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KAPITEL 1/ CHAPTER 1.
JUSTIFICATION OF INSTABILITY ZONES DURING THE OPERATION
OF THE DRILLING RIG OF ROTARY AND ROTARY IMPACT DRILLING

MACHINES
OBOCHOBAHHWE BO3HUKHOBEHMSI 30H HEYCTOMYUBOCTH ITPU PABOTE BYPOBOT'O CTABA
CTAHKOB BPAIIIATEJIBHOI'O U BPAITATEJIBHO-YJAAPHOI'O BYPEHUSA
OBI'PYHTYBAHHSA BUHUKHEHHA 30H HECTIHKOCTI ITPH POEOTI BYPOBOI'O CTABA BEPCTATIB
OBEPTA/IBHOI'O I OBEPTAJIBHO-Y/IAPHOI'O bYPIHHA

DOI: 10.21893/2709-2313.2020-03-03-066

Berymiienue

[IpombIeHHas IKCIUTyaTalHsl KaphEePHBIX CTAHKOB IIAPOLICYHOTO OypeHus He
BCerJa JOCTaToYHO 3P (HEKTUBHA B CUITy HEOCTATOYHOM MPOU3BOAUTEIILHOCTH, POCT
KOTOpOM cHIep)KMBaeTCs H3-32 HapyLICHHs] yCTOMYMBOM paboThl OypOBOro CTaBa,
00yCJIOBIICHHON B psifie ClydyaeB KOHCTPYKTUBHBIMU HEIOPabOTKaMH, HEMPaBUIbLHO
BBIOpAaHHBIMU pEXUMaMH OypeHHs, a Takke chenupuyecKuMu OCOOCHHOCTIMU
mpouecca OypeHHs MIApOIIEYHBIM HMHCTPYMEHTOM, 3aKPEIJICHHOM Ha UIMHHOM H
NOAATJIMBOM CTaBeE.

OcHoBHast 0cOOEHHOCTD Tpoliecca OypeHHs B3PbIBHBIX CKBAKUH IIAPOIICYHBIMU
J0JI0TaMU CBOJIUTCSL K TOMY, 4TO TpeOyeTcss mpoOyputTh CKBaXuHBI J250-320 mwm,
TIMHON B 24-32 M. [l mpOXOAKU CKBaXMHBI K OypOBOM KOJIOHHE HEOO0XOJIUMO
npwiokuTh ycuiue npuwxatus Pg=250-300 kH u kpyrsammit moment M,=17,5-21
KH'-M TpHU CKOpOCTH BpaimieHus craBa m;=0-120 o6/muH (10 150 06/mun). Ilon
JeHCTBUEM yKa3aHHBIX CUJIOBBIX (DaKTOpPOB OypOBO#l CTaB B MPOOYPEHHON CKBaXKMHE
npuoOpeTaeT BHJI MNPOCTPAHCTBEHHON KpUBOW — aHajora BUHTOBOM JIMHUU C
OonpmM 1arom BuTka. [lox geiicTBHEM MNEpPEeMEHHON XapaKTEPUCTUKHU TPEHUS
MEXIy TMOpOAOM M HMHCTPYMEHTOM, OTHOCUTEIBHO HHU3KMMH MPOJOJIBHOU H
KPYTHJIBHOW KECTKOCTSIMH, CTaB IMOJIYYaeT JOMOJIHUTEIbHbBIE NPUPALIEHUS CUIOBBIX
(dakTOpOoB M YTJIOBOM wYacToThl BpaimieHus. [IpocTpaHcTBeHHas KpuBas (aHaJIoT
BUHTOBOM JIMHUU) MO/ BO3/IEWCTBUEM MEPUOINYECKHUX, HEIPEPHIBHO U3MEHSIOIINXCS
CUWJIOBBIX (DAaKTOPOB HAXOAMUTCS B JIMHAMHYECKHM HEYCTOMYMBOM cocTosiHuu. Ha
OCHOBAHHUM 3TUX MPEACTABICHUN U MPUHATHIX PACUETHBIX CXEM COCTABJIEHA CHUCTEMA
muddepeHInanbHbIX YpaBHEHUN, OMUCHIBAIONIAS JUHAMUYECKH YCTONYMBBIE H
HEYCTONYMBBIE COCTOSIHUSL OypOBOrOo CTaBa JO U TIOCIE MOTEPU MMM YIPYTou
YCTOMYMBOCTH B TE€OMETPUYECKM M3MEHEHHBIX COCTOSHMUAX. llom pencTBueM
NEPBOHAYAIBHOTO COCTOSIHUSL CUJIOBBIX (DAKTOPOB, Ha KOTOPBIE HAKIIAIbIBAIOTCS
MIEPEMEHHBIE COCTABJISIIOIINE HArpy3Kd, B YNPYTrod CHUCTEME MHCTPYMEHT-OYpOBOIA
CTaB-IIPUBOJI BO3HUKAIOT YCTOMYMBBIE KPYTUJIBHBIE, @ 3aTEM U MMapaMeTpudecKue (He
BCErJa YCTOMUYMBBIC) MOMEPEYHO-MIPOJOJIbHBIE KOJ€OaHUd. OTO MPOUCXOAUT
BCJIE/ICTBHE MIEPEMEHHOT0 TPEHUS MEX1y HHCTPYMEHTOM U 3a00€M, a TaKKe YIPyTux

MONOGRAPH 8 ISBN 978-3-949059-04-9



Intellektuelles Kapital - die Grundlage fiir innovative Entwicklung ‘ 2020 Part 3 E jﬁfg

nedopMalii  UUIMHAPUYECKONM TMPYXKHUHBI, B BHJIE KOTOPOM MOJAEIUPYETCS
CKPYUYEHHO-C)KaTO-U30THYThI cTaB. Kak ObLJI0O  yCTaHOBIEHO, KPYTUIIbHBIC
GpuKLIHOHHBIE KosieOaHusi OypOBOTr0 MHCTPYMEHTA IO 32000 MPUBOJAT K packayke
yOopyrux —aedopmanuii ¥ HUX CKOPOCTEH, BBI3bIBasi POCT CKOPOCTU CKOJIBKCHHUS
UHCTPYMEHTAa OTHOCHUTEJIIBHO CKBaXXHHBI, YTO NPHUBOJUT K TMOSIBICHUIO B
KoJeOaTeIbHOM CHUCTEME 3HAYUTENbHBIX TPAaJUCHTOB XapaKTEPUCTUKU TPEHUS,
KOTOpbIE BBI3BIBAIOT YCTONYMBBIE KBa3UTapPMOHMUYECKHE KpPYTHIIbHBIE KOJIEOaHMs
CTaBa,d B CHWIy CBSI3aHHOCTU KPYTWJIBHBIX W TOCTYMATEIbHBIX TEPEMEIICHHMA
KOJIOHHBI TMPUBOAMUT K TMPOSIBICHUIO MNPOAOJBHBIX MapaMeTpudyeckux 3(h(exToB B
ctaBe, nmpuyeM 3TH P(PEKTH MOTYT HOCUTh HEYCTOWUYUBBIN XapaKTep, UX BIIHUSHHUEC
YCWJIMBAETCS 3a CYET Ha3HAUeHUs HE Bcerja OOOCHOBAHHOIO CBOOOJHOTO XOJa
MeXaHH3Ma MoIaYu.

[IpoBeaeHHbIe HCCIEAOBAHUS MMOKA3aJIM, YTO MPU MPOSKTUPOBAHUHU U pacueTax
Bpallaouerocss OypoBoro cTaB HEOOXOJMMO YUHUTHIBATh M3MEHEHHS CKOPOCTHBIX
PEXKUMOB pabOTHI JJIMHHOTO Bajia, MPU KOTOPBIX MOTYT UMETh MECTO KPUTHUYECKUE
CKOPOCTH BpallleHHsl, OOBIYHO COBIAJAIONINE C MEPBBIMU HU3MIMMH COOCTBEHHBIMU
JacTOTaMH M3THOHBIX KOJIeOaHW Basa.

Kpome Toro, B paboTe mpeasiokeHo MHTEHCU(PHUIIMPOBATh Ipolecc OypeHus B
crankax CBIIl myTreM wncmonb30BaHHs MTOTIOTHUTEIHLHOTO MTHEBMOYIAPHUKA MEXKITY
OypOBBIM MHCTPYMEHTOM U CTaBOM, TTapaMeTpbl KOTOPOTO MOAOUPAIOTCS TaK, YTOOBI
nocTynareibHasi CKOPOCTh TOPIITHS MTHEBMOYAApHUKA MPEBBIIIANA MOCTYMATEIbHYIO
CKOpPOCTh CaMOTr0 Tporiecca OypeHusl.

Pabora HampaB/ieHa HA - BBIABICHUE MPUYMH HEIOCTATOYHO YCTOWMUMBOMN
paboter OypoBbix ctankoB Tuna CBI-250 (1 qpyrux MammH) nNpu BeACHUU PadOThHI
1o OypeHHWIO B3PBIBHBIX CKBaXKWH. Pa3paboTka pacdyeTHBIX CXeM M MaTeMaTHYEeCKUX
MoOJieJIel, OMMCHIBAIOIINX TUHAMUYECKOE COCTOSSHUE MHCTPYMEHTa, OypOBOTO CTaBa,
OpUBOJa BpalIeHUS W TMOJAIIMX MeXaHW3MOB. (OOCHOBaHUE CHIDKCHUS
JMHAMHYECKHUX HArpy30K U ONpejesieHue 30H yCTOHYMBON paboThl OypoBOro cTaBa
BCEro CTaHKa B IIEJIOM.

Jlnst  00OCHOBaHMSI  peaNbHBIX TMPUYMH BO3HUKHOBEHHS JTMHAMHYECKHU
HEYCTOMYMBON pabOThl CTaHKa HCXOAMM W TOro akrta, 4To TOJA JACHCTBHEM
CKPYYMBAIONIUX ¥  CKUMAIONUX CWIOBBIX  (aKTOpoB OypoBOil CTaB B
oOpabaTbiBaeMOil CKBakHHE MpuoOpeTaeT (GopMy BHHTOBOM JIMHHMM, KOTOpas
«HAKPYUYMBACTCS» HAa CKBAXWHY. BUHTOBas JNWHUS 1MOJ] BO3JICUCTBUEM HEMPEPHIBHO
M3MEHSIONINXCSI CUIIOBBIX (DaKTOPOB HAXOIUTCS B TUHAMHYECKH HEYPaBHOBEIIEHHOM
coctosHnd. Ha OCHOBaHMM ASTHX TPEACTABICHUA W TPUHITHIX PACYETHBIX CXEM
COCTaBIICHBI CHCTEMBI TG depeHIIMATbHBIX YPABHEHU, OMUCHIBAIOIINX YCTOWYNBBIC
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U HEYCTOMUYMBBIEC MEPEXOIHbIE COCTOSTHUSL padOoTaroNIero OypoBOro craBa J0 U Mocie
IIOTEPU UM ITPOJOJIBHON U MOIIEPEYHON YCTOUYUBOCTH.

[IpoBeneHHbIE MCCIEAOBAaHUSA TO3BOJIMIM YCTaHOBUTh, YTO B pE3yJbTATE
JIEUCTBUS TEXHOJIOTHYECKUX CHIIOBBIX (haKTOPOB, OypOBOi CTaB AehOPMHUPYETCS IO
IPOCTPAHCTBEHHOW KpuBOMW. [loj nelcTBMEM HM3HAYAIBHO IMOCTOSHHBIX KPYTAILETO
MOMEHTa W YCHJIUS TOJAa4d B YOPYrod cucTeme: OypoBOW CTaB - PEXYILIUX
MHCTPYMEHT - MPUBOJ] BO3HUKAIOT YCTOWYMBBIE KPYTUIIBHBIE MPOI0IbHO-U3TUOHBIE
aBTO W TapaMeTpuueckue KoieOaHus. OTH  KPYTWIbHbIE  (PPUKIMOHHBIC
aBTOKOJIEOaHMsI HAaBOJSATCS BCIEACTBUE MEPEMEHHOIO TPEHHS MEXKy UHCTPYMEHTOM
u 3a0oeM, «HABUBKM» OypoBOro CcTaBa Ha CKBaXHUHY, YHOJ00Is€MOro
HWIMHIPUYECKOW MPYKWHE C KPYNHBIM MIAaroM, a TakKe HaJIW4Ms JBUTATEIS
BpAIIATEIbHOW CUCTEMbI OTPAHUYEHHON MOIIIHOCTH.

[Ipu aHanm3e TMOMy4YEHHBIX cuUcTeM Au(depeHuaNbHbIX  yYpaBHEHUHN
YCTAHOBJIEHO, YTO B CHJIy 3HAUMUTEJIBbHON NPOJOJIBHOW MOAATIMBOCTU IPU CHKATUU
3aKpY4YEHHOTO CTaBa, KPYTHJIbHBIE UMITYJbCHl NMPUBOAAT K IMPOJOJIBHBIM YJIapHBIM
NEepPEeMEIEHUSIM HHCTPYMEHTa OTHOCUTENbHO 3a00s. TakuM 00pa3oM, CTaB IITaHT
BOBJICKAETCS B MPOLECC COBMECTHBIX KPYTHJIBHBIX U U3THOHBIX KOJeOaHUM, KOTOpbIE
IpU AKCIUTyaTallui OypOBOro CTaHKa HaKJIAAbIBAIOTCS APYT Ha Apyra. [loMmumo 3Tux
MPOLIECCOB TPOMCXOJIUT HEMPEPHIBHOE BpalleHHe OypoBOro CTaBa, B pe3yjbTaTe
KOTOPOTO YIJIOBBIE YacTOThl BpalleHHs MOTYT COBIaJaTb C COOCTBEHHBIMU
4acTOTaMM M3TMOHBIX KOJIEOAHWH KOJOHHBI IITaHT. TakWe 4YacTOThbl BBISIBJICHBI U
Ha3bIBAIOTCS KPUTHUUYECKMMH YIJIOBBIMM YacTOTAMHU BpallleHUs Bajia (CTaBa IITAHT).
OTu cocTrosiHUsL TNpu paboTe cTaBa NPHUBOJIAT K TMOJOMKAM M HapyLIECHUAM
YCTOMYMUBOW pabOTHI CTaHKA.

Hcxong U3 cucteMbl ypaBHEHUN paBHOBecHsI OypOBOro CTaBa, MOJBEPKEHHOTO
JNEUCTBUIO OCEBOI0 CHKMUMAIOIIETO0 YCHIMA M KPYTALIET0 MOMEHTa YCTaHOBJIEHA
B3aMMOCBSI3b MEXKIY JAMHAMHUYECKUM KpPYTAIIMM MOMEHTOM M JMHAMHYECKOU
MPOAOJIBHOM CHWIOW. [[7 TNpHUHATOW pacuyeTHOM CXEMbI IIOJy4€Ha CHCTEMaA
muddepeHIManbHbBIX YpaBHEHUN CaMOBO30YXIAIOMIMXCA KPYTUIIbHBIX KOJeOaHUM
CTaBa C MapaMeTPUUYECKU HABEJACHHBIMH TOMEPEYHBIMHU KOJICOAHHMSIMU CTaBa B JBYX
iockocTsX. [loayueHo penieHre cucTeM AByX HEOJHOPOIHBIX YPaBHEHUH B IEPBOM
npubmkenuu. [IpuBeneHbl ycnoBUsi BO3HMKHOBEHHUS YCTOWYHMBBIX PEXKHUMOB IS
napaMeTpHUueCcKuX Mpo10AbHO-U3THOHBIX KOJIEOaHUH.

C uenbl0 CHMW)KEHUSA TUHAMHUYECKOro (poHa mpu OypeHUHM CKBaXMH CTaHKaMH
BpalaTeJbHOrO OypeHHs] MPEIJIOKEHO OrPaHUYUTh CBOOOJHBIM XOJI MEXaHU3Ma
M0JIa4yM, 4TO 00ECIEUUT CHIDKEHUE Kod((pullMeHTa TMHAMUYHOCTH IPU MPOA0JIbHBIX
konebanusix. Kpome Toro, ajigs mHTEHCU(UKAIMU Tpoliecca OypeHus: MpejioKEeHO
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JOTIOJTHUTENBHO ~ MCHOJIb30BaTh  A(PQPexkT NHEeBMOOypeHHus, MpUYeM YacToTa
UMITYJIbCOB THEBMOYAAPHUKA JJOJKHA MPEBBIIIATH COOCTBEHHYIO YaCTOTY KOJIeOaHMA
CTaBa, a CKOPOCTb HAHECEHUS HMMITYJIbCOB ITHEBMOYJIAPHUKOM JOJKHA MPEBBILIATH
JIMHEHHYI0 CKOPOCTh OypeHHS.

Kpome Toro, ckopoCTHOW pexuM BpalleHusi cTaBa JOJDKEH ObITh MoaoOpaH
TakuM 00pa3om, 4YTOObI YIJI0Bask 4YaCTOTA BpAIlEHUs CTaBa HE COBIIaJlalia HU C OJIHOM
M3 HUBIIMX YacTOT M3TMOHBIX KOJICOAHWM KOJOHHBI IITAHT, JUOO BHIOpATh PEXKUM
JKCIUTyaTallii, KOrjJa CTaB MPU BpalIEHUWU OBICTPO MPOXOJAWJI OINACHYIO YacToTy,
HA3bIBAEMYIO KPUTHUYECKOH, T.e. OypoBOH CTaB JOJIKEH SKCIUIyaTUPOBAThCS Ha
JOKPUTHYECKUX U 3aKPUTHUECKUX CKOPOCTSIX.

OcHoBHO# TekcT. bBypoBoii craB crankoB maporneyHoro (tuna CBII-250) u
BpamareiabHo-yaapHoro Oypenus (tuma HKP-100) mnpencraBnser KOJIOHHY,
HaOUpaeMyr M3 OIpeAeIEHHOTO KOJWYeCTBa IITAHT, COCIUHEHHBIX KOHHYECKOMN
pe3b6oii. He kacasicb ocoOeHHOCTEH onupaHusi IIMHHONW OYpOBOI KOJIOHHBI ¢ 3a00eM
U KOPIyCOM MEXaHU3Ma BpAIEHUS CYUTAEM, UYTO CTaB BMECTE€ C OypOBBIM
MHCTPYMEHTOM TPEACTAaBIAEeT COOOW JJIMHHBIA Baj, IOJBEPKEHHBIN KpPYyYEHHUIO
(KpyTSIIIUM MOMEHTOM M) U IPOJ0JIBHOMY M3TU0Yy CO CTOPOHBI MEXAHU3MAa MOJAUH
(mpooNbHBIM ycWIMEM mnofaud Pr) W HCHOBITBIBaET MpU 3TOM JAedopMaliui,
IPUBOJSIIKE K MIOTEPE CTABOM YIIPYroil ycroiunBocTH (puc. 1).

Ai iA A-A

Pﬂ

Puc. 1. OgHoBpeMeHHOE JIEUCTBHE HA OyPHIIbHYIO KOJIOHHY YCHINS nojauu P,
U KpyTAlero MmomeHTa My, A-A — nonepeyHoe ceueHue TaHTH

B pesynbraTe cnoxHbix aedopmanmii ctaB mpuodbperaer (HopMy BHUHTOBOM
auaun (puc. 2). Tak kak mpouecc OypeHus CKBaKUHBI SIBJISICTCS HECTAIlMOHAPHBIM,
TO OypoBOIl CTaB Mmoj JIEHCTBMEM HArpy30K MEPEMEHHBIX BO BPEMEHHU IOJIBEpPKEH
CIJIbHBIM BuOpauusaM. [l omucaHus AMHAMHYECKOTO COCTOSHUSI OypOBOrO CTaBa

COCTaBUM cHUCTEMY IU(PepeHIIMaNbHbIX YPABHEHUM JTMHAMHUYECKOTO PABHOBECHS.
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Tak kak M30THyTasi OCb CTaBa SIBJIAETCS MPOCTPAHCTBEHHOW KPUBOH, TO CHCTEMY
ypaBHEHUH COCTaBUM B IMpoekiusix Ha ocu YOZ, ZOX (mo noTtepu CTaBOM
pOJ0JIbHOM ycToiunBocTH). CHavasia OyZieM UCXOAUTh U3 YPABHEHUSI TPOJIOJIBHOTO
n3ruba crepxHs B miockoctd YOX [1]:

-

d-v (1)
4+ PV =0
dx=

rae V(x,t) — mporu6 crepxHs B mockocta Y OX;

!

Py — oceBas cuna;
E — monyse ynpyroctu I poga (moayie FOnra);
I — oceBO1 MOMEHT MHEPLIMY CEYEHUS CTaBa IITaHTH, PUC 3.

Yp,

[N
g
W

0,

0 / |
, de d
' z MK L
g ™y
v Wi
z
Puc.2. BemmyunBanue OypuiIbHOM KOJOHHBIO]] Puc.3. CmelieHre ocu MITaHTU B

NEHCTBUEM YCUIIHS TOAAaYu P, U KPYTAILIEr0 MOMEHTa  CKBa)KMHE MIPH BBITyYHNBAHUU

M,: a - v, w- cMellieHre TO4YeK OCU OypOBOTO CTaBa - OypHIIbHOI KOJIOHHBI: @ — CMEIICHUE
dex - TMAMETP CKBa)KUHBI TIpU ero aegopmanuu; 6 - H  ocu

- [IaT BUHTOBOU JIMHUY TPU BHITYyYHBAaHUH OypOBOTO

cTaBa; g - 0, x,),z - OCHOBHAsI CUCTEMa KOOPJINHAT; G -

0,x,y,z- oCHOBHasi cucteMa Koopausar; e - O', x', ', z' -

MOJIBIDKHASL CUCTEMAa KOOPJIUHAT, CBSI3aHHAS C

TOYKaMH J1e()OPMUPOBAHHOM OCH CTaBa

Jlist Toro, 4TOOBI MEPEeUTH K YPAaBHEHMSIM IOINEPEUYHbIX KOoJIeOaHUM cTaBa IMOJ

JICUCTBUEM TEPEMEHHON TpoaobHONW cuibl Pr(t) HeoOxomumo ypaBHenue (1)

*w a*v

arz0 Mg

Kpome Toro, u3rub crepkss mpoucxonut emé u B miockoctu ZOX ¢ mporubom
aw av

W(x,t), a kpyTsaiuii MOMEHT Mg MOAKPYUMBAET CTEPKEHD Ha yIriiax PR

3anuiieM Toraa CUCTEMY ypaBHeHI/Iﬁ CTaTUYCCKOIro paBHOBECHUA CTaBa B JIBYX

npoauddepeHIpoBaTh ABa pa3a MO X, BBECTU CHJIBI MHEpIUU —M

IJIOCKOCTSIX MEPE MOTEPEN UM MPOJOIBHON YCTONYUBOCTH (2):
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d vV dW
d*w dV
El 5 +PgW = +M
[Tepeiiném K ypaBHEHHSIM TIOMEPEYHBIX KOJICOAHWUN CTaBa TMOJ JCUCTBHEM
82w p
ycnias nogayu P, kpyTsmero Mmomenta Mg U ciil nHepuuu —Mm S Moo (3):
a‘* LV _ *w (3)
3 »
El 7 Chll [F‘m—l-ﬁPn]a 2+ na Y= (M +amﬁja v
dx dt> dx
rne My, Pog, AM,, AP;  — COOTBETCTBEHHO HOMUHAJIBHBIE 3HAYEHUS U

MIPUPAIICHUS KPYTAIIETO MOMEHTA U YCHUJIUS TTOIAYH.

[lepBoHayambHO PAacCMOTPUM CHCTEMY ypaBHeHUH (2), TO ecTh 3amady o0
n3rude W KPYYeHHWH CTaBa B CTAaTHYECKOW TOCTaHOBKE. [ paHMYHBIE YCIOBUS
ONMUpaHUS CTaBa MOTYT OBITh Pa3IWYHBIMHU, HO JJISI CTATUYECKOW U TUHAMUYECKOU
MMOCTAHOBKM OJHOTHITHBIX 33/lad OHM OyayT WUMeTh BuI (4), WM JPyroil BUJ B
3aBHCHMOCTH OT TEXHUYECKOU (DOPMYITMPOBKY JAHHOH 3aa4u.

Pemenne cuctemsbl (2) BBIOJIHUM Ha OCHOBAaHUHM METOAA, U3JIOKEHHOTO B [3].
Cucremy ypaBHeHU# (3) mpeacTtaBuUM IJsl OMHCAHUS TPOJOIBHBIX M TOMEPEYHBIX
KojnebaHuii cTaBa B JBYX IUIOCKOCTAX, BO30YXTAeMBIX  KPYTHUJIHHBIMH
aBTOKOJICOAHUSIMH CTaBa, BO3HUKAIOIIMMHU B TIpollecce OypeHHs Kak peakius
OypOBOTO MHCTPYMEHTA M CTaBa MPHU MEPEMEHHOM TPEHHUH PEXYIIUX JIEMEHTOB O
3ab60ii (puc. 4).

Puc.4. KpyrtunpHas kosjebarenbHas cxemMa OypoBOro cTaHka: I — MOMEHT
MHEpLUU OYpPOBOIO HHCTPYMEHTA,

I, — MOMEHT MHEpIHMU MPUBOAHBIX MeXaHU3MOB; C — KpyTHUJIbHAsl >KECTKOCTh
CTaBa ILITAHT; S — y3el KoieOaHul; ¢, ¢- MAKCUMAJIbHBIE YTJIbl 3aKPYyYHBAHUS MACC

B 3aBucuMOCTH OT peanu3aluy XapaKTEpUCTUKUA TPEHUS, B OCOOCHHOCTH €&
HUCXOJISIEH BETBH, B HEKOTOPOM JIMANa30HE CKOPOCTEN CKOJIbKEHUS MHCTPYMEHTA
[0 TIOPOJE, pEealu3yeTcsi B YIPYroll CHUCTEME OTPULATEIBHOE 3aTyXaHHE, OJIA
KOTOpPOTO TIPU TMOBBIMIEHUH CKOPOCTH MPOCKAJIb3bIBAHUS YMEHBIIAETCS, TakK
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MOJIOKUTENIbHOE JIEMII(PUPOBAHUE B CHUCTEME PACTET MPOMOPLHMOHATIBLHO KyOy
CKOPOCTH MPOCKAIB3bIBAHMS, TO TPH PACKaYKe aBTOKOJCOaHWI HacTymaeT OanaHc
MEXAY JHMHEHHbIMM W HEJIMHEHHBIMH MPOSIBICHUSMU 3aTyXaHUs MpU TPEHHUH
MHCTPYMEHTA U TOPHOM MOPOABL. YUUTHIBASL CIO0KHOCTh NOCTABJICHHOW 3aJa4u, IS
e€¢ pemeHuss OyJeM HCXOJIUTh W3 CIEAYIOIIMX NPEICTAaBICHUNA O XapakTepe
MPOTEKaHUSI ABTOKOJCOAHWM, €CIIM XapaKTePUCTHUKA TPEHUS peaTu3yeTcs MpH
OTHOCUTEJIbHO HU3KUX CKOPOCTSAX CKOJBXEHUS, Ha €€ HUCHAJAIOIIEeM Y4YacTKe, TO
aBTOKOJICOAHMsI PAa3BUBAIOTCS B PE3yJIbTaTe OTPHUIATEIIBHOTO NEeMII(PUPOBAHUS TIPH
TPEHUH, B TOM ClIy4ae SIBHO MPOCIEKUBACTCA HApACTAHUE aMIUTUTY /1 KOJeOaHuM, 1o
Mepe K€ HapacTaHUsS CKOPOCTU CKOJIBKEHUSI MHCTPYMEHTA O 3a00i1, OoJiee 3aMeTHOM
CTAHOBUTCSl COCTAaBIISIIONIAS XApAaKTEPUCTUKU TPEHUS, MPOMOPIMOHANIbHAS KyOy
CKOpOCTH, TOT/a 3a cuéT OajmaHca SHEPTHil MOJBOJMMON MU paccerBacMOW B 30HE
KOHTaKTa MPOUCXOJUT TOJACTPOMKA AaMIUIUTYJ aBTOKOJEOaHWl 10 HEKOTOPOro
(PUKCHPOBAHHOTO YPOBHSI.

[TopToMy B mepBOoM cily4ae Mbl MOK&XEM, YTO aBTOKOJEOaHUsS SIBIISAIOTCS
HapacTaloIMMU, a B JAPYroM ciydae OyJeM HCXOAWTh W3 YCTaHOBUBIIETOCS
XapakTepa KPYTWIbHBIX KoyieOaHuil. 3amuckiBasg cucteMy (3) cuuTaemM, 4TO B
MPOCTEUIIel TIOCTAHOBKE KPYTWJIbHAs CHUCTEMa HarpykeHa MepHOJIUYECKUM
KpyTAuM MOMEHTOM (Mg = MgotAMyg unmu Mg = Mgo + Mgsinpit), Torna B
COOTBETCTBUM C XapaKTEPOM CHUCTEMBI (3) MbI BIpaBe 0XHUAAaTh, YTO U MPOJOJIbHAS
cuna (ycwine mOprkaTusi) OyJIeT M3MEHSThCA IO Iepuoaudeckomy 3akony (Pp =
PriotPmisinpit), Torna packadka mpoIoibHBIX U MOMEPEYHBIX KOJeOaHuil cTaBa OyaeT
MIPOUCXOAUTD 32 CUET MPOSBICHUS MTapaMETPUUECKOT0 Pe30HAHCA MPHU MPOIOJIbHBIX U
MOTIEPEYHBIX KOJICOATEIIbHBIX MPOIECCaX.

Cucrembl ypaBHeHUH (2) U (3) ¢ OOBIKHOBEHHBIMH YaCTHBIMHU MPOU3BOJIHBIMU
OTHOCUTEIHFHO WCKOMBIX GyHKImiA V(x,¢), W(x,t) paccCMOTpuUM mJisi TPaHUYHBIX

YCIIOBUU:
{ =0 = 0 Vpmy = @ @
lx=0 = 0 Wiz =0
I71€ a — DKCLIEHTPUCUTETHI MPUIIOKEHNS OCEBOU HATPYy3KU K HHCTPYMEHTY.

My Pp
Ecim BBectm 0003HaueHUs o = k; e S%  TO XapaKTepUCTHUECKOE

ypaBHEHHE CUCTEMBI (3) UMEET BU/I;

r’+kr—5%=0 (5)
TOr[a KOPHU YpaBHEHHUS OYAyT paBHbL:
n,=—5% [~+5°

2 ,ql 4

YcnoBHo cuntaem, uto V(x), W(x) sBnstorcs GyHKIUSIMH KOOPAUHATHI X, TOTIa
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ux Oy/IeM UCKaTh B BUJIE:
{ V(x) = Asinryx + Beosryx + Csinryx + Dcosr, x (7)
W (x) = —Acosr, x + Bsinr,x — Ccosr,x + Dsinr, x

N3 ycnoswuii (4) Beraucaum koddurmentst 4, B,C,D:
Eciu x=0, o B+D=0; D=-B; A+C=0; C=-A.

Ecmm x=I:
{ Asinnl + Beosryl + Csinryl + Deosnyl = a (8)
—Acasr,l + Bsinnyl — Ccosr,l + Dsinr,1 =0

A(sinrl —sinnyl) 4+ B(cosnyl — cosnyl) = a
(—cosnl + cosry 1)+ B(sinr | — sinr, 1) = 0
BBeném 0003HaueHUS:
Ay =sinnl — sinpl; A,= cosryl — cosny |,

TOT/IA:
AA 4 BA,= a; —AA, + BA,=0, (9)
A, A, ad,
B=4A—D=-A4A—;C=-4;A=———
A, A, A + AZ (10)
[Tpeobpazyem (7) ¢ yuérom (10):
. A, . A,
V(x) = Asinr,x + A—cosr,x — Asinr,x — A—cosnx
Ay Ay
A, . 2
W(x) = —Acosryx + A—sinr,x + Acosr,x — A—=sinr, x
A Ay
B pesynbrare Oyaem UMeTh:
A, A,
V(x) = A(sinr,x + —cosnx — sinr,x — ——cosnx
(sinr A, o 2X 3 COST, ) (11)
A, A,
W(x)= A(—cosr x +..j__ sinry x + cosrx — ——sinnx)

Hcnons3ys cucreMy ypaBHeHMi (2), rpaHnyHblie ycnoBus (4) u pewmenue (11),
BbIpa3uM InpupaiieHue ycwiusg nogaun AP(Pp=Pp+AP) 4yepe3 mnpupalieHue
KpyTsauero MomeHTaA My (Mxk=Myo+AMk).

J71s1 3TOrO MOACTABIISEM B IIEPBOE YpaBHEHUE (2) 3HAUEHUS V,il;, %I/ICHOHBSY}I
(11) u rpanu4HOE yCI0BHE I TOUKH cTaBa, rae V(l)=a n x=I.

[IpeaBapUTEIIbHO 3aMUIIEM:

dv A, . A, . (12)

i A(rcosryx — ﬁ_1r1 SINTy X — T, COSTL X + A, I SinT, x)

d*v , A, . A, (13)

i A(—rysinrx — &—1r1' cosryx + 13 sinry x + &—113‘ COST, X )

dw . A, . A, (14)

Fa A(rysinr x + ﬁ_l I COST) X — T, SinT, X — &—1rz COST, X)

[Tonmaraem jy1st TOYKM B3aWMOJICHCTBHSI HHCTPYMEHTA ¢ 3a00eM x=I[, TTOJICTaBUM
3HadyeHue x B popmyisl (12), (13), (14) u BBeaémM 00603HaAUCHNS:
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A= sinnl + % cosr);A,= sinn, | + i;casrj I (15)

u nojcraBuB 3HaueHus (11), (13), (14) B nepBoe ypaBHEeHHE (2), IPUXOJUM K
COOTHOIIEHUIO:
EI(1r7A, — 1 Ag) + My (rA; — 154,) (16)
Ay — A,
Takum 00pazoM, MOTYUEHO BBIPAKEHUS JIJISl TIOTHOTO YCUIIHS MOJA4H C YUETOM

Pp+ AP =

JUHAMHYECKOM COCTaBIIAOLIEH, KOTOpas BBIPAXKEHA 4Yepe3 KPyTALIUMHA MOMEHT Ha
OypOBOM MHCTPYMEHTE M ero npuparieHue AMpg.
3anuiieM ypaBHEHHE [JIsi JUHAMUYECKOrO YCWJIMS moaadd (¢ y4€TOM €ro

MIPUPALLEHUSA):
EI(r*A, —rfA) + (Mg, + AM ) (A, — 1A (17)
Pr[g""ﬁpr[: (_ 4 1 3] [: Aﬂﬁ: j(l 3 2 -lj
Ay _ﬁ_;
Nnu okoHYATENIBHO MOJIyYUM:
_ Ay (EI(rAy — 1{A5) + (Mg + AMg) (145 —13A,)) (18)
Pro + AP = 2 2
AT + A3

Torma moxxHo moxactaButh (17) B cuctemy (3). CnenoBaTeiabHO, MPOAOIbHAS
Harpy3ka Ha CTaB BbIpaXEHA 4epe3 KPYTIIHMA MOMEHT Mg M €ro JTMHaMHYECKYIO
COCTaBJISIONTYI0. TakuM 00pa3oMm, JJIsl ONpeAesICHUs MapaMeTPUUECKON MPOa0IbHOM
HArpy3kd Ha CTaB HEOOXOAMMO PAaCCMOTPETh OTAEIHHO BO3HUKHOBEHHE B YNPYTOi
CUCTEME KPYTHJIbHBIX aBTOKOJIEOAHUH.

3ametumM, 4yTto B dopmyne (18) mpomosbHass Harpy3ka Ha CTaB MpeACTaBICHA
yepe3 KOPHU XapaKTEPUCTHUYECKOTO ypaBHeHMs (6)1y,73,(17,71). Eciu Harpyska
Mx+AMgB ipaBoil yacTH cUCTEMBI (2)U3MEHSIETCS M0 MEPUOIUYECKOMY 3aKOHY, TO U
npofoipHas Harpy3ka Pp+APp Toxe OyIeT H3MEHSThCS MO MNEPUOAHYECKOMY
3aKOHY.

[IpakTika 3KcIuryaTanu OypOBBIX CTAHKOB IIAPOLICUYHOTO (MM BpallaTeabHO-
yAapHOTO) OypeHHus TMOKa3bIBAET, YTO CKOPOCTh BpalleHusi OypoBOro cTaBa @y
K0J1€0JIeTCSI OKOJIO CBOETO HOMHUHAJIBHOTO 3HAYEHUS C aMIUTUTYA0M Aw.

[Ipu sTOM KpyTSAUIMI MOMEHT, B CBSI3U C NMEPEMEHHBIM 3HAUYEHHEM MOMEHTa
COTIPOTUBIICHUSI BPAILEHUIO, TAaKXKe KOJEOJETCS OKOJO CBOEro HOMHUHAJIBHOTO
3Ha4YeHus1 ¢ amruuTyjnon AMg. Kak Obuto mokazaHo B pabote [4], OypoBoi cTaB
paboTtaet Ha cxxatue u Kpydenue. [Ipu s3Tom, B30y ICHHE TTPOIOIBHBIX KOJICOaHUM
B OypoBOM cTaBe OOYCJIOBJICHO IE€PEMEHHBIM TpPEHUEM MEXIy MOpOoJoN u
WHCTPYMEHTOM IpPU MEPEMEHHONW CKOPOCTH CKOJIbKEHHUSI cTaBa Mo 3aboro. Tak Kak
KPYTWIbHBIA ~ aBTOKOJICOATENbHBIA MPOIECC SBISAETCA MEPBUYHBIM, TO Kak
KpyTWIbHBIC, TaK ¥ TPOAOJBHBIC aBTOKOJEOAHUS TPOUCXOMAT C HYaCTOTOU
COOCTBEHHBIX KPYTHUJIbHBIX KoJieOaHui cucteMbl. MIX Buaa cuctemsl (3) cienyer, 4To
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OHa MpEeJACTaBIIsIeT cOOOM Ba UACHTHUUHBIX YpaBHEHUS OTHOCHUTENIBHO MEPEMEHHbIX
Vix,t), Wix,t).

[Ipu sTomM Kaxmoe ypaBHEHUE CHUCTeMbI (3) mpeacTaBisieT co0OM ypaBHEHHS
MapaMEeTPUUECKUX  MPOAOJIbHO-TIONEPEYHbIX KOJE0aHUl C mapamMeTpu4ecKon
Harpy3koii B Bujie (18). Tak kak B mpaBbIX 4acTsIX YpPaBHEHHI CUCTEMBI COAEPIKATCA
MIEPEMEHHBIE COCTABJISIONIME, TO 3TH YPABHEHHUS OINHKCBIBAIOT €LIE U BBIHYXKICHHbIN
KoJieOaTeIbHBIN MPOIIECC C KPYyTUIBLHON IEPEMEHHON COCTaBIISIFOIIEH.

BMecte ¢ TeM nmepeMeHHYI0 4acTh KPYTHJIBHOIO MOMEHTa B BuIe AMyg MOXKHO
NOJIyYUTh M3  HE3aBUCUMON  cucTeMbl  JIU(PepeHIHaTbHBIX  YpaBHEHUM
aBTOKOJICOAHUI JIsI KPYTUIIBHOM CUCTEMBI: OypOBOW MHCTPYMEHT — CTaB-BpalllaTeb.
Cucremy ypaBHEHUI KPYTHIIbHBIX KOJIEOAHUN pacCMOTPUM JaJiee.

Ha pannom »srtane Oyaem monarath, 4to AMy TpH  YCTaHOBHUBIIMXCS
aBTOKOJIEOaHUSIX U3MEHSIETCS IO KBa3UTaPMOHUYECKOMY 3aKOHY:

My = Mgy + M cospt (19)

Tornma BeIpakeHUe )11 TUHAMUYECKOW MPOJOJIBHON CUibl (Pr;) mpeacTaBuM B
BUJIE:

Py = Py + Pypcosp,t (20)

B npuBenéuubix BeipaxkeHusx My u Prg— HOMUHAIBHBIC 3HAUCHHS KPYTAIIETO
MOMEHTa W TpomoibHON cuibl; My u Pig — aMIumaTyasl KojleOaHWil KPYTSAIIEro
MOMEHTa W TPOJOJIBHOW CHWIIBI; }; — TepBas COOCTBEHHAs YacTOTa B KPYTHUJIHLHOU
CUCTEME CTaHKA.

C yuérom Beipakenuit (19), (20) cucremy nuddepeHnuanbubix ypaBHeHui (3)
npeactaBum B hopme (21):

g1 &V °V _ 21
I=—=+ (Ppo + Pmcasplr] Ep Y +meY 5z = —(Myo + M, cosp,t)- (21)
a*w SHW a*wW

ElZ7+ (Prp + mesplf) =z tm = (Myp + Mygcosp,t)

ot%

Takum oOpazom cucrema (3) win (21) SBASIOTCSA CBSI3aHHBIMU CHCTEMaMH
muddepeHnnanbHbIX YPAaBHEHUA TPOOJIbHO-TIONIEPEYHBIX KOJICOAaHUHN CTaBa B JIBYX
IUIOCKOCTSIX. YpaBHeHuWe (21) mpencraBisieT coOO0OM CHCTEMY, OIMCBHIBAIOIIYIO
napaMeTpUuecKe IMPO0JIbHO-TIONEPEeYHbIe KOjeOaHusi CTaBa, KOTOPHIC HABEICHBI
HE3aBUCUMBIMH KPYTUJIBHBIMU KOJICOAHHMSIMH MeEXaHW3Ma BpaimieHus (OypoBoi
MHCTPYMEHT — CTaB-BpallaTeb NPy B3aUMOJCHCTBUH CO CKBAXXKHHOM).

s pemieHus cucTeMBbl ypaBHEHHH (21) OTHOCHTENBHO MABYX HCKOMBIX
byHKIMA ABYX mepeMeHHbIX V(x,t), W(x,t) B pemieHun HEOOXOIUMO pa3eiIUTh
[IEpEMEHHBIE, MO3TOMY HCHOJB30BaTh C 3TOW LeNbl0 pemeHue (18) moka He
NPECTABISIETCS BOZMOYKHBIM.

