (conceptual classes) or objects. Domain modeling is one of the initial stages
of system design, which is required to identify, classify, and formalize information
about all aspects of the domain that determine the properties of the system being
developed.

The description of the subject area of epidemiological system research was
carried out using the UML language and the Visual Paradigm CE tool integrated in the
Netbeans IDE. When modeling the subject area, it was assumed that the designed
software environment is intended for entering, saving and processing information
about epidemiological systematic studies [44].

The system must provide the following basic functions:

- collection and processing of statistical epidemic information;

- development of compartmental mathematical models based on statistical data;

- quantitative forecasting of the development of the spread of epidemic diseases;

- development of immunoprophylactic measures;

- making decisions about the shape of the epidemic curve.

The main functions actually describe the technical task of this system.

The characters. The selection of categories of system users is, as a rule, carried
out informally. When choosing actors, we used the features proposed in:

- users participate in various (independent) business processes;

- users have different rights to perform actions and access information;

- users interact with the system in different modes: from case to case, regularly,

constantly.
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Based on these characteristics, we come to the following categories of users in a
first approximation:

- epidemiologists — scientists who work with epidemiological models and
statistical data, develop diagrams of transitional states;

- system analysts — scientists who develop epidemiological mathematical
models, carry out their quantitative and qualitative research;

- sanitary-epidemiological service (SES) - SES specialists working on collection,
storage and primary processing of statistical data on the spread of epidemic diseases.
Forming a representation of the diagram of the use of the software environment of
epidemiological system studies. An epidemiologist is called an Epidemiologist, a
systems analyst is called a Systems Analyst, and a SES specialist is called an Epidemic
Service Officer [45].

Options for use. The analysis of the technical task allows us to identify the
following options for use:

- collection of statistical epidemic information;

- processing of statistical epidemic information;

- development of compartmental mathematical models;

- guantitative forecasting of the development of the spread of epidemic diseases;

- development of immunoprophylactic measures;

- making decisions about the shape of the epidemic curve [46].

Relationships in the usage chart. In the first approximation, two types of
relationships are used in the usage diagram: the association between the actor and the
use case, which shows how the actor in one way or another interacts (gives input,
receives a result) with the use case; dependence between use cases, which shows that
one use case depends on another (in this case, the dependence is that in a certain
scenario of an independent use case, a dependent use case scenario can be inserted as
a subsequence of actions in a certain place - the "extend" stereotype ).

Based on how actors participate in scenarios belonging to certain use cases, it is

advisable to establish associations:
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- for epidemiologists with options for use "development of compartmental
mathematical models"”, "quantitative forecasting of the development of the spread of
epidemic diseases"”, "development of immunoprophylactic measures”, "making
decisions about the shape of the epidemic curve";

- for system analysts with options for use "development of compartmental
mathematical models", "quantitative forecasting of the development of the spread of
epidemic diseases”, "development of immunoprophylactic measures”, "making
decisions about the shape of the epidemic curve";

- for specialists of SES with options of use "collection of statistical epidemic
information”, "processing of statistical epidemic information™.

In addition, there are dependencies (stereotype extend) between certain usage
options. Thus, the usage option "processing of statistical epidemic information”
depends on "collection of statistical epidemic information™; the use case "development
of compartmental mathematical models" depends on "processing of statistical
epidemic information™; the use options "quantitative forecasting of the development of
the spread of epidemic diseases" and "development of immunoprophylactic measures"
depend on "development of compartmental mathematical models"”; the use option
"making decisions about the shape of the epidemic curve" depends on "quantitative
forecasting of the development of the spread of epidemic diseases" [47].

Usage chart. So, if we look at this usage model from the most general point of
view, we can see that the model contains: an internal modeled system in the form of a
set of usage options connected by dependencies; external environment in the form of
actors; the connection between the modeled system and the external environment in
the form of associations between actors and use cases. The internal part, separated by
boundaries, has a specific name in UML - subject [48].

Implementation of use cases. For each of the use cases, the goal was to describe
all the scenarios that make up the use case. At the same time, two types of diagrams
were used - action diagrams and sequence diagrams.

Thus, the use case for the collection of epidemiological information is

represented by an action diagram ( Fig. 1)
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Name Gather Epidemic Informaticn

Drescription | 3Gip enipemivo’ iwdopmauii
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Cia'llm Weekly Epidemic Information )
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W
Caaﬁu Daily Epidemic Information )
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varad By Visual Paradigm Ca -.:.-.i:--@

Figure 1. Action diagram "Collection of epidemic information™

The procedure for collecting epidemic information (weekly or daily data) is

determined by the incidence exceeding the epidemic threshold value [49].

At the same time, the use options "Collection of weekly epidemic information”

and "Collection of daily epidemic information™ are implemented by sequence diagrams

(Fig. 2).
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Epidemic Database

Epidemic Service Officer

1: openWeekly EpidemicDataForm()

2: filWeekly Epidemic DataF oref} T

Weekly Epidemic Data Form

2.1: createWeeklyRecord()

newWeeklyRecord :
=) WeeklyEpidemicData

e e e e e e T e e

2.2: insert(newWeeklyRecord)

4
i

3: closeWeekly EpidemicDataFormy() = ______'_: _____
31 :
< ------------------------ |
T P :; By Visual Paradigm Qommunity Edition Q
- 1
a)
Epidemic Database
Epidemic Service Officer :
|
|
|
|
|
|
i
1: openDailyEpidemicDataForm() |
Daily Epidemic Data Form I
.................... i
2: fill DailyEpidemicData Forin{} T |
P |
21 createDaﬂyRecord{) R :
——————————————— - - - Dai y e 3
I lyEpide micData
| I
| |
| |
2.2: insert(newDailyRecord) ] :
:
3: closeDailyE pidemicDataFormy() = 2.3 |
____________ i
P |
3:1: : :
I B e Ll | |
i ‘IJ 1B il Paradigm !:J|> unity Edition €3
- )

b)
Figure 2. Sequence diagrams for the use cases "collection of weekly epidemic

information” (a) and "collection of daily epidemic information™ (b)
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The use case "processing of statistical epidemic information” includes the
calculation of epidemic thresholds based on previously accumulated information in the

database and the construction of epidemic curves (Fig. 3)

Epidemic Service Officer

Epidemic Database l
2: cak Epidemic Thresholds() |
2.1: createEpidemicThreshalds()
newEpidemicThresholds :
____________________ 2
) calculation of epidemic
3: plotEpidemicCurve() “ ™ |thresholds basad on annual

information from previous
years
3.1: createEpidemicCurve()

4: closeEpidemicDatabase()

newEpidemicCurve :
_________ Epi

B . | S—— |

@

Figure 3. Sequence diagram "processing of statistical epidemic information"

Compartment model development involves building models with one or two

!

Erocass Epidemic Inforrnation)

no i yes

), 4

two virus strains

virus strains in mind (Fig. 4).

Construct SLIAR-model Gonstmct two strains modeD

boms

Figure 4. Activity diagram for the "compartment model development" use case

The development of immunoprophylaxis measures is based on a previously

developed compartmental model. Such a model should be accompanied by controls
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such as the intensity of immunoprophylactic measures and corresponding quality

criteria (Fig. 5)
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Figure 5. Action diagram for the development of immunoprophylactic measures

(Nunerica! Integration of Control

Quantitative forecasting based on a previously developed compartmental model
begins with the identification of model parameters. Next, the numerical integration

algorithm of the model equations is applied (Fig. 6).
®
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Figure 6. Action diagram for quantitative forecasting.
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Qualitative forecasting of the epidemic curve includes both the study of the
stability of endemic states of models using Lyapunov methods, and the analysis of
more complex forms of trajectories (such as the prediction of repeated outbreaks) -

using data mining technology, through the construction of a decision tree (Fig. 7)
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Figure 7. a) action diagram for qualitative forecasting of the epidemic curve;

b) sequence diagram for building a decision tree.

The developed software environment is actually a decision support information
system intended for operation in the conditions of a research laboratory of infectious
diseases. An important task is forecasting the development of the epidemic with the
prediction of repeated outbreaks, as well as the development of optimal schemes of
preventive measures. The previously built information model was used in the
development of a decision support system for forecasting and development of optimal

prevention schemes for the influenza epidemic at the regional level [50].
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The input data entering the regional SES database is provided by the district
(city) state sanitary-epidemiological supervision weekly (in the period of rising
incidence, the data is transmitted daily). In addition to data for the construction of
epidemic curves, the database contains arrays of data with the results of simulation
simulation of epidemics and qualitative conclusions of epidemiologists, which will be
used for the construction of knowledge structures.

It is possible to increase the efficiency of prevention of acute respiratory
infections by applying methods of intelligent data analysis. It is appropriate here to use
data mining tools, among which the decision tree induction method and the sequential
coverage algorithm are chosen. To solve the problems, the use of these methods in the
environment of operational analytical processing is the most productive. Based on the
accumulated information, a decision-making support block for intelligent data analysis
has been developed, which for the user is represented by a set of forms for the
development of models, their quantitative and qualitative analysis [51].

In this case, the subsystem of intelligent data analysis is implemented on the
basis of developed compartmental models of the forecast of the development of the
acute respiratory syndrome epidemic. Therefore, a necessary condition for the analysis
Is the formation of analytical metadata for the processing system.

To assess the sensitivity and specificity of the built models, a cross-validation
test was used, i.e. a method of evaluating the model and its behavior on independent
data. To determine the classification value of the resulting prognostic model, the ROC
curve was used, followed by the determination of the area under it [52].

For the convenient application of the constructed models and working with the
database, in order to make a decision on epidemic forecasting and preventive measures,
a user application has been developed, which contains forms for filling in and
displaying information about the dynamics of morbidity and calculating the forecast of
the development of the epidemic and its qualitative analysis. If we consider the system
from the user's point of view, the most important criteria for him when working with
data are work with a user-friendly interface, high data processing speed, and the ability

to customize the system to his own needs.
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SECTION 5. ENERGY AND ENERGY ENGINEERING AND
TECHNOLOGIES

10.46299/1SG.2022.MONO.TECH.3.5.1

5.1 Thermophysical properties of polymer micro- and nanocomposites when they
are obtained by different methods

The increasing use of polymer micro- and nanocomposites is known to be
associated with their improved properties compared to unfilled polymers. The needs of
further development of this direction necessitate an in-depth study of the influence of
various factors on the main characteristics of these composites [53 — 60]. According to
the results of a number of studies, these characteristics significantly depend on the
methods for obtaining composite materials [61 — 67]. Said circumstance determines the
relevance of a comparative analysis of methods for obtaining composites to establish
the regularities of their influence on the structure and properties of composites. Of
particular interest is the conduct of relevant studies for high-heat-conductive
composites, the prospects for the use of which are associated with the manufacture of
parts for heat power equipment, installations for the chemical, food, processing
industries, etc.

This article is mainly devoted to experimental and theoretical studies of the
regularities of the influence of methods for obtaining high heat conductivity polymer
micro- and nanocomposites on their thermophysical characteristics.

During the experiments, the two most widely used methods for obtaining
polymer composites in engineering practice were used:

- method A, based on mixing dry components using a magnetic stirrer and an
ultrasonic disperser with further hot pressing of the resulting composition;

- method B, based on mixing the components in a polymer melt using an
extruder, with further giving the composite the required shape by hot pressing.

As for the second of these methods, within the framework of this study, one of

its modifications was used, in which the so-called disk extruders are applied, which are
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characterized by a number of well-known advantages in comparison with traditional
screw devices.

The considered methods were used to obtain composites based on polypropylene
filled with CNTs or aluminum particles. When conducting research, the mass fraction
of fillers ® varied from 0.3% to 10%. A description of the methods for manufacturing
these fillers and their characteristics is given in [68]. In this article there are also the
technics used to determine the thermophysical properties of the resulting composites.

Let us first consider the results of experimental studies of the dependence of the
heat conductivity coefficients A of polymer composites on the mass fraction of fillers
(CNTs or aluminum microparticles) when using methods based on mixing components
in dry form and in a polymer melt to obtain these composites. According to those
shown in Table 1 data, the use of the second of these methods makes it possible to
obtain polymer composites with significantly higher heat-conducting properties than

in the case of the first method.

Table 1. Dependence of the heat conductivity coefficient A of polymer
composites based on polypropylene, obtained using the methods of mixing
components in dry form (Method A) and in a polymer melt (Method B) when filling

the polymer matrix with CNT and aluminum microparticles

Method A Method B
® % Al CNT AL CNT
0.0
0.3 0.22 0.24 0.23 0.23
0.5 0.22 0.25 0.30 0.30
0.55 0.224 0.26 0.33 0.34
0.8 0.23 0.27 0.35 0.37
1.0 0.32 0.33 0.36 0.38
1.15 0.38 0.39 0.40 0.43
15 0.42 0.49 0.47 0.49
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Continuation of table 1

2.0 0.45 0.56 2.45 3.15
2.5 1.05 2.11 11.42 16.78
2.85 1.78 2.79 15.45 26.15
3.0 2.10 3.99 18.47 31.11
3.15 2.98 4.52 20.23 33.14
4.0 5.48 10.41 23.08 41.63
4.2 6.01 12.52 23.9 42.21
4.6 8.40 15.90 24.50 4401
5.0 10.68 17.40 25.39 45.82
7.0 19.44 27.82 27.03 54.56
9.0 23.90 32.11 28.56 57.69
10.0 2491 32.55 28.92 58.73

It is also noteworthy that the increase in the values of A associated with the use
of method B is more significant for a polymer composite filled with CNTSs than for a
microcomposite filled with aluminum particles. Thus, the differences in the values of
A for the two considered methods with a mass fraction of fillers of 5.0% are 28.4 W/(m
K) when CNTs are used as a filler, and only 14.7 W/(m K) when the polymer is filled
with aluminum microparticles.

As can be seen from Table 1, the discrepancies in the heat conductivity
coefficients of polymer composites obtained by various methods depend significantly
on the mass fraction of the filler . For both considered composites, these deviations
are insignificant in the range of o from 0.3% to 2%. With an increase in o, they
increase, reaching a maximum value at a mass fraction of fillers equal to 4%. At the
same time, the heat conductivity coefficients of composites obtained by method B
exceed the corresponding values for composites obtained on the basis of method A, in
the case of filling the polymer with CNT and aluminum by 4.0 and 4.2 times,
respectively. Further, with an increase in the mass fraction of fillers from 4% to 10%,

there is a tendency to reduce the discrepancies in the values of A corresponding to
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different methods of obtaining composites. Moreover, this trend is much more
expressed for aluminum-filled microcomposites. Here, the indicated discrepancies
decrease from 17.6 W/(m K) at ® = 4% to 4.1 W/(m K) at ® = 10%. For composites
filled with CNTSs, this decrease is not so significant, from 31.2 W/(m K) to 26.2 W/(m
K).

Let us briefly consider the features of the influence of methods for obtaining
composites on the effects of a sharp change in the value of their thermal conductivity
coefficients at certain values of the proportion of fillers . As can be seen from Table
1 for both considered composites, two jumps in the thermal conductivity coefficient
are observed. The first of them corresponds to the formation of percolation clusters
from filler particles, which are a kind of heat-conducting channels, the second - to the
formation of a percolation network, which is a highly thermally conductive medium.
As for the position of these jumps, it follows from the data presented that it varies
depending on the method of obtaining the composite. In this case, the values of ®
corresponding to these jumps, the so-called percolation thresholds, for method B are
shifted to the region of lower filler concentrations. Thus, for both considered
composites, the first percolation threshold is 1.15% and 0.55%, respectively, when
these composites are obtained by methods A and B. The second percolation threshold
corresponds to a concentration of CNTs equal to 4.2%, and aluminum microparticles,
4.6% method A. This threshold decreases when using method B to 3.15% particals and
to 2.85% when the polymer is filled with CNTs and aluminum microparticles.

The described picture of the influence of methods for obtaining polymer
composites on their heat-conducting properties is associated with the following
circumstances. As the results of the performed studies have shown, the use of method
B for obtaining composites provides a more uniform distribution of the filler in the
polymer matrix. This, in turn, leads to a higher efficiency of the formation of
continuous percolation clusters and percolation networks from filler particles, which
are responsible for increasing the heat conductivity of materials.

Regarding the established fact of greater sensitivity of the composite filled with

CNTs to the method of its preparation, it is explained by a more significant effect of
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the degree of uniformity of the filler distribution in the polymer volume on the
formation of the indicated percolation structures. Indeed, due to the fact that the length
of a carbon nanotube significantly exceeds its diameter, and the forces of
electromagnetic interaction between the tubes are significantly less than between
aluminum microparticles, the formation of percolation structures from CNTs with an
increase in the uniformity of their distribution in the polymer matrix occurs more
efficiently in comparison with aluminum microparticles.

Let us proceed to consider the results of experimental studies to determine the
specific heat capacity c, of polymer micro- and nanocomposites obtained by different
methods. As can be seen from Fig. 1, differences in the values of ¢, corresponding to
method A and method B (Ac,= ¢4 - cy8), are significant only in the region of polymer
melting. In this case, the values of ¢, for the composites obtained by method B are
lower in this region for all values of the mass fraction of fillers o. The data presented
also indicate that the effect of the method of obtaining a composite on the values of its

specific heat capacity is more significant when the polymer is filled with CNTs.
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Figure 1. Temperature dependence of differences in specific heat capacity Aav
(kJ/(kg K)) of polymer composites based on polypropylene, obtained using the method
of mixing components in dry form (method A) and in a polymer melt (method B), for
different mass fraction of fillers ®: 1,4 - ® =0.3%; 2,5 - ® = 3.0%; 3, 6 - ® = 10.0%;
when filling the composite with aluminum microparticles (1, 2, 3) and carbon
nanotubes (4, 5, 6).
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Based on the results of studies of the temperature dependence of the heat
capacity c,, the degree of polymer crystallinity x in composite materials obtained by
various methods was estimated. The value of y was determined using these data
according to the formula [69].

AH

mc

5= 100% - (1)

where AHy,, AHn — enthalpy of melting of the composite and fully crystalline polymer,
J/kg

The results of calculations of the degree of crystallinity of polypropylene are
shown in fig. 2. As follows from the presented data, for the considered polymer
composites, the degree of crystallinity of polypropylene decreases with an increase in
the mass fraction of fillers. Moreover, this decrease is more significant for composites
obtained by method B. As for the degree of crystallinity of polypropylene filled with
CNTs and aluminum microparticles, it turns out to be lower in the entire studied range
of o when polypropylene is filled with CNTs for both considered methods of obtaining

composites.

3
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Figure 2. Dependence of the degree of crystallinity of polypropylene on the mass
fraction of filler in composites obtained using the method of mixing components in dry
form (1, 3) and in a polymer melt (2, 4), when polypropylene is filled with aluminum
microparticles (1, 2) and CNTs (3, 4).
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The established patterns of the influence of the method of obtaining composites
on the degree of crystallinity of the polymer matrix are directly related to the level of
uniformity of the filler distribution in polimer matrix. As already noted, a higher level
of this uniformity occurs when method B is used. Under these conditions, a higher
efficiency of the formation of percolation clusters and networks, which are steric
obstacles to the formation of crystalline structures in the polymer matrix, is observed.
In other words, the lower level of crystallization of the polymer matrix for composites
obtained by method B is explained by the formation of more branched percolation
systems from the filler particles due to the greater uniformity of the distribution of these
particles in the volume of the matrix. It is the noted high branching that complicates
the process of polymer crystallization.

On Figure 3 presents the results of experimental studies to determine the
temperature dependence of the density of the polymer composites under consideration,

obtained by various methods, at a fixed mass fraction of the filler o = 3%.

250 350 350 400 450 500
T.K
Figure 3. Temperature dependence of the density of polypropylene (1) and
composite materials based on it, obtained using the method of mixing components in
dry form (2, 4) and in a polymer melt (3, 5), when polypropylene is filled with CNTs

(4, 5) and aluminum patrticles (2, 3) for ® = 3%.
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As can be seen, for both methods under study, over the entire temperature range,
the density of composites filled with CNTs turns out to be higher than the
corresponding density values when the polymer is filled with aluminum microparticles.
In this case, however, the ratio of the densities of the considered fillers is opposite,
namely, the density of CNTs is 2200 kg/m?3, and that of aluminum microparticles is
2700 kg/m?3. Thus, the high density of composites with CNTSs is determined not by the
level of filler density, but by the mechanisms of formation of these composite
materials. Indeed, under the conditions under consideration, in the amorphous zones of
the polymer, due to the electromagnetic interaction of the filler particles with the
polymer matrix, the material as a whole is compacted. Moreover, such densification
occurs somewhat more intensively when the CNT polymer is filled, since these forces
in this case turn out to be more significant due to the peculiarities of the shape of the
tubes and their huge specific surface area (190 m?/g).

As for the influence of the methods of their preparation on the density of
composites, method B corresponds to a higher density. This is due to the above-
described picture of an increase in the level of uniformity of the distribution of fillers
in the matrix and, as a result, with a greater branching of the percolation structures
formed during the implementation of this method. The presence of such structures
determines the strengthening of the electromagnetic interaction between the fillers and
the polymer matrix, which leads to the compaction of the material.

It is also important to note that, according to the experimental data, the
differences in the density of composites obtained by different methods turn out to be
more significant for composites filled with CNTSs.

Figure 4 illustrates the dependence on the mass fraction of the filler of the
increase in the porosity of composites AIT, which is due to the introduction of the filler
into the polymer matrix (AIl = IT — IT,m). Here, the values of IT were determined in

accordance with [70] by the formula

68



THEORETICAL FOUNDATIONS IN RESEARCH IN ENGINEERING

p{”"(l—w)}pp

Mei—_ LPP - (2)
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Where II, I, — porosity of composites and polymer matrix, %;

Py, pr— density of the polymer matrix and filler, kg/m?3.
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Figure 4. Dependence on the mass fraction of fillers of the increment in porosity
AIT of polymer composites obtained using the method of mixing components in dry
form (1, 3) and in the polymer melt (2, 4), when filling the composite with CNT (3, 4)

and aluminum particles (1, 2).

The data obtained indicate that the porosity of the composites increases with an
increase in the mass fraction of the filler. At the same time, this increase is somewhat
more significant for composites filled with aluminum microparticles, and it manifests
itself to a greater extent when implementing the first of the considered methods for

obtaining composite materials - the method of mixing components in a dry form.
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5.2 Operation of the last stage of the cogeneration turbine in the mode of heat
dissipation

Cogeneration turbines of high power (from 100 MW and more) are made with
two heat extractions and condenser, which ensures its operation in the condensing
mode with increased electrical power [71, 72]. As a rule, two network water heaters
provide its heating in the range from 50 to 110°C when the steam flow rate changes
from 1000 to 7500 - 8000 m?/h. In the designs of cogeneration turbines, a low-pressure
cylinder (LPC) consists of 2 stages (turbine T-100/120-130) and 3 stages (turbines T-
180/220-12.8, T-185/230-12.8, T-250/300-240, T-260/300-240). LPCs are performed
according to a 2-line scheme [71]. Each flow is equipped with a control stage with a
rotary diaphragm. Full opening of the swivel ring and shutdown of the network water
heaters ensures the condensing mode of the turbine.

Cogeneration modes are created when the network heaters are on the steam
condensation pressure in which depends on the network water flow rate and its
temperature at the outlet of the top extraction heater and is provided by covering the
swivel ring of the control stage diaphragm from full to zero position, corresponding to
full closure. The minimum steam flow passes through the stages in LPC flow at the
zero position of the swivel ring, which is necessary to remove heat from the ventilation
losses of stages operating at different steam pressures in the condenser and a minimum
steam mass flow rate of 2 +~ 5% of the flow rate at the nominal operating mode of the
last stage from which the steam is directed to the condenser.

The operation of LPC at different levels of pressure in the condenser leads to a
change in the specific volume of steam v. Therefore, at a constant flow rate G through
the last stage for different operating modes, the characteristic of the low-flow rate mode
will be the volume flow rate of steam through the last stage IV = Gv [73]. In this case,
it is advisable to represent the operation of stages depending on the relative volume

flow rate of steam as
GV, = G,/ (GV3)nom, 1)
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where (Gv,)hom 1S the volume flow rate of steam at the outlet of the rotor wheel
at the nominal mode.

An analysis of the last stage operation of cogeneration turbines showed that it
operates in a wide range of changing modes, corresponding to both the generation of
mechanical energy (turbine mode) and its consumption (low-flow rate mode).

If considerable attention is given to the study of the operation of large fanning
stages in nominal and close to it modes when creating high-power turbines
[71, 73 —75], then insufficient attention is currently given to certain issues of their
operation in the region of modes below idle.

The special attention is given to the determination of power losses due to friction
and ventilation, a method and algorithm for calculating the temperature state of the
flow path of a steam turbine are given in [76]. It is noted that when modeling the flow
path of LPC at the low-flow rate modes, it is necessary to consider the hydrodynamic
processes occurring in the turbine stages. Non-stationary aerodynamic characteristics
in a low-pressure steam turbine were numerically studied under off-design operating
conditions using commercial software ANSYS-CFX [77]. This paper discusses the
issues of changing the torque on the steam turbine blade, the distribution of Mach
number, the determination of the flow line and the distribution of static pressure over
the surface of the blade at different heights. The calculation results indicate the
formation of vortices in the interblade channel.

An assessment of modern approaches to describing the flow and energy
characteristics of high-power turbine stages [78] makes it possible to integrate them
into computer simulation of the calculation of processes occurring in high-power
turbines for variable modes, including low-flow rate modes.

The most complete description of the operating parameters for the low-flow rate
modes of T-250/300-240 cogeneration turbine based on the results of experimental data
is given in the monograph by A. V. Khaimov [79].

However, not enough attention has been given to the issues of the flow structure

of the working medium in the stages with a large fanning. This may be one of the
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reasons why the calculated data obtained during mathematical modeling of the flow in
the large fanning stage are contradictory by various authors.

Knowledge of the flow formation conditions in the large fanning stage in the last
stage of LPC will make it possible to evaluate the main energy characteristics of the
stage at the low-flow rate modes.

At modes close to the nominal flow in the stage is close to cylindrical and the
conditions for energy transfer from the flow to the sections of the working blades for
such modes are considered in detail based on Zhukovsky’s theorem on the circulation
of velocity around the profile of the elementary blade of the stage [73], when the
projection of the resultant force R,, on the circumferential direction

Ry = pw,T, (2)

where p is the working environment density; w, is the axial (consumable)

component of the oncoming flow velocity; I is the velocity circulation around the
profile of the rotor blade element, equal to

[ = §wsds = wyydy —wy,dy, 3)

where wy,, , w,, are projections of the relative flow velocity onto the

circumferential direction in front of and behind the profile blade, respectively; d, and

d, are the step of the blade profile at the entrance and exit from it (Fig. 1).
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Figure 1. Determination of the flow circulation in the blade profiles

As follows from (2) and (3), the energy transfer, depending on the ratios
Wy, /Wi, and d, /d, occurs both from the flow to the rotor blade elements (+R,,) and

from the blade elements to the flow (—R,,).
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It follows from the analysis of the flow structure [80] that, depending on the
relative volumetric flow rate Gv,, these ratios change and the rotor wheel both receives
energy from the flow and gives it away flow, receiving energy from an external
source [81]. Since the stage under consideration has a large fanning, then, according to
equation (3), the transition from transferring energy to the working blades from the
flow and vice versa occurs along elementary streams, starting from the peripheral
sections of the blade, ending in the root ones, i.e., the idle for each stream (I" = 0) varies
along the length of the blade and the idle mode of the stage is an integral value
determined by the summation of the consumed and produced energy along the length
of the working blade.

Taking into account the changes in the flow structure and the impossibility of
determining the energy losses in the stream filaments, in order to determine its
characteristics at the low-flow rate modes, it is advisable to use the results of an
experimental study of models of large fanning stages, processing them according to the
approach based on the use of the Lagrange method [73], dividing the flow into its
components and each of them into elementary streams.

The power AN developed by the element of the rotor wheel of the stage, referred
to a layer of small thickness AG, can be represented as

AN = AG - hy, (4)
according to the Euler equation, the specific work h,, of the selected stream of

the working medium is for the streams passing through the rotor wheel [71]
hy = uy - Cry + Uy " Gy, ©)
where u,, u, are circumferential velocities at the inlet "1" to the rotor wheel and
the outlet "2" of the elementary stream from it; C;, , C,, are circumferential
components of the stream velocity at the rotor wheel inlet and outlet (the + sign

corresponds to the circumferential velocity direction).

To determine the performance characteristics of the stage, because the actual
measured values include the power costs for moving the working medium into the
elementary stream and the energy losses in it, when processing the results of

experiments, one can use the generalized Bernoulli equation written for section 1 at the
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inlet of the stream into the rotor wheel and for section 2 at the exit from it in the
form [71]

Py

P*
p*=p—i+hu+hr, (6)

where h,, is the specific work (5) spent on moving the stream from radius r; in
the section 1 to radius r, in the section 2; h,. is the irreversible (thermal) energy losses
in the stream when moving from the section 1 at the rotor wheel inlet to the section 2
at its outlet (Fig. 2).

1 , 2
. F/f////r [/ ///// £

Figure 2. Flow parameters in the stage

The stagnant flow pressure (total pressure) P* is equal to
* * Clz * * C22
Pi =p"-—+ Py, Py =p" -+ Py, (7)
where P; and P, are the static pressure in the stream at the inlet "1" to the rotor
wheel and exit 2" from it, the difference of which AP,_, = P, — P, characterizes the
compression of the working medium in the stream; C;, C, are velocities of the working
medium in the stream in front of the rotor wheel "1" and behind it "2".
When generalizing equation (6), the density of the working medium is taken as an

average value determined from the parameters of the stagnant flow using the equation

of state

P11 = RTl*’ P2 RTZ*’ (8)

p*=2(pi = p3). 9)
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The difference Al;% Is the specific work for an elementary stream expended

during its movement in the interblade channels of the rotor wheel.

Having experimentally obtained values P*, P, angles a;, y, and their
distribution along the radius for the sections in front of the rotor wheel (section 1) and
behind it (section 2), after constructing streamlines and separating elementary streams
in the flow AG, the specific work h,, can be determined from the equation (5). In this

case, the energy losses (heat losses) are defined as

P{—P;

*

_ AP,

*

h, = — hy, — hy, (10)

where the average density of the working medium is determined according to
the dependences (8) and (9) at the measured temperatures t; and t;.

According to the accepted flow structure model, a similar approach is applicable
to the main flow. In this case, the mass flow rate G, is determined at the entrance to
the stage and the relative mass flow rate is found from the dependence G = G/G,,
where the flow rate G is the fractional part of the total flow rate when taking the flow
rate in an elementary stream

G; = Y=o AG; = i AG;,

when dividing the flow through the stage into n equal parts.

The parameters of the working medium are taken on the middle line of the
selected stream AG;.

A similar approach is used to determine the characteristics of a rotating vortex
and the breakaway near a bushing. In this case, the mass flow rate in the vortex is found
by the value of the velocity component C;, of the flow that enters the rim clearance
from the interblade channels of the rotor wheel. The boundaries of the area of the flow
entering the clearance are the value C,, = 0 and the surface of the outside bypass above
the rim clearance.

For the breakaway near a bushing, the mass flow rate in the vortex adjacent to
the trailing edges of the rotor blades is determined by the reverse flow in the bushing
area and the boundaries of the area occupied by the inflowing flow to the trailing edges
are the surface of the bushing and the line G = 0 (Fig. 2) [82].
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For the large fanning stage, the lines of equal flow rates were constructed based
on the results of traversing [80], which made it possible to distinguish the flow of the
working medium in the flow structure, limited by the lines G =0 and G =1 for all
considered modes of the stage operation. At the same time, the main attention is given
to the stage operation under the low-flow rate modes [83], which occur when the

relative volumetric flow rate Gv, decreases to the value of the idle Gv,, ;.

To analyze the change in flow characteristics depending on the value Gv,, the
components of equation (6) can be represented as a pressure difference for the total
energy as AP;_,, the specific work p*h,, and the compression AP, _, [84]. This makes
it possible to estimate the difference between static and total pressure in the streams of
the main flow. In the mode below idle, in which the peripheral part and a large
proportion of the central part of the blade operate under the conditions of energy
transfer from the sections of the blade to the flow, the difference in static pressures
AP; _, (except for the bushing area) is close to zero. A further decrease in the mode
leads to some compression of the working medium in the streams, the level of which
is determined by their position relative to the average value.

The nature of the change in the specific work p*h,, in the streams of the main
flow largely repeats the change in the total energy. The development of a rotating
vortex and the breakaway near a bushing with a decrease in the mode (Gv, = 0.254
and Gv, = 0.04) leads to an intensification of mass transfer at the boundaries of the
main flow, an increase in the specific work spent on changes in the main flow, and an
increase in irretrievable energy losses.

The share of energy losses determined according to dependence (10) at
Gv, = 0.367 for streamlines G; = 0.95 is ~27%, for G; = 0.8 is ~38.5%. The share of
the specific work attributable to the compression of the flow in contact with the rotating
vortex is 22% and 25% for the corresponding streams [84].

To obtain quantitative characteristics when the stage operates at the low-flow
rate modes, it is necessary to have integral characteristics that determine the level of

energy spent to maintain the flow structure and irreversible losses.
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An analysis of the change in the specific energy along the stream filaments
showed that when the specific work is distributed along the lines of the stream G;, in
most of the experimentally found dependences hui~G_i, the equality is

i=0.5 My AG; = hy,AG,
which allows us to take the value h z_, - on the average streamline as a value

for the integral characteristic G; = 0.5
—uG=05 G, (11)

The values h z_, s and h z_, , pass through zero at the integrally determined
value G_vzid, which corresponds to the idle mode, in this case dependence (11) will

take the following form

h = M_ (12)

uG=0.5 1_%21(1
Considering equation (4), the integral nature of the value Eu6=o.5 and

hynom = Honom * Munom. the power consumption attributable to the advancement of

the main flow of the working medium through the stage can be represented as

ﬁz —Hzid

AN = G_vz " Gpom 1;2;% *Honom * Nunom> (13)

1-Gvyig
where Hy,om 1S the heat drop triggered in the stage at the nominal mode.

A similar approach can be applied to determine the power consumption required
to maintain a rotating vortex and the breakaway near a bushing.

As an example, let us determine the energy costs attributable to the promotion
of the main flow through the stage during its operation at the low-flow rate modes in
the last stage of T-250/300-240 cogeneration turbine, which has the following
geometric characteristics:

— aq05¢ = 17.4° is the effective exit angle of the flow from the guide vanes at the
average diameter;

— Baerr = 27.84° is the effective exit angle of the flow from the channels of the
rotor wheel at the average diameter;

— ¥m = 47° is the inclination angle of the peripheral contour of the guide vanes;

— Vonom = 25 M¥Kg is the specific volume;
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— @ =0.97 and y = 0.93 are the speed coefficients for guide vanes and rotor
wheel respectively.
For these initial data, the idle of the stage is equal to Gv,,, = 0.30 [83].

To determine the power costs, according to dependence (13), the heat drop
triggered in the stage is equal to Hy,om = 175.4 kJ/Kg, the efficiency at nominal mode

IS Nyunom = 0.748, the steam consumption at the nominal mode, considering the degree

of steam dryness x, =0.925 is G,om =69.5Kkg/s. The steam density p, = vi IS

determined considering the steam temperature at the outlet of the main flow from the
rotor wheel due to thermal (irreversible) losses [80].

The rotary diaphragm is closed (the swivel ring is on the “stop”), through the
leaks between the ring and the diaphragm, only the “ventilation” steam flow enters the
flow path of LPC to cool the flow path of the turbine.

The values of the relative volume flow rate of steam are obtained by calculation
for a sealed diaphragm equals Gv, = 0.0493 and for an unsealed diaphragm is
Gv, =0.0143 [80].

In this case, based on formula (13), the power consumption is AN = 26.8 kW for
a sealed diaphragm and AN =110.4 kW for an unsealed one.

Comparison of the power costs for moving through the main flow stage indicates
the advantage of using a sealed diaphragm. However, the power costs for the drive of
the last stage at the low-flow rate modes also include the costs of maintaining the vortex
rotating in the rim clearance and the breakaway near a bushing behind the rotor wheel,
the value of which, based on the analysis of the experimentally established values [79],
significantly exceeds the power costs for promoting the main flow, especially when the
rotary diaphragm is fully closed. Therefore, to determine the total power costs for the
operation of the last stage, it is necessary to have a balanced power of all cost

components.
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SECTION 6. FOOD TECHNOLOGY

10.46299/1SG.2022.MONO.TECH.3.6.1

6.1 Characteristics of plant raw materials as a functional and technological
ingredient for dairy products

6.1.1 Characteristics of plant raw materials as a functional and
technological ingredient for dairy products

In recent years, there has been a sharp trend in the creation of products in which
the milk base is combined with raw materials of plant origin. This allows, on the one
hand, to increase the nutritional value of the product, on the other - to partially reduce
the existing deficiency of protein, polyunsaturated fatty acids, vitamins and minerals
[85, 86].