Hanee OyaeM HCXOQUTh W3 MPEANOIOKEHHS, YTO B Tpolecce OypeHus
HaOII0JaeTCsl TMHAMUYECKH HEYCTOMYMBOE COCTOSIHUE OYpPOBOTO CTaBa M MPHU ITOM
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OH €€ HE MOTEPSIT YIIPYTOW YCTOMUYUBOCTH.
[TosToMy TipHOIMKEHHO MPUHUMAEM, YTO TIEPEMENICHHS cTaBa BAab oceit OY
u OZ ynaoBieTBopstoT cucteme (21) 1 UMEIOT BUI:

Vix, t) = Au[t]sin%x (22)
W(x,t) = B,(t) cos%x
[ToncraBum (22) B cuctemy (21), Toraa noayyum:

2 2 3
A0+ |2 () -t En T osp,t] 4y() = - P T PaxcostiD 2z, 23)

m [* m | m I3
; El fm\* Ppym* Py n* ] (Mg, + M gcosp,t) od
By () + [ﬁ(?) Tm I Tm 2 osPt Bo(t) = — m =

[Tocne cokpaiieHust pe3yJbTaTOB IMOJCTAHOBKM Ha (YHKIMH TEPEMEHHOU X
MOJIy4YaeM JiBa UJICHTUYHBIX ypaBHEHUs (24).

Jns peuienust cucteMbl (23) AOCTATOYHO PEIIMTh OJIHO U3 YpPaBHEHUM.
OOpamasacb K NEPBOMY YPaBHEHHUIO CHUCTEMBI BHMJIHO, YTO JieBash 4acTh IEPBOIO
ypaBHEHUs (OTHOPOHOE YpaBHEHUE) IPEICTABIACT COO0N ypaBHeHHE MaThe:

A8+ [%G)“ P (m)? _Pom 7y’ cosp,t| 4,(8) = 0 (24)

m m 1
HonaraeM, 4YyTO B HpI/IBCZIéHHOM ypaBHeHI/II/I HpOI[OJ'IBHaH CHJ1a U3MCHIACTCA IIO

KOCHHYCOMJIAJIbHOMY 3aKOHY C 4YacTOTOM KpPYTHJIBHBIX KOJIEOAHUH CHCTEMBI,
BBI3BAHHBIX IEPEMEHHBIM TPEHUEM MEXIy NOpOJ0Ml M OypOBBIM HMHCTPYMEHTOM.
Pemenne Takux ypaBHEHH MILEM B BUJIE TPUTOHOMETpUYECKOro psna [1]:

N kp kp (25)
At) = Z aksinﬂt + bkcasﬂt
2 2
k=123
B permenun orpaHI/IqHMCﬂ HEPBBIM TAPMOHUYCCKUM MPHOTHKCHUEM:
Aylt) = alsm 1t +b. cos%t (26)

Tak kak cucrema (23) npeacraBieHa 1ByMs WIECHTUYHBIMA YPABHEHUSIMHU, TO B
KauecTBe HyJIeBoro npuomkeHus: QyHKIUU By(?) IpUHUMAaeM BhIPKECHHE:

B,(t) = alsm t4 b cos%t (27)

Torna nmepBoe ypaBHEHHE CUCTEMBI (23) 3amuIueM JUIsi HEOJHOPOJHOM 3a/1auy B
BUJC:
" El jmy® Py ¢my2 Pypy T2 ]
Ay () + [E{?) — X(E) - (?} cosp,t| Ay (t)

=—[MKD+ﬁMij(?D [alsm Lt +b. cos—t)

28)

[Tonyuennoe pauddepeHimanpHoe ypaBHeHue (28) TpeACTaBIAIOT CO00i
ypaBHEHUE TTapaMETPUUECKUX KOJEOaHMH, MPOUCXOISAIINX ¢ COOCTBEHHOW YaCTOTON
KPYTHJIBHON KOJIeOATEIbHOU CUCTEMBI p (B JIEBOM YacTH) U B TOXKE BpEMsI ypaBHEHHE

BBIHY)KJICHHBIX KoOJIeOaHWW (B TMpaBOW dYacTH) C TNaPIHAIBHBIMA YaCTOTAMH
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oy 3
— H — .
P17 S P

VYpaBuenne (28) 3ammcaHo 1O mepBoMy IpuOmKeHuio. ToOYHOCTH
npeacTaBieHust (28) MokeT ObITh MOBBIIIEHA, eclii A(?7) BbIpa3uTh B Buie (25). B

IIPUBEIEHHBIX BBIPAXKEHUAX (26),
1 i 1 i
28)a, = . (1 +u— i); b, = - (1 — U i) — K03 HUIIUEHTHI

rapMOHUYECKOr0 pasyiokeHus GyHKuuu A(t), Ao(t); p; — nepBas CcOOCTBEHHas
94acTOTa KPYTHJIHHBIX KOJICOAHW B CHCTEME MHCTPYMEHT-OYpPOBOM CTaB-BpaIlaTeb,
MOJITICKUT OTIPEACIICHUIO U3 PACCMOTPEHHS «HE3aBUCUMBIX» KPYTHIIBHBIX KOJICOaHUI
CTaBa TOJI BO3JCHCTBHEM TNEPEMEHHBIX CHJI TPEHUS MEXAy 3a00eM H OypOBBIM
MHCTPYMEHTOM; m — pachlpeieNéHHas 1mo JJIMHEe Macca cTaBa; Pry — HOMHUHAIBHOE

3HAUYCHWE YCWIWsA Tonauyu; P;; — ammmtyga Kojge0aHWUW yCHUIUS  TOJadd
(npogonbHOEe ycunue); Mgy — HOMUHAJIbHOE 3HAYEHUE KPYTSAIIEr0o MOMEHTa Ha
Bpamatene; My, — aMIDIUTyna KoOJeOaHW KpPYTAIIEro MOMEHTA; HU(uy) —
kod(ppunreHT Bo30yxaeHuUs Harpy3ku (k=1,2,3...), orpanuuaumcs k=1.

= Py

¥ 2(Px — Puo)

P+ — kpuTndeckas cuia o Ditnepy Uit popMbl OTEPU YCTOMUMBOCTH CTEPXKHS
C UHIEKCOM K.
k*mn*El
sk — —Iz
() — YacTora COOCTBEHHBIX KOJICOAHWW CTaBa, 3arpy’KEHHOTO IOCTOSHHOM
COCTABJISAIOIICH MTPOIOIBLHOMN CUJIBI (OrpaHuuuMcs k=1).

BT @R 2T
+k
( — 4aCTOTa COOCTBEHHBIX ITONEPEYHBIX KOJEOaHNI HE3arpyKEHHOIO CTEPKHS.
2.2
o — k=m Pro
= 0
12 P,y
[ — Texkymas anMHa cTaBa (M3MEHSETCS BO BPEMEHH IPONOPLUOHATIBHO

CKOPOCTH OYpEHHUsI CKBOKUHBI).

PaccmoTpum k03¢ HUIIMEHTHI TAPMOHUYECKOTO PA3JI0KEHUs a;, b;nns ciydas,
KOI'/Ia 3HAaYeHUE MOCTOSHHOM COCTaBJISIOLIEH MPOJIOBHOW HArpy3KHU MPUOIMKAETCS
K 3HaUYECHHUIO KPUTHUYECKOMN CUJIBI 110 Diliepy.

3anuieM:

'Pl'[l — 'PI.'[l (29)
2(P, — Ppy) 2(1- EFE:Q)P*

u=
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Torna:

Prg (30)
E_EEE_PHG)_E(:L_ E )E.
K P, P,

1
Oo6pamasce k ko3pdumenTam a;, b;yMHOKUM BBIPAKEHUSI B CKOOKAaxX Ha — H
U

1 o
HpeHe6peraeM IICPBBIM CJiIaraCMbIM, TaK KaK IIO YCJIOBHIO — SBJIICTCA BCIMYHHOM
i

OeCKOHEUHO Majioil. YuréM mnpu MnpeoOpa3oBaHUSAX, UYTO 3HAYCHHE TIEPBOM
KPUTUYECKOM CUJIBI IO DUJIEPY PaBHO:

"

T (31)
P =—EI
3_
a TaKXKe:
A 32
1= o= )
A : N !
Torna npeobpa3yeM BbhIpakeHHUE B CKOOKAX MPH ONpeAesIeHUd;, b:
R': ~ (33)
Ej—zﬁ'fmpf
— T1=a,(b)
Pr[143_4
OKOH‘I&TCJ’IBHO MMOJIy4YnuM
I*mp? Pmp? 34
. pl—l;b.— pl—l—l (34)

7 n2p, Y7 am2p

B npuBenéHHbIX BhIpOKEHUAX 111 KO3GOUIIMEHTOB a;, b;: [ — TeKkyias IJvHa;
m — TIOTOHHAsI Macca cTaBa; Py — aMmmuTyna koiebannit ycunmus nogauu (Pr); pr —
4acToTa KoJieOaHUil yCUITUs MOIauu.

Takum oOpasom, KO3POUIUMEHTHI TAPMOHMYECKOTO pA3NOXKEHUs a;, by
BPEMEHHBIX  (PYHKIMM  TOMEPEUHBIX  TepeMemeHuit  Ag(t) (umm  By())
MIPOTIOPITMOHANIBHBI KBaJApaTaM JIJTUHBI CTaBa /; 1 COOCTBEHHOMN 4aCTOTHI KPYTHIIBHBIX
Kojebanuii P; pacnpedenéHHBII Macchl cTaBa m, a Takke o0paTHO
IIPONOPLIMOHANIBHBI IEPEMEHHOM COCTABIISAIOIIEN IPOIOIBHON HATPY3KHU Py

[Ipu paccMOTpeHMM CHCTEMbl YpaBHEHHMM MOIepedHbIX KojiebaHui crtaBa (3)
unu (23) B KauecTBe HArpy3kKd MOMUMO NPOJOIAbHOTrO ycwiusi Pp=Ppy+PricosPt
HOPUHAT €€ U KPYTAUA MOMEHT Myx=Mpyp+AMg, KOTOPBINA ABISECTCS HE3aBUCUMBIM
cioBbIM ¢aktopoMm. I[losTomMy ammmTyay W 4actoTy Kojebanmii My Oynem
OMpenensTh MCXOAS M3 JBYXMAacCOBOW KpPYTHJIBHOW KOJeOATEIbHOW CHUCTEMBI,
COCTOAIIEH M3 Macchl (MOMEHTA WHEPIMH) WMHCTPYMEHTAa [; U Macchl (MOMEHTa
UHEPIIMK) BpauaTessi/;, COeqUHEHHBIX OYpPOBBIM CTABOM, 00IaIal0IIMM KPYTHUILHOM
xéctkocThio C; (puc.4).
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MTP A /
M,
(M) M,
<

* O >
M

0 - > >

;01 @, — 0, Py (w)
Puc.5.
XapaKTepUCTHKA MOMEHTa  CHII

TPEHUsT MEXAy OYpPOBBIM HMHCTPYMEHTOM M TOPOJOM, Kak (YHKIHS CKOPOCTH
MPOCKab3bIBAHUS MEXKTY 3a00€M U HUHCTPYMEHTOM

Tax xak mpu pabore OypoBOTrO CTaHKa HET SIBHOT'O MCTOYHHMKA BO3MYIIAIOIIETO
BO3JIEHCTBUSI Ha OypoBOW CTaB, HampuMep, B IPOJOJBHOM HaIpaBlIE€HUU, TO B
KaueCTBe HCTOYHHMKA BO3HUKHOBEHHS KOJEOAHWUN TPUHAT HEIMHEHWHBIA MOMEHT
TpeHUsI MeXIy OYpOBBIM MHCTPYMEHTOM M MOPOJoi (puc. 4) B MEpPHOIbl pa3roHa u
TOPMOXKEHUS CTaBa Mo aHajioruu ¢ padotoit [5]. Konebanus 6ypoBOTo HHCTpyMEHTA
IpU €ro BpAIlEHUH SBISIOTCS CaMOBO30YXXJAIOIMMMHUCS (ABTOKOJEOAHUSIMU),
NPUBOJAIIMMA K PAa3BUTHIO MMapaMETPUUECKUX MPOJOJIBHBIX W MONEPEUYHBIX
KoJIeOaHUM, KOTOphIE TPU HAIUMYUM IKCICHTPUCUTETA MPHUIOKEHHUS MPOJI0IHLHON
Harpy3Ky IPUBOJAT €€ U K PA3BUTHUIO BHIHYKJIEHHBIX KOJeOaHuii OypoBOro crasa.

Eciu cyauTe mo Xxapaktepy MpOAOJbHBIX NEpPEeMEIIeHH CcTaBa, TO OHHU
SBJISIFOTCS] BO3BPATHO MOCTYIMATEIbHBIMU C U3MEHSIOMIMMUCS AMIUIUTYIaMH, KOTOPbIE
OoOyCJIOBJIEHbI ~ AaBTOKOJEOAHUSIMU B  KPYTWJIBHOW  JBYXMAacCOBOM  CHCTEME.
PaccmarpuBas mpaByro 4YacTh ypaBHEHHs (28) W XapaKTepUCTUKY HEJIUHEHHOTo
TpeHus [5] craeiaeM BBIBOJ, YTO XapakKTep KPYTUJIbHBIX KOJI€OAHUN MOKET ObITh
YCTaHOBHUBIIUMCSI KBa3UTAPMOHHMYECKHMM, HApacTalOIMIMM TapMOHUYECKUM WJIU
penakcauMoHHbIM. JJis yCTaHOBJIEHMsSI BHJIOB KOJI€OaHM HEOOXOAMMO OTIEIBHO
pPacCMOTpPETh TPOIIECC BO3HUKHOBEHUS OTUX aBTOKOJEOAHWN B KPYTHUIIHLHOU
JIBYXMacCOBOM CUCTEME U OMPENIETUTh XapakTep npupaiieHus AMy.

Hcxoas u3 u3noKeHHBIX COOOpaXeHU U MmpeHeOperas 3aTyXxaHueM B yHpyrou
MEXaHUYECKON CHCTeME: MHCTPYMEHT-OYpOBOM CTaB-pOTOP MPHUBOJHOIO JBUTATEIS
(Bpamarensi) coctaBuM cuctemy auddepeHInaIbHbIX YPaBHEHUN, OMMCHIBAIOIIYIO
BO3HUKHOBEHUE CaMOBO30YKJAIOIIMXCSl KPYTWIbHBIX aBTOKOJeOaHUl B OypoBOM
CTaBe:

{[1951 + Cley — @2) = My + M, (@) — 0g) + My(¢; — 0p)* — M3(¢; — 6 (35)

L, + C(@, — @) = =My + My(wy — ¢;)

rae [, I, — COOTBETCTBEHHO MOMEHTHI HMHEPIMM HUHCTPYMEHTa U POTOpa

JBUTaTeJIs;
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C — xécTkocTh OypoBOro craBa, OOYCJIOBIJIEHHas mpoleccaMu OypeHus u

Glp

HapainuBanus oypoBoro craBaC = -

[IpaByro YacTh MEPBOTrO ypaBHEHHS cuCTeMbl (35) mpeacTaBiseT MOMEHT
COIIPOTHBIICHUS TIPY OYPCHHUH CKBaYKHH:

Mc:MI}+M1['¥51_':UD]—I_ME(‘J[EJ__WD]:_Ma[‘!ﬁl_mﬂja (36)

OrpaHu4YuMCs B Pa3ioKeHUH QYyHKIUH M B PSI TPEMSI ClaracMbIMH.

Bseném 00o3HaueHus @ — wy = A@,; (wg — @,) = Ag,.

M. =M, + MA@, + M,A¢p,” — MyAg,° (37)
rne M; M, M; — xo>hPUIIMEHTH XapaKTEPUCTUKH TPEHUs OypOBOTo
UHCTpYMEHTa O mopoay, puc.5 (M;, M, — COOTBETCTBYIOT OTPHUIATEILHOMY

neMiupoBanuio); My — ko3hQUITMEHT 3aTyXaHHs B JBUTATEIIC.

B pesynbrare MCHONB30BAHMS XapaKTEPUCTHKU TpeHus B Buue (37) cucrema
ypaBHeHHH (35) CTaHOBUTCS CYIIECTBEHHO HeauHeWHou. [ pemenus (35) BHavase
OyZileM UCXOIUTh U3 JTMHEHHBIX CUCTEM (TO €CTh MpeHeOperaeM 3HaUeHUsIMU Mo, M),
a TakKe M3 TOro, YTo JABUTaTellb 001anaeT abCOMOTHO KECTKON XapaKTEPUCTUKOM.
[IpuHsATHIC AOMYyIICHHUS HE CYIIECTBEHHO HMCKA3sT KaYECTBEHHYIO CTOPOHY 3aj/laywu.
Torna BmecTo (35) paccMOTpUM OJIHO ypaBHEHUE B hopMme:

L, + C(@, —wnt) = My + M Ag, + M,A¢,” — M3Ag,* (38)
O603HaYNM Ty = n:—“; "= n:—l; p? = IE 1 npeobpasyem (38) k Buny (39):
@, — g, +p e, =1, +p wyt (39)
Torna ogHopoaHOe ypaBHeHue 11 (39) nmeeT BU/I:
@y — 1y +p@, =0 (40)
3anuieM xapakrepuctuieckoe ypasHenue s (40):
A—_—ni+pi=0 (41)
Kopuu (41) OynyT paBHBI:

2 (42)
‘;l’l," = r_li ||i_p2

2 N 4

2
[onaras p* > %, TO pellleHrue OJHOPOJIHOTO ypaBHeHUs (39) OyaeT UMETh BUA:

@, (t) = e%r (A,cosp,t + B, sinp,t) (43)
Tax kak @; (0) = 0; @ (0) = wy, T0 4,=0; B, #0.

Torpa B, =ﬂi Py = |p? —=
oy 4

YactHoe pemienue (39) umiem B popme:

@(t) = At + B, (44)
@(0) = A, = w,

@(0) = —nwy + p?By =1y
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B. — nt T;f Wy
.
BanHmeM o6mee pemenue (39) xak cymmy @1 = @, (t) + @, (t):

nt+ Tl g (45)

. Wy
@, (t) =e? —smplt + wyt +
Py

PaCCMOTpI/IM Bblpa}KCHI/IC IUISL CKOPOCTH (O (t).

. Wo ry
@, (t) = EE 712 sinp,t + e2 “wycosp,t + w,

Pi1
WU
@, (t) = et (%ﬁ sinp,t + wycospt) + aw, (46)

By
3armmreM Beipakerne mu Ag = A@, (t) — wy:
o T2y (47)

no.
Agy(t) _p_ el (EEI”PJ"'PFGSPH)

1
. gy .
B npuBenénnom Bbeipaxkenuun (47)— = B;, KoHCTaHTa, ompeaeli€éHHas U3
2L
HayaJbHBIX YCIOBUM IPU HHTErpUpoBaHuH (39).
Ecnu yuuThiBaTh HENMMHEWHBIH XapakTep MomeHTa cwil Tpenus (37), To

NpUpAIICHUE YIIIOBONH CKOPOCTH MHCTPYMEHTA 3aITUIIEM B BUJIE:
LS
Ag,(t) = B,ez t(Elsinplt + p,cosp, t) (48)

rae B;=B;(t) — nepeMeHHast aMIUTUTY/Ia IPA aBTOKoJIeOaHusIX[5]:
B
B 1 (tj = 2

31'"3?1 ) —rt 31'"3?% 2
(l ir, B: —|——4]_r,1 B;

B kauectBe BynpuHUMaeM 3HAUEHUE aMIUIUTYAbl aBTOKOJIEOAHUN B JTMHEHMHOMN

3aaaue (pemenue (43)).

Wo
Bﬂ —_— _J
P1
M, My
1, =—; 3 = — — [IOCTOSIHHbIE KOA((DULIUEHTHI pa3ioxeHus Mc.

I, I,
Takum oOpa3oM MbI Mmoy4dnin Beipaxkenne maust A@ B Bume (47), (48). Toraa

3aIUIIeM BBIpQKCHUE I JUHAMHYECKOTO KPYTAIIEro MOMEHTa B ypaBHEHUH (28):
Mgy = Mg+ ?elﬂ;r[%sinplt + p,cosp )M, (49)
1
BrinmosmHuM yTOuHEHHOE ONpEeIeHHEe YacTOTh U GOopM KosieOaHMil.
Ecmu ¢dopmanpHO cyuTaTh, 4TO B KPYTHJIBHOW KOJIEOATENBbHON cHucTEeMe
OypoBOro cTaBa MPOUCXOIAT KBAa3UTapMOHUYECKHE KOJeOaTeNbHbBIE MPOLECCHI, TO
cuctemy nuddepeHInaIbHBIX YPaBHEHUHN ABMKEHUS (BpaleHus) OypoBOro crapa C

camMOBO30Y KTAIOLIUMUCS BUOPAIIUSIMHU MOYKHO 3alMCaTh B BUJIE:
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L, +C(p, —@,) = My + M, sinp,t (50)

{f:‘sal +C(p; — @) = My + Mysinp,t

Toraa QyHKIMH:

@, =¥y +wyt + Yysinp,t (51)

{fpﬂ =Z, + w,t + Z,sinp,t’

IpU COOTBETCTBYIOLIEM BBIOOpe MOCTOSHHBIXY), Zj Y;, Z;(51) sBastorcs
pemenusimMu cuctembl (50). IloacraBnsst (51) B (50) monmydaem anreOpandeckyro
CUCTEMY I ONpEeIeTICHHs aMIUIUTY 1 KojeOaHuii Macc (MHCTpYMEHTAa U BpaliaTess),
a TaK»e OMPEJEICHHS YaCTOT COOCTBEHHbBIX KOJIE€OAHUN B KPYTUIILHOM CUCTEME:

{ (C—p?L)Y,— CZ, =M, (52)

—CY, +(C—p*L)Z, =M,

CocTtaBuM OnpeAeIuTeNlb CUCTEMBI (52):

C—p?l —C
—C C—p°lL
Ecnu npupaBHATh onpenenutens K HyT0 A=(0, To MOIy4uM ypaBHEHHE YacTOT

(53)

A= ‘ =p Ll —p?C(IL + L)

KPYTHJIbHBIX KOJIEOAHU CTaBa:

4 :C(IJ._FIZ):G (54)
L1,
Pemas (54) naxoaum
. ,_C+1L) (55)
py =0; p; = I
oy

KopHu ypaBHeHUs 4acTOT pp=0 rOBOPST O TOM, UTO CUCTEMA MOYKET COBEPIIATH
BpallaTesibHOE JABUKEHUE BOKPYT T€OMETPUYECKON OCH CTaBa, HAIIPUMEP C yTIOBOM

o el +1.) .
JacTOTOH . 3HAUEHHUE KOpHA Py = L IIPEACTABIISIET coboit CO6CTBeHHyIO
142

94acTOTy KOJIeOaHM TBYXMAaCCOBOM BpaIaTEIbHOW CHCTEMBI.
3anuiieM omnpeaeauTeNb s BBIUMCICHUS aMIUTUTY]bl KoJiebaHuM OypoBOTro

MHCTPYMEHTA (IIEPBOIl MacChl):

A =10 )
Mﬂ C - pr Iﬂ

3anuieM ONpeNeNnuTeNb Ui BBIUMCIEHHUS aMIUIMTYAbl KOJEOaHWH poTopa

, 56
=M,(C—p.L)+CM, 6

nBUrartesns (BTOpoil Macchl):
= ‘C —-pil, M,

- _C Mﬂ

Jlns onpeienieHust aMIUIUTY A Kojiebanui macce Y;, Z; 1OCTaTOYHO UCIIOIb30BaTh

(57)

= M,(C—piL) +CM,

COOTHOILICHHUA
A, A, (58)
Y,==; 2, = —,
A A

HO TakK Kak MpU aBTOKOJIEOAHUSAX B MpaBoi yacTu cuctembl (50) mepemeHHbIe
BEJIMYUHBI YPAaBHEHUI U3MEHSIOTCS C YaCTOTOH p;, KOTOpas sIBISETCS COOCTBEHHOM
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4acTOTOW KPYTUIIBHOW CHUCTEMBI, TO INpPHU OINpeneiaeHuu Y; Z; BOCIOIb30BATHCS
COOTHOLIEHUSIMH (58) He mpeCTaBUTCS BO3MOXKHBIM, B pe3yibTare aeneHus Ha A=(0.

N3 cooTtHomeHuit (58) BO3MOXKHO TOJYYUTh TOJBKO OTHOIICHHE AMIUIATY

o ¥ A b
KoJeOaHmit z—l = ﬂ:l OZIHAKO npupaBHUBanus B;=Ymu3 (43) sanumem Y; = =, Torma
z o

1 1
13 BeIpakeHus (59) Haiiém
Eh:. ey (59)
Z, ==
Ay Py
BoinonHenHsle npeoOpa3oBaHHs TMO3BOJAT HAWTH COOCTBEHHYIO YacTOTYy
KPYTUJIBHBIX KOJeOaHWUW JUIsi JAByXMaccoBOM cuctembl. [Ipu 3TOM aMmiauTyxy
KOJieOaHUM MEepBOM MacChl BbIOEpeM U3 COOTHOoIIeHU (47), (48), mpu 3TOM 4acToTy
KPYTUJIBHBIX KOJI€OaHUM, a TAK)Ke YaCTOTY U3MEHEHHSI MPOI0IBHOTO YCHIIUS TPUMEM
paBHO p;, hopmyna (55).
3amMeTuM, 4YTO JBYXMAaccoBas KpyTHJbHAs CHUCTEMa TPEICTaBIAECT COOOM
JUTMHHBIN BaJl (C pacnpeaeéHHbIMU MapaMeTpaMu) Ha KOHIIaX KOTOPOTO 3aKPETICHbI
nBe Maccel (puc.4). dakTudyeckd, MOMUMO MOMEHTOB WHEPIMH OYypOBOTO
MHCTPYMEHTA U MPUBO/JIA, IPUCYTCTBYET MOMEHT MHEPLIMU OypOBOIO CTaBa, KOTOPBIM
HEOOXOIMMO YUUTHIBATh NPU PEIICHUH YPaBHEHHSI YaCTOT.

®dopmyna (55) maér 3HaYEHUS OCHOBHOM YAaCTOTHI, MPH ITOM K MOMEHTaM
1
WHEPLHUH Kax10ro aucka (1;, I;) Heodbxoaumo 100aBUTh 3 I, MOMEHTa MHEPIUH CTaBa

OT KaXKJI0TO JMCKa JI0 y3Jia KojieOaHuii Baja [6]

3L,+1L°° 311 +1,

[TokaxkeM BO3MOKHOCTb OMPEICIICHUS aMIUIMTYJA TNpHU aBTOKojeOaHusax. Jlms

I, L

=1+

TOro npeodpaszyeM ypaBHeHHE (28) ¢ yuéroM KpyTaiiero momenta AMyg (49) k Buny:

El ;my% P mw?® Pg, m> 3 (61)
Al + | —(=) — - —cosp,t| Ay(t) = ——= (Mg, +
(9 m{E) m 2 m 120 (9 mi3 (Mo
o ZLehy | . By Py
—|—M1;e 2 (Esmpl —|—p1cosp1r)j(aismgt + bicﬂsE t)
O0o03HauNM
Wy i T .
L(t) = (Mg, + M, —e2° (Elsinpl + p,cosp, r)j (aism% t + b,cos (62)
By

YpaBuenue (61) siBisgeTcss HeOAHOPOAHBIM AU PEepeHITMaTbHBIM YPAaBHEHUEM C
nepeMeHHbIMU KO3 duninenTamu. J[si ero pemieHus BOCIONB3YyEeMCS PEIICHHEM
OJIHOPOJIHOTO ypaBHEHUss Matbe 1o merony [1], a mns peueHuss HEOJHOPOAHOIO
YpaBHEHUS W TOCTPOCHHSI OOIIEro penieHus MNPUMEHUM METOJ] BapHualluu
MIPOU3BOJIBHBIX TTOCTOSIHHBIX B hopme [3].

O6miee pemieHne HEOTHOPOTHOTO U PEpEeHIHATEHOTO YpaBHEHHs (62)
peICTaBUM B BUJIE:
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At) = alsin% t+ blcos% t+A'(t) (63)

[lepBbie 1aBa crmaraeMbIX MPEACTABISIOT OOIIEe PEIICHHE OJHOPOIHOTO

P - B )

muddepeHIanbHOr0 YpaBHEHUs, TIe Sm?l t,cos ?l t 1Be JMHEMHO HE3aBUCHUMBIC
GyHKIUKM, SABISIOIMECS 4YacTHRIMM pemenusamu (24), aA’(t)uactHoe pemenue
HEOJHOPOIHOT'O YPaBHEHUSI TPUHUMAEM B BUJIE

Af(t) = a.‘i(t]sin%t+ b} [t]cos%t (64)

B Boipaxenunn (64)a;(t),bj(t) — cumtaem HEKOTOPHIMH HEH3BECTHBHIMH

P P
* *

dynxmusamu Bpemenn. a;(t), by (t) onpenensem Ha ocHOBaHMY [7], HCIIONB3YS METON

BapHallMM MIPOU3BOJIBHBIX MOCTOSIHHBIX U 0003HAYMB MPABYIO 4acTh ypaBHeHuUs (61)
B BuJe GyHKIMH L(?), 3anUIIEeM:

(6 - L[t]cas‘t—;lt (65)
ajlt) = :

I*m [[sin‘t—;l t]’cos%lt — sin‘t—;lt[cos Ezlt) T

3 [—L[t]jsin‘t—;lt (66)

bi(t) =
IFm (sin‘t—;l tj“cos‘é t— sin‘t—;lt[cos‘t—;ltj’

BBeném 0003HaueHUE:

Alt) = sin 21y [c?g:rsﬂ t) — cosﬂt[sinﬂt]' S Yy p— (67)
2 2 2 2 2
Torna gactaoe pemenne A’ () Ha ocHoBaHMH [7] 3armmIeM B popme:
1l p P p P (68)
AY(t) = —= | (sin==tcos =t — cos =Tt sin —t)L(t)dr
(&) IEmﬁJ-[ 2 2 2 2][]
D

PaccMoTpuM OTAENBHO JIEBYIO M TIPABYIO YaCTH MOJBIHTETPATLHOTO BHIPAKCHUS
(68), BBIMOJHUM MOJACTAaHOBKY (yHKIUU L(?), mpeoOpa3zyeM TPUTOHOMETPUUYECKHUE
BeIpakeHus (65), (66) k Bumy yao0HOMY JJIsl MHTETpupoBaHus 3anuiieM (69), (70), a

3aTeM BBIIIONHIM HHTErpupoBanue 1o (t) u samummeM a’ (t), b (t):
3

py I¥m 69)

Zef T : . P1 . By n .
+ M, w efr(—la. sinp,t-sin—t + a,cosp, t-sin —t+ —b,sinp,
1@y 2p. 1SRy 2 1 [ 5 2p. 1 P

1 Py
+ b,cosp,t - cos% t)j . cas% t

Bi(t) = 2 2 (u
! p, Bm " 70)
Fef M : . P . Py " :
+ M, w efr(—a. sinp,t-sin—t + a,cosp, t - sin —t + — b, sinp.

1@y 2p, 1SRy 2 1605y 5 20, 15 py

+ b,cosp,t - cos% t)j . sin% t
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[Tocne unterpupoBanus (69) u (70) noayuum:

3
T 4 . 71
aj(t]=—[——ﬂMﬁ505'p t+ Mw,— e N P (72)
Bm* pf 2 2p, 2
el S el "o
r.:—. Esmplt —pycospyt | — ,,—(— sinpyt — Zplcasplt)
f—hﬂf 4[ + 4p;
-t
g el 1 7 2 nt
+M1mualcos%t ,.—(— (Elcosplt + plsinplt)) —4—.9 2
T . r
&+ i !
"y
e?’ r
- r:—(—l cos2p,t + 2p,sin2p, t)
35 T 4pi
4t
m,
Py o, 1 gz 1.m
+M, wyb,cos —t|ez ———-—(—caszplt + 2p,sin2p;t )
2 in :r"l +4p? 4\2
1
o,
. el T 4 .
+M,w b, cos B ﬂ—{—lcoszplt + Eplsinzplt} +— MDCGE.‘& t
i_|_ 4pl Pi 2
4 Pi
Ma, Py Py
2 mucos—tr:—
' 7 +pi
t r M a.
—Mlalmﬁcasp t -I-Mlctlmﬁcaspl L —— lmucas—t
2 T . Zn 2
. r M, b. r
+M1a1mucﬂsﬂt 5 < + El lchaspz t+M,b. mumsplt 5 L
z(%+4 f) " 8(%4— f)
"
+ M, b wycos—t .
T 2
2 (¢+ 4;?1-)
Ty @y (72)

4
biit) = _!_p_ Mysin® p—r+'—fL wo
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L
2 n gzt (i"J_
2

r
cosZp t+ Zplst'rzz;:llr‘:l sin pTL

ry -
= +4py
il L
M R 1 LT
Myayw Z T r gz r
¥.L—($sir:2plt—Zp]_coszpj_r‘,lsir:%rh’dlwn,}—Lbl 5= (;Lsir:plt—plcos
5N 22 ’ 2 Z S
R i
4 4
r
1 ezt gy N
12 (;smzplr—zp]_cmzplr‘] sin_st
L -2 d 2
= +4p]
1 L
LR 1 RS
ez g €z T
+ Mycphy ;P_:—(;Lcnsplr+plsir:pj_r:]+EP_: (;Lcnszplr+ Zpls:'i':zplt} sfr:%r
“n z & 1 z & =
2 TP 3 T4
L T M (—2p,)
+;’-i'1_m,}nj_$ 7—.—1' si?:%t +%.i-sin%t
1 PP,z = L z =
Z(T"'PL] 3 T4
T 1 i{=py) 1 (=2p,) T 1 T 1
+J’dlmn$bl Ep: P +E- . P sir:%t+l’-flmnbj_ - +§L - sir:%r
“Pr o |=T, L2 P1 z = L - " z =
Tt T A i S w1

B ctpyktype pemenust (63) nuddepeninmansaoro ypaBaenus (61) pis obiero
perieHus OJTHOPOJTHOTO ypaBHEHUS aAMIUTUTY IbI KOJIeOaHMit aj,
(b ;)IpAMOIIPONIOPLMOHAIBHBI KBaApaTy JUIMHBI cTaBa (/°), KBaapaTy BO3MYILIAOIIEH
4acToThl (P3), COOTBETCTBYIOINEH KBaJpaTy YacTOThl COOCTBEHHBIX KOJIEOAHWIA,
MOTOHHOW Macchl cTaBa (m) W OOPAaTHO MPOMOPLMOHANBHBI AMILTUTYE U3MEHEHHS
npooapHON Harpy3ku (P;;). VM3 aHanmm3a 4YacTHOro pemieHus ypaBHEeHHsT (64)
usgA*(t) cnemyer, 4To aMIIHTYABI KONeOaHWH MPOMOPIMOHANBHBI SKCIIOHEHTE B
CTENEHU pABHOM TAHIEHCY YyIJIa HAaKJIOHA XapaKTEpPUCTHUKM MOMEHTAa TpPEHUS B
00J1aCTH HUCTIAJAIONIETO y9acTKa, YTO XapaKTePHO MPHU yIETE TOIHKO KOdpdUIMeHTA
XapaKTEPUCTUKU TPEeHUsI M, €ClIM ke YUECTh B PEIICHUU HEIUHEHHbIE claraeMble C
koddurmentamu Mou M3, To packadka KoJjieOaHUN OyneT MMETh OTpaHWYEHHBIN
xapaktep [5]. Kpome Toro, kak cieayeT W3 4YacTHOTO pELICHUS, aMILUIUTY/IbI
KoJebanuii OyAyT MPOMOPIIMOHAIBHBI YTJIOBOM YacTOTE BpAIICHUS CTaBa g, H
koadduienTy M;, a Takke 0OpaTHO MPOMOPUUOHANBHBI KBAJIpaTy BO3MYIIAIOIICH

29
1

1 o “ o
9aCTOTbl —;, KOTOpas ABJIACTCA YaCTOTOH COOCTBEHHBIX KOJIcOaHUIt KPYTHJIBHOH
p

CUCTEMBI.

®opma nuddepenumnanbaoro ypasHenus (61) u ero permenus (63) mo3BONSIIOT
C/IeJIaTh BBIBOJ O BO3HUKHOBEHHUH U MOJIEP>KAHUN aBTOKOJIE0ATENbHBIX IIPOLIECCOB B
OypoBOM cTaBe 3a CYET HECTALIMOHAPHOTO TPEHUSI MEXAYy OYpOBBIM HHCTPYMEHTOM U
MOPOJIOM. YCTAHOBJIEHO, YTO MPOIIECC PACKauKu KPYTUJIBHBIX KoJeOaHUU cTaBa
OPUBOJUT K Pa3BUTHIO MPOJOJBHBIX M MOMEPEUHbIX KojeOaHuil. B nmanbHeiimem,
OCHOBBIBasICb Ha (paKTe CyIIECTBOBAaHUS YCTONMYMBBIX aBTOKOJIEOATEIIbHBIX
poLEcCOB OypOBOTO CTaBa €CTECTBEHHOTO MPEINONI0KUTh, YTO BU 3TUX KOJICOaHUI
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ABJIIETCS KBa3UTapPMOHUYECKUM, [TI03TOMY Ha OCHOBaHMHU peleHus (49) onpenensem
aMIUIUTY 1y 3TUX KOJICOaHUI.

[lepemenHas yacTh BelpaxkeHUs (63) sBIsETCS HapacTarolled pyHKIMENH Tak Kak
MBI €€ paCCMaTPUBAEM Ha HHUCIAIAIOUICH BETBU XapaKTEPUCTUKN TPECHUSL.

B neiictBuTEnBHOCTH B CHJIy TOTO, YTO HAUMHAET MPOSIBIATHCS BIUSHUE
KO3 (UIIMEHTOB XapaKTEepUCTUKU TpeHus M> u M; ammiuTynbl KosneGaHUil He
JOCTUTalOT OECKOHEUHbIX 3Ha4eHW, a OyayT orpaHudyeHHbiMH. [losTomy B
COOTBETCTBUH C BbIpaxkeHHEM (49) ompenenrM HadallbHYIO aMIUIUTYy KoJeOaHui
YIJI0BOM CKOPOCTH B CJIEAYIOLIEM BUJIE:

— (73)
wy |T°
Aw =— |— + pi
Py 4

Ecmu HCXOOUTh H3 KBASUTapMOHHUYCCKOI'O IIPOTCKAHUWA aBTOKOHC6aHI/Iﬁ, TO
3aKOH M3MEHEHUs YITI0OBOM CKOPOCTH OyPOBOTO MHCTPYMEHTA IPHOOPETAET BUIL:
Ag,(t) = Awsin(p, + a,), (74)

2p o
e (¢; = — — HavajbHas (a3a KoJeOaHuil.
T

Bripaxkenue (74) MOXKHO MpeCTaBUTh B BUJIE:
T
Ag,(t) = Awcos (pt+ a; — E] (75)

Havanphas da3za xonebanmii 1yisl ATUTENBHBIX KOJeOaTENIbHBIX MPOIIECCOB HE
CYILIECTBEHHA, TO3TOMY BBIPAXKEHUE JJIs1 KPYTSIIEr0 MOMEHTA MOXKET OBbITh IPUHSITO
B BUuAeM(t)=Mxo+M;ADcosp t Tak ke, KaKk B BbIpaxeHusx (23).

O6patuMcst Kk HeogHOpoaHoMy auddepeHmansHoMy ypaBHeHU0 (61) (c
npaBod 4YacThbio), OyleM CYHUTaTh, YTO MPOLECC NPOTEKAaHUS aABTOKOJICOaHHI
ABJISIETCSI YCTAHOBUBILMMCS MU KPYTSAUIMI MOMEHT, MPWIOKEHHBIM K OypoBOMY
WHCTPYMEHTY U3MEHSETCS 110 3aKOHY:

My=Myxo+M1Awcospit (76)

Torna B ypaBaennu (61) dyukmus L(?) Oyaer UMeTh Ipyroi BU.

JIns pemenust ypaBHeHus (61) mo ananoruu ¢ (62) 3amuiineM BbIpaKeHUE IS
byskiun L(t) ¢ yu€ToM BbIpaKEeHUS (76)'

L(t) = (Mg, + M,Awcosp,t)(a, sm 1t +b. ms,t;l t (77)

Tornma cornacHo [7] wacTHOe pemieHue ypaBHeHus (61) ¢ mpaBoit yactbio (77)
ompenenum 1o Gopmyre:
(78)
P1

A (t) = Iamﬂf(sm—r r_?aspz t—cas%r- sin.Et]E(r]dr
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A =—= < O g2t tf [ xo @y Sin? —r—!—M ,a, Awcosp, T- sin? ST+

M, .b, ms T - sm—r—l—M b, Awcosp,T- ms—r sm ]—

—sn—tf [Mmalsm T+ M, a, Awcosp, T - sm—r cas 1T+
Mﬁﬂblcasz P11 + M, b, Awcosp,T- cos? r] dt = !H—ai ms%t [M}EUQIG—
isinplt) + M, a,Aw (—smplt — —t + —sianlt) + Mﬁublgsin%t +
M;b &m—(l — casZpltJ] — == cos™ t(Mmal(——isinplt)—k
Mlalﬂmg—m(l — cos2p,t) + Mlblﬂm(gsmplt - Et + isianlt -

Myob: (5 — isinplt)j

rae A = —% = const, popmyna (67)

OO6miee perieHue HEOJHOPOJHOTO ypaBHeHHs (61) 1 yCTaHOBUBIIMXCS
KBa3UTAPMOHMUYECKUX KoyiebaHuil monyumin B Buiae (63) ¢ ydéroM YacTHOTO
pemenns (78)A° (t) u BrpakeHus (76) nus KpyTAIero MomMeHta Mxy.

B psne cnydaeB OypeHHs CKBaXMH KapbepHBIMM CTaHKAMHU IIAPOILIEYHOTO
OypeHus, Tak Kak ¥ TpuU OYpeHHH CKBa)XHH BpallaTeIbHO-yAAPHBIM CIIOCOOOM
(cranku tuma HKP) nenecoobpa3Ho HCHONB30BaTh MHEBMOYAAPHBIA MEXaHU3M,
KOTOPBIY TPH TIPABUIILHOM BBIOOpPE €r0 MapaMeTpoB, MO3BOJIUT TIPH MPOUYUX PABHBIX
YCJIOBUSIX MPOU3BOIUTH OoJiee 3pdekTuBHOE OypeHne ckBaxuH (puc. 6). OcHOBHas
uzes UHTeHCUu(UKauuu OypeHHsl C MOMOUIbI0 IMHEBMOYJapa COCTOMT B TOM, YTO
UMITyJIbCHOE€  BO3JIEUCTBHE MEXaHM3Ma Ha TMOPOJY [JOJDKHO MepelaBaThCs
HEMOCPEACTBEHHO Ha 3a00i, a He Ha CTaB INTaHr. MeXaHu3M Takoil mnepenadyu
UMITyJIbCHOTO yCWIMs Ha oOpabaTbhiBaeMblii OOBEKT MNPOWLIIOCTPUPOBAH B
ucrounuke [8]. Y3 uncro dpuzndecknx cooopaxeHni Mpu Nepeiaue yCWIni B Cirydae
MEXaHU4EeCKOM 00pabOTKM METaIOB, Mbl MPOBEAEM AHAIOTHI0 MEXIY YJapHbIM
BO3/ICHICTBHEM BUOpaTOpa HA CTAHUHY U BO3JICHCTBUEM THEBMOYJApHUKA HA PYIHBIH
maccuB. Ecim coOcTBeHHas yacTtoTa KojeOaHWW CTaHMHBI (B HallleM cliydae
OypOBOTO CTaBa) MPEBBIIIAET YACTOTY HAJOKEHHBIX BUOpaluil w;>w, TO CTaHUHA
(ctoiika unu OypoBOHM cTaB) OyJleT BOCIPUHUMATH HArpy3Ky OT YCHJIMS MPYOKATHS,
BKJIIOUYAIOIIYI0 CTAaTHYECKYI0 M JUHAMHYECKYIO cocTapisionryo. [lpu stom
IUHAMUYECKass COCTaBlsiomias OyAeT pacxoloBaThbCs HAa  JIONOJIHUTEIbHBIC
Kosie0aHusl U pa30rpeB KOHCTPYKIMH (B HalleM ciiydae ctaBa). Eciu sxe Oyaet umetsb
MECTO HEPaBEHCTBO ;7<,TO CTaTUYECKas Harpy3ka OyJleT rnepeaaBaTbCs TOJbKO Ha
CTaB, a IUHAMHYECKAs — OT MTHEBMOYAapHUKA Ha 3a00M.

B stoM coctout 3dgdext BuOparmoHHoro OypeHus. YcioBue 3(pGheKTUBHOTO
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OypeHHsl ¢ MTHEBMOYIAPHUKOM JiJIs1 OypOBOTO CTaHKa IApOLIEYHOro OypeHus Oynaer
UMETh BUJIL:
Q<po=27‘[po, (79)
rae  — coOCTBEHHas 4acTOTa MONEPEYHBIX KoJiebaHHi OypoBOro craBa NpHU
HONEPEYHOM U3rule ¢ yUETOM yCcuus npuxatust P (CTaTHYECKOro);
Po — KpyroBas YacTOoTa HJIOXEHHbIX BUOpauui (yacToTa KoJeOaHM
MTHEMOYJIapHUKA);

po — TMHEWHas 9acToTa KoJieOaHui MHEBMOY/JapHUKA.

OnupaHHE CTAEAE
PH{ O-TONATIHEC
' CHCTEME CTAHKA

GE
s\\

A ! ZI
Z | £ dy
z . 2
2 g
g I = e
] =
< | >
% i § Evporoit
ITneEno- S iz
P—1 | ATE e
FRapHHE ES i 2
2 - g
qar B
| (unuua cTaBag [ g
Z | 2 Pocospot
# 2 £
g ! 2
= = [ i’ <
Eyporoit z 3
r——— 3 ' z.h
HHCTRPYM = I =
. - -
SE—— ™
oo >
‘i\ oy gg WA
T OIupaHne cTaBa Ha sabol
Pn (yIpyrad peaknua sabod)

Puc. 6 PacuétHas cxema OypoBOro crtaBa Npu OypeHMH C HAJIOXEHHBIMU
BUOpalUAMU:

m;, [} — Macca 1 MOMEHT MHepUHH OypOBOrO MHCTPYMEHTa; my, I, — macca u
MOMEHT HHepuMH (IpUBEIEHHAs) pOTOpa JBUraTells Bpallaresis; o — YIJoBas
CKOPOCTb BpalleHus cTaBa; Prj, po — yCHIIME U 4acTOTa y1apoB MTHEBMOYIApHUKA.

JUis onucaHusi BBIHY)KJIEHHBIX KojeOaHuil OypoBOro craBa, 00OpYJOBAHHOIO
ITHEBMOYJAApPHUKOM, MCIOJIb3YyEM MOJXOJI, MPUMEHEHHBIN B [1], ¢ yuy€TOM TOrO, 4TO
CTaB MMEET HAaYaJIbHYIO0 HENPABWIBHOCTb, HAarpyX€H IOCTOSHHOM COCTaBJISIOIIECH
ycwiusa mnogaud Py W cOBepIIaeT BBIHYXKACHHBIE KOJ€OaHUSI B COOTBETCTBUH C
XapaKTePUCTUKONW pabOThl THEBMOYJAPHUKA, COTJIACHO 3aKOHA!

Pny = Pryo+Pnyicospot (80)

[Ipu cocTaBneHuM ypaBHEHUI JBM)KEHHS CTaBa IPH KOJeOaHHSIX cTaBa Oyaem

UCXOAUTH U3 TOIO, YTO CTaB COBEPIIAECT MEPEMEIICHUS B IBYX IUIOCKOCTSIX, TaK KaK B
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cucteme (21) ¢ yu€tom cobcTBeHHBIX (hopM KosieOaHuit (22) U cuctemMe ypaBHEHHM
(23) nmns ommcaHWsS TPOIECCOB, MPOTEKAOIIMX BO BPEMEHHU, TOJIBKO 0e3 ydéra
CBSA3aHHOCTH C KPYTWUJIbHBIMHU KoJjieOaHusiMu (21). B Hamiem ciyuyae BBIHYXICHHbBIC
KojeOaHusi B cucTteMe OOYCIIOBJIEHBI NMPOJOJIbHON CHIION, MPHIIOKEHHON B OJHOU
IJIOCKOCTH C OChIO CTaBa M HaumOOJbIIMM MporuboOM cTaBa, MOpPU OSTOM
HKCUEHTPUCUTET e=a. JIpyTMMHU CJIOBaMHU IpU BpallleHuu OypOBOTO CTaBa MPOEKIIHS
AKCIIeHTpUcUTeTa OypoBoro craBa Ha ocb OY (mrockocth XOY) u3aMeHsieTcs Mo
3aKOHY:
a(t)=agpcoswot,

rne ap — abCOJIOTHOE 3HAa4YeHHE HKCUEHTPUCUTETa MPH CMEIIEHHH OypOBOTO
MHCTPYMEHTa B 3a00¢;

o — YIJIOBAsl YaCTOTA BPALEHUsI CTAaBa KAK CIUIOIIHOTO CTEPHS, TOI/Ia BpEMs

T
IMOBOPOTA CTaBA HA YTOJI ; COCTaBUT

t, = i . (81)
o 2ay,

CocraBum guddepeHnranbHOE  YpaBHEHHUE JAUHAMUYECKON  MPOAOIBHOM

YCTOMYMBOCTH  CKATOTO M CKPYYMBAEMOI'O  CTEPKHSA, M  HATrpy>KEHHOIO
yJIbCUPYIOLIEN HAarpy3Kou OT THEBMOYIapHHUKA.

[Ipu 3TOM yuuTBIBa€M, YTO CXKaTbI cTepKeHb (OypoBOil CTaB), HAOpaHHBIN U3
HECKOJIBKUX COCTBIKOBAHHBIX OYpMJIBHBIX TPYO MMEET HauyajbHYH HEIPABUJIBHOCTb

(Vp). 3anuieM 310 ypaBHeHuUe 110 aHanoruu ¢ (1):
o*v o°’v 3%V ‘
EIE + (Ppyp + Py cospyt) p + mo— = —(Pryp + Pryy €0SPt)-

B mnpuBenénHom ypaBHenuu (82) moja BETUYMHOW py MOHUMAEM YacTOTy

(82)

KOJIcOaHWI MOPIIHS MTHEBMOYJApPHUKA, TOJJOOPAaHHYI0 B COOTBETCTBUH C yCJIOBHEM
(79). OrmeruM, YTO WPOJOJIbHAS HArpy3ka Ha OypoBOW HMHCTpyMEHT Py =
Pryot+Pryicosppt He BBI3BIBAET B CTABE IIOTEPU JWHAMHAYECKOW MPOAOIBHOU
YCTOMYUBOCTH.

Amnanornunoe auddepeHmaibHoe YpaBHEHHE MOKHO Kpome Tuiockoctd XOY
3anucath U g miockoctd XOZ. Eciu 3anuceiBaTh TaKOE YPaBHEHUE, TO B HETO
BOUIET HavambHasl «HEMIPABUILHOCTEY (W)), KOTOpas BeiOMpaeTcs Tak Kak u V. Tak
K€ OCTAHOBHMCS HA NPEAMNOJIONKEHNUN, YTO JUHAMUYECKA HEYCTOWUYMUBBIE COCTOSIHUS
HaOIIOAAIOTCS B CTaBE JI0 MOTEPU UM YIIPYTOMl YCTOMYMUBOCTH, IIOATOMY PEICTABUM
byukuu V(x,t), W(x,t) B Buae (22).

Ecnu noncraButh B ypaBHenue (82) Bmecto dyHkimu V(x,t) byakuuo W(x,t),

TO ToJryuuM aHasior (82) B Buge (83):

9 W W W a (83)

El PP + (Pyp + Py cospyt) P +m Py —(Pyo T Pm,lcospﬂ,r]—‘
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MoncrasmaaV (x,t) = A(t) Sin% xuW(xt) =B (t]sin%x B ypaBHeHHus (82),

(83) momyunM J1Ba UAECHTHUYHBIX YpaBHEHUS OTHOCUTENBbHO GYHKUUN A(t), B(t), npu
atoMVy (0,x) =A(0)sin% x; Wy (0,x) =B(0)sin§ X

VY4uuThiBas 3KCUEHTPUCUTET NPUIIOKEHUSI HATPY3KH K MHCTPYMEHTY CTaBa e=d,

TOT1a DKBUBAJICHTHAA KpI/IBI/ISHa (Ha‘-IaJIBHaH «Hel'lpaBI/IJ'ILHOCTB») cTaBa.
4a 84
w, = -2 (84)

. =
e T

X X

B Takom cnydae auddepeHimanbHoe ypaBHEHHE OTHOCUTENIBHO (QyHKIMHN A(?)
(wnu B(t)) noay4um B BUJIE:

w4a 85
. [Pmru + Prnricﬂ-?Pnt] (85)

A"+ 0%(1 — 2ucosp,t) =

E

YpaBuenue (85) 3anucano s miockoct XOY, ecnu ypaBHEHHE HEOOXOIUMO
MPEACTaBUTh OTHOCHUTEIBHO JIO00M Jpyroi TUIOCKOCTH, MPOXOMASIICH depes
BEpTUKaNbHYI0O och OX, TO cieayeT Y4YecTb BBIPAXKEHHUE JUISI MPOEKIUHU
DKBHUBAJICHTHOM KPUBHU3HBI €=a, MNPOBEAEHHOW 4YEPE3 IPOU3BOJIBHYI IUIOCKOCTH
mpoxoJsAaiLy 4epe3 ock OX, TOorga BbIpaXEHUE IS MPOEKIMU SKBUBAJIECHTHOU

KPUBHU3HBI CTaBa UMCCT BU:

4a (86)

V= e Vorosw,t = ?casmﬂ,t,

rie @; —TepBas COOCTBEHHas 4YacTOTa IIOMEpPEYHBbIX KoJjiebaHuii craBa (0Oe3

Harpys3Ku).
Torna nuddepenunanbioe ypaBHeHHE (85) MOXKET OBITH 3alMMCaHO IS JIFOOOM
OCH, PacoJIOKEHHOU B IIIOCKOCTH Y OZ B ciie1yIoleM BHJIE:

"4 0201 _de (®7)
A" 4+ 0°(1 — 2ucosp,t) = 5 agcoswyt (P + Py cospgt)
i

*

Taxkum 006pa3om MBI MOTYyYUM 00IIIee BRIPAKECHHE NUHAMHYECKOW (BPEMEHHOM)
YacTH MEePEMEILIEHUS CTaBa OT JACUCTBUS AOMOJIHUTEIBHOTO MHEBMOYAapHUKA.
B npuBenEHHBIX BBIPAKECHUSX:

Py,

P+ kputnueckas cuna no Junepy; f = — ——
2P, —Prva

— K03 puLIMEeHT BO30YKACHUS

2TTE

Prvo =
Harpy3Ku;n = ﬂD.ﬂ=? —  k03hOdUIMEHTh BIUSHUSA, & — KOIP UIMEHT

JIMHECHHOTO 3aTyXaHus B CUCTCMC.

3anuieM rapMoHUYECKOe NpubInKEHHOE pemeHue (87) B Buje:

A(t) = by + a,sinp,t + bycosp,t (88)

Cuuraem, UYTO HeNMHEHHOCTH ypaBHeHHs (87) cinabo BbIpakeHa, a
KodpuruenTs! by, a,, b, TPUHATHI IO IEPBOMY TTPUOIKEHHUTO [ 1].

Torna:
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- 4a, Py N 1 —n? 2u®  4c (89)
o = . =
7 (P—P - " - nA. . P n
(P. = Prvo) (1—n?)(1—n? —2_1-:-]+[?]- 1__5:[&
nd (90)
p _ Zu  4a,

2 P
(1—n*)(1—n%— 2u° )—|—[E) 1__51& "

E

(91)

1—n? 2u  4a,

bz_

(1—-n2)(1- n? — 2u? ]_|_(_)z PHFD T

[TonyyenHoe penieHue ypaBHeHue (88) 3ammMcaHo C Y4YETOM IOCTOSIHHOTO
3HAYEHUS HKCIEHTPUCUTETA TPUIIOKEHUS YCHIUS mMomadu e=ay. DaxkTuuecku B
pe3ysbTaTe BpAILllEHUs CTaBa, TOUKA SKCLEHTPUUHO MPUIOKEHHON HArpy3Kd MEHSET
CBOE TMOJIOKEHHE OTHOCUTEIILHO BBIOPAHHOHN TOpU30HTANBHON ocu (Hampumep, OY),
4TO OTpaXeHo B aAuddepeHImaIbHoM ypaBHeHHH (87) COMHOXUTENEM coswot. [lpu

T TT
JTOCTH)KEHUU YTIIOM gl 3HAYEHUE ;(mot = 5) npaBasi yactb (87) oOpaiaercs B

HOJIb U YPaBHEHHUE CTAHOBUTCS OJHOPOAHBIM. Torna pemenue (87) 6e3 mpaBoii 4yacTu
OyneT UMeTh BUJI:

A(t) =Esi11p—ﬁt+Ecosp—ﬁt, (92)
- 2 - 2
rac:
1 2 Pmps 93
m=——(14pu- Pnﬂ . HPD —1 (93)
- I 40 - 2Py
— 1 2 Pmps
= = 1—.II—pD« s ﬂPD
- i 40)° 2Py

Takum o00Opa3oMm, MBI PACCMOTPENM BBIHYXIECHHbIE M IapaMETPUUYECKUE
KojeOaHusi MpU B3aMMOJCHCTBUM OYpOBOrO0 MHCTPYMEHTa € 3aboeM Il cirydas
IPUMEHEHUS AOMOJIHUTENBHOIO THEBMOYJAPHUKA.

Eciu paccmatpuBaTh ypaBHeHue (87) ¢ y4€TOM BIMSHUSL YIVIOBOM CKOPOCTH
BpallleHus1 OypOBOIO CTaBa, TO PELIEHUE €r0 HEOOXOAUMO NPOU3BOAUTH, UCIIOJIb3YS
METOJ] BapUallMU ITPOU3BOJIbHBIX MOCTOSIHHBIX [3]. B 3TOM ciiydae gaxe B pelieHUU
[0 TEPBOMY HPUOIMKEHUIO TPOMO3JKOCTh BBIKJIAJOK CYIIECTBEHHO BO3pPAaCTaeT.
[ToaTOMy oOrpaHM4YuMMcCsi B pELIEHUM ypaBHEHUU pe3yinbraramu Buzaa (88), (92).
JIOIOJIHUTENBHO OTMETHM, YTO Ba)XXHBIM YyCJIOBUEM 3(()EKTHUBHOCTU pa3pyLICHHUs
opo/ibl pu OypeHuu OyeT BhINoIHEHUE ycaoBus (79).

OGpamasich k BeipakeHuto (88) mist pyHKIMU A4(?) 3anumieM ero B BU/IE:

A(t) = by + A, sin(pyt + a), (94)

rie A> — amIuMTyAa KosiebaHuil OypOBOrO HMHCTPYMEHTa MOJ JIEHCTBUEM
ITHEBMOYJApHHKA €CJIM SKCLIEHTPUCHUTET MPUIIOKEHUS Harpy3Ku e=d.
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2 4a Il—En + n* _|_n.r1';
A: = P a—_ &
T
1__%& (1—n*)(1—n? —2u4° )—i—[i]
by m(1-n?)
@ =— = ——— — HauaJIbHas (aza xonebaHn THEBMOYAaPHUKA.
o n

m .
[Ipu moBopore OypoBOro craBa Ha yroja wyt = S AMILIMTY]y Kosie0aHui

OHEBMOYJAapHUKa OyJaemM onpenensatb U3 cooTHoweHuit (93), a pemieHue
YKOPOYEHHOTO ypaBHeHUs (87) OyneT UMeTh BUI:

- _ . Py, ,— Po._ — . (Dot
A(t) =a;sin—t + b,cos —t = 4, sin (i + r:xl), (95)
- 2 - 2 - 2

IEmpg o o

e A, = (2 > )= +2 — ammmryna KojeOaHHWH ITHEBMOYIAapHHKA U
TPy

WHCTPYMCHTA,
Pmpi+27% Py, “
a, = HadyayibHas (a3a KojcOaHWil MHEBMOYJIAapHUKA U

12mpy —2m2 Py,
WHCTPYMEHTA.
Tlocie ompeneneHus aMIUIUTY KoneOanuii A,, A, nporu6sl 6YpoBOro cTaBa B
JIBYX IIOCKOCTSIX ompenessieM mo ¢popmyiam (22):
5 (x,t) = A,(t)sin %x (96)
W, (x,t) = B, [t]cos%x

u

7, (x,t) = A,(t)sin %x (97)
W, (x,t) = B_:[t]ccrs%x
OnpenenuM o007acT HEYCTOMYUBOCTH JUIsl NapaMETPUUECKUX MPOAO0JIbHO-
MOTIEPEYHBIX KOJICOAHUSX CTaBa B COOTBETCTBHHM C CHUCTEMOW ypaBHEeHHU (23) H
ypaBHeHusiMu (82), (83), (85), (87). OOnacth HEOTrpaHWYEHHO BO3PACTAIOIINX
pelIeHUH OTHENSAIOTCS OT o0JacTeld YCTOWYMBBIX PEIICHUH MEePHOJUYECKIMHU
pewienusimu 7' u 27]1]. MHade nBa penmieHus OJMHAKOBOTO MEPUOa OrPaHUYHUBAIOT
00JacTh HEYCTOWYMBOCTH, a JIBA PEIICHUS Pa3HbIX MEPHOJOB OrPAaHUYUBAIOT 00J1aCTh
ycTounBoctu. [Ipu 3TOM mapamerpuyeckuil pe30oHaHC BO3HUKAET, KOTJa Ha OJIHO
[IONIEPEYHOE IEPEMEIEHUE CTaBa MPHUXOAMTCS JIBAa IPOJOJBHBIX CMEIICHHUS
CBOOO/IHOTO KOHIIAa CcTaBa y 3a0o0s. J[Jig mapaMeTprudecKoro pe3oHaHca HeoOX0IuMo,
4YTOOBI CHUJIA, MPUJIOKEHHAs! K KOHILYy cTaBa (IIpoJoJibHas) uMena yactoTy 2Q2. Muaue

pe30HaHCHas yactoTa Oyer paBHa [1]:
20 98
0, = — (98)
k
Torna pemenns ¢ mepuomom 27 nexaT MONAPHO BONM3HM YacTOTBHI IpU k=
1,3,5,..., a peuieHus ¢ nepuogoM I iexar nonapHo BOIM3H 4acToTsl k=2,4,0, ....
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@®opMyna Ja€T COOTHOIICHHE MEXKIYy 4YacTOTOM «BHEIIHEr0» MOMEHTa OT
KPYTHJIBHBIX Koyie0aHMi, cuctema (23) 1 4acTOTOM COOCTBEHHBIX KOJeOaHUN CTaBa,
BOMM3M  3TUX  COOTHOUIEHWH  pacrmojlaratoTcs — o0jacTh  JAMHAMHYECKOU
HEYCTOMYMBOCTU CTaBa (IUIMHHOTO Bayia). B cooTBeTcTBUU ¢ HOMEpOM k=1,2,3, 4,
5..., pa3nuyaroT NepByro, BTOPYIO, TPETHIO U TaK Jajiee 00J1acTh HEyCTOUYHUBOCTH.

O6iacte  HeycroWumBoctd O, = 2()  HaspIBalOT  TIJIaBHOM  00JACTBIO
JTUHAMUYECKON HEeyCTOMYMBOCTH. JJii CTAaHKOB C NMHEBMOYJApHUKAMU, YpPaBHEHMSI
(82), (83) BO3MOKHO coBIajgeHue Pg ~ O,. C 1enpio onpeneaeHus rpatHull IIIaBHOM
00J1aCTH HEYCTOMYMBOCTH B UCTOUHUKE [ 1] pekoMeH10BaHa hopmya:

e, =201+u (99)

Kpome Toro, mnsi ompeneneHus TpaHUI[ MEPBOM 00JaCTH HEYCTOWYUBOCTH
COMOCTAaBUMBbIE PE3YJIbTATHI IO3BOJISET NONyunuTh popmysa H.M. bensiena:

0, =20(1+ u) (100)

OtmetuM, uto dopmyna (99) ¢dakTuuecku coBHazaeT C TOYHOCTBHIO [0
kod(pdunimeHTa Bo30YKJICHHUS HArpy3Ku 4 ¢ KodpduiueHtaMu a;, b; BbIpaKEHHUI
(26), (27) n xorbdunmenTamua,, b, Beipaxxenus (93).

B ucrounuke [1] ompeneneHa 3aBUCUMOCTb, MO KOTOPOW MOKHO BBIYUCIHTH
KpUTHYECKOE 3HaYCHUE KOY(PDUIIMEHTA BO3OYKICHHUS HATPY3KH ISl IEPBOM 00IacTH

HEYCTONYHUBOCTH:
A (101)
Hy = T

rae A=0,005+0,05 — nekpeMeHT 3aTyXaHusi Harpy3KHu.

Ecnu u <= u +; — 10 OyeT HEBO3MOXKHBIM BO30YXKIEeHHE KOJICOAHUIA.

B ciyyae HeobxoammocTu omnpeaesieHuss 00JacTH HEyCTOWYMBOCTH KOJIeOaHUM
JUIs MHJEeKca k, umeeT Mecto hopmya:

. IE (102)

Fae = |
T
N
Kak crnenyer u3 [1] Hanbosnee onacHoi 1 HanboJiee BEPOSITHOM SBIISIETCS TIepBast

00J1aCTh HEYCTOWYUBOCTH.

[Tomumo oOnacTH HEYCTOMYMBOCTH IPU IPOAOJIBHO-NIONEPEUHBIX KOJEOAHUAX
CTaBa, BBI3BAHHBIX NPOAOJBHOW HArpy3kol P;, BO3MOXHO BO30YXKICHHE
IONEPEYHBbIX KOJICOAaHWH CTaBa B JIByX IUIOCKOCTSX, OOYCJIOBJIEHHBIX HaydajabHOU
HEMPABUJIBHOCTBhIO OYPUIIBHBIX TPYO, a TakKe MPOCTPAHCTBEHHBIM M3rHOOM CTaBa B
JABYX IUIOCKOCTAX IO/ JAEWCTBUEM TMOJS LEHTPOOEKHBIX CHJ, B COCTOSHUM
MIPEALIECTBYIOIIEM IOTEPE MPOJIOJIBHOW YCTOWYMBOCTH, KOTJA YAacCTOTa BpAlLCHHS
CTaBa COBIAJAET C OAHOM M3 COOCTBEHHBIX YAacCTOT €ro IOINEPEYHBbIX KOJIeOaHWI.
Torna mporudbl cTaBa B KKI0M U3 MJIOCKOCTEH MOYHO MPEJCTABUTH B BUJIC:
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V(x) = bV (x) + bV5(x) + b3 Vg (x) + - (103)
W(x) = d,W, (x) + d, Wa (x) + da Wa (x) + - (104)
roe V4 (), Vo (x0), Vy Go), Wy (o), W5 (), W (x) ... - cobcrBenHble (OpMEI

KojiebaHuii OypoBOr0 CTaBa, COOTBETCTBYIOIIME KPUTHYECKUM  3HAYCHUSIM
pOI0JIBHOM cuitel 1o Dittepy Py, P.o, P, 4, ...

Koaddunments! Bolpaxenuitb;, by, bs, d;, do, d; — onpenensieM u3 yclioBHs, YTO
npu  BpamieHun OypoBOW CTaB TMOCJEAOBATEILHO TIPOXOJUT 30HBI, KOTOPHIC
COOTBETCTBYIOT COOCTBEHHBIM 4YacTOTaM KoJieOaHMI Baja, TOT/Ia OCHOBBIBAsCh Ha
naHHbIX [9] 3anumem Beipaxkenus (103), (104) B Buze:

vy =20 B KOy (105)
1-— ng 1-— ng 1-— ng
W =M@ H@ M@ | (106)
1— ﬁi 1— ‘3“ 1— ;‘;Z
[Tpu ONpEeEICHUU BBIPAKEHUN IS COOCTBEHHBIX bopm

V00, V, 00,V 00, W, (), W, (x), W3 (x)  6ymem  ucxoauts w3 dopmyn s
nepemeiiennii  V(x), W(x). HenocpeacTBEHHO pa3ioxkuTh BbipaxkeHus (11) mno
dbopmam kosiebanmii moka He ynaércs. [IpenBaputensHo mpeodpasyeM BBIPAKCHHS B

cKkoOkax, a Takxe (popmynsl, coaepxamue Aj;, Ar. Obpatumcs K BolpaxkeHusM (6),
TOT/Ia 3aIUIIeM:

n+n k nr |k® A (107)
LI SRR ELE B W &
2 25 2 w|4

[epeiiném ot K0 HULIUEHTOB K, 7, 72, S K UCXOAHBIM CHIIOBBIM (pakTopam:
_ ] - - 108

k- B Mg ||k' L g2 || Mg Py ( )

Z = S |+

4 4(EDN? |4

~ JaED? TE

PaccmoTpum cuiioBoe B3auMOJEHCTBIE OypOBOTO MHCTPYMEHTA C MOPOAOW MIPHU
OypeHuH.

Jlist OypeHus TOPHOM TOPOABI BpallaTebHBIM METOJOM HEOOXOAMMO CO37aTh
BpallaloMii MOMEHT Ha CTaBe TaKuM, KOTOPBIM OyAeT MNpEeBBIINIATh MOMEHT
CONPOTHUBJICHUS TOPObI Pa3pyIIEHUI0. DTOT MOMEHT CO3AAETCS 3a CUET peann3aiuu
B OypOBOM CTaB€ COOTBETCTBYIONIEro ycuius nojauu Pp. Takoe mpeacTaBieHUe
MO3BOJISIET CBA3ATH NepemMeltieHus V(x), W(x) ToJIbKo ¢ yCUJIUEM MOJIauHu.

[TosToMy ydTéM, YTO MOMEHT CONPOTHUBJICHUS MPU BHEJIPEHUU MHCTPYMEHTA B
MOPOy, OOYCIIOBJIEH YCHJIMEM TI0JIa4u W COTIPOTUBIICHUEM TIOPOBI Pa3pyIICHUIO HA
KOHTAKTe MPEOJIOJICHUS COMPOTUBJICHUS BHEIPEHUIO 3yOIIOB U IPOBOPAUYUBAHUIO
mapomiexk npu 3a0ypuBaHWM WX B TOPHBIA MaccuB. MOMEHT CONMpPOTUBIICHUS Ha
WHCTPYMEHTE YKPYITHEHHO MOKET OBITh MPEJICTABIICH B BUJIE:
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My=fRPn, (109)
rae f— ko3 UImenT cuerieHrs 0ypoBOTro HHCTPYMEHTA ¢ 3a00eM;
R — npuBenéHHBIA paanyc MPUIOKEHUS MPOJIOJLHON HArpy3kd K 3a00r0
(rU1eHOo MPUIIOKEHUS PABHOAECHCTBYIOLIEN IPOJOJIBHON HAIPy3KH);
P — ycunue npwxkatusi 0ypoBoro crasa K 3a0010.
C yuétom (109) Oynem umeTh:

 _ 110
2 2B  2EI" 2 wl ( EEIj EI

Takum oOpa3om, MBI BBIpa3sUM MapaMeTpbl (QYHKIHMH  MOMEPEYHBIX
NepeMEeNIeHNI cTaBa TOJbKO Yepe3 OJUH CHIIOBOM (hakTop — P, TOrJa NmomnepeyHbie
MepEMENICHUS] MOKHO IIPEICTaBUTh B BUJIE:

V(x) 8 cos K. si 'H:+5" + b2 enEx.s IK:+“
x)=a———=2cos—x-sin [(— “Jx+ta———=2sin—x-sin [— “x
AT+ A20 3 N (G T3 tagEg2sing J& '’ 111)
-
A, (K2, K K
=2——— —5sin || —+ 5° |x [.r_";lr:os—x-l- &qsin—x]
AT + A3 1~|| 4 2 2
| ;
2a RP_\= P RP RP
=———5sin ! (f n) _|__r[ x-(ﬁﬂsinf nx-l—ﬂlcosf nx)
At +a3m [\ 281 El 2 2E1 2EI
AHaJOTMYHO 3aITUIIEM:
2a || fRP\® P fRP, fRE (112)
Wi(x) =———sin ( ) +—|=x- (&ﬂcos x —Ajsin——
AT + A% I\ 2E1 El 7 2E1 2Ei

\
s BeipakenuiiV;(x), Wi(x) aeodbxogumo B popmynwi(110), (111) nmoacraBuTh

BMeCTO Pj; 3HadueHHne OJM3KOe K MEepPBON KPUTHUECKOU cuiie To Dunepy Py, Toraa

g
OTHOTIEHHE = — CTAHOBUTCS OJIM3KUM K eAuHulle u nepemenienus V(x), W(x) pe3ko

BO3pACTyT, TO €CTh MIPHU BpaIeHUH CTaBa OyJET UMETh MECTO MepBasi KpUTHUYECKAs
CKOPOCTB @ .

Jlnst momyuenus BeipakenuiiV,(x), Wo(x) B dopmynst (111), (112) mHeo6xoaumo
MOJICTaBUTh BMECTO P 3HaueHue OJIM3K0e KO BTOPON KPUTUUYECKOU cuiie o Diliepy

i}
P+, TOrna oTHOIlIEHHE ﬂ—“ PE3KO BO3pacTaer, U MpU BpPALIEHUHU CTaBa peau3yercs
24

BTOpasi KpUTHUECKAsE CKOPOCTh (M,

OpmHako MEeXaHU3M T0JIaYd CTaHKa UMEeT OTPaHUYEHHBIN PECypC MOIIHOCTH, TO
BO3HUKHOBEHHE B MEXaHU3ME MOJa4l KPUTHUUECKOU Cuibl Px; ManoBeposiTHa. Emié
MEHEE BEPOATHO Pa3BUTHE B OYPOBOM CTaBE TPEThEH KPUTHUECKOW CHIIBI, TOATOMY B
BeipakeHusax (111), (112) Bknan niepBoii ¢opmbl OyaeT Hanbojiee CyIIeCTBEHHOM.
PaccmatpuBas Beipaxkenust (111), (112) BuaHO, 4TO BKJIaJl HEPBOTO CJIaraeMoro
HanOoJiee 3HAYUTENEH, U TI0 MEpPE YBEIMYEHHUS HOMEpa CJIaraéMoro ero BKJaJ B
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BCJIMUMHY MEpPEMEIICHHsT 3aMETHO CHIKaeTcs. [Ipu  omnpenesieHUd 3HAYCHHI
A;,AsBocone3yemcst hopmymamu:

K : M M \? (113)
A, = sinnl —sinn ]l = 2cos—1 - sin ||— + 521 = 2cos—=1 - sin ||(—A) +
- 2 \ 4 2ET \ 2ET
2 2 114
K K2 M, (Mg (114)
A, = cosryl — cosr,l = 2sin—1- sin e + 5%l = 2sin —1 - sin |( ) +
- - 2 N 4 2ET A\ 2ET
Breruuncsst (111), (112) TUISt KK 101 bopMBI

vy (x0), Vo (), Vo (), W (), W5 (), Wi () — moncraBmsiem cBow 3uauenust Py u My.
Koaddummentsr B Beipaxenusx (103), (104) npuHSATH paBHBIMHU:

1 1 1
1_(#.?,} 1_&},} 1 _l.’t.?l}
GE RE RE

B Beipaxkenusix (115) Q, €, Qs, ... COOTBETCTBEHHO MEpBasi, BTOpasi, TPEThs U
MOCJICTYIONTME YaCTOThl M3THOHBIX KOJICOAHWN CTaBa, HATPYKEHHOTO IMPOJOILHOM
CWJION; () — YacTOTa BpallleHusi OypoBOro cTaBa, KOTopas MpHu paboTe cTaHKa MOXKET
M3MEHAThCA B quamnaszone ot 0 1o 60 06/muH (B psine ciaydaeB 10 150 06/mun).

BriBoabI.

1. B paGote ycTaHOBIIEHO, YTO MOJ AE€HCTBHEM Ha OypOBOM CTaB IMOCTOSHHBIX
KPYTSILIEr0O MOMEHTA U MPOJOJIBHOTO YCHIIHS ToJlau OypoBO# cTaB aedopmupyercs
[0 BUHTOBOM JIMHUM, NP ATOM B Ipolecce OypeHus Ha IOCTOSIHHbIE KPYTSAIIMN
MOMEHT B YCWJIHE MTOJa4Yy HAKJIAIbIBAIOTCS TMHAMHYECKUE COCTABIISIOIIHE.

2. YCTaHOBIEHO, YTO UCTOYHUKOM BO3HHMKHOBEHHS AMHAMHYECKUX COCTOSHUMN
Bpaljaromerocs OypoBOro CTaBa SBJSETCS IEPEMEHHOE TPEHUE MEXKIY TOpPHOM
HOpOJOM M MHCTPYMEHTOM, a TaKKe€ MW3MEHEHHE NOTEHLUUAJIbHOW DSHEPIUU
MIOJATIMBOrO OypOBOrO CTaBa IMpU €ro 3aKpyYMBAHUHM M packpyuuBaHuu. llpu
3aKpy4YMBaHUM  CTaBa NOTCHLIMAJbHAsT DJHEPIrUs HAKaIlUIUBAaeTCA, a IpHU
pacKpyyMBaHUU - BBICBOOOXKJaeTcs. B 3ToM ciywae miMHa cTaBa HauWHAET
YBEJIMUMBATHCSA M Ha 3TO MEPEMEIICHNE HAKJIaAbIBaeTCs padoTa yCwiIus MOJa4yu U
MPOUCXOJUT yAap MHCTPYMEHTa O 3a00H.

KpyTunbHslii konedaTenbHbIi NPOLEcC BbI3IBAET MPOAOJIbHbBIE MEPUOANIECKUE
NEPEMEIICHNS] KOHIIA CTaBa, KOTOPbIE MPUBOASAT K COBMECTHBIM MPOJOJBHBIM H
U3TMOHBIM KOJIEOaHUSIM Bcell OypUIIbHON KOJOHHBI.

3. Ilomyuensl cuctembl AUPPEpEeHIUATBHBIX YPABHEHUH, OIMHCHIBAIOLINE
COBMECTHBbIE HM3TMOHO-TIPOJIOJIbHBIE KOJIEOAHUS CTaBa, BbI3BAHHBIE KPYTUIBHBIMU
BUOpaLMsAMU, BO3HHUKAIOUIUMHU IPH KOHTAaKTe OypOBOrO HHCTPYMEHTa C 3a00eM.
[IpuBeneHbl NpPUOIMIKEHHBIE PEIICHUS STUX CHUCTEM, KOTOPBIE MPOUCXOAST C
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OCHOBHOM COOCTBEHHOM YaCTOTOM KPYTHUJIbHBIX KOJEOAHUW BYXMacCOBOM CHUCTEMBI
WHCTPYMEHT-CTaB-TIPUBOJ] Bpaliatesis, a aMIUIUTYJIbl M3THOHBIX KOJeOaHWi cTaBa
CBSI3aHbl C U3MEHEHUEM XapPAKTEPUCTUKU TPEHUS MEXIYy UHCTPYMEHTOM U MOPOJIOH,
a TaKXe ¢ yIJIOBOM YaCTOTOW BPAlICHHUS CTaBa.

4. OnpenenieHbl 30HBI U TpaHUIbl 00JlaCTEN NTMHAMMYECKOW HEYyCTOMYMBOCTH
JUTSE  TITAapaMETPUUYECKUX TIPOJOJBHO-TIONIEPEYHBIX KOJICOAaHWH CTaBa, TPH OTOM
MMapaMETPUUYECKUN PpPE30HAHC BO3HHUKAET B CHUCTEME TOIJa, KOrjaa Ha OJIHO
MOTEPEYHOE TMEpPEMEIEHUE CTaBa MPUXOIAUTCS JABa MPOJOJIbHBIX. (OOOCHOBAHO
BO3HMKHOBEHHUE B CUCTEME TJIaBHOM 00JIaCTH HEYCTOMYMBOCTH.

5. DBpiABiIEHBI 30HBI JAMHAMHYECKOM HEYCTOMYMBOCTH IPU  BpaILLCHUU
ne(OpMHPOBAHHOIO CTaBa 3a CUET ACHCTBYIOUIUX CHJIOBBIX (DAKTOPOB, HAYaJIbHBIX
HETMPaBUJILHOCTEH U IEHTPOOEKHBIX CHJI. DTHU 30HBI BOSHUKAIOT MPU KPUTHUIECKUX
CKOPOCTSAX BpAILEHUS CTaBa, KOTOPbIE COBMANAIOT C COOCTBEHHBIMU YAaCTOTaMH €ro
M3TUOHBIX KOJIeOaHUI

6. Paccmorpena pacuetHas cxema OypoBOro cTaBa CTaHKa BpalllaTEIbHOTO
OypeHusi, CHAa0XEHHOTO JOMOJHUTEIBHBIM ITHEBMOYyIapHUKOM. [lapameTpsr
MMHEBMOYJIApHUKA MO YacTOTE€ W AaMIUIMTYJI€ COTrJacoBaHbl C MOCTYNaTEIbHOU
CKOpPOCTBbIO OypeHuss ckBaxuHbl. CymMMmapHbIe TPOAOJIBHBIE W  TIOMEpPEYHBIC
MEepEeMEIIICHUST CTaBa MOTYT OBITh TMOJYYEeHBl MO TMPUHIMIY CYIEPIO3UIUU
CaMOBO30Y KIAIOIINXCS U HABEJICHHBIX TIEPEMEIICHUI.
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KAPITEL 2 / CHAPTER 2.
CURRENT TRENDS IN THE TECHNOLOGY OF FISH PRODUCTS WITH

THE REGULATION OF THE CONTENT OF BIOGENIC AMINES
COBPEMEHHBIE TEHJIEHIIUHU B TEXHOJIOI' MM PHIBHBIX MIPOAYKTOB C PEI'YJIMPOBAHUEM
COJIEP’)KAHUSI BUOTEHHBIX AMUHOB
CYYACHI TEH/IEHI[II B TEXHOJIOI'II PHEHHX ITPOJIYKTIB 3 PETYJIFOBAHHAM BMICTY
BIOTEHHHX AMIHIB

DOI: 10.21893/2709-2313.2020-03-03-060

Beryn

JIxo/ICTBO 31TKHYJIOCS 3 HEOOXI1THICTIO BUPIIIUTH CKJIQJHE 3aBAaHHSI — B YMOBax
Oe3npeLeIeHTHOI 32 CBOIMHM HACHiIKaMH 3MIHM KIIMaTy, Aerpajauii JOBKULIS Ta
pecypcHoi ©0a3u 10 CepeAuHH JBAJLSATh IEPIIOro CTOJNITTS 3a0e3MeYuTH
IPOJOBOJILCTBOM 1 3aco0amMH JUIsl ICHYBaHHsS IOHAJA JAEB'SITh MUIbSPAIB KUTEIIB
miadetd [1]. HaiBakaupimia poib y BHUpIIIEHH] Ii€l MpoOJIeMH BiIBOJAUTHCS
pubaIbCTBY, aKBaKYJILTYpI 1 epepoOili BomHUX GiopecypciB. 3araabHe BUPOOHHUIITBO
pubu nocsario B 2018 pori pekopaHoro oocsary — 179 miH. ToH, mpudoMy 82 MIIH.
TOH LBOTO 00CTy OyJu MPOAYKLIEI0 aKBAKYJIbTYpHU. 3 LIBOTO 00csary 156 MIlH TOHH,
o ekBiBajeHTHO 20,5 Kr Ha Aylly HaceleHHs B PiK, OYyJI0O BHUKOPHUCTAHO st
CHOKMBaHHS JIOAMHOI0. Permra 22 MIH TOHH IpU3HAYaaMCs IS BUKOPUCTAHHS B
THIIWX IJISX, TIEPIII 32 BCE Il BUTOTOBJIEHHS pUOHOTO OOpOIITHA 1 pUO'IU0TO KHUPY.

JIOCATHEHHSI TaKUX MOKA3HUKIB CTAJI0 MOXJIMBUM 3aBJSIKU CTa01IBHOCTI BUJIOBY
B IPOMUCIOBOMY pPHOAIbCTBI, CKOPOUYEHHSA BIJIXOMIB 1 TPHUBAIOYOMY POCTY
aKkBaKyJbTypu. Ha Tl Takoro BUpOOHMIITBA CIIOKMBAHHS pUOM HA YTy HACEJICHHS
B 2018 pori Tex BUMIIIO Ha pekopaHe 3HadyeHHs — 20,5 kr Ha pik. [{g TeHmeHiis
BIIMOBiZJTa€ BHUMOTraM 3a0€3MEUYCHHS IPOJOBOJIBUOI O€3NeKH Jep)KaBH, IO €
HAJBAKIIMBOIO CKIIAZIOBOI0 YACTHHOI €KOHOMIYHOI O€3MeKH, SKa B CBOIO UEpry €
JaCTHHOIO HaIlioHAIBHOT Oe3meku [1, 2].

2.1. TenaeHuii y xapyyBaHHi JoJed 3 MO3MLIA SIKOCTI Ta 0e3MEYHOCTI
Xap4YOBHMX NMPOAYKTIB

IIponoBosbua Oe3meka — 3aXUINCHICTh JKUTTEBHX I1HTEPECIB JIFOAWHU, sKa
BUPAXAETHCS y TapaHTYBaHHI JEPKaBOIO OE3MEePENIKOAHOTO €KOHOMIYHOTO JOCTYITY
JIOJMHU 710 TPOAYKTIB Xap4yyBaHHS 3 METOIO MIATPUMAaHHS ii 3BUYANHOI KUTTEBOT
TISUTBHOCTI [2, 3, 4].