Plant raw materialshave become widespread in the food industry - due to their
high nutritional and biological value. The scheme of application of vegetable raw
materials for products of various branches of the food industry is presented in

Figure 1.
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Figure 1. The use of plant materials
To ensure a balanced diet, new dairy products are being developed that contain,

in addition to traditional ingredients, plant raw materials that are carriers of vitamins,

macro- and microelements and other substances essential for the normal functioning of
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the body.In the dairy industry, vegetable raw materials are usually used in crushed
form, in the form of purees, powders, extracts, juices, as a filler and coagulant of milk
proteins in the production of cheese products. To determine the suitability for use in
the dairy industry, it is advisable to familiarize yourself with the properties of domestic
vegetable raw materials.

Plant raw materials - a source of biologically active substances, especially
organic acids, in easily digestible form and raw materials for the food industry.
Biologically active substances contained in plants are able to remove heavy metals,
radionuclides from the body, as well as neutralize their negative effects. Pectins form
complexes that bind heavy metals and radioactive elements, and vitamins C and P have
anti-radiant effects [87].

Ukraine grows a large number of crops, including wildflowers, which can be
used as raw materials (additives) in the production of dairy products, including cheese
products [88, 89]. The development of dairy-based products with plant raw materials
is relevant for the use of functional and technological properties of medicinal plants
and optimization of products for vitamins. Insufficient research on the use of plants as
a natural coagulant to obtain protein-berry clots - the basis of cheese products [90].
According to literary data [91] there are significant deviations in the diet of almost all
groups of the population, which has a negative impact on health.

Recently, the trend of curd products, in which the milk base is combined with
various plant and grain additives, has been clearly defined. Their introduction allows
to enrich traditional products with essential nutrients, thereby ensuring a high level of
balance in amino acid, fatty acid, mineral, vitamin composition and increase the body's
overall resistance to adverse environmental factors [92, 93].

There are a variety of cheese products with vegetable fillers: melon meal and
pollen; wheat grain and dried apricots; sugar, vanilla and raisins, or fruit and berry
powder; sea buckthorn; millet groats and mashed berries or vegetables; citrus fillers
[94, 95].

The technology of obtaining curd mass with dried sea buckthorn fruits has been

developed. To saturate the taste and aroma, dried sea buckthorn, blanched in syrup,
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with a dry matter content of at least 30% at the stage of mixing the protein base with
sugar in the amount of 6% of the total weight was added. Herbal supplement does not
affect microbiological parameters and allows you to get a product with new taste
characteristics and shelf life up to 72 g [96].

The introduction of berry powders leads to changes in the quality of cheese

products, shown in Figure 2 [97].

i * products acquire the color,
organoleptic taste and aroma of plants,
characteristics while eliminating the need
for synthetic flavors and dyes

rheological « the density of products
indicatorsu decreases

\
\ ‘
\ |
\

AN

Figure 2. Changes in the quality of cheese products with plant additives

» mineral and vitamin

nutritional value composition improves

The possibility of using blueberry powder in quantities of: 3%, 5%, 7%, 10%,
15% as an enriching additive for low-fat cottage cheese is considered. The obtained
samples of curd product were evaluated by organoleptic parameters on a 10-point
scale.A sample of sour milk cheese with a powder content of 7% received a low score
for a pronounced sour taste, the color of this sample was deep purple. The sample with
the introduction of blueberry powder 10% had an excessively sour taste and a
heterogeneous dry consistency. The lowest score was obtained with a content of
blueberry powder 15% - for sour taste, dry texture and dark purple color. Subsequently,
samples of cottage cheese with blueberry powder content of 5% and 7% were
investigated [98].

A study was conducted to obtain a crude product by an acidic method with the
addition of black currant berries. The purpose of the berry component is increased to
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increase the acidity of milk to form a clot and change of organoleptic indices of the
crude product. As a berry component used juice and crushed after freezing black
currants. In the milk, a leaven and a berry component in an amount from 5% to 25% in
a step of 5% were added.When the berry component is introduced in an amount of 15%
and 20%, the yield of the crude product increases, and when added 25% begins to
decrease. The acidity of the cheese product increases with an increase in the percentage
of the berry component. When increasing the amount of berry component, the quality
of grain is reduced. The maximum yield of the crust product was achieved with the
extruded berries of black currants. The best organoleptic parameters were samples
containing 10% and 15% of the berry component.

The possibility of using berries of aronia (black sorbitas) in the technology of
production of crop products has been studied. As a raw material, a sour milk cheese
was used, made in two ways: acidic and acid-saturated. The berries were introduced in
an amount from 5% to 25% in a 5% step. According to organoleptic estimates, the best
composition of the cheese of sour milk and printed rowan in the ratio: 80% cheese and
20% of berries. It is established the possibility of prolonging the implementation of the
combined product with the Black Rainbow product up to 8 days [99].

The use of Fejoa as a filler in the technology of obtaining crude products is
proposed. A distinctive feature of Fejoa is a high content of water-soluble compounds
of iodine 0.2 - 1 mg in 100 g of product. The feature of technology is that in a finished
cheese add a filler in the form of a mixture of smattered pulp and sugar in a ratio of 1:
1 and a dry skin powder. Dosage of syrup varied from 1% to 10%, dry filler - from
0.5% to 3.5%. The mixture of fillers was introduced into a finished cheese product in
a ratio of Fejoa syrup and dry peel powder 8: 1.5. The antioxidant activity of the syrup
Fejoa 1.963 mg / dm? is determined [100].

With the taking into account of the chemical composition and taste properties of
the good raw materials, the technology and formulations of a crude dessert with the
introduction into the silk base of additives in the form of powders of IR drying were
developed. After cooking, the samples were cooled to a temperature of 4 + 2°C. and

kept to jellify the structure. With an increase in the concentration of powders up to 2%
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(sea buckthorn up to 1.5%) there is a decrease in densber density due to organic acids
and pectins that contribute to foaming. When administering additives at a concentration
of 2% and the ratio of berry and vegetable powders 70:30 products were obtained with
the corresponding organoleptic parameters.

In the production of grass desserts as a multivitamin functional additive,
cranberries and sea buckthorn were used. Product from milk with the addition of berry
mashed potatoes is obtained. The method involves the preparation of a milk-berry
mixture of normalized pasteurized cow's milk and berry mashed potatoes and
simultaneous treatment by heating, mechanical treatment and structural formation by
continuous dispersion of a milk-berry mixture before the completion of its complete
coagulation. The berries are black, white and red currants, cranberries, cranberries are
blanked in water at a temperature of 90-100 °C, with an exposure of 3-8 minutes, the
amount of water is 10-15%.Berries with a gentle consistency of pulp - raspberry,
blackberry, blueberries - do not bless, but rub fresh immediately after thermal
treatment. It consists in selling the berry mass through the holes in the walls of a
perforated drum under the action of centrifugal force. The product is divided into two
fractions: liquid, consisting of crushed pulp and solid, comprising seeds, peel and
stones. Milk is normalized by the mass fraction of fat, pasteurize, cooled, make a
bacterial leaven for cheese sour milk and a fruit component, which use fruit mash in an
amount of 5-8% by weight of the mixture.The mixture is stirred, maintained to dry to
form a fluid consistency without separation of serum or with a serum separation from
a clump up to 30% until a dense dairy product is obtained. The effect of making berry
puree - the operation of processing the mixture by squashing is found faster than
without the introduction of a berry component, and the yield of the cluster increases.
The introduction of a berry component in an amount of 5-8% of the mixture of the
mixture is optimal.

The possibility of using mashed berries and cranberries for the production of a
thermocoucular crude product is investigated. The introduction of mashed potatoes and
cranberries, due to high acidity, will allow to form a clot, and due to the content of dry

substances to increase the yield of the product. In addition, berries contain dyes that
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allow the product of a pink or light purple shade depending on the components that
make it possible to expand the range of soft thermal acid cheeses.

As raw material for the production of grass desserts, a raw root root can be used
or processed by any of the thermal methods.

The widespread use of the roots of the burdock is due, first of all, the content of
a rich complex of polysaccharides, mainly inulin - up to 45%.

Inulin for patients with diabetes is better than fructose, which produces products
for this category of patients. This is due to the fact that fructose that is in the body in
the composition of food products is absorbed in the small intestine and enters the liver
mainly. At the same time, fructose formed from inulin under the influence of enzymes
of microflora of the large intestine enters immediately in a large circle of blood
circulation and absorbed as a liver, but also by other tissues, in particular muscles.

Due to the fact that for patients with diabetes mellitus, it is very difficult to pick
up the necessary desserts, the task of developing assortment of desserts using the root
of the burdock, while preserving its main pharmacological properties is quite relevant.

According to modern meals science, protein products are of great importance for
balanced nutrition. In this regard, the issue of expanding the assortment of the above
products, namely - the development of technologies of grassworks with plant
components is relevant. Based on a balanced composition due to the combination of
raw materials of animal and plant origin, combine the consumer characteristics of
traditional products.

6.1.2 Development of fillers with extracts of inulin-containing raw materials
for the dairy industry

Inulin and its derivatives (inulin fructans) are natural components of cereals,
fruits and vegetables. They are contained in many plants: wheat, topinamburi, onions,
bananas, chicory, etc. Recently, it is convincingly shown in research on volunteers that
inulin and oligophructose improves lipid metabolism. In patients suffering from cancer
and intestinal polyposis, different markers associated with these diseases are
suppressed. Other physiological effects of inulinic fructans are involved in regulation

of appetite, reducing the deposition of fat.
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Industrial source of inulin and its derivatives is the root of chicory, from which
they are obtained by hot extraction. At the same time, a good scientific and technical
base of the production of bifidogenic substances from the topinambura was created.

It should be noted that chicory and topinambur are not only a valuable source of
prebiotic components, but also contain a significant amount of vitamins, minerals,
enzymes. To date, the resource-saving technologies of processing of topinamburus and
chicory, which maintain biologically active components in practice are theoretically
substantiated and implemented. Recycling products (powders, juice and mashes) can
be used in nutrition both independently and by introducing into the formulations of
other food products by providing them with functional properties.

From the point of view of food science, it is most advisable to develop new
functional products based on fermented dairy products having high food and biological
value.

6.1.3 Technological features of obtaining functional milk drinks with
biologically active substances from vegetable raw materials

Given the prebiotic characteristics of inulin, its significant content in chicory
(14-15%) and Topinamburi (11-12%) was an interesting study of their bifidogenic
properties when used in the technology of fermented dairy drinks.

Studies have shown that with a powder of topinamburus in an amount to 1% to
a mass of nutrient medium containing bifido or lactic acid bacteria, increased the
optical density density in comparison with solutions without the addition of
topinamburium by an average of 30-40% of the final measurement point. Probably this
is due to the introduction of water-soluble nutrients and inulin Topinambura, which
positively affect the growth of microorganisms. However, the beginning of intensive
growth of bacteria was uneven for different cultures - for lactic acid sticks after 6 hours
of fermentation, for bifidobacteria - after 10 hours, which is due to various
biotechnological properties of microorganisms.

Unlike the powder of the Topinambur, the use of chicory powder did not lead to
a significant change in the optical density of nutrient media cultivated by probiotic

cultures. The value of the indicator of the optical density coefficient (%) in control and
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experimental samples at the end point were practically the same and comparable to the
experience of experience. It is noted that growth of cultures on an environment with
chicory components began later an average of 3 hours for lactic acid cultures and 12
hours for bifidobacteria. Obviously, it is with adaptation of cultures to an environment
containing chicory components.

The study of the process of propagating the samples of normalized milk by
probiotic leaven showed that with an increase in the percentage of the acid-introduced
component, the process of acid formation slightly slowed down. The introduction of
chicory in an amount of 1-2% slightly influenced the process of drying milk against
control samples without chicory.The process of fermentation lasted 6-8 hours and was
accompanied by the process of increasing acidity in characteristic of each type of
leaven range. The introduction of chicory influenced the viscosity of samples, reducing
this index directly proportional to the amount of chicory.In this connection, it is
necessary to use leaven with a microflora that produces viscous polysaccharides or
introduce stabilizers to provide the necessary organoleptic properties of a fermented
drink. According to the results of the study for further product development, a sample
containing 2% chicory obtained using a comprehensive leaven "Bifit" was selected.

When drying normalized milk containing 1 to 3% powder of the Topinambura,
the dynamics of an increase in acidity acidity, for all samples in comparison with
control samples has not changed. The resulting clots had a homogeneous dense
consistency, an acidity of 70-90 °T, depending on the desktop used.

Dynamics of changing inulin content when drying milk containing powder of
Topinamburu 3% and chicory powder 2% using probiotic crops are reflected in

Figure 1.
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Figure 3. Changing the content of inulin in samples of sour-milk drinks using
the leaven "Bifit" (A) and Biomatrix (b)

As the results show, at the beginning of the fermentation process of both
samples, the inulin content does not change. After 5-6 hours there is a decrease in inulin
content before the end of the process. In general, the inulin content is reduced by 9.52%
and 5.96% for samples with Jerusalem artichoke and chicory powder, respectively.
When using the leaven "BioMatrix™ inulin content decreased by 7.5% for the sample
with Jerusalem artichoke powder and 3.86% for the sample with chicory powder.

Thus, in the fermentation of raw milk containing dry powders of vegetable raw
materials, there is the utilization of inulin by the microflora of the yeast as a source of
nutrition in vitro. In addition, fermented beverages remain sufficient inulin to obtain a
bifidogenic effect in vitro.
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Due to the specific organoleptic characteristics of the drink with chicory powder,
the correction of its formulation was carried out with the introduction of stevia powder
and pectin.

Stevia was used as a natural sweetener of intensive type, the total sweetness of
stevioside which ranges from 200 to 300 sweetness of sucrose. Stevia has not only low
energy value, but also has a therapeutic effect on the body [101]. For the experiment,
several recipes for beverages with stevia content from 0 to 0.12% were prepared. Stevia
was added to the heat treatment normalized mixture.

The addition of pectin powder to pasteurization in an amount of 1 to 2% naturally
increased the viscosity of fermented milk drinks (table 1). Samples with a pectin

content of 1.25% by weight had acceptable rheological characteristics.

Table 1.
Dynamic viscosity of fermented milk drinks, mPa - s
The Mass fraction of pectin, %
leaven
1.0 1.25 1.5 1.75 2
used
Bifivit 72.4/73.2 | 90.1/90.6 | 92.2/94.31 | 102.1/104.2 | 106.1/110.2

Note: mass fraction of milk fat 2.5%

The technology of sour milk drinks with powders of vegetable raw materials is
as follows: in part of the normalized milk heated to a temperature of 40-45 °C make
Jerusalem artichoke powder in the amount of 3% or chicory in the amount of 2% of
the total mass of milk. Stevia powder at the rate of 0.8 kg/1000 kg of finished product
and dry pectin at the rate of 12.5 kg/1000 kg of product are additionally added to the
milk-chicory mixture. After mixing and dissolving the components, the resulting milk-
vegetable mixture is added to the main volume of milk and sent for heat treatment at a
temperature of 92-95 °C for 2-8 minutes. Then the mixture is cooled to the fermentation
temperature — 35-37 °C for sourdough "Bifivit" and 38-40 °C for sourdough
"BioMatrix". Beverages are fermented at the fermentation temperature to form a dense

clot.
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Organoleptic characteristics of the obtained fermented beverages are shown in

table 2.
Table 2.
Organoleptic indicators of fermented milk drinks with

biologically active additives of vegetable raw materials

Sample drink Appearance and Taste and smell Color
consistency
Sour milk drink with Homogeneous, _Sour r_nllk with a
. . . slight bitterness and
chicory, stevia and viscous . Creme
. : chicory aroma,
pectin consistency
moderately sweet
Sour milk drink with Homogeneous,
Jerusalem artichoke moderately viscous | Sour milk, tender Creme
(sourdough "Bifivit") consistency
Sour milk drink with Homogeneous,
Jerusalem artichoke Viscous Sour milk, tender Creme
(sourdough "BioMatrix") consistency

Thus, the study of functional-technological and biotechnological properties of
prebiotics, determination of rational doses and stages of introduction, study of
technological features of fermentation allows to create scientifically sound
technologies of functional dairy products of bifidogenic action. Therefore, chicory and
Jerusalem artichoke powders are recommended for use in the production of fermented
dairy products as prebiotic components without significant changes in the technology
of fermented milk drinks.

6.1.4 The use of burdock roots and scorzonera in the technology of dairy
desserts

Wild plants are recognized as one of the sources of dietary fiber. Dietary fiber
has the ability not only to affect the metabolic process, but also to regulate the structural
and mechanical properties of the products of which they are part. Their importance is
especially important in the structure of high-calorie, high-fat food systems. In the diet
of many peoples of the Pacific region, burdock root and scorzonera are integral
components.

The roots of these plants contain up to 45% of inulin polysaccharide.

89



THEORETICAL FOUNDATIONS IN RESEARCH IN ENGINEERING

The physiological value of inulin is that, being a prebiotic, it serves as a substrate
for profits, including bifidobacteria. Its use with food does not increase blood glucose
and does not stimulate insulin production.

In the presence of sugar and protein, the structure-forming properties of inulin
increase. Adding inulin to low-fat foods gives them a deeper, softer and more balanced
taste. It increases the stability of foaming products and emulsions, shows synergism
with other texturizing agents. Inulin is a promising ingredient for the production of
dietary, functional, including protein-rich foods with low fat and sugar content [102].

In order to obtain a curd dessert with the best organoleptic characteristics and
the maximum possible content in the dessert of burdock root, burdock root puree was
introduced into desserts in the amount of 20-80% by weight of dessert. Studies have
shown that burdock root puree significantly affected the structural and mechanical
properties of cheese desserts. Figure 4 shows the dependence of the shear deformation

of cheese desserts on the content of burdock root puree.
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Figure 4. Dependence of shear deformation of cheese desserts on the content of
burdock root puree in them

As can be seen from the results, the effect of puree on the deformation

characteristics is complex. When keeping puree in dessert from 20 to 40% increases

the stability of the structure of desserts, probably due to the mechanism of interaction

of dietary fiber and milk protein cheese. Increasing the proportion of puree to 60%

leads to the dilution of desserts and reduce this interaction by reducing the proportion
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of protein by 2.3 times compared to control samples. When kept in desserts up to 60%
of burdock root puree increases their viscosity. Probably due to the fact that when
reducing the strength of desserts, they are more saturated with air during whipping,
which leads to an increase in their dynamic viscosity.

The results of the dynamic viscosity of gray desserts are presented in Figure 5.
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60% puree of burdock
root

Figure 5. Dynamic viscosity of cheese desserts, Pa - p

With the improvement of the structure of curd desserts containing up to 40% of
burdock root puree, their organoleptic characteristics change almost little compared to
the control sample. The structure of desserts is lush, porous, but since the cheese itself
has a light grain, the inclusion of small dietary fibers of burdock root is not felt in the
overall structure of the dessert. The content in the dessert of up to 60% puree leads not
only to the formation of a more porous structure, but also to a noticeable change in its
color - from white to light beige, the taste is light burdock, which does not impair the
taste of cheese dessert. When you increase the amount of burdock puree to 65%, the
taste of burdock becomes more pronounced, which affects the unpleasant aftertaste.
Based on this, the recipe for a cheese dessert containing burdock root puree in the
amount of 60% was chosen.

Thus, in the course of research, it was experimentally established that burdock
root puree in the amount of up to 60% improves the structural and mechanical
properties of the product and allows you to get a cheese dessert with a lush structure
and high organoleptic characteristics.

To expand the range of fermented milk products, giving them functional
properties, we proposed to use the developed multifunctional food composition (dairy-

plant extract scorzonera) in the production of yogurt drinks.
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To obtain a milk-plant extract, dried scorzonera roots were used, which are
characterized by a high content of inulin polysaccharide (up to 12%). The dry matter
of unpeeled tubers scorzonera also contains dietary fiber, in particular, pectin (up to
4%) and fiber (up to 2%), which act as a sorbent and remove toxins from the body, as
well as polysaccharide starch (up to 1%). Of particular importance among the
physiologically valuable nutrients scorzonera belongs to the amino acids that regulate
various metabolic processes. Scorzonera roots have a valuable mineral composition,
which is represented by calcium, potassium, sodium, phosphorus, magnesium, iron,
manganese, copper, zinc.

The developed recipe for thermized yogurt drink provides for the complete
replacement of sucrose and water with milk-vegetable extract of scorzonera. The use
of apple puree as a filler improves the organoleptic and rheological properties of the
finished product.

In the production of yogurt drink as a protective hydrocolloid that allows the
mixing of milk base and acidic agent with subsequent heating, selected pectin. It is
adsorbed on the surface of casein particles, "fixing" their size and preventing the
connection of protein particles in large formations, preventing the precipitation and
separation of serum [103, 104].

For the formation of a milk clot used sourdough direct application of Yo-
FLEXMILD 1.0, which includes lactic acid bacteria (S. thermophilus and L.
bulgaricum). This leaven due to the ability to synthesize exopolysaccharides forms a
stable clot, preventing syneresis in the finished product.

The composition and properties of the produced product were studied (table 3).

Table 3.
Chemical composition and nutritional value of
yogurt drink with scorzonera extract

Nutritional value,%
Nutrient Mass fraction,% | satisfaction of daily human
needs
Dry matter, g 11, 20 -
Carbohydrates 8,9 1,78
incl. inulin, g 19 15,8
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Continuation of table 3

reducing sugars, g 7,0 17,0
incl. fructose 6,68 26,70
Amino acids,% 1,9 2,2
arginine 0,074 1,21
lysine 0,128 3,12
tyrosine 0,048
phenylalanine 0,067 2,61
histidine 0,041 1,95
leucine 0,152 3,3
isoleucine 0,050 2,5
methionine 0,003 0,17
valine 0,096 3,84
proline 0,166 3,69
threonine 0,067 2,79
serine 0,087 1,05
alanine 0,059 0,89
glycine 0,051 1,46
cysteine Less 0,001 -
glutamic acid 0,358 2,63
aspartic acid 0,0161 1,32
Fat, g 1,8 1,8
Macronutrients,%
Ca 0,1 0,01
P 0,07 0,01
Trace elements, mg%:
Fe 0,16 0,01
Cu 0,04 0,04
Zn 1,28 0,10
Vitamin C, mg 3,66 5,23
Antioxidants, mg / dm?in terms 12.13 20,20
of quercetin
The content of lactic acid 11 - 10
microorganisms CFU / cm® ’
Energy value, kCal / 100 g 30

Its high antioxidant activity is due to the presence of methionine, serine, cysteine
and vitamin C.

Developed yogurt drink can be classified as functional in inulin, antioxidants,
reducing sugars and fructose. The product is characterized by synbiotic properties, as
it contains prebiotics (inulin, pectin) and probiotics (lactic acid microorganisms). This
is confirmed by the results of analysis of prebiotic activity. The content of live lactic
acid microorganisms in the developed product at the end of the shelf life is 1000 times

higher than in yogurt drinks obtained by traditional technology.
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The product is produced according to the scheme shown in Figure 6.

Acceptance of raw materials Acceptance of the stabilizer Acceptance of filler
v v
MNormalization Dissolution, t = 4342°C
¥

Filtening, t = 43£2°C
¥
The miroduction of the
stabilizer
¥
Homogemzation,
p=15425MPa
t=65...70°C
kL
Pasteurization,
t=85_..87 °C
=15 minutes
¥

Cooling,
t=85_..87°C
*

Compilation of the mixture

+
Mixing,
= 15 minutes
¥
Fermentation
¥
Fermentation,
t=38...40°C
1T =4 hours
¥
Application of filler le

¥
Muoung
v

Thermization, T = 30 minutes
t=85...87 °C

v
Cooling. t = 442 °C
¥
Spall
¥
Storage and transportation

Figure 6. Technological scheme of production of yogurt drink with scorzonera
extract
Improving production technology is the introduction of additional operations

related to the preparation of basic prescription components and obtaining milk-
vegetable extract scorzonera.
Implementation of this technological scheme will expand the range of fermented

milk drinks, make maximum use of raw milk nutrients and obtain a multi-component
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product of high nutritional value, containing physiologically functional ingredients:
inulin, antioxidants, reducing sugar and fructose.

Thus, the developed recipe for thermized yogurt drink provides a complete
replacement of sucrose and water with milk-vegetable extract scorzonera. The use of
apple puree as a filler improves the organoleptic and rheological properties of the
finished product.

In order to obtain a curd dessert with the best organoleptic characteristics and
the maximum possible content of burdock root, burdock root puree was administered

in an amount of 60% by weight of dessert.
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SECTION 7. INFORMATION TECHNOLOGIES

10.46299/1SG.2022.MONO.TECH.3.7.1
7.1 IndopmaniiiHa TeXHOJIOTiSI BiJCIKAHHA HeNepPCNeKTUBHUX BapiaHTIB B

AJITOPUTMAX pilleHHA 3a4a4vi HII0OYHCEJBbHOr0 JiHIHHOIO NMPOrpamMyBaHHA 3
OyJieBMMU 3MiIHHMMH HA OCHOBi PAHI0BOI0 MiX0Ay

Po3srisHeMo CyTHICTH PAaHTOBOTO MIAXOMY M0 PIIICHHS 33[a4 LIJIOYUCEIBHOTO
niHitHOTO TporpamyBanHs (LIJIIT) 3 6yneBumu 3minnnmu (b3) Ha mpukiaai 3aga4i mpo
pIOK3aK. 3arajbHa MOCTaHOBKA I1i€i 3a7a4i (hOPMYITIOEThCA TaKuM YnHOM. HeoOxi1Ho

3HAWTH BEKTOP X, IO JOCTABJISIE MAKCUMYM (DYHKIII:

f(z)=%cjxxj, (1)
IIpY BUKOHAHHI YMOB:
Zn:aijxxjsbi, (2)
i
el i=@m) i=@n) (3)

JIist cpomIeHHsT BUKIIAMy MaTeMaTHYHOI MOJENl PO3IVITHEMO OJHOMIPHY

3a/a4y, TOOTO MakCUMi3yeMO (yHKITIOHAT

f(X) =C xX +C, XX, +...+C, XX, 4)

pU OOMEKEHHSIX:
g""“ xx, <b, 5)
C,>C,>..>C; a; >0, ¢;>0 j:(l,_n) (6)

[ToctaBumo y BignoBigHICTh 3anayi (4-6) rpad G (puc. 1), mo 300paxye
OiHapHEe JepeBO yCiX pillleHb, YNCIIO sSKuX AopiBHioe 2" [105-111].
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8
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Pucynok 1. I'pad G

Muoxunna X = {Xj} yciX BEKTOpIB PO3MIPHOCTI N, yCi KOMIIOHEHTH SIKUX
X; € { 0,1 } CTaHOBJISITH MHOXXHHY MOXKJIMBUX 3HAYCHb.

Jlesika Horo miIMHOKUHA V, YC1 BEKTOPH AKOT 33JI0BOJBHAIOTH 0OMEKEHHSIM (5
— 6), yTBOPIOIOTh MHOXHHY MPUITYCTUMHUX PIIIEHb.

Muoxuna H — V € MHOXMHOIO ONITUMAJIbHUX PIIIEHb BUXIAHOI 3a/1a4l, SIKIIO
uist Oynb-IKuX BeKTOpiB X € H ¢yHkuionan (4) mocsira€ CBOro €KCTPEMalbHOIO
3HAYEHHS.

VY0 MHOXXMHY MOKJIMBUX PIIlIEHb MOXHA pO30UTH Ha TPYHU BEKTOPIB, IO
MICTATB: OJIMH KOMIIOHEHT Xj = 1, j = @, n) i BCi i piBH1 0; 1Ba KOMIIOHEHTH Xj = 1 1
BCl MOXUJIMBI IXHI CHOJIY4Ye€HHs IO 2, a 1Hmi, piBHI 0; Tpu KOMIOHEHTH Xj = 1 1 Bci
MOJIMBl 1XHI CIIOJy4€HHS # T. A. N — KOMIOHEHT X; = 1. SKumo mno3zHauutu
i IMHOKHHH BEKTODIB X rpym depe3 m' r = (I,n), TOAi MHOXHHY yCiX MOXTHBHX

pillICHb MOJKHA 3aMMCaTH SIK 00'€THAHHS TIIMHOKIH m":

X =Umr. (7)
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Ak nmokazano B po6ori [106], 3rigHo 3 rpadhom G moxxHa nmoOyaysatu rpad G'
(puc. 2), y sKOMy MHOYKHHA IIUTSIX1B PAaHTY T (paHT IUIIXY — YUCJI0 pedep, 0 YTBOPSTh
X)) BIAMIOBIZA€ TpynaMm MiIMHOXHH, SIKI OMHUCYIOThCA CIiBBIIHOIIEHHM (7).

Jlis mhOTO BEpIIMHY S 3'€THAEMO CIPSIMOBAaHUMHU pebpamMu 3 BepIIMHAMHU

1,2,...,n 1 T. A.; BEPIINHY 1 3'€IHYEMO 3 BeplnrHaMmu i+1,...,n. B octanHio BepimHy n
bl ] 2 9 y y

Pucynox 2. I'padp G’

BXOJSTh pelpa, COpsIMOBaH1 13 yCIX BEpIIMH, 1 >KOJHE peOpo 13 L€l BEpIIMHU HE
BUXOJIUTH.

Hepero nuisixiB DA rpada G' 3 Bepiimau s OyayeTbes Takum unHoM [105-109]:
Ha HYJIbOBOMY sipyci (r = 0) po3raimryemo BepiuHy s. Ha nepiomy spyci po3mMicTUMO
BC1 BepinHM rpada G', 1o MaroTh 3B's130K 3 BEPIIMHOIO S 13'€AHAEMO iX 3 § (IIPH LHOMY
YTBOpHJIACA MIJIMHOXHWHA HUISIXIB paHry r = 1). Y npyromy sipyci po3MiCTIThbCS BCI
BEPILMHY, 1110 MAIOTh 3B'130K 3 BEPIIMHAMU IEPLIOTO SIPYCy, 0€3 BEPIIMHU 3 HOMEPOM
1 13'eqHAaEMO X 3 BepIIMHAMU NEPIIOTO sIpycy (YTBOPEHI BC1 IUISIXM PaHTy I = 2) 1 TaK
JaJii JOTH, IIOKU B OCTAHHBOMY HE 3aJIMIIUTHCA OJ1HA BepiunHa n. Ha puc. 3 HaBeneHo
MPUKIIAJT, KOJU n = 4.

['eomerpuuno BepmmHa K rpada DA panry r — 1e MHOXHHA BEKTOPIB X
(X1,X2,...,;Xky-.+»Xn), ¥ AKHX Xk = 1, a Ha mo3uiisx Bix 1 1o k mepebyBae r omuHuUIb (puC.
4). Pebpy, wo eéxooums y sepuiuny k rpada DA, Bianosinae oguananuii Bexrop €, (0,
0,...,0,1,0,...0) n-mipHoro onuun4yHOro Ky6a B" 3 omunuiiero B k-tiii mo3uiii. Toi,

r : : . - . . .
wiaAxy Wej pamneyry epacghi DA BIINOBIIA€ BEKTOP X , IKUH JTOPIBHIOE CyM1 OJTMHUYHUX

BEKTOpIB pedep, depes siKi BiH JOCAT BEPIIUHY ] PAHTY T, TOYMHAIOYH 3 BEPIIIUHH S.
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r=0 r=1 r=2 r=3 r=4
Pucynok 3. I'pag D A

(0000) |
1000)
0100) | ~1100)
'(0010) “(1010) (1110)
0110)
(0001) 1001) (1101) (1111)
0101) (1011)
0011)
r=0 r=1 r=2 r=3 r=4

Pucynok 4. 'eomerpuuHa iHTeprpeTanisa rpadga DA
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—_

Hanpukman, muisixy ul,. BIATOBiZa€ BEKTOP X, , IO YTBOPUTHCS CYMOIO
HyJIb0BOro Bexktopa 0 {0000} i ommamunux Bekropis € = {0100}, &, = {0001},

TOOTO:

X, = 0 {0000} + &, {0100} + &, {0001} = {0101)

Hexaii y rpagi DA koxkHOMY pebpy, IO BXOAWTh y BepmiuHy j, j=(1n)
BIJIMIOBIA€ 7Bl Baru: Bara cj, AKiil 1opiBHIOE Koe(iieHT pH X y GpyHKIioHami (2.4), 1
Bara aij, IKiil JOpiBHIOE KOePiIlieHTy MpH Xj B oomexkeHHi (5). Toxi, muisax },trsj y rpadi
DA 3 BepmmHH s y BEpIIMHY ] XapaKTEpU3YEThCS IBOMA JOBKHWHAMMU: dc(,us'j) -

JIOBHUHOIO 32 Baroro (pyHkKIioHana u da(ﬂsr,- )1 — JIOBJKHAHOIO 3a Baroro 0OMeXeHb.

MuosxkuHy msxis mg(j) y rpadgi DA 10 BepluuH j, po3TalloBaHy Ha spycax
r=(Ln) Bij BEpIIMHY S, MOKHA 300pa3UTH y BUIIISA]

m;(j)=my*Um2U...UmS™, j=(,n) (8)

1€ m; — MHOHHA IIJIAXiB y rpadi DA Bix BeplIMHY S 10 BEPUIKH j, PO3TAILIOBAHUM Ha

r-x apycax rpaga DA (panr musxy ug € my BH3HAYa€TbCA 4YUCIOM pebep, 110

YTBOPIOIOTH IieH IUIsX). BapTo MaTu Ha yBasi, 1[0 MHOXKMHI HUIAXiB m{™ y rpadi DA

BI/INIOBIZ]Ta€ MHOXKHHA BEKTOPIB {il,iz,...,xv} , mo MicTath k omunmibs. OTke,

r
msj

=C.™, TOOTO KOKHOMY IIIIXYy B MHOMMHI msrfk BIIMIOBIZIa€ JESAKUN BEKTOP

(X1,X2,,Xp ). 3 MEOKHHH (2.8) crigye, wmwo:

mi(j)|=Cr+Ci7+..+C " =2"-1. 9)
Takum unHOM, Tpad DA sBisie cO0010 BIOPSAKOBAHUI 32 PAHTaMU €KBIBAJICHT
N-MIPHOTO OJJMHUYHOIO KyOa B", y sskOMy IIIAXM x5 € m{ BIANOBINAIOTH BEPIIMHAM

B". JloBkMHa KOXXHOTO MUIAXY 3a Barolo (YyHKI[IOHAJTA BU3HAYA€ 3HAYCHHS
] n

¢dyHkuioHana (4) y BepimmHax oguHuyHoro ky6a B". JloBxkuHa 3a Baroro oOMexeHb

BH3HAYA€, YM BiAMOBimae naHa BepmuHa B" oOmexeHHsM (5), TOOTO HaICKHTH

BepIIMHA N-MipHOro oauHUYHOTO Ky6a B" rimepromunu (5). Skmmo da(,usrj )1 <b, TO

. : . r
BEpIINHA HAICKHUTh Tinepmiomuni (5), 1 OyAeMO TOBOPUTH, IO HUIAX g
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3aJI0BOJIBHSIE BJIACTUBOCTI V. SIKIIO da(,usrj )1>b, TO BEpIIMHA N-MIPHOTO Ky0a, IO

. . r . .
BIATOBINAE IIIAXaM g, HE HAICKHUThH TNEPIUIOMIIHI (5), a muIAX p; BBAXKAEMO

TaKUM, SIKMI HE 3a0BOJILHSIE BIACTHBOCTI V.
OntumansHOMY pillIeHHIO 3a7a4i (4 — 6) B DA BifnoBigae caMuil JOBIHM IIIAX
3a Baroro (PyHKITIOHAJIA, 110 33a/I0BOJIHHSIE BIIACTHBOCTI V.

VY Bumnagky m-mipHoi 3a1a4i (1 - 3) pebpam, 1m0 BXoaaTh 10 BepiuH rpada DA,
KpiM Bard c¢j (yHKIiOHama, BIANOBIAa€E M Bar aj OOMEXEHb, a IIIAX ugj

XapaKTEPU3y€eEThCsl JOBXKUHAMMU: dc(ys’j) — JIOBXUHOIO 3a Baroro (QyHKIIOHana W

da(ysrj )i, i = (1, m) — TOB)XKMHAMU 32 Barol0 M 0OMEKEHb.

Ha ocHOBI MaTeMaTW4yHOi MOJENl pPaHroBOro MiAXoAy [uisi MNoOyJO0BH
anroput™MiB pimeHnHs 3aBiaadnb IJIIT i3 B3 mokmageHuit nmpuHOMO ONTHUMI3alil y
HAnpsIMKy B JMCKPETHOMY IIPOCTOpi cCTaHiB, 3amaHomy rpapom DA [105-111].
[ToganHs n-MIpHOTO OJWMHWUYHOrO KyOa y BuUrAml rpaga DA no3Bossie po3douTu

MHOXHUHY YCiX IULIXiB rpada DA 3 HynboBOi BepiivHU s Ha () TOKaTbHUX 00J1acTeH,

2
n . :
ne ‘Q‘ HE NEPEBHIIYe BENMMMHY —- , OCKUIBKH HHCIO BEpIMH y rpadgi DA

BHU3HAYAETHCS CYMOKO YHCET HATyPaJIbHOTO PSAY

_n-(n+1) n*

Q=n+(n-1)+...+1 5

, (10)

npudoMy 2-o6:acti B rpadi DA ynopsikoBaHi 3a paHraMu 1 IIJISTXW HACTYTTHOTO PAHTy

MOXYTb OyTH OTPHMMaHI Ha OCHOBI IUISXIB TMOMEPEAHHOTO PaHTy 3a PaxyHOK

npueTHAHHS 10 HUX pebpa (j,p) y rpadi DA: m:™ = {(w(x em? U (], p)}
Hexait 3amani nesiki mpaBuia Biacikanusa {Ly} momsxiB },Lrsj y MHOXHHax m; .

Tonl, SIKIIO B MHOKMHAX YTPUMYIOTHCS IUISIXHU, 1110 33J0BOJIBHSIOTH BIACTUBOCTI V 1

npaBwiaM {Lyw}, To mig onmumizayiero 3a nanpamkom y tpadi DA 1o BepmuHu p

r=r+l

& HACTYIHOI'O paHry, sKi BUXOJATH 3a

OyneMo po3ymiTu (popMyBaHHS MHOXHH M

. r . .
paxyHok BuAiIeHHS B Myg; MUIXIB, NPHEAHAHHSA [0 SKHX pebpaMm (j, p) A03BOIUTE y
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r=r+l

o' olepKaTu LUIAXH, IO 3aJ0BOJBHANOTH NpaBunaMm {Ly} Ha OCHOBI

MHOXXHHI m
HACTYITHOTO PEKYPEHTHOTO CITiBBITHOLIICHHS

W emy Jus™ =L UG p=(+Tn); j=@n), (1)
ne uyU(j, p) — mumsax 3 BepmmHU s rpada DA y BepmmHy p, IO IPOXOIUTH YEPE3

MPOMDKHY BEPILIUHY j 1 KU 33]]0BOJIBHSE IpaBuiiaM {Ly}, TOOTO sIKuil 0gepKYy€eMO 3a
PaxyHOK NIPUEAHAHHA JI0 IUIAXY 4 pedpa (j,p), AKIIO Take 3'¢THAHHS HE CYIEPEUHTh

r=r+l

npaBuinam {L}. Hamami ams crpoimieHHs BHKIamy, SKIO MIISX s :y;. U(j, p)
3a10BONTbHSIE TipaBwiaMm {Ly}, TO OymemMo TOBOpWUTH, IO BiH 3aJ0BOJIbHSE W
BJIACTUBOCTI V.

Takum urHOM, 17151 pimeHHs 3ana4i (1 — 2), BukopucToByroun npasuia {Lw} 1
onTuMi3zalio 3a HarpsiMkoM (11), moOyayeMo Aesiky y3arajlibHeHy Mpoienypy Ao, 110
n03BOJIsIE (DOPMYBATH MHOXHUHU JIOKAJbHUX E€KCTpeMyMIB (2 1 BUAUIATH CEpell HUX
TJI00aIbHUM.

YBenemo y3aralbHEHY mpouenypy Ap, M0 J103BOJISIE Ha OCHOBI OOpaHOTO
npaBuia Bijacikanus {Ly} BupinryBatu 3aBnanus (1 — 3).

VY3araneHeHa npoueaypa Ao
KPOK 1. 3 BepumHM s OyIylOTbCd MHOXKHHM LUIAXiB mi*, j=(Ln), mo

* r=1

3a70BOJIbHAIOTH BJIACTHUBOCTI V. BUAINAIOTECSA MIIAXU 4 , IO BU3HAYAIOTH JIOKAJIbHI

eKcTpeMyMu obnacteit ;.

KPOK 2. ®opMyI0TbCSl MHOKHMHH IIIAXIB my"™ p =(r +1,n) macTymHOTrO panry,

. . . r
o0 3aA0BOJIBHAIOTH BJIACTHUBOCT1 V, HA 0a3l MHOXKMHHU NIJISAXIB msj nonepeaHbLOro

paHry BIANOBIJHO O PEKYypEeHTHOro crhiBBiAHOWEHH: (11). B yTBOopeHnX MHOXUHAX

mg, " 311iCHIOETHCS BiICiBaHHS MIISAXIB BiAMNOBIIHO 10 0OpaHOro NpaBuIla BiJCIKaHHS

* r=r+l

{Lw} 1 BUIINAIOTBCS IUIIXHU f,, , IO BU3HAYAIOThH JIOKAIBHI €KCTPEMYMH 00JacTei

Qp.

r=r+l

KPOK 3. IlepeBipsieMO, UM BC1 MHOXKHHHM Mg

HACTYMHOT'O PaHTy MOPOHI.
Sxmo 1me Tak, TO mepexoauMo 10 KpoKy 4, SIKIIO Hi, TO mepeBipseMo r = (n - 1). ¥V
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BUIAJIKy BUKOHAHHS PIBHOCTI MEPEXOAUMO JI0 KpPOKY 4, 1HaKIIe 301ab1yemMo r Ha 1 1

BUKOHYEMO KPOK 2.

KPOK 4. Buninsemo cepeii MHOXKMH JIOKaJIbHUX €KCTpeMyMiB € j = (1n—2/2)
rJI00aBHAM 1 Ipotieaypa Ao 3aKiHUy€e poOOTYy.

VY3aranpHeHa nporeaypa Ao 103BOJISIE BU3HAYUTH JIOKAJIbHI €KCTpeMyMH B Q-
obmactsax rpada DA mopa3 Ha kporli 2 1 mMOTIM Ha Kpoii 4 BUAUIATH TI00aTbHUAN
eKCTPEMYM 3 n?/2 JIOKaJIbHUX, Ki OTPUMYIOTHCS Ha OCHOBI IIPHHIIMITY ONITHMI3arlii 3a

HanpssMkoM (11) 3 BUKOpHCTaHHSAM MpaBUII BIACIKAHHS, IO BBOJATh, {LW} IIISAXIB Yy

m;. MHO>KHWHAaX.

Takum 4MHOM, 13 TIPEJCTABICHOI MATEMaTUYHOI MO/IEJI1 N-MIPHOTO OJJUHUYHOTO
ky6a B" y Burmsgi rpaga DA 1 chopMynbOBaHOrO MNPUHIMITY ONTUMIZAIT 3a
HaIPSIMKOM Ha OCHOBI PaHTOBOTO MIAXOY BUILUIUBAIOTh HACTYMHI 3aB/IaHHS:

1. Busnauennsi crpareriii BijacikanHsi {L,} Oe3MepcHeKTUBHUX MUISAXIB Y

r
sj 9

MHOXKHHaxX m

-3).

10 MPUBOJSTH 10 HAOIMXKEHUX 1 TOUHUX pimensb 3aaaui LIJIT 13 B3 (1

2. [1oOynoBM HAOMMKEHHUX 1 TOYHUX AJTOPUTMIB Ha OCHOBI OOpaHMX IMPaBUI
BijicikaHb {Ly} ms pimeHds oqnomipaux 1 6araromipuux 3agad LJIIT 13 B3.

3. CtBOpeHHs mapajelbHUX OOYHCIIOBATILHUX CTPYKTYpP SK CIeIialli3oBaHUX
MPUCTPOIB JJIs PIILIEHHS JAHOTO KJIacy 3aJayd JUCKPETHOT ONTUMI3allli.

B ocHoBy Meromy BifcikaHHs Oe3nepcrneKTMBHUX BapiaHTiB juist 3amadi (0,1)
PIOK3aK MOKJIaJeMO MHOXUHY cTparteriid {Ly}, 3aCTOCYBaHHS SIKUX J10 y3arajJbHEHOT
mporieaypu Ao TpuBeAe 10 TOOYJOBH aJrOpUTMIB  pIIICHHS i€l  3amadi
UTOYMCENBHOTO JiHiiHOro nporpamyBanHs (LIJIIT) 3 6ynesumu 3minaumu (b3).

HaiiGinbp1 mpoctoro cTpareriero Biacikands Ly nmpu popmyBanHi r=r + | nuiaxis

r=r+1

HACTYIIHOI'O PaHTy B MHOKMHAX mg ™", HA OCHOBI IIpOLEAYpH Ao, € BUIUIEHHS B M

IUIAX1B MAKCUMAaJIbHOT JOBXKMHU 3a Baroko (PyHKIIIOHaja Cj, JOBKMHU SKHX 3a Baroro
oOMeXeHb HE TMEpPEeBUIIYIOTh BEIWYUHU bi, TOOTO da(,usrj) <b. YV upomMy BUNAAKY

IIJIAXAMHU, 110 3a10BOJILHAIOTH BIACTUBOCTI V, OyIEMO Ha3MBATH LUISAXU 1 , JOBKUHH
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AKUX 3a Baroro OOMEXEHb HE MEepeBUINYIOTh BeluuuHy bj. Toxi, pexkypeHTHe

criBBigHomeHHs (11), o Bianmosigae crparerii L1, mpuiiMae BUTIIS:

it =max s UG, p))  p=(r+Lin); j=(En), 12)

Cj

PosrnsneMo npukiaja pilieHHs 3a1a4i.
Ilpuxnao 1. TloTpiOHO MakCcHUMi3yBaTH (PyHKIIIOHAI

f(X ) = 20x; + 18X, + 18X3 + 15X4 + 10Xs5 + 4Xg + 1X7
pu OOMEKEHH1
X1+ 2Xo + X3 + 2X4 + 3Xs5+ 1Xe + 4%7 < 12,
y BIJIMOBIIHOCTI 31 cTparerieto L.
Piwenns. TloOyayemo rpad DA (BepmuHy s, 110 BIANOBIA€ TPUBIATLHOMY
pllIeHHIO 3aj1adi, IokasyBath He Oyzxemo). Mlmax u; , j= (r,n) 3amaeThes
i1eHTUdIKaTOpOM, 10 BHU3HAYA€, 4epe3 5Kl BEPIIMHU TOMEpPeIHIX paHriB BIH

: : =3
npoxoauth (puc. 5). Hanpuknan, inentudikatop s146 ykasye Ha nusx Mrsl46, 10

MPOXOJHUTH Uepe3 BepnHu s—>1—>4—6 y rpadi DA.
VY nyxKax Ha epIIoMy MICIl CTOITh JOBKHWHA XY 3a Baroro (yHKIlOHaja, a

Jajxi M Bar Mo MepuoMmy, JAPYroMmy, 1 T. J. M-uy oOMexeHHsM. Tak, 3amuc
"s146(39,10)" Bigmosimae mUIAXy Mrsﬁe, mo Mae d(u53)=39, a d,(u ) =10. Hlnsx

A », IO HAJIEXKUTh ONTUMAIEHOMY PIIIEHHIO, TO3HAYEHUH "*".
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s2(18,2)*
2

512(38,9)
2

s3(18,5)

3

s13(38,12)
$23(36,7)*
3

3

s4(15,2)

4

514(35,9)

$24(33,4)

$34(33,7)
4

s124(53,11)
$234(51,9)*

4

4

*r:4

Hyr3as —> X0 =(0111100).

F(XO") =61,

s5(10,3)

515(30,10)
$25(28,5)
$35(28,8)
$45(25,5)
5

5125(48,12)
$235(46,10)
$145(45,12)

5

52345(61,12)*

5

s6(4,1)

516(24,8)
$26(22,3)

s126(42,10)
$236(40,8)

51246(57,12)
$2356(50,11)

$36(22,6)
s46(19,3)
s56(14,4)
6 6 6 6 6 6
s17(21,11) | s237(37,11) | s2367(41,12)
s27(19,6) | s247(34,8)
s37(19,9) | s257(29,9)
s47(16,6) | s167(25,12)
s57(11,7)
s67(5,5)

7 7 7 7 7 7 7
r=1 r=2 r=3 r=4 r=5 r=6 r=7

$146(39,10)
5156(34,11)

s7(1,4)

Pucynox 5. Imoctpartist po6otu crparerii L1

Imepayia 1. bynyemo nuisxu panry r = 1, 1o 3a0BOJIBHSIOTh OOMEXKEHHSIM

samaui. Takux muisxiB y rpadgi DA — cim: p — w;'. Cepell HUX BUOMpAaEMO MIISX 3

* =1

HaWOLIBIIOK JTOBXKHMHOIO 3a Baror (GyHkionana: x4 . [lo3Hauumo Woro u, .

Imepayis 2. Bynyemo nuisixul pairy r = 2 BiJIMOBITHO IO MPUHITUAITY ONTUMI3AITi]

3a HanpsMkoM (11) i crpareriero L; (12). Hampukmnaa, chopMyemMo HUISX iy, Ha

OCHOBI HUIAXY 4, noparoun pebpo (1,3). Ilpy npbOMy JOBXHMHA LUIAXY Oyzae: 3a
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Baror (yHKIIOHAIa dc(usrf32):38, a 32 Baroro OOMEXKCHHS da(ysrf;)l =12, To0TO HUIAX
417 3a0BONIBHSAE OOMEKECHHIO 3aBJaHHS W BIIACTUBOCTI V.

AHanoriuno OyayroTbes 1HIN muisixu panry r = 2. [lotiMm cepen ycix HUIAXiB

* =2 * =2

paHry 2 BUOMPAEMO HUIAX 3 HAUOUIBIIIO TIOBKHHOIO dc(ysrfz). e mmsaxu gy, 1 sy, -

Imepayia 3. bynyemo nUIIXyd paHry r = 3 Ha OCHOBI IIISAXIB paHry r = 2 i

onTHMi3alicro 3a HanpssMKoM. IIpu qoxaBaHHi 10 WXy 4, pedpa (2,3) yTBopuThCs

HUIAX 4 , JOBXKUHA SIKOTO 33 Barord OOMEXKEHb da(ysrfzi)l =14, M0 HE 3a/10BOJILHSE

. o o . I'=2 .
YMOBI1 3aBAdHHA. TOMy TaKNHU IIJIAX HC IIOKa3aHUH. HKHIO B MHOX>KHH1 msj KUIbKa

HUISIX1B, OUIBIIMN 3 SIKUX TpPU NpPUEAHAHHI SKOTO-HEOYyJb pedpa HE 3aJ0BOJIbHSIE
BJIACTUBOCTI V, TO 3TiJHO 3 TipaBmia (11) BuOupaemMo HaCTYHUMN NUIAX, IO HAJICKUTh
11d MHOXHMHI, ajle MEHIIM 3a Barow (yHkmioHana. Ha r = 2 puc. 5 ne mMoxHa

criocTepiraTv pu nooyA0Bi NUIAXY 3 MHOKUHK M> B m5° . Cepel yCixX IUIAXiB paHTy

* r=3

3 BUOUpaEMoO NUIAX 3 HANOUIBIIOK JOBKUHOIO dc(ys’fs). Ie musx: ugy,,.

Imepayis 4. Bynyemo 1uisixu panry r = 4, aHaJOTIYHO OMKUCAHUM B iTeparii 3.

Cepen ycix nUBSIXiB paHry 4 TakoX BUOMPAEMO NUISX 3 HAMOUIBIIOW JOBXKHUHOIO

* =4

dc(ﬂsrj:A)- Lle MUTsaX fps-

Imepayis 5. Bynyemo msixu panry r = 5. Ik BUgHO 3 puc. 2.5, NUIAXIB, 110

* I

3aJJOBOJIBHAIOTE YMOBI 3aBJaHHA paHry r = 5 Hemae. Toai 13 yCIX HOUIAXIB 4 ,

* =4

r=(L4), j=(r,n) — BUOMpPaEMO HAHOGUIBIIHIL 1 ,ys, 3 BEKTOP X =(0111100), oMy
BIIMOBITHUM, € ONTUMAJILHUM PIIICHHSIM 3a/1a4i.

Buxopucranns ctparerii L1 He 3aBXau Ja€ OoNTHUMalbHE PIIICHHS 3aadi.
BunukHeHHs cuTyallii BiJCIBaHHS MUIAXIB 3a CHIBBIAHOIIEHHAM (12), 1o
BIJINOBI/IAIOTh ONTHMAJILHOMY pIIMIEHHIO 3a/Jadi OOyMOBJIEHE THM, IO MUIAXU 3
OUIBIIMM 3HAYEHHSIM 11010 (DYHKIIIOHANIAa MOXKYTh HAOMpaTu W OLIbIIY OBXKUHY 32
Baroro obOmexeHb. OTKe, Ha JEIKOMY paH31 BUHUKAE CUTYyallis, KOJU uepes

OOMeKEeHHsI IUIAXU HaCTYIMHUX paHriB y rpadi DA moOyayBaTu HEMOXKIIMBO, a HUISIXU

106



THEORETICAL FOUNDATIONS IN RESEARCH IN ENGINEERING

3 MEHIIIMM 3HAYEHHSM JIOBXKHHHM 32 Baroro (pyHKIOHaIa, II[0 MAOTh i MEHIITY JOBKUHY
3a Barorw oOMeEXeHb, BIAKUHYTI 1o ctpaterii Li. Ha ixHiif ocHOBI moriau 6 OyTu
OTpUMaHI IUIIXU OLIBIIOrO PaHTy, a 32 PaXyHOK IbOTO — M OLIbIIOT BEIUYMHH 32

Baroro (pyHkKIioHaa.
sk [=(] sk I
ITo3HAaUMMO Yepe3 g, UUIAX PaHry I = q 3 HAWOLIBIIOK JOBXKHHOKIO d | s

= I'<q
cepell LUIAXIB {ysj } paHry r < (, IO BIAMNOBIIAKOTH JIOKAJJbBHUM EKCTpEMyMaw,
00yMOBJICHUM MPOLIETYpOI0 Ao 3 BUKOpUCTaHHIM cTpaterii Li. Toai chopmymnroemo
MpaBUWJIO BiJiciBaHHS Lo /11 0oMHOMIPHOT 3a/1a4i, HA OCHOBI HACTYITHOI TEOPEMHU.
Teopema 1. 'V epaghi DA ne icnye winsaxy, wjo 3a00801bHAE G1ACMUBOCH V,

paHey r < g, 01 AK020 BUKOHYEMbCSL HEPIGHICb

* I<q sox =(]
dc :usj <dc /usj:y '
r=r+1

[oxas. Ha xoxHOMy etami HOpMyBaHHSI MHOXHHH LIIIXIB Mgy, p=(r,n)

MPOIIEAYPOIO Ao, III0 BUKOPUCTOBYE ITPaBUIIO L1, y ITUX MHOKHUHAX OYIyIOThCS IMIIAXU

r=r+l

Hg' ", 3a70BONBHSAIOYl BJIACTUBOCTI V, BIANIOBIAHO JO  cHiBBIAHOWEHHS (12).
_r<q _r<q sk 1=(Q
[pumycrtumo, mo B DA icHye HIISX pg, , JOBKUHA IKOTO d | sy, |<d | gy, |, ¥ BIH

3a/I0BOJIBHSIE BJIACTUBOCTI V. ICHYBaHHSI TaKoro HUISIXY MOJIMBO, SIKIIO ICHYIOTb

r<q

_ -r<q
IJIAXH {ﬂsj } , IO 3aJOBOJIBHAKOTB BJIAaCTHBOCT1 V, HJOBXHHH AKHX dc[,usj ]

* I<q

MIEPEBUINYIOTh JTIOBKUHH IIUISIX1B d{ysj j BIIMIOBITHUX JIOKAJBHUM EKCTpEMyMaM,

BUJIIJIEHUM TIPOIEAYpPOI0 Ao 3 BUKOpUCTaHHSM cTparerii Li. [lokaxemo, mo mane
MPUITYIIIEHHS HEBIPHO. /{71 IbOTO T0BEIEMO HACTYITHE TBEPIHKEHHSI.

Teeporcennn 1. [Ipoyedypa Ao ¢ euxopucmaunam cmpameeii L1 0036015€
susHauamu 6 epaghi DA winaxu paumey r < q MAaKCUMANbHOI O0BUCUHU 3A B8A20I0
@yHKYioHANa, WO 3a00801bHANMb GIACMUBOCMI V, 8I0 8ePUIUHU S 00 YCIX THUUX

sepuiun epaga DA .
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r<q

Sxkmo BIpHO TBEpKEHHA 1, TO 3HAYWTH HE ICHYy€ HUIAXIB 4 , ILIO

_r<q * I<q
3aJI0BOJILHSIIOTh HEPIBHOCTI dc[ g J> dc[ g j i, OTKe, MPUMTYIIEHHS TIPO 1CHYBAaHHS

r<q r<q *ox 1=Q
LUIAXY g, JUIA AKOTO BUKOHYEThCS HEPIBHICTH d| 4., |> d{ysj j, TeX HEeBipHA U

TOJIl TeOpeMa JI0BEJICHA.

[TpaBoMIpHICTE TBEPIHKEHHS | I MHOXKUAH mr-zl, mi=2 OYEBH/IHA, OCKIJIBbKHU
S] Sj )

MHOKMHH M’ MICTATh IO OJAHOMY LUIIXy paHTy r = 1, a B MHOXHMHaX my°
: s _ . :
YTPUMYIOTbCS BCl NIIAXM w;° paHry r = 2 rpadga DA. Hexaii Ha OCHOBI MHOXHH

msrj:2 i j= (r,_n) nmpoucayporo A() 3 BUKOPUCTAHHAM CTpaTeri'l' L]_ C(bOpMOBaHi MHO>KUHHU
* =3
m;-:S . BI/II[iHI/IMO B mf’ HIJIAXHU “Sj MaKCHUMaJIbHOT JOBKWHHU 34 BAroro (bYHKHiOHaHa.

xx=3

[Tpunyctumo, mo B rpadi DA icHye musix Hsj  SKHil 3210BOJIBHSE BJIACTUBOCTI V,

« =3
ajie OUIBIN JTOBIHH, HIXK Hsj - BianoBigHO 10 peKypeHTHOro cmiBBiHOIICHHS (12)

* =2
OCTaHHE MOKJIMBO, SIKIIIO B MHOXHHAX mgj_2 € NIUIAXH 4y OUIBII JOBT1, HDK IUIIXH

* r=2 *r:2

fg . Alle e CynepeunTs paHille BCTAaHOBJIEHOMY (aKTy, IO IIIAXH Hs; caMmi JIOBT1

s =3

Xy panry r = 2 y rpadi DA . Orxe, NpUITYyHIEHHS PO ICHYBaHHA LULIXY /L

HEBIPHO, a 3HAYUTh TBEPJKEHHS 1 CIIpaBeIJIMBO U JIJI1 MHOXKUH ms’f3 .

[TpunycTuMo, 1110 BOHO BUKOHYETHCS M JIJIs msrf“q, 1 IOBEJIEeMO, 1110 BOHO BIPHO

r=k+1
s

W s MHOKUMH m. ™. Hexall Ha 0a3l MHOXXHHHU IUISIX1B m_{fk npoueaypa Ao, Aka

. . r=k+1 .
BUKOPHCTOBY€ cTpaterito Li, mobyayBana MHOKHHH IUISXIB Mg . Bugummo B

* r=k+1

" IUISIXM MaKCUMAIIBHOI JOBXKHHH 4y  #, IPHITYCTUMO, IO B Tpadi

MHOXHHAX Mg

s F=K+1 * r=k+1

DA icHye nuisix ug , AKAHM 3aJ0BOJIBHSIE BIACTUBOCTI V, ajie JOoBIMK 4 . OcTaHHE

sx =k * r=k

MOYKJIMBO, AKINO ICHY€ NUIAX 4 OUIBII JOBIUHM, HIK 4y , ajl€ SKUM 3aJ0BOJBHIE

BJacTUBOCTI v. OIHAK 11€ CyNepeyuTh NepBICHOMY MPUITYLIEHHIO MPO T€, 110 HUISXH
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* r=k
fg cami JIOBri ILUIIXK paHry r = k y rpagi DA, 1, oTxe, 10ImynIeHHs PO iCHYBaHHS

s F=K+1

maxy #g B DA r =k + 1 HeBipHO, TOOTO TBep/uKeHHS | crpaBednuBO U Ui

MHOKWH ms'j:k+l

. r=1 r=2
OT)KC, MU IIOKa3aJIk, IO TBCPIXKCHHA 1 BIpHO OJIs1 MHOKHH msj ) mSj

JIOBEJIM, 110 BOHO BUKOHYETHCS IS m;j=3 . Mam Oyno mnpumymieHo, 0 BOHO

TMIOMIMPIOEThCSA I HAa MHOXHHY My i JOBEAEHO, IO y BHUNAAKy IPaBHIBHOCTI

IPUITYIIEHHS, TBEPUKEHHs 1 cripaBeyIMBO 1 1711 MHOXKUH paHry r =k + 1.
TakuM YMHOM, Ha OCHOBI NPHUHIMIY IIOBHOI MAaT€MAaTHYHOI 1HIYKIIi

r<q

TBEP/DKEHHA | CIpaBeAnMBO M U JOBIIBHUX MHOXMH M{™, TOMy LIO IpU I > (

MHOKMHA IIUIAX1B My IOPOXKHA 1, BUXOIUTh, Teopema | BipHa.
3 noBeneHoi TeopeMH 1 ciitye ctparteris BiicikanHs Lo, 1110 103BOJIsiE 3HAYEHHS

x*x=(
dyHKkIioHana mUIXy Hgj BHKOPHCTOBYBATU SIK BEPXHIO OLIHKY JUIA Bi[CIBaHHI

nIAxiB y MHOkMHax mg rpada DA. Crpareris L, BUKOPHCTOBY€TBCS IIpU OOy 10B1

OaraToeTanmHUX aJTOPUTMIB, TOMY IPHUKIIAJ, IO MOSICHIOE poOoTy cTpaterii Lo, Oyne
PO3IIIIHYTUH Ti3HIIIE.

He nmopymyrouu crpateriit Ly 1 Ly, MOXHa BBeCTU JOJATKOBE BIJICIKAHHS B

r

MHOKHUHAX ILIAXIB Mg;, mo 300paxye cTpaterito L3, sika 3aCHOBaHa Ha BJIACTUBOCTI

rpada DA 1 nonsirae B HacTynmHOMY. 31 CTpYKTypH Tpada DA BumHO, 1110 17151 KOKHOT
HOro BepIINHH ], Ka BIANOBIAAE o0sacTi (2, Bara yj TOpIBHIOE CyMi KOE(ILIEHTIB Cj Yy

¢dynkuioHani (2.4), 00yMoBieHa 3a IPaBUIIOM:
7 =Cia+Cip+..+Cp,  7,=0; j=(n-D), (13)

MPEACTABISIE BEPXHIO OLIHKY 30UIbLIEHHS BEJIMYMHM 3HAYEHHSA JIOKAJIbHOIO

ekcTpemyMa B oOmacti ()j Ha yciX HAcTynmHuUX paHrax. CKOpOYEHHsS dYHcla
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bopMOBaHUX NUIAXIB Mﬁj y MHOXHHax mgj MOXKe OyTH JOCATHYTO, SKILO

BUKOHYIOTHCSI YMOBU, 00OYMOBJICH1 HACTYITHUM JIOCUTh OUYE€BUIHUM TBEPKEHHSM 2.
Teepoocennn 2. Hxwo cyma 008HCUHU ULTAX)Y dc(y;j) 3 NIOMHOJICUHU T My Y

BEPUUHY W T 8a2a Yy YIEI 6epUIUHU MEHULA 3a 8IHCe OMPUMAHY MAKCUMATbHY O0BHCUHY
. . oo
dc(ﬂsj:p)’ MO WIIAXU HACMYNHO20 Pawney, nobyoosamni Ha OCHOSI gj, He MOJCYmb

BUZHAYAMU ONMUMATIbHE PIUEHHS 3A0aYl.
CrpaBemuBICTh TBEPHKEHHS 2 CIIAYE 3 TOTO, 10 TpoIeaypa Ag 31 CTpaTeTiero

L; BuOupae rmolanbHHUI €KCTpEeMyM 13 YCIX JIOKAIbHHUX, a HalOIIbIIa JOBXKMHA 3a
Tr .
PaxyHOK MPONOBXKCHHS IUBIXY |lgj BXKC MEHIA OJHOTO 3 JOKAIBHHX EKCTPEMYMIB.

Takum ynHOM, TTEpeBipKa YMOBH:

dc(ysrp)+ 7, < max{dc(,;:p J} | (14)

{c;}
ne dc(,usrp) — JIOBXKWHA MUISAXY pgp JI0 BEPUIMHHU P PaHIy I 3a Barow Cj; JA03BOJIIE

BUKJTFOUUTH II€H MUISIX 3 MOJAJBIIOTO aHaNi3y, K O€3MepCIeKTUBHHM, SKI0 YMOBA
BUKOHaHa. Ha wmiif mepesipiil 3acHoBaHa crpateris L.

Ipuknao 2. Tlotpi6HO MakcUMI3yBaTH (QYHKITIOHAT

f()_i ) = 20x1 + 18X, + 18X3 + 15X4 + 10X5+ 4Xg + 1X7
pu OOMEXKEHH1
TX1 + 2Xo + 5X3 + 2X4 + 3X5+ 1Xg + 4X7< 12

y BIMOBIAHOCTI 31 cTparerieto Ly 1 L.

Piwennsa. lmocTparlis pilieHHS NOpUBOAUTBCA Ha puc. 6. Tyt 1 gami
MIIKPECICHHS NUIAXY O3HA4a€ Te, 0 TiJIbKA HAa OCHOBI IILOTO MIISAXY BiIOyBa€eThCA

HO6YI[OB21 MHO>XKHH HAaCTYIIHOT'O paHry, IHaKIIIEe IUISX BUKIIOYAETHCS 3 IIoJaJbIIOro

aHam3y. JIIBOpy4Y y BUITIAAl CTOBILS IPOCTABIECHE 3HAYEHHS Y, i=(1,7) (13),

o0yMoBJIIeHe 1711 KOkHOI BepinHM rpada DA. Tak, nanpuknan y3 = Cs + Cs + Cg + C7 =

15+10+4 +1 = 30.
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Yi
66 | 51(20,7) 1 o 5% — (0111100).
48 | s2(18,2)* | s12(38.9) f(x”™) =61
2 2
30 | s3(18,5) |s13(38,12)
§23(36,7)*
3 3 3
15 | S4(15,2) | s14(35,9) §124(53,11)
§24(33,4) s234(51,9)*
s34(33,7)
4 4 4 4
5 s125(48,12) | s2345(61,12)*
5 5 S S 5
1
6 6 6 6 6 6
0
7 7 7 7 7 7 7
r=1 r=2 r=3 r=4 r=5 r=6 r=7

Pucynoxk 6. Intoctpariist podotu crparerii L1 1 L3

BiaMiHHOIO pUCOIO BijJ NpUKIANy 2 € HasgBHICTh MOPOKHIX MHOXUH mgj. Lle

00OyMOBJIEHO 3aCTOCYBaHHSIM BijcikaHHS 3a ymoBu (14). Hampuxnan, moOymyemo

* =2

X 4. . JIo IpOro gacy max{dc(ys12 j}=38, a dc(y;f22)=30. Tomi dc(usrfsz)+ 7s = 35.

OTxe, HAa OCHOBI WIISAXY f5c, 3TIIHO 3 TBEPIKEHHAM 2, HEMOXKJIMBO MOOYHyBaTH

IUISIXHA, 1[0 MEPEBUIIYIOTh 3a Barow (yHKIIOHAJa 3HAYEHHS BXKE ICHYHYOIO

* =2

JIOKAJIBHOTO €KCTPEMyMY: IUISAXU i, . B THIIOMY MOPSAOK PIllIEHHS HE 3MIHUBCS B

MOPIBHSHHI 13 MPUKIIATIOM 1.

SIx BUAHO 13 IpUKIaLy 2, CIIIJIbHE 3acTOCyBaHHs cTpateriit L11 L qo3Bonsie B 3
. T . ..
pa3y 3MCHILUNTH YHCIIO BEKTOPIB, [0 OyAYIOTBCSI B MHOXKHHAX M), y HOPIBHSAHHI 13

3aCTOCYBaHHSM OJHI€T cTpaterii L.
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VY pesynbrari pob6oTH mpoueaypu Ap 31 crparerisimu Li, L3 3anumiarorees
MHOXUHU mgj , i Skux r > q (y npuknagax 1 i 2 BOHM € TOPOXHIMHU), a IS

edexTuBHOI PUIbTpaIlii O€3MEePCIIEeKTUBHUX IUISIX1B HEOOX1THO MATH OIIHKH 3HAYEHHS
dbyskionana B obnactax_Qj, j= m) npu r > (. g 11p0ro BBEAEMO CTpATETiIO
BUOOpY MHIISAXIB 3 MHOXHHHM L4, 1O IPYyHTYeThCA HaA MpPOUEAYpl, SKa JO3BOJISIE
OJlepKaTH IUISXM MAaKCHMaTbHO MOKIMBOTO paHry t y rtpadi DA. Ii moxna
peamizyBaty, Ko B DA BH3Ha4YaTH HAMKOPOTII INUISXW 3a Barord OOMEKEHb Ha
OCHOBI TMporneaypu Ag MK BEPIIMHOIO S 1 BCiMa 1HIIMMU BepimmrHamu rpada DA, pu
1IbOMY pekypeHTHe criBBigHomeHHs (11) ana ogHOoMipHOI 3amaui (4 — 6) npuiime

HACTYITHUW BUTJISI.

w =min {us Ui, p)

. ; p=(r+1,n); j=(r,n), i=L (15)

i
HeBaxkko mobauutu, 110 npu i ctparerii GopMyBaHHS NUIAXIB Yy MHOXKHUHAX

T . .. .
l’nsj 3AJIMIIACTECA CIIPAaBCAIIMBUM TBCPIKCHHA 21 MJI1 BIACIBAHHA IIUIAX1B Y

T
MHOXXHHAX Mgj MOKHA BUKOPHCTOBYBATH yMOBY (14).

Ilpuxnao 3. IlotpiOHO MakCcHUMi3yBaTh (PyHKIIIOHAI
f(X ) = 47Xy + 45X, + 38X3 + 32X4 + 22X5+ 22Xs + 20X7 + 18Xs
py OOMEXEHH1
10x1 + 4%, + 10X3 + 8Xs + 9X5 + 5Xg + 1X7 + 1Xe< 30,

y BIANOBIIHOCTI 31 cTparerieto Lz 1 La (puc. 7).

. . T .
Piwienns. 3 KOXKHOI MHOXHHU Mgj JUISL MOAANBIIOTO aHAIi3y BHOHPAIOTHCS

r
sj 9

LUIAXK pf €M} , 10 MAlOTh MIHIMAJIbHE 3HAYEHHS 3a BArolo da(,usrj )1. Taki nusixu Ha

puc. 2.7 makpecieHi. [HIm — BUKTI0YAIOTHCA 3 MOJAIBIIOT0 aHai3y 3a yMOBOIO (15).
Ha pansir=4y MHOXUHI MJ* IUIAX 1454 , IO JIEKHUTH B OCHOBI ONITHMAIILHOTO,
r=4

ryOUThCS uepes3 Te, IO ICHYE TUISIX L5 MEHIINN 3a Barow (PyHKIlIOHAA i MEHIITUN

3a Barord OOMEKEHHS. CJ'IiI[ 3da3HAYUTHU TaKOX, IO JId JaHOTO IIPpUKIIAny
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3acTocyBaHHs cTparerii Ls 1 Ly He mae onrtumanbHOTO pilieHHs 3aaadi. Tak,

*1'26

OTPMMAHUH IUIAX [LH4567g HE € ONTUMAILHUM, TOMY IO OCTaHHINA OyB BIIKUHYTUI

. . r:4 . oo
Ha paH31 T = 4 Y MHOXHHI Mgg 13 3d3HAYCHO1 BUILC [IPUYINHU.