3pocTanHs pearmizamii Ta CHOXHMBaHHS pPUOHOI MPOAYKIT 3a OCTaHHI
JNECATUIIITTS. CYNPOBOJKYBAJIUCA 3pPOCTAIOUYMM 1HTEPECOM JO IUTaHb SKOCTI 1
0€3IMeYHOCTI XapyOBUX MPOJYKTIB, X MOKMUBHOI IIIHHOCTI, CKOPOYEHHS BiaxoxaiB. B
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1HTepecax 3abe3rneueHHs] 0€3MeYHOCTI XapuOBHUX MPOAYKTIB 1 3aXHUCTY CIIOKUBAYIB y
BHYTPILIHIN 1 MIXKHApOHIN TOPTiBII OyJM MPUHHATI CyBOpI ririeHiuHi 3axonu. Tak,
3Bia HOopM 1 mpaBuil Konekcy mns pubu 1 pubHoi mpoaykiii (Codex Alimentarius
Commission, 2016) MiCTUTh BKa3iBKH 11010 NPAKTHUYHUX ACIEKTIB BIPOBAIKECHHS
HAJICKHOT CaHITAPHO-TITIEHIYHOI MPAKTUKU Ta CHUCTEMHU YIPaBIiHHSA O€3MEYHICTIO
Xap4YOBUX IMPOJYKTIB Ha OCHOBI aHaji3y PU3UKIB 1 KPUTUYHUX KOHTPOJBHUX TOYOK
(HACCP) [1].

VY nepioa 1961-2017 pokiB crio’kMBaHHA Xap4yoBOi pUOU POCIO B CEPETHHOMY Ha
3,1% na pik; maibke B JBa pa3ud BUIEPEIKAIOYM LIOPIYHI TEMIHU 3POCTAHHS
cBiToBOro HaceneHHsa (1,6% B pik) 1 ICTOTHO BHUIIEPEIKAIOYM TEMITH ITiIBUIIICHHS
CIIO’KMBAaHHS BCIX 1HIIMX MPOAYKTIB, 110 MICTATh TBApUHHI OUTKK (M'sica, MOJIOYHUX
OPOAYKTiB, MOJoKa Tomo) — 2,1% Ha pik. CrnokMBaHHA XapyoBOi puOM Ha IyIIy
HaceJIeHHs 3pocTano npubiusHo Ha 1,5% Ha pik: ko B 1961 polii BOHO CTaHOBUIIO
9,0 xr (B exBiBajeHTI kuBoOi Baru), To B 2018 pori - 20,5 kr.

Hes3Baxkaroun Ha CTIWKI BIAMIHHOCTI OOCSITIB CHOXMBAaHHS pUOUM B PI3HUX
perioHax 1 jAep)kaBaXx MOKHA BUAUIMTH TEBHI TEHICHINI. Y pPO3BUHEHUX KpaiHax
BUJIMME CIOKMBaHHS puOM Ha Jylry HaceseHHs 3pocio 3 17,4 kr B 1961 poui 1o
MakcuMaigbHOoro piBHs B 26,4 kr B 2007 poui, a TOTIM CTajJO MOCTYIOBO
3HKyBatucs 1 B 2017 poui cknano 24,4 kr.

VY kpaiHax, 10 PO3BUBAIOTHCS TAKOX CIOCTEPIrajiocs 3HAYHE IABUIICHHS
1IbOro TIOKa3HuKa: B 1961 porri BoHo ctanoBuiio 5,2 kr, a B 2017 porti — Bxe 19,4 xr,
0 BIJMOBIJA€ CEPEIHBOPIYHMMU TeMIaMu 3pocTaHHs B 2,4%. VY HaiimeHIn
PO3BHHEHHMX KpaiHaxX pidHE CIOKWBaHHS PUOW HA JYIITy HACEJICHHS 30UIbIIuiIacs 3
6,1 xr B 1961 pomi mo 12,6 xr B 2017 porii, To0TO B cepennboMy pocio Ha 1,3% B
pik. B octanni 20 pokiB TEMIIU 3pOCTaHHS 1IOTO MOKAa3HUKA MiABUIIUAIKCS 10 2,9% B
piK, IO TOB’S3aHO 13 3pOCTaHHSM BHUPOOHMIITBA Ta IMIIOPTY pubdHM. Y KpaiHax 3
HU3BKUM PIBHEM JIOXOJIB 1 AE(DIIIMTOM MPOJAOBOJIBCTBA CIIOKUBAHHS PUOU CTA0IIILHO
pociio mpubau3Ho Ha 1,5% Ha pik; B 1961 poui Bono ctanosuio 4,0 kr, a 8 2017 porri
— BXke 9,3 K.

Y po3BHHEHMX KpaiHaX 4YacTKa 3aMOpPOXEHOi pulu, TMPU3HAYEHOT IS
CIIO’KMBAHHS JIIOJIMHOIO, 3pocia 3 27% B 1960-1 poku 10 43% B 1980-1 poku 1 B 2018
poIli gocsria pekopaHoro piBHA (58%), a yactka 00po6aeHoT pudu 3HM3MIacs 3 25%
B 1960-1 poku no 12% B 2018 pomi. Y OaraTbox KpaiHax, 110 PO3BUBAIOTHCS
pubonepepoOHa MPOMHUCIOBICTh MOCTYIOBO MEPEXOAUTH Bl TPAIUIIIHHAX METOIIB
0 OUIbII CyYaCHHUX TEXHOJIOTIH, K1 3a0e3MeuyloTh pI3HY CTYMHiHb ITiJBUILICHHS
BapTOCT1 TOBAPIB; Il METOJU 3aJIEKATh BiJl TOBAPY 1 HOTO PUHKOBOI BapTOoCTi. Tak, B
KpaiHax 1i€i KkaTteropii 30UIbIIMIIACS YacTKa MPU3HAYCHOI [IJIsi CIOXKHWBaHHS
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JIIOJIMHOIO 3aMOpOokeHoi pudu (B 1960-x pokax Bona cranoBuiia 3%, B 1980-x - 8%, a
B 2018 pomi pocsrna 31%), a TakoK 4acTKa MPECEPBIB Ta TOTOBOI IO BYKHUBAHHS PUOH
(34% B 1960-x pokax 10 9% B 2018 pomi) [1].

OcTaHHIM YacOM CYyCHUIBCTBO BCE OLJIbIIE CTAJIO 3aMHUCIIOBATUCS MPO MUTAHHS
310pOB's, TIpo 3710poBui crocid kutts (3CXK) HaceneHHs 1 3aJIydyeHHs 1HBECTHUIIIN B
chepu, OesmocepeaHbO TMOB's3aHl IuMU  Hampsimkamu [5, 6, 7, 8]. Ctpec,
MaJIOPYXOMHUH CIIOCIO O KUTTS, TOTaHa €KOJIOTisA, HEeCTaOUIbHICTh EKOHOMIKH,
0e3po0ITTs, NATIHHA 1 37IOBKUBAHHS PI3HUMHU ICUXOTPOMHUMHU 3aC00aMH — BCE 1€ €
cepiio3HO TpoOJieMOI0 cydacHoro cBiTy. OjHaK poO3yMiHHS HEOOX1THOCTI
TIOJIIMIIICHHS SIKOCT1 JKUATTSA 1 3I0POB'sI JIIOJIMHU € 33apa3 OJAHHUM 3 MPOBIIHUX 3aB/aHb
cyyacHoro cycnuibctBa. I[lpunnumu 3CXK — ¢dizuuHa 1 po3ymMoBa aKTUBHICTH;
30ajaHcOBaHE XapuyyBaHHs; PO3Cla0JIeHHs 1 AylIeBHA TapMOHIs; Kpaca 1 JOIJsy 3a
00JIMYYsIM 1 TUIOM — BIIEpIIEC BBEICHI B MPAKTHUKy aMEPUKAHCHKHM JIIKapem
Xanw0eproM [lanu (H. L. Dunn) B 1959 porii, ctanu 0CHOBOIO BCECBITHBO BiJIOMO1
koHuenii Wellness (Big anri. «be well» — «0yTu B XopomoMy camomnouyTTi») [5].
[Ipu npomy rojoBHuMH 3aBAaHHsAMHU KoHIeniii Wellness € — 3ano0irtu xBopobawm,
30eperTy 3J0pOBY aKTHBHICTh Ha JIOBT1 POKH 3a PaxXyHOK MPAaBHILHOTO XapuyBaHHS,
(G13MYHUX 1 pPO3yMOBHUX HABaHTA)XEHb, 3aCTOCYBAHHS CYYaCHMX KOCMETOJOTIYHHX
TEXHOJIOT1H, 1110, 3BUYAiHO, B PE3yJIbTaTI BE/IE IO «O3I0POBICHHS HAIlil.

KinpkicTh yKpaiHIiB, $Ki BIAMOBWJIHMCA BIiJ M'sca, BXWBAaIOTh pHOY 1
MOPENPOIYKTH, B OCHOBHOMY, YCHIIIHUX MOJIOJUX JIFOAEH, AOCSTIIO 2 MUIBHOHIB 1
MPOJIOBXKY€E 3pOCTAaTU. 3TIAHO OHJAWH-TiMy s BeretapianmiB Happy Cow, ne
BIJIMIUEHI BCl BEreTapiaHChKl Kade 1 pecropaHu CBiTy, B YKpaiHi 3apa3 Ouabiie 40
3aKJaiB TaKoi cHpsMoBaHOCTI. Bemwka dvactuHa 3 HHX, a came Oim3bko 20
pectopaniB, BiakpuTi B Kuesi, 6 —y JIbBoBI, o 4 — B Oneci 1 Xapkosi, 3 — B [{uinpi

[9].

2.2. bioreHHi aMiHM K He0e3Me4YHi YMHHUKH XapYyBaHHS

Ha nanwmii yac BupimeHHst npo6sieM 0e3neKr CUPOBUHM Ta XapuOBUX MPOAYKTIB
€ B@XJIMBHUM CTPATETIYHUM JIEPKABHUM HAIMPSMKOM JIJIi BUPOOHHUIITBA CTAOIIBHO
Oe3neyHux puodonpoAykTiB. OCOOIMBO 1€ aKTYaJIbHO 3a PSA0M MOKA3HUKIB, 0 SIKUX
BIJIHOCUTHCA OI10JIOTIYHO AaKTUBHHMM amiH — rictaMiH. HakomwdeHHs ricTaminy
XapaKTEpHO JJIA TaKUX BUIIB pUO, K CKyMOpis, JIOCOCh, TyHEIb, CTaBpHJIa 1 1HIII
[10, 11]. biorenni amMiHM — 1€ Tpyna a30TOBMICHUX OpPraHIYHUX CIOJIYK 3
amdaTtuyHoo (MyTpPEeCLUH, KaJaBEepPUH, CIEPMIH, CHEPMIAUH), apOMaTHUYHOIO
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(Tupamin, ¢deHuleTIIIaMiH) a00  TeTEpPOLUMKIIYHOK  (TICTaMiH, TPHUIITaMiH)
CTpyKTyporo. Jleski 3 HHMX MalOTh BENUKY OIOJOTIYHY aKTHUBHICTH (TiCTaMmiH,
CepoTOHIH, naodamiH, TuUpaMiH), 1HII (MIyTPECHUH 1 KaJaBEPUH) IiJICHIIOIOTh
TOKCHUYHY JIiI0 TICTaMiHy Ha OpraHi3M JIOAMHHU. BIOreHHI aMiHU YTBOPIOIOTHCS B
pe3yJsibTari JeKapOOKCHIIIOBaHHS BUIBHMX aMIHOKHCJIOT T Ji€l0 (EepMEHTHHUX
CHUCTEM MIKPOOHOTO IMOXOKEHHSI.

Ha nakonmuueHHs ricTaMiHy y pHOHIM TpOAYKINi BIUIMBAE CaHITApHUU CTaH
puOH, TOCKOHATICTh TEXHOJOT1 BUPOOHHUIITBA, YMOBH 30€piraHHsl TOTOBOI MPOAYKIIil
1 peaizaiisi HaceleHHIO. ['paHUYHO TOMYyCTUMUM BMICT TICTaMIHY y CBIXKIA puoi
ckiagae y 6arathox kpainax g0 100 mr/kr 1 B meBHHX BHaax puodonpoaykiii — 200
MI/KI TicTaMiHy. BpaxoByruu TOKCHYHICTH Oarato KpaiH BBEJIM OOMEXKEHHS Ha
BMICT TicTaMiHy B XapuoBux mpoaykrax. Y CIIA, Kauwaai BupoOHUKU
KOHCEPBOBAHUX MPOAYKTIB 3 pUOM KOHTPOJIOIOTH BMICT TiCTaMIHy y CHPOBHHI Ha
piBHI 5-15 MI/KT, Ipy BUPOOHMIITBI 1HILOI XapuoOBOi MPOIYKIIT AOMYCKAETHCS BMICT
ricramiHy y cupoBuHi 10 50 mr/kr. ¥ IIBerii Ta ABcTpaii BMICT TiCTaMIHY Yy CBIXKIN
pubi pomyckaetbes Ha piBHI 100 Mmr/kr 1 He Oimbme 200 MI/Kr y coseHii
pubonpoaykiiii. B puOHili cHpoBHHI Ta TOTOBIM MPOYKIIii, sika BUpoOsieThes B Pocii
Ta YKpaiHi, BMICT ricTaMiHy HopMyeTbes B Mexax 100 mr/kr [12, 13, 14].

[ictamin OyB cunte3oBanuit y 1907 p. 1 onucanuit y 1910 p. sk pedoBuHa
(«beta-1») [15]. IIpore 3HamoOuimocs 17 pokiB, abu MPOJEMOHCTPYBATH WOTO
NPUCYTHICTH B IHIIMX TKaHWHax [16]. BigHOmIEHHS MDK TICTaMIHOM 1
aHa(UIaKTUYHOIO peakiliero Oyno goseneHe y 1929 p., 1 ioro ineHTH(IKOBAHO 5K
MOCepeIHUK aHap1IaKTUYHUX peakiii y 1932 p. [17, 18].

OTpyeHHs, MOB'sI3aHHI 31 CIIOKUBAHHAM MPOAYKTIB MOpS, BIJI3BHAYAIUCS Y BCIi
ictopii mtoacTBa. OCHOBHY KUIBKICTh OTPYEHb MOXXHA PO3AUIMTH HA HACTYIIHI
KaTeropii: MapajgiTHYHE OTPYEHHS MOJIOCKAMH 1 PAKOMOJIOHMMU; I1HTOKCHKAIIIS
ciryarepa; OTPYEHHS TETPOAOTOKCHMHOM 1 CKyMOpoinHe oTpyeHHs. CkymOpoinne
OTPYEHHS — THI OTPYEHHS, OE3MOCEPEHbO TMOB'S3aHUN 31 CMOKUBAHHSAM pHUO, SKi
BIIHOCSTBCA JO0 POJY CKYMOPOiAHMX: Makpesenlyk, TyHIa, Makpell, CapiuHU,
anuoyca. ¥ CHIA Bunaaxu cKyMOpOiIHOTO OTPY€EHHS pPEECTPYIOThCS, TOYMHAIOUHU 3
30-tux pokiB. CHUMNTOMU CKYMOpPOIiIHOIO OTPY€EHHS Iy>KE€ HaraayroTh ajepridyHy
pEaKIlio Ha ricTaMiH 1 BKJIFOYAIOTh TTOUYEPBOHIHHS OOJUYYs, TOJOBHUMN O1J1b, PBOTY 1
0omi B xuBOTI. IlifBUIllEHE HAAXOMKEHHS TICTaMIHYy MOXXE BUKIMKATH TaK 3BaHy
«TicTaMioBY» MirpeHs (cuHapoM XOpTOHA), TOJOBHUM OUTh (HeBpauris Xappica, 110
XapakTepu3yeThcsi OojsieM B 001acTi odvel, j00a, CKPOHEBOI YacCTUHU TOJIOBH,
CJIbO30TEUEI0, 3alaJCHHSIM CIM30BOi HOCA) Ta 1HII CUMIITOMHM, BKIJIIOYAIOYU HYAOTY,
MOpYUIEHHS pOOOTH NUTYHKOBO-KUILIKOBOI'O TpPakTy, MIT, MHIABUIICHE BUALICHHS
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IIUTYHKOBOTO COKY, TIOYACTIIIaHHA CepUEeOUTTS] 1 3HWKEHHS J1aCTOJIIYHOIO
(HWKHBOTO) KpOB'ssHOTO THCKY. Ll XxBopoOa pigko TPU3BOAUTH JO JIETAIBHOTO
pesynbTary [18-23].

Mesxa mepeHOCHOCTI TicTaMiHy JUIsl JOPOCOi JIOAMHU CTAHOBUTH 5-6 MT / KT.
Tokcuuna go03a 3Haxoauthess B Mexax >100-1000 mr/xr npoaykry Ta
BHCOKOTOKCHYHA — OB 1 T/ KT.

besneka BiTYM3HSHUX pPUOHUX MNPOAYKTIB peryioerbcs CaunlliH 3a psgom
MOKAa3HUKIB, B TOMY YHUCJI 32 O10JI0TIYHO aKTUBHOMY aMiHy — IiCTaMiHy, BMICT SIKOTO
KOHTPOJIOETHCS SIK NI CHDOBUHH, TaK 1 JUIsI BCi€l puOHOI TpoaykItii [24].

2.3. llpu4uHu yTBOPEeHHS 0iOreHHUX aMiHiB

Ha nymky 6araTtbox aBTOpiB 0 MPUUMH YTBOPEHHS 010T€HHUX aMiHIB BIAHOCSTh
MIKpOO10JIOT1YHY SIKICTh BUX1JTHOT CUPOBUHHU, YMOBH 30€piraHHsi TOTOBOI MPOAYKIIIT 1
HasIBHICTD JEKapOOKCUIIa3HO MO3UTUBHUX MIKpOOPraHi3MiB Toio [25, 26, 28-33].

Cepen MpOAYKTIB, IO XapaKTEPU3YIOThCA HAKOMWYEHHSIM OIOT€HHUX aMiHIB,
ocobimBe Micle 3aiimMae puOHa 1 M'iCHa MPOAYKLiA. AHaJI3 JITepaTypHUX JKepel
PO3KpUB YHUCIEHHI (aKTOpH, BIANOBIJAjIbHI 32 HAKONWYEHHS TiCTaMiHy B PUOHIN
CUPOBHHI 1 KOHCEpBaxX. BcTaHOBIIGHO, IO Ha HAKOMUYCHHS OIOTCHHUX aMiHIB
BIUIMBAE€ MIKpPOOIOJIOTIYHA YMCTOTA BUXIJHOI CHUPOBHUHHU, PEKUMU 30€piraHHs, psij
TEXHOJIOTTYHUX YMHHHUKIB, KUTbKICTh TCTUAMHY B TKAaHUHAX pUOU, yMOBU 30€piraHHs
CUPOBHHM 1 TOTOBOi mpoxykuii [22-26]. Takox Ha yTBOpEHHs TicTaMiHy B puoOi
BIUTMBAIOTh Pi3HI BuaM OakTepii poawHu Enterobacteriaceae, ski BOJOIIIOTH
TICTUANHACKAPOOKCUIIA3HOO AaKTHUBHICTIO 1 CHPUSAIOTh HAKOMWYEHHIO TICTaMIHY.
Bunu Morganellamorganii, Klebsiellapneumoniae, Hafniaalvei, Proteusvulgaris,
Proteusmirabilis, Enterobacteraerogenes, Enteroobactercloacae, Serratiafonticola,
Serratialiquefaciens, Raoultella (panimre Klebsiella) planticola,
Raoultellaornithinolytica, Proventiastuartii 1 Citrobacterfreundii, Clostridiumspp.,
Vibrioalginolyticus, Acinetobacterlowffi, Plesiomonasshigelloides,
Pseudomonasputida, Pseudomonasfluorescens, Aeromonasspp i1 Photobacteriumspp
TaKOoX OyJIM BiJ[3HA4YEHI, SIK ricTaMiHpopMytoul 6aktepii [27].

Kuzeserrep [.B., YHammua C.JI. po3risinaioT B CBOiX po0OOTax Taky NPUYUHY
YTBOPEHHsI 010T€HHUX aMiHIB, K MIKpOO10JOTiyHA SKICTh BHXITHOI CHPOBUHU [29,
30]. Puba € MOXUBHUM CEPENOBUIIEM JUJIi PO3BUTKY MIKPOOPraH3iMiB, MIO
MPU3BOJUTH 10 11 MIKPOOIOJIOTIYHOTO TICYBaHHS (THUTTS) 1 BIUIMBAE Ha MPOIIEC
YTBOPEHHs O10reHHUX amiHiB. BoHM 3Hax0sThcs Ha 3510pax, 30BHIIIHIN MOBEPXHI 1 B
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KkuieyHuky puo. Ilicias 3acumanHs puOM 3aXHMCHI MEXaHI3MHU HE TMEPENIKOKAITh
pocty OakTepiii Ha MOBEPXHi, y 3s50pax, M'S30Biil TKaHWHI, MO CYMPOBOKYETHCSI
IHTEHCUBHUM POCTOM TICTaMIiHIIPOAYKYHOUMX Oakrtepiii. BupaneHus 3s0ep Moxe
3MEHILIUTH, ajié HE BUKIIOYUTH, KUIbKICTh TiCTaMIHIPOAyKyrounx Oaxtepiit. [lpu
JEeSKUX BUAAX JIOBY puOM, HAIIPUKJIIA] 3510epHa CiTKa, CMEpTh puOU MOKE CTaTHCS 3a
KUIbKa TOJIMH JIO TOTO, SIK pruba Oy/e BUJaNeHa 3 BOJIH, 1 yTBOPCHHS TiICTaMiHy MOXeE
oYyaTucs I1e J0 Toro, K pudba moTpanuTh Ha 6opT cyaHa [27-30].

JlIo npuyuH  yTBOpEHHs OIOT€HHMX aMmiHIB  BIJHOCATH  HOPYIICHHS
TeMrepaTypHUX yMOB 30epiraHHs puOHOI cupoBuHU [34]. ABTOpH JOCIIKYyBAIU
yTBOpPEHHS O10reHHHUX aMiHIB Ipu 30epiranHi y BakyyMHil ymakosii npu 2 a6o 10 °C
ckyMmOpii (ckymOpoimna puba) 1 oceneamnto (HeckymOpoinHa pubda). bymo
BCTAQHOBJICHO 3MIHHM BMICTY BUIBHUX aMIHOKHCJIOT, @ TaK0XX OPTraHOJICITUYHHX 1
MikpoOioJsioriuHux mnoka3zHukiB. [Ipu 10 °C BmicT aMiHiB MiJ 4ac BigOpaKkOBYBaHHS
OyB B 2-20 pa3iB BHILE y MOPIBHSAHHI 13 3pa3kamu, o 30epiramucs npu 2 °C. Y
ocenenrs 1 CkyMOpii HaKOMUYYBaJIOCs MOJ10HA KIIBKICTh TICTaMiHY, TOJ1 K PiBEHb
KaJaBepUHy Yy CKyMOpii 3HayHO BHUIIE MOPIBHSIHO 3 ocenealneM. MoxiIuBo, came
BUCOKHI BMICT KaJaBepUHY B CKyMOpli TMOSCHIOEThCS, YOMY CKyMOpis, a He
oceJiesiellb yacTo Oepe yyacThb B BUMAJIKaX OTPYEHHSI CKOMOPOTOKCHUHOM

Crnocrepiraiacs 3HayHa KOpPEJSIis MDK YTBOPEHHSM OIOT€HHHX aMiHIB 1
3MEHIIICHHSIM KIJTBKOCTI BIAMOBITHUX aMIHOKHUCIIOT, IO MIATBEPIKYE TIMOTE3y MPO
BIJINOBIJIAJIbHICTh MAJIOJAKTO3HUX OaKTepii 3a HAKOMWYEHHS IIUX aMIHIB y MEBHUX
xapuoBux mpoxaykrax [35]. ABropu Marcobal A., Martin-Alvarez P.J., Polo B cBoix
pobOTax MiATBEPKYIOTh, IO OJHIEI 3 MPUYMH YTBOPECHHS OIOT€HHUX aMiHIB €
HAsIBHICTh JIEKQpOOKCUIIA3HO TO3UTHUBHUX MIKPOOpPraHi3MiB. Y BHHOPOOHOMY
BUPOOHMUIITBI JO OOOB'SI3KOBUX YMOB YTBOPEHHS Ta HAKONMUYEHHS OIOT€HHUX aMiHIB
BIJIHOCSITh: HASIBHICTh B CEPEJOBUII BUIBHUX aMIHOKHUCIIOT; HASBHICTh y JPKIKIB
a00 MOJIOYHOKHMCIMX OakTepiil (epMEeHTHOI CUCTEMH, 0 Ma€ AeKapOOKCHIa3HY
aKTUBHICTh; ONTHUMAaJbHI YMOBH JJIS POCTYy 1 PO3BUTKY JPLKIKIB — abo
MOJIOYHOKHUCIUX OakTepiit [35-39].

Astop JLT. CepnyHina, B CBOiX pobOoTax omnucaga KPUTHYHI TOYKH Y
BUPOOHMUIITBI pUOHUX KOHCEpBIB. [lopyllleHHS TemMIepaTypHO-4aCOBUX MapaMeTpiB
BUKOHAHHS omepanii nedpocramii 1 mocoiy puOHMX HamiBpaOpUKATIB CIyTye
PU3UKOM Hakomu4eHHs (0COOJMBO B JIITHIM Mepioj) rictaminy B HamiBdaOpukaTi A0
HEOE3MEUYHUX PIBHIB, B TOMY UYHCIi, L0 MEPEBUIIYIOTh HOPMATHBHU JACSIKUX
3apyoikaux kpain (CLHA 1 Kanagu). HopmaruBaumu pokymentamu CIHIA
JIOTIyCKA€ThCSl BMICT TiCTaMiHy B XapuyoBux mnpoaykrax 50 wmr/xkr, B Kanaxi
20 mr/xr [12, 40]. Tak, BMICT TicCTaMiHy B HaTypaJlbHUX PHUOHHMX KOHCEpBax
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CTAHOBMB 53 Mr / Kr, a B puOHMX KOHCEpBaxX B TOMaTHOMY coyci — 69 mr / kr. Takox
O10reHHI aMiHM MOXYTh YTBOPIOBATHCS MPOTITOM BCHOTO BUPOOHUYOIO IMPOLECY, a
TaKOX MpH 30epiraHHi IPOIYKIIii, IPHU HEIOTPUMAaHHI IPABUIIBHOTO TEMIIEPATYPHOTO
pexumy. byno 3'scoBano, 0 micis OIMHAIIATH MICALIB 30€epiraHHa B KOHCEpBax
pIBEHB TiCTaMiHY B YepBOHUX M'si3ax csAraB 79 Mmr / KT, a B 011ux — 44 mr / Kr.

Astop Ilimcocomna M.A. mpoBomuia EKCHEPUMEHT B YMOBax IITYyYHOTO
cTapiHHsS KOHCepBiB mpu Temmnepatypi 37 °C 1 BcTaHOBHWJIA, IO MiJ Yac 30epiraHHs
KOHCEPBIB MOK€ BinOyBaTUCS peHaTypallis (Mpoiec 3BOPOTHOI JeHATyparlii)
dbepMeHTIB. 3riHO TPHUIYIIEHHS, CTYMiHb aKTUBHOCTI (DEPMEHTIB 3alie’KUTh HE
TIJIBKY BiJl BIACTUBOCTEH CUPOBUHU, PEXKUMIB CTEpUIIi3allli Ta 30epiraHHs KOHCEPBIB,
a 1 BiJ TUITY piakoi ¢a3u B KoHcepBax [28, 29]. BigHOBIEHHIO aKTUBHOCTI MPOTEiHA3
COpUAIOTh TaKi YUHHUKHU, SK MiABUIIEHA 3JaTHICTh JEHATYpOBaHMX OLUIKIB Ta
MIPUCYTHICTh CBOEPITHUX KaTaji3aTOPiB 1 (GEPMEHTIB, POJIb IKUX MOXYTh BUKOHYBaTH
10HM JIeIKMX METajiB, HAIpUKIIaJ, 3aiiza [29]. € miacTaBu BBakaTu, 110 B pUOHUX
KOHCEepBax 0e3 J10JaBaHHs OJii 3A1MCHIOEThCA OUIBII TICHUW KOHTAKT MpOTeiHa3 3
KaTajizaTopaMu peakiii — MeTajaMu Tapu. [leski TeXHOJOTIYHI MPOIECH, TaKl SK
COJIIHHS, MapUHYBaHHSI, JIO3PIBaHHS, MOXYTh 30UIBIIUTH MOXJIHUBICTH YTBOPEHHS
Oiorennux amiHiB. Husbki piBHi pH (4-5,5), siki BnacTuBi, HalpHUKJIaA, COJOHUM
aH4yoycaM CIpPUATIUBI JJi1 YTBOPEHHS O10reHHUX aMiHiB. bkl TOro mpoTeoiis, 1o
CIIOCTEPITAEThCS TPU JO03PIBAaHHI COJIOHMX AHYOYCIB MPHU3BOJIUTH JI0 BUBLILHCHHS
MENTHIIB 1 BUIbHOI aMiHOKUCIIOTH — rictuauHy [28]. Staphylococcus epidermidista
Staphylococcus capitis BUALIEH] 13 COJOHUX aHUYOYCIB MOKa3aJIU MOTYKHY NIsNIbHICTh
0 YTBOpEHHIO rictaminy, Bupoossitoun 1000 1400 Mkr / M1 BIATOBIAHO.

BaxnuBy pons B yTBOpeHHI OIiOT€HHMX aMiHIB TpaloTh Ol0TEXHOJIOTIYHI
MpoIeCH, 10 SKUX BIAHOCATH jao3piBaHHs [41-45]. Bernhard W. Straub Tta ixmm
TOCTiauan 523 mTaMu MIKpOOPTaHi3MiB, SIKI SBJISIFOTHCS MPEJACTaBHUKAMHU 35 BHIIB
Oakrtepiii. byno mochimkeHo iX MOTEHINAd Ha MpeaMeT 34aTHOCTI O YTBOPECHHS
Oiorennux amiHiB (BA). ExcnepumeHT mpoBOAMBCA 3 KJIITHHAMU y ¢ochaTHOMY
oydepi (pH 5,5) 3 koHTpOJIeM yTBOpEHHsI HaCTynmHUX BA: myTpecuuHy, KajaBepiHy,
rictamidy, Tupamidy i1 2-enunerinaminy. [loTeHuianm He cmoctepiraBcs y BHIB
Lactococcus, Leuconostoc, Pediococcus, Streptococcus 1 nesikux BufiB Lactobacillus,
Takux K L. Pentosus 1 L. saxe. Bucokuit moteHmian ¢opMyBaHHs 010T€HHHX aMiHIB
crocTepiraBcst y mTamiB KapHoOakrtepiit, Lactobacillus buchneri, L. curvatus, L.
reuteri, Staphylococcus carnosus i, B MeHIA Mipi, y L. alimentarius, L. brevis, L.
bavaricus, L. delbrueckii ssp.lactis, Micrococcus spp. 1a S. piscifermentans. Y noope
BIJIOMHX BHJIB, IO MAalOTh IPAaKTUYHE 3HAYCHHA Yy (QepmeHTalii MOJIOYHUX
MPOJIYKTIB, BUHA 400 KaIyCTH, MOTEHI[ial CHOCTEPIraBcsl TUIbKU M ACKLIBKOX
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HITaMiB.

Oco06MBOI0 TMOMYJSPHICTIO KOPUCTYIOTHCS pUOHI Ta coeBi coycu. R. Stute 13
CIIIBaBTOpaMHU BU3Haudald O10Te€HHI aMiHU y 45 KOMepuLiiHuX puOHUX coycax. byso
BUSABIICHO, IO COYCH MICTATH OIOT€HHI aMiHM B KOHLEHTpalisix (Mr/Kr):
Metwiaminy 0-195, erunaminy 2-339, ricraminy 0-729, tupaminy 0-1178,
tpuntaminy 0-588, mytpecuuny 0-1257 1 xagaBepuny 0-1429. Ockinbku mporiiec
BUPOOHUIITBA 3aCHOBAaHUW Ha aBTOJITUYHIN Aerpajaiiii puOHoOro Oijika, YTBOPECHHS
O10reHHHX aMiHIB MOKHA MOBHICTIO YHUKHYTH, a BMICT 1 CKJIaJ OI0OT€HHUX aMiHIB B
PUOHHUX coycaxX MOKHA PO3TJISATH K MTOKa3HUK SKOCTI [46].

2.4. MexaHi3M Ta YMOBHM YTBOPEHHSI 0iOreHHMX aMiHIB

VY TKaHWHAX JIFOJUHU 1 BULIUX TBAPUH JAESIKI aMIHOKUCIOTH (T1CTUANH, TUPO3UH,
Tpuntodan 1 iHIN) JAEKaApOOKCHIIOIOTHCS, MEPETBOPIOIOYKNCHL B aMIHM 3a y4acTIO
nexapOoKcuiIa3u. 3 IUX aMIHOKUCIIOT YTBOPIOIOThCS T1CTaMiH, THpaMiH, TPUIITAMiH, a
TAaKOX aJpEHaJH 1 HOpaApEHAlIH, HEHPOryMOpalbHUI areHT — CEpOTOHIH. Y BCIX
BUIAIKaX mporiec hae 3a cxemoro [47]. [Ipocrernunoto rpymoto aexapookcmiasz L-
aMIHOKHCIIOT CITY>XUTh nupujokcaibdocdar. BuaineHo 1 BUBYEHI aekapOOKCHUIIa3u
acmapariHoBOi 1 TJIyTaMiHOBOI KHCJIOT, BaliHy, JI3UHY, apriHiHy, TICTHIUHY,
TUPO3UHY, TPUNTO(PAHY 1 PALY IHIIUX aAMIHOKUCIIOT.

[Ipu  nexkapOOKCWIIOBaHHI  TICTUAMHY  YTBOpIO€ThCS  rictamid.  [lpum
JEeKapOOKCUIIIOBAHHI TUPO3UHY 1 TpUNTO(AaHY YTBOPIOIOTHCS BIAMNOBIAHO TUPaMIH 1
tpunTamid. OCTaHHIN JIETKO MEPEXOAUTh B S-OKCITpINTaMiH (CEpOTOHIH) — CIIOIYyKa,
10 Mae Oaratorpanfy ¢i310J0T1YHY 110, 30KpeMa, Ma€ BITHOIIECHHS 10 BUHUKHEHHS
0OJLOBUX BIAYYTTIB TPH 3amajdbHUX Tporecax. JlekapOoKCUITIOBaHHS JI3UHY 1
apriHiHy CyHpOBOKY€EThCS YTBOPEHHIM KaJaBepuHy 1 arMatuny [47].

Ha crorognsimHiii neHb BiloMO, IO 0arato pi3HUX BHIIB OakTepid pOIUHU
Enterobacteriaceae BOJOAIIOTH TiCTUIMHICKAPOOKCUIA3HOK AKTHBHICTIO 1 MalTh
3MATHICTh ~ BHUPOOJSATH  TicTaMiH, BKIoudaroud Buau — Morganellamorganii,
Klebsiellapneumoniae, Hafniaalvei, Proteusvulgaris, Proteusmirabilis,
Enterobacteraerogenes, Enteroobactercloacae, Serratiafonticola, Serratialiquefaciens,
Raoultella (panime Klebsiella) planticola, Raoultellaornithinolytica, Proventiastuartii
1 Citrobacterfreundii [32, 38, 43] Takox Clostridiumspp., Vibrioalginolyticus,
Acinetobacterlowffi, Plesiomonasshigelloides, Pseudomonasputida,
Pseudomonasfluorescens, Aeromonasspp. 1 Photobacteriumspp Takox Oynu
BIJI3HAUYEHI, K riCTaMiHyTBOpIOrOUil Oakrepii [31].
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Jlns yTBOpeHHsI O10T€HHUX aMiHIB HEOOXIJTHO IOTPUMaHHSI MIEBHUX YMOB. 3MiHa
TEMIIEpaTypu 3HAYHO BIUIMBA€ Ha yTBOpPEHHS OloreHHuX amiHiB. 3 pobit Crtpay0d
(1992) Bimomo, mo Lactobacillus curvatus npoaykyrwoTs 177 Mr /1 TUpaMiHy TpHU
temneparypi 30 °C, a npu 15°C — tineku 65 mr/ n [37, 48]. TemnepatypHuii
ONTUMYM JJIsl A€KapOOKCHIIIOBaHHS apriHiny MmikpoopradizMoMm E. Coli ckiamae 37-
40 °C. V cBoix poOotax Kpanep miakpecnuB, m0 B CyXuX KoBOacax OUIbIIY
KUTBKICTh TICTaMiHy BH3HadeHO Tpu Temmeparypi Bumie 18 °C, Hix npu 7 °C.
Oco0aMBO HIBUAKO TICTaMiH YTBOPIOETHCA B MOEIHAHHI 3 T1CTaMIHIPOIYKYIOUHMHU

MIKpOOpTraHi3MaMH.
Astopu Wang, D., Yamaki, S., Kawai, Y., & Yamazaki, K. (2020) noxazanu,
mo Morganella psychrotolerans — HOBHMII NPOAYIEHT TicTamiHy, IO BOJIOJIE

NCUXPOTOJIEPAHTHICTIO TpU pi3HUX piBHAX pH 1 Temmeparypu KyJIbTypajabHOI
pinuHu. BcTaHOBIIEHO, IO ONTUMAabHI YMOBH JUIsl TNPOJYKYBaHHS TiCTaMiHY
HEOUMINIEHOIO TicTimiHAekapOokciiazorw M. Psyrotolerans cranosumm 30°C i pH 7.
IIpoTHe, HakonuueHHs rictamiHy M. Psyrotolerans iHaykoBaHi 1 ipy OUIbIIT HU3BKHUX
3HadeHHaX pH 1 HaBkoummHBOTO cepenoruiia (4 1 20°C, BignosigHo) [49].

Pienp pH TakoX ICTOTHO BIUIMBAa€ Ha YTBOPEHHS OIOT€HHUX AaMIHIB.
®opmyBaHHsS O10T€HHHX aMiHIB BiZJOYBa€ThCSl B KHUCIOMY CEpPEIOBHILI 1 TOMY, 11100
3HM3UTH BMICT, HEOOXIJTHO JOBECTH CHCTEMY JO JYyXKHOTro cepenoBuina. Kpanep B
cBOIX aociimkeHHsXx mokazaB ontumyM pH mns E. Coli aprininaexapOokcunasm,
SKUA cTaHoBUB 5,2 1 omtumyM pH 11 dopMyBaHHS TicTaMiHy, THpaMiHy,
Tpuntaminy — 5,0 [48, 50].

Bci nexapOokcuiiazm aMiHOKHUCIIOT, 32 BUHSITKOM acraprat-B-aeKkapOoKcuiiasu,
3MIACHIOIOTh peakiilo o-IekapOookcuwmoBanHs [51]. Y HaykoBux poboTax €
BIJIOMOCTi, IO B OakTepisx Oyiau 3HaiiaeHi (EepMEeHTH, sKI KaTali3ylTh O-
NeKapOOKCUIIIOBAaHHS apriHiHY, TICTUIUHY, [IyTaMiHOBOI KHCIIOTH, JII3UHY, OPHITUHY
3 YTBOPEHHSM BIJIMOBIIHO armMaTuUHy, TICTaMiHy, KaJaBepuHy 1 IyTPECIUHY.
BusiBneno, mo ytBopeHHsI (hepMeHTYy BiJOyBaeThCs B CTalllOHapHIA ¢asi pocTy
OakTepiii, MpU 3aKUCIEHHI cepeaoBUIla. TakoX HEOoOXiJHa TMPUCYTHICTh B
KUBUJIBHOMY CEPEIOBUINl aMIHOKUCIOTH — cyoOcTpaTy peakuii. s 37ifiCHeHHS
peakiiii JeKapOOKCUIIIOBaHHS aMIHOKHCIIOTa MOBUHHA MAaTH BUIbHY O-aMiHOTPYILY,
BUIBbHY 0-KapOOKCHIIbHY IpyIly, a TAKOXK BIAJaJICHy BiJ HUX MOJSIpHY rpymy [48, 52-
54].
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2.5. Pery/jioBaHHsl BMiCTy 0l10reHHMX aMiHIB y Xap4yOBHX MPOAYKTAX

[ictamin € TepMOCTaOUIbHUM 1 HE BUSBISETHCS OPraHOJCNTUYHUMH ILUIIXOM
HaBITh OCBIYEHMMH Jeryctatopamu. [licist yTBOpeHHsI rictamiHy WHOTO BMICT Y
XapyoBUX TMPOJYKTaX Ba)XKO 3HU3UTH. Temriieparypa 30epiraHHs € HaWOUIbII
BAXJIMBUM (DAKTOpPOM, SIKMH CHpuUsie YTBOPEHHIO OlOreHHMX amiHiB. Temmeparypa
25°C € onTuMajdbHOKW [ yTBOpeHHs TicTtaMiHy, a npu 4 °C raibMyeThcs
Hakonu4eHHs 70 14 qHiB. Takum 4MHOM, YTBOpEHHS OIOT€HHUX aMiHIB Y XapuOBUX
MPOYKTAaX MOXE KOHTPOIIOBATUCS CYBOPUM JOTPUMAHHSIM XOJIOAMJIBHOIO JaHITIOra
[55, 56, 57]. IlinTpumka XOJIOAMJBHOTO JAHIIOTa MpU 30epiraHHi Xap4yOBHUX
MPOAYKTIB, SIKI BXKE€ MICTATh MEBHY KUIbKICTh OIOT€HHUX aMiHiB, SK IPaBHIIO,
ctabunizye piBeHb BA. 3aMopoxyBaHHA OUTbII €(PEKTUBHO, HIXK OXOJOJKCHHS, B
3anobiranHi yrBopeHHst BA [58].