Vi
197k1(47,10)* #T=6
1 Hyoa67g —> X0 =(11010111).
152[s2(45,4) 512(92,14)* F(ROMY =184, k=3.
2 2
1143(38,10) 513(85,20) [s123(130,24)
$23(83,14)
3 3 3
8254(32,8) [514(79,18) [s124(124,22)*
s24(77,12) 15234(115,22)
$34(70,18)
4 4 4 4
60 55(22,9) [515(69,19) [s125(114,23)
s25(67,12) 15235(105,23)
$35(60,19) 5245(99,21)
s45(54,17)
5 5 5 5 5
3856(22,5) 1516(69,15) [s126(114,19) [51236(152,29)
s26(67,9)  5236(105,19) [51246(146,27)*
$36(60,15) [5246(99,17) 52456(121,26)
s46(54,13)
6 6 6 6 6 6
18 5127(112,15) 524567(141,27)
7 7 7 7 7 77
0 $245678(159,28)
8 8 8 8 8 8 8
r=1 r=2 r=3 r=4 r=5 r=6

Pucynox 7. Intoctpartist po6otu ctpaterii L1 La

Peanizamiss mpornenypu Ao 3 ypaxyBaHHsM cTparterii Ls, Ls mo3Bomsie

chopMyIrOBaTH J0JATKOBY cTparerito Ls BifacikaHHS Oe3MepCrEeKTUBHUX HUISXIB Y

r
MHOXKHHAX Mgj, 00YMOBJICHY HACTYIHOK TEOPEMOIO 2.
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Teopema 2. Axwo 3 MHOMCUHU M, j:(rmax,n), MAKCUMATILHO20 PAH2Y  Fmax,

sj !
nobyooeanozo npoyedypoio Ao 3i cmpameziamu Ls, Li, eubpamu wnsax pg, C

HAtOITbWUM 3HAYEHHAM 34 642010 (DYHKYIOHANA cj, Mo Y GUNAOKY NOBMOPHO20
PpilienHs BUXIOH020 3a80aHHS 00CUMb QopmMysamu WIAXU nepuioco pavey r = 1y

mnoxcuni m’y, p=(Lk) oe:

k=w-r_ +1 (16)

max

r . .
a W-HOMEp MHOMNCURU Mgy, 31 WIAXOM MAKCUMAIBHOL 006ICUHU 34  8A2010

@yHKyionana, 06ymosieHull npu nepuiomy piuleHHi 3a80aHHsL.

* I

Hoxas. IlpunyctMo, mo icHye muax ug, (p>k), Akui gocsrae 3HaYeHHA

* I

MaKCHMAJIBHOTO PAHTY I'max. OCKUIbKY p >k, TO X 4, y rpadgi DA 6yne nmpoxoauru

[0 HIKHIX BepiinHax (puc. 3). Aise Baru cj, 3riJHo 3 oOMexeHHsM (6), BIICOPTOBaHI
B TOpsaAKy YyOyBaHHS W, BeplIMHaM, W0 TMepeOyBalOTh Ha OUIbII HU3BKUX

TOPU30HTAJIBHUX JIiHINMKaX, B DA BiANOBiIalOTh 1 MEHIII Baru 3a PyHKI[1OHAIOM.

* I

Tomy Ha KOKHOMY paH31 IUIAX £, 3MOXKE HAOpAaTH He OUIBII, HIXK HUIAX g, , 4,
.. : ) : ]
OTXe€, BIH 1 B cyMl Ha0epe 3a Barow {cj} AOBXKUHY He OUIbIIy, HIK i, . lllo Oymno
MOTP1OHO TOBECTH.
BignosigHo 10 cTpaTerii BiacikaHHs Ls, y BUTIaIKy TTOBTOPHOTO PillICHHS 3a/1a41

r

(npukna 3) SKMM-HEOYTh AITOPUTMOM, Oy 1yBaTH BEKTOPH MHOKHH 3 M{," [0 M HE
HOTPiOHO, TOMY L0 KiHIIEBOI) BEPIIMHOK LUIAXY MAKCHUMAILHOTO PAHTY [l yssres €

BepilHa W = 8. PaHr 1bOro nuisxy AOPIBHIOE I'max = 6, 3r1HO 3a popmyroro (16) k =

3, a BUXOAUTh, 0 OyAyBaTH HUISXHU MEPIIOro PAHTy HEOOXiMHO TimbKu B M5 , ms',

r=1
mg.
HaiiGinpm BaxkyiuBOw crparerieto Le € crpaTeris, 3acHOBaHa Ha TIOHSTTI

r

BUJIUIEHHA KOPHUJIOPY B MHOXKMHAaxX My, IO JO3BOJMTH OyAyBaTh TOYHI alrOPUTMHU

pimmeHHst 3aBaaHds (4 — 6). OCkiTbKM HyMmepallis 3MIHHHUX 1 BepumiuH y Tpadi DA

BIJIIIOBIAA€ MOPSAJKY yOyBaHHS KOe(ILIEHTIB ¢j Y (pyHKLIOHAI, a npoueaypa Ag Ha
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r
sj 2

KOXXHOMY eTani (opMye MHOKMHU My , TOYMHAIOYH 3 IHAEKCIB | = (T,N), TO IUIAXHU /i

€ m{ BHABJIATBCA 3aBXKIH BiJICOPTOBAHUMHU B NOPAAKY yOyBaHHS JJOBKHH 3a Baroro
(dhyHKITIOHATA.

. . r

Y Burmsial TeopemMu 3 ¢hOpMyYIIHOEMO MPABHIIO, IO JO3BOJSIE B MHOXHHI My

BUJIUINTH LUISAX i 3 JOBXHHOIO dc(ﬁs; ) CTOCOBHO $SIKOi BCl HUISIXH 3 MEHIIUM

3HAYCHHSM JIOBXKHWHHU 3a Barorw (yHKIIOHaJIa MOXKYTh OYTH BUKJIIOUCHI 3 aHATI3Y SK

HEMEPCIIEKTUBHI.

Teopema 3. Alkwjo éiocopmysamu 6 MHONCUHT M, ] =(r,n) pauey r gekmopa 8
NOpAOKY YOY8auHs 3a 642010 (PYHKYIOHANA Cj, MO WAAXU, 8 AKUX O08ICUHA dc(,usrj)

min g

MeHue 008HCUHU dc , HE MOJCYynltb euzHavanu OHMMMCZJZbHepiWGHH}Z 3a0ayi.

%I

. r
/loxas. 1lpumycTuMO, IO HAa OCHOBI HUISAXY Hgj 3 MHOXHHH Mgj, B AKOIO

o ) min g
JIOBXKUHA dc(ﬂst MEHILIE, HDK JOBXHHA d; ¥, Bmamocs moOymayBaTH
ij

r=r+l

o hp= (r, n) HACTYITHOT'O

onTUMalibHE pimieHHs 3aBaaHHs (8 — 11). Toai B MHOKHMHI M

paHry MOBUHEH MOTPAMUTH NUBSIX 1 MIHIMAJIbHUI 3a Baroro 00OMeXeHb, aJke BIH TUM

Ounbiie Oyje 3aJ0OBOJILHITH BIACTUBOCTI V. OHAK, TOBKMHA 32 Baror (PyHKIioHaIa

* I * I

B TAKOTO IIIAXY Oyze OuIbIIa, HIK B 4y 1, OTXKE, IPUIIYIIECHHS IIPO ICHYBaHHS /g
HEBIPHO, a IeH NUISX BUKIIOYUTH 3 MOJAJBIIOrO aHali3y, 1Mo ¥ Oyjao MmoTpiOHO
JIOBECTH.
IIpuknao 4. 11loTpiOHO MaKCUMI3yBaTH (PYHKIIOHAT
f(X ) = 47x; + 45X, + 38X3 + 32Xy + 22Xs5 + 22X + 20X7 + 18Xs
py OOMEKEHH1
10X; + 4X2 + 10X3 + 8X4 + 9X5 + 5Xg + 1X7 + 1Xg < 30

y BIJIMOBIAHOCTI 31 cTparerieto Ls 1 Le.
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Piwenns. 11o6ynoBa NuIsIXiB HACTYITHOTO paHTy Oy/1e 3/1IMCHIOBATUCS HA OCHOBI
NUIAXIB MONEPEAHBOTO PaHTy. YCl HUISIXM, HA OCHOBI AKUX 1 BIJOYBa€ThbCs Taka

moOy10Ba, BUAUICHI MiIKpecIeHHsIM (puc. §).

Tak, Hampukiaa, y MHOXHHI

Pucynox 8. Inroctpartist po6otu crpaterii L3 1 Lg

r=2
msS

Vi
* * =6
197 wl Homsrs —> X =(11010111)
152s2(45,4)  [s12(92,14)* f (X)) =184.
2 2
11453(38,10) [s13(85,20) | s123(130,24)
523(83,14)
3 3 3
82 [54(32,8)  [s14(79,18) [s124(124,22)*
s24(77,12)  s134(117,28)
$34(70,18)  [s234(115,22)
4 4 4 4
60 55(22,9) [s15(69,19) 5125(114,23)
$25(67,12)  5135(107,29)
$35(60,19)  [5235(105,23)
s45(54,17)  s145(101,27)
5245(99,21)
5 5 5 5 5
38 [56(22,5) [s16(69,15) [s126(114,19) [51236(152,29)
526(67.9)  [s136(107,25) [s1246(146,27)*
$36(60,15)  [5236(105,19) [s1256(136,28)
s46(54,13) 5146(101,23) [s2356(127,28)
5246(99,17)  [s2456(121,26)
6 6 6 6 6 6
18 s127(112,15) [s1237(150,25) [s12367(172,30)
S1247(144,23) 1512467(166,28)*
51257(134,24)  512567(156,29)
51267(134,20)
7 7 7 7 7
0 5124678(184,29)
8 8 8 8 8
r=1 r=2 r=3 r=4 r=5 r=6

LUIAXY Ui , Hipe BHUKIKOYAIOTHCS 3

TIO/IAJIBILIOTO PO3IJISAY, TOMY IO 3TiJHO 3 TEOPEMOKO 3 ICHY€ UISAX 4., Y BEPUIMHY 5

O1bILIMI 3a Baroro (PyHKIIOHAJIa i MEHIINI 332 Baroro 0OMEKEHb.
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Ha Biaminy Big npukianay 3, 3actocyBaHHs ctparterii Ls 1 Lg 103B0JII€E TOUHO
pimuTy gany (1 Oyab-aKy 1HIIY) 3a71a4dy.

Teopema 3 BU3Ha4Ya€ MOHATTS KOPUAOPY.

r=r+1

Busnauenna. I1in 00nomipnum Kopuoopom 3 MHOKUHA M B MHOKHHY Mg

. . . T . .
OyneMo pO3yMITH CYKYIHICTh LUBIXIB g , SIKi [epeOyBatOTh MiXK BEPXHBOIO

IPaHMLECI0O MHOKMHM M, 1 HOr0 HWXHBOIO TDAaHUIEIO, LIO 3aJ0BOJBHSIOTH

r=r+l

BJIACTUBOCTI V 'y MHOXMHI mg

BepxHsi rpaHullsi BU3HAYAETHCS NUIIXOM 3
MaKCHUMAaJIbHOIO dc(,u;. ), a HIDKHS — TEOPEMOIO 3.

Buxoasuu 3 MOHITTS KOpUIOPY, MOKHA 3alpPONOHYBATH HACTYIIHY CTPATETii0
L, sika siBjisie cO0OIO I1I€ OJIHY CTPATETiI0 BUOOPY IUIAXIB, IO I MOJSATa€E B TOMY, 100

r=r+l

5 ,p=(r,n), HACTYIIHOIO PaHry BHOMpATH

Tr .
3 MHOXXHHH l’l’lsj PaHry r Yy MHOXHHI M

HUTSIXH, IO 33JT0BOJIBHSIOTH BIIACTUBOCTI V 1 € MAKCUMAJIbHUMU 32 Baroro (pyHKI1oHaIa
C; 1 MIHIMWIBHMM 3a Barorld OOMEXEHb a3, IO BIANOBIIAE PEKYPEHTHUM
criBBigHomeHHsAM (12), (15).

Ilpuknao 5. IloTpiOGHO MaKkCcUMI3yBaTH (QYHKITIOHAT
f(X ) = 50x; + 50X, + 45xX3 + 41x4 + 37X5+ 36X + 31X7 + 27Xg
pu OOMEXKEHH1

OX1 + 77X + 6X3 + 9X4 + 6X5+ 6Xg + 5X7 + 1Xg< 27
y BIJIMOBIAHOCTI 31 cTparerieto Ls 1 L7 (puc. 9) .
Piwenns. Jlanuit npukiaa po3KpUBa€e MOHSITTS OJJHOMIPHOT'O KOPUIOPY, TOOTO
MiJ KOPHIOPOM y MHOXKHHI Mgs 3 Maetbest Ha yBa3l MIIMHOXKMHA BEKTOPIB, WIO
. . r=3 r=3 r=3 . .
CKJIalaeThCsl 31 HUIAXIB Mgio5, Mg135, Mg235, @ BIAMOBLAHO 10 crpaterii Ly ans
. . r=3 r=3 .
NOJAJIBUIOTO aHalizy OepyThCsl TIIBKM JBa HUIAXH g TA Ugozg, fKI

. . . r=3 .
M IKPECIICHI. [HOn BHUKIIOYAIOTHECS 3 MHOKUHHU ms5 . AHaJOr1y"o 6yI[YIOTLC$I

MHO’KHHU IUISX1B YCIX PaHTiB.
PosrasineMo tenep npaBuiia GpiabTpaliiii 0€3MepCcrneKTUBHUX HUISIXIB YCEPEInHI

BUJILJIEHOTO KOPHUIOPY, TOYMHAIOUH 31 cTpaterii Lg , 3acHOBaHOI Ha TBEpKEeHH] 3.
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Yi
* r=5
267 Sl§50,9! 1 ,Ll523568 N )—(>onm — (01101101)
217[s2(50,7)* [s12(100,16) f (X"") =195.
2 2
1721s3(45,6) [s13(95,15) 5123(145,22)
3| $23(95,13)*3 3

13154(41,9) [s14(91,18)  [s124(141,25)
s24(91,16)  5134(136,24)
4 s34(86,15) 4| s234(136,22) 4 4
94 k5(37,6) [s15(87.15)  [5125(137,22)
s25(87,13)  5135(132,21)
s35(82,12)  15235(132,19)*
s45(78,15)  5145(128,24)
$345(123,21) 5 5 5
58 [56(36,6) s16(86.15)  5126(136,22)  1s2356(168.25)*
s26(86,13)  5136(131,21)
s36(81,12)  15236(131,19)
s46(77,15)  15146(127,24)
s56(73,12)  s156(123,21)
$346(122,21)
$356(118,18)

a1
a1

27 57(315) 17(81,14)  s127(131,21)  51237(176,27)
s27(81,12)  5137(126,20)  51257(168,27)
s37(76,11)  5237(126,18)  52347(167,27)
s147(122,23)  [s1267(167,27)

s157(118,20)  152357(163,24)

53567(149,23)
7 7 7 7 7 71 7
0 523568(195,26)*
8 8 8 8 8 g 8
r=1 r=2 r=3 r=4 r=>5

Pucynox 9. Inroctpartist po6otu crpaterii L3 1 L7

*xl
* I

Teepoacenna 3. Axuyo 6 kopuoopi ichyoms 06a WAIAXU — fg € M U Hgj € mrsj

— 011 AKUX dc[ysjj>dc(yst T d{ysj) Sda(,ust, mo eekmop X, wo 8ionosioac
1 1
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* I

WTAXY Uy He MOJdice HaNedcami ONmuManbHoMy piwennio 3adadi (4 — 6). Tlokaxemo

o I

CIIpaBeUIMBICTh TBEPKEHHS 3. JlI 1bOro MPUIyCTHMO, HI0 HA OCHOBI HUIAXY A

MOJKHa H06y,ZIYBaTI/I OIITUMAJIBHC piHIeHHSI. Ocranne O3Ha4dae€, MO0 Ha HACTYIIHHUX

*x I * I

paHrax Huiax iy HaOepe OUIbIIE 3HA4YEHHS 3a Barolo (DyHKIIOHANA, HDK IIIAX /g ,

TOOTO dc(ﬂsj]< dc[,ust . Ane nuIsxX gy Moxke OyTH MOOYIOBAaHUHN y Ty K MHOXKUHY

wx I

T v ) .
msj , IO M NUIIX Uty , SAKHHW 33J0BOJIBHSIE€ BJIIACTUBOCTI V, 4aJIc Ma€ JOBXHUHY

da(/usj]Sda(:ust . IIpn npoMy 3a Baror (yHKIIOHANa J0 LbOIO MOMEHTY LUIIX /g

wx I

Ma€ I0BKUHY OUIbILY, HIK IUIAX 4 . OTKe, KOKHUI 3 HUX Ha0epe Ty caMy BEIHYHHY

* I *x I
3a Baroro cj, ajie Ha MOYaTKy dc[ysjj > dc[yst . BuxoauTs, 110 NpuIymeHHs mpo Te,

*x I

10 Ha OCHOBI WIIAXY /g MOKHA NMOOYNyBaTH ONTHUMAJIbHE PIIIEHHS — HE BIpHO, a

TBEPKEHHS 3 — CIIPaBEJIUBO.
Ipuknao 6. IloTpi6HO MakcUMI3yBaTH (YHKITIOHAT
f(X ) = 47Xy + 45X, + 38X3 + 32Xy + 22Xs5 + 22X + 20X7 + 18Xg
pu OOMEXKEHH1
10X + 4Xo + 10X3 + 8X4 + 9X5+ 5Xg + 1X7 + 1xg< 30
y BIAMOBIAHOCTI 31 cTparerieto Ls 1 Lg (puc. 10).
Piwenns. PosrnsHemo 3actocyBaHHs cTpaterii Lg 10 ofHi€l 3 MHOXUH Tpada

DA — muoxuaKM M3°. Y pesynbrari B HhbOMY 3aIMIIAI0THCS JHUIIE IBA IUIAXH — Ly,
Hies — 100 BimmosigaroTh aBoM BekTopam: (11001000) i (01011000), a 6e3 1poro

npaBuia ix 0yno 5 (auB. npuknan 4). AHaJIOTIYHUN BUTPAL 1 AJI IHILIMX MHOKHH.
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i
( )* * =6
197pLAarLl0 1 Hzasrs —> X" =(11010111)
152[s2(45,4) 512(92,14)* f (X)) =184.
2 2
114[s3(38,10) [s13(85,20) [s123(130,24)
523(83,14)
3 3 3
82 54(32,8) 514(79,18) [s124(124,22)*
s24(77,12)  5134(117,28)
s34(70,18)  5234(115,22)
4 4 4
60 5(22,9) [s15(69,19) [s125(114,23)
s25(67,12)  5135(107,29)
s35(60,19)  5235(105,23)
s45(54,17)  5145(101,27)
5245(99,21)
5 5 5 5
38 56(225) [516(69,15) [5126(114,19) [51236(152,29)
526(67,9) 5136(107,25) [s1246(146,27)*
s36(60,15)  5236(105,19) [s1256(136,28)
s46(54,13)  5146(101,23) [s2456(121,26)
$246(99,17)
6 6 6 6
18 5127(112,15) s1237(150,25) [s12367(172,30)
51247(144,23) |s12467(166,28)*
51257(134,24)
51267(134,20)
7 7 7 7 7 1
0 5124678(184,29)
8 8 8 8 g 88 |
r=1 r=2 r=3 r=4 r=5 r=6

Pucynox 10. Imtoctpauist po6otu crparerii L3 1 Lg

Ham po3srnsiHemMo crpaterito Lo (inbrpanii pimeHb y KOpUAOpPI HA OCHOBI
Kanioposanux eexkmopis. Jlis 1bOro BBEAEMO MOHATTS KaliOpOBAaHOTO BEKTOpa
V;,i=(n) ns koxkHOI BepumHy j rpada DA.

MHOXHHA {Y j} YTBOPUTH KalliOpOBaHy IIKaly, SIKa 1a€ BEPXHIO OIIHKY I,, JUIs

Oy1b-AKOTO BEKTOPa X , KOTPHMH BIANOBIJAC IUIAXY g , 1 IO JO3BOJAE BUSHAUYUTH, HA

CKUIBKH PAHT1B MOKHA II€ IPOJOBKUTHU IUIAX 4y , 11O 33J0BOJIBHSE BIACTUBOCTI V.
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[lo6ynoBa KanibpoBaHMX BEKTOPIB Y j MOYHEMO 3 epIoi BepumHu rpada DA,
CIOYATKy BIACOPTYBaBIIM KOE(ILUIEHTH {aij} y MOPSAKY 3pOCTaHHS. Y TBOPHUTHCA
BEKTOp &, q=(1,n), B SKOro a,<a,<..<a,. Y LbOMY BEKTOpI 5qu BUKPECIIIOEMO
a, =a,, MiCII 4Yoro QopMyeMO KOMIIOHEHTH KalaiOpoBaHOro BeKTopa Y| 3a
MIPaBUIIOM:

Yie = Ay + Yigenys K= (m), Y10 =0. (17)

Jani y &, BHKPECTIOEMO a, =a;,, Hicid 4Yoro asajoriudo mnpasuiy (17)

pOJIOBXKYy€eEMO (HhOpMyBaTH KOMIIOHEHTH BEKTOpa Yy, , y3 1 T. n. Ha j-my kpomi

'
BHKPCCIOEMO B alq CICMCHT a,, = a,;, TOAl.

Yic =@+ Yiany K=@n-1); ¥ =0; Y =b;j=(@n-1). (18)

IIpuknao 7. I1oTpiOHO MaKkCcUMI3yBaTH (PyHKIIOHAT
f(X ) = 20x; + 15X, + 12X3 + 8X4 + 2X5 (19)
pu OOMEXEHH1

10X; + 3Xo + 7X3 + 4X4 + 2X5 < 10. (20)

Jna 3amaui (19-20) € Bekrop &, = {2,3,4,7,10}. 3 HbOro BuAansieMo

a'15:a11 =10, Toxmi ﬁ'lq = {2,347}, a y; = {0,2,5,9,16}. Jlami BUKpECITIOEMO

'

aiq =ajp =3. Bekrop djq= {2,4,7}, a xani6posanuii Bexrop y, = {0,2,6,13}.

AHaJIOTIYHUM 4YMHOM 3a jgonomoroio (18) OyayroTbes KamiOpoBaHI BEKTOPH IS
sepumn 3,4, 5: Y3 ={0,2,6}; Y4 ={0,2}; V5 ={0}. Chopmymroemo npasuia, 3a skux

33 JIONIOMOTOI0 KalliOpOBAHOTO BEKTOpa Y s BepumH j=(1,n) MOXHA BU3HAYNTH

r : . A
IUTAXK gj B rpadgi DA Ta BepxHIO OIIHKY f, MAKCUMAJIbHOTO 3HAYEHHS PaHTy, 1110
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MIPOJIOBXKYE T LUISIX ugj y rpadi DA (TOOTO sike YUCIIO OAMHHULD MOXKE JOJATHUCS Y
BEKTOp X ).
IIpasuno Ki

a) OOYHUCITIOEMO IS ILIAXY p;j Beanunny Ad = b - da(},lrsj );

0) y kaiOpoBaHOMY BEKTOpI Y j JUISL BEpIINHH j 3HaxoamMo Homep k, k=(0,n— j)
eIIEMEHTA Yijk, IOYNHAIOYH 3 SIKOTO Yijk > Ad (skmmo V Yk < Ad, To k=n—j+1);

B) BU3HA4Ya€MO 3HA4YCHHA [ IUIA IULAXY ugj B rpadi DA: Iz = k-1.

V mpuknani (19-20) musax " mae da( l,") = 3. lnaxy wg,' Bigmosigae BeKTOp

%=(01000). Buznauumo Iy (s> ! ) 3a mpaBuiioM Kj.
a)Ad =b; —da(u, )=10-3=7,;
0) B Y, eneMmeHr yo3 > Ad (13 > 7), 3Hauuts k = 3;

B) sHadenns f,(u,' )=k-1=3-1=2.
r=1 .
Orxe, musix B Ugy y rpadpit DA MOXkHA NpPOAOBKUTH, 3aJ0BOJIBHIIOYM

0OMEKEHHAM, He OLIbI, HIXK Ha ABa paHrd. CrpaBeyIMBICTh 3aCTOCYBaHHs MpaBUiia

K1 a1 BU3HaueHHs Iy MIATBEPKYETHCS TEOPEMOIO 4.

Teopema 4. Hxwo winax ug y eepuwuny j paney ry epagi DA mae dosdxcuny 3a
8a2010 0OMeEHCEHD da(,usrj) = d, mo eepxusa oyinka f,, nobyoosana 3a npasuiom Ki,
BU3HAYAE MAKCUMATIGHE YUCILO PAHRIE T, HA SKe MOJce OYMu NPOO00EHCEHUT WIAX i
vy epagi DA .

Hoxkas. TlpummyctuMo, Mo A1d IUIAXY w4 3 BEPIIMHHM ] HAWILIOCA Take MOro

IPOJOBKEHHS Ly, PAHT AKOTo I’ > Iz + 1. Ane, BIAOBIIHO 10 MyHKTY a) mpasuna K

Ad' ng usrj' Oyne oinbie Ad s noisxy ,usrj”“ , TII0 HE MOXJIMBO, TOMY 1110 b1 (pikcoBaHO
11 00M/1Ba IIUIAXU € MMPOJOBKEHHAM IIAXY 4y 3 JOBKHHOIO da(ugj ) =d.

Otxe, d' = Ad 1 npunymeHHs Npo iCHyBaHHS pgj He BipHO. Teopema oBe/ieHa.
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JIo 1bOr0 MU HE BPaxOBYBaJM BEJIMYHMHY KOEPILIEHTIB Cj MPU (PyHKIIOHAII, a
IPOTHO3 31CHIOBAJIM TIJIbKU Ha OCHOBI KOE€(III€HTIB ajj. [locTaBUMO y BIINIOBIAHICTD

KOXKHOMY BEKTOPY Y j BEKTOp Zj, EIEMEHTH SKOTO € BEPXHIMU OLIHKAMHU 2, JIOBKUHH
NUISIXY 4y 3a Barow (QyHkmioHama cj. KOMIIOHEHTH BEKTOpa Zj Uil BEPIIMHH |

dhopMyIOThCS BIJIMOBIIHO 110 TipaBuia Ko.
lIpasuno K.
Hexaif meprimii KOMITOHEHT BEKTOpa Z j BEpLIMHH J DOpiBHIOE 2% =C;,;, IPyTUH
— 2j,=c,,+12}; TpeTit 2, =c,+125,; U T. A. kK-il KOMIIOHEHT —
2y = Cru+ 2y K= n-]); 23, =0; 20, =0; j=(L,n-D), (21)
Toni, 3a cnieBiHOmEHHAM (21) moGyayemo Zj juis 3anadi (19-20). V sepumni
j=1 eneMeHTH BEeKTOpa Z| BIAMOBIAHO 10 mpaBuia K, OyayTh:
25, =0;
), =¢;,, =¢, =15
20, =, + 2, =12 +15 = 27;
2,=C,+12),=8+27 =35
20, =C + 2, =2+35=37.
J1yist BepIiMHY j = 2 3riAHO CHiBBiAHOMIEHHAM (21) Maemo:
25 =0;
7, ={0,17,33,46,56,65,74,83}
25, =C, + 25, =8+12=20;
25, =C+15,,=2+20=22.
AHanoriyHo 0yyrThCsl BEKTOPH IJIs1 1HIIKMX BepIiirH rpada DA. Takum unHOM,

s npukiana (19-20) xamiOpoBaHi OINIHHI BEKTOPU JJIsl BEPIIMH j = (1, n) MaroTh

BUTJISI:
j=1; ¥1 =1{0,2,5,9,16}; 7, =1{0,15273537}; v =37;
j=2; ¥, ={0,2,6,13}; 75 = 10,12,20,22}; y2 = 22:
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=3 y3 =10,2,6}; 73 =1{0,8,10}; v3 = 10;
j=4 ¥4 ={0,2}; z4 ={0,2}; Ya =2,
j=5; ys5 =1{0}; z5 =1{0}; vs = 0.

HeBaxko 6auntu, 0 y BEKTOPax Zj OCTAHHI EIEMEHTH 30iraloThes 3 ¥j-Baroko

(13), mo Moke HaOpaTH HUIAX ugj 3 BEpIIMHM ] HA yCIX HACTYNMHHUX paHTrax IpH

3a/I0BOJICHHI iM BJIacTUBOCTI v. Sk Tpeba 3 (14), Ha OCHOBI paHTOBOIO IMiAXOAY MOKHA
. . N A r
OL7IBII TOYHO BU3HAYATH BEPXHIO OLIHKY 72, = f(f) 3a paXyHOK TOro, 10 HUIAX Hgj HE

3aBXIM MOKe OyTH TIPOJIOBKEHUI Ha BC1 paHTH, IO HE 33JI0BOJIbHSIE BJIACTHBOCTI V.
[nakie kaxxy4u, Ha MiJCTaBl PIBHOCTI

7y =2, ) (22)
MO>KHA 301UIBIIUTH €(hEeKTUBHICTD (DUIBTpaIlli Oe3MepCIEeKTUBHUX IUISX1B, 3aMIHIOIOYH
B yMOBI (14) yp Ha y; 3rinHO 3 Qopmyrnoro (2.22), mo nae crpareris Lo Ha OCHOBI

HACTyMHOI HEPIBHOCTI:

d. (s, }+ 25, (ﬂép)<max{d°(” "J} - (23)

Cj

. . . . . r
Iepesipka HepiBHOCTI (23) 103BOJNHTH BIACIKATH HUIAX [lgy 3 MOIAIBIIOrO

aHaNi3y SIK HEe MEePCIEKTUBHUM, TOMY IO MU 3a3JaJIET1Ib 3HAEMO, IO O1IbII HIXK Ha Ig
PAHTIB IIAX 4, HE MOXE OyTH IPOJOBKEHUM.

Ilpuxnao 8. TloTpiOHO MakCcHUMi3yBaTh (PyHKIIIOHAI
f(X ) = 47Xy + 45X, + 38X3 + 32Xy + 22Xs5 + 22X + 20X7 + 18Xg
py OOMEXKEHH1
10X1 + 4X, + 10X3 + 8X4 + 9X5 + 5Xe + 1X7 + Ixg < 30

y BIIMOBIAHOCTI 31 cTparerisamu Lg, Lg, Lg (puc. 11).
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« =0
Woqoag7g — X =(11010111 )

Kx
¥, =1012.6111928} S51(47.10)5*
I, ={0.45.83,115.137.159.179;} 1
¥,={0.127.15,24.34} S2(45.4)5 512(92.144*

=y ={038.70,92.114.134.152

o]

]

=1

', ={0.1.2,7.15,24}
, ={0.32,54.76.96.114}

[N

s3(38.1004

513(85.20)3

5123(130.24)2

s23(83.14¥4

F(ET =184

¥, =1{0.12.7.16} s4(32.8)4 s14(79.18)3  [124(12422)3*
=, ={0.22.44.64.82 S24(7T714  [s134(117,28)2
S 534(70,18)3 5234(115,22)3
4 4 4 4
¥ ={012.7} s5(22.9)3 s15(69.19)3  [s125(114,23)3
=, = {022.42.60} 525(67,12)3  [s235(105,23)3
R $35(60,19)3  [s143(101,27)2
s45(54,17)3  [s245(99,21)3
5 5 5 5 5
Pucynok 11. ImrocTpanist podotu ctparerti L3, Lg Ta Lg
75 ={0.12} $6(22.5)2 [s16(69.15)2 [s126(114.19)2 [s1236(152.29)1
7, =10,20,38} 526(67.9)2  [s136(107.25)2 [s1246(146.27)2°*
536(60.15)2 [s236(105.19)2 [s1256(136.28)2
546(54.13)2 [s146(101.23)2 [s2456(121.26)2
6[s246(99.17)2

6 6 6 6 6
¥, ={0.1} $127(112.15)1 [s1237(150.25)1 [s12367(172.30)0
z ={018} 51247(144.23)1 [s12467(166,28)1*

7 7 7 7 7 7
¥y =130} 5124678(184.29)0*
Z ={0} 8 8 8 8| 8 8

r=1 r=2 r=23 r=4 r=>5 r==6

Pucynok 11. 3akiHueHHs

Piwenna. Ha nouatky koxHOi BepmnHu j rpada DA 3a3HadeHi kanmiOpoBaHi

Tax, as UUIAXy Ai, OLiHKa JOpiBHIOE =3,

= [URRN - i T
BEKTOpH Y H Z;,j=(1n). 3a qyKKaMU KOKHOIO WIIAXY Hgj MOKA3aHa BENMYMHA g .

HonatkoBe BUKOpucTaHHs npaBuiia K, crnpusyio epeKTUBHOMY BiJCIBaHHIO

0e3MepCrneKTUBHUX BapPIaHTIB PIIICHHS.

Hotenep Oyna posrasHyta MHOXuHa {Ly} cTpareriii BiACikaHHS IS

oanomipHoi 3amaui IJIIT 13 B3. Chopmymroemo ctparerii BiACIKaHHS JJI1 M-MIPHUX

VY Bumajaky pilieHHs m-MipHHUX 3a/1a4 HalOLIbII TPOCTO0 CTPATETIE0 BUOOPY €
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dbopMyBaHHS MUIAXIB Yy MHOXKHHAX 1ACHTUYHUN cTpaterii Lji, 3a BHUHATKOM

HEOOX1THOCTI BUKOHYBAaTH M pa3 nepeBipky (2).

npu 0OMEKeHH1

Ipuknao 9. IlotpibHO MakcUMI3yBaTH (QYHKITIOHAT

f()? ) = 16X; + 15Xs + 12X3 + 10X4 + 8X5 + 5Xg + 2X7

AX1 + 3Xo + IXz + 24+ 35+ 2Xs + 1X7 <9,

X1+ IXo + 2X3 + IXy + IXs+ 3Xs + 1X7 <9

y BIAMOBIHOCTI 31 cTpaterisamu Li i Lig (puc. 12).

Pucynox 12. Inmtoctparist pobotu ctparerii Lz 1 Lig
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Y *r=4 ot
Hyo37 —> X1 =(1110001);
52 k1(16,4,3)* #1=4
1 Hgr345 —> Xp =(0111100);
37 82(15,3,1) [s12(31,7,4)* f()—iOHT) —45.
2 2
25 83(12,1,2) s13(28,5,5) 123(43,3,6)*
s23(27,4,3)
3 3 3
15 54(10,2,1) [s14(26,6,4) s124(41,9,5)*
s24(25,5,2) 15234(38,7,6)
$34(22,3,3)
4 4 4 4
7 s15(24,7,4) s135(36,8,6)
5 S S 5 5
2
6 6 6 6 6 6
0 $1237(45,9,7)*
$1347(40,8,7)
$1357(38,9,7)
7 7 7 7 7 7
r=1 r=2 r=3 r=4 r=5 r=6 r=7
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Piwenns. 1loOymoBa MHOXKHMHHM mj 3IIMCHIOCTECA TOYHO Tak, fAK 1 B

OJHOMIPHOMY 3aBJIaHHI. Y LEOMY IPHUKIIAJi 1Ba ONTHMAILHUX PILIEHHS: MIISXH L5,

(v r=4
U Hsyass -

OnHaK, IpYruii TyOUThCS Yepe3 HAsSBHICTH Yy MHOXKHMHI MJ° MUISAXY 4l , IO
JIOMIHY€ HaJl L5 .
Cnonyuenns ctparerii L7 31 crpaterieto Lz g Bumaaxky m-mipHOi 3aaayi

r
YTBODSIT IPAaBUJIO BUOOPY Lii, sIKE moJsIrae B ToMy, 00 3 MHOXKHHH Mgj B MHOXHHY

r=r+1

o+ P=(r,n), HACTYITHOIO PAaHI'y BUOMPATH LILIAXH, 5Kl 3aJ0BOJILHAIOTH BIaCTHBOCTI

m

V 1 € MaKCUMaJIbHUMHU 32 Baroro (pyHKIIIOHaNA Cj 1 MiHIMaJIbHI 32 KOXKHOIO 1-0I0 Baroo

oOMesKeHb a;,i=(1m).

[lepuie BiAMOBIIa€E PEKYPEHTHOMY CIIBBIIHOLIECHHIO (12), a qpyre onucyeTbes
HACTYITHUM CITIBBIIHOIIIEHHSIM, 3aCHOBAaHOMY Ha CcHiBBigHOIIEHH] (15).

:usrp:r+1 - mi:{u;- U(L p)} ; j= (r’_n)’ p= (j+1,n); i = (]_,_m) (24)

1

IIpuknao 10. IToTpibHO MakcUMi3yBaTH (PyHKITIOHAI
f()_i ) = 29X1 + 28X, + 26X3 + 25X4 + 20X5+ 17X + 15X%7 + 10Xg

pu OOMEXKEHH1
1X1 + 4Xo + 2X3 + 3Xs + 4X5+ 1Xe + 2X7 + 2Xg< 9,
2X1 + 2Xo + 1X3 + 2X4 + 4X5+ 2Xg + 1X7 + 4Xg< 9
y BIAMOBIAHOCTI 31 ctparerismu Lai Lig (puc. 13).
Piwenns. 1loOynoBa MHOKHHY IIJISX1B 3M1IMCHIOETHCS BIAMOBIIHO JI0 IPUHITUITY

onTuMizauii 3a HanpaMkoM (11). ¥V mMHOXMHAX My BHIUIEHI MIAKPECAECHHAM HIIAXY
g , 110 € MIHIMAJIbHUMH 34 KOKHHMM 3 OOMEXEHb (IIpU PiBHOCTI 1-TO OOMEKCHHS

BUOMPAETHCS HUIAX 3 HANUOUIBIIOK Barorw 3a (yHKI[IOHAJIOM) 1 MaKCUMaJbHUM 3a
Baroro (hyHKIllOHaja.

30UIpIICHAsT YHclia OOMEXKEHb IPHUBOJUTH 10 HEBH3HAYCHOCTI B OIIHII

6
i,

BEPXHBOI TPAHMIII 3@ Baroro QyHKIloHana 25, Ky MOK€ Ha0paT¥ NUIAX ug 1 BEPXHIK
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OZIMH, a M KaJliOpOBaHHUX BEKTOPIB Y, i = (1 M) 3a IPaBHJIOM:

VY 3B's13Ky 13 1uM, npaBuiio K; BuzHaueHHd f, AJid LUISAXY u

3a/1aui 3MIHIOETHCS Ha TipaBuio Ks.

yijk:aijk+yij(k—l); k=(n-j); yij0=0; yino:bi; j=@n-1). (25)

B OaraToMipHii

* =5
,— Uy —> X =(10110110);
51(29.12)* f(x”)=112.
37 1
52(28,4,2) [s12(57,5,4)
13 2
53(26,2,1) [s13(55,3,3)* [5123(83,7,5)
7 $23(54,6,3)
3
54(25,32) [s14(54,4,4)  [s124(82,8,6)
2 $24(53,7,4)  $134(80,6,5)*
$34(51,5,3)
4 4
55(20,4,4) [s15(49,5,6)  [5125(77,9,8)
2 5/525(48,8,6)  [5135(75,8.8)
$35(46,6,5)  [5145(74,8,8)
s45(45,7,6)  5345(71,9,7)
5 5
56(17,1,2) [s16(46,2,4)  [s126(74,6,6)  [s1236(100,8,7)*
5 $26(455,4)  $136(72,4,5)  [51246(99,9,8)
$36(43,3,3)  [5146(71,5,6)  [s1346(98,7,7)
$46(42,4,4)  5346(68,6,5)
$56(37,5,6)  [5156(66,6,8)
$356(63,7,7)
6 6 6 6
$1237(98,9,6) $13467(112,9,8)*
0 51347(95,8,6)
7 7 7 7
8 g g 8
r=1 r=2 r=3 r=4 r=5 r=6 r=7

Pucynox 13. Inmtoctpanist po6otu ctparerii Lz 1 Lig

a) Hexan 1= 1;

Ilpasuno Ks.
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0) npy NOTOYHOMY 3HAYEHHI 1 00YMCITIOEMO A1 LUIAXY w BenuuuHy Ad = b -
da( ;)i

B) y KaiOpoBaHOMY BEKTOpi ' BEpIIMHH j 3HaX0AUMO HoMep k-ro k = ©,n—j)
e7eMeHTa Y BeKTopa Y;, Mo4YMHaroun 3 Akoro yj > Ad (skmo V vy, < Ad, To
k=n-j+1);

T) IS OUIXY Hrsj 10 i-My oOMexeHHI0 B rpadi DA: f =k-1;

1) 30ULIBbITyEMO 3HaUeHHS | Ha 1 1 MepexoauMo J0 MyHKTY 0) IIbOr0 MpaBHja y
BUIAJIKY 1 < m ab0 0 HACTYTHOTO MYHKTY y BUIIAAKY 1> m;

e) cepen ycix £, j=(1, m) BUOMPaEMO HAMMEHILMIA.

Takum 4rHOM, BIAMOBIIHO 70 MpaBmiia K3 BepxHs OIliHKA Ig JJIA MIIAXY M;j B

J-1i BepmmHi rpada DA npu m oOMexeHHsX Oye:

£ =min{¢' | i=(m).
i

(26)

HeBaxko moka3zatu, 1o npu peanizaiii npaBwia Kz cnpaBennusicts Teopemu 4
HE nopyuryerbesa. Tak, SKIIO MO OJHOMY 3 OOMEXEHb MU 3MOXKEMO MPOMTH Ha I1
PaHTIB, a MO 1HIIOMY — Ha 2 PAHTH U MPU [IBOMY I1 > I2, TO Ha PaHT OUTBIINHN, HIXK T2
HEMOXKJIMBO TOOYyBaTH HUISIX, KWW 3a/I0BOJIbHSIE BJIACTUBOCTI V, OCKIJIBKH I —
BEPXHS OLIIHKA MO JAHOMY 0OMEXEHHIO.

[IpaBuno K, nnsi BU3Hau€HHA BEPXHBOI OLIIHKM 32 Barorw (yHKIIOHajJa B m-
MIPHUX 3aBJIaHHAX HE 3MIHIOETHCSI.

VYBeneMo 3a aHaNOTIE 3 MOHATTAM OJHOMIPHOTO KOPUAOPY MOHATTA M-
MIpPHOT'0 KOpHIOPY B MHOKHUHI ¢ g(n) < f(n) < c'xg(n).

[To3HaunMoO MIIMHOXKUHY BEKTOPIB, 10 MOBHHHA 3aJUIIUTHCS B MHOXXHHI

r . . rk .
Mg, Tmicos ¢inprpauii uepes my . Haragaemo, mo (opMyBaHHS MHOKHUHHU LUISAXIB Y

T ‘o .
msp 3AIMCHIOECTHCA 3aBXKAW TAKMM YHWMHOM, IO AOBXKHMHA 3a Baroro ®YHKHIOHM3
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MEepIIoro 3 HUX OUIbIIe JIOBKMHM 3a Barow (yHKIIOHAjla APYyroro v T. 1., TOOTO

de (i) 2 de(py) = 2 de ().

Busznauennsa. 11 BUAIICHHSIM M-MIPHOTO KOPUJIOPY OyAEMO PO3YMITH MPOIIEC

. . . T . . . o
BIACIBAHHS K-TO WUISIXY Lk Y MHOXKHHI Mgy, SKOMY BIAIOBIZAE M-MIPHUI BEKTOP

(da (Ri)1,da (UK )25 da (MK )m) 32 TpaBunom Ka.

Ilpaeuno K.
Skiio (‘v’ ie (ZL,_m))da(,u\,)l <d, (1), mpu mpomy v = (1, k -1), TO BEKTOP
(d,(t4),,d, (1) 50, (14),,) 1 BIAMOBIAHMM HOMY MIISAX Lk MOXHA BHUIAIUTH 3

r=r+l

NOJAIBIIOrO aHami3y, IHAKIIE [k € My

CrnpaBennuBICTh BIJICIBaHHS 3a mpaBwioM Ki ciigye 3 HacCTYMHOrO JOCHUTH

OYCBUIHOI'O TBCPIIKCHHA 4,

T T rk
Tgepomeﬂﬂﬂ 4. Hlﬂﬂxu Mspemsp, wo He nompanuiu 6 msp He MOdIHCYnio

suzHawamu onmumanvhe piuenns saoaui (1 — 3).
* I

Hoxasz. Hexail neskuil IUIAX i, € Mg, € ONTUMAJIbHUM pllIeHHAM 3aaadi. Toxl

sk I

BiJMOBiIHO 710 TpaBuia K4 B my icHye muisax u, Ginblumii 3a Baroro QgyHkuioHana i

sk I

MCHIIMM 3a BCIMa BaraMu oOMekeHb. OTke, X 4, Habepe Ha HACTYITHUX paHrax i

Olbllle 3HAYEHHA 3a Baroro (yHKIIOHAaja, NMPU 3aJ0BOJICHHI BJIACTUBOCTI V, TOOTO

ok I * I
d{,ukj>dc(,ukj. Mu npuiiiiiig 0 TpOTUPIYYsl, a 3HAYUTH HaIlle MPUITYIICHHS HE

BIpHO, 1 TBEP/IKEHHS 4 CTIPaBEJINBO.

—

yepe3 =. [lo moyarky BiACiBaHHS

[To3HaYMMO MOTY>XHICTh MHOKHWHU ‘m;

‘msrjk =@. Toal nmpouenypy (hopmMyBaHHS mM-MIPHOTO KOPUIOPY MOKHA 300paszuTd y

—

BUIJISIII TIOCIIZOBHOI MepeBipkH BEKTOpiB (LE) 3 MHOXHHHM M) Ha MOXIIHBICTH
BijciBaHHs 3a npasuioM Ky. Bekropn, siki 3aInmmiich, yTBOPSTH MiIMHOXKHHY M .

[{ro mpomenypy Oyaemo Ha3uBaTu cTpateriero Lip, 1m0 mosjsrae y BHAUICHHI m-
MIpHOTO KOPHJOPY YCEpEAMHI KOXKHOI MHOXMHH M, pPaHTy I, KOJIM B HBOIO

o0y 10BaH1 BCI NUISIXU 3 BULIECTOSIIUX BepiInH rpada DA .
IIpuknao 11. I1oTpiOHO MakcUMIi3yBaTH (PyHKITIOHAI
f(X ) =17x1 + 15X, + 13X3 + 8X4 + 7Xs5 + 4Xg + 4X7

130



THEORETICAL FOUNDATIONS IN RESEARCH IN ENGINEERING

pu OOMEKEeHH1
2X1 + 4Xo + 6X3 + 94 + IX5 + 2Xe + 1X7 < 23,
4X1 + 6%z + 93 + 1Xs + 8X5 + 10Xs + 6X7 < 33
y BIAMOBIHOCTI 31 cTpaTeriamu Lg 1 Lo (puc. 14).

'?7 = {013,713 2231} 51(17.2. 4144 %o~ (1111010 ),
y? = {017,13.2130,40} 1 9™ = (1111001 )
Zy ={015,2836 43 47 51}
y1 ={01321827} 52(15.4.6)4 [s12(32.6.10)3* FGET™) =57,
y2 ={017152434
75 = (013212832 36}

2 2
y1={0131221 53(13.6.9)3 [s13(30.8.13)3 [s123(45.12.19)2*
72 = (0171525} 523(28.10.15)3
Z, ={081519,23}
3 3 3
i =101312} 54(8.9.1)3 [s14(25.11.5)3 [s124(40.15.11)2 51234(53.21.20)1*
72 = [0.614.24) 524(22.13.7)2 [s134(38.17.14)2
24— {07115} 534(21.15.10)2
4 4 4 4

Pucynoxk 14. Intoctpaitist po6otu crpar7erii Lg 1 Lo

. ={0,13} 515(24.11.12)2 51235(52.21.27)1

5 5 5 5 5
¥ ={01} $1236(49.14.29)0 [s12346(57.23.30)0*

$12367(57.22.23)0%

Il
(=}

r=1 r=2 r=3 r=4 r=35 T

Pucynox 14. 3akinueHHs

Piwenna. 1loOynoBy NuisiXiB 3/IIHCHIOEMO Ha OCHOBI MPUHIIMITY ONTUMI3AIlil 3a
HaNpsAMKOM H 3a y3arajabHEHOIO Hpoueayporo Ag. KoxHui IUX g 3amucyeTbes

BHPAXXCHHAM, 110 MICTHTB:
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s1(17,2,4)4

InenTudikarop nuAxy s BEJINYUHY 7,

sHaueHHs d, (1) snauenns d,(u]”)

2

3HAYEHHS d,, (yjffl )|

[Tostcaumo mopsinok podoTu mpasui K i Kz Ha npuknaai nisxy g . BusHaunmo
r.. Jluist nuporo:
1. Ilpumyckaemoi=1.
2. Ilpu notoyHoMy 3Ha4eHHi i 06uncaroemMo Ad it IUISAXyY 4
Ad =b, —d, () =23-2=21,
3.V kaniOpoBaHOMY BEKTOpi Yy, BEpIIMHHU | 3HAXOIUMO HOMEp K-ro eieMeHTa
Yy BEKTOpa ¥, IOYMHAIOUH 3 SIKOTO Yy > Ad —k =5.
4.  Jlng musxy uf mono 1-ro oomexenns: 1 =k-1=5-1=4.
5. 306imbemryemo i Ha 1, ToOTO 1= 2.
6. IIpu MOTOYHOMY 3HAYEHHI | OOYMCIIIOEMO BENUYMHY JUIS IUIAXY £y .
Ad =b,—d, (), =33-4=29,
7. Y kamiOpoBaHOMY BEKTOpPi y; BeplIHHM | 3HAXOAMMO HOMEp K-ro eieMeHTa
Yr, BEKTOPA Y2, MOYMHAIOUM 3 AKOrO Yy > Ad — k =5.
8. Jlng mumsaxy ul" momo 2-ro oomexenns: f =k-1=5-1=4.

o

9. Cepenycix f

8 !

j=(1,2) BubupaeMo HaiiMeHIIMiA, TOOTO F = 4.
Maroun 3HayeHHs [ BIJHOCHO CHIBBIAHOIICHHS (23), mepeBipsieMO Ha

MOXJIMBICTh BIJICIKAHHS 3a cTpaterieto Lo.
[Ticnst popMyBaHHS MHOXKHUH YChOTO PaHTy 3[1HCHIOETHCS BUAUICHHS M-MipHOTO
xopuaopy. Hampuknan, Ha pansi r = 2 y MHOXKUHI M3° OUIX 4. HE IMONANAE B

KOPHIOP, TOMY IO HUISAX A, € My° Mae OiIbIIy JOBXKUHY 3a Barow (yHKI[ioHana i

MEHIIy JIOBXKHHY 3a BaraMu ycix OOMeKEHb.
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Onnak, 611611 €(DEKTUBHOO € CTpaTeris BiACikaHHs Li3, pu K1 BUIIIEHHS M-
MIpHOTO KOPHJIIOPY 3MIMCHIOEThCS Ha BChOMY SIPYCi I, MICIs TOTO, SIK HAa HHOMY
c(hOPMYIOTHCS BC1 IUISIXH, K1 33TOBOJIBHSIOTH Y KOKHIM BepITUHI BIacTUBOCTI V. Tomi
3A1ACHIOETCA TIEPEBIPKA: YHM € IS JOBUIBHOTO NUIAXY 4, € M PAHTy I ILIAX Ay , IO

r

HAJIEKUTh OJHOMY 3 BHIIECTOSINMX MHOXHH rpada DA Hag m; , Akuil Mae OLIbIIY

JOBXKMHY 3a Baroro (yHKI[IOHANa i HE MEHIIY JOBXKMHY 3a Barol ycix m oOMEKEeHb.

SKmo TakM#d MIIAX ug €, TO BIANOBIAHO IO TBEPIKCHHS 4, IIIAX 4, MOXHA

BUJIAJIUTH 3 PO3TJIISAY SIK O€3MEepCTIeKTUBHUMA.

Takum umHOM, mporienypy Ao 31 crparerisimu {L,} 1 npaBumamu K, MoxHa
MOKJIACTH B OCHOBY NMOOY0BY HAOIM>KEHHUX 1 TOYHUX aITOPUTMIB PIIIEHHS 3a7a4i PO
PIOK3aK, TOOTO OfIepKaTH Pi3HI MoAMQIKAIIT IpoLeaypy Ao 3alIekKHO Bl KOMOIHAIIH
BUKOPHCTOBYBaHUX MpaBuJ BifcikaHHA {Ly} 0e3nepCcrneKTUBHUX NUISIXIB Y MHOKHHAX

4 Ha OCHOBI 3aCTOCYBaHHS IPMHIMITY ONTHMI3allli 3 HAIIPAMKOM.
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10.46299/1SG.2022.MONO.TECH.3.7.2

7.2 3actocyBaHHSl MpoleciB HeYiTKOI JIOTikKM TIpM MOAEJTIOBAHHI CHCTEM
yIpaBJIiHHA

PosrisHemMo JBUTYHM TOCTIHHOTO CTPyMYy, BOHHM MAalOTh JyXKE IIHPOKE
3aCTOCYBaHHS 3aBJSKH CBOIM OCHOBHIM XapaKTEpUCTHIIl, sSKa MOJATa€e y 3AaTHOCTI
NEPETBOPIOBATH EJEKTPUYHY EHEPTil0 MOCTIHHOrO CTpyMy Yy MEXaHiuHy, IO
MOCITYKWJIO CTBOPEHHIO IMPOMUCIOBOTO OOJAaJHAHHS 3 JIaHUM THUIIOM JBUTYHIB,
3aCTOCYBaHHIO X Y SIKOCTI TPHUBOJIB IPOMMCIOBOTO YCTaTKyBaHHS, IPUBOIIB
EIEKTPOTPAHCIIOPTY, MPOBOAY BUKOHYIOUMX MeXaHi3MiB. /[ Toro mob 3abe3neuntu
BHUCOKY MPOJYKTUBHICTH JIBUTYHA MOCTIMHOTO CTPYMY Ta CIPOCTUTH KEPYBaHHS HUM
JIOIUIBHO PEryJIIoBaTH MOro IMIBUAKICTh. J[7si peryitoBaHHS IMIBHJAKOCTI JBUTYHA
MOCTIMHOTO CTPYyMy Ta JJisi BUpILIEHHS OaraThoX 3ajady 3 WOro BUKOPHUCTAHHSIM
3aCTOCOBYEThCS JAeKibka koHTposepis: [11J]-perymstop, Fuzzy Logic Controller ado
iX moeaHaHHA. 3a/Jada MOJsrae y MPOEKTyBaHHI Ta MOOYJO0BlI KOHTpOJiepa JABUTYHA
MOCTITHOrO CTPYMY 3 3aCTOCYBAHHSIM METO/JIIB HEUITKOI JIOT1KH, TOOTO BPaxOBYIOUU
HEYITKI MMPOIIECH, Ta ONTUMI3aIli] oro podoTH.

[ToroBopumo po po3poOKy METOIB, K1 pO3MIsAat0TECA. Buxoasiuu 3 Toro, mo
y’)K€ CKJIQJHO 3MOJEIIOBATH CHUCTEMY VIIpaBIiHHSA Ta MmiaiOpaTH mapameTpu
onTUMi3allii, I CTBOPEHHS KOHTpOJIEpa HEUITKOI JIOTIKA 3aCTOCOBYIOTh METOJU
ontumizauii. Po3poOku B 007acTi JOCSITHEHHS ONTHUMAIbHOCTI MPU YIMpPaBIiHHI
cucteMamMu Hajmani y po6orax [112, 113]. OgauM 3 miaXOAiB JI0 ONTHUMI3allii
YOPaBIiHHS MPY HAJAIITYBAHHSIX CUCTEM 3 KOHTPOJIEPOM € 3aCTOCYBaHHs MOOYA0BU
KOHCTPYKIIi KOHTpoJepa 3a JAONOMOTOI0 METOJAa YHCENbHOI onTuMmizauii 3
BUKOPUCTAHHSAM IIOTOKY YaCTHHOK. AJjie MOTPIOHO 3acToCyBaTH II€H METOH MJis
(GyHKIIT TPUHAIEKHOCTI MPU BUKOPUCTAHHI HEYITKOI CHUCTEMM Ta 3HAWTH Kparlll
napameTpH JJis 3amucy (QYHKINT MPUHATICKHOCTI Ta BU3HAYEHHS MTPUHAICKHOCTI JI0
MHOXUH. OnTUMi3allis 3a JOMOMOTO MTOTOKY YaCTUHOK SIBJISIE COOOI0 €BOJTFOIIIMHUI
aJTOPUTM Ha OCHOBI CTOXaCTUYHOTO METOJIy ONTHMI3allii, po3pobieHuit Edepxaptom
1 Kenneni B 1995 pomi. B mpomy MeToal cuctemMa MpenCTaBISE€TbCS SIK MHOXKHHA

BUITQJIKOBUX PILIEHB, a IIyKaH1 MOTEHLIMHI PIIIEHHS - YaCTUHKAaMH, SIKI MpU HaOyTi
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NEeBHUX 3HAY€Hb, 10 BKa3aHlI B YMOBI 3ajadl BIIHOCHO ONTHMAJbHOCTI, HAJal0Th
ONTUMYMY PIIICHHIO.

Konneniiss meroay ontumizaiii mojsrae B HACTYMHOMY. SIKIIO BCi pillIeHHS
MEBHOI JAaHOI 3a/layl po3risAaTH SK MPOCTIP YCIX MOKIIMBUX pIIIEHb, TO KOXHE
pIIIEHHS Ma€ BIAMOBIAHI KOOPJAUHATH y LIBOMY MPOCTOPI, SIKI MOXKYTb 3MIHIOBaTHCS.
Toni yci HabnuxkeHi pillieHHs MPeICTaBICH] K YaCTUHKU MPU BUKOPUCTAHHI METOAY
NOTOKY 4yacTuHOK. KokHa 4YacTMHKa BIACTEXKY€E KOOPJIMHATH ONTUMYMY,
ONTHMAJIBHOTO PIMIECHHS, B MPOCTOPI MPOOIEMH, II€ TMOB'SI3aHO 31 3HAXOHKCHHSIM
Kpalioro pilieHHs, Ta 3MIHIOE CBOi KOOpPAMHATH MAJIS MPUCTOCOBAHOCTI Ta IS
Oinbmoro HabmmkeHHs. [le 3HaueHHs mo3HauuMo ph. A «Haiikpaiie» 3Ha4eHHS, SKe
OyJZie OTpUMaHO 3a JIOMOMOTrOI0 ONTHUMI3alli TOTOKOM YaCTUHOK, OyJe MPEeACTABICHO
HallKpallyM 3HAa4Y€HHSIM, OTPUMAHUM Ha JaHUM MOMEHT OYJb-SKOI YaCTUHKOIO
BITHOCHO 1HIIMX YaCTWHOK, O3HAUUMO Iie 3Ha4deHHs |D. Ko posrismaerscst yBech
MOTIK YACTHHOK K CYCIJIM IaHOI YACTUHKH, TO HalKpallle 3HaueHHs 0y i€ TJI00aIbHUM
HalKpaIluM 3Ha4eHHSIM Ta IMo3HavaeThest gb.

Konneniis MeToay ontumizailii 3a JOMOMOTOI0 MOTOKY YaCTHUHOK TOJISTaE y
TOMY, 10 Y KOXKHUI IPOMIKOK Yacy 3MIHIOETHCS IIBUAKICTh a00 MPUCKOPEHHS PYXY
KO’KHOT YaCTUHKH 1 [Ie¢ HaOJNM)Ky€ 3HAYCHHsS ii MOJIOKeHHs 10 3HaudeHb pb ta Ib.
[TpuckopeHHSs € 3BaKEHUM, TaK sIK 3MIHIOETHCS 3a JOTIOMOTOI0 BHITAIKOBUX YHCEIT, L0
TeHEPYIOThCSl Ta OOMPAIOTHCS JJI MPUCKOPEHHS PYXy YAaCTUHOK 10 TOJIOXKEHHS 3
KoopauHaTamMu abo Jokariero pb ta Ib. B ocranHi poku Oyio moka3aHo, IO METOJ
onTUMi3allii MOTOKOM YaCTMHOK OTPUMYE Kpalll pe3yJabTaTH B OLIbIN IIBUIKHIMA
croco0 MO 3HAXOHKEHHIO ONTHUMAJBHOTO pIIIEHHS, a camMe MpU YIpaBIiHHI 3a
JOTIOMOTOI0  KOHTPOJIEPIB Ta NpPH ONTUMI3Alll iX poOOTH, MOPIBHSHO 3 I1HIIUMH
meromgamu [114]. HaBememo B y3araJbHEHOMY BUTJISl QJITOPUTM METOMY, SKHIM
posrisinaerbes, [115]:

JJ1 KO’)KHO1 YaCTUHKHU, BU3HAYUTH YACTUHKY

Kinens mukmmy

BukoHaT y UK 10 BUKOHAHHS YMOBHU

JIJ1s1 KO’)KHOT YaCTUHKH
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OOYMCINTH 3HAYEHHS TPUAATHOCTI
SIKI110 MPUCTOCOBAHICTh AAHOI YACTUHKU Ma€ Kpallle 3HaYeHHs, HIK Kpallie
3HAYEHHS MPUAATHOCTI Ph MPU KOHKPETHUX YMOBAX JIOCIiay abo
EKCIIEPUMEHTY
NPUIHATH TOTOYHE 3HAYSHHS 3a HOBE Ph

Kinens mukmy

OOpatd 4YacTUHKY 3 KpallluM 3HA4YEHHSM MPUCTOCOBAHOCTI Cepel  BCIX
YaCTUHOK, sIK b

JIJ1s1 KOKHO1 YaCTUHKHU

OOYHMCIIMTH IBUJIKICTh YACTUHOK, OHOBUTH KOOPAMHATH MOJOKEHHS YaCTUHOK

Kinenp nukiy

YMoOBa: BUKOHYBAaTH TOMEPEIHI KPOKH y LUK J0 THX Mip, TOKH HE Oyne
JOCSITHYTO MaKCUMAJIbHOI 1Tepallii a00 MIHIMAJIbHOTO KPUTEPII0 MTOMUIIOK.

Jan po3ryistHeMO 3aCTOCYBaHHS MPOIECIB HEYITKOI JIOTIKH JJI1 MOCTaBJICHOT
3amaul. Fuzzy Logic € onHiero 3 ¢GopM JOTIYHOTO MUCIEHHS, SIKI MOXYTb
BUKOPHCTOBYBATUCSA JJI1 TIPOCKTYBAaHHS CHCTEM aBTOMAaTH3aIlii 31 CXEMaMH
MipKyBaHHs JIOAUHU. Fuzzy Teopis Oyiia Briepiiie 3arponoHoBana i gociimpkena Zadeh
B 1965 p. Fuzzy Control € 3acrocyBaHHSIM aBTOMAaTH3alii HEUYITKMX MPOLECIB
JIOTIYHOTO BUBOY, TP ITbOMY THIIOBHI KOHTPOJIEP HEUITKOI JIOTIKH BUAE BUCHOBKH
3 OLIBII-MEHII MPOCTHX TMpaBui 0a3u 3HaHb. HamamTyBaHHS Ta MNPOEKTYBaHHS
KOHTpOJIEpa Yepe3 XapaKTEPUCTUKHU HEUITKOI JIOT1KH, SIK MPaBUJIO, HA0AraTo MpocCTillIe,
00 BIJIHOCHO JIETKO JI3HATHUCS, SIKI MMpaBUjia BIUIMBAIOTH HA MOBEIIHKY PETyisiTopa B
TaHIA CUTYyaIlii, a TakoX HabaraTo Oe3neyHiiie, o0 MaTH MOYKJIMBICTh MIPAIIOBATH 3
BHCOKHMM CTYIEHEM HaJJIMIIKOBOCTI, TaK SK MOXHA BHU3HAYUTHU KOHQIIKTYIOUI
mpaBuia I MOAIOHUX CHUTYyaIllii, BpaxoBYOUM II0 0€3 IIbOTr0 CHUCTEMa MepecTae
MpaloBaTy, HAJJIUIIKOBICTh MIABUILYE IMYHITET CUCTEMHU BiJl TOMUJIOK, SIK1 BXE € Y
0a31 3HaHb. HeuiTky moriky Tta ii MeTOAM, SK I1HCTPYMEHT, Oy>K€ JOpPEYHO
BUKOPHCTOBYBATH JIJIsl MOJICITIOBAHHS Ta pO3POOKH KOHTPOJIEPiB, 0COOIUBO 3 Oararbma

(GyHKILISIMY, 1110 03BOJIIE BUKOPUCTOBYBATH Pi3HI CTPYKTYPH YIPABIIIHHS.
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Heuitkum noriuaum peryistopom (HJIP) HazuBaeThcsi KOHTPOJED, K €IEMEHT
yIpaBJIiHHS, 110 MICTUTh Y CBOill CTPYKTypi OJIOK HEYITKOTO JIOTIYHOTO BUBEIICHHS.
OcHoBHa 3anaya Bukopuctanus HJIP momsirae y HeoOxinHOCTI popmaizaiii 3aKoHy
yYIpPaBJIiHHS Y BUTJISIII HEYITKUX MPABHII, 110 3aJ1aH1 JJIS JIIHTBICTUYHUX 3MIHHUX, IS
OMHCY BXOJIB 1 BUXOMIB KoHTpoJiepy. Lleit Meron Takox Oa3yeTbcs Ha MOOYIOBI
GyHKIIH TPUHATICKHOCT] HEUITKUM MHOXHHAM, 110 (POPMYIOTHCS JIJIS JTIHTBICTUIHHX
3MIHHUX BIJMOBITHO JO HEUITKUX NpaBWI. Alle B 3arajlbHOMY BHIIQJKy 3aBJaHHS
HanmamrtyBanHs HJIP e 3aBmanHsMm onrtumizaiii, a7 BHUpIMICHHS $SKOT HeoOXiaHa
JIOCTaTHbO TOYHA KOMII'FOTEpHA MOJIE]b 00'€KTA 1 MOTY>KHUN aITOPUTM TJI00AIBHOTO
nonryky. [Ipu BupilieHH1 MOCTaBIeHO1 3a/1a41 y IKOCTI1 allTOPUTMY ONTUMI3allii 00paHo
METO/I ONTUMI3aIlIi 33 JOTIOMOTOIO MMOTOKY YaCTUHOK.

Jlani po3rIssHEMO 3aCTOCYBaHHS CHCTEMH KOMIT toTepHOI MateMatuku Matlab
s 1oOyJ0BH Ta MOJETIOBAHHA KEpPYIOUOi CHCTEMH 3 KOHTPOJEPOM, a Ccame
BukopucTanHsa cepsicy Matlab — Toolbox Fuzzy Logic. V crpykrypi cuctemu, mo
BUKOPHCTOBYE HEUITKY JIOTIKY JIJIsl peajiizallii MeTo Iy ONTUMI3allii MTOTOKOM YaCTHHOK
OyIyTh B3a€EMOJISITH BXIJTHUM UYITKUM BEKTOpP, BEKTOP HEYITKUX MHOXHUH, IO
BIJINOBIJIA€ BXITHOMY BEKTOPY, PE3YJIbTAT JIOTIUHOTO BUBEACHHS y BUTJIAJI BEKTOpa
HEYITKUX MHOXHWH, BUXITHUHM YITKUI BeKTOp. CHUCTEMa Ma€ MOKJIMBICTh IHTETPyBaHHS
1o Simulink — cepenoBuIia MOJETIOBaHHS CUCTEM.

Honarok Fuzzy Logic Toolbox no3Bosisie OyayBaT HEUITKI CHCTEMH JBOX THIIIB
— mamdani, sugeno. OcHoBHa BiIMIHHICT, MK cCHCTeMamu Mmamdanii ta sugeno
MoJIsirae B PI3HUX CHoco0ax 3aBlaHHS 3HAY€Hb BHUXITHOI 3MIHHOI B IpaBUJIaX, IO
YTBOPIOIOTH 0a3zy 3HaHb. AOO 3HAYCHHS BUXIAHOI 3MIHHOI 3a7al0ThCS HEYITKHUMHU
TepMiHamMu, ab0 JHIHHOI KOMOIHAIIEI0 BXIAHUX 3MIHHUX. [l MopjentoBaHHS
oOuparoThcsi 1Bl BXiJAHI 3MiHHI, 3HAYEHHS SKUX OTPUMYIOThCS TIPH BU3HAYEHHI
MMOMUJIKH Ta 3MiHH MTOXHOKH, pe3yIbTaT MOJICITIOBAHHS BUBOAWTHCS Y OJHY BHXITHY
3MiHHY 3 iMeHeM Voltage, 3HaYCHHS SKOi € 3HAYCHHSMHU HAMPYTH y CICKTPUIHOMY
JAHIIOTY y TIEBHUI MOMEHT 4acy 3a IeBHUX YMOB, Ta JIIHI'BICTUYHI 3MIHHI HE4ITKOTO
MpoIiecy, M0 BIIOOpa)kae ONMTUMI3ALID METOJAOM IOTOKY 4YacTHHOK. Heuitkomy

KOHTPOJIEPY, IO YIPABJISE €ICKTPUYHUM CTPYMOM Yy JaHIM MOJENi, ONTUMI3YHOUH
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MPOLIECH METOJIOM MOTOKY YAaCTUHOK, 3T1/IHO I[bOTO METOAY HaJlaHO aTpuOyTu: type —

mamdani, AndMethod - min, OrMethod —max, ImpMethod — min, AggMethod — max,

DefuzzMethod — centroid, Range — (0 120). HeuiTka cucremMa BHBEICHHS, SKa

3rCHCpPpOBaHA, BUXOJIAYHU 3 MCTOAY OHTHMiSaHﬁ 3a OOIIOMOI'OI0 ITOTOKY YaCTHHOK,

MOKa3aHa Ha HACTYITHUX PUCYHKaX, P BIAMOBITHUX HEUITKUX MPOIIEcax KijbKa pasiB

3MIHIOIOTBCS (PYHKII TPHUHAJIEKHOCTI, TOOTO METOJ ONTHUMI3aIlii 3a JOMOMOTOIO

MOTOKY YACTUHOK 3HAXOAUTh (PYHKIIIT TPUHAIECKHOCTI.

MATLAB R2013b

Pucynoxk 1.

AP 25 |
3 m FIS Editor: Untitled o &
88 W (
File  Edit View
Install  Package Curve Fitng ~ Optimization L
App. App. |
-
FILE 3 y
159 L » C » Users » user » Documents » h AN
older @ Command Window e untivea
" S>> mda
2_grt_rtw
tied 4
tled] n
tled2| | File Edit  View
tled3|
tedd | FIS Varisbles
Shd Vot
rror
input varisbl “Shld”
Current Varable Current Membership Funclion (cick on F to select)
Name Shvi Name Min
Type nput Tyoe o
e [01.2712781)
Range [0120]
Display Range 10 120) Heip Close | ‘
- \

|n ...... a HF 3 1o W

OyHKIIIT TPUHAIEKHOCTI BIJIMOBIAHO /IO MEPIIOI BX1AHOI 3MIHHOI.

APPS

&

Curve Fiing  Optimization

B a8 L

nstal Package

App A

FiE

G0 r Cob Users b ouser b
older ® | Command Window
.

fi >

led!
led2 | File Edit View
led3

FIS Vari

Membership Function Editor: Untitled

File Edit View

MATLAB R2013b

Rule Editor: Untitled -

HMembership function plots

ol

plot points:

e | |

M ‘M \
Mcnvw\ | =]

\ cose |

Current Variable
Name

Type

Range.

Display Range

input

10 120)

0120)

Gurrent Wembershi clik on W 10 solect)
Hame R

Tyee trimt

Para

1778 41.11837]

Close.

Renaming MF 1 1o "R"

Pucynox 2. @yHK1ii mprHAIEKHOCTI BIAMOBIIHO A0 APYToi BXiTHOT 3MIHHOI.

Posrisimaroun 110 HEYITKY CHUCTEMY YIPABIIHHS,

micis moOynoBU Ta

MOJICITIOBAHHS TPY MEBHUX 3HAYEHHSX aTpUOYTIB Ta 32 BU3HAYEHUMHU (PYHKITISIMH

MPUHAIEKHOCTI 1 MNpaBWIaMH (PYHKI[IOHYBaHHS HEUITKMX IMPOILIECIB OTPUMYEMO
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3HAQYEHHS BHUXIAHOI 3MIHHOI HANpyrd Yy €JICKTPUYHOMY JIAHIIOrY, TpadivyHa

Bi3yasti3allisi BUX1JIHOI 3MIHHOI ITpeJICTaBJICHa HA HACTYITHOMY PUCYHKY.

avs |
)] FIS Editor: fI1 == =
4 ) b
File Edit View
Fiting  Opiimization LA
|
» user » Documents » b | A AN [Tl
ind Window St "
A mamseny
m Membership Function Editor: fi1 - oiEl
idani
File  Edit  View
FIS Variabies Membarship function plota  Plot points; 181
Vi va Vs
R
gy
-
Snn - vor —
Xx] =
Error \
~ Locme |
e
— I
output variable Vol
Current Varabie Current Membership Function (click on MF to select)
Name Vaoit Name 1
Typa output w2 Arimf
Params [-0.762 18.5 36.71)
Range 10-250)

Display Range. 10 250) Help Close. \ ‘

‘ Renaming MF § to V5" ‘

Pucynox 3. [IpeacTaBieHHsl HEUITKUX 3HAYEHb BUX1HOI 3MIHHOT — HANIPYTH.