Bucokoremmeparypaa o00poOka TakoX MOXe OyTH BHUKOpUCTaHA JIs
MOJOBKEHHS TEpPMIHY 30epiraHHs NPOJIYKTIB XapuyBaHHsS. TepMIUYHUA PEXUM,
MPU3HAYEHUN U1 3HUINCHHS OaKTepiaJbHUX BUJIB, BIAMOBIJAIBHUX 32 YTBOPCHHSI
ricraMiHy, MOX€  3amoOirTH  TMOJaJbIIOMY  MOro  HakomuueHHio.  Jlis
ricraminyBoprotoroyoro mramy Hafnia alvei, sikuii Oyyio BUABIIEHO IpU BUPOOHUIITBI
KOBOAc rapsyoro KOMYEHHs, IpHU TemiiepaTypax B gianazoHi 54-58 °C 3nauenHs D
(gac, HeoOXimaui My 3HUIIEeHHS 90% OakTepii) cranoBuiam Big 51 mo 20 ¢, a mis
M. morgani npu TemrepaTtypax Mix 58 1 62 °C 3nauenns D cknaganu Big 15 mo 1,5 ¢
[55, 59].

JlociKeHHsT TToKa3aiy, 0 BUCOKHUA BMICT COJII MOXE BIUTMBATH Ha YTBOPEHHS
OlOreHHUX aMiHIB y XapyoBHX NpoayKTax. Uum BuIlE KiHIIEBA KOHIICHTPAIlIS
KYXOHHOI COJIl, THM HM)X4Ye€ pPiBEHb OloreHHux amiHiB. Bmict 6 % coii 3MeHirye
3aranbHUN piBeHb BA y mopiBHsAHHI 3 3 % BMICTY €Ol y JOCHIIKYBAaHOMY 00’ €KTI
[60].

B nanwmii yac 151 301bIIEHHST TEPMIHIB 30€piraHHs PI3HUX XapUYOBHUX MPOTYKTIB
BUKOPUCTOBYETHCSI YIIAKOBKa MPOAYKTIB B MoAudikoBaHiii armochepi (MAP). Ilpu
2°C 1 10°C M's130By TKaHMHY TYHLS KOHTaMiHYBaJId MCUXPOTOJIEPAHTHUMHU
Oaktepisimu. MoaudikoBaHi ynakoBku (ckian mogudikoBanoi armochepu 40% CO,
ta 60% O,) 1HT10YI0TH YTBOPEHHS ricTaminy [61].

OnpoMiHEHHS € OJHUM 3 BOXKJIMBUX METO/IIB MOJOBXEHHS TEPMiHIB 30€piraHHsI
Xap4OBHUX MPAYKTIB. ['aMMa-mpoMeHi, €IeKTPOHU BHCOKOi €Heprii 1 peHTreHiBChKi
IIPOMEH1, 10HI3yI0Ye BUIIPOMIHIOBAHHSI 1HAKTUBY€E MIKPOOPTaHi3MH, MOIIKOKYHOUH
HYKJIETHOBI KHUCIOTH KMTHH. KpiM MiKpoOHOI iHaKTHBallii, ONPOMIHEHHS TaKOX
3MaTHE 1HAYKYBAaTH paIOIITUYHY Jerpajaiiro OloreHHuX amiHiB. Y pubd
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ONpoMiHEHHs 703010 3 1 10 3 k['p 3HA4YHO rajgbMye YTBOPEHHs TiCTaMiHy, TUPaMiHy,
KaJaBepuHy 1 MyTpecuuHy. B ekcnepuMeHTalbHUX 3pa3kax cTtaBpugd BA Oyno
BUSIBJICHO TIIBKM B KOHTpOJI TMmicias 23 JHIB XOJOAWJIBHOrO 30epiraHHs. 3a
EKCIIEPUMEHTAJIbHUMH JaHUM, HaBiTh HIKYui piBeHb (1 k['p) Takox edexTuBHO
CIIpUsI€ 3MEHIIIEHHIO BMICTY aMiHIB MpH 30€piraHHi B 0X0JIOKEHOMY CTaHi [62].

XonoauiibHa TEXHOJIOTiS TAKOX SBISETHCS BAarOMUM CIOCOOOM TMOJOBKEHHS
TepMiHIB 30epiraHHs xapyoBuxX MpoayKkTiB. CrnocoOu 301MbIIEHHS TEPMIHIB
30epiraHHsi OXOJIOJUKEHOI puOM B OCHOBHOMY 3aCHOBaHI Ha IPUTHIYEHHI
KUTTEIISIIBHOCTI MiKpoopraHi3miB. OxoJiomkeHa puba 30epiracTbCs THM JIOBIIE,
YUM paHille nmoyauocs ii 0XoJIoMKyBaHHsS. TepMiHM 30epiraHHsl OXOJIOKEHOI pudH
30UIBIIYIOTBCSA 3 TOHIKEHHSAM TeMmiieparypu. Tak, npu temmnepatypi 5°C Tpicka
30epiraerbes 4-5 nib, a mpu 0°C — 10-12 116 [63, 64].

TakoX TMOJIOBXKEHHIO CTPOKIB 30epiraHHs 1 IMONEPEKEHHI0 HAKOMWYEHHS
OlOreHHMX aMiHIB B OXOJO/DKEHIM pUOOMPOIYKIii CHpHUSE€ BUKOPUCTAHHS
AHTHUCENTHUKIB. Y SKOCTI AaHTUCENTUKIB HaW4acTillle 3aCTOCOBYIOThCSA XJIOPHI
npenapary. IX 101al0Th y BOLY IS IPOMUBAHHS PUOU 200 HPU BUPOOHUIITBI IO
[63-65].

2.6. [docaimxeHHs: CcHOCO0iB peryJBaHHsl BMICTy OiOreHHHUX aMiHiB B
PUOHHUX MPOAYKTAX

Ha nanuit yac BupimeHHs npoo6siemM 0e3neKy CUPOBUHM Ta XapyOBUX MPOYKTIB
€ BXJIMBUM CTpATETIYHUM JIEP’)KaBHUM HAMPSIMKOM JUIsi BUPOOHHUIITBA CTAaO1IBHO
0e3neuyHnx puodonpoAykTiB. OCOOIMBO 1€ aKTYaJIbHO 3a PSAA0M MOKA3HUKIB, 0 SIKUX
BITHOCUTKCS 010JIOTTYHO aKTUBHHUK aMiH — IriCTaMiH.

Bigomo, 110 TMEKTHHOBI PEYOBHHU BIAHOCITHCA JO TPYNH POCITHMHHUX
OlomomiMepiB 3 BUCOKOIO (Pi31070TIYHOO aKTUBHICTIO. OCKUIBKK OIOT€HHI aMiHH
BIJTHOCSITHCA 710 (PaKTOPIB, IO MOPYUIYIOTh CTAOUIBHICTh ICHYBaHHS OpraHi3My MO
3 TEXHOTEHHUMU YMHHHKAMHU, BAXJIMBO JO CKJIAAy NPOIYKTIB BBOJUTH Xap4dOBi
n00aBKHM, 110 BOJOJIIOTH aJAlTOTeHHUMH 1 IMYHOT€HHHMH BJIACTUBOCTSIMHU.
[TonepeaniMu JOCTIKEHHAMU OyJI0 BCTAHOBJIGHO, IO BBEACHHS B pELENTYpPY
OPUPOAHUX OI1OMOJIMEPIB TaKUX, K NMEKTUHOBI PEYOBUHU, CIPUSAE 3HUKEHHIO 0
JOTMYCTUMOTO MIHIMYMY HAJXOJ[KEHHS TOKCHYHUX PEYOBHH B OPraHi3M JIFOJUHHU 1
BUBEJICHHSA iX y CKJaJl KOMIUIEKCIB. Taka CTUMYJISIIS BUBEICHHS 3 OpPraHizMy
TOKCUYHUX PEYOBHH, € YACTKOIO KOMILJIEKCHOTO OYHILEHHS OpraHi3My 3a JOMOMOIO0
NEeKTUHOTEparnii, sKa 3acHOBaHa Ha BJIACTUBOCTI TMOJIICAXapU/IB POCIUHHOTO
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IOXOJKEHHSI CTBOPIOBATH KOMIUIEKCH 3 BaXXKHMHU Ta PaJlOAKTUBHUMH MeETalaMH,
dbeHomaMu, amiHaMu 1 34aTHOCTI O BUBEACHHS iX 3 opranismy [74]. PesynbraTtu
JOCIIKEHb  BKa3ylOTb Ha KOMIUIEKCOYTBOPEHHS MOAU(IKOBAHUX IOXIJIHUX
NEeKTUHOBUX pedoBUH 3 amiHamu [74]. Ilpu upomy 30epiraerbcs KoHbopmaris
MIPaHO3HOT'O LIMKJIY OCHOBHOI JIAHKHU I0JIICaXapuay — ralakKTypOHOBOI KUCIIOTH.

XapakTepHUMHU 00’ €KTaMH aKBaKyJIbTYpH g YKpaiHH €: KOPOIl, TOBCTOJIOOUK,
O1uit 1 YOpHUI aMyp, MiJIeHTac, oceTep, panayxHa Gopelb, KaHaIbHUN coM. OTHaK
cepell TaKOoro Pi3HOMAaHITTS 00’€KTIB aKBaKyJbTypud HaWOUIbII NEPCIEKTUBHUMH €
TOBCTOJIOOMK 0111l Ta cTpoKaThii. TOBCTOIOOMK CTPOKATHI IMIMPOKO PEANIZYETHCS Y
TOPrOBEJIbHUX Mepekax YKpaiHu B JKMBOMY Ta OXOJOKeHOMY Burisaml. Jms
30UIBIICHHST 3allIKaBJICHOCTI Cepell HaceJeHHsl y KYIIBJII TOBCTOJOOMKA IOcCTaja
HEOOX1IHICTb PO3POOUTH HOBI MPOAYKTH 3 JaHoi puOH. BuxopuctaHHs Takoro
MEPCIIEKTUBHOTO O0’€KTY aKBaKyJbTypH YKpaiHU SK TOBCTOJIOOMK Yy TEXHOJIOTIl
rapssyux MapuHaaiB y JparjienoAiOHii 3aMBIIl IPOJOHTOBAHOTO TEPMiHY 30€piraHHs
JI03BOJISI€ OTPUMATH OE3MEYHUN JUIsl JIIOJUHU XapuyOBHUMl POTYKT.

Oco0a1BOi yBaru 3aciayroBylOTh Takl TEXHOJIOT1UHI MPUHOMH, K1 JO3BOJSATH
pEryaoBaTH BMICT O10T€HHHMX aMiHIB y TapsAyuX MapHHaAaX Ha OCHOBI TOBCTOJIOOMKA
cTpokaroro. TexHONMOTIYHMI mpoliec BUPOOHMIITBA rapsiuux MapHHAJIB mepeadadae
MIJTOTOBKY IIMATOYKiB TOBCTOJIOOMKA, K1 MIJAAIOTh HAIMIBrapsyoMy KOIUYEHHIO, 1
Jpariaeno/1i0Ho1 3aJMBKH HA OCHOBI IpstHO-oITOBOTO BiaBapy [75]. Ilim wac Takux
TEXHOJIOTTYHUX MPOLECIB, K PO30UpPAHHS, MOCOJI, 30epiraHHs KyJiHapHUX BUPOOIB
MOKYTh YTBOPIOBATHCS O10r€HHI aMiHHU, IO MOB’sI3aHO 3 0aKTepiadbHOIO TISIIBHICTIO.
Binomo, mo npu temmnepatypi Biag 0 go + 5 °C rictamiH TakoXX YTBOPIOEThCS, aje B
MEHIIUX KUIBKOCTSX 1 iHmmMu Oaktepismu (Vibrio spp., Photobacterium spp.), siki
MOTPAIUISIOTh B PUOHI MPOJYKTH B MpoIeci mepepoOku, 30epiranHs abo peamizarii
[10]. Le#t miama3oH TemriepaTyp BiJIIOBiJa€ yMOBaM 30epiranHsi puOHOI KyJTiHApHOI
MPOAYKITI.

JIist excriepuMeHTaNbHUX JOCHIKEHb OYyJI0 MiATOTOBJICHO HACTYMHI 3pa3Ku:
M’s130Ba TKaHHWHA TOBCTOJIOOMKA TMICisl po30HMpaHHs, MOJENbHI 3pa3Ku KyJIHApHUX
BUpPOOIB 3 PI3HOMAHITHUMH KOMOIHAIISIMU CTPYKTYypOyTBOpIOBadiB. B  saxocTi
KOHTPOJIIO JOCIIPKEHHIO MiJIJIaBAIMCh 3Pa3Ku rapsyux MapuHaJiB O0e3 J0JaBaHHs
CTPYKTYypOYTBOPIOBAUIB /10 CKJIaly MPSHUX 3aJIUBOK.

[TontepennimMu JOCIIUKEHHAMU BCTAHOBJIEHO palioHaJIbHU N BMICT
CTPYKTYpPOYTBOPIOBAUiB, sIKI 3a0€3MeUyr0Th HEOOXIHYy MIIHICTh Apario [75], ska
cxiana 112 r.

ExcniepumenTtanbHi JaHi mpenctaBiieHi Ha puc 1. Y  CBDKOBUTOTOBIICHUX
3pa3kax BMICT ricraminy ckiaB 10 mr/kr. [Ipyu BU3Hau€HH1 KUIBKOCTI TiCTaMiHy MICs
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7 nmobu 30epiraHHs y KOHTPOJBHUX 3pa3Kkax MOCHIiIKeHHs OyJd TpUIMHEHI. 3a
MIKpOOI0JIOTIYHUMHU TOKa3HUKaMu Ha § 100y KOHTPOJIbHI 3pa3ku HE BIIAMOBIIAIH
MiKp0O10JIOTTYHUM BUMoOraMm (Tadi. 1).
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Puc. 1. BIuInB IEeKTHHOBUX PEYOBHH TA iX MACOBOI YaCTKHM HA BMICT ricTaMiHy
NMPOTSATOM Pi3HUX TEPMiHIB 30epiraHus

3 JaHuX, MPEJICTaBICHUX Ha puc. 1, BUIHO, 1[0 MAKCUMAJIBHOIO 3A10HICTIO J0
3B’A3yBaHHs TiCTaMiHy BOJIOAIIOTh HU3bKOECTEpU(PIKOBAHI MEKTUHOBI PEUOBUHU 31
cTtyneHeMm ectepudikamii 42 % 3 MacoBOI YaCTKOK HHU3BKOECTEPHU(PIKOBAHOTO
neKkTuHy 2 % 1 Ha MOMEHT NPUIUHEHHS! JOCTIIKEHHS BMICT TICTaMiHy B KyJIIHApHUX
BUpoOax ckiaB 13,1 mr/kr, a 3 macoBoto yactkoro 1,5% — 15,8 %. 3pasku 3
BHUCOKOECTepU(IKOBAHUMHU TMEKTMHOBUMHU PEYOBHHAMHU 3 MacoBOw 4acTkoo 2,0 %
MicTiii 21 Mr/kr, a 3pa3ku 3 MacoBow yactkoro 1,5% — 24,8 mr/kr. ToOGto Bci
3pa3KH 3a BMICTOM TiCTaMiHy BiJMOBiAaJM BUMOTraM, IPUHHATUM B Hallliid KpaiHi (He
oinbire 100 mr/kr).

BinMiHHOCTI y BMICTI TiCTaMiHy B JOCHIJDKYBaHHMX 3pa3kax MOKHA MOSCHUTHU
yepe3 OUIbIly KUIBKICTh AKTHUBHUX (YHKUIOHAIBHUX TPYN Yy CKIAJl MEKTUHOBUX
PEYOBHH Uepe3 pi3Hy CTyMiHb ecTepudikairii.

VY BciX JOCHIKYEMHX 3pa3kax OyJio MEepEeBUINEHO MMOKAa3HUKU Oe3MeKu 3a
MikpoOiosioriuauMu  BuMoramu (tabm. 1), sxi 306epiramu 17 ni6 0e3 BHECEHHs
KoHcepBaHTIB Tipu Temmnepatypi Big 0 go + 5 °C. Hopma kinibkocti MADAHM uist
pubnux mapunanis — 1x10* KYO/r [76].

3pa3ku 31 CTPYKTypOYyTBOpHOBadamMH 30epirajucs JOBIIE 3a paxyHOK
OaKTepULMIHUX BIIACTUBOCTEH CTPYKTYpPOYTBOpIOBauiB, sIKI OyJlu MiJCUJICHI
3HWKEHHSIM 3HAYEHHSI aKTUBHOCTI BOJIU Ay
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Tabnuna 1
3MiHM MIKpPO00ioJIOTiYHMX NOKA3HUKIB 3pa3KiB pUOHOI0 rapsa40oro MapuHany 3

TOBCTOJI00MKA B mpoieci 30epiranus (n = 3, p < 0,05)

Tepmin 30epiranss, ai6

: . CBI>KOBUTOTOBJIE
JlocniKyBaHUM 3pa3oK 1 7 14 17

HI 3pa3Ku
KMA®AsM, KYO/r

KOHTPOJIb 1,3x10? 3,8x10* |2,9x10° | - -

pubHUN  MapuHaa 3
BHUCOECTepU(PIKOBAHUM
MEKTUHOM (macoBa
yacTka 2 %)

1,2x10? 5,5%10% | 6,8x10% | 8,9x10% | 4,6x10*

pubHUN  MapuHaa 3
HU3bKOeCcTepU(PIKOBaAHH
M TEeKTHHOM (MacoBa
gacTtka 2 %)

1,1x10? 3,8x10%* |5,1x10° | 6,2x10% | 2,8x10*

puOHHMi  MapuHag 3
BUCOeCcTepU(IKOBAHUM
MEKTUHOM (macoBa
yacTka 1,5 %)

1,2x10? 6,2x10* | 7,5%10° | 9,3x10% | 5,2x10*

pubHUN  MapuHaag 3
HU3bKOeCcTepru(PiKoBaHU
M TEKTHHOM (MacoBa
yacTka 1,5 %)

1,1x10° 4,3x10% |6,2x10° | 7,8x10° | 3,5x10*

3acTOCYyBaHHSA TaKuX TiIPOKOJUIOIAIB POCIUHHOTO TOXOJ/DKEHHS SK HHU3BKO- i
BHUCOKOECTepU(IKOBAHUX TEKTUHOBUX PEUOBMH B TEXHOJOTI] Tapsyux MapHHAJIB
CIIpHUsI€ HE TIIbKHM YIIOBUIBHEHHIO HAKOMWYEHHS TiCTaMiHy IiJ 4ac 30epiraHHs, aje i
OPUTHIYCHHIO KUTTEIISUIBHOCTI  Me30(PUTbHUX aepoOHMX 1  (aKyJIbTaTUBHO-
aHaepoOHUX MiKpoopraHi3MiB. BapiroBaHHS MaCOBOIO YaCTKOKO MEKTUHOBUX PEUOBUH
Ma€ 3HA4YEHHS MpPU CTBOPEHHI MEBHOI KOHCHCTEHLII IparjenoiOHOi 3aJMBKU MpPH
BUTOTOBJICHHI rapsiyuX MapuHaiB 3 TOBCTOJIOOUKA.

Jns ranbMyBaHHS HAKOMHMYEHHS TICTaMiHYy BHKOPHCTOBYBaTH BHCOKO- Ta
HU3bKOECTEPHU(PIKOBAHI MEKTUHOBI PEUOBHMHU 13 MACOBOIO 4YacTKowo Ouibiie 2% €
HEJOUIIBHUM, Yepe3 YCKJIaJHEHHS MpOIeCy BUTOTOBJICHHS 3anuBu. IlepeBary ciin
HaJaBaTH  HU3bKOECTepU(PIKOBAaHUM  TEKTUHOBUM  pedoBuHaM.  [logambii
JTOCITIJIKEHHS OynyTh CTOCYBAJIUCS JOCITIIKEHHSIM B3a€EMOII1
HU3BKOECTEPU(IKOBAHUX MTEKTUHOBUX PEUYOBHUH 3 FCTaMIHOM.

AHani3 niTepaTypHUX JHKepel PO HaKOMUYEeHHsI O10reHHUX aMiHIB Y XapyOBHUX
MpPOAYKTaX 3 TOBCTOJIOOMKA BIJACYTHIN, IO MOTpPeOye MNPOBEACHHS CHCTEMHUX
JOCTIPKE€Hb Ta OLIHUTHU BIUTUB TEXHOJOTIYHUX MPOIIEeCiB 0OPOOKU 1aHOT CUPOBUHHU 3
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CIMEMCTBa KOPOIOBMX B TEXHOJIOTIi KyJIHApHUX PUOHUX BUPOOIB 3 J0JaBaHHSIM
PUPOIHUX 61omosiMepiB POCIMHHOTO MIOXO/KECHHS, TaKHX SIK
HU3bKOECTEpHU(IKOBAHI TEKTUHOBI PEUOBUHH.

®i3ios0orivyHa LIHHICTH HHU3bKOEcTepu(ikoBaHuX nekTuHOBUX peuoBuH (HIIP)
MOJISITA€E B TOMY, 1110 BiH CIIPUSI€ HOPMAIHHOMY MPOTIKAaHHIO 010XIMIYHUX ITPOIIECIB 1
3arobirae HEraTUBHOMY BIUTUBY TOKCHKAHTIB Ha OPraHi3M JIIOJWHU. SIK aKTHUBHHIA
enrepocopoeHt — HIIP 3matHuit Oe3mocepenubo copOyBaTH OTPYTH, €HAO- Ta
KCEHOO10TUKHU. 3B'A3yBaHHS IIUX CHOJYK IMOYMHAETHCS B LHUIYHKY. Y TOHKINA KHIIII
COpOYIOThCSI PEUOBHHHU, IPUNHATI YEPE3 POT, @ TAKOK KOMIIOHEHTH CEKPETY CIU30BOi
OOOJIOHKHM, TEYiHKH, MiJAIUTYHKOBOI 3aj03u: (EPMEHTH, pPETyJATOpHI MENTUAH,
MPOCTArJIaHIMHU, CEPOTOHIH, TICTaMiH 1 IHIII METa0OJIITH, HAJIUIIOK SKHUX
CIIOCTEPIraeThCs MPHU MATOJIOTIYHUX MPOIIEcax B OPraHi3Mi 1 K1 HAAXOJATh B IMIPOCBIT
KHILIKH 3 KPOBOHOCHUX CYJIMH 1 3 )KOBYIO.

Monudikaiisi TpUPOJHUX TOJIMEPIB 3 METOIO MIJBHUIICHHS iX XEIaTyHOunux
BJIACTUBOCTEH, B OCHOBHOMY, HE€ 3adyillalOTh OCHOBH TOJIIMEpHOro Hocid. [lo
MOJIIMEPIB-XEJaHTIB MOXKHA BIJHECTH XENaTyloul MakpoJiraHgu, B SKOCTI SKOTO
BUCTYIA€ IPUPOAHUI MoJIMep HU3bKoMeTOoKcHiboBaHuil nektud (HIT), orpumannii 3
BUKOPUCTAaHHAM NEKTUHMETUecTepasu [77].

Bbyno BHBYEHO KOMILUIEKCOYTBOPEHHSI HATHBHOTO 1 JeecTepu(iKoBaHOTO
A0Iy4HOrO TEKTHHY 3 TrictaMiHoM. Kowmrmuiekcu OTpuMyBaiu TNpu KIMHATHIM
TeMrepaTypi 3JIMBaHHSIM BOJHUX PO3YMHIB.

Cxianm KOMIUIEKCHUX CIIOJTYK BH3HAYad METOJAMH 130MOJIIPHUX Cepii 1
MOJISIpHUX BigHOCHH [78]. MeToa 130MOJISIpHUX Cepiii 3aCHOBaHUN Ha BU3HAYCHHI
BIIHOIICHHS 130MOJISIPHUX KOHIIGHTpAIlii B3a€MOJIi MEKTHUHY 3 TICTaMiHOM, SIKE
BiJIMOBiJa€ MaKCUMaJIbHOMY BHXOJY YTBOPEHHX KOMIUIEKCHUX CHONyK. [Ipu mpomy
KpUBa 3aJE€KHOCTI BHUXOJIYy KOMIUIEKCY 1, TaKUM UHWHOM, 3MIHM 1HTEHCHUBHOCTI
CUTHAJy BiJl CKJIay PO3YMHY XapaKTEePHU3Y€EThCS TOUYKOIO eKCTpeMyMmy. Taka Touka
CBIJUUTH PO MAKCUMaJIbHO MOKJIMBI KOHIIEHTpALlli KOMIUIEKCY, a i1 MOJO0XKEeHHs Ha
oci a0CIKC BIJIMOBIAAE CTEXUOMETPUYHOMY CITIBBIIHOIIEHHIO peareHTiB. BiamoBigHO
70 METOAY 130MOJISIPHHUX CEPiil TOTYBAJIMCA PO3YMHH JIBOX KOMIIOHEHTIB OJJHAKOBOIO
MosisipHoi  koHHeHTpamii (1 - 10-4 wmosmp / 1), sKI TOTIM 3MINIyBaJd B
cuniBBigHomeHHax (Bim 1:9 mo 9:1), 30epiratoun 3arajibHuii OOCAT PO3ZYUHY
He3MIHHUM. [Ipu oMy cymMapHe 4YMciio MOJiel MEKTHHY 1 TiCTaMiHy B PO3YMHI
3aBXKIU 3ajulanocs noctiiHuM. Yepes 1 roanHy BUMIPIOBAIM ONTUYHY LIIbHICTDH
PO3YHHIB. Krosety TIOPiBHSHHS 3aIOBHIOBAIIN BOJIHUM PO3YMHOM
HM3bKOECTEPU(PIKOBAHOIO MEKTHHY BiAnosinHoi konuenrpauii — 10°-10* mons / am?
y BOAHUX po3uuHax. [loTim OyayBanu rpadik 3ajIeKHOCTI (130MOJISIPHY Jiiarpamy)
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3MIHM ONTHUYHOI IIIJILHOCTI BiJ CIIBBIJIHOIIEHHSI KOHIIEHTpAIlli KOMIIOHEHTIB 1
BU3HAUAJIM TIOJIOKEHHSI MAaKCHMyMy TIIOTJIMHAHHS Ha OTpPUMaHIi KpuBid. 3a
€KCTPEMaJIbHOK TOYKOIO Ha 130MOJIAPHIN AlarpaMi BU3HAYaId CKJIaJl KOMILJIEKCHOTO
3'eqHaHHs [78].

Meton MoJiipHUX BIIHOCUH [78] 3acHOBaHMN Ha BCTAaHOBJICHHI 3aJIEKHOCTI
3MIHM ONTUYHOI LIUIBHOCTI BiJl KOHIIEHTpAI[li OJJHOTO 3 KOMIIOHEHTIB IPH MOCTIHIHI
KOHIIEHTpaIlli APyroro KOMIOHEHTa. EKCliepuMEHT NMPOBOJIUIN HACTYIIHUM YHUHOM:
rOTYBaJIM PO3YMHHM IEKTHHY i rictaminy 3 Kouuenrpamismu 1 ¢ 10?4 mons / am. V 10
MipHUX KOO HammuBamy 1o 2 cm® posuuny HIIP i Bix 0,5 1o 8,0 cM® rictaminy. ITotim
3araJbHUN 00CAT CyMillni JoBOaAMIM BOA0K 10 10 M. Uepes 1 roauny BEMiprOBaIM
ONTUYHY IIIJIBHICTh OTPUMAHUX PO3YMHIB 1 OyayBajgu KpuBY HacuueHHS AA = f
([ricraminy] / [HITP]). Touka 3mamMy Ha KpuWBiii HACUYCHHS BiJMOBIA€ BIAHOMIEHHIO
CTEXMOMETPUYHUX KOEQIIIEHTIB, IO JOPIBHIOE BIIHOIICHHIO KOHIICHTpAIiil
pearyro4ux KOMIOHEHTIB B a0CIIMCI TOUKHU €KBIBaJIEHTHOCTI [78].

Takum 4MHOM, METOJaMU 130MOJIIPHUX CEpid 1 MOJISIPHUX BIIHOCHH BU3HAUYECHI
KOHCTaHTH CTIMKOCTI KOMILIEKCIB TricTaminy 3 HatueauMm: (1,72 + 0,5) - 10%, (2,80 +
0,1) - 10%, (2,97 £ 0,5 - 10% (3,07 = 0,5) - 10° i npeecrepudikoBaHUM
IEKTHHMETHUIIECTEPA30I0 A0 IydnuM mexktunom: (1,79 £ 0,5) - 104, (3,32 £ 0,5) - 104,
(3,50 £ 0,5) - 104, (3,72 £ 0,5) - 10° BiANOBiAHO, i BCTAHOBJIEHO CKJIaJ KOMILIEKCIB.
Koncrantu criiikocTi rictamiHy 3 JeecTepu(iKOBaHMM NEKTUHOM MAlOTh OUIBII
BHCOKI 3HaYEHHS B MOPIBHSAHHI 3 HATUBHUM. KO>XKHA CTpYyKTypHa OJIMHUIISI IEKTUHY B
KOMIUIEKC] B3a€MO/II€ 3 MOJIEKYJIOI0 010r€HHOr0 aMiHy B CHiBBigHOMIEHH] 1: 1.

Hactynmaum eramom sIBUJIOCS JTOCTIKEHHS KOMILJIEKCOYTBOPEHHS TICTaMIHY 1
IHTPEAIEHTIB MEKTUHOBMICHUX XapUOBUX KOMITO3HUIIIH.

Ha xadeapi TMPiIM OHAXT po3po06sieHi HaykoBO OOTpyHTOBaHI PEHENTYypH i
TEXHOJIOT1 TEKTMHOBMICHUX 3aJUBOK JJii PUOHUX TIPECEepBIiB, SKI MAalOTh
JETOKCHUKAIIIMHI BJIACTUBOCTI IO BIIHOIICHHIO JI0 TICTaMIHY 1 YTBOPIOIOTH TiCTaMiH-
MEeKTUHOBI KOMIUIEKCH. MeTo ] BU3HAUEHHA TICTaMiHy IPYHTY€EThCS Ha BUMIpIOBaHHI
BeJMUMHUA abcopOitii mpu 495 HM B KIOBETI TOBIIMHOIO 1 ¢M Ha CHEKTPOPOTOMETPi
C®-46. B sxocTi po3uMHy Al MOPIBHSAHHS OyJO BHUKOpPHCTaHO eTwiianerar. Ha
OCHOBI OTpUMaHMX JaHUX Oyyia moOyJaoBaHa KajliOpyBajbHAa KpHBa 3aJIEKHO BIJ
BEJIMYMHU aOcopOIii 1 BiA KOHIEHTpalii rictaminy B po3uuHi [79]. Bemukoro
MOMYJISIPHICTIO KOPUCTYIOTHCSI 3QJIMBKM 3 HEBEJIUKOIO KUIBKICTIO MPSHO-OJINHUX
eKCTpaKTIB,  KOpIHHA  MeTpywkd Ta  ceiepu. Jug  OpOrHO3yBaHHSA
KOMIUIEKCOYTBOPIOIOUNX BJIACTUBOCTEH MEKTUHOBMICHUX 3aJIMBOK BHBUYEHO BILIWB
OCHOBHHUX Xap4OBUX KOMIIOHEHTIB KOMITO3ULIN 3aJIMBKH Ha 3B’A3YBAaHHA TiCTaMiHY.
Jlns BU3HA4YEHHS 3B'SI3yBaHHS TiCTaMiHy y MOJCIBHUX PO3YMHAX, IO MICTSThH
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nepepaxoBaHl KOMIIOHEHTH 3aJMBKM, 3aCTOCOBYBAJIM MATE€MaTUYHE IJIaHYBAHHS
excriepuMenTty. {006 BHUKIIOUMTH BIUIMB CHUCTEMATHMYHUX MOMHIIOK, BHKIMKAHUX
30BHINIHIMM YMOBaMH, IPOBOJWJIM PaHJIOMI30BaHMM €KCIIEpUMEHT. B  aKocTi
HE3aJIeKHUX 3MIHHUX OyJIH 00paHi KOHLEHTPAllisl MEKTHHY X, KOHLIEHTpallisl MPsSHO-
MAaCJIIHUX €KCTPAaKTIB X, KOHLEHTpALlsl €KCTPaKTy 3 KOPIHHS METPYLIKU 1 cenepu
X3, a 3aJeKHOI0 3MIHHOIO — 3B'sI3yBaHHS ricraMiny. JlokanpHy 0071aCTh BU3HAUCHHS
(akTOpiB BCTAHOBIIOBAJIM 3 MONEPEIHBO MIPOBEIECHUX E€KCIIEPUMEHTIB. B pesynbrari
O00pOOKH EKCIEepUMEHTAIbHUX JAaHUX OTPUMaHi PIBHSHHS perpecii, 10 OMUCYIOTh
3QJICKHICTh MIXK BEJIMYMHOIO TOB'S3aHUX B JIOCIIPKYBAaHMX CHUCTEMax TiCTaMiHy 1
KOHIICHTPAI[I€I0 00OpaHUX XapYOBUX KOMITOHCHTIB:

V tricramin) = 3,32+91,21X, + 0,027X, + 1,53X5 — 21,18X,2 + 6,89 X, — 0,048X;>

BcranoBieno, 1o B JOCHII)KyBaHUX CHCTEMax KUIBKICTh 3B'S3aHOTO TiCTaMiHy
3aJI&KUTh B OCHOBHOMY BIJ KOHLEHTpauli NekTUHY. [leskuil BIUIMB Ha CTYIIHb
3B'sI3yBaHHS Ma€ 1 KOHIIGHTpAI[isl €KCTPAKTy 3 KOPIHHSA METPYILIKH 1 cenepu. Tak, mpu
ii 23-40 %-my BMICTI B MOJIEJIbHUX PO3YMHAX CIIOCTEPIra€ThCAd 3HMXKCHHS
3B'si3yBaHHs TicTaminy Ha 10,2-12,5 %, 110, MOXIJIMBO, MOSICHIOETHCS YTBOPECHHSIM
KOMIUIEKCIB MDK MEKTHHOM 1 JISTKOPO3UYMHHUMU OlIKaMU TETPYIIKU 1 CelIepu, SKI
MEePENIKO/KAIOTH MPUETHAHHIO TICTAMIHY 10 aHIOHHUX TPYII TTOJTicaxapuy.

[Ipu nmomanpiioMy 30UTbIIEHH] BMICTY €KCTPAKTY 3 KOPIHHS METPYIIKH 1 CEIepH
— 10 42-64 % — pH monenbHMX pO3YMHIB MpHUIIMAae 3HAYEHHs, IO IEPEBUIILYE
BEJIMYUHY 130C€JICKTPUYHOT TOYKH BOJOPO3YMHHUX OUIKIB, BOHH HaOyBarOTh
HEraTUBHUN 3apsA] 1 B3a€EMOJIIOTH 3 KaTIOH-PaAIKaJOM TiCTaMiHy, BHACIIIOK 4YOTO
30UIBIIYETHCST 1X 3B'sI3yBaHHSA. 3aJCXKHICTh 3B'A3yBaHHS TiCTaMIHY BiJ MacoBOi
YaCTKM HHU3bKOECTepU(PIKOBAHOTO SAOTYYHOTO TMEKTHHY 1 EKCTPakTy 3 KOpPIHHS
HNETPYLIKH 1 CETEPU B AOCIIKYBAaHUX CUCTEMAX IIPEJICTaBICHA Ha pUcC. 2.

Takum 4MHOM BCTAaHOBIICHO, IO MPSHO-OMIMHI €KCTPAKTU B JaHUX MOJEIbHHUX
CUCTeMax TMpPaKTUYHO HE BIUIMBAIOTh Ha 3B'A3YI0Uy 3JaTHICTh MEKTUHY.
MaxkcumanbHe 3B'si3yBaHHS TicTaMiHy — Ha 82-86 % — IpOSBISETHCS MPH BMICTI B
MOJIETIHHUX CHUCTEMaX HHU3BKOECTEPU(IKOBAHOTO SOIYYHOTO MEKTUHY, CKCTPAKTy 3
KOPIHHS METPYIIKH 1 CeNIEPH Ta MPSHO-OJIIHOTO eKCTpakTy B KumbkocTi 0,75-1,5; 42-
64 14,2-5,4% BIAIOBIIHO.

Jlo cxiany >kelaenofiOHMX 3aJUBOK Yy SKOCTI CTPYyKTYypOYTBOpIOBaua Ta
KOMIIOHEHTa 3 BHCOKOIO (Di310JIOTIYHOIO AaKTHUBHICTIO TaKOX BBOJSATH AaJIbI1HOBY
KUCJIOTY Ta i COJi, SKI BOJIOAIIOTh YHIKQIbHUMH IMYHOMOJIYJIIOIOYHUMHU
BJIACTUBOCTSAMU. AJBIiHATH COpPOYIOTh 1 BUBOJATH 13 OPraHi3My COJII BaKKHUX
MeTaJliB, TOKCUHIB 1 3MILIHIOIOTh IMyHHY cucTteMy. CrieniudiuHa MIIHICTh 3B'sI3yBaHHS
3aJIeKUTh BlJl CHIBBIIHOLIEHHS B MOJIEKYJl mojicaxapuny D-manHypoHOBOi Ta L-
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T'YJIypoOHOI KHCIOT. B pe3yibTaTi KOBaJIGHTHOTO 3B’SI3yBaHHS 3 IOJIMEPHOIO
MaTPUIIEIO MOXKE 3HU3UTHUCS TOKCUIHICTh aMiHOBMICHHX criosryK [80].

= - -_*_'_*_-——___
Ticramiun, % / T

75,00

70,00

W 70,00-75,00

65,00 - H 65,00-70,00

H 60,00-65,00

60,00 -+

W 55,00-60,00

55,00 = 50,00-55,00

= 45,00-50,00
50,00

S0 40,00-45,00

45,00 4,0

EKCTpakT 3 KOpiHAA NeTPYMKH i CcelepH, %

40,00 Tipsno.

MAacCJIHHAH

0,5 1,0 eKCTPAaKT, %

1,0
1,5
IIeKTHHOBHX pEe40BHH, % 2

Puc. 2 3anexuicTs 3B's13yBaHHd ricraminy Big MacoBoi yactku HIIP i
€KCTPAKTY 3 KOPiHHS NEeTPYUIKH i cesiepu

JUis eKCrepUMEeHTANbHUX JOCHIIKEeHb OYJIO0 MIArOTOBJIEHO HACTYIHI 3pa3Ku:
M’s30Ba TKaHWHA TOBCTOJIOOMKA MICIs pO30OMpaHHS MOJACIBHI 3pa3Kud KyJIHAPHUX
BUPOOIB 3 PI3HOMaHITHUMH KOMOIHAIISIMU CTPYKTYpOYTBOPIOBAYiB.

B siKOCT1 KOHTPOJII0 AOCIIPKEHHIO IM1/1/IaBAIMCh 3pa3Ku rapsyux MapuHaaiB 0e3
JI0JIaBaHHS CTPYKTYPOYTBOPIOBAYIB JI0 CKJIATy MPSTHUX 3aJIUBOK.

ExcnepuMeHTanbHi AaHl mpeacTaBieHl y Taom. 2. Y CBIKOBUTOTOBJIEHUX
3pa3kax BMICT TricTaMiHy ckiaB 10 mMr/kr.

Taoauusa 2
BruiuB ¢cTpyKTYpOyTBOPIOBAa4iB Ta iX KOMOiIHANWII HA KUIBKICTH 0i0reHHUX aMiHIB
(n=3,p<0,05)

Bun Bwmict 6ior§HHHx aMi'HiB, MI/KT
CTpYKTYpOYTBOpIOBaYa TpuBanicts 30epirans

24 roauHU 7 mi0 14 16 17 16
KonTposan 18,4 79%* - -
HIIP (1,5 %) 8,5 9,5 12,4 15,8
AnpriHoBa  KHCJOTa
(1.5 %) 5,6 6.9 9,8 13,1
HIIP + ansrinosa
kucinora (1,5%) y|7,3 8,9 10,1 14,4
cruiBBigHOIEHH] 1:1

[Tpumirtka:* excriepuMeHTa bHI JaHl Ha 5 100y 30epiranHs. J{oCiPKeHHsST MPUITMHEH]1 B HACTIOK
HEBIIMMOBITHOCTI 3pa3KiB MiKpOO10JOTIYHUM BUMOTaM.
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VY Bcix 3pa3kax Oyj0 MEPEeBHUIIEHO MOKA3HUKK Oe3MeKH 3a MiKpOO10JIOTTYHUMHU
BUMOTaMHU. 3pa3Ku 31 CTPYKTYpOyTBOpIOBaYaMu 30epirajiu JOBILE SIKICTh 32 PaXyHOK
OaKTepULIMJHUX BJIACTUBOCTEH CTPYKTYpOYTBOpPIOBadUiB, sIKIi OyJM MiJICHICHI
3HIDKEHHSIM aKTUBHOCTI BOAM. 3 TaONMYHUX JAaHUX BHUIHO, IO MaKCHMAaJIbHOIO
3M10HICTIO 710 3B’SI3yBaHHS TICTaMIHY BOJIOJIE€ aJlbIiHOBa KHCJIOTa 1 HA MOMEHT
MPUIMHEHHSA JOCIIIPKEHHS BMICT TiCTaMiHy B KyJiHapHUX BUpoOax ckiaB 13,1 Mr/kr.
3paszku 3 HIIP mictimm 15,8 Mr/kr, a 3 koMOiHaIli€l0 CTPYKTYpOyTBOproBauiB — 14,4
MT/KT.

BigmiHHOCTI y BMICTI TicTaMiHy B JOCHIPKYBaHUX 3pa3kax MOXKHA IMOSCHUTH
yepe3 OUIbIly KUIBKICTh AKTUBHUX (PYHKIIOHAJIBHUX TPYN y CKJIaJl alblriHOBOI
KHUCIIOTH.

3acTocyBaHHs Pi3HUX CTPYKTYPOYTBOPIOBAUIB B TEXHOJIOTI rapsyuX MapuHaI1B
CIIpHUsi€ YMOBIILHEHHIO HAKOMMYEHHS TiCTaMIHY IiJl 4ac 30epiraHHs. BapiroBaHHs
CHIBBIJHOIIEHHSAM CTPYKTYPOYTBOPIOBAYiB JO3BOJIE TEBHUM UYHWHOM PETYJIOBATH
BMICT TICTaMiHY Y PUOOMPOYKIIii.