Mu moxkemo OauuTH, 10 OAHA 3 (PYHKIIN MPUHATIECKHOCTI OXOIUTIOE O1LJIbIIe
3HAYEHb 13 MHOXXMHU 3HA4YE€Hb BUXIJAHOI 3MIHHOI HDK doTupu iHmI. Lleit pucyHok
MOKa3ye Halkpaill, TOOTO HaOJMKEHl 0 ONTHUMAaNbHUX, (YHKIII MPUHAJIEKHOCTI,
OTpHMaHIi 3a JOMOMOTOI0 METO/y ONTHUMI3aIlli 3 BUKOPUCTAHHSIM MOTOKY YaCTUHOK B
MPOBEJICHUX  EKCIIEpUMEHTaX. 3acTocoBaHl  (PYHKII  MPUHATIEKHOCTI, IO
BIJINOBIJIalOTh ONTHUMI3allii 3a JOMOMOTOIO MMOTOKY YaCTUHOK, Ta IMpaBuja MoOya0BU
HEYITKOI CUCTeMH I ITuX (DYHKIIM CTBOPIOIOTH THCTPYMEHTH, 1110 JAIOTh MOKIIUBICTh
MOJICJIIOBATH T[OBEPXHIO VYIPABIIHHSA Ta BIJACTUBOCTI YympaBiiHHA. I[loBepxHIo

yIpaBIiHHS OKa3aHO Ha puc. 4.

File  Edit  View)

e o T s o TS o =
m

Sheld v
|XX| X grids. 18 ¥ orids: i @
e |R|r input: Hpm points: H Help o ‘
‘ eady ‘
Currant Variable Current Membsrship Function (ciick on MF to select)
Name Shvid Hame
Type input Tyee trimt ~
Params.
0 1.271 27.81
Range (0 120] ! !
Display Range [0 120] Help Close. | ‘

| Renamea F1S 10 -1~ ‘

Pucynok 4. [loBepxHs ynpaBiiHHS HEUITKOI CUCTEMH.
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3aranbHUi MPUBIA Yy CUCTEMAX YMHPABIIHHS € JBUTYHOM IOCTIMHOTO CTpyMYy.
Bin 6e3nocepennbo 3abe3neduye o0epTaIbHUN pyX 1, B MOEIHAHHI 3 KojJecaMu abo
Oapabanamu 1 KabensIMH, MOXe 3a0€3MeYUTH MepexifHuil pyx. JIBUTYH MOCTIMHOTO
CTPyMy € MEXaHI3M, SKUM TEepeTBOPIOE E€JIEKTPUUYHY C€HEprilo B MEXaHI4yHY,
YTBOPIOIOUM 00epTalibHUl pyX. MexaHi3M TOCTIHHOTO CTpyMy (TreHeparop abo
JIBUTYH) CKJIQIa€ThCS B OCHOBHOMY 3 JIBOX YaCTHH, TIEpPIIa 3 IKUX - CTATOP, KU Ja€
MEXaHIYHY IMATPUMKY OJIOKY 1 Ma€ OTBIp B LICHTPI, K MPABUIIO, IWTHAPUIHOI (OPMHU.
Ha momatok m0 craropy, MOJIOCH pO3TallioBaHi Tak, MO MOXYTh OyTH MOCTIHHAMU
MarditTamu abo 0OMOTKaMH 3 MiJHOTO JPOTY Ha 3aJi3HUI cepacuHuK. [[pyra yactuna
— poTop, 110 3a3BUYail Ma€ IMWIHAPUYHY (HOpPMY Ta CKIIAJIA€ThCSA 3 HAMOTKH 1 siIpa,
TaKoK J0JaHl ABl miTkM. Ha HacTynmHoMy puCyHKY mHoka3zaHa mozenb Simulink,
peanizoBaHa B Matlab, 1e ocHOBHUI OJIOK CX€MHU MOJIEITIOBaHHS € MOJIEIUTIO HEUITKOTO
JIOTIYHOTO KOHTpPOJIepa, KWW OTPUMAHO METOJIOM ONTHUMI3allli 3 BUKOPUCTAHHSIM

IMOTOKY 9YaCTHUHOK.

1=} = | ) A 23
EBG-E| 4D = @ v | @-|es-
untited X | Dv pest Fuzzy Logic Controller
® |[Pajuntitied » -
@
o)
i e

|

Esl 1 :
Saturation Fuzzy Logic Dv past eopa
s
B —

To Workspace Diplayvelt

<«

100% oded5

Pucynox 5. MojentoBaHHS CUCTEMH 3 HEUITKUM JIOTIYHUM KOHTPOJIEPOM.
Jlani HajaHl MaTeMaTUYHa MOCTAHOBKA JAAHOI 3a/1ayul Ta METOAM ii BUPIIIEHHS.
BBeneMo no3HaueHHs Ta HaJlaMO 3HaYeHb HACTYIHUM (13MYHUM napamerpam. Potop
1 BaJ mepen0davyaroTbes KOPCTKUMH. MOMEHT KpyTiHHA ABUTYHa - M moB'sizan 3i
CTPYMOM SIKOPsI — | BIZITIOBITHO KOHCTAHTI cONSt,,. KoHCTaHTa eNeKTpopyXardoi Ui
const,noB'sa3aHa 31 MBUIKICTIO O0EPTaHHS 3a JOTIOMOTOI0 HACTYITHUX PIBHSHb:
M = const,, " i

E = const, -, (@D)
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ne R - enexrpuunuii omip, L —enekTpuyHa 1HAYKTUBHICTH, CONSt —KOHCTaHTa

enexkTpopyxarwydoi cuiau, ( — koedimieHT aeMmrndyBaHHS MeXaHIYHOI cucTteMu, J —

MOMEHT iHepiii. Takoxx MU OyaemMo po3risgaTH SK BXiAHY 3MiHHY V — Hampyry

JDKepena CTpyMy, a K BUXIJHY 3MIHHY Y — KOOpJIMHATH IMOJIOKEHHs Bairy. Jlus miel

MOJIETI1 3T1AHO MOCTABJICHOT 33]]a4l MM TaKOK MO>KEMO HAIUCAaTH HACTYMHI PiBHIHHS,

10 CIIUparoThes Ha 3akoH HeroToHa 1 3akon Kipxroda:
J + {4 = const - i

L%+Ri=V—const-¢ (2)

3a nonoMororo nepetBopeHHs Jlannaca, BUllleHaBeIeH1 PIBHAHHSA MOJIETIOBAHHS
MOXKYTb OyTH BUPa)K€HI BIITHOCHO HE3aJIEXKHOI 3MIHHOT X:
x(Jx + OY(x) = const - i

(Lx + R)I(x) =V — const - xy(x) (3)

VY NOHATTAX CTaHIB CUCTEMH MOJIECIIOBAHHS BUILEHABEACHI PIBHSIHHS MOXYTb

OyTH BUpa)XX€HI HACTYNHMM YMHOM: HIBHJKICTb OOEpTaHHS Ta €JEKTPUUYHHUNA CTPYM

oOHparoThCs B SIKOCTI 3MIHHHMX CTaHy, Hampyra 3aJa€ BXiJIHWA CUTHaN, y pe3yJbTaTi

OTPUMYETHCS IIBUJIKICTh 0OEPTaHHS K BUXIJIHI JIaHI.

. _5 const . 0
E(f)z _CO{’lSt _]E (lf}>+ % v
L L
b=a oY

3anumiemMo aJropuTM BUKOHAHHS ONTHUMI3AIlli METOJJOM BUKOPUCTAHHS MMOTOKY
YaCTUHOK, SIKWW 3aCTOCOBYETHCS IIPHU BUPILLIEHHI 3a/1a4i:

1. ITouarok.

2. 3aBJaHHS BU3BHAUYCHHS YaCTUHOK, SIK1 OEpYTh y4acTh Y MOTOII JJIsl BAKOHAHHS
OITHMI3AIIli, a camMe 3aJa€ThCs iX MOJ0KEHHS Ta IIBUJIKICTD.

3. OriHKa MPUIATHOCTI KOKHOI BHU3HAYEHO! YACTMHKU JI0 BUKOPUCTAHHS Y
IIbOMY METOI].

4. 3aBaHHs Ta OHOBJICHHSI TAPAMETPIB KOHTPOJIEpa HEUITKOI CUCTEMH.

5. 3HaxomKeHHs 3Ha4YeHb Pb, gb.
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6. OHOBJIEHHS 3HAUYE€Hb KOOPJAUHAT YACTUHOK Ta IIBUJIKOCTI i1 pyXy.

7. llepeBipka BHKOHAHHS YMOBH: SKIIO MaKCHMaJlbHa KUIBKICTh 1Tepallii
MPOIIECY OMTUMI3AIlii Me He AOCATHYTa, TO MEPEXOJAMMO N0 IMYHKTY 2, 1HaKIIe —
HACTYMHHM MyHKT.

8. Kinenr BUKOHAHHS METO.Y.

BaxnuBo BiI3HAUMTH, 1110 HEUITKA CUCTEMa BUKOPUCTOBYBAJIACS 3 2 BXOJIaMHU 1
2 BUXOJAMH JJIs OTPUMAaHHS MiJ 4Yac BUKOHAHHS KpAallMX 3HAY€Hb KOTHITUBHOIO
npuckopeHHs [ 1 comianbHOro mpuckopeHss [, . Llg HeuiTka cuctema moxe OyTH
onKcaHa HACTyITHUM YMHOM: OCHOBHa (PYHKIIiSI HEYITKOI CHCTEMH IMpHU3HAYEHA MJIs
HaJAIITyBaHHS MapaMeTpiB METOY ONTUMI3allli 32 JIOMOMOTOI0 MOTOKY YaCTUHOK Ta
iX KOperyBaHHs, y SIKOCTI TapaMeTPIB pO3TIISIIAIOTHCS

l; - KOTHITUBHE PUCKOPEHHS, [, - colliabHE MPUCKOPEHHS.

Mu 3MiHIOEMO 1II MapaMeTpu Il MEPEBIPKU 3alpONOHOBAHOIO MeToay. Y
[[bOMY BHUIAJKy MOXXHA PETryJIIOBaTH B PEXHMI pPEAJbHOTO Yacy 2 MapaMeTpH.
PiBHSIHHS MIBUIKOCTI YaCTUHOK MPH BUKOHAHHS 3alPOMOHOBAHOTO METOJY MO>KHA
OTHCATH HACTYITHUM YHHOM:

wyi(t +1) = wy(£) + Ly (6) (5 (0) = x(8)) + Lopz; (©) (45 (0) = x5(0))

Bumie, y piBHOCTSX (2), ONMHCYETHCS CMOCIO, SKMM YMHOM OCHOBHE DPIBHSHHS
MEeTOAY onTuMmizauii MOAU(IKY€ETbCS JUIsl JOCATHEHHS] METH, 1 TIOTIM, IEPETBOPUBILU
HOro 4acTHHY B HEUITKI IapaMeTpy, MU MOXXEMO MOOAYUTH BIIMIHHOCTI MK JIBOMa
PIBHSIHHSIMHU, IO ICTOTHAa YacTHHA MPOMOHOBAHOTO METOJNY JIEKHUTh B IHUX JBOX
sMmiHHUX [, |, . TpamumiiHO mi ABI 3MiHHI € TOCTIHHUMH, B JaHOMY BWIAJKY
BAKJIMBICTB ITUX JIBOX ITPHUCKOPEHB IMOJISTAE B TOMY, III0 MU BUPIIITUIIA OTPUMATH 111 AB1
BEJIMYMHU BIIIOBITHO /IO HACTYITHUX BU3HAYCHbD.

Je w;;(t) - mBuakicTs yacTuHKY iy BuMipi ] = 1,..., N'y MoMeHT uacy t, x;;(t)-
MOJIOXKCHHSI YaCTHHKH | y BUMIpi | Ha Kkpoui t, [;, [, npeacTaBinsioTh mi3HaBajIbHE i
coIliaJIbHE TPUCKOPCHHS. Y I[bOMY BHITQJIKY I1i 3HAYCHHS € HCUITKMMH, OCKIJTbKH BOHU
3MIHIOIOTBCSl JAWMHAMIYHO TPU BUKOHAHHI METONY OINTHUMI3aIlli 1 BU3HAYAIOTHCS

BUpasamu (3), p;, 1 p;, € BUNAJKOBMMH 3HAYCHHAMH B aiamaszoni[111, 112].

142



THEORETICAL FOUNDATIONS IN RESEARCH IN ENGINEERING

p l
Yoot ()
p l
Ziill [T

ne 1y - BIZICOTOK KOTHITUBHOTO NPUCKOPEHHS YaCTUHKH, Py, - KUIBKICTh IPaBUII

l1=

HEYITKOI CHCTEMH, IO BIAMOBIAAIOTH [y, l; - BUXITHUM pe3ynbTaT IS MpaBuUia,
. . o l . . - . .
BiMOBiHUM [1, u;* — GyHKIIIA MPHHATIEKHOCTI TpaBuiIa i BIAOBIIHO 10 ;.
P, I,
I = Zizlnui (IZL')
2 Zplz Iy
i=1 M

ne I, - BIICOTOK COLANBHOTO MPUCKOPEHHS YaCTHUHKH, Py, - KUIBKICTh TPABUII

)

HEYITKOI CHCTEMH, IO BIANMOBINAOTH [, , |, - BUXiMHMIA pe3yibTaT IJs IpaBuia,
BIIMOBITHUM L5, ;1:2 — (YHKIIIS IPUHATICKHOCTI MpaBuiIa | BIAMOBIAHO 10 .

TakuM YMHOM, HAJIAIITYBaHHS YIIPABIIHHS CUCTEMOIO KEPYETHCS 3a JIOTTOMOT' 00
perynsaropa, mapameTpu SIKOro BIIMOBIAAIOTh HEUITKMM JIOTIYHHUM Mpoliecam, IMpu
IIbOMY 3HaxO/DKCHHS ONTUMAJIbHUX 3HAYECHb IMapaMeTpiB BiOyBaeThCcs 3a
QITOPUTMOM  OINTHMI3aIlli 3a JOTMOMOIO TOTOKY 4YacTHHOK. Ilpu BupimieHHi
MOCTABJICHOI 3a/laul CHUCTEeMa PO3IJISAAEThCA SK HEUITKA, 10 OMUCYEThCA JABOMA
napameTpamHu, SIKi 3MIHIOIOTbCS AMHAMIYHO IPU BHUKOHAHHI METOAY ONTHMI3alii 3a
JIOIIOMOT'0I0 TMOTOKY YaCTMHOK Ta JOCSTal0Th 3HAYCHb, IMPH SKUX CHCTEMa Mae

ONITUMAaJIbHE 3HAYEHHS BUX1AHOI 3MIHHOI.
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SECTION 8. INNOVATIVE TECHNOLOGIES

10.46299/1SG.2022.MONO.TECH.3.8.1
8.1 PecypcHe 3a6e3neueHHsi 6e3MeKH Npaui Ha Cy4aCHUX MiANPHEMCTBAX

[Tomryk HOBHX MIAXOAIB M0 YMpaBIiHHS O€3MEKOl0 mparli Ta i peopMyBaHHS
0O0yMOBJICHHI 3MIHAaMH B €KOHOMIIll Ta comliaibHIN cdepi. JlepkaBHa IMOJITHKA B
rajy3i yMOB Ta OXOPOHHU TMpalli ¢ HE TOBHOI MIpOI0 3abe3nedye CHCTCMHHM,
KOMIUIEKCHUM MiAXIJl O BCbOIO CHEKTPY PO3B'SI3yBaHMX 3aBJaHb y LI ramysi Ta
BIIPOBA/P)KCHHSI IHHOBAIIITHUX €JI€MEHTIB €eKOHOMIYHOI €()eKTUBHOCTI yIPaBIIHHS. Y
TOM K€ 4Yac BUKOPUCTaHHS MPUHLHUIY CHUCTEMHOCTI B YIpaBiIiHHI O€3MeKOl0 Ha
MIIIPUEMCTBAX Mepeadayae BceObiuHmil aHami3 GyHKIIOHYBAHHS CUCTEMH YTIPABIIIHHS
OXOPOHOIO Ipalll, pO3IJIAl MOKIUBUX aIbTEPHATUB NPUHHATUX PIIEHb, KOOPAUHALIIO
3yCUJIb Ha TIPIOPUTETHUX HAMPAMKAX, OI[IHKY MOMIIMBUX 3aMOODKHUX i Y KOKHOMY
€JIeMEHTI Ta KOMIIOHEHTI cucTteMu. OISl YUCIEHHUX JOCTIIKEHb 3 PO3BUTKY
HiAIPUEMCTB TOKa3ye, 0 B JaHUI Yac POl JIOACHKOro (hakTopa HaaeThCs BEIUKE
3HAUEHHS Ha BCIX PIBHSIX BUPOOHUYOTO MPOILIECY, HE3AIEKHO BiJ] chepH TIsITLHOCTI Ta
rainy3i. ChopMOBaHO HAYKOBI IIKOJIM Ta HAMPSIMKHU 3 OTIUOICHOTO TOCTIIKEHHS pOJIl
TOJICHKOTO (hakTOopa, PO3pPOOJISIIOTECS Ta BIOCKOHATIOIOTHCS METOAUKU KYJIbTYpU
Oe3MeKu Ha MiANPUEMCTBI, BIPOBAHKYIOTHCS TIPOTPAMH 11010 3MIHHU MOBEIIHKH.

CyuacHi yYMOBHM XapaKTEpPHU3YIOThCS BHCOKOK JMHAMIKOK 3MiH, Oprasi3arii
MOCTIHHO BOPOBAKYIOTH Jefani HOBI (OpPMH  YNpaBIiHHS 3  MIJBUILIECHHSA
KOHKYPEHTOCTIPOMOJKHICTI TIIIPUEMCTB, 30KpeMa B rajy3l yHpaBiiHHS O€3IMEeKOl0.
Hacamnepen, 3Ha4HO 3pic HE TUIBKU IHTEPEC 10 MICLS JIFOAUHU Y TPYAOBIH MiSJIBHOCTI,
a W y BEJIMKOMY pI3HOMAHITTI (OpM TIPOSBH ii COIIaTBbHOI Ta ICHUXOJIOTTYHOI
aKTUBHOCTI, y SIKIA JIIOJMHA OJTHOYACHO pealli3ye cede sk Cy0'eKT ynpaBJiHHSA, Tak 1
o0'exT mix ynpasiiHHaaM. [Ipars okpemMoro 1HIMBIIa TAKOXK CTA€ JHKEPETIOM peai3artii
BJIACHUX 1€, CaMOCBIIOMOCTI Ta mpo(deciiiHOi TMOBEIIHKKM B OCOOUCTHUX Ta
KOJICKTUBHUX MHUTaHHAX Oe3neku. Ha cydacHomy erarti po3BUTKY JIOACTBAa y cdepi
Oe3MeKku MparHeHHs PO3YMIHHS PyXaeTbcs Big (PEHOMEHA JIOJCHKOI MOMUJIKU 0

npoOJeMu YAOCKOHAJEHHS CHCTEM YINpaBliHHS Oe3nekor. Poib  moauHu
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PO3BUBAETHCS Ta CTAHOBHUTHCSA OLIBII I1HTETPOBAHOI B CHUCTEMI YIPABIIHHS
BUPOOHUIITBOM. A KOPIHHSM Il TTpoOJieMa ijie B 001aCTh B3a€MO/IIA MiX JIIOJIBMH 32
JIOTIOMOTOI0  KYJIBTYPH COLliyMy, B SKOMY BOHHM JKHBYTh 1 TMpaIOOTh, 0
YHIBEPCAJIBHOTO TPOIIECY PEryJISLii MOBEIIHKH 1 JISJIBHOCTI JIFOIMHHU.

TexHonoriunuii mporpec Ta IHTEHCHUBHUIN BIUIMB KOHKYPEHIi CTPIMKO
3MIHIOIOTh YMOBH TIpalli, ITUTAHYBAaHHS Ta OpTraHi3aIlil0o TPYAOBOTO TIPOIIECY.
[lepmiopsigHe 3HAYEHHS HAJEKUTh 3aKOHOJIABCTBY, aje camMe Cco0Ol BOHO
HEJIOCTaTHBHO Y TOMY, 10O KepyBaTH IIMMH 3MiHAMU 1 MTOTIEPEKATH HOB1 BUPOOHUYI
HeOe3neku Ta pu3uku. [lignpuemMcTBa TakoXK MOBUHHI IMOCTIMHO pearyBaTH Ha 3MiHH,
1110 B110yBarOThCs y cepi Oe3nexu npaili, Ta po3poOssiTH epeKTHUBHI 3aCO0H Y BUTIISIII
TUHAMIYHUX CTpaTreriii ympaBiiHHSA. [lO3UTMBHUN BIUIMB BIPOBAKEHHS CHCTEM
OXOpPOHU 37I0pOB'st Ta MpodeciiHol Oe3NeKu MepcoHay Ha PiBHI MANPUEMCTBA SIK Ha
3HM>KEHHSI HEO€3MEK Ta PU3HKIB, TaK 1 HA MPOAYKTHUBHICTh, HUHI BUBHAETHCS YPSIAAMH,
poOOTOIaBIsIMU Ta MpaliBHUKAMU YChOTO CBITY. baraTo miAnpueMcTB BUSIBIISIOTH
3aIliKaBJICHICTh Yy €(EeKTUBHOCTI Ta JIEMOHCTpaIlii MOXIJIMBOCTEH YMpPaBIIIHHS
OXOPOHOIO Tpalll Ta npogeciiiHo0 0e3MeKoro npaliBHUKIB [116].

AmHanizyrouu npaBoBy ocHOBY €C y MUTaHHSIX TT1€HU Ta OXOPOHHU Mpalli, MOKHA
CTBEPJ)KYBaTH, 110 BOHA BUMAarae HacamIepe]] OXOIUTIOBAaTH aHAJI30M Ta OI[iHKOIO
MaKCUMaJlbHy KUIBKICTh PHU3HMKIB Ha POOOYMX MICHSX 3 HASBHICTIO MIHIMAJIbHOI
KUTBKOCTI 3aKOHOJABYMX Ta HOPMATHBHUX akTiB. OHIEI0 3 CEPHO3HUX MNPOOIEM y
CUCTEMax yIpaBIIHHSI OXOPOHOIO Mpalll MPOMHUCIOBUX MIANPUEMCTB Y KpaiHU € Te, 10
BOHA 3/1e01IBIIOrO MOOY/I0BaHA Ha 3acajiax KOPUTYBaJbHUX JIiid, TOOTO, pearyBaHHs
Ha BXK€ HEOE3IEeUHl BUITQJKH, a YM HE Ha MPUHIMIAX «IOTEPEIKYBAUTBHUX iy,
TOOTO, X MPOPUIAKTUKH, 1110 HE JO3BOJISIE€ BU3HAYMTH HAWMBAXIIUBIII Ta MEPLIOPSAH1
npoUIAKTUYHI POOOTH 3 OXOPOHH TIpaIli Ta CIPSMOBYBATH HAa HUX Y MEPIIOYEPTOBOMY
MOPSIIKY MarepiajnbHi Ta (piHAHCOBI pecypcu. B pe3ynbrari 1ie NpU3BOIUTH 0
PO3pOOKH BETUKOI KIJIBKOCTI 3aX0/IB Ta HEPAI[IOHAIBHOT'O PO3NOALTY Ta BUTPAYaHHS
THMYACOBUX, MaTepIabHUX Ta (PIHAHCOBUX PECYPCIB, IO BUIIISIOTHCS HA OXOPOHY
mpaii. B pe3ynbpTaTi mpoJIOBXKYIOTH BUHUKATH HEIACHI BUIIAJKU Ta HeOe3NmedHi

CHTYyaIlil, 1110 TPU3BOAATH JI0 JIFOJCHKUX, MaTepiabHUX Ta (hiHaHCOBUX BTpat [116].
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TakuM 4yMHOM, B JJaHOMY paKypcli MU aKTyali3yeMO MUTAaHHS yJAOCKOHAJIEHHS
MEHEDKMEHTY MIANPUEMCTB 3 TOUYKH 30py Oe3mneku Ta oxopoHu mnpaii. Crarrs
MPUCBSIYCHA TUTAHHIM PAIllOHAIEHOTO BUKOPUCTAHHS JIFOJICBKOTO PECypcy B MUTAHHI
Oesnekyd, CcOOPMOBAHOCTI Ta MIABUIIEHHIO KyJIbTypH O€3MeKH, CIHEpTriHOMY
MOETHAHHIO JIIOJCHKOTO pecypcy Ta OpraHi3amiifHoi (KOpIOpaTWBHOI) CHCTEMHU
KyJbTypH Oe3Meku mpaili Ha mianpueMcTi. KynbTypa 6e3nexu mpaiii € TOCUTh HOBOIO
KOHIIEeMi€0. [le TOHATTS MoB'sI3aHe 3 MOHATTAM «KYJbTypa OXOPOHHU Mparli», sKe,
CBOEIO Ueproro, 0e3mocepeIHbO 3 CTABICHHSIM J0 OXOPOHH Tpalli 3 00Ky KepiBHUIITBA
Ta caMUX NpaliBHUKIB. YK MOKpallye CUCTEMY OXOPOHHM Mpalli KyJbTypa O0e3MeKu, YU
BOHA € Ba)XXJIMBOIO YACTUHOK CHCTEMH YIIPABIIIHHA OXOPOHOIO Ipalll Ta Yd BIUIMBAE
BOHA Ha PO3BUTOK mianpueMcTBa? [{luM MUTaHHAM 1 IPUCBSIYEHO IIO CTATTIO.

[lin pecypcHuM 3a0e3MEUYEHHSIM MM PO3YMIEMO 3a0e3leueHHs Oe3MeKu
MpaliBHUKaMH, sKI  O€3[OCepeHbO MPALIOIOTh HAa  poO0OYMX  MiCIAX, 1
CHIBpOOITHUKAMU OpraHiB yYIpaBiiHHA Oe3nekoro. | Hacammepen CydyacHUM Ta
MEePCIEKTUBHUM HAMPSAMKOM IBUIICHHS O€3MeKH BUPOOHWUYOI [ISIBHOCTI Ta
OXOpOHHU TIpalll Ha MIANPUEMCTBI € (pOpMyBaBaHHS KyJbTypH O€3leKd mparl, Je
TOJIOBHUM JIFOYMM YUMHHUKOM BHUCTYIIA€ CaMe JI0UHA-TIPAI[IBHUK.

3arajioM 10 pPEeCypCHOro 3a0e3MEeUeHHS B CUCTEMI OXOPOHH Mpaill BIAHOCSTH
HACTYIH1 HAIPSIMKHU:

HapuanHs Oe3nexu mpaloynx.

OO0oB's13k1 poOOTOAABIIA IIO/I0 3a0€3MEUCHHS HaBYaHHS MpaiiBHUKIB. OgHUM 13
HAaWBAXKJIMBIIIUX  €JIEMEHTIB IOMEPEIKEHHS BHUPOOHMYOTO TpaBMaTU3My Ta
npodeciiiHoi  3aXBOPIOBAHOCTI € Oe3nepepBHE OaraTOpPIBHEBE IIUIECTIPSIMOBAHE
MIJBUILEHHS PIBHA MPOQECIHHUX 3HAHb Ta KOMIETEHTHOCTI MEPCOHAIY 3 OXOPOHU
mpart.

Opranizaiiss HaBYaHHS 3 OXOPOHU Mpalll Ta MEPEeBIPKU 3HAHb BUMOI OXOPOHHU
npaill KepiBHUKIB Ta cneniaiicTiB. KepiBHUKH Ta cHelianicTH IpOXOIsiTh ClelialbHe
HaBUaHHSA 3 OXOPOHHU mparli B 00cCs31 MOCagoBUX OOOB'SA3KiB. BiamoBigaibHICTH 3a
OpraHi3alililo CBOE4YaCHOT'O Ta sIKICHOIO HaBYaHHS Ta MEPEBIPKY 3HAHb 3 OXOPOHHU Ipalll

MOKJIaZICHO Ha POOOTOABIIIB.
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[IpoBeneHHs MEpPEBIPKU 3HAHL 3 OXOPOHHU Mpalli KEPIBHUKIB Ta CHEIIaJICTIB.
Opranizaiis komiciil. [lepeBipka 3HaHb 3 OXOPOHHM Ipalll TOBUHHA MPOBOIAUTHCS 3
ypaxyBaHHSIM MIOCAJ0BUX 000B'A3KIB Ta XapakTepy BUPOOHUYOI TisSIIbHOCTI KEPIBHHKA,
creiangicTa, 1HKeHEpHO-TEXHIYHOTO MpaI[iBHUKA Ta 1H., a TAKOX 32 HOPMATUBHUMU
JOKyMEHTaMH 3 OXOPOHHU TIpalli, 3a0€3MeUeHHs Ta JOTPUMAaHHS BUMOT KX BXOJIUTh
710 iX CITy»KOOBUX 0OOB'SI3KIB.

OdopmiieHHsT pe3ynbTaTiB MEPEBIPKU 3HaHb 3 OXOPOHM IMpalll KEpiBHUKIB Ta
CHEIaTICTIB.

ITozaueproBa mepeBipka 3HaHL 3 OXOPOHH Ipalll KePIBHUKIB Ta CHEIIAJICTIB.
[To3zaueprosa nepeBipka 3HaHb 3 OXOPOHU TIpalll MPOBOJUTHCS HE3AJIEKHO BiJl CTPOKY
MIPOBEICHHS TTOTIEPEAHBOT IEPEBIPKH.

Hapuanus Oesneku mpari Mpu MIATOTOBII POOITHUKIB, MEPEHiATOTOBIN Ta
HaBYaHHI JPYrOpsAIHUM MPOQECIsM.

CreuiasibHe HaBYaHHS Ta NEPEBIpKa 3HaHb POOITHHKIB. B OKpemux ramyssx,
MOB'A3aHUX 13 POOOTaMH, JI0 SIKMX BHCYBAIOThCS JOJATKOB1 (MIJABHUIIECHI) BUMOTHU
Oe3neku Tmpalll, MPOXOMAsITh JOJATKOBE CrelliaJbHEe HaBUaHHS O€3MeKu Mpaii 3
ypaxyBaHHSAM IIUX BUMOT.

[IpoBeaeHHS THCTPYKTAKIB 3 OXOPOHU Iparli.

[linroroBka cHemiajgiCTIB OpraHiB yMOpPaBIIHHS MPOMHUCIOBOI OE3MEKOIO.
[linroToBKa CremiagiCTIB OpraHiB yMpaBlliHHS O€3MEKOI0 (3aCTYMHUKIB TOJOBHOTO
1HKEHEpa 3 OXOPOHHU Mpalll Ta MPOMUCIOBOI O€3MEKH, HaYaJIbHUKA CITy>KOU OXOpOHU
npaili, ikKeHEepiB 3 OXOPOHH TIpalli) Ha mianpuemcTBax [117].

OpHak icHYye 11e Apyra CTOPOHA I[bOTO MTUTaHHS - BUCOKOKBasi(ikoBaHi (paxiBiii
3 0XOpOHH Mpaui. Big epektuBHOCTI poOOTH (paxiBLs 3 OXOPOHHU Ipalll B 3HAYHIN Mipi
3aJIEKUTh JIOCATHEHHS PIBHS OXOpPOHHW TMpalll Ha BUPOOHUIITBI, IO BIJMOBIAAE
MiHIMaJbHUM BHUMOTaM JI0 3a0e3nedeHHs Oe3MeYHUX Ta HEIIKIIJIMBUX YMOB Ipalli
MpAaIiBHUKIB, Kl BCTAHOBJIEHI 3aKOHOJABYMMHU Ta 1HIIMMU HOPMAaTHUBHO-IIPABOBUMHU
aKTaMH 3 OXOpOHHW mpaili. Tomy cydacHu# ¢axiBellb 3 OXOPOHH Mpalll MOBUHEH

BOJIOJIITA BUYEPIHUMH 3HAHHSMU T4 HABUYKAMH 3 MUTAHb OpraHizallii 1 yrnpaBiIiHHS
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npolecaMu, 3a0e3MeueHHs OXOpPOHU 1 0e3MeKu Mpalli, a TAKOXK CTBOPEHHSI YMOB iX
HIATPUMKU W AUHAMIYHOTO PO3BUTKY.

CydacHuil ¢axiBelb 3 OXOPOHH Tpalll Ta MPOMUCIOBOI Oe3meKku - (axiBelp 3
BUILIOI0 OCBITOIO, IO BOJIOJIE€ 1HXXKCHEPHUMHU Ta YHPABIIHCHKUMU KOMIICTCHITISIMH,
3/TaTHUI OPraHi30BYBaTH 1 ONTUMI3yBaTH OE3MEKy TPYAOBUX MPOIECIB y BUPOOHHUIN
TISUTBHOCTI.

HaiiBaxmuBimmii HampsiM ONTHMI3AIli OXOPOHW Tparli Ha MIINPUEMCTBI -
BHUCOKOKBasi(hiKoBaHi (axiBIli 3 OXOPOHU Mpalli, sIKI MalOTh YCIIIIHO MPAIfOBaTH B
yMOBax  pPHUHKOBUX  BIIHOCHH,  TIOCTIMHMX  1HHOBaIlli,  Oe3MepepBHOIrO
BJIOCKOHAJIIOBAaHHA Ta YCKJIAQJAHEHHA NPOQEciiHOl MIsUIBHOCTI 3 JI0JAaBaHHSIM
YOPaBIIHCBKUX (PYHKIINA. 3aCBOEHHSA CYyYaCHHUX TEHJICHLIM YHPABIIHHSI OXOPOHOIO
mparli (axiBIsMU 1 KEPIBHUKAMU cripusie (JOpMYBaHHIO CBIJOMOCTI OXOPOHHM TIpaili,
0e3 sIKOT HEMOXJIMBO IPOBECTH JEPKABHY IMOJITHKY 13 3a0€31e4eHHSIM eQEeKTUBHOI
MIPOMHMCIIOBO1 OE3MEKH.

[Ipodeciitna kommereHiiss 1 mpodeciiiHa BiMOBIIHICT MalOyTHIX (haxiBIIiB
HAJIEeXKaTh 10 KIIOYOBUX CKIIAOBUX 1 MEpeAyMOB 3a0e3ledeHHs Oe3leku mpari Ta
3HIDKEHHSI BUPOOHUYOro TpaBMatusmy [118].

TexniuHe OaueHHd MalHOYTHHOrO (haxiBUA 3 OXOPOHM Mpalll Ta MPOMHUCIOBOI
Oe3MeKyu Ha Cy4acHOMY eTarll MOBUHHE 0a3yBaTHCS HE JIMIIE Ha TIMOOKHX 3HAHHSIX
npodeciiiHux 1 (QyHIaMEHTAIbHUX MPUPOJHUYO-HAYKOBUX JHUCIMIUIIH, aje 1 Ha
BOJIOJIIHHI CYYaCHMMM TEXHOJIOTISIMU MEHEI)KMEHTY, KOMIETEHI[IIX B 00JacTi
TYMaHITapHIi, COIIaJbHIA 1 EKOHOMIYHIM  MisUIBHOCTI.  YTpaBiiHChKa 1
opraHizatopchbka MisUTBHICTh cy4acHoro (axiBisi B 0OOJacTi OXOpPOHHM Tipari 1
MPOMUCIIOBOT O€3MEKH HEBIJI'€MHA BiJ HOTO 1HXEHEPHO-TEXHIYHUX OOOB'SI3KIB.
VYrpaBiaiHHS Cy4aCHUM BHCOKOTEXHOJIOTTYHUM HAyKOMICTKUM BUPOOHHUIITBOM, HOTO
€KOHOMIKOIO 1 pO3BUTKOM, 3a0€3MeUeHHsI 10Or0 KOHKYPEHTOCIPOMOXKHOCTI 1 Oe3neKu
BUPOOHMIITBA BUMAra€ CHHEPreTUYHOIO CKJIAJAHHS 1HXEHEPHHUX 1 YNPaBIIHCHKUX
KOMITIETEHIIIH y (axiBieBi HoBoro Tumy [118].