BucHoBxu

VY mpexacraBneHiit poOOTI MpoaHaIi30BaHO TEHJIEHIIT Y XapuyBaHHI JitoJed 3
MO3MUIIIH SIKOCTI Ta O€3MEeYHOCTI XapyoBUX NPoAYKTiB. [lokazaHo, 110 6Gi0reHH1 aMiHH,
K1 YTBOPIOIOTHCS y XapuOBUX MPOAYKTaX, SIBISIOTHCS HEOE3MEUHUMH YMHHHUKAMHU
xapuyBaHHs. [IpoaHayizoBaHl OCHOBHI MPUYMHHM, MEXaHI3M 1 YMOBU YTBOPEHHS
OiorenHux amiHiB. [loka3aHi OCHOBHI CIOCOOM PEryJIOBAaHHS BMICTOM O10T€HHHUX
aMIHIB y XapyoBUX IMpoaykTax. bylo mocnimxkeHo 3acTocyBaHHs O10IMOJIMEpIB
POCIMHHOIO TOXOJKEHHS, SK CIOCIO peryyitoBaHHs BMICTOM OIOT€HHHMX aMiHIB B
PUOHUX MPOIYKTAX.
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KAPITEL 3/ CHAPTER 3.
RESEARCH AND IMPROVEMENT OF ROLLING PARAMETERS AT THE

STECKEL MILL

UCCJIIEJOBAHUE U YIYYIIEHUE TAPAMETPOB ITPOKATKHN HA CTAHE CTEKEJIb
JIOCJIJIZKEHHA 1 HOJIIITINEHHA HAPAMETPIB IIPOKATKH HA CTAHI CTEKEJIA

DOI: 10.21893/2709-2313.2020-03-03-052

Introduction

Modern technologies including the thermomechanical controlled rolling process
(TMCP) and the latest equipment [1, 2], which have been developed recently, have
given impetus to the production of rolled products with a new level of quality
characteristics, including requirements for microstructure, shear fracture area,
increased impact requirements, correlation of yield strength or tensile strength and
others. When developing a new technology and mastering a new product mix, with
increased requirements, manufacturers and scientists are faced with problems [3, 4]
that require further study. The way of solving one of these problems, namely
providing increased requirements for these quality parameters, is to study the
influence of the deformation degree on the stress distribution that occurs in the metal
during rolling, and its penetration through the thickness of rolled products along the
deformation zone at different temperatures.

Among the research methods that are conducted to study the rolling process,
currently the most common are analytical methods [5-10] and methods of simulation
[11-19], which have become widespread with the development of computer
technology. The application of mathematical modeling methods in processes of
metals processing by pressure allows to satisfy several purposes at the same time: to
minimize expenses for research and development of technological processes in the
conditions of actual production, to carry out in-depth research of processes of plastic
deformation occurring in the experimental deformation zone; to compare the results
of the study through the simulation with the actual results that have been obtained
during production in order to identify bottlenecks in the technology. Among others,
through simulation, in-depth study of temperature processes [20-23] has become
widespread which are integral parts of the modern metal-forming process.

Due to the modern development of different variants of technological processes,
such as normalized rolling, thermomechanical rolling, with all its varieties, the
principles of which are the interaction, under certain conditions, between temperature
and deformation, there are still questions about their integrated study and impact on
the final products quality [24-26].

The objective of the work is to investigate the stress and strain distribution under
the conditions of the rolling process at the Steckel mill by the finite-elements method
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(FEM); compare the calculation results of the rolling force parameters obtained by
the simulation based on the Abaqus CAE 6.14-2 software with the actual results
obtained at the Steckel mill.

In recent years, the number of Steckel mills, which have undergone several
evolution stages, has increased considerably. Modern mills are able to produce not
only heavy deformed electrical and carbon steels but also high-strength and
corrosion-resistant microalloyed steels. The dimensional range has also extended
significantly: modern mills can produce rolled products with a thickness of
1.5...50mm, including plates, instead of the thicknesses of 2...12mm. The weight of
slabs used is up to 70tons. State-of-the-art Steckel mills are equipped with all the
necessary equipment to produce high-quality rolled products.

In keeping with the advancing digital technologies, rolling technology
mathematic simulation methods are now widespread. Various authors offer
mathematical models with different structures, which are developed by various
methods [27-34]. It should be pointed out that most of the papers are based on the
finite element and finite differences method.

Various error levels, which can be obtained by using these models, determine
their further application from the simulation at the education program level [31] to
the target technology design.

In paper [32], the authors suggest using the developed model to design the
controlled rolling or thermo-mechanical [33] rolling technologies, since it takes into
account thermo-physical and structural parameters [34]. However, the authors do not
indicate the error level that this model allows to obtain. The model proposed by the
authors [35], which involves the influence of metal anisotropy in the rolling process,
is particularly interesting. However, other authors do not indicate or take into account
this feature.

The error indicated by the authors in paper [36] is determined by rolling force
and 1s 1.42MN on average. It should be noted that the abovementioned error depends
on the rolling force level, which is shown in the graphs in paper [36]. The simulation
error indicated by the authors in paper [37] is £10%, and in paper [38] the error is up
to 15.6% in the first pass and then decreases. In paper [39], the error is less than 8%.
Thus, different error level of the authors makes it possible to differentiate the
proposed models for the calculation of more or less sensitive production methods.
However, the use of models with the least error in the design of controlled or thermo-
mechanical rolling technology, as shown in papers [32, 33], is unanimous.

It should be mentioned that most mathematical models, which have been
developed by engineering companies and tested on the existing equipment, have
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limited access.

Thus, the use of models for the development of rolling technology, its
optimization greatly facilitates this process, reduces technological errors and
mitigates risk of obtaining products of unsatisfactory quality, to which, among other
things, the authors [29, 34, 40, 41] paid attention.

The relevance of development and mathematical model evaluation for the
conditions of the Steckel mill at Ferriera Valsider SpA is driven by the need to master
new technologies in order to expand the product mix and meet the needs of the
European market.

The paper is focused on evaluating mathematical model of hot-rolled coil rolling
at the Steckel mill at Ferriera Valsider SpA (metallurgical plant which has been
successfully operating in Verona (Italy); it belongs to METINVEST Group since
2001), for the further development of technology.

3.1. Materials and Methodology

3.1.1. Input data and methodology for finite element simulation

The technological process and power characteristics of the Steckel mill at
Ferriera Valsider plant, Italy have been investigated in the work. The scheme of the
main technological line for the production of hot-rolled coils at Ferriera Valsider
plant is shown in Fig. 1. The characteristics of the experimental product mix and the
actual rolling schedule are given in Table 1-3.

1 2

Fig. 1. Scheme of the technological line for the production of hot-rolled coils at
Ferriera Valsider plant: [/ — stand with vertical rolls, 2 — roughing stand of 3170;
3 — pushing continuous heating furnace,; 4 — through roller furnace; 5 — Steckel stand
1780; 6 — furnace coilers, 7 — equipment of laminar cooling; 8 — coiler
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Table 1
The product mix of slabs and coils under study
Heat Slab number Steel grade Slab cross-section, | Coil cross-section,
number [mm] [mm]
81518 | A1/02005400 | S355JR+AR 220x1520%9800 15x1500
Table 2

The chemical composition of the steel grade S355JR+AR under study

Heat Mass fraction, [%]
number| C | Si |Mn| P S |Cr|Ni|Cu| Al | Ti | Nb [Mo| V N | As
81518 [0.14[0.023]1.40{0.0140.003[0.05|0.18]0.02]0.035[0.005 [ 0.034 |0.01]0.005 [ 0.007| 0.005
Table 3
The actual rolling schedule of heat number 81518 on the stands of the
Steckel mill
o0 — o
— < é — E % o
E — " = S o T | g8
&0 7 g = 5 o & 3 SRR
E o |E 228 52| 2 4|8z
o) = = =3 D) —
A R =
1 | 221.3 1200.49 | 9.40 1050 2.20 1090 1007
2 1200.49|178.82 | 10.81 1050 2.20 1068 904
3 | 178.82 15836 | 11.44 | 1050 2.20 1068 1000
4 |158.36|139.55| 11.88 | 1050 2.20 1044 1017
Two-high 5 [139.55]120.54| 13.62 | 1050 2.20 1073 1015
rollingmill | 6 |120.54|103.88| 13.82 | 1050 2.20 1023 1077
3170 7 | 103.88 | 87.23 | 16.03 1050 2.20 1055 1121
8 | 87.23 | 71.81 | 17.68 | 1050 2.20 1009 1243
9 | 71.81 | 57.87 | 1941 1050 2.20 1027 1254
10 | 57.87 | 46.82 | 19.09 | 1050 2.20 1027 1246
11 | 46.82 | 37.16 | 20.63 1050 2.20 1041 1397
Fore-high 1 | 37.16 | 23.95 | 35.55 620 4.06 999 1957
rollingmill | 2 | 23.95 | 18.98 | 20.75 620 4.06 958 1351
1780 (Steckel)l 3 | 18.98 | 15.17 | 20.07 620 4.06 920 1195

12 thickness before (H) and after (h) the pass, mm
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It should be noted that in order to exclude calculation errors associated with the
fixation of the actual rolling temperature on the passes at the rolling mill, in the
Abaqus CAE system simulation, the results of the analytically performed calculation
have been used [6]. To build a model of metal physical and mechanical properties
processed in the system CAE (Complete Abaqus Environment) it is necessary to
specify its density, elasticity and plastic properties. The finite-element (FE) model of
a hot rolling process is built for the rolling process of steel grade S355JR+AR
according to the requirements of EN 10025-2, with the chemical composition given
in Table 2. The following parameters were set in the Abaqus CAE system: density
7.8E09 — t/mm?; Poisson's ratio — 0.3. The Young’s modulus has been given
depending on the metal temperature t, °C according to the following dependence
[42]:

E=(213286—-4.877x1072t-3.33x107°¢* =2.778x10°*)x10°>,MPa. (1)

The deformation resistance (flow stress) of the metal was determined according
to the method of L.V. Andreyuk and G.G. Tyulenev, by the chemical composition
[43]:

_u(10£)" (t/1000)°, )

o, = SaO

where u — is the strain rate, s!'; ¢ — engineering strain; t — is the deformation
temperature, °C; Seop, a, b, ¢ — coefficients for each steel grade, which are determined
by the corresponding dependences, taking into account the content of chemical
elements in steel [43].

The transformation of the deformation resistance values oy o obtained by the

method of L.V. Andreyuk and G.G Tyulenev, and the engineering strain values
gP!for implementation in the Abaqus CAE environment has been performed

according to the following method:

o, =o,(+¢); 3)

Epue = In(1+ £); 4)
O

gillzl = Ehue — e . (5 )

E
The deformation resistance o,  in the Abaqus CAE environment has been

given depending on: the engineering strain (€¢) in the range of 0.0-0.8; strain rate (u)
in the range of 0.0-40.0 s!; deformation temperature (t) in the range of 800-1200 °C.
In the calculations according to equation (2), to obtain zero values for the engineering
strain and the strain rate in the Abaqus CAE system, the values respectively equal to
0.001 and 0.01 have been used. The values of deformation resistance o o and the

MONOGRAPH 64 ISBN 978-3-949059-04-9



Intellektuelles Kapital - die Grundlage fiir innovative Entwicklung ‘ 2020 Part 3 E jﬁfg

engineering strain glﬁl have been processed by formulas (3) and (5).

To reduce the calculation time in the model, according to the software
developer's recommendations, process symmetry has been used. Processing of the FE
analysis results consisted in the analysis of stress and strain fields. Reactions at the
roll reference point have been used to analyze the power parameters of the rolling
process. Graphs obtained in the Abaqus CAE environment have been exported to
MS Excel in numerical form.

3.1.2. Materials of Research

The main equipment of the Steckel mill train at Ferriera Valsider SpA consists
of 6-zone pusher-type reheating furnace for heating of the slabs, which is fed by
natural gas, mill 3170 for the rolling of heavy plates and semi-finished rolled stock
for the Steckel mill, which involves two-high stand with a rolling force of 25MN, and
edger mill, 7-zone pusher-type roller hearth furnace for intermediate heating of the
semi-finished rolled stock, which is fed by natural gas. The Steckel mill includes
four-high stand 1780 with a rolling force of up to 24MN and batch-type furnace with
drum-type coils, which is fed by natural gas. There is also laminar cooling unit for
41m strip after rolling, which allows cooling metal at a rate of up to 40°C/s. The
coilers are designed to coil a strip with a thickness of up to 20mm. Layout of the
main equipment at the Steckel mill at Ferriera Valsider SpA is shown in Fig. 1.

In the mathematical model, used for calculations, the input parameters are as
follows: dimensions and chemical composition of the workpiece, burnout loss in the
reheating furnace, power, speed, and geometric characteristics of the main equipment
used for the coil production.

The model, which takes into account equipment features and factors that affect
rolling temperature at the Steckel mill, has been used as a basis when developing
rolling process model [27].

To check the mathematical model, the following actual data on rolling of the
coils, the product mix of which is shown in Table 4 have been used.

Table 4
Product mix of slabs and coils used to check the mathematical model

Heat code Slab No. Steel grade Slab section, Cotl section,
[mm] [mm]
81518 A1/02005400 S355JR+AR 15x 1500
83270 A1/02008812 S355J2+N 220 x 1520 x 9800 12 x 1500
83749 A1/02008905 S355J2+N 10 x 1500
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The chemical composition of the slabs used to check the mathematical model is
used in Table 5.

In the simulation, actual steel resistance to the plastic deformation has been
calculated using actual chemical composition of the slabs in accordance with
Andriiuk and Tiulenev methods.

Table 5
Chemical composition of steel, which is used to produce rolled products to
check the mathematical model

Heat Mass fraction, [%]

code | C| Si (Mn| P S |Cr|Ni|Cu| Al | T1 | Nb [ Mo| V | N | As

81518 |0.14/0.023/1.40/0.014(0.003/0.05(0.18|0.02/0.035|0.005/0.034/0.010.005|0.007| 0.005

83270 |0.14/0.015/1.34/0.017|0.004(0.04(0.02/0.02/0.033|0.005/0.034/0.01/0.005|0.005| 0.005

83749 |0.13/0.009/1.37/0.014(0.004(0.05(0.03|0.03/0.037|0.005/0.030/0.01/0.005|0.006| 0.005

The gap between the working rolls is to be converted to the thickness of the
rolled products, including the stand stiffness, for the use of actual data on the rolling
conditions [44, 45].

The stand stiffness of two-high stand (mill 3170) has been calculated on the
basis of roll gap data, actual length of the rolled product and rolling force in this pass:
F

T, ”
where F is the rolling force, MN x 100; H; is the actual thickness of the rolled product

calculated on the basis of measurements of the actual width and length of the rolled
product in the last pass and the weight of the rolled product, mm; H,. is the roll gap in
the last pass, mm.

Thus, the calculated stand stiffness (mill 3170) is 180MN x 100/mm. The data
used for calculation are given in Table 6.

Table 6
Data for calculation of two-high stand stiffness, mill 3170
Parameter | Unit measure | Value Parameter Unit measure | Value
Rolled product
F [MH x 100] | 1397 OHed produc [mm] 56280
length
Workpi
H, [mm] 29.4 oreplece [t] 24.48
weight
Rolled product
OREE PIOGUE  him] 1494 5, [MH x 100/mm]| 180
width
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The following formula has been developed to calculate the four-high stand
stiffness (Steckel mill 1780 condition), depending on the rolling force, based on the
improved equation:

S, =191.16In(F)-1032.7. (7)

Formula (7) is obtained on the actual data, the processing results of which are
shown in Fig. 2.

To calculate the deviations in the thickness of the rolled product due to change
in stiffness, depending on the rolling force in the stand (mill 1780), it is possible to
use the dependence obtained on the basis of actual data, and equation (7):

AH =2.02421n(F)—10.646. (8)

The comparison of deviations in thickness, when changing the stiffness of two-
high stand (mill 3170) and four-high stand (mill 1780), calculated on the basis of
dependencies (6-8) is shown in Fig. 3.

When increasing the rolling force from 500MN x 100 to 2400MN x 100,
deviation in thickness due to change in the stand stiffness (mill 3170) increases from
3mm to almost 14mm, and from 2 mm to Smm for the mill 1780. The comparative
results show a significantly higher stand stiffness (mill 1780) and, consequently,
higher quality of the finished rolled product, as well as the need to take into account
deviations in the thickness of the workpiece coming from the mill 3170 when
implementing the rolling conditions in the stand of the mill 1780.

500
2 400
£
S 300
]
g 200 S, =191,16In(F) — 1032,7
o
“©W 100 R = 0,9455

a

0 500 1000 1500 2000 2500
F. MINx100

Fig. 2. Dependence of two-high stand (Steckel mill 1780) stiffness
on the rolling force

Taking into account the stiffness of both stands, there have been made
calculations of the rolling parameters for coils, the product mix of which is given in
Table 4. The actual resistance to deformation has been calculated in accordance with
the method of L.V. Andriiuk based on the chemical composition of steel. Using these
parameters, high-speed rates and torques of the main electric motors of the mills of
3170 and 1780 (Steckel) have been calculated. The calculation error has been
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calculated with the use of various parameters such as temperature and rolling force.

14,00
12,00
10,00 1
8,00
6,00
4,00
2.00
0,00

AH, mm

2
0 300 1000 1500 2000 2500
E, MN > 100

Fig. 3. Comparison of thickness deviations due to change in stiffness of two-high
stand, mill 3170 (1), and four-high stand, 1780 (2), depending
on the rolling force

3.2. Finite-Element Simulation of Rolling

3.2.1. Results of Research

The calculation of steel grade S355JR+AR rolling processes from slabs with
dimensions of 220 mm % 1520 mm X 9800 mm and the final coil dimensions of
15 mm % 1500 mm in the Abaqus CAE environment has been carried out by passes
for the roughing stand, rolling mill 3170 and for rolling mill 1780 with furnace
coilers (Steckel), taking into account the features of technology and equipment. The
results of calculations of equivalent stress fields (S) and equivalent plastic strain
(PEEQ) through the demonstration passes in the rolling mill stand 3170 are shown in
Fig. 4. It should be noted that in the figures, the fields of equivalent stress (S) have
the dimension “MPa”.

Based on the dynamics of changes in the shape of the fields, intensity or level of
equivalent stress S in layers, we can make the conclusion as for the penetration of the
deformation through the thickness of rolled products. As known, the final properties
of the rolled products begin to form at the stage of roughing rolling. Therefore,
obtaining data on the occurrence of such a phase in the metal allows to improve
processes of the design, development and improvement of the technology in relation
to characteristics of a particular condition and the material being processed.

When modeling the rolling schedule of steel grade S355JR+AR in mill stand
3170, the beginning of the deformation penetration into the entire depth of the semi-
rolled product, in thickness, is observed in the sixth pass. Here a solid layer or stress
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field begins to form which equals 90 % of the maximum equivalent stress in this
pass, under other appropriate rolling conditions. The equivalent plastic strain at the
exit of the deformation zone, in layers, depending on the depth of penetration into the
thickness of the rolled products, varies from 0.121 up to 0.208, the difference is
0.087.

Upon further rolling, in the subsequent passes, there is an increase in the length
of this continuous stress field together with an increase in the value of the equivalent
plastic strain. In pass 8 the formation of a layer of maximum stress is being observed
with its subsequent expansion and mixing with the stress layer, which equals 90 %,
taking into account the size of the deformation zone. The equivalent plastic strain at
the exit of the deformation zone in layers depending on the depth of penetration into
the thickness of the rolled products varies from 0.184 up to 0.246, the difference is
0.062.

Based on the results obtained, one can conclude that the technological efficiency
of the rolling process, which is being simulated, starts to occur from the sixth pass.
The deformation, which is carried out before the sixth pass, is mostly aimed only at
achieving the required shape of the rolled products or semi-rolled product. The
technological efficiency means the implementation of the rolling process with a
significant impact on internal processes occurring throughout the thickness, and not
only on the surface layers of the rolling products. The results of the calculation of the
equivalent stress fields S and equivalent plastic strain PEEQ along the passes in the
rolling mill stand 1780 (Steckel) are shown in Fig. 5.

When modeling the rolling schedule of steel grade S355JR+AR in mill stand
1780 (Steckel), in all three passes there is the penetration of deformation into the
entire depth of the semi-rolled product thickness under other appropriate rolling
conditions. In this case, the equivalent plastic strain at the exit of the deformation
zone in layers is almost the same throughout the depth / thickness of the rolled
products and has the following corresponding values: 0.422, 0.228, and 0.208-0.238.

Based on the obtained results it is possible to conclude that when rolling in mill
stand 1780 (Steckel), through all passes, the penetration of deformation is carried out
through the entire thickness of rolling products. The maximum equivalent stress and
the stress equaled 90 % of the maximum have a continuous layer throughout the
entire thickness of the rolled products, taking into account the size of the deformation
zone.
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Fig. 4. The results of calculations of the equivalent stress fields (a) and
equivalent plastic strain (b) in the passes at mill 3170
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Fig. 5. The results of calculations of the equivalent stress fields (a) and
equivalent plastic strain (b) in the passes at rolling mill 1780 (Steckel)

3.2.2. The Analysis and Discussion

The results of calculations in the passes obtained by the FE simulation have been
compared to the actual results of coils rolling with dimensions of 15 mm x 1500 mm,
of steel grade S355JR+AR. Additionally, in order to identify deviations associated with
the fixation of the actual rolling performance, similar calculations have been performed
using the improved analytical model of the rolling process [6]. Comparison of the
calculations results of temperature and rolling force is given in Table 7.

On the basis of comparative calculations it has been established that the obtained
deviations of the rolling force between the two methods of calculation and the actual
data have comparable results and a similar trend of changes in the passes, Fig. 6. The
average value of the obtained deviations does not exceed 1.54 % and -1.77 % and
indicates the high accuracy of the obtained calculations results by both calculation
methods.

The analytical checking calculation of the change in the temperature of the strip
along the passes, used in the mathematical modeling, confirmed the presence of
significant deviations in the actual temperatures during the roughing rolling, which
may occur due to the location of technological pyrometers and the presence of steam.
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Table 7
Comparison of actual results of coils rolling with dimensions of
15 mm x 1500 mm produced of steel grade S355JR+AR at the Steckel mill with
the results of calculations

Calculation .| Deviation of
. Calculation ,
in the . calculations of]
Factual data , in Abaqus ,
_ 5 analytical CAE rolling force,
g - | = | = model %
) E E g
= 2| E = . . .
IR S o Szl 8z |§ .7 &
E TS5l s|5|eS] &2 (€82S
7| e X || e X o0 X 2 > 5
SIEE T EC] £ |TE|E ¢
ST Al T |52 52 |8 5
o ~ o < =
1 1221.31200.49 9.40 (1090, 1007 {1200(867.78 | 923.42 | 8.30 |13.83
- 2 200.49178.82/10.81]1068 904 [1194/946.42| 970.29 | -7.33 | -4.69
E 3 |178.82158.3611.44[1068 1000 [1187/965.31| 963.11 | 3.69 | 3.47
= 4 |158.36(139.5511.881044] 1017 {1179/970.42| 943.00 | 7.28 | 4.58
ED 5 1139.55[120.5413.62/1073| 1015 {1169(1060.42 1011.41 | 0.35 | -4.47
§ 6 1120.54103.8813.82(1023| 1077 [1158|1048.15 981.68 | 8.85 | 2.68
)
= 7 1103.88 87.23116.03[1055 1121 {1144{1163.62) 1088.26 | 2.92 | -3.80
'fao 8 187.23]71.81(17.681009 1243 |1127|1243.94 1174.54 | 5.51 | -0.08
g 9 |71.81|57.87|19.41]11027 1254 [1105/1341.91] 1291.21 | -2.97 | -7.01
= 10{57.87|46.82(19.091027 1246 (1076/1350.15] 1288.40 | -3.40 | -8.36
11{46.82|37.1620.631041| 1397 |1037(1532.49 1484.29 | -6.25 | -9.70
Average 1.54 | -1.23
=) E 12{37.16|23.9535.55/999| 1957 | 999 [1900.98 2253.24 |-15.14| 2.86
<
=
< o |13]23.95/18.9820.75958| 1351 | 973 |1173.79 1169.96 | 13.40 | 13.12
= R
2 =
o E 14{18.98|15.1720.07/920| 1195 | 931 [1236.66| 1202.42 | -0.62 | -3.49
Average 0.38 | -1.77

12 thickness before and after the pass, mm
3 temperature before pass

Thus, the legitimacy of application of analytically calculated rolling
temperatures for FE simulation has been confirmed.
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Fig. 6. Changes in the rolling force in passes according to various methods of
calculation

It is known that the average pressure when rolling is the weigh-averaged value
between the stress that appears in individual layers throughout the thickness of the
semi-rolled product when rolling and the stress resulted from the influence of
processes outside the contact deformation. Based on the results of mathematical
modeling, the levels of equivalent stress on each layer in the deformation zone have
been determined, the processing of which in Excel allows to determine the value that
1s comparable to the average pressure when rolling. Based on this fact, and the results
of analytical calculations at the roughing stage of rolling, we can determine the
beginning of the formation of a continuous layer of equivalent stress during roughing
rolling, i.e. the beginning of the penetration of deformation throughout the entire
thickness of the semi-rolled product. The results of the calculations are given in
Table 8. The intersection between the deviation curve between the maximum level of
the equivalent stress (S) and the average pressure when rolling and the curve of
variation of the reduction along the passes (built within the experimental limits) is the
beginning and is the corresponding condition of the deformation penetration
throughout the entire thickness of the semi-rolled product at roughing rolling at
rolling mill 3170, Fig. 7.

Thus, it has been determined that the beginning of the continuous layer
formation of the equivalent stress during the roughing rolling, and accordingly the
beginning of the penetration of deformation throughout the entire thickness of the
semi-rolled product occurs in pass 6 under conditions of engineering strain equal 0.14
(reduction 14 %). The change of the deviation in the passes from positive to negative
values can be explained as the process of balancing between the increase of the
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equivalent stress layer in the deformation zone and the decrease, in comparison, of
the influence outside the contact deformation.
Table 8
The calculation results to determine the beginning of the formation of a
continuous layer of equivalent stress during the roughing rolling at mill 3170

Parameter The value of the parameter by number of passes
Pass 1123 4]|5 6 | 7 8 9 10 | 11
<+ | — | <
S o~ o0 \O \O o0 Ve \O
Average pressure || I | TS| ||| 2] =2 =
: < | © <t | S| 0 || = <9
whenrolling,[MPa] 1| & | R | 8 | & | 2| 2 | & | = = — =
Maximum level of —lalo|lst|lalw | ol =] 2|23
. S 0| | A N Ne} N «
equivalent stress, S, Sl eS|l =l ] | © | w
[MPa] N NG R N R I S I S I N - RGN < — e
Deviation between S 2 S lals|v|l olw| Q| ool
d | — | © < =N N o~ — ™
and average pressure, | o | — :
@ | T || | © <+ || < o < <
[70]
ol =S|l a || o | = | | =
: 0 Slo| x| R|C| v || ©| | S| ©
Reduction, [%] sl =l =Sl sl @ |l 8 = o~ -~ | S
=) — — — — — — — — — (@\|

! calculated using the analytical model

In the finishing rolling at the Steckel mill, the deformation that occurs is
sufficient and penetrates the entire thickness of the rolled product. Accordingly, the
deviation curves of the deviation between the maximum level of equivalent stress and
the average pressure when rolling and the curve of the reduction change do not
intersect, Fig. 8.

Based on the obtained results of the simulation of the rolling process at the
Steckel mill by the FEM the line of the beginning of the deformation penetration
through the entire thickness of the semi-rolled product during the roughing rolling of
steel grade S355JR+AR has been established, which is equal reduction to 14 %. In
the case of finishing rolling along all passes, in the conditions of quasi-stationary
temperature distribution at the Steckel mill the deformation that occurs is sufficient
and penetrates the entire thickness of the rolled product. This condition and the
corresponding dynamics are mostly related to the thickness of the semi-rolled product
during the finishing rolling. The obtained results allow to control the processes of the
internal quality and the set of rolled products properties that are to be obtained by
developing appropriate technological schedules taking into account the strains
through the thickness of the rolled product.
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Fig. 7. Determination of the beginning and conditions of the deformation
penetration through the thickness of the semi-rolled product during the
roughing rolling at mill 3170 based on the deviation curves between the
maximum level of the equivalent stress and the average pressure when

rolling (1) and the curve of variation of the reduction (2)
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Fig. 8. Determination of the state of the deformation penetration through the
thickness of the semi-rolled product during the finishing rolling at mill 1780 on
the deviation curves between the maximum level of the equivalent stress and the
average pressure when rolling (1) and the curve of variation of the reduction (2);
passes 1, 2 and 3 are passes 12, 13 and 14, respectively
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3.3. Application for Improving the Rolling Process Modes

As a result of calculation of the rolling force and the temperature by each pass,

there has been made an estimation of errors between the actual and calculated data,

the results are shown in the Table 9.

Table 9
Errors between the actual and calculated data on the product mix under
examination
Calculation error, [%]
Mill Parameter Cljﬁa;e(;(zi(i; 81518 83270 83749
’ 15x 1500 | 12x 1500 | 10x 1500
[mm]
average -9.11 -9.06 -8.27
Temperature minimum -13.2 -15.71 -14.7
2 maximum 0.38 0.96 1.81
= average 0.8 5.7 0.5
Rolling force minimum -16.0 -3.6 -13.6
maximum 8.8 15.5 9.5
average -0.92 0.03 0.003
~ | Temperature minimum 0 0.22 -0.205
R = maximum 1.57 0.31 0.22
=2 average -4.89 6.59 2.73
~ | Rolling force minimum -15.1 -5.6 -12.94
maximum 3.37 20.9 12.89

Based on the calculation results for rolling parameters and errors, the following
should be noted:

- at the mill 3170, significant deviation of the actual temperature from the
calculated one is due to errors of the actual measurements, which could be affected
by the water remaining on the surface of the feed after descaler or cooling of mill
rolls. In this case, calculated and actual temperatures at the end of rolling at the stand
3170 have least errors, which are 0.38%, 0.96% and 0.39% for the coils with a
thickness of 15mm, 12mm and 10mm, respectively. The calculated rolling force at
the stand 3170 has a similar dynamics with actual data, which also confirms the
correctness of the calculated temperatures.

- at the mill 1780, error in the temperature calculation is within the range from
0% to 1.57%, which is a reasonably satisfactory result, taking into account the
influence of the equipment being used, in particular furnace coils. The error obtained
when calculating the rolling force in the first pass for the coils with a thickness of
12mm and 10mm is related to actually higher metal temperature before the mill than
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that measured after descaler.

Thus, the mathematical model of the rolling process can be used for the
technology design at the Steckel mills. The resulting calculation errors due to the
influence on the actual indicators of technological factors do not deteriorate the value
of the developed model, and can be reduced by increasing the accuracy of
measurements (temperatures) by adjusting their control points, for example, by the
method [46].

Conclusions

1. The research of the processes that occur in the deformation zone during the
rolling process has been performed. The study of hot rolling processes at the Steckel
mill by means of the FE simulation in the Abaqus CAE system has been performed
on the example of the coils production with dimensions of 15 mm X 1500 mm made
of structural steel grade S355JR+AR, according to EN 10025-2.

2. Based on the modeling results, the distribution of stress and strain fields along
the passes has been obtained. Also, the power parameters of the rolling process have
been calculated. The comparison of power parameters obtained by the FEM and
calculated by the analytical method with the actual data on the results of coils rolling
with dimensions of 15 mm % 1500 mm made of structural steel grade S355JR+AR at
the Steckel mill has been performed. The average value of deviations does not exceed
1.54 % and -1.77 %, respectively, which proves the high accuracy of the results
obtained by both methods of calculation.

3. For the first time, based on the obtained results of the rolling process
simulation at the Steckel mill by the FEM the line of the beginning of deformation
penetration through the entire thickness of the semi-rolled product during the
roughing rolling of steel grade S355JR+AR has been determined, and it is equal to
the reduction of 14 %, that corresponds to pass 6.

4. It has been established that during finishing rolling, through all passes, in the
conditions of quasi-stationary temperature distribution at the Steckel mill, the
deformation that occurs is sufficient and penetrates the entire thickness of the rolled
product.

5. The results obtained by the FE simulation method allow to control the internal
quality processes and the set of rolled product properties that need to be obtained by
developing appropriate technological schedules taking into account the penetration of
deformation through the entire thickness of the rolled product. The obtained results
can be used to develop hot rolling technology (with one or more stages of roughing
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rolling) at other types of mills and complexes of basic equipment with similar
technological parameters.

6. In the paper, there has been made a verification of the developed model based
on actual data obtained at the mills 3170 and 1780 (Ferriera Valsider SpA). When
simulating rolling temperature conditions, an average error was within the range from
8.27 to 9.11% at the mill 3170 and from 0.003% to -0.92% at the mill 1780. When
simulating rolling force, an average error was within the range from 0.5% to 5.7% at
the mill 3170 and from -4.89 to 6.59% at the mill 1780.

7. There have been determined influence on the measurement of the pre-
treatment temperature for the feed processing by descaler, which results in significant
errors compared to the calculation results.

8. The equation has been obtained and the comparison of calculated stands
stiffness has been made at the mill 3170 and 1780.

9. The developed model can be used for the rolling technology design at the
Steckel mills.
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KAPITEL 4/ CHAPTER 4.
OPTIMIZATION OF TWO-LAYER RESISTS FOR LASER LITHOGRAPHY
ON SUBSTRATES REQUIRED FOR WIDE APPLICATION IN

MICROWAVE SENSOR TECHNOLOGY
ONTUMMU3AIINA JBYXCJIOMHBIX PESUCTOB JIJIS TASEPHOM JIUTOT' PA®UM HA TTOJIOKKAX,
HEOBXOIAMBIX JIJISI HIMPOKOI'O MPUMEHEHHMS B CEHCOPHOM CBY TEXHHUKE
OIITUMI3ZALIIA /IBOILIAPOBHX PE3UCTIB JUUIA JIA3EPHOI JIITOT PA®II HA ITIJKTAJKAX,
HEOBXUIHHX JUIA HTHPOKOI' O 3ACTOCYBAHHA B CEHCOPHIH CBY TEXHII[I

DOI: 10.21893/2709-2313.2020-03-03-012

Introduction

We report on the optimization of laser lithography on various substrates relevant
for ultra-high frequency on-chip experiments. We’re aiming at fabricating
microstructured photoconductive switches for transport experiments with sub-
picosecond time resolution. Double layer resist systems for optimal lift-off processing
of metal and semiconductor thin films are used. The double layer consist of LOR 3B
as under layer and ma-P 1205 as top layer. Substrates are sapphire, i-GaAs, 1-Si, Si0,
on i-Si, and Si0; on p-doped Si. The target parameters for the optimization are the
exposure dose and the edge roughness of microstructured elements. The latter is
important to obtain high bandwidth striplines, microstrips, or coplanar waveguides.

The study of electronic transport properties of nanoscale systems on ultrashort
time scales i1s a hot topic in solid state physics [1, 2]. There are several reasons for
interest in such systems. First they comprise a variety of new physical phenomena [3-
5]. Another reason is the possibility to manufacture a new generation of ultra-fast
optoelectronic devices based on nanoscale systems [6, 7]. These devices includehigh-
bandwidth striplines, microstrips, or coplanar waveguides [9, 10], as well as optical
switches, such as photoconductive switches, also called Auston switches [8]. Also an
interesting brunch of research in the field of terahertz are nano-devices with the
properties of negative differential resistance [11, 12]. For the realization of ultra-fast
electronic micro- and nanostructures and for nano-devices with negative differential
resistance, the optimization of technological manufacturing methods as deposition,
etching, and lift-off processes is very important. The purpose of this work is to
improve the quality of resist masks used for lift-off processing under laboratory
conditions to produce experimental nanostructures with dimensions down to 500 to
1000 nm, with controlled geometry and controlled boundary quality between
different elements. In order to get a clean and reproducible lift-off, double-layer
resists are utilized and adapted for our purposes. By using two different types of
resist, one can precisely pattern the top photoresist and form an undercut in the photo
insensitive bottom resist layer, resulting in a reliable lift-off profile. One should use
resists with different solvents to avoid mixing of chemicals so that consistent results
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across all sample batches are realized. Microchem PMGI/LOR and LOL [13] series
resists work well as underlayer for i-line and broadband lithography, where the
undercut rate is well controlled with standard developers [14, 15]. The uppermost
layer can be a positive or negative photoresist and should typically not exceed one
third of the total thickness. Especially positive photoresists as top layers are well
suited for clean and repeatable lift-off processing [15]. In the present work resist of
the ma-P 1200 series from microresist technology is used [16]. Optimizing the
process requires an exposure series to determine the optimal exposure dose. This
depends on the photoresist and the optical properties of the substrate and is described
inter alia by the contrast curve [17]. The contrast of a photoresist is a measure of the
sharpness of the transition from exposed to unexposed areas after the development
process. Because the light spot is not perfectly binary, there will be grey areas where
the resist is exposed by a fraction of the maximum dose. The higher the contrast of a
photoresist, the less these grey areas are affected by the development process and the
better the resolution of the resist system is. In this paper another parameter for the
optimization of the resist process is considered, namely the edge roughness R. We
find that this roughness critically depends on the exposure dose. The manufacturing
process and the results of the optimization are described in detail in the following.

4.1. Experimental

The fabrication process of resist masks discussed here shall be used to
manufacture photoconductive switches on various substrate materials that are
relevant for ultrafast transport experiments. We study the properties of the double
layer resist system for the following substrates: (a) sapphire from Pi-KEM Ltd., (b)
intrinsic (low doped) gallium arsenide from Freiberger Compound Materials (i-
GaAs), (c) intrinsic (low doped) silicon from Si-MAT GmbH (i-Si1), (d) low-doped
silicon with a thermally grown layer of silicon dioxide with a thickness 250 nm from
Si-MAT GmbH (SiO; on Si), and (e) highly p-doped silicon with a thermally grown
layer of silicon dioxide with thickness 285 nm from Nova Technology Inc. (SiO; on
p-doped Si). Schematic images of all substrates and the double layer resist system
with detailed parameters and geometries are shown in Fig. 1.
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Figurel. Schematic representation of the substrates and double layer resist
systems used in this study: (a) Sapphire, (b) i-GaAs, (c¢) i-Si, (d) SiO: on i-Si, and
(e) SiO: on p-doped Si. Layer thicknesses and specific resistivity are denoted in
this figure

4.2. Technology

4.2.1. Wet chemistry process and photoresist coating

The resists LOR 3B [13] and ma-P 1205 [16] are used, as this combination
provides the required thickness, the undercut that is important for the later lift-off
processing, as well as the sensitivity for the near UV (375 nm) laser beam of the
lithography machine. All substrate types are cut into square pieces of 10 x 10 mm?
using a laser prototyper LPKF ProtoLaser U3 [18], with the exception of the gallium
arsenide wafers, that are cut with a diamond embedded in a custom build mechanical
system for cutting wafers. After cutting, the substrates are cleaned with a standard
method using acetone and isopropanol in an ultrasonic bath and washed in ultra-pure
de-ionized water with a specific resistivity of 18.2 MQ*cm [19] and dried with dry
nitrogen with a purity of 99.999 %. The samples are heated to a temperature of 100
°C for 10 minutes on a hot plate to dehydrate the surface. Photoresists are applied by
spin coating with a SPN150 Spin Coater [20]. First, an LOR 3B layer is spin coated
on the substrate with 2000 rpm for 45 seconds. Then, the photoresist is baked on a
hot plate at a temperature of 180°C for 4 minutes at an air temperature in the
cleanroom at +22 °C ambient temperature and a humidity of 35 %. After slow
cooling of the samples, a second photoresist of type ma-P 1205 is added by
spincoating with 2000 rpm for 30 seconds. Then, the photoresist is baked on a
hotplate at a temperature of 100 °C for 30 seconds in air at the abovementioned
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temperature of air and humidity in the cleanroom.

4.2.2. Laser lithography

The double-layer resist is exposed in a laser lithography system pPG 101 from
Heidelberg Instruments GmbH [23]. The uPG 101 uses a direct writing mode in near
UV range, namely with a wavelength of 375 nm. To determine the contrast curves we
expose arrays of rectangular elements with varying exposure dose. The initial values
of the laser power and its intensity are 10 mW and 10 % while using a filter with 16
% transmission. The exposure intensity is increased in steps of 0.5 %. For the gallium
arsenide substrate we increased the intensity in steps of 5%. This procedure leads to
exposure doses ranging from 3 to 300 mJ/cm?. For each intensity five 100 x 20 pm?
rectangles are exposed on the various substrates. All samples are developed in the
developer ma-D 331/S [13] for 60 s. Deionized water is used to stop the process. The
samples are rinsed in propan-2-ol [24] and dried with dry nitrogen. The developing
time is kept constant at 60 s.

4.2.3. Optical inspection and AFM measurements

The lateral quality of the double-layer resist on the substrate is checked with
optical microscopy (Leica DM 3000) [21]. Then the roughness of the photoresist and
the substrate as well as the thickness of each layer of the photoresist are measured by
atomic-force microscopy (AFM) (Bruker, Icon Dimension) [22]. AFM measurements
are performed with high resolution, low power, and asymmetric shape FESPA
probes. For this type of probes we use the air tapping method in the soft tapping
mode, which is most adequate for soft materials. Scanning is carried out both on the
photoresist surface and on the surface of the substrate. The scanning region is chosen
to be 50 x 50 um?. The AFM measurements show that the thickness of LOR 3B
ranges from 500 to 550 nm, while the thickness of ma-P 1205 ranges from 450 to 490
nm. Depending on the properties of the various substrates, the total thickness of the
double layer is found to range from 960 to 980 nm. To determine the contrast curves
exposed with laser lithography we measured the height of the photoresist at the edge
of a microstructure with a length of 50 um or more. After characterization, a gold
layer with a thickness of 200 nm is vapor deposited. In order to ensure better
adhesion to the substrates, a titanium interlayer with a thickness between 6 and 10 nm
is inserted. All deposition processes are performed in a vapor deposition system HVB
100 [25]. Finally, the lift-off process is carried out with remover mr-REM 700 [26].
Lift-off times varied depending on the substrate and ranged from 2 to 12 hours.
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4.3. Results and discussion

4.3.1. Contrast curves

Figure 2 shows the contrast curve for each substrate for the double layer resist
system LOR3B/ma-P 1205. In the contrast curve we plot the ratio of the resist layer
remaining after development normalized to the original layer thickness as a function
of the logarithmically scaled exposure dose as it is done conventionally [17]. The

contrast ¥ is defined as
-1
D
= 10 —C 5 1

where the so called dose-to-clear D, is the dose at which after the development
no photoresist remains on the substrate, while D is the dose where the photoresist
starts to develop.

Figure 2 shows the contrast curves and the concomittant fit functions versus
exposure dose D for the five substrates. We obtain normalized thickness curves that
follow a linear decay for all substrates. The dose-to-clear D, has values between 70
and 160 mJ/cm? depending on the substrat material.

The calculated values for the contrast ¥, the dose-to-clear D., and the dose where
the photoresist starts to develop Dy are listed in Table 1.