[ToHsATTS «KynbTypa O€3MeKn» BIEpIIe 3 IBUIIOCA B MPOLECI aHai3y MPUYHH 1

HaciaKiB YopHOOMIBCHKOT aBapii, 371CHEHOT0 MI>KHAPOTHUM areéHTCTBOM 3 aTOMHOL
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eneprii (MAI'ATE). Byno Bu3HaHO, 1110 camMe BIACYTHICTh KYJIbTYpH O€3MEKHU cTaia
omnieto 3 npuuuH Tparemii. Ilicms MATDATE xonuemnmito KyJabTypu Oe3NeKH
nigTpuMam MiKHApOJHA OpraHi3ailis mpaili, MibKHapoIHa OpraHi3allis MUBIIBHOI
aBiaiii, BececBiTHs opranizaiis oxoponu 310poB’st (BOO3), BeecBiTHst opranizaiis
TpyOOIPOBIAHOTO TpaHCHOPTY, MixKHApOHA acoliallis 3 padialiifHoro 3axucry Ta
1HII aBTOPUTETHI MIKHAPOAHI 1HCTUTYIII. Tak, MOCTYMOBO I TEpMiH MOYaU
PO3MOBCIOIKYBATH Ha BCl c(hepu JIOJCHKOI JIISIIBHOCTI Ta 3aCTOCOBYBATHU SIK OKPEMOT
JIOJTMHU, TaK 1 0 CyCHiIbCTBA B ITijomy [119].

[Ipore OiapIn ImMpOKe i1 PO3MOBCIOKCHHS 3ITKHYJOCS 3 HACTYITHUMH
npoOeMaMu:

B YKpaiHi HechopMoBaHa LITICHA JEepKaBHA MOJITUKA IIOA0 (POPMYBaHHS Ta
peaizalii cTpaTerii BIpOBaJKEHHS KyJIbTypHU O€3IeKH, sika O 0XOILToBaia yci chepu
TUSITBHOCTI JIFO/ICH, BKIIFOUAI0YM €KOHOMIYHY JIsUIbHICTh, TOOYT, BIIMOYNHOK;

BIICYTHICTh JIe-(DaKTO HAJBIAOMYOr0 KOOPAMHAIIMHOTO 1 METOJI0JOTIYHOTO
IIEHTPY, IO CHpUsiB OM BOPOBA/DKCHHIO 3arajilbHO OpraHi3alliiHUX ITAXOIIB 10
MOKPAILIEHHS CUTYallli 3 0€3IeKo10;

Ha PIBHI IEHTPAJbHUX Ta MICIIEBUX OPraHiB BUKOHABYOi BJIAU HEIOCTATHIO
yBary npHIUISIOTh TUTAHHSM BIPOBA/KCHHS Y TIPAKTUKY OCHOBHHUX 3aCajl KyJIbTypH
0e3rnekn K e(PEeKTUBHOIO 1HCTPYMEHTa CTBOPEHHS 1 O€3MepepBHOIO MiATPUMAHHS
0e3MeyHuX YMOB TIpalll 1 >KUTTSA TPOMAJISIH;

J1104l HOPMATHBHI 1 METOJIMYHI JOKYMEHTH 3 YIPOBAI)KEHHSI OCHOBHHUX 3aCajl
KyJbTypU O€3MEeKH y MPaKTUKY Ha MiAMPUEMCTBAX, OpraHi3allisix Ta YCTaHOBAaX, IO
BUKOPHCTOBYIOTh TEXHOT€HHO-HEOE3MEeUH1 TEXHOJIOT11 € HETOCKOHAIMMHU, KOHTPOJIb 32
iX TOTpUMaHHSM € HEJOCTATHIM;

HEJIOCTATHI Jii OpTraHiB BUKOHABYOI BJIAJU Y pO3po0Ili Ta pearizallii 1ep>kaBHO1
MOMITUKU Yy cdepl OXOpPOHU KUTTSA JIOJAEH Ha BUPOOHUITBI Ta MNPOPUIAKTUKH
MOOYyTOBOTO TPaBMaTU3MY;

HEJOCTaTHs yBara MUTaHHSAM KyJbTypu Oe3leku Npuiauisierbcs y chepi

BHXOBaHHS, OCBITH Ta NMpocBiTH [120].
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TakuM 4MHOM, 3 OIVISIIY Ha KPUTHUYHHUHN CTaH B YKpaiHi y cdepi popmyBaHHs
KyJbTypH O€3MEeKH TMpail 3 OJHOTO OOKy, Ta HEIOCKOHAIICTh OpTraHi3alliiiHo-
YOPaBIiHCHKOI CUCTEMH 3 1HILIOTO, Ta BPAXOBYIOUM CydacH1 T'YMaHICTHYHI MIIXOAH 10
npodeciiHOI MISTTBHOCTI BBAYKAETHCS 32 HEOOX1THE YAOCKOHAJIEHHS JOCIIKEHbB Y 111H
cepi.

KynwsTypa 6e3nekn - cucreMa HOpM Ta BUMOT, IOTPUMAHHS SIKHX TapaHTYE SKICTh
npodeciiHol aisIbHOCTI. PiBeHb Oe3meku Ha MiANPUEMCTBI, HOro MpoLeCiB Ta BUIIB
TiSTBHOCTI, TIOB'SI3aHMX 3 O€3MeKor0, MOKe OyTH JIOMIHYIOYHMM TOKa3HUKOM
c(hOpMOBAHOCTI KYJIbTYpH O€3MEKH.

Cepen HmoCHiPKEHb Cy4YacCHHMX HAyKOBIIIB BHOKPEMIIIOIOTHCS THUTAHHS: YU
KyJbTypa Oe3MeKy mpalli € HOBOIO KOHIICTIIII€I0, sTKa BKITIOYA€E CTapi MOHATTS Ta HOBUU
BEKTOpP PO3BUTKY, YU IO il 3MICTY BKJIIOYEHI W HOBI1 MOHSTTS, 37aTHI MOKPAIIUTH
pPO3YyMIHHSI TOrO, HacKUIbKK J100pe BiAOyBaeTbca mpouec (popMyBaHHS KYJbTypH
Oe3reku mpaill B oprasizauii. Takox 4acTo BUHUKAE IM1J1 Yac AOCHIKEHHS KyIbTypH
Oe3IeKH Mmparli 1HI11e TUTaHHS — 1€ i1 B3aEMO3B'A30K 13 KYJIBTYPOIO OE3MEKH 3arajioM Ta
e(eKTUBHICTIO 1i (PYHKUIOHYBaHHSA. Un MoOke KyibTypa Oe3neku mnpauni OyTH TUM
dbakTopom, gKkui 3a0e3neunTh OUTbIl e(EeKTUBHY poOOTYy IMIOA0 MPO(LIAKTHKU
HEITaCHUX BUIMAJIKIB Ta BAHUKHEHHS HA3BUYaHUX CUTYAIIil.

3aranom KymnbTypy O€3MeKH pO3TIsAal0Th SIK HOBY KOHIEMI[IIO, 10 BKJIIOYAE Y
co01 pi3H1 TeOPii, K1 MOETHYIOTh B3a€EMO3B'I30K KOPTIIOPATUBHO1 KYJIBTYPH Ta OXOPOHU
mpaii Ha MmMANpUEMCTBI. BoOHM 1marTh 3MOry 3po3yMiTH, sK c@opMoBaHa
KOpIOpaTHBHA KyJbTypa BIUIUBAE Oe3MeKy Ta oxopoHy mpaili. KyiasTypy O6e3nexku He
MO>KHa TIPUPIBHIOBATH Hi 0 KOHKPETHHUX CTPYKTYp 3a0e3redeHHs] OXOPOHH Mpalll, Hi
70 icHyrouux mnporpam Oesrneku. KynbTypa Oesnexkud MOBUHHA OyTH TOETHAHHSIM
JifiepcTBa Ta MIATPUMKH 3 OOKY KEpIBHHUIITBA, Y4acTl Y CIpaBl MEHEIKEPIB HUKYOI
JIAHKU Ta 3aJIy4eHHs MEePCOHANy Y TOTPUMAaHHS 3ax0iB Oe3MeKH i 30epeKeHHs
KUTTS Ta 370pOB'a CIIBPOOITHUKIB. DAKTUYHO TaKy KyJIbTYpy O€3MEeKH MOYXKHA BUCOKO
OIIHUTH 32 JBOMA FOJIOBHUMH TTapaMeTpaMK OXOPOHHU TPAIli: «3aTy4eHHS 0 OXOPOHU

mpar» Ta «MICisi OXOPOHH Iparliy».
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Kynerypa Oe3meku € 4YacTHHOI OpraHizaiiiHoi KyJIbTypH IiJNPUEMCTBA,
OCKUJIBKH OUIBIIICTD JOCIIITHUKIB SIK 3aTraJIbHUH KOMIIOHCHT OpTraHi3aliiiHol KyJIbTypH
BKa3yIOTh MOJUTIOBaHI YICHAMH OpraHizailii iIHHOCTI Ta HOPMHU.

AHaI3yl0ud Cy4yacHl JOCHIPKEHHS 3 IbOTO IIMTAHHS, MOXKHA BHJIUIMTH
HACTyITHE.

CyyacHa HayKoBa JliTepaTypa HAaKOMWIA 3HAYHY KUIBKICTh PI3HOMaHITHUX
1JIX0/11B 10 BU3HAUEHHsI KyJIbTypu Oe3neku [121-125]. I{o BaxxauBO, HallpaltoBaHHs
B IIi€i 00JacTi, THM YM IHIIAM YWUHOM, TOPKAIOTHCS 1 KYJBTYPHOTO CEpEOBHIIA
nignpuemMctBa [123, .10, c.11]. Takox icHye 1171a HU3KaA JAOCIIIKEHb, K1 JOBOJSThH
ICHyBaHHsI cuHeprii MibK mpodecioHanizsMoM (podeciiiHo  KyJIbTYpoOw) 1
OpraHi3aliifHOI KYJIbTYpPOIO, YaCTO CIIOCTEPIra€ThCsl HETOTOBHICTH MPalliBHUKIB 0
BIIMOBITHUX 3MIH [125], OCKUJIBKK OCTaHHI MOTPEOYIOTh EBHUX J0JIATKOBUX 3yCHIIb
3 00Ky KO>KHOT'O yYacCHHUKA.

[lix xynbTyporo Oe3neku B JlaHiii poOOTI MAa€TbCS Ha yBa3l CYKYIHICTb HOPM,
MEepPEeKOHaHb, I[IHHOCTEH, MOTJSAIIB 1 NPUITYLIEHb, SIKI € HEBIJ€MHOI YaCTUHOIO
MOBCSIKJICHHOI JISJIBHOCTI 1 3HAXOJSITh CBOE B1JIOOpPaXEHHS B AISX BCIX MIAPO3ALTIB 1
MIEPCOHAITY II0A0 OE3MEeKH Mpaiii.

Ha cporoanimHiii neHp B 000pOTI cydacHoOro (haxiBisl 3 OXOPOHM TIparli
BUKOPUCTOBYIOTBCSI TaKl MOHSTTS, SIK «YCBIJOMIIEHA Oe€3MeKay», «IOBEIIHKOBHMA
ayJIUT», «OpraHi3alliiHuN KIIMaT», «KyJbTypa CIUIKYBaHHS», «KYJIbTypa OXOPOHHU
mpar» Ta «KyJbTypa 0e3mneku mnpaii». [Ipu pomMy mija «KyJabTypor0 OXOPOHH Ipari»
PO3YMIETHCS BUCOKUU PIBEHb PO3BUTKY CHCTEMH 30€pPEXKEHHS >KUTTS Ta 3I0POB'S
MpaIliBHUKIB y mporiect mparii [128].

[ToHaTTS «KyaBTYypa O€3neKn» € HaOOpOM MPABUI Ta OCOOJMBOCTEHN MISUIBHOCTI,
opraHizaiii 1 TOBEIIHKH IE€PCOHANTy, SKHWA BCTAHOBIIOE BHUIUM TMPIOPUTETOM
0COOUCTY BIAMOBIIATILHICTE 1 yBary npoOjeMam Oe3neku. besneune MuciaeHHs cTae
KYJBTYpOIO, KOJIM Ipyma, ado CUIbHOTA B IIIJIOMY JI€ TaK, 110 3arpo3a ii 0Oe3nelli crae
COIIJIbHO HEMIPUITYCTUMUM siBUIleM [129].

[Tix kyapTyporo O6e3MeKu mpati 3 OJHOro OOKY pO3yMIIOTHCS IIIHHOCTI, YSBJICHHS

Ta TPUHITUIH, SIKI € OCHOBOIO B YIIPaBJIiHHI CUCTEMOIO O€3MeKH Mpaili, a 3 1HIIOoro -
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CHUCTEeMa BOPOBAKCHHS Ta MOBEAIHKOBUX PEaKIii 1010 peai3alii IUX MPUHITUIIIB.
Ocb YoMy, TOBOpSYM PO KYJBTYPY O€3MEeKU ChOTOJIHI, CIIiJI 3a3HAUYMTH, MEPII 32 BCE,
CHOTOJIHIIIHIN CBITOBUI TPEH Y 11 Taly3l — 1€ TaK 3BaHi IHCTPYMEHTH JIiIEPCTBA.

[ToHATTS «KyJNbTypa OXOPOHHM Mpalli» Ta «KYyJIbTypa O€3MeKd BUPOOHUIITBAY
MPAKTUYHO TOTOXKHI Ta MalOTh OyTH KOMOIHAIII€IO: JIIIEPCTBA, YYaCTl KEPIBHUKIB yCIiX
PIBHIB Ta 3aJy4YeHHs MPAIiBHUKIB Y JOTPUMAaHHA 3ax0/iB Oe3neku [128].

Takum 4yumHOM, KyJbTypa O€3MEeKH Ipall — II€ JBI OCHOBHI CKJIAJIOBI: MiCis
(KOHIIETIIisA, TIOJIITUKA) OXOPOHHM Tpalli Ta MPOIEeC 3ATYyICHHS 10 OXOPOHH IIparli.
[Ipu pbOMy MiCitO TIPOTIOHYE, PO3POOJIsI€ Ta 3aTBEP/KY€E KEPIBHUK IIANMPUEMCTBA, a
OCh IPOLIEC 3aTyUYEHHSI MIPAI[IBHUKIB — 11€ CKJIQJHUIM MeXaHi3M, 1110 BUMAarae mocTiiHoi
yBaru Ta KopuryBaHHs. Hampukian, HaBITh OJMH 1 TOM K€ 1HCTPYMEHT Ha PI3HUX
oA MOXKe pI3HUN BIUIMB, KU 3aJI€KUTh Bl PIBHSA PO3BUTKY JIOAUHH, COLIYMY,
BUXOBaHHA B CIM'T Ta 0e3.1i4l IHIIUX (aKkTopiB

OuiHo0uM c(hOPMOBAHICTh KYJIBTYpH O€3MEKH Mpall, HeoOX1JHO BUAUIATHU ii
OCHOBHI €JIEMEHTH.

Cy4acHi HayKOBI[l BUAUIAIOTH TaKi CKJIAA0BI KyIbTypH Oesrekw [122-124;128]:

KyJbTypa YNpaBiiHHS (CHJIBHUNH MEHEIKMEHT (popMye cHucTeMy IIHHOCTEH 1
CTBOPIOE TIO3UTUBHUM KOJICKTUBHUHM JOCBiJ Ha MIANPUEMCTBI: Oyab-sfka 3arposa
BUSBIIIETHCSI Ta KOHTPOIIOETHCS, a MPOIyMaHU MEHEIKMEHT 3abe3mneuye pecypcu
ISt 11 3amo0iraHHs Ha poO0YOMY MICITl);

KyJpTypa  oOi3HaHOCTi  (30upaHHs Ta  00poOka  iHQopMmamii, sKa
BUKOPUCTOBYETHCS JIJIS 3aMI00ITaHHS aBapIsiM);

KyJbTypa mnepeaadi MoBiAOMIIEHb (TOTOBHICTH MPAIiBHUKIB MOBIIOMIISITH TIPO
CBO1 IOMWJIKH Ta MOTEHLIHHO HEOE3MeyH1 CUTYyallii);

CTaBJCHHS 1O TOKapaHb (3a0X04eHHS 1H(OpMyBaHHS Mpo Oyas-aki 3001,
MOTPO3H, TOMIJIKH KOJIET Ta CBOiX BJIIACHUX );

KyJIbTypa HaB4YaHHS (OLIHKa €(EeKTUBHOCTI Ta BJIOCKOHAJEHHS Mporpam
HaBYaHHS).

VY pobotax inmmx aBtopi [123, ¢ .10, c .11] Bu3HaYeHO TaKi KJIIOYOBI €JIEMEHTH

KyJbTYpH O€3IMEKH:
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iHpopMmariiiina KynabTypa (30ip Ta aHamiz iHdopMalii MOA0 KOHTPOJBHHUX
MOKa3HUKIB OXOPOHHU TIpaili);

KyJbTYpa, B IKiil HE O0ATHCS MOBIAOMIISITH MPO TMOIT;

KyJIbTYypa BUKJIAJaHHsS YPOKiB (BMIHHS POOUTH BUCHOBKH 3 JAOMYIICHUX TOMHJIOK
Ta BUIPABJIATH YMOBH, 1110 3aTPOKYIOTH O€3Melli mparti);

THy4Ka KyJbTypa (BMiHHS IiAJIaIITOBYBATUCS T/ 3MIHHU TOBKULIA);

cCIpaBe/UiuBa KyJbTypa (3[aTHICTh 0OauuTH KOPIOH MK JIOIMyCTUMOKO Ta
HENPUITYCTUMOIO TOBEAIHKOIO, TMPH HEMPUIYCTUMIA TOBEIIHIl 3aCTOCOBYIOTHCS
CIIpaBeIJIMB1 Ta OOTPYHTOBAHI 3aX0JIN).

€Bporneiicbki  (axiBil BUIUISIOTh HACTYIMHI CKJIAJ0Bl KyJIbTypH O€3MeKku
[130,131]:

JJEPCTBO;

JIBOCTOPOHHSI KOMYHIKalIis;

y4acTh (3aJIy4eHHs) CIIBPOOITHUKIB,;
BUBUYEHHS Ta aHaji3 MONEPEIHbOTO JT0CBIY;
BiTHOIIICHHS 10 TIPOBUHHU.

Hagepeni Buile eneMeHTH KyJbTYpH O€3MeKd Mpaili nepedyBaroTh Y TICHOMY
B3a€MO3B'SI3KY 1 BIUIMBAIOTH IPYT Ha JIpyra.

Takox BaXXJTMBO MPHUIITIUTH yBary OCHOBHUM 1HCTPYMEHTaM KyJIbTYpH O€3MeKH
mpari:

BUXOBaHHA O€3ME€YHOI MOBEAIHKHM MpaliBHUKA, TOOTO NpALlIBHUK IOBHHEH
3pO3YMITH, III0 HIXTO HE OXOPOHSIE Kpallle 3a HOTo 3I0pPOB's, HIXK BiH caM. A IS IbOTO
Yy HbOT'O Ma€ OyTH pO3BUHEHA MPUpPOIHA Oe3neuHa moBeAinkKa. Bee, 110 BiH poOuUTh, BiH
MOBUHEH POOUTH MaKCUMAJIBHO O€3MeUHO;

CTBOPEHHsSI POOOTOJIaBIIEM OE3MEeYHUX yMOB Mpalll Ajisi CBOiX CHiBPOOITHHKIB
BUXO/SIYM 3 HOPMATUBHUX BUMOT Ta CBOTO BHYTPIIIHBOTO PO3YyMIHHS (3aXUCT Bij
OyIb-SIKMX 30BHIINIHIX (AKTOPiB, HASBHICTb 3acC00IB 1HIWBIIYyaJlbHOTO 3aXHUCTY,
HAsBHICTh MIATOTOBICHUX MICI[h peJlaKcailii, CaHITapHO-TIOOYTOBUX MPHUMIIICHB,
MICIIb BIJINOYUHKY TOIIO);

BIIMOBIaIbHE JIACPCTBO KEPIBHUKA.
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[ToTpiOHO PO3TISHYTH 111 IHCTPYMEHTH JOKJIAIHIIIIE.

Haiinpocrima 3 1ux TpboX Tpyn IHCTPYMEHTIB KyJIbTypH O€3MeKku Iparll -
CTBOpeHHs1 Oe3neyHux ymoB mpari. Lle mpocTi (i3uuni 3MiHM: 3aXHCT BiJ LIyMYy
(expanyBaHHs), 3axucty Bifg nuiay (piabTpu). besymMoBHO, i 3aX0au BHMAararoTh
TUMYacOBOTO 1 (PIHAHCOBOTO pecypcy, ajie 1€ 3aBJAaHHA MOXKHA 3/1IHCHUTH 1 BIAUYTH.

A 0oChb BHXOBaHHS TNPUPOIHOI O€3MeYHOI TOBEMIHKKM — 3aBJaHHS Habararo
CKJIaJiHiIIe. Y pa3i € 0e3/114 YUHHUKIB: PIBEHb OCBITH, BUXOBAHHS; TYMKH, CBIJIOMICTb;
piBEHb PO3BUTKY Ta MIATOTOBIICHOCTI MpalliBHUKa Ak ¢axiBisg. [Ipu mpomy ciin
3a3HAYMUTH, 1[0 PIBEHb PO3BUTKY Ta CTYMIHb CIPUUHATTS PU3UKY POOOTH JIIOJIEH JyKe
pI3HUH, 1 11¢ HE IOBUHHO OYTH IT1JICTABOIO JIJIs TOTO, 1100 HEe OpaTH JIIOIUHY Ha poOOTY.
Icnye 6e3miu nmpodeciit, e oA pUUKYIOTh YEpE3 CBOIO MpodeciiiHy AiSIbHICTD, 1
Py 1IbOMY € BKpail BIMOBIIAJIbHUMU NMPU TPUUHATTI PillIeHb, TOMY IO BMIIOTb
aHalI3yBaTU pHU3HMK, OCKUIBKM PHU3UMK € YacTHUHOIO ixHBOI mpodecii. KepiBHuku
0aratboX KOMITaHIi TNIMOOKO MEPEKOHaHI B TOMY, IO MOAiM Ta TpaBMaTU3My MOXKHA
YHUKHYTH, SKIIO 3a0€3MEeYUTH y4acTh KOXXKHOTO CIIBPOOITHHMKA Yy 3amoOiraHHi
HEraTUBHUM mnoAisM. Lle HeMoxinBO O€3 MOBHOIO KOHTPOJIIO BCIX MPOLECIB SK Y
BJIACHIM 30HI1 BIAMOBITAIBLHOCTI, 1 HaBKOJO. IIpy 1IbOMY TpalliBHUK IMOBHHEH MAaTH
OCOOHMCTY BIANOBIIAJBHICTh 32 3a0€3MEYEHHs CIUIBHOI O€3MeKu K Ha pobodoMy
MICIIi, TaK 1 1mo3a poOoToIO.

Opranizamiss 1 ynpapmiHHA O€3MEKO TISJIBHOCTI B CHCTEMI «JIFOJIMHA-
BUPOOHHYE CEPEJOBUIIE» CIPSMOBAHI Ha TMPAKTUYHY peanizaiilio KOMIUIEKCY
PI3HOMAaHITHMX 3aXOJIB 3 YTBOPEHHs 1 JOTPUMaHHSA OE3MEeYHUX YMOB Mpalll, 1 € 3a
CBOEIO CYTHICTIO OJHIEIO 3 TIJCUCTEM YMPABIIHHSI TaKOK BEIMKOI 1 CKJIAJHOIO
COLIAIbHO-TEXHIYHOI0 CHUCTEMOIO AK MIANPUEMCTBO. YTPABIIHHSI  O€3MEKOI0
TUSITBHOCTI SIBJISIE COOOX0 KOMIUIEKCHE 3aBJaHHS, 1 HOTO YCHIITHE BUPIIIEHHS TOTpeOye
Bl (axiBUsl TITUOOKHUX MDKIWCHMIUTIHAPHUX 3HAHb, @ OTKE 1 MDKIUCHMIUTIHAPHUX
dbopM opranizailii HaB4AJIbLHO-BUXOBHOT'O Tpoliecy Horo nmpodeciitHoi miaroToBKH.
EdexTuBHICTh pO3B’s13aHHS 03HAYEHOT MPOOIEMHU 3aJICKUTH Bl HASIBHOCT1 CBOEP1THOT
CUCTEMHU MIATPUMKH MPUUHATTSA PIllI€Hb, SIKIM BJIACTHMBI OCHOBHI B3a€MO3B’sI3aHI

Gbynkiii gisutbHOCTI (haxiBis [132].
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VY 06aratboX BEJIMKUX KOMIIAHISIX ICHYE JIBA OCHOBHUX IHCTPYMEHTH KYJIbTYpH
Oe3MeKy TMpalll 3 BUXOBAaHHS CHIBPOOITHUKIB Ta (HOPMYBaHHS KYJIbTYpPH OXOPOHHU
mparti:

NEepPBUHHA OIIHKA CTYINEHs MPUUHATHOCTI pu3uKy. Lle MexaHIYHUI 1HCTPYMEHT
MMOYATKOBOTO 3pi3y XapakTepy JIOAWHH a00 11 TOTCHIIIHHWUX MOXKJIUBOCTEH,
3110HOCTEN;

HaBYaHHs, 0e3 siKoro Oyje CKJIaJIHO BUXOBAaTHU O€3MEYHYy MOBEIIHKY, SIKIIO O
MpaliBHUKAa HE JOBEJCHO HAaBITh €IEMEHTApHUX MpPaBHI, SKUX BIH TIOBHHEH
noTpumyBatucs. EdekT HaBYaHHS 3aJIe)KUTh BiJl OaKaHHS Y4YHS Ta BiJ MPaBUIBHOCTI
BUKJIQ/IaHHS TIpeMeTa (BUPIIICHHS MPAKTUYHUX KEHCIB, 3aCTOCYBAaHHS 1IHHOBAIIITHUX
MIJIXO/1B y HABYAHHI; 3aCTOCYBAaHHS PI3HUX TPEHAXKEPIB).

[IpakTuuHe, caMOCTIHE BIAMPAIIOBAHHS - caMe€ TOM 3aMKHYTHUU JIAHIFOKOK B
OCBITI, SIKHA € MaKCUMajdbHO €(EeKTUBHUM. TakoX 3araJbHOBIJOMHI MPUHLUIT
HapuaHHs — 70/20/10, 3rigHO 3 SIKMM MPHU MIATOTOBIl XOPOIIOro (axiBiisi HEOOX1THO
Butpatutu 10% wyacy Ha Horo teopetuuHy miAroroBky, 20% — Ha HaBYaHHS 3
HacTaBHUKOM, a 70% — Ha BHKOHAHHS BJIAaCHUX TBOPYMX 3aBJaHb, OaxaHO Ha
pobOodoMy MmicIii. A 11e o3Havae, Mo NpodeciiiHuM Ta BUCOKOKJIACHUM (haxiBIIEM BiH
CTaHe JIMIIE TOJll, KoM OyJe CaMOCTIMHO, 3aCTOCOBYIOYHM HABUYKH, 3700yTI Mij 4ac
HaBYaHHS Ta Ha MPAKTUII, 3/IIMCHIOBATH CBOIO Mpodeciiiny AisbHICTh [127].

B nanuii 4yac dYWclieHHa KUIBKICTh BEIIMKHX IIJINPUEMCTB Ta KOMIIAHIM
3aCTOCOBYIOTH OpraHi3alliiHi (KOprmopaTyUBHI) MPOrpaMu HaBYaHHS, IO JO3BOJISIOTH,
HaIPUKJIAJ, BUSBISATH Ta OI[IHIOBATH PU3HMKHU, MIPABUIILHO pearyBaTH Ha MO3allITaTHI
CUTYyaIlil, OILIHIOBaTA O€3MeKy BUKOHAHHS POOIT HAa BHCOTI ab0 KpaHaMmu, TOOTO -
IIUPOKHUI CIEKTP IHCTPYMEHTIB 3aJIeKHO BiJ TOTO, Ha SKIA AUISHII MiANPUEMCTBA
criBpoOITHUK mparoe. Ile He € 000B'I3KOBUM 3 TOTIISIAY JACP)KaBHUX BHUMOT MO0
OXOPOHHM TIpalli, ajie 3 MOTJIAAy OaraTb0X KOMIaH1i — 11¢ HeOOX1JHE HaBUaHHS.

Takox iICHY€E € TOTaTKOBE KOPIOpPAaTUBHE HABYAHHS CYMDKHUM TEXHOJIOTTYHUM
omeparisiM, SKe, PO3BUBAIOYM HABUYKU CIIBPOOITHHKA, JOMOMAara€ CcTaTh HOMY
MOJTIBAJIGHTHUM, TOOTO, KOJU MPAIIBHUKH MOXYTh 3aMIiHIOBATH OJIMH OJHOTO 0e3

BTpaTu kBamdikarrii. [le BaxnmuBuii pecypc st KepiBHUKIB. SIKIO K CIIBPOOITHUK
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Mae Oa’kaHHS pO3BUBATHCS J1alll, TO B 0araTbox HaBYaJIbHUX 3aKJIaJlax € OCBITHI KypCH,
MOB'SI3aHI 3 KOMYHIKAIISIMH, 3 TIOBEIIHKOBUMHM KOMIIETEHIISIMUA. TakuM YHHOM,
HAaBYaHHSI Ta WIATPUMAHHS HEOOXIHOTO pIBHSA KOMIIETEHI[IH y KOMIUIEKTI 31
CTBOPEHHSM yMOB IIpalll - 11e 0a3uc JJIsi TApHOTO PIBHSA OXOPOHHU Mparll Ta Oe3MeKu
BUPOOHMIITBA.

Tpetiii «HCTpyMEHT» KyJIbTypu O€3MeKH TMpail — JiIePCTBO KEepiBHHUKA.
OcoOuctuii npuKiIag KEpIBHUKA € OJIHUM 13 KIIOYiB A0 (OpMYBaHHS KYJIbTypU
0e3meKu, OCKIIIbKY 0€3 IeMOHCTpallli Ha 0COOMCTOMY MPUKIIAIl MPUXUIBHOCTI MEPIIOT
0coOU JeKJIapOBaHUM IIIHHOCTIM y cdepi ImpioputeTy Oe3NeKH >KOJHa IMporpama
Oe3reky He TMpalloBaTUMe, aJKe TMpalliBHUKKA IMPOCTO HE TMOBIPSITh y IIUPICTh
3po0JIeHUX 3asiB.

Jlnst peanizanii el KyJIbTypu O€3MeKd BUPOOHUIITBA BUILMM KEPIBHHUIITBOM
MIAIpUEMCTBA Moke OyTu mnpuidHara [lomiTuka, sika IEMOHCTpPYE NPUXHWIBHICTb
BUIIIOTO KEPIBHUIITBA J10 3a0e3nedeHHs1 Oe3neku. BoHa Moke BCTAaHOBUTH BEKTOP
PO3BUTKY, 1 B HIl MOXYyThb OyTH c(OpMYJIbOBaHI OCHOBHI BUMOTH, HAIPHUKIIAI:
«OXOpOHa TIparli, MPOMHCIIOBa Oe3MeKka Ta 0XOPOHAa HABKOJIHUIITHHOTO CEPEIOBHUINA €
a0OCOJIFIOTHUM TMPIOPUTETOM 1 HEBII'€EMHOI0 YaCTUHOKO IIPOIIECIB Ha BCIX eTamax
BUPOOHHMYO1 AISITBHOCTI.

Barato nmocnimkeHb MOKa3yrOTh, IO KEPIBHUIITBO KOMIAHIT — MOPUKIAL IS
MpaIliBHUKIB, 3pa30K JJIs KOIIOBAaHHSA iXHBOi IOBEIIHKHM Ta BYMHKIB. AJje CIij
PO3YMITH, 110 HA BEJIMKOMY MIJMPUEMCTBI 13 BEJIMKOIO KUIBKICTIO CHIBPOOITHUKIB 1151
poiib (i, BIAMOBITHO, BIAMOBIJAIBHICTH) MEPEXOAUTH 0 KEPIBHUKIB IHIIUX PIBHIB
VOpaBIIHHS - OUPEKTOpaM MiANPUEMCTB, JIHIMHUM KepiBHHKaM. BiamoBigHo, mae
OyTH MPOBEICHO MPABWIbHY MIATOTOBKY 0€3MOCEPEAHIX KEPIBHUKIB.

Ix MpaBWJIBHUH MAX11 10 OpraHizaiiii BApoOHUYO1 Ta MOBCIKICHHOT ISUIBHOCTI -
MepIIAA KPOK J0 TaK 3BAHOTO YCBIJOMIICHOTO JIiIEPCTBA Ta CEPHO3HOI Oasu s
BUXOBaHHS CHIBpOOITHUKIB. YBara J0 ApiOHUIL Y TIOBEIIHIN Jiijiepa, HAIpPUKIIA,
pO3MOBa 3 TPAIIBHUKOM IIiJI Yac OIJISAAy BHUPOOHMYOTO MalJaHYMKa, MOXKE
KapJMHAJIBHO 3MIHUTH MIAXIJ TpalliBHUKA O OXOPOHU Tpalll Ta CBOET BJIACHOI

O€e3IIeK .
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JlinepcTBO y NMUTAHHAX 3a0e3MedeHHs] OC3MEeKH Ta OXOPOHHM Ipalll € OJHUM 13
KJIFOYOBUX TOKA3HUKIB MPH OIHIN SK OKPEMUX KEPIBHHMKIB, TaK 1 YNPaBIIHCHKHUX
koMaHJl. KepiBHUIITBO caMOTYy»XKH HE MOke (I HE TOBHHHO) PO3BUBATH KYJBTYPY
Oe3nmekd Ha MIANPUEMCTBI yuM B opraxizamii. KyneTypa Oe3nexku mnpoHHM3ye BCi
YIPaBIIHCHKI PiBHI 1 MA€ BUXOJIUTH HE JIUIIIE BiJ KEPIBHUKIB MAMPUEMCTBA, a ¥ Bij
nepeciyHuX CHiBPOOITHUKIB Ta MIAPSIHUKIB HA BCIX PIBHIX KOMYyHIKarii. «I1ei BeayTsb
710 pe3yJIbTaTy, a ijieanu — Ao Jiaepa» [127].

3MaraHHs, BU3HAHHS JOCSATHEHb MPAlliBHUKIB KEPIBHUIITBOM ITiIMIPHUEMCTBA, 1110
OTOYYIOTh, MOKJIUBICTh MPOJIEMOHCTPYBATH CBOI1 JOCSTHEHHS Ta JOCSTHEHHS CBOTO
CTPYKTYPHOTO MIAPO3AUTY € HAWIOPOCTIIMMMU Ta 3pPO3YMUIIIIMMH METOJIaMH
3aJly4EeHHs yBaru Ta 3a0€3MeYEHHs y4acTi MPaliBHUKIB y MOKPAIIEHH] BUPOOHUYOTO
mporiecy. biabIIicTh MepeIoBUX KOMIMaHIN SK 3aX0/H MO0 3aJyUYCHHs MpaIliBHUKIB
710 YIPABIIHHS Ta MIJBUILEHHS CBOET KYJIbTypH O€3MeKH BUPOOHMIITBA BKA3yIOTh Ha
MIPOBEICHHS PI3HUX (PeCTHBAIB, OIJISI1B-KOHKYPCIB.

ToOT0, BaxJIMBUM HEOOX1THO BBaYKATH OIIHKY C(hOPMOBAHOCTI Ta I1/IBUIIICHHS
KyJbTypu Oe3neku. Y IbOMYy KIIo4Yl - npodeciiiHa TisSIbHICTh Ta KOMIIETEHTHICTh
MpalliBHUKA y MHUTAHHSIX OE3MeKH IMpalll, MCUXOJIOTIYHI 3acajyd HaBYaHHs Oe3melrl
TPYZI0BO1 AisiibHOCTI. EemMenT Ta Mozieni KyabTypu 0e3neku. MeToau OLliHIOBaHHS.
Crparerii BOpoBakKeHHS KyJIbTypH Oe3neku. [lepcrneKTHBHUM HanpsMOM peasti3aliii
COIIAIbHO-TICUXOJIOTTYHOT OJIITUKH Y cdepl MIABUIIEHHS KYJIbTypu O0€3MeKu mpaiil €
(bopMyBaHHS CBIIOMOI KyJIbTypH O€3MeKH mparl.