Table 1.
Exposure doses and contrast values for the five substrate materials.
D, Contrast
Substrate | D.(mJ/cm?) | (mJ/cm?) ¥

AlLO; 110 41 2.3
1-GaAs 159 48 1.9
1-Si 102 37 2.3
Si0; on 1-S1 [103 46 2.9
Si0, on p-

doped Si 68 35 3.5

The contrast values range from 1.9 to 3.5, which is the expected range for
optical resists that typically provide contrast values from 0.4 to 4 [25].
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Figure 2. Contrast curves and concomitant fit curves for various substrates. (a)
Sapphire, (b) i-GaAs, (¢) i-Si, (d) SiO: on i-Si, and (e) SiO: on p-doped Si, (f)
comparison of fit curves

4.3.2. Roughness of double layer resist

The roughness of the double layer resist system as well as of the substrate
surfaces are measured with a Bruker Icon Dimension AFM using the roughness
statistics software routine from Bruker. Statistics are derived following the standard
B46.12 of the American Society of Mechanical Engineers (“Surface Texture: Surface
Roughness, Waviness and Lay”) [22]. After plane fitting the data we evaluate the root
mean square and the arithmetic mean roughness values R, and R,. R, is here defined
as the standard deviation of the measured z; values within the region of interest
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(2)

where N is the number of points within the region of interest. In our case the
region of interest of 50 x 10 um?yielded N = 50.000. R, is the arithmetic average of
the absolute values of the measured z; values within region interest

1 N
&—N;m. 3)

Calculated roughnesses for the double-layer resist on all substrates for optimal
dose are listed in Table 2.

Table 1.
Geometric and arithmetic roughnesses of photoresist and substrate.
Name of substrate Roughness of Roughness of substrate
photoresist (nm) (nm)
R, R, R, R,
AlLO; 7.8 3.9 11.3 6.3
1-GaAs 2.6 2.0 3.2 1.7
1-Si 2.7 1.5 6.4 4.1
Si0, on i-Si 3.9 3.0 7.9 6.4
Si0; on p-doped Si 54 2.3 8.6 3.0

The roughness values for all investigated substrates are in the range of 2 to 11
nm. The roughness of the substrates at the exposed sites is 2 to 4 nm larger than the
roughness on top of the double-layer resist. After spin coating, soft baking and
exposure the best roughness is found for the i1-GaAs substrate. During the
measurement of the contrast curves, it has been observed that the edge roughness
changes strongly. It is reduced for increasing dose and then saturates. To elucidate
this more we investigated the edge roughness systematically. The results are
presented in the following.

4.3.3. Edge roughness of microstructured double-layer photoresist

Based on the software Igor from WaveMetrics [25] we determine the edge
roughness of the microstructured double-layer resist on all five substrates. First, the
position x. of the edge is determined by fitting an error function to each line scanned
vertical to the resist edge. After subtracting a linear fit to the edge positions the
roughness R. is calculated by the root mean square of the edge position values. For all
samples the edge roughness is calculated for an edge length of at least 50 um. All five
microstructured elements of varying exposure dose are included in the calculation of
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the edge roughness. Edge roughness values R,, optimal exposure dose values from

contrast curves D., and optimal exposure dose values from the study of the edge

roughness D, are listed in Table 3 and are shown in Figs. 3 and 4.

Table 3.

Comparison of edge roughness of microstructures, optimal dose from contrast

curves, and optimal dose from edge roughness studies on various substrates.

Name of substrate | Edge Optimal dose from | Optimal dose | Contrast

roughness | contrast curve D, | from edge I

R. (nm) (mJ/cm?) roughness D,

(mJ/cm?)

AlLO; 35.8 110 110 23
1-GaAs 10.0 159 159 1.9
1-Si 15.4 102 102 23
Si0; on 1-Si 20.2 103 110 2.9
Si0; on p-doped Si 24.2 68 78 3.5

The edge roughness is in the range of 10 to 36 nm for the optimum dose D,

depending on the substrate. Figure 3 shows the dependence of the optimal exposure

dose D, on the contrast for the five substrates. From the plot it can be inferred that a

high contrast requires a low exposure dose [17].
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Figure 3. Dependence of the optimal exposure dose on the contrast for the five
substrates
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Figures 4 (a) and (b) show details of the AFM measurements in two different
cases with either non-optimal and optimal dose, respectively. While Fig. 4 (a) shows
the AFM image section in the case of low exposure dose yielding a rough edge, Fig.
4 (b) shows the AFM measurement for optimal exposure dose resulting in an optimal
edge roughness.

Figure 4 (c) plots the edge roughness for each substrate as a function of
exposure dose. Each point corresponds to an AFM measurement of the edge
roughness at exposure doses between 60 mlJ/cm? and 300 mJ/cm?. The graph is
plotted on a logarithmic scale to make the large span of edge roughnesses visible. All
substrates show a similar behavior: with increasing exposure dose the edge roughness
decreases and stabilizes at a characteristic optimal value. Interestingly the
determination of the optimal dose from the analysis of the contrast curves and the
investigation of the edge roughness lead to almost exactly the same dose values as
can be seen in Table 3.
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Figure 4. (a) AFM image section in the case of low exposure dose. (b) AFM
image section for optimal exposure dose. (c) Measured edge roughness versus
exposure dose for all five substrates
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Conclusion

We optimized a double layer resist system for lift-off processing. The process
is applicable for various substrates such as sapphire, i-GaAs, 1-Si, Si0; on 1-Si and
S10; on p-doped Si, which are relevant for ultra-high frequency on-chip experiments.
The optimal exposure doses were determined and the contrast curves were generated
for five different substrates. We obtain normalized contrast curves that follow an
exponential course for all substrates. Depending on the substrate, the optimal
exposure dose has a value between 70 and 160 mJ/cm?. The contrast values are
between 1.9 and 3.4, which corresponds to the expected range for positive optical
resists. The edge roughness is an important parameter for optimizing the process. The
edge roughness values have been determined at the optimum exposure doses and
have been found to range from 10 to 36 nm. The edge roughness versus exposure
dose follow an exponential course for all substrates before they stabilize at a
characteristic optimal value. The edge roughness values are excellent when
considering the wavelength of the UV light used in the laser lithography process.
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KAPITEL S/ CHAPTER 5.
ANALYSIS OF COMPLEX RELIABILITY INDICATORS AND
CONSTRUCTION OF A MATHEMATICAL MODEL OF THE

ELECTRICAL EQUIPMENT OF THE DRILLING RIG
AHAJIN3 KOMIUIEKCHBIX ITOKA3ATEJEA HAJEXKHOCTH M TOCTPOEHUE
MATEMATHYECKOI MOJIEJIA ®YHKIIMOHUPOBAHUS JJIEKTPOOBOPYIOBAHUS
BYPUJIBHOM YCTAHOBKH
AHAJI3 KOMIVIEKCHHX ITOKA3HHUKIB HAJIHHOCTI I [10BYI0BA MATEMATHYHOI MOJEJII
D YHKI[IOHYBAHHS EJTEKTPOOBJIATHAHHA BYPHIbHOI YCTAHOBKH

DOI: 10.21893/2709-2313.2020-03-03-002

Berym.

[Ipy mpoBeeHHI OLIIHKK HAJIMHOCTI CHCTEM EJIEKTPONOCTadYaHHs JOIILHO
BU3HAYATH TIOKA3HUKH, K1 BIJHOCSTHCS OJHOYACHO IO JEKUIBKOX BIACTHBOCTEH
HAJIAHOCTI K1 MAlOTh TaKOX BapTiCHY (OpMYy: CepeliHIi 30MTOK Ha OJIHY BiJIMOBY -
MaTeMaTUYHEe CHOJ[IBaHHS 30WTKIB, IO TPHUMAJAa€ HA OJHY BIJAMOBY eJIeMEHTa
€JIEKTPUYHO1 CUCTEMH. i KOMILUIEKCHI [MOKAa3HUKU HaIHHOCTI Ta
eHeproe(peKTUBHOCTI 3aCTOCOBYIOTHCS MPH TEXHIKO - EKOHOMIUYHUX PO3paxyHKax Bij
BIIPOBAPKCHHS €HEProomaaHux 3axoais (1).

g enekrpooOiagHaHHs OypHIBHMX YCTAaHOBOK 3 YaCTHUMHM JE€MOHTAXEM 1
HACTYITHUM MOHT&XEM Ha HOBIA IUIONII OYpIHHS  PO3PaXyHOK KOMIUIEKCHUX
MOKA3HUKIB HAIIHHOCTI MOBUHEH MPOBOAUTUCA 3 BpaXyBaHHSIM IapaMETPIB CUCTEMHU
TEXHIYHOrO0 OOCITYTrOBYBaHHS 1 PEMOHTY, MPUUHATHUX B MPOLECI €KCIUIyartalii mpu
CHOPYJIKEHH1 CBEP/JIOBUH.

OcHoBHmii Tekcr. Ilpy mpoBeneHHI MIATOTOBYMX POOIT  HEOOXITHO
PO3paxXyHKOBHM CIOCOOOM BH3HAYUTH PIBEHb  HAMIWHOCTI PEMOHTONPHUIATHOTO
enexktpoobsagHandsa. [lpu 1bOMY BaXKJIMBO BHM3HAUWTH  3HAYCHHS KoeQillieHTa
TOTOBHOCTI K, IKUIl BH3HAYAETHCS YEpe3 CEpe/IHE HAMpalloBaHHA Ha BiAMoBYy T i
CepelHii Yac BITHOBJICHHS MPANE3qaTHOCTI 7,:

T
" T+r,

K

(1

[Homi mpw  JOCHITKEHHI HAAIMHOCTI JOIIJILHO BHU3HAYaTH KOEQILIEHT
BHUMYIICHOTO MPOCTOI0 K, =1- K, , AKUIl BU3HAUYa€ WMOBIPHICTH TOTO, L0 €JIEMEHT

cCUCTEMHU B OyIp-SKHM MOMEHT 4Yacy MOXKE€ 3HAXOIUThCS Ha BIJHOBJICHHI

npane3aaTHOCTI. K, OlIbII YyTJIUBUHN J10 3MIHM BiTHOWIEHHS T 1 7,, HDK KOeDIIi€HT
TOTOBHOCTI K, SIKHM BiToOpakae mparie3aTHICTh.

BinHomieHHs yacy BiZHOBJIEHHS IMpale3AaTHOCTI A0 HAIMpAaIlOBaHHS HA BIAMOBY

. . . T .
BKa3ye€ Ha CTEIMiHb BIAMPAIbOBAHOCTI 00’ €KTY TB YacTo 11e BITHOIEHHS! HA3UBAKOThH
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.. . T K .
KoeQilieHT TPOoQITaKTUKu K, =?B =K—”. OTke 3a BIIOMHUM 3HAYCHHSIM
r
o . . T, 1-K,
Koe(ILI€HTY TOTOBHOCTI K, MOXXHA BU3HAYUTH BiTHOIIECHHS E it
I

Cuctema 3 BIICYTHICTIO pe3epByBaHHS B OyJlb-SIKMi MOMEHT 4acy t MOXKe
3HAXOAUTHCS B OJTHOMY i3 JIBOX MOKJIMBHUX CTaHIiB: B Mpare3gaTHOMY CTaHi abo B
CTaHl BIIHOBJICHHS TPAIe3aTHOCTI. SIKIIO MO3HAYUTH MMOBIPHOCTI 3HAXO/KEHHS B
X CTaHax BIAMOBIAHO 4epe3 Fy(t) Tag,(?), TO TOAI B CTalllOHAPHOMY PEXKUMI

eKCIUTyaTallii BOHU OTPUMYIOTh HACTyIHI 3Ha4deHHs: P, (1) = K. (1); q,(t) =K, (1);

t—0 t—00

Bupasu nns BusHaueHHs koedimienta K, (1) wMaioTh OOMEXEHHS B

3aCTOCYBaHHI, TaK K HE MOB’SA3YIOTbCA 3 MEXaHi3MaMu (OpPMYBaHHS BIIMOB, TOOTO
3 HECTaI[lOHAPHUMH BUMAIKOBUMH TPOIECaAMH.
B meii mepiom excruryararii Nmpu MOKa3HUKOBOMY 3aKOHI PO3MOJAUTY Yacy
0€3B1IMOBHOI pOOOTH 1 Yacy BIIHOBJICHHS IIpale3aTHOCTI OTPUMY€EMO 3aJICKHICTh
T T 11

P(t)=—+—"—exp(————)" t. 2
o (1) T+TB+T+rBeXp( T Z'B) 2)

NMoOBIipHICTh  BIIMOBU  ¢,(¢) JUIsl  HECTAI[IOHAPHOTO  Mepioy  MpHU
€KCIIOHEHI1AJIbHOMY 3aKOH1, BUXOJSIYM 3 PIBHSHHS ¢, (f) =1 - P,(f) MOKHA BU3HAUUTH

HaCTYITHUM YHHOM:

Tg I 1
- exp(————)- t. 3
T, T+, p( T rB) )

T
1) =
q,(t) T4
B nmiteparypuux mkepenax mnoOymoBaHl rpadiku 3MiHH P,(¢) Y QYHKIII

B1JHOIIICHHS %B B Mexkax 0,1+0,5. BcraHoBieHo, mo npu ¢>(2+3)7 MOXKHA

T
IIPAKTUYHO BBAXATH , 0 Fy(t) = K (¢) = o ;a q,(0)=K,;@).
+7,

Posmonin wyacy 0e3BiAMOBHOI pOOOTH [JIs1 EKCIIOHEHIIAJBHOTO  3aKOHY

Py(t) =exp(—At). Ilpn /1:% OTPUMAEMO  BHpa3 Il BU3HAUEHHS KOEQILIEHTY

TOTOBHOCTI JIJIsI HECTAI[IOHAPHOTO eKCILTyaTaIlliiHOTO TIepioy:

T T
+ B

K. =
r T+zr, T+,

exp(l+ T?B) -InP,, 4)

ne P, - NOBIPIUBUMA PIBEHb HMOBIPHOCTI .
BpaxoByroun, 1mo g¢,(t) =1—-exp(—-Af), OTPUMYEMO BaJEXKHICTh IS

BU3HAUYEHHs KoedilieHTa mpoctor K, (3)
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T T T
K, =—28 "8 exp(1+-2)-InP,. 5
" Tir, T+r, P T) A )

3 MeToI OIliHKM Ta aHam3y Koe(imieHTiB K, Ta K, BUKOPHUCTOBYEMO

HoMorpamu (puc. 1).

Ke /T

Pucynoxk 1. Homorpamu st 3HaX0/JzKeHHSI KOe(ili€eHTIB rOTOBHOCTI K, i

. . . T
NMPOCTOI0 K, 3a BiIOMMMU CHiBBiTHOILEHHSIMHU TB

Taoauusa 1
Po3paxyHkoBi a1aHi 15 cTpymMonpuiiMavib
Crpymornpuiimau T9-45
CepeHe HampalroBaHHs Ha BiIMOBY T, rox CepenHiii yac peMoHTY TB, rox

186 1,8

186 7.3

186 12,7
186 18,2
186 23,6
186 30,9
186 38,1
186 454
186 52,6
186 59,9

[IpoBeaemo po3paxyHOK HaJIIMHOCTI €JIEMEHTIB CUCTEMH €JIEKTPOIIOCTaYaHHs Ta

noOyAyeMO 3alIeKHOCTI MK KOE(ILIEHTOM TNPOCTO K, 1 BIAHOLIEHHI 73 npu

P, =0.8+0.99. Pospaxynox Bukonaemo B nporpami EXCEL.
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Jns  mpukinazy — OpOBEAEMO  PO3PAaxXyHOK s 3aHYPIOBajJbHOTO
cTpyMonpuiimMada. Pe3ynbraTty po3paxyHKiB 3B€IeMO B TAOJIHUIIO 2.

Tabauuns 2
Pe3yabTaT po3paxyHkKiB
Crpymonpuiimau TO-45
Kn
Ts/T Pn=0,8 Pn=0,85 Pn=0,9 | Pn=0,95 | Pn=0,98 | Pn=0,99

0,00968 0,01546 0,01387 | 0,01236 | 0,01094 | 0,01012 0,00985

0,03898 0,06118 0,05475 | 0,04869 | 0,04296 | 0,03966 0,03858

0,06828 0,10543 0,09415 | 0,08352 | 0,07346 | 0,06768 0,06579

0,09758 0,14836 0,13221 | 0,11698 | 0,10257 | 0,09429 | 0,09158

0,12688 0,19013 0,16907 | 0,14921 | 0,13042 | 0,11962 | 0,11609

0,16588 0,24415 0,21648 | 0,19038 | 0,16570 | 0,15150 | 0,14687

0,20488 0,29664 0,26224 | 0,22982 | 0,19914 | 0,18150 0,17574

0,24388 0,34784 0,30660 | 0,26773 | 0,23095 | 0,20981 0,20290

0,28288 0,39799 0,34977 | 0,30431 | 0,26130 | 0,23657 0,22850

0,32188 0,44729 0,39192 | 0,33972 | 0,29035 | 0,26195 0,25268

. . .. . T
OTpuMy€eMO 3aJI€KHICTh MK KOe(IlIEHTOM TPOCTOI K, 1 BIAHOIICHHSIM 73

JUIA €KCTIOHEHIIaIbHOTO 3aKOHY PO3MOJUTY, KM OMUCYE€ MUTTEBI BIIIMOBU MpPH
P, =0.8+0.99.

AHAJIOTIYH1 PO3paxyHKH MPOBOJAMMO JJIs IHIIMX €JEeMEHTIB. TenemerpuyHa
cuctema CTD: cepenne HampalltoBaHHs Ha BiIMOBY T1=245 rop.; cepeaHiii yac
pemoHty TB Bifg 3,5 10 68 rog.

[Ipuctpiit koutpomto 13omsamii YKI: cepeane HampaiioBaHHS Ha BiIMOBY
T=106 rox.; cepeHe HampalroBaHHs Ha BigMoBY T Bim 6 110 35 roj.

KaGenpna cekuis KCT 1-01-09: cepenne HampallfoBaHHS Ha BIMOBY
T=150 rox.; cepenniit vac pemonty TB Bix 8 10 40 ro.

Cranmis ynpaBiiHHS enekTpoOypom Y33b-65: cepenHe HampaimroBaHHS Ha
BimMoBY T=989 ro.; cepenniii yac peMontTy TB Bix 9 g0 155 rog.

[loBiTpsina miHiA enekTpornepenaBaHHs 6 KkB: cepenHe HampailoBaHHsS Ha
BimMoBy T=16720 roa.; cepenniit vac pemonty TB Big 4 10 270 ro.

Byposuit tpanchopmarop TMTB-560/6: cepenne HampaioBaHHS Ha BIIMOBY
T=17910 rox.; cepenniii uac pemonty TB Bijg 12 g0 160 ros.

®ynkuig K, BUIO3MIHIOCTHECS B 3aJI€XKHOCTI Bl P,, Ta Ipu P, =0.8+0.99

. T 9 ‘o .
BIIJIMB B1JHOIIICHHA ?B Ha KOMIIJICKCHHH ITOKAa3HUK HAA1MHOCTI1 Kr IMPOABIAETBCA HE
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. . T B .
cyTTeBO. OTKE CIIBBIHOIIEHHSIM T € 3MICT OIIepyBaTu npu P, <0.98.

B pesynbrarti q0CiiKeHb BCTAHOBJICHO, MO KOS(IIIEHT BUMYIIIEHOTO MPOCTOIO
00’€KTy B 3HA4HIA CTEMEeHl 3aJeXUTh BiJ HOPMOBAHOTO PIBHSA WMOBIPHOCTI
0e3B1IMOBHOI POOOTH P, , IPHYOMY 31 30LIBLICHHAM BEIMYMHM P, 3HAYEHHS K,

SMCHIIYETbHCA. Tum camum npu BHCOKHX 3HAYCHHAX PLI Hi,Z[BI/IIHCHH}I piBH}I

HAJIAHOCTI B PIBHINA CTENEHI MOXKHA JOCSATTH SK 3a PaXyHOK 3MEHIIIEHHS 7,, TaK 1 3a

PaxyHOK ITiIBUIIICHHS T.

Takum 4YMHOM, Ha OCHOBI aHali3y OTPUMAHUX MaTEeMATUYHUX MoOjeNei
BH3HAUEH1 YMOBU €()E€KTUBHOCTI MiIBUILIEHHS HAIIHHOCT] YCTaTKyBaHHS.

Jlo mnepeBar OypinHsa enekTpoOypom (EJIB) MoxHa BigHECTH BHCOKHI
Koe(ILieHT KOPUCHOI [Iii, 110 3a0e3Medye nepenady Ha A0J0TO OUIbLIY MOTYKHICTB 1
KpyTHUH MOMeEHT. EnektpoOyp Kpaile KepyeTbcsi 3 IIOBEPXHI, J103BOJISE
3aCTOCOBYBAaTH CHUCTEMY AMCTAHIIHHOTO KOHTPOJIO MiJ] YaCc CKEPOBAHOTO OYpiHHS,
OypiHHI TOpPHU3OHTAIBHUX 1 OaraTo3abiiHUX CBEPAJIOBHH, TOOTO CIPOIIYETHCS
aBTOMATHU3ALllsl 1 ONTUMI3allisl IPOLEeCy OypiHHS.

JUis  TpoBeAeHHS  JOCHIIPKEHb  E€JIEKTPOTEXHIYHOIO  KOMIUIEKCY IS
enektpoOypinns (ETKE) B cepemoBumii mnporpamyBanHs LABVIEW crBopena
MaTeMaTHYHa MOJIEIb CHUCTEMH €JIEKTPOIIOCTauyaHHs €JIEeKTpoOypa, 3a JOMNOMOIO0
AKOi MOKHa MojemoBaT pexumu podotu EJIb. AnekBaTHicTh MaTeMaTHYHOI
MOJIEl JIOBEACHA IPOBEICHUMH JOCHIDKEHHSIMH 3 BUKOPHUCTaHHSIM MPOTPaMHOIO
3a0e3neueHHs (ipmu National Instruments Corporation LabVIEW na Oyposiit
«CtpyTtu» Ne 111 ITpukapnarscekoro YBP y c. SlceHoBens, POXXHATIBCbKUN paiioH,
IBano®pankiBchka 00macTe. [ mubuHa 3206010 cBepaioBuHU 362 M [3].

B ocHOBI manoi MareMaTW4YHOI MOEN JIEKUTH 1-moai0Ha cxemMa 3aMIIEHHS
acuaxponHoro asuryHa EJIb. B koo craropa BBe1eHO KOMIUIEKCHI OIopu OypoBOTo
tpanchopmaropa ZTP, xxun kabemo ZG 1 OypunbHoi TpyOou ZT. OctanHi 3anexarhb
Bil TAMOMHU OYpiHHS Ta BIJ BEJIUYUMHH CTPYMYy €JIEKTPOJBUTYHA. 3aal0vKCh
YUCJIOBUMH 3HaueHHsMH omopiB cxemu 3amimieHHss CEE, rmmOunoro Oypinus L,
HOMIHaJTBLHUMU cTpyMoM [H 1 koB3aHHsM s, 3HaXoauMO OaxkaHi da3Hi Hanpyru UA,
UB, UC na noyaTky CTpyMONiJBOAY B HOMIHAJIBHOMY PEXHUMI. 3aluIlIaiouu OaxaHi
(da3Hi Hampyrd Ha IOYATKy CTPYMOMIJBOAY Ta TJAUMOMHY OypiHHS HE3MIHHUMH,
pPO3paxoByEMO MEXaHIYHY XapaKTEpPUCTHKY acuHXpoHHoro asuryHa EJIb M(s) Ta
3HadeHHs oro (azuux crpymis [A, IB, IC npu 3mini koB3anHs s Big 0 g0 1 [4].

[Iporpamna peasizaliisi MaTeMaTUYHOI MOJENI JIO3BOJISIE BU3HAYATH HACTYITHI
napamMeTpH eJIeKTPOTEXHIYHOTO KOMILIEKCY ISl €IEKTPOOYPIHHS:

- OTIOpU CXEMU 3aMillleHHs efekTpoaBuryHa EJIb B 3a/e:KHOCTI BiJi KOB3aHHS,
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OTIOpU CXEMH 3aMiIlleHHsI OypOBOIro TpaHchopmaTopa;

- OTIOPHM CXEMH 3aMilllEHHSI CTPYMOIIBOY B 3aJIS)KHOCTI B TTUOMHU OypiHHS
CBEP/IJIOBUHU, TUITY KabeliB Ta TpyOu;

- THIAHI HAPYTU Ha MOYaTKy CTPYMOIIIBOY B 3aJI€KHOCTI BiJ] KOB3aHHS;

- ¢ha3Hi CTpyMH Ta HaNpyTu Ha 3aTUckadax enekTpojasuryna EJIb;

- KkoegiuieHT HecuMeTpii cTpymiB enekTpoiBuryHa EJIb, ioro mexaniuHi
XapaKTEPUCTUKHU;

- aBTOMAaTUYHO TEepEeMUKae HANpyry OypoBOro TpaHcopmMarTopa B 3aJ€KHOCTI
B TNIMOUHKU OypiHHSA 1 CTaHOBUTH: rmbuHa OypinHs Bix 0 go 1000 - 1700 B, Bix
1000 mo 2000 - 1750 B, Bix 2000 go 3000 - 1850 B, Bix 3000 1 Bumie - 1900 B;

- BU3HAYa€ BTPATH IMOTYKHOCTI B CTPYMOIIJIBOJII, BTpPAaTU B MiJli OOMOTKH
cTatopa JABUTYHA, BTpaTH B CTall, BTPAaTW Ha TEPTsS B IIMHHJEII MPH HEPOOOUOMY
X011, IOJATKOB1 BTPATH 1 BTpATH MOTY>KHICTh HA JIOJOTI B 3aJI€KHOCTI BiJl TJIMOMHU
Oypinns EJIb;

- BpaxoOBy€ 3MIHY MHUTOMOTO aKTUBHOTO OIOPY B 3aJIeKHOCTI BiJl TJIMOWHU
OypiHHI;

- BpaxoBye€ 3MiHY TeMIEepaTypy NPOMHUBHOI PIIMHU Ha MOBEPXHI CBEPIOBUHU
Ta Ha 32001 i yac CopyHKEHHS CBEPAJIOBUHM;

- yC1 pe3yJbTaTh po3paxyHKiB BUBOJUTH Ha IIUGPOBUI iHTEpPEIiC.

[Tnatdpopma LabVIEW wictute nBi maneni mporpamyBaHHs. OnHa 3 HUX -
nepeans nanens (Front panel), Ha sikiii MOKHA CTBOPIOBATH OY/b-SIKUI BIpTyaJbHUMA
npwian. Ha mnepenHiii maHenal CTBOPIOETHCS caM  BIPTyalbHUH 1HCTPYMEHT,
BCTAHOBJIIOIOTHCS MaHelNl IpadikiB, KHOMKH, PETYJISATOPU 1 IHAUKATOPH, & TAKOX 32
JOTIOMOTOI0 €JIEMEHTIB JM3aiiHy MOMIMIIYEThCsS MOro 30BHIIIHIA BUrsSA. Pazom 3
MepeIHBOI0 MaHEIUTIO 3'SIBIsSEThCs PyHKIIIOHAIbHA aHenb (Diagram).

BcranoBmoroun  enmeMeHT HA  MEpeaHId  TaHedl  BOHU — CHHXPOHHO
po3cTaBisitoThbesl 1 Ha Diagram (3'BIsiIOTbCS BIAMOBIAHI iM 3Hauku). CromyyaTu
TEPMIHAIM MK CO00I0 B OYIb-SIKMX JIO3BOJICHHX KOMOIHALIsIX ab0 HampsMKax
HEeO0OX1HO Ha (QyHKIIOHAIBHIN TaHesi. SKio Bci 3'eAHaHHA 3p00JIeHI KOPEKTHO, TO
nporpaMy MOXHa 3aIlyCKaTh Ha BUKOHAHHS.

Ha puc.2 300paxkeHo ¢pparMeHT (PyHKIIIOHAJIBHOI MTaHeJll MaTeMaTUYHO1 MOJEI
CUCTEMH EJIEKTPOINOCTAaYaHHs eJeKTpoOypa B CEpPENOBHUIl MPOrpaMmyBaHHs
LabVIEW, Ha sikoMy MoO)kHa moOauuTH 3B'S3KM MiX enemeHTamu. Ha il yacTuHi
oporpaMd MOXKHa TO00QUUTH SK BHU3HAYAETHCS ONOPU CXEMH 3aMilIEeHHS
€JICKTPOABUTYHA €JEeKTpoOypa B 3aJ€KHOCTI BiJ KOB3aHHS, a caMme: KOMIUJICKCHUI
omip (a3u cratopa; KOMIUIEKCHUN OIip HAMarHi4yBajJbHOTO KOHTYPY, KOMIUIEKCHUN
omip (a3 eNeKTPOJBUTYHA; CTPYM E€JIEKTPOBUTYHA.
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PucyHnok 2. @®parMeHT MaTeMaTUYHOI MoJ1eJTi
CHCTEMH eJIeKTPONOCTAYAHHS eJIEKTPoOypa

Ha puc. 3 moka3ana cTBOpeHa aBTOpaMM IMiANporpaMa 3a JOINOMOTOI0 SIKOi
3MIHIOEThCS TNIMOMHA OypIHHS 1 MPHU OMY BiIOYBA€ThCS 3MiHA DSy MOKA3HUKIB:
CepeiHd TemIlepaTrypa CTPYMOIIiIBOY, TeMIepaTypa MPOMHUBHOI PiIUHM, MTHUTOMHNA
PEaKTUBHUHN OMIp XKWJIMA, MUTOMUI aKTUBHHUMA OMIp KUJIM, TUTOMHUNA aKTUBHUHU OIIp
Tpyou npu temnepatypi 20 °C, iHAyKTUBHUH OTIip OYypoBUX TPYO.

CnuBuna Bypinna, Km
| DEL ¥

i

Pucynok 3. @parMeHT miANporpamMu 3a 10MOMOro0 sikoi 3MiHIOETHCSI

rJauOuHa OypiHHA i pAx IHIIKX NapaMeTpiB

[linnporpama Mae 3B'SI30K 3 PI3HMMH TapamMeTpaMd MaTeMaTUYHOi MOAENi 1
3MiHa iX B1JIOYBA€ThCS MICISI 00EPTaHHS KPYTOBOT'O PETYJIATOPA, KUK 1MITY€E MPOIEC
OypiHHS cBepUIOBUHU. /[ mpukiaay po3rissHeEMO poOOTy Mojeni mija yac OypiHHs
Ha roOuH1 1 kM, 2 KM, 2,8 kM, 1 3,5 KM pe3ysbTaTH K01 300pakeHo Ha puc. 4-7.

Po3paxyHok (ha3HMX CTpyMiB, Hampyr Ha 3aTUCKadax eleKkTpoOypa, cyma ycix
BTpAT Ta KOPUCHA MOTY>KHICTh Ha JOJIOTI i1 Yac OypiHHS:
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Pucynok 7 - Ha riimouHi 3,5 km

AHamizyroun  pe3ylbTaTd  poOOTH  MaTeMaTUYHOI  MOJEIl  CUCTEeMHU
EJIEKTPOIIOCTaYaHHs eekTpoOypa (pucynku 11 -14 ) 6aunmo, mo mig yac OypiHHS HA
pI3HUX TJIMOWHAX CTBOPEHHS CBEPIJIOBUHM IMOTYXHICTh Ha JOJIOTI MPAKTUYHO HE
3MIHIOETBCS 1 cTaHOBUTH puban3Ho 100 kBT, 1110 € HOpMansHUM B TIpoLeci OypiHHS.
[llomo TemmnepaTypu MPOMHUBHOI PIMHUA HA PI3HUX TJIMOWHAX OYpIHHS TO MOXKHA
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3pOOUTH BUCHOBOK, 1110 BOHA 3pOCTAa€ 1 Ha MKOUHI 1 KM KonuBaeThes B Mexax 55 °C,
2 KM KOJuBaeThesa B Mexkax 65 °C, 2,8 kM konuBaeThes B Mexkax 75 °C 1 mpu 3,5 km
KonuBaeTbesa B Mexkax 85 °C. TemmepaTypa CTPyMOIMIABOJIY TaKOX 3pOCTa€e 3
rIMOWHOI0 OYpiHHSA 1 KOJMBAETHCS B TAaKUX CaMHUX MeEXax SK 1 TeMmmeparypa
IPOMUBHOI PITUHU. AHANI3YI0UH Pe3yJIbTaTH PO3PAXYHKY (Pa3HUX CTPYMIB Ta HAMPYT
Ha PI3HUX TUOMHAX OypiHHS OaunMMo, 110 CTpyM Ta Hampyra y ¢asi B BigpizHseTbes
BiJl CTpyMy Ta Hanpyru y ¢azax A ta C, e 3ymoBiIeHO TuM, 110 (azoro B Buctynae
KOJIOHAa OypOBHX TPYO TOMY 1 BUHHUKA€E TaKa HECUMETIsl.

Bukopucranas cTBopeHOi aBTopaMu B cepeaoBuill nporpamyBanas LABVIEW
MaTEeMaTHUYHOI MOJIEJl CHUCTEMH €JEKTPONOCTayaHHsS eJeKTpoOypa [dae 3MOory
nociipkyBatu poo6oty EJIB B 3amexHOCT! Bia rMOWMHU BUOOIO CBEPJIOBUHH. J{Jist
MiBUIICHHS HAIIHHOCTI 1 €(EeKTUBHOCTI €NIeKTpOOYpIHHA CBEPUIOBUH B YMOBaxX
[IpukapnaTTss aKkTyaJbHUM € MHUTaHHS CUMETPYBaHHS HaNpyrd >KUBJICHHA
enekrpoasuryna EJIb Ta mmaBHOro modasHoro ii perynroBaHHS, 10 HiABUIIUTH
eKkoHOMIUHY edekTuBHICTh EJIb 3a paxyHOK NpOAOBKEHHS pecypcy MH0JI0Ta,
301IbIICHHS MEXaHI4YHOT IBUIKOCTI OypiHHA Ta eKCIUTyaTalliitHOT HaA1HOCTI.

BucnoBku.

BpaxoByroun CkIagHICTh €KCIUTyaTallii, HeoOXiJHa TMOCTiiiHA ONTHUMI3allisd
KOHCTPYKTUBHOTO BHKOHAHHS K CaMOTrO €JIEKTPOJBUTYHA, TaK 1 IHIIMX BY3IIB
TEXHIYHMX KOMIUJIEKCIB JIsi OypiHHS HaTOBUX 1 ra30BUX CBEPAJIOBHH. BilmoBigHoO,
BUHHKJIA W TEOpis HAMIMHOCTI JJIA MiABUIIEHHS TOKA3HUKIB poOOTH OOJagHaHHS,
MPOTHO3yBaHHA MOro 3HOIIYBAaHHA Ta ONTUMI3Allli YacTOTH MNPOQPIIaKTUYHUX
peMOHTIB. MeToauku, SKi 3aCTOCOBYIOThCS TIPH  PO3paxyHKax HaIIAHOCTI
eJIEKTpOOOIaTHAHHS OypHIbHOT YCTaHOBKH, BHUKOPHCTOBYIOTh CTAaTHCTUYHI MaHi,
KUIBKICHI ¥ 1MOBIpPHICHI TMOKa3HWKH. HallOuiblml TOYHI pe3ynbTaTH pPO3PaxyHKIB
MO’KHa OTPUMATH Ha OCHOBI JaHMX, OTPHUMAaHHUX HA PEATbHO MII0UMX YCTaHOBKAaX.

Sk BUAHO 3 pe3ynbTaTiB JOCHIKEHb, HAWOUIBII YacTO BUXOIATH 3 Jady
CUCTEMA CTPYMOIIJBOAY, YE€pe3 MOPYUIEHHS 130JIA1ii, MEePEeKPUTTA IO MOBEPXHI
3’€qHYBATBHUX MY(PT Ta cam ABUTYH enekTpoOypa. Kpim Toro, mMae Mmiciie meperpis
OOMOTKHM cTaTropa eJleKTpoOypa yepe3 HEeCHMETpil0 Hampyr Ta CTpyMiB y (da3zax.
OcCK1JTbKH, MOMEHT Ha BaJly Ma€ KBaJIpaTHUHY 3aJI€KHICTb B1Jl HAIPYTH KUBJICHHS HA
3aTMCKaYax, TO 11 MaJiHHA Ha JCKUJIbKa BIJICOTKIB MOJKE 3HA4YHO 3HU3HUTHU
NPOAYKTUBHICTH OypOBOi YCTAHOBKH B LIJIOMY.

Ha ocHoBI anami3zy cnocoOiB peryjiroBaHHA Hampyrd MOTPIOHO BHU3HAYUTH
CHEPreTUYH1 XapaKTepUCTUKU OypiHHS, 3MOJEIIOBATA BC1 BUAM BTPAT Ta 3HAUTH
crnocoOu miABUIIEHHS €(h)eKTUBHOCTI OypiHHS.
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KAPITEL 6 / CHAPTER 6.
MODERN MANAGEMENT OF INNOVATIVE AND HIGH-TECH

UKRAINIAN INDUSTRY DEVELOPMENT
COBPEMEHHOE YIIPABJIEHUE NHHOBAIIMOHHBIM U BBICOKOTEXHOJIOI' MTYECKHUM
PA3BUTHUEM IMPOMBIIIJIEHHOCTHA YKPAUHBI
CYYACHE YIIPAB/IIHHA IHHOBAL[IHHHUM I BHCOKOTEXHOJIOTTYHHUM PO3BUTKOM
ITPOMHC/IOBOCTI YKPAIHH

DOI: 10.21893/2709-2313.2020-03-03-067

Beryn

OG’exkTHBHE PO3YMIHHS HasSBHUX IMpPOOJIEeM 1 CTpaTeriyHUX IPOPAXYHKIB Y
cipobax pedopMyBaHHS Ta PO3BUTKY CKOHOMIKH JIEpXKaBU 3a TOMEPEIHI POKH ii
HE3QJICKHOCT1 CIPUSUIM TIOMIYKY €(QEeKTUBHUX IUISXIB MEPEXOJy BITYM3HSIHOTO
roCIo/IapcTBa Ha IHHOBALIHHY MOJIENb CTAJIOTO €KOHOMIYHOTO 3pOCTAaHHS.

Y cdepi BuBYEeHHS TMpoOIEeM 1 3aBJaHb MOJIEpPHI3allil BITYU3HSIHOTO
rOCIOIAPChKOTO  KOMILJIEKCY, pPO3pOOJEHHS TEOPETUYHUX OOIPYyHTYBaHb Ta
MPaKTUYHUX TPOLEAYp YNPABIIHHSA I1HHOBAIIMHUMH TMPOIECAMH 1 PO3BUTKOM
BHCOKO-TEXHOJIOTIYHOT'O BUPOOHUIITBA BarOMUN BHECOK 3pOOMIIM BiZJOMI BITYM3HSHI Ta
3akopjonHi BueHi [.T. bamabanoB, B.M. binskoB, 1.A. bmank, C.B. Bannaiites,
3.C. Bapnamiii, B.O. Bacunenxko, A.Il. Bacunbes, I'.B. Bacumskos, O.B. Boctpskos, O.B.
IMapumok, 1.O. lamargt, B.M. I'eens, H.IT. T'onyapoBa, O.M. I'pebemkosa, B.®. I'punes,
B.B. I'pumiko, B.H. I'ynin, MUJL. Jlenucenxo, B.I1. JyGimeB Ta iH.

Buxkian ocHoBHOro Mmarepiasy

VY3aranpHIOIOYM TOTJISIAM TPOBITHUX YYEHUX 1 CIHUPAlOYWCh Ha PE3ybTaTh
BJIACHOTO aHaji3y CBITOBUX MiJXOJIB 10 3a0€3MEYeHHs] Cy4yacHOro 1HHOBaLIWHO-
TEXHOJIOTTYHOTO MPOrpecy Ta CTIMKOTO 3pOCTaHHS 1HAYCTpIaJbHO PO3BUHYTUX KpaiH
1 TPOBITHUX KOMITaHi# CBITY [1,2] crmodarky moTpiOHO JaTh Halie OaueHHS OCHOBHUX
puc  HeoOxigHOi ayia  YKpaiHM  cTparerii  ii  HayKOBO-TEXHIYHOTO  Ta
BUCOKOTEXHOJIOTIYHOTO PO3BUTKY. Ceped Knouosux numauv, Ha 5Ki HOMPIOHO
36epHymu ygaey, cii0 u3Hauumu. HasBHI TMPOOJEMU 1HHOBAI[IHHOIO PO3BUTKY Ta
OCHOBHI NMPUYMHU HE-€(DEKTHBHOCTI BITYM3HSHOI €KOHOMIKHU, 1i HAYKOBO-TEXHIYHOI
Ta TEXHOJIOTTYHOI c(hepu; CTpaTeridyHl aCEeKTH BUCOKOTEXHOJIOTYHOTO BUPOOHUIITBA
B YKpaiHi; IHHOBAaIIiHI CTUMYJIH 1 MOJIEPATOPH 11 CTATOTO0 €eKOHOMIYHOTO 3POCTaHHS;
HOBI Cy4acCHI MEXaHI3MH Ta CTaHJapTH.

Mu esasicaemo, wo 2on06HUMU NpPOOIEMAMU HAYIOHANLHOI eKOHOMIKU, SKI
00YMOBIIOIOMY i1 HU3LKY eheKMUBHICMb | KOHKYPEHMOCHPOMONCHICIb, CbO2OOHI €

a) MaJiHHS PIBHS 1HHOBAIIHO-TEXHOJOTIYHOTO Ta €KOHOMIYHOTO MOTEHIATy
HaIllOHAJIBHOTO TOCIOIAPCTBA 1 BIICYTHICTh Moro nporpecy 3a octanHi 30 pokis;

0) HEMOCIIOBHICTh 1 CIA0KICTh JIEPKaBHOI MOJITUKH 1HHOBAIITHOTO PO3BUTKY
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JUTst 3a0€3IeYEHHS CTAIOro 3pOCTaHHS HalllOHATBHOI €eKOHOMIKH.

OcHogHUMU npudUHAMU HeeheKMUBHOCI eKOHOMIKU €: HEeMOCIHiJOBHICTb
MOMNEPE/IHIX EKOHOMIYHMX pedopM; HEAOCTAaTHICTh 3aKOHOJABYOi, HOPMATHBHOI,
HayKOBO-MeToquuHOi  0a3u  QopmyBanns HIC 1 BHUCOKOTEXHOJIOTIYHOTO
BUpPOOHUIITBA; BiJACyTHICTH HarionaneHoi Crparterii 1 Ilporpamu  po3BUTKY,
3pO3yMIJIOT JEpKABHOI MOJIITUKHA 1HHOBALIIMHOTO PO3BUTKY €KOHOMIKH, MEXaHI3MYy iX
peamizaiii; OOMEXKEHICTb 1 Hee(peKTUBHICTh  (pIHAHCYBaHHS,  BIJCYTHICTb
€KOHOMIYHUX CTUMYJIB y Cy0’€KTIB rOCIIOIapIOBAHHS; CIA0KICTh Ta He€()EKTUBHICTD
HIC, y ToMy uucii B Hac/IiI0K MOPYIIEHHS 11 3B’S3KIB 3 MOTpeOaMu BUPOOHUIITBA 1
CIIO’KMBAYIB Ta 1H.

s ycynenus yux HeeamueHUX NPUYUH AKI SUHUKIU 34 NONEpeoHiu nepioo
CMAHOBNEHHS GIMYUSHAHOI eKOHOMIKU, HeOOXIOHO po3pooumu Oinbt OOCKOHAIUL i
CYUACHUL MeXaHizm ii AKICHOI ma cucmemHoi mooepHizayii, axuil Ou 3abe3nequs
PO3BUMOK BUCOKOMEXHONOIUHO20 BUPOOHUYMEBA.

1. T'onosnolo memoro IHHOBAYIUHO-MEXHONO2IUHO20 NPO2Pecy 0epHCaU MAE
cmamu (GOPMYBaHHS Cy4yaCHOIO MEXaHi3My 3pOCTaHHS SKOCTI, HPOAYKTHBHOCTI,
eHeproe(PeKTUBHOCTI 1 KOHKYPEHTOCTIPOMOKHOCTI HAI[IOHAJIBLHOT €KOHOMIKH HIISTXOM
il TEeXHIKO-TEXHOJOTIYHOI MOJEpHi3allii, MIIBUIIEHHS 1O CBITOBHX CTaHAApTiB
MPOLIECIB CTBOPEHHS Ta BHUPOOHMIITBA HAYKOEMHOI MPOIYKIii, 3aCTOCYBaHHS
BHUCOKHX TEXHOJIOT1H, epenoBux (popm opraizallii Ta yrnpaBiiHHS TOCIOIaPCHKOI0
TISUTBHICTIO [T 3a0€3MeUeHHs CTAIOT0 €eKOHOMIYHOTO PO3BUTKY Y KpaiHH.

2. OcHosuumu 3as0annamu cmeoperts nepedosoi HIC e:

a)  3abe3neueHHs  pe3yILMAMUBHOCMI 1 KOHKYPEHMOCHPOMONCHOCI
BIMYUZHAHO20 [HHOBAYIUHO20 CEeKMOpY i pO3POOOK WIAXOM: PO3BUTKY TMEPEAOBOi
OCBITH, OPIEHTOBAHOI Ha 1HHOBALIMHMI Ta BUCOKOTEXHOJIOTTUHUNA PO3BUTOK Y KpaiHU
Ta 1ii EKOHOMIKHM; TIiJBUIIEHHS €e(EKTUBHOCTI Ta KOHKYPEHTOCIPOMOXKHOCTI
BITUM3HSHOIO CEKTOPY HAYKOBHMX JAOCHIIPKEHb 1 PO3pOOOK, 3abe3reyeHHs Horo
iHTerpaiii 10 €BpOnenchbKoro AOCTITHUIILKOTO MPOCTOPY; 3a0e3MeUeHHs 1HTerpartii
aKaJieMIYHOT Ta YHIBEPCUTETCbKOI HayKH, BUIIOI OCBITH 3 MpollecaMd PO3BUTKY
€KOHOMIKH Ta BUPOOHHUIITBA;

0) npoepec iHHOBAYIUHOI IHpacmpyKkmypu 3a paxyHox: (p1HaHCOBO-KPEIUTHOI
MIATPUMKA 1HHOBAIIMHUX TMPOEKTIB 1 MporpaM; YAOCKOHAJIEHHS BHPOOHHYO-
TEXHOJIOT1YHO1 1HHOBAIIMHOT 1HQPACTPYKTYPH, MOCWICHHS ii poJil B MOJEpHi3alil
€KOHOMIKH; PO3BUTKY 1H(GOpPMAIIHHO-KOMYHIKAIHHUX 1 KOHCAJITUHIOBUX CHCTEM;
PO3UIMPEHHSI 00CATIB 1 AKOCTI TpaHCc(epy TEXHOJIOTIM 1 Kamitanizaiii pe3yJbTaTiB
IHTEJICKTyaJIbHOI Tpalli, 3aJly4eHHS HOBITHIX CHCTEM TIPOBEICHHS HAyKOBUX
JIOCJIIPKEHb, OpraHi3allli Ta yrpaBjiHHSI BUPOOHUIITBOM;
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8) NOKpAWeHHs 0ePHCABHOI NIOMPUMKU I CUCTMEMU 8AHCENI8 U000 NPUCKOPEHHS]
MOOepHI3ayii  eKOHOMIKU  HA  IHHOBAYIUHO-MEXHONOIUHIL ~ OCHOBL  ULIAXOM:
JEp>)KaBHOTO  CTUMYJIIOBAHHS MPIOPUTETHUX HAIPSIMIB PO3BUTKY EKOHOMIKH;
YIOPOBADKEHHS e€()EKTUBHOTO MEXaHI3My JIepKaBHO-TIPUBATHOTO TMapPTHEPCTBA,
3a0€3MEeUeHHs]  3aXUCTy BITYM3HSHUX IHTEpECIiB 1 TOBAapOBUPOOHUKIB  Ha
BHYTPILIHBOMY 1 30BHIIIIHBOMY PUHKaX.

2) 3pocmanHs IHHOBAYIUHOI KYIbmMypu CYCRIIbCMBA ULISAXOM: CTBOPEHHS
MO3UTUBHOTO BIJHOIICHHS /IO IHHOBAIIMHOI Ta 1HXEHEPHO-TEXHIYHOI isIILHOCTI,
CIPSIMOBAHOI Ha HAyKOBO-TEXHIYHHMM 1 BHCOKOTEXHOJIOTIYHUN MPOrpec JIepKaBH;
PO3BUTKY IpodeciiHUX HABUUOK 1 KaJIpOBOT0 MOTEHIlIaly B IHHOBAIIHIN cdepi Ta B
rajgys3l peaizaiii [UIBOBUX TMPOrpaM 1HHOBAIIMHO-TEXHOJOTIYHOIO Iporpecy
BITUYM3HIHOI €KOHOMIKH.

3. OcHoGHUMU YINAMU [HHOBAYIUHO-MEXHON02IYHO20 PO3BUMK) GUPOOHUYMEA
ma npomuciosoi cgpepu €: MOJEPHI3AIlisl TEXHIKO-TEXHOJIOTTYHO1 0a3u; IMiIBUIICHHS
SAKOCTI BHUPOOHHMIITBA 1 TPOMAYKINi; PO3BUTOK MIKHApPOJHOI Koomepamii 1
HAI[IOHAJILHUX MPIOPUTETIB Ha CBITOBOMY PUHKY; 3aXUCT 1HTEPECIB JepkKaBH y cdepi
il TexHosoriyHoi 0e3neku; GopMyBaHHS TPAHCHAIIIOHATILHUX BUCOKOTEXHOJOTTUHUX
CHUCTEM 1 HayKOBO-T€XHIYHUX aJbsSHCIB ISl CTBOPEHHS 1 TpaHcdepy mNepeaoBUX
TEXHOJIOT1H 1 CUCTEM BUPOOHHUITBA B YKpaiHy; po3poOKa 1 peanizallisi MPIOPUTETHUX
Mporpam pPO3BUTKY BUCOKOTEXHOJOTIYHUX HAYKOBO-BUPOOHUUUX CUCTEM.

InHosayitino-cmpameziuHumMu Mooepamopamu mpanc@opmayii HayioHAIbHO20
eocnodapcmea i ¢hopmysanHs GyHOAMeHmanbHuxX OCHO8 Ol NOYamKY CHMANI020
EeKOHOMIYHO20 3POCMAHHI 0epiHcaAsU MAaloms CmMamu po3poONeHHs ma peanizayis.
3arajJbHOHAITIOHAIBHOT KOHIICMINi1, CTpaTerii 1 mporpamMu 1HHOBAIIMHOTO PO3BUTKY;
B3a€EMO Y3rO/DKEHMX 13 HUMHM BIAMOBIJIHUX KOHIICMINA, CTpaTerii 1 mporpam
PETiOHANBHOTO Ta Taly3€BOT0 PO3BUTKY; MEXaHI3My 1 CTaHAApTIB MPOEKTHOrO Ta
MPOrPaMHO-LIILOBOTO YIPABIIIHHS PO3BUTKOM.

TonosHumu 3a80anHAMU YUX CMPAMESTYHUX 3AX00I8 | NPOYeCci6 NOBUHHI CIMAMIL;
3a0€3MeueHHs] JEp)KaBHOI 1HHOBAIIIMHOI TMOJITUKK 30alaHCOBaHOI B3aeMOJIl
HAayKOBOTO, OCBITHHOTO, TEXHIYHOTO, I1HBECTUIIIMHOTO 1 MiANPUEMHHUIIBKOTO
MOTEHIIaTIB; PO3pPOOJICHHSI Ta peai3allisi MeXaHI3My aKTHBi3allii 1HHOBAIIHHOT
TISTTBHOCTI €KOHOMIYHUX CHCTEM 1 Cy0’€KTiB; MOUIMPEHHS 1HHOBAIN 1 PO3BUTKY B
yCiX cpepax eKOHOMIKH.

Mu BBaxkaemo, 1mwo Hayionanona cmpameeisi po36umKy Mae IHmMezpyeamu.
KOHKPETHI 3aXO0JM 3araJlbHOJIEP)KaBHOTO Ta PETiOHAILHOTO Mporpecy, KOTpi
3IIUCHIOIOTHCS 32 MPSIMOTO OFO/KETHOTO (DIHAHCYBAHHS 1 peai3yloTh MPIOPHUTETHI
LIl PO3BUTKY; 3AIMCHEHHS €KOHOMIYHMMHU CyO’€KTaMHM 1HHOBAIIMHOT AISTIBHOCTI,
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IHBECTHUIIIM  1HHOBAIIMHOTO  XapakTepy, a TaKOoX 30UIbIIEHHS MPOIO3UIIT
IHHOBAIIIIHOT TPOAYKIIii, TEXHOJIOT1H 1 3HaHb.

Bce ye 3abesneuumsv cunepeemuynuti egpekm 3a paxyHok: 30€peKEHHs Ta
Iporpecy BITYM3HSHOTO HAayKOBO-TEXHIYHOTO Ta 1HHOBALIWHOTO MOTEHLIANY;
yIOCKOHAJIEHHS 3aKOHO/1aBYO1 Ta HOPMATUBHO-IIPABOBO1 0a31 PO3BUTKY; CUCTEMHOTO
Ta TMOCHIIOBHOTO BIOPOBA/UKCHHS (YHKIIOHATBHUX MPUHLUIIB  YIPaBIiHHS
€KOHOMIKOIO Ta ii 1HHOBaIIMHOIO ceporo; OPraHIYHOTO OXOIUICHHS BCIX €JIEMEHTIB
iHHOBaIliHOTO po3BUTKY B HIC; mikBimamii AuCIpomnopiii y TpOMHUCIOBOMY Ta
1HHOBAI[IHHOMY MOTEHIliaJIl PI3HUX PETIOHIB JIEPKABH; CTBOPEHHS Cy4YaCHHUX IIEHTPIB
1HHOBAIIIITHOTO PO3BUTKY YKpaiHW; rapMOHi3allii B3aEMOBIJJHOCHH OpraHiB BJIaJH, 5K
MDK €00010, Tak 1 3 MIANPUEMHUIIBKUMH, HAYKOBUMH Ta OCBITHIMH CEKTOpaMu
€KOHOMIKH 1 TepUTOPIii; TpaHchepy B YKpaiHy BUCOKUX 1 KpUTHUHUX TEXHOJIOTIH, a
TakoX iX Audysii 31 chepu BiHICHKOBO-IPOMUCIOBOTO KOMIUIEKCY A0 HUBIILHOTO
3aCTOCYBaHHSA B €KOHOMIIl; 3pOCTAaHHS YacTKM BEHUYPHHUX 1HBECTHULIH Y
BHCOKOTEXHOJIOT1YHE  BUpOOHUIITBO 10 70%  Bim  yciX  IHHOBAIlIMHHUX
KaliTaJOBKJIA/IeHb Y BHUPOOHUITBO; 3aJly4€HHS IPUBATHOIO KaliTaly B HAayKOBO-
TEeXHIYHY cepy; 3pocTaHHs 00Iry Ha (OHIOBOMY PUHKY YaCTKM LIHHHUX Mamepis,
€MITOBAaHUX MAJIMMU BUCOKOTEXHOJOTTYHUMH (PipMaMHu.

Busnaueni  euwe cmpameciuni  napamempu  iHHOBAYIUHO-MEXHOJO02IUHOT
MoOepHi3ayii HAyloHaNbHOI eKOHOMIKU HOompeoyioms  (OPMYBAHHA  CYYACHUX
Mmexawnizmie i cmanoapmis ix eghexkmusHoi peanizayii. IIpoBeaeHuii aHai3 CBITOBOTO
JIOCBiAy B 1Mik cdepl T03BOJSE HaM PEKOMEHAYBATH HACTYIHUM HOPSAOOK
VOOCKOHAJIEHHSL 0epAHCABHOI NONIMUKU IHHOBAYIHO20 po3eumKy Ykpainu ma il
cucmemu 20CnO0aPOBAHHSL:

a) TJIaHyBaHHS 1 3aKOHO1aBYe 3aKkpiryieHHss HamionanbpHoi Ctparerii gep:kaBHO-
MOJITHYHOTO, CYCHUIBHOTO Ta COIaJIbHO-€KOHOMIYHOTO TIporpecy YKpaiHu Ha
HalOMK4l Jecatb pokiB. llell MOKyMEHT Mae BHM3HAUUTH HAOpsIMU 1 TEMIH
TpaHchopMmarlii 1epKaBy B IbOMY CTpAaTETIYHOMY TIEpioii il pO3BUTKY;

0) ¢opmyBaHHS OUIBII JOCKOHAJIOI CTpPATEriyHOl Ta IOTOYHOI JIepKaBHOI
IHHOBAIIIMHOT TOJITUKA PO3BUTKY, fKa OXOIUIIOE 3aKOHOJABYO 1 MPOIECyaIbHO
Bu3HaueHi Konuenuito, Crparerito, [IporpaMy iHHOBaLIMHOTO PO3BUTKY, MPOLIEYPU
Ta IHCTPYMEHTH iX peati3ariii;

B) (OpMyBaHHSI YITKUX 1 JIIEBUX MEXAHI3MIB iX y3TOJI)KEHHS 31 CTpAaTEeriYHUMU
MPOIIECaMH YIIPaBJIIHHS IHITUMU chepaMu PO3BUTKY EKOHOMIKH;

) TMepexii Ha METOJAOJOTII0 CTPATEriyHOro MPOTPaMHO-IIILOBOTO  Ta
MPOEKTHOTO YIPaBJIIHHS PO3BUTKOM, OCHOBHUMH €JIEMEHTaMH SIKOI MaroThb OyTH:
BU3HAYEHHS CYyYaCHUX CYCHUIBHMX TOTped Ta 1HTEpECiB; MaKpOEKOHOMIUYHE
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NPOrHO3yBaHHS Ta IUIAHYBaHHS; 1€papXiuHe BU3HAUEHHS CTPATET14YHUX, TAKTUYHUX,
MOTOYHUX I[IJIE PO3BUTKY; 3a0€3MEUYCHHSI COIIAIbHOI Opi€HTAaIli EKOHOMIKH 1
IIPOIIECIB PO3BUTKY; po3poOKa 1 3aTBepXKeHHS HOBOI KOHIIeNIIii cTajoro coriaabHo-
€KOHOMIYHOTO Ta I1HHOBAI[IITHOTO PO3BUTKY Ta ii JEp>KaBHOTO PEryJIIOBAHHS;
po3po0IIeHHs 1 3aTBepkeHHsT HOBoi HamionanpHO1 CTparterii cTajoro coiiaibHo-
€KOHOMIYHOTO po3BUTKY 1 [lnany ii peamizailii 3 BU3BHaUEHHSAM MEXaH13MIiB JepKaBHOT
1HHOBAIlIHHOT TOJNITUKA B I cdepi; mepexiy Ha yHIPIKOBaAaHY METOJIOJIOTIIO
CTPATEriuHOTO MPOrpamMHO-IIILOBOTO TUIAHYBAaHHS Ta peali3allii po3BUTKY, B TOMY
YUCIl NUISIXOM  yJAOCKOHAJEHHS 1 3aCTOCYBaHHA CTaHJAPTIB  MPOEKTHOTO
MeHemxkmenty PMBoK [3];

1) YpaxyBaHHs CBITOBOI'O Ta HAI[IOHAJIBHOTO JOCBIY TUIaHYBaHHS, OpraHizailii,
KOOpJIMHAII, KOHTPOJIO 1 PEryJIIOBaHHS XOIy peam3aiii Ta 3a0e3MeUeHHs
e(DEeKTUBHOCTI Pe3yJIbTaTIB PO3BUTKY.

Ha namy nymKy mexawizm cmpameziuno2o npocpamuo-yiib08020 i NPOeKmHoz20
VIPAGNIHHA ~ PO3BUMKOM NPIOPpUMEMHUX Hanpsamie 1 cgep eKoHOMIKU Mae
OXONI08AMU MAaKi epynu YHiQikosanux npoyedyp i cmavoapmis: po3pOOJICHHS ©
OOIpYHTYBaHHS KOHIIEIIi MPOTpaMu PO3BUTKY; OL[IHIOBAHHS €(EKTUBHOCTI MPOTrPaMHU
3 ypaxyBaHHSAM (DAKTOpy PHU3HUKY; TEXHIKO-€KOHOMIYHE OOTPYHTYBAaHHS MPOrpaMu Ta
eKCIepTr3a MPOEKTy MpOTrpaMu, ii OCHOBHMX 3axOJIB 1 IMapaMeTpiB; IIaHyBaHHS
YIPaBIIHCHKOT JISUTBHOCTI MIOJI0 MPOEKTYBAHHS MPOTPAMHUX 3aXOIB Ta MPOIECIB iX
peamizallii Ha BCIX CTaisX >KUTTEBOTO IMKIY MPOTrpaMu; pO3POOJICHHS MPEAMETHOT
chepu mporpamu, ii KOIITOpUCY, OrOMKEeTy, (IHAHCOBUX IUIAHIB, iX Jep)KaBHA
eKCIiepTH3a 1 3aTBEpPDKEHHS; MIA0Ip OpraHi3alifiHuX CTPYKTYyp 3 mpodeciiiHoro
YOpPaBIiHHSA TPOrpaMolo, 11 OCHOBHMX BHUKOHABIIIB Ta IHIIMX YYAaCHUKIB Ha
KOHKYPCHHUX 3acajax; KOHTpakTHa Ta 1H(OpMalliiHO-KOMYHIKAIliiiHa AISUTbHICTh 13
3a0e3MeueHHs] MPOrpaMHUX TEPETBOPEHB; OpraHizailis MPOTPaMHHUX TMEPETBOPEHb,
BKJIIOYAIOYM 3aKYIBJ1 Ta MOCTA4aHHS PECypciB, TpaHCc(ep BUCOKUX 1 KPUTHYHUX
TEXHOJIOT1H; OpraHi3allisi 1 KOOpAUHAIlS JISUTbHOCTI KOMaHM Ta YYaCHHUKIB IMPOTPaMH;
3MIIACHEHHSI TIOCTIMHOTO KOHTPOJIIHTY, PEryJIOBaHHS Ta BHECEHHs 3MiH; Oprasizarlis
e(eKTUBHOTO 3aBEPIIECHHS KIFOYOBUX €TaIiB 1 IIJIbOBUX MPOEKTIB MPOTpamMu, Mepexia
y HOBY (hasy pO3BHTKY Ta MEPETBOPEHb;, MaKCUMaJIbHE ypaxyBaHHS TaK 3BaHOTO
«WTIOJICBKOTO (PaKTOpy», CUCTEMH CTaHIAPTIB MpodeciiHOl AISUTBHOCTI W CydacHOTO
yIpaBIiHHS MPOrpaMor0 Ta ii pe3ysibTaTaMH; KOMIUIEKCHE OLIHIOBaHHS €(EKTUBHOCTI
NPOEKTIB 1 TporpamM, iX IHBECTUIIIHHOTO 3a0e3MEYeHHs, OYIKyBaHUX 1 pealbHUX
pe3yJbTaTIB.

CporogHi MPOMHUCIIOBICTh € HAMOUIBIIOK 3a 00CsAraMH Ta BaKIIMBICTIO,
YVHIKQJIBHOIO 3a CKJAJHICTIO ceporo MaTepiaJbHOro BHUPOOHUIITBA 1 YACTHUHOIO
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HaIlIOHAJILHOTO TOCIIOIAPCTBA, B AKIA €KOHOMIYHI Cy0’€KTH BU00YBalOTh CHPOBHUHY,
NaJIMBO, 1HII KOPHUCHI KOMAJWMHH, BUTOTOBJISIOTH BCIO CYKYMHICTh 3HApsb Iparli,
NEPEBaXKHY YaCTHHY IPEAMETIB Ipalll Ta CIOXKUBAaHHS Ha OCHOBI 3aCTOCYBAaHHs
Cy4YacHOI TEXHIKH, MEPEeIOBUX TEXHOJIOTIH, pi3HUX (OpM opraHizaiii BUpOOHMIITBA,
O13HEeC-IPOLIECIB Ta yIPaBIIHHS.

Posrnsgatoun  TpOMHUCIOBICT SIK  CKJIQJHY €KOHOMIYHY CHCTEMY, CIIiJ
BU3HAUUTHU, IO ii TOJIOBHUMH O3HAKaMU € IIUTICHICTh, 1€papXidyHICTh MOOYIOBH,
€K30T€HHMI XapaKTep 1 HETEPEPBHICTh PO3BUTKY.

IlepenoBuii JOCBI CY4YacHOTO 1HIYCTPiaJbHOTO TIPOTPECY CBIAYMUTH, IO
eKOHOMIUHEe 3pocTaHHs kpaiH €C 3HA4YHOI0 MIpOI0 OOYMOBIIOETHCS TIUOOKHUMHU
CTPYKTYpPHUMH 3MIHaMH, KOTpi 3a0e3Medryii BIPOBAKEHHS BUCOKO 1HHOBAIlIHHO-
TEXHOJIOTTYHUX PO3pOOOK 1 3aXOJiB, €KOHOMIYHE Ta palliOHAJbHE BHUKOPUCTAHHS
pecypciB, 1HII MO3UTUBHI eekTu. JuHamMiuHe 3pocTaHHs BUPOOHUIITBA B OUIBIIOCTI
kpaiHn [liBgenno-Cxinnoi Asii, Kurato, [unii, bpasunii BigOyBanocs (1 BigOyBa€eThCs)
3a paxyHOK IPUCKOPEHOTO 1HHOBAIIMHO-TEXHOJOTIYHOTO PO3BUTKY B HaWOUIbII
MEPCTIEKTUBHUX Taly3sX, sIKI CbOTOJHI CTBOPIOIOTH 1 BUTOTOBJISIOTH: MOBITPSIHI Ta
KOCMIYHI JIITAJIbHI anapaTH; KOMIT IOTepU i 1HIIy OprTEeXHIKY; (apmarlito; Ipuiaay i
CKJIaJIHI EJIEKTPOHHI CHUCTEMH [UIsl pajaio, TeiaeOadeHHs, CUCTeM TeJleMeTpii Ta
3B’SI3KY; MPWJIAJIU 1 CKJIAJIHY MOOYTOBY TEXHIKY; aBTOMOO1I1, YHIKaJIbHI TPAHCIOPTHI
3aco0M Ta 1HII BHCOKOTEXHOJIOT1UHI MAIlMHU; HAYKOEMHY 1 CKIAJHY MPOIYKIIIO
XIMIYHOTO CHHTE3y; HAWHOBITHIIIE YCTaTKyBaHHS HJisi MEPEAOBUX CHCTEM
BUPOOHHUIITBA TOIIIO.

3aragpHOI0 XapaKTEPUCTUKOI €KOHOMIKM 1HAYCTplaJbHO PO3BUHYTHUX KpaiH €
T, U0 PiBE€Hb 1HHOBALIWHOCTI iX mpoxaykuii ctaHoBUTh 70...90 % Bin 3arajabHOTO
00CsITYy MPOMHUCIOBOTO BHUPOOHHUIITBA, a TEXHIKO-TEXHOJIOTIYHE OCHAIIEHHS B
OCHOBHOMY BIJINIOBIIa€ HAWBUIIIOMY PIBHIO TEXHOJIOTIYHOIO YKJIaay Y BiJNOBIIHIM
rajysi 1HAyCTpialbHOr0 BUPOOHUIITBA.

Posenaoarouu cyvacnuti cman i cmpykmypy npomuciogocmi Ykpainu, cnio
3a3HAYUMU, WO ceped OCHOBHUX (PAKMOopie opMY8aHHS He2AMUBHUX MEHOEeHYIl il
PO36UMKY 20T08HUMU € CMPYKIMYPHI OUCNPONOPYIi, 00 AKUX HANEHCAMb.

1. Bmpama npoepecuenoi coyianvhoi cnpsmosarocmi B HACHIIJOK TPUBAIOi
OMHOOIYHOI oOpieHTalii TiIIbKM Ha 030poeHHs (3a 4yaciB komumHboro CPCP) i
BIJICYTHOCTI JII€EBUX COLIIaJIbHO-€KOHOMIYHUX, CTPYKTYpPHHMX Ta IHIIUX pedopM 3a
MOTIEPE IHIN MeP10/] CTAHOBIICHHS HE3aJICKHOT Y KpaiHHu.

2. llopywenHns onmumanbHux 6i0mMeopealbHUX NPONOPYiti, OCKUIBKH 10
HUHINIHBOTO Yacy 3aJIMIIAETHCS HE PO3BUHYTUM Cy4acHE BUPOOHHUIITBO MPEIMETIB
cnokuBaHHs (rpyna «b»), KOTpe Tak 1 HE JAOCAMIO ONTHUMAJIbHHUX MPOMOPLIM
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MOPIBHSHO 3 BUITYCKOM 3ac001B BUPOOHUIITBA (Tpymia «Ay), IKICTh KOTPUX TaKOXK HE
BIJIITOBIJA€ CBITOBUM BHMOTaM.

3. 3uaunoro ougepenyiayicto pisHsa upoOHUYMEa y PI3HUX TaTy35X, @ TAKOXK Ha
HiANpUEMCTBAX OAHIET ramy3si. Taka cuTyalis € pe3yiabTaToM Auchponopuii y cdepi
1HBECTYBaHHSI, MPU PO3MOILII MaTepiaJbHUX PECYpCIB, IIHOYTBOPEHHI, KOTP1 Maju
micue mie y konumasomy CPCP. Jlana mpoGiema nmpakTH4HO HE 3MIHMJIACh 1 3@ 4aciB
He3aJICKHOCTI YKpaiHU B HACHIIJOK BIJICYTHOCTI pealibHUX pedopm 1 MoaepHizamii
MIPOMUCIIOBOCTI.

4. Pecypco- ma eHepe2OEMHUM HeOOIPYHMOBAHO GUMPAMHUM XAPAKMEPOM
8upobHUymea. 3a pIBHEM EHEProBUTPAT Ha BUIYCK OJMHHUILI MPOAYKIIl YKpaiHu
MIEpEBUIIY€ TOKA3HUKH IepeoBUX KpaiH cBiTy B 1,5...5 pasiB, 0coOJMBO B
€HEeproEMHUX Taly3sX MPOMHUCIOBOCTI (METaIyprii, XiMii, MalTMHOOY TyBaHHI TOIIIO).

5. Obmedicenicmio nanugo-eHepeemuyHUX i MiHepalbHUX pecypcia, siki B OCTaHHI
POKH CTajqy TOCTPOIO MPOOJIEMOIO JIsi HE MOJCPHI30BAHUX Ta 3aCTAPLIUX CHUCTEM
BUPOOHUIITBA YKpaiHH.

6. Bucoxum pisnem xonyemmpayii 6upobHuymea, HeIOCTaTHBOIO KUIBKICTIO i
€KOHOMIYHOIO MOTYXKHICTIO "Manux" MIAIPUEMCTB, HU3BKOIO iX POJUII0 B OCHOBHI
BUPOOHMIITBA Ta TEXHOJIOT1YHI.

7. Huzvxowo  «mosapuicmioy  KiHYegow  NpoOYKyii, CUPOBUHHOW U
Haniggpabpukamuor cnpamoganicmio exkcnopmy. SIK yXe 3a3Hayanocs, ChOTOAHI
VYkpaiHa  ekcrmopTtye B Ay)Ke  MaluxXx ~ o0cArax  BHUCOKOTEXHOJIOTIUHY
KOHKYPEHTOCTIPOMOKHY MTPOJTYKIIiO, sIKa Ma€ BUCOKHUI PIBEHb JTI0OJAHOI BAPTOCTI.

Cb0200Hi cmpame2iunumMuy U MAKMUYHUMU Npiopumemuumu chepamu i
2any3amu IHHOBAYIUHO-BUCOKOMEXHON02ITUHO20 PO36UMKY BIMYUZHAHOI
NPOMUCTIOB0CMIT MAOMb OYMU HACMYNHI il KOMIIEKCU.!

1. TexHiKO-TEXHOJOTIYHA MOJEPHI3aIlisl ENEeKTPOCTAHIlIl, CTBOPEHHS Ta
PO3BUTOK HOBHX 1 BIIHOBITIOBAJIbHUX JIXKEPEI EHEPT1i, HOBITHI pecypco30epiraoyu Ta
€Hepro3aoniaaiuBi TexHoorii. [leit koMIieke oXormTtoe: 3aco0u OXOPOHH TMpalll Ta
TEXHIKM O€3MeKH; CydacHE yCTaTKyBaHHS HJsl CKJIQJHUX YMOB BYTJIeZOOyBaHHS;
YCTaTKyBaHHS I8 BUJAOOYBaHHS 1 MIATOTOBKM JI0 CIOKHUBAaHHS METaHYy;
eHeproe(peKTUBHI JABUTYHU Ta E€JICKTPONPHUBOAU JI1 0a30BUX Tally3eil €KOHOMIKH;
pi3HE eNeKTPOTEXHIUHE 00IaHAHHSATA 1H.

2. MammHoOyayBaHHS Ta MNpWIago0yayBaHHsS, SKI TOBUHHI 3a0€3MEUUTH
BHUCOKOTEXHIYHUM PO3BUTOK YCIX raixy3eid BUpOOHUIITBA.

3. HanorexHoiorii, = MIKpOEJEKTpOHIKa,  1H(OpMaIliHI  TEXHOJIOT],
TEJIEKOMYHIKallii 1 KOMIT FOTEPHI CUCTEMH.

4. PO3BUTOK XIMIYHUX TEXHOJIOTIH, HOBI Matepianu. [Iporpec GioTexHonOrii
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OXOILTIOE: PO3BUTOK T€HHO-THKEHEPHUX TEXHOJIOT1H; IMyHOO10JIOT1YHI TIpenapaTy Ta
010cyMiICHI MaTepiany; CydacHl KOHCTPYKIIHHI MaTepiay 1H.

5. MamuHun 1  MexXaHi3MM, 1HIIA  TIPOMHCIIOBA  MPOAYKLIS  JJis
BHCOKOTEXHOJIOTIYHOTO  PO3BUTKY CUIBCHKOTO TIOCHOJapCTBa Ta MepepoOHOi
IIPOMUCIIOBOCTI.

6. TpaucnoptHi cucremu; OyHIBHUITBO, PEKOHCTPYKIsS, TEXHIYHE
nepeo30poEHHS 1 MOJIEpHi3aIlis.

7. OxopoHa 3I0pOB’S JIOAMHM Ta EKOHOMIUuHa cdepa, SKI OXOIUIIOIOTh:
JIarHOCTUYHI Ta JIKYyBaJlbHI MPOrPAMHO-TEXHIYHI KOMIUJIEKCH; €HeproepekTuBHE,
pecypcos0epiraroye, MOAYJIbHE, €KOJOTIYHO Oe3medHe OoOJagHaHHS IS CHUCTEM
BOJIOMIATOTOBKH, OUMILICHHS BOJIU, TEIJIONOCTAYaHHS Ta 3aCO0U iX yIpaBIiHHA.

8. Po3BuTOK 1HPOpMAIIITHO-KOMYHIKAIIHHUX CUCTEM 1 TEXHOJIOT1H.

[Topsin 13 BU3HAUEHHSAM 1 TapaHTYBaHHSM peajizailii NMpiOpUTETHUX HAMPIMIB
PO3BUTKY BITUM3HSIHOI MPOMMCIOBOCTI, Cy4acHI MEXaHI3MH JIEP:KaBHOI CTPYKTYpPHOI
MOJITUKM MaloTh 3a0e3ledyBaTH 3axoJW I0J0: CTHUMYJIIOBaHHS TepeTiKaHHS
IHBECTHUI[II Ta IHIIMX pECypCiB y TMPIOPUTETHI Taiy3l; MHIATPUMKUA PO3BUTKY
IHHOBAIIMHO-BUCOKOTEXHOJIOTIYHUX Taiy3ed; 3axucty W HajgaHHsA (iHAHCOBOI
OIATPUMKH Tally3sM, KOTpi mepeOyBaioTh y CTaHl cTarHaiii, AuBepcuikaiii ta
onTUMi3allii; caHamii abo 3ropTaHHs BHUPOOHMITB Yy JICIPECUBHHUX Tally3sX;
pPO3pOOJICHHS JIep)KaBHUX CTPATETIUHUX, TAKTHYHUX Ta I1HIIMX TUTAHIB, MUIHOBUX
nporpam, HalllOHaJIbHUX, Tay3€BUX 1 PEriOHAIBHUX MPOEKTIB; PO3B’I3aHHS 3aBAaHb,
MOB’s13aHMX 13 (POKYCYBaHHSM KalliTaly B IPIOPUTETHUX 1 KAMITATIOEMHUX HAMpsiMax
CTPYKTYpHOI nepe0y10BH.

Mexanizmu peanizayii 0epicasHoi noiimuxku 6 3a3HAYeHUX cghepax po3eUMKY
BIMYUZHAHOI NPOMUCTIOBOCII MAIOMb OXONTIIOBAMIU.

* Memoou npsaMo2o 6naugy, N0 SKHX BIITHOCATHCS: HadaHHSA (IHAHCOBOI
JOTIOMOTU 'y BWIJISA1 1HBECTUIIMHUX HAA0aBOK, CyOCHIIN, IOTallii, MO3UYOK 1
TPaHlIB Ha PO3BUTOK OKPEMHUX Taly3ei, BUPOOHHUIITB, PETIOHIB 1 TEPUTOPIii;
BUKOPHUCTAHHS CUCTEMH JIeP>)KaBHUX 3aMOBJICHb;,

* Memoou HenpsaMOo20 pe2yll08aHHs, KOTPl BKIIOYAIOTh: CTpaTeriyHe W
IHMKAaTUBHE IUTAHYBAaHHS (Ta HAYKOBO-OOIPYHTOBAaHE IPOTHO3YBAaHHS);, HaJaHHS
MOJATKOBUX 1 KPEAUTHUX MBI 3 iX AuQEepeHIamiero 3a pi3HUMH Taly3siMH Ta
chepamMu BUPOOHHUIITBAMHU, SIKI BU3HAUCHI MPIOPUTETHUMHM; 3JIMCHEHHS TMOJITUKH
MPUCKOPEHOI aMOpTH3aIlii; MPOBEIECHHS THYYKO1 IIHOBOI Ta €KCHOPTHO-IMIOPTHOI
MOJITHKY, BKIIFOYAIOYM BCTAHOBJICHHS palllOHATBHUX IMIIOPTHUX Ta EKCIOPTHUX

Tapudis.
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BucnoBku

ABTOpHM TMEpeKOHaHl, IO peaii3alis Ha MNPaKTUIl 3aMpONOHOBAHUX BHILE
3aX0JiB Oyje CHpUITH IIBUAKOMY TMepexoay YKpaiHM Ha CBITOBI CTaHJIapTH
rOCIO/IapIOBaHHS Ta 3a0€3MEUYeHHS KOHKYPEHTOCIIPOMOXHOCTI, TO3BOJIUTH MEPEHTH
Ha I1HHOBAIIHY MOJENb TUHAMIYHOTO CTaJOor0 PO3BUTKY HE TIJIBKH pPEaTbHOTO
CEKTOpY BITUM3HIHOI EKOHOMIKH, a i yChOT'O CYCILIBCTBA.
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KAPITEL 7/ CHAPTER 7.
APPLICATION OF INTELLIGENT INFORMATION TECHNOLOGIES IN

THE OPTIMIZATION OF TRANSPORTATION
[IPUMEHEHWE UHTEJUIEKTYAJBbHBIX UHO®OPMALIMOHHBIX TEXHOJIOI' U ITPU
ONTUMHU3ALIMA TPAHCIIOPTHBIX IEPEBO30OK
34CTOCYBAHHA IHTEJIEKTYAJIBHUX IHO® OPMAIIIHHHAX TEXHOJIOI'TH I[TPU OIITUMIBAILLI
TPAHCIIOPTHHUX ITEPEBE3EHbD

DOI: 10.21893/2709-2313.2020-03-03-040

Introduction

The rapid development of the digital economy requires the appropriate
development of information systems (IS) and information technologies (IT), changes
the direction of the state strategy to overcome the current challenges of the need to
build relationships with the global giants of the IT industry (Google, Apple,
Facebook and Amazon), total capitalization which exceeded the GDP of many
developed countries of the European Union. For Ukraine, the question arises about
the choice of priorities, which requires an extremely rapid transformation of the
traditional economy into its traditional paradigm to the modern information
intellectual digital economy, which involves a synergistic effect from building the
foundation on the concepts of "digital economy", "knowledge economy",
"information society". In this context, the process of "consumption" of IT products
becomes more significant. That is - not only to produce powerful IT solutions for
other countries, but also to implement modern IS and IT in the national
manufacturing sectors. In addition, the analysis of deep trends in energy and raw
material geopolitics shows a sharp increase in energy, natural resources and food
needs, which will exacerbate tensions due to access to these resources. Producers and
at the same time consumers of these resources are complex territorially-distributed
systems (CTDS) or - economic entities for which the tasks of management of large
pools of resources (labor, financial, material, etc.) are the most relevant and
significant.

In the unpredictable directions of development of the world production system,
the use of intelligent information technologies is a necessary means for making
strategic decisions in the following areas: development of strategies of state
regulation of market segments, integration processes of the economy of Ukraine and
the EU, increase of investment attractiveness of national economic entities, including
AH, vertically-integrated national companies (VINCs), cluster development of
territorial entities.

Currently, logistics is one of the fastest growing areas of productive activity.
This process is associated not only with the growing demand for logistics services,
but also with the strengthening of mutual integration of business opportunities while
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logistics and infrastructure development of the Territories. The most significant
development of methods and algorithms of interaction of the logistics processes is
due to the rapid development of information technology, which resulted in a
widespread network of organizational forms of business, on-line flow of documents,
the transition to electronic payment systems, virtualization logistic processes, etc. On
the basis of the information infrastructure of innovation Logistics takes you to a new
level of intelligent control processes, the formation of new logistics concepts
«PartyLogistics».

7.1. Methods for solving NP - complex problems

One of the modern bionic principles of solving a wide class of applications,
which are intractable tasks by classical methods, especially in the area of NP-
complete optimization problems, is the use of GA - adaptive search methods that
implement evolutionary computation, based on the genetic processes of biological
organisms. The efficiency and quality of transport complexes (TC) largely depends
on the rational coordination of the various modes of transport, optimal redistribution
between traffic volumes and the formation of the necessary management decisions.
Solution these and other scientific and applied tasks requires the formation of
appropriate organizational and functional structures at the regional and national
levels, which should assume the functions associated with the various modes of
transport as horizontally (different modes of transport), and vertical (industrial,
regional and state levels).

7.2. Locations for the application of transport tasks

Effective organization of work in different types of transport requires the
solution of a number of important scientific and applied problems, the main ones are:

eformation of state and regional TC as a single functional units in the structure
of public administration transport system,;

edevelopment of mathematical models of effective functioning of the individual
elements of the TC in the modern market conditions;

edevelopment of methods and algorithms of optimization of TC;

eformation of informational and functional organizational structures and
systems, organizational management, production processes TC;
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edevelopment of methods of forecasting the economic production and financial
activity of the TC;

eformation of the market of transport-forwarding services.

At the moment only in the technological essence of the process of cargo
transportation at different levels and stages of their life cycle operation is divided
interests of individual actors are not coordinated and, in General, focused on
economic confrontation, there is a system interaction customers and transporters. The
existing system of production organization and management does not provide the
optimal choice of the economic-organizational criteria and does not direct transport to
the high efficiency of their performance. Integration processes that occur in TC at this
stage of its operation, are not able to provide its innovative development and do not
meet the requirements for structural and temporal adequacy of the global logistics
processes.

The organization of the consolidated transportation process should reduce the
cost of processes of transportation in comparison with the option to self-perform a
full range of logistics operations by the consignee. It is necessary to ensure the
development of transport infrastructure in points of direct interaction between
different modes of transport and create multifunctional TC, as well as information
and logistics centres . Thus, the problem of substantial improvement of
organizational production management in TC countries and regions at the present
stage is urgent and requires an appropriate solution based on the implementation of
modern technical, technological, organizational, and economic activities.

One way of saving resources in the transportation of goods is the application of
the systems decision support (DSS) in the field of transport logistics. The
development of software packages, comprehensively solve the problem of the subject
area requires serious research with the aim of obtaining efficient algorithms suitable
for use in everyday practice.

Intelligent information system (IIS) , underlying any DSS must have the
application architecture and have the user-friendly interface for ease of use.

¢[IS should have the following functionality:

v Providing information management support transportation.

v’ Solution the transportation problem by different methods.

v Universal class for working with genetic algorithms.

v Finding the optimal solution for scheduling transportation.

eThe purpose of the transportation activity is considered to be reached when
performing six conditions:

v’ the desired product;
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v’ the required quality;

v’ in sufficient quantities;

v’ at a certain time;

v’ at the appointed place;

v at minimum cost.

By now we know a lot of algorithms for solving problems of vehicle routing
problem (VRP). For the most part this is a heuristic methods used in the presence of
a matrix of distances or information about the location of the vertex on the plane.
VRP is an NP-hard problem, therefore, the most intensive search is conducted in the
direction of approximate algorithms. Proposed exact methods for solving the VRP,
as, for example, a method of branches and borders, but the computation time when
their use is growing too quickly. VRP involves a significantly larger