Bynp-sikoro cuTyarliero 4 mporecoM HeoOX1IHO KepyBaTH. | KynpTypa Oe3neku
npalli He € BUHATKOM. Ii KepoBaHiCTh J0CATAEThCA 3a PAXyHOK NPOMIiNaKTUUHUX i,
Takux sk [124-126]:

nporpamMu 31 3HWKEHHS TpaBMaTH3My, CTBOPEHI 3ajylsl TMPAIiBHUKIB SIK
MIAIPUEMCTBA, a ¥ MIIPSAHUX OpraHi3alii;

mporieaypa OI[iHKM PU3HUKIB IiJl YaC MOBCAKIEHHUX POOIT Ta poOIT MiABUILIEHOT
HeOE3IEKH;

1HJIMBIAyaJlbHA Ta KOJIEKTUBHA MOTHUBAIIIS;
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MPOBEJICHHS BHYTPIIIHIX PO3CIIAyBaHb IMOJIA Ta IMOTEHIINHO HEOE3MeUHUX
CUTYaIlIH;

BUSIBJICHHS KOPIHHUX NPHYMH Ta pO3poOKa KOPHUTYBaJbHUX 3aXOJIB 3 METOIO
3ano0iraHHs TOBTOPEHHIO MO/I1M Ta MiHIMI3allli pU3UKIB;

MIPOBEICHHS MOBENIHKOBUX ayauTiB Oe3neku ([IAD);

MpaKTHUKa YIIOBHOBAKEHUX 3 OXOPOHU ITparli;

3aCTOCYBaHHS JIPOH-CEpPBICY g 3AIMCHEHHS BHUPOOHUYOTO KOHTPOIIIO
BiJIJTaJICHUX, BAKKOJOCTYITHUX JAUISTHOK Ta Ta0apUTHOTO 00JIaHAHHS;

IpakTHKa POOOTH 3 BXIAHOTO KOHTPOJIO MIJAPSAIHUX OpraHizaliid -IpoBeCHHS
BUI3HUX ayJUTIB MIAPSAHUX OpraHi3alliii 10 yKJIaJeHHs JI0TOBOPY,

CKJIQJJaHHSl OIL[IHOYHUX JIMCTIB, MEPEBIPKM 3HAaHb IMPALIBHHUKIB IIAPSTHUX
opraHi3ariii;

KIMHATH

opraHizamisi ~ KOM(OPTHUX  CaHITapHO-NMIOOYTOBUX  yMOB
MICUXOJIOTTYHOTO pO3BaHTAXEHHS, KIMHAaTH nipuiiomy ixi1, JIOK Ta iH.

bararo BenMKMX MIANPUEMCTB JUIsi PO3BUTKY Ta BIPOBAKEHHS KYJIbTYpH
Oesneku mpaii po3poonsatoTh pizHi Koaexkcu Tta IlpaBuna B paMkax CHUCTEMH
VIpPaBIIHHS OXOPOHOIO Tparlli, MPOMHUCIOBOI OE3MEeKH Ta OXOPOHU HABKOJIHUIIHHOTO
cepenoBuia. BoHu MicTsTh y co0i:

0a30B1 €JIEMEHTH, IO BKJIIOYAIOTh MOJITUKY B raidy3l OXOPOHHU Mpall; OLIHKY
HeOe3NeK Ta YMpaBIiHHS PU3UKAMH; TIOPAIOK PO3POOKH, 3aTBEPIKCHHS Ta
BIPOBAKEHHS IPABUJI, CTAHAAPTIB Ta IHCTPYKIIIi;

GbyHKIIOHATBHI €JIEMEHTH, Takl $SK BHU3HAYCHHS TOPSJIKY NPOEKTYBaHHSI,
OyIIBHMIITBA Ta PEKOHCTPYKIli O0'€KTIB, CIPABHOCTI OOJaHAHHS; TPaHCIOPTHA
Oe3Ieka Ta 1H;

OpraHizaiiifHi eJeMEeHTH, TICHO TOB'A3aHl 3 KyJIbTYpOIO O€3MeKd Mparl Ta
MpoIecaMH iX BIPOBAKEHHSI: 3aJTy4CHHS Ta MOTHBAILIis CIIIBPOOITHUKIB; HABYaHHS Ta
PO3BUTOK KOMIIETEHIIIN; B3a€MOJIISl 13 MIAPSAHUKAMU; OIOBIIIEHHS TPO MOJii Ta
ITOPUTM 1X PO3CIIITyBaHHS, OpraHizailis e(eKTUBHOTO OOMIHY; YIIpaBIiHHS 3MIHAMU;

YIpaBIiHHS JOKYMEHTAIII€IO;
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KOHTPOJIbHI €JIEMEHTH, N0 SKUX BIJIHOCSATH MPOIECH ayAuTy, aHali3y Ta
MOHITOPHHTY IMOTOYHOI BUPOOHHUYOI JISITBHOCTI Ta POOOTH CTPYKTYPHHUX ITIIPO3ILITIB.
EdexTuBHa poboTa BCix eneMeHTiB 3a0e3neuye (yHKIIIOHYBaHHS Ta Oe3repepBHE
MOKpaIlleHHs] PiBHSI O€3MEeKH BChOTO MIANPHUEMCTBA 1, IO CYTI, JIO3BOJISIE
CHIBPOOITHUKAM, SIK1 IPALIOIOTH Y PI3HUX CTPYKTYPHHX MIAPO3/iiaax a0o Piisax, KO0
MiANPUEMCTBO BEJIMKE, MaTH Takl X YABIEGHHS Tpo Oe3meKky, sKi Mae BHIIE
KEpIBHUILITBO KOMIMAHIi 1 TaKk caMO OJIHO3HAYHO PO3YMITH IJII Ta 3aBJaHHA
MiAIPUEMCTBA B ray3i OXopoHHu Ta Oe3neku npaill. E¢extrBHa poOoTa ycix e1eMeHTIB
CHUCTEMH yIIpaBJIiHHS O€3MEKOI0 Mpalll JJ03BOJIsIE KO)KHOMY CIIBPOOITHHUKY BIPUTH B T€,
10 MO/Iii, HEelaCH1 BUMAJKU, TPAaBMU Ta aBapii MokHa 3ano0irtu. Lls Bipa 3acHoBaHa
HacaMmIiepesi Ha NPUHHATTI KOKHUM CIIBPOOITHUKOM (BiJ KEpIBHUKA J0 MPOCTOIrO
BHKOHABIIS) BIAMOBIIATLHOCTI 32 3a0€3MEUCHHS BIACHOT Ta KOJIEKTUBHOI OE3MEKU SK
Ha poOOYOMY MICIIl, TaK 1 11032 HUM.

Jlinepn CTBOPIOIOTH 1 BIUIMBAIOTH OE3MOCEPEAHBO HA KYJIbTYpy O€3meKku uepe3
BU3HAYCHHS LIJIEH Ta MOCTAHOBKY 3aB/iaHb, CTBOPEHHS YMOB, HaBYaHHS Ta Mepenavy
3HaHb Ta A0CBIY. OCh YOMY NEPIINKA €IEMEHT CUCTEMU YIPABIIHHS O€3MEKOI0 Mpalll
— «IloniTuka Ta TAEPCTBOY.

Ineanu Oe3nexku B mpouLecl PO3BUTKY KyJbTypu O€3MEeKH Mpail sfK Kommac
MOCTIHHO BKa3ylOTh Ha ceplie (eMolrii), a He Ha Mo30k (Joriky). Kynbrypa Oe3neku
mparl NoKJIMKaHa HacamIepesl «HAMOBHUTH JyIIy» Ta 3a0€3MeUUTH SKICTh TPYAO0BOI
TISTBHOCTI Ha (PI3UYHOMY, TICUXOJIOTIYHOMY Ta €EMOLIAHOMY PIBHSIX.

[IpoGnema Oe3neku mpodeciiHol MisUIBHOCTI HA CHhOTOJHI CTa€ OJHIEI 3
LIEHTPATbHAX Y KOMIUIEKCHOMY JOCTIIKEHHI CKJIAOBUX OE3MEeKH isiIbHOCTI. Ii
PO3B’sI3aHHS BIOOpa)kae TMparHeHHs JIOJUHMU 10 Oe3MeyHOl mpaili B JUHAMIYHUX
YMOBax COIIlYMY, O YHUKHEHHS pPU3UKIB Ta HEOE3IEK y COLIabHUX Ta MPOeCiiHUX
CUCTEMax, J0 PO3BUTKY €(EKTHUBHOI cHCTeMH Oe3leKku mpaill Ta Oe3nepepBHOIO
yIOCKOHAJICHHSI HABMUYOK ynpaBiiHHs Hero [133].

Takum yrHOM, Ha CHOTOJIHI KyJIbTypa O€3MeKH mpaili Ay>Ke TICHO TOB'3aHa 3
TaKUM TIOHSTTSIM, SK «KOMIUIEKCHa Oe3leka Ha BHUPOOHHUIITBI», OCHOBHUMH

CKJIAJIOBUMH SKOI €:
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Oe3MeyHi YMOBH Mpaili;

IpUpoJIHa Oe3neyHa MOBE/IIHKa MTPaIliBHUKIB;

BIJIMTOBIIaJIbHE JIIIEPCTBO KEPiBHUKA.

[Ipotiec BpoBaKEHHS KyJIbTYypH O€3MEKH Ma€ TPH I[1Ti:
3a0e3neyeHHs 3J0POBOi, CHCTEMHOT pOOOTH CIiBPOOITHHKIB;
3a0e3neyeHHs 0e3nepepBHOCTI BUPOOHUUHUX MPOILIECIB;
oprasizailist 6e3nepepBHUX 1HPOPMAIIHHUX TTOTOKIB.

Ane JUIs HAIIOTO JOCHIKEHHS, AyXKe Ba)XJIMBUMH € 1H(opMmalis mpo Tou
JIIOJICBKUM pecypc, SKUH 11eH IJ1aH MOBUHEH Oy/ie BAKOHYBATH, PO KIJIBKICTh (haxiBIIiB
1 ix kBamiikamito, Mcuxo-(}i3i0JI0riyHl Ta COMIATbHO-TICUXOJIOTTYHI BJIACTUBOCTI
[134].

dopMyBaHHS BUCOKOI KYJBTYpPH O€3IMEKH - 1€ HacaMIiepe] TypOoTa mpo JIroAei
Ta GOPMYBaHHS 3/TOPOBOTO KOJICKTUBY, TKHI YIIEBHEHUH, IIT0 KEPIBHUIITBO MIKITyEThCS
PO HHOTO, TMTOYMHAOYH 3 YMOB MPOKXUBAHHS Ta 3aKIHUYIOUH OC3MEYHMMH YMOBAMH
npartii. besneka mae nepiuii IpiopUTET - MPIOPUTET O13HECY HE MOKE OYTU BUILIUM 3a
MpIOpUTETH OE3MEKH.

[nauBiyaneHuii miaxig poOOTOAABIIB 0 1IeHTU(dIKAIl] BIACTUBUX CaMe HOro
MIIIPUEMCTBY HEOE3MeK, a TaKOXk y4acThb Y IIbOMY MHPOLECI CaMHMX MPaliBHUKIB, 1X
MPOIH(OPMOBAHICTh MPO PU3MKH, IO ICHYIOTh Ha IXHIX POOOUYMX MICISAX, TAKOK €
HAaWBAXKJIMBIIIMMUA 1HCTPYMEHTAMH TMIABUIICHHS O€3MeKd poOOTH MIAMPUEMCTB,
OCKIJIbKH Kpallle 32 CaMOoro IMpaliBHUKa HOoro podoye Micle He 3Ha€ HiXTO.

Takum yuHOM, PE3IOMYIOUM HAIlEe JOCTIKEHHS, MU AN 10 BUCHOBKY, IO
OCHOBHHMMH HaIpsiIMKaMH MIJIBUIIEHHS KYJIbTYpH O€3IEKH, BIPOBAKECHI B CUCTEMY
M1JIBUIIICHHS O€3MeKH Mmpalli Ha MAIPUEMCTBI, MOXKYTh OyTH:

MOHITOPUHT KYJIBTYpH OC3IMEKH, KUK JIOIOMOXE BUSBUTH CHJIBHI Ta CIaOKI
CTOPOHM Ta 3aKJIACTH OCHOBY JJii PO3POOKU €(PEKTHBHOI MPOTPaMM MiABUIICHHS
KYJIbTypH OC3ICKH;

Opi€HTAaIllsS KePIBHUKIB HA JIIIEPCTBO Y PO3BUTKY KYJIbTypU O€3MeKu (KepiBHUKU
€ B3IpHeM Uil HaACHiAyBaHHS, CIIAYIOTh €IWHUM BCIM IpaBUJIaM, 3a0XOUYYIOTh

Oe3reyHe MOoBEIIHKA CIIBPOOITHUKIB KOMIIAHUN);
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BJIOCKOHAJICHHs (hOpMaTiB Ta COCO01B HAaBYaHHS BUPOOHUUOT OE3MEKH.
CdopmoBaHicTh Ta €pEeKTUBHICTh KyJIbTypH O€3IeKu nepeadayac:
BU3HAHHS BaXKJIMBOI poJii €(pEeKTUBHUX 3aXO01B O€3MEKH B YCIIXY JiSIBHOCTI;
BUPOOJICHHS TPaBWIBHOTO  CHOPUUHATTS  CHIBPOOITHUKAMHU  TTO3UTUBHOI
MPaKTUKH 3a0€3MeUeHHS OE3eKH;
YCBIIOMJICHHS B3a€MO3B'I3KYy O€3MeKH 3 OCHOBHUMH LILISIMU A1SUTBHOCTI,
YITKE BU3HAUYEHHS O€3MEKHU SIK OJHIET 3 OCHOBHHUX I[IHHOCTEH, a HE 3000B's13aHHS
abo0 cTarTi OOTSHKIMBHUX BUTPAT.
Bce 11¢e - 3amopyka nporpecuBHOI MO3HIIIT TAMPUEMCTBA 3 TIOTJISTY K KyJIbTypU
Oe3IeKu mpaiii, TaK 1 3 MO3UIlli YCIHIIIHOCTI Ta €()eKTUBHOCTI 3/{IHCHEHHS BUPOOHNYOT
JUSITBHOCTI Ta 30€peKeHHS HAMBAXIIUBIIIOTO HEMATEPIAIbHOTO PECYPCY - «ITI0JICHKOTO

KamiTamgy.
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SECTION 9. MECHANICAL ENGINEERING

10.46299/1SG.2022.MONO.TECH.3.9.1
9.1 HanpyseHo - 1e¢opMOBaHUI CTaH TPUIIAPOBUX 000/I0HOK. Bnims ¢popmu i

po3MipiB

B cydacHiif nmpakTuili OyAiBHHMIITBA 1 MAIIMHOOY/TyBaHHS 3HAYHA POJb BiIBOJIUTHCS
BUKOPHMCTAHHIO KOHCTPYKIIIH KOMITO3UTHUX 000JI0HOK. HalOLbITT po3MOBCIO/PKEH] Cepelt HHX €
TPHIITAPOBI OOOTIOHKH ITIHAPUYHOIL, KOHIYHOI 1 chepraHOi (popM Ta IX KOMOIHOBAHI 3’ €/THAHHSI.

CTIHKM 1MX CTPYKTYp BKIIIOYAIOTh BHYTPIIIHIO 1 30BHIIIHIO METaleBl OOIIMBKH 1

BHYTPILLHIN MOTIMEPHHI 3aTI0BHIOBAY 3 MO>KJIMBUM HOr0O apMyBaHHsIM (puc. 1).

=
=

X
<0
s
2

o
o
"7

PR
3

25
-

S

i e L
228
s
LR

‘.,2
o
=Ll

a) 0) 6)
Pucynok 1. KoHcTpyKitii 000JIOHKOBUX CTPYKTYP:
@) TAITHAPUYHOI; 6) KOHIYHOI; ) chepriHOL
1 — BHyTpIIIHIH 1Iap; 2 — MOIMEPHHH 3aIlOBHIOBAY; 3 — 30BHIILIHIMH 111ap;

4 — apmyroui peOpa

Taka KOHCTPYKIIisE OOOJIOHKHU JIO3BOJISIE SMEHIITYBATH METAJIOEMHICTB 1 Bary CTPYKTYpH 1,
3aBJIKM  ONTUMATBGHOMY TO€IHAHHIO TEOMETPUYHMX MapaMeTpiB Ta (PI3UKO-MEXaHIYHMX
BJIACTUBOCTEH il MaTepiasiB, 3a0€3MeUNTH BUCOKY HA/TIMHICTH KOHCTPYKIIIL. OcoOMmBe 3HAYEHHS
TIPH IIEOMY MOYKE MaTH BIUTMB (POPMH 1 pO3MIPIB CTPYKTYPH Ha il HAIPY»XEHO - 1eopMoBaH¥it
CTaH. 3HAYUMICTh TAKOTO BIUIMBY JOCIIDKYBAIACh HA TPHOX TPUILAPOBUX IIIIHAPUYHKX
000710HKaxX O€3 apMyBaHHSI TIOJIIMEPHOT'O 3aIIOBHIOBAYA [P BHYTPILLIHEOMY OCECUMETPHIHOMY
IMITYJIbCHOMY HAaBaHTXEHHI IMX CTPYKTYp. BCl IWTHAPUYHI TPHUILIAPOBI OOOJOHKHU OyIin

OJIHAKOBOI JIOBXWUHU L, Man OTHAKOBY TOBLLMHY OOLUMBKH (pUC. 2) 1 BIIPI3HSIHCS (POPMOIO 1
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PO3MIpamMu TOTIEpeYHOro Tiepepi3y (Tabi. 1) Ta Maym HacTymHI abcomoTHi 3HaueHHs: R = 100

mm, hi= hs=5wum, hr=210mm, L=400ymm.

Pucynok 2. TpuiapoBi musTiHApHIHI 000TIOHKH 3 Pi3HOIO (hOPMOFO TTOTIEPEUHOTO TIepepi3y:
a) T (hopM riepepizy; 6) epepi3 KpyroBui TUITy 1; 6) mepepi3 eNmnmTUIHII;

2) Tiepepi3 KpyroBUi TUITY 2
Tabmuus 1.
CriBBiZHOIIEHHS PO3MIPIB TOCIIIKYBAHUX CTPYKTYP
R a b
Tunu hopmu nepepiz h T T
hop pepisy h, h, h,
Kpyeosuii 1 31
Eninmuynuti 31 20
Kpyeosuii 2 20

Llo3nauenns: a - niggich enncy 6enuKa ; 6 - medic came Maia

Posrozist imMmysscHoro HaBanTakeHHs1 Q(t) 3mikiCHIOBABCS, 3r1THO MPUBEACHOMY Ha PHC. 3 1

MaB yacoBuid iHTepBa1 0 <t < 10T:

QM) = A*sin?[n(t)—n(t—n],

bi (X n®) _ dynkiis Xesicaiia;

A — aMIUTITY/1a IMITYJIbCHOTO HABAaHTAKECHHS,

T — TpuBaTICTh YaCy HABAHTAXKEHHS; t— YacOBUM IHTEPBAL.
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TTapaMeTpn HaBAHTAKEHHS IPUIiMaTiCk BimosinHo: A = 10°ITa; T =50*10% ¢, a disuko -

0, (raj
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PucyHok 3. Po3nofin imimysibcHoro HaBanTaxkenHst Q(f)

MEXaHIYHI XapaKTepUCTUKU My ciiytodl 3HaueHHs:: By = B3 =70 I'Tla, Er=0,14I'Tla, py =

=u3=0,3, p1=p3=2,7*10° kr/\c’.
Harpy»keHo - nedopMoBanuii cTaH 00O0JIOHKOBHUX CTPYKTYP OLIIHIOBABCSI BETMUMHAMU
HOPMAJIFHHX TIPOTHHIB Hecyyux ImapiB (U % - BHYTpIlHBOTO mapy; U § - 30BHIIITHBOTO II1apy)

: 1 2 .
1 HOpMAJIbHHX HAMpPYKeHb ( O 22 Ta O 5 ) MPU JOCATHEHHI HUIMU MAKCHMAJIBHOTO 3HAYECHHST

y posnisiianui inTepBat yacy 0 <t<10T .

BB koHCTpyKIiHHUX (hakTOpIiB Ha HAMPY>KEHO - Ae(pOPMOBAHMIA CTaH OOOTIOHKOBUX
CTPYKTYp AO03BOJISI€E BU3HAYATH AHATITUYHUI METOJ| BKIIFOYAIOUMI CTBOPEHHS 1 PO3PAXYHKU
mihepeHIATbHIX PIBHAHL PYXy TAaKMX CTPYKTYp B paMKax JIHIMHOTO BapiaHTy Teopii
TOHKOCTIHHMX 000JIOHOK Tuity Tumomenko [135]. IlpuxmagoM mMoxke OyTH BUKOPHCTAHHS
depeHIIATTbHIX PIBHSAHL KOJMBAHL OOOJIOHOK HEKPYTOBOTO Tepepidy HaBeAECHUX B POOOTI
[136]. Aste, ik OKa3ye MPAKTUKA, TAKKUIA TTIX1]T SBISIETHCS. HEOCTATHRO ©(hEKTUBHUM, a B Psijil
BUIAJIKIB HABITh HEMOXKTMBUM. L€ cToCy€eThCst HOro HeorepaTuBHOCTI 1 HEOOX1THOCTI CTBOPEHHS
Ta PO3PaxyHKIB PIBHSIHb BUCOKHX MOPSIKIB. A BUKOPUCTAHHS CKIHICHHO - PI3HUIIEBOTO METOTY
PO3PaXyHKIB XOY 1 CIIPOIIYE PO3PAXYHKH, alie POOHTH TPOIEC JOCHTh 3aTSHKHUAM. BiibI
e(eKTUBHUM B 1ILOMY BIJHOITICHHI MPE/ICTARISIETHCS BUKOPUCTAHHS CKIHYEHHO - €JIEMEHTHOTO

MOJIEITFOBAHHSI CTPYKTYP 1 TIPOBEICHHS PO3PAXYHKIB JIOCIIKYBAHUX XapaKTEPUCTHUK IPOTPAMHO
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- pO3paxXyHKOBHMH KOMIUIEKCaMu. bazyrounch Ha BUKOPUCTAHH1 TIOTEHIIIMHOT éHeprii, CKIHYEHHO
- @IIEMEHTHHIA METO]T PO3IOBCIO/DKYETHCS TIPAKTIIHO Ha HEOOMEKEHHIA KJIac 3a/1ad 1 SIBISETHCS
JIOCUTh €(PEKTUBHIM 1 ONEpariBHEM. B 3arajbHiil MOCTaHOBIN IIeW MeToi Tependadac
BM3HAUCHHS O0JacTi 1 BEKTOpa TEPEMIIICHh TPYXKHOI CHUCTEMH XapaKTepH3yFOUOrocs
MIHIMI3AITE 11 TIOTEHITIHAA eHeprii, a mcisd i BU3HAYeHHS — PO3PAXOBYIOTHCS TEH30PH
TIEPEMIITICHb 1 HANPY>KeHb JaHoi cucteMH [ 137]. I sKimo oBHA MOTEHITiHA €HEPrisl CHCTEMU Ma€e

BUJT;

II=E-W (22)
7e:
E — NOTeHIIiHa eHepris aedopMaiiiii, a \W — noTeHIIiiiHa eHeprisi 30BHIIIHIX HABAHTAKEHD,
TO TICST PO3OMBKM IUIbHOI OOJNIACTI HA OKpPEMI EJIEMEHTH TOTEHIIHA EHEpris CUCTEMU
3MIHIOETHCS BITIOBITHO:
E E
=Y (E®-w®)=3 7 2.2)
e=1 e=1
1 1l MIHIMI3allis, B pe3y/bTari BIUIMBY CHJIOBHX, TEIUIOBMX a00 HIIMX (DaKTOpIB 3a0e3reuye

BUPIITICHHSI 33/1a4l.

[PYHTYIOUHCh Ha TAKOMY IIIXOMi, OyM CTBOpEHi CKIHYEHHO - €IEMEHTHI MOZIEi
MPEJICTARICHUX BUIIE TPHIIAPOBUX IWIHAPUYHUX CIPYKTYp 1 BUKOHAHI PO3PaXyHKH
HOPMAITBHUX TPOTUHIB 1 HOPMAJIBHUX HANPY>KEHb Y CEPEIMHHMX TIOBEPXHSX HECYUHX IIIapiB.

Ioksanasnocs, 1110 Kpai 000JIOHOK YKOPCTKO 3aTUCHEH.

[Ipu cTBOpEHI CKIHYEHHO - €JIEMEHTHHX MOJENe BHUKOPUCTOBYBABCS TPUBUMIPHHUI
00’eMHMI CKiHYeHHMI enieMeHT Tury Solid , sKuii 1o CTYIeHrO YBIrHYTOCTI, 3BY>KCHHIO 1
3aKpUBJICHHIO, Ta I1HIMM TOKa3HMKaM [138] BimmoBigaB BUMoOram 3a0e3TEUCHHS SIKOCTI
CKIHYEHHO - eJeMeHTHOI CiTkM. CTBOpPEHHI CKIHYEHHO - €JIEMEHTHI MOJIel HaIivdyBaju
BIJITOBITHO: B MOJIENT KPYTOBOTO riepepi3y Turly 1: enemenTiB — 19200, By3rmiB — 22680, B Mozeri
KpYyroBOro rnepepizy tury 2: enemeHTiB — 19200, By3miB — 22680, a nipy emnTHIHOMY Tiepepisi:
12800 enemenTiB 1 15840 By3miB. Po3paxyHku BeMUMH HOPMATTBHUX MPOTMHIB 1 HOPMATbHUX

HaMnpy>KeHb 3MIHCHIOBAIIMCH Y TIPOrPaMHO - po3paxyHKoBoMy komruiekci Nastran arropurvom
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IPSIMOTO TIepeXiTHOrO JIMHAMIYHOTO TIPOLIECY, BUKOHAHI1 TS o0JacTi

D={0<S,<L,0<S, <A, 7/2}. OrpuMaHi pe3y/IsTaTy NPUBEJIEHI Ha puc. 4 Ta puC. 5 i
: : y . ol 2 .
TpeICTaBIeHI B (DOpMI 3AIKHOCTEH HOPMaIbHUX TPOTHHIB [Tt Hecy'wx mmiapis Uz 1 Uz Bin

TI03/I0BKHBOI KOOP/IMHATH Ta HOPMATFHUX HaNpy>KeHb O ;2 Ta O, 222 B MOMEHT 4acy KOJIH
iXHI BEJIMUMHHM JOCSTATN MAKCUMAJIBPHHUX 3HA4YeHb. TaKoK yKa3aHI MOMEHTH 4acy KOJH ITi
TIOKa3HUKHU JIOCATAIM MAKCUMAITBHUX BeTMIWH. TYT, 1 B HOQIbIIMX Ipadikax, KprBa 3 IHASKCOM
1 BIATNOBIZAE BIATOBITHO BEIMYMHAM HOPMATBHMX IPOTMHIB 1 HOPMAIBHHX HAIpYKEeHb
BHYTPIIIHBOTO IT1apy CTPYKTYP, @ KpUBa 2 - IIUX TOKA3HHUKIB 30BHIIIHKOIO I1apy. Hopmasbhi
MPOIVHUA OOIIMBHUX ITIapIB Y BCIX IOCIIHKYBAHMX CTPYKTYpax BUSIBJIMCH OTHOHAIPABICHUMH,

aJie 3HaYHO BIPI3HSUTUCS 32 BEJIMYMHO0. B CTpyKTypax KpyroBoro repepisy TUITy 2 BEJIMUMHA

1 2 :
nporuny Ug mepesriia  Ha 64,8% mnporun Uz |, a B oOosoHI Trimy 1 - HaBIIakw.

MakcumabHa BeTMUMHA IIPOTUHY U32 TICPEBHIIIIA TIPOTH Ué Ha 54,7%.

[Mpu eminriyHiid Gopmi TIepepizy MakCUMallbHAa BEJIMYMHA TPOTMHY 3adikcoBaHa y
BHYTPIIITHHOMY I1api 00OJIOHKH B HarpsiMKy oci Y. Bona Ha 35,7% niepeBuiiiiia IporyH 1ib0ro
mapy B HampsMKy oci X. A MNpOrvHU 30BHIIIHBOIO IIApy B 000X HANpsMKaX BUSIBUIIHCH
NPAKTUYHO OJHAKOBUMMU.

HopmanbHi HanpykeHHST B poOOYMX IIapax OOOJOHOK (pUC. 5) TaKOXK MAarOTh s

BIIMIHHOCTEH. B CTpyKTypi KpyroBoro rmepepidy Tury 2 OUIbII Hampy>KeHHUM BHUSBHBCS

_ 1
BHYTpIIIHIH 11ap 000moHKu. MakcumarnbHa BenmmunHa O 2o Ha 67,3% rmepeBrIIiiia BeTMINHY

HAaMpy>KeHHsI 30BHIIIHBOTO 11apy O 222 , @ B 000JIOHI THITY 1 OLIBIIT HANPY>KEHUM BUSIBUBCS
30BHIIITHIH IT1ap 0OOJIOHKH.

MakcumanibHa BEMUMHA HOPMATBHUX TPOTHHIB BHYTPIIIHBOTO I1Iapy KPYrOBOTO
riepepi3y Turty 2 BUSBIIACh Ha 69,4% MEHITIO HIXK BEJTMUMHA TIPOTHHIB aHAJIOTTYHOTO I11apy B
CTPYKTYp1 EINTUYHOIO Tepepisy B HANPsIMKY ocl Y. A MakCHUMaibHA BEJIMYMHA MPOTHHIB

BHYTPIILIHBOIO LIapy B CTPYKTYP1 KPYTOBOIO Tiepepizy Tty 1 BusiBuiiach Ha /8,3% MEHIIIO0
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Pucynok 4. HopmaibHi IPOrvHA HECYUHX IIAPIB IITIHAPHYHNIX CTPYKTYP KPYTOBOTO TIepepizy :
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a) — Ty 1; b)—Tumy 2;

EITITTAYHOTO TTEpepI3y : €) B3IOBXK ocl X ; d) B3noBxk ocl Y
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Pucynok 5. HopmasbHi Hanpy>keHHs! HeCyUHX IapiB IMATHAPUIHUX CTPYKTYP :

@) — 000JIOHKA KPYrOBOIO repepisy Ty 1; b) —1ex came Tuy 2;

¢) — 00OJIOHKA eJTIITTHYHOTO Tiepepisy Oy; d ) Texk came Oy

B/l TPOTWHY aHAJIOTTYHOTO APy CTPYKTYPH EIIITTUYHOTO TIepepi3y B HAMPSIMKY OC1 X.
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MeHIII KOHTpaCTHHM XapaKTep BEIMYMH 1 PO3MOAUT HOPMAIbHHMX IPOTHMHIB Ta
HOPMAIBHUX HAIPY>KEeHb BUSIBUBCS 1 B HIIMX (POPMaX TPHUIIAPOBUX OOOJIOHKOBHUX CTPYKTypax
NPY AHATOTTYHHUX TMapaMeTpax iX IMITYJIbCHUX OCECUMMETPUYHMX HaBaHTaXKeHb. JOCTiHKeHHs
BEJIMYMH [IMX TIOKA3HUKIB B KOHIYHINA TPHIIAPOBIN CTPYKTYpI (pHC. 6) 3 KyTaMy KOHYCHOCTI O

[139] , sixi mopiBHIOBayM /0°1 20°, a TOBKHMHA YTBOPIOBAHOI CTAaHOBIIA S = 295 mm,

Puc. 6. CkiH4eHHO - eJIeMEHTHA MOJIENh TPHUIIIAPOBOI KOHIYHOT 0OOJIOHKH:
a— oOIIMBKA HeCyYa BHYTPIIIHS; D — Te)K came 30BHIIIHST; C — MTOTIMEPHHI 3aIIOBHIOBAY;
d —apmyroui pebpa

TIOKa3aJIH, 110 HOPMAJTHHI IIPOTHHN POOOUHX MIapiB (puc. 7) ipu ¢=5, 7T SIBISAFOTHCS

| Trraem) L, Tyra0%m)

a 2N\

» N\ )

: ~ /7N

. /AR . //\ \

. // \ s Ry,

DA ——— L
a) npu t=5,7T b) npu t=5,7T

Pucynok 7. HopmaibHi IPOrMHN KOHIYHOI CTPYKTYPH 3 KyTaMy KOHYCHOCTI:
a) a=10°% b) a=20°
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JIOCUTh OJIM3bKUMH 34 BEJIMYMHOKO 1 ()OPMOIO PO3IIOALTY B3IOBXK YTBOPIOBAIHHHUX, & OUIBIII
HAIpy>XCHUM B HUX BUSIBUBCS 30BHIIIIHIM 1T1ap (pHC. 8).

ay*10°%,(Ma) 0Oy*10°¢,(Ma)
16 16

&

S,(m)
0,225 03 0.275 03

a) npu t=5,7T b) npu t=5,7T
Pucynok 8. HopmaitbHI Harpy»kKeHHsI Oy HECyuHX I1apiB OOOJIOHKH 3 KyTaMH KOHYCHOCTI:
a) o= 10° b)a=20°
[loniOHe CITIBBITHOIIIGHHST IMX TapamMeTpiB OyJi0 BUSIBJICHO 1 B TPHIIAPOBUX

miBchepraHX  00OJIOHKAX 3 apMOBaHMM 3alloOBHIOBaYeM (pHic. 9) TpH  aHAIOTTYHOMY

HaBaHTaKeHH] [140].

Pucynok 9. CkiHueHHO - eJIeMEeHTHA MOJIENb TPHITIAPOBOT MBCHEPUIHOT OOOJIOHKH:
@) — OOIIMBKa HeCcyda BHYTPIIIHST; D) — Tex caMe 30BHIILIHS; C) — MOIMEPHII 3aTIOBHIOBAY;

d) — apmyroui pedpa
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Pesynbratii MakcMMambHUX HOPMaIbHMX TPOTHHIB HECYYMX IapiB IMBCHEPUIHMX
TPUILIAPOBUX CTPYKTYp miamerpom D=300 ymm Ta D=600 mm nipuBeneHi Ha puc. 10. Sk BuHO,

TIEPEMIITICHHST 000X IIapiB CTPYKTYP JOCSITAIOTh MAKCUMYMIB OJI3BKO TIOMTFOCIB CTPYKTYP TIPH

T
o =—
2,
U3*10%(m) Us*10°, (m)
a) nput=825T b) nput=1,71T
Pucynok 10. HopmarbHi poruHy HeCy4rXx IapiB MBCHEPUUHMX TPUILIAPOBUX CTPYKTYP
JIlaMeTPOM:

a) D=300.u1; b) D=600 rum
brm3pki 32 BEMMUMHOIO KOHTPOJIIOBAHHI TMOKA3HUKK HECYUMX INApiB JIBOX OCTaHHIX
CTPYKTYP OUYEBHIIHO SIBISTFOTHECS PE3YJIFTATOM BIUIMBY Ha Hampy>KEHO - Je()OPMOBAHHMIA CTaH

CTPYKTYp apMyBaHHSI TIOJIMEPHOTO 3ariOBHIOBAYA JWCKPETHUMH peOpamu, SIKi  >KOPCTKO
3’€THYIOTh HECY'l IIapy CTPYKTYD.

OtpumaHi pe3yJIbTaTy J03BOJIIFOTH KOHCTATyBaTH, 1O (POPMH 1 pO3MIPH TPUITIAPOBHX
O0OJIOHKOBHX CTPYKTYpP, MOXKYTh 3HAYHO BIUIMBATH HA iX HANPYXEHO - J1e(POPMOBAHMI CTaH.
BpaxyBannss 1 MiHIMIZalls iX HEraTMBHOTO BIUIMBY 1 3aBYaCHE MOrO IOTMEPEHKEHHS
TMIPEJICTARIISIETHCS. OJJHUM 13 OPIEHTUPIB 3a0€3MeUYeHHsT HAIMHOCTI X CTPYKTyp. Jlo Takux
3aXO7IIB MOKHA BITHECTH BUKOPHUCTAHHSI TIOJIIMEPHOTO 3aITOBHIOBAYA 3 OLTBIIT BUCOKUMU (DI3UKO
- MEXaHIYHAMH BJIACTUBOCTSMH, apMyBaHHS HOTo MICKPETHUMH peOpamMu, 3a0e3TeUeHHS
YKOPCTKOT'O 3B’SI3KY MK pedpamu 1 poOOUMMH ITIapaMH CTPYKTYP, 30UIbIIIEHHS TOBIIMH HECYUHMX

ITIapiB Ta 1HIII PITICHHSL.
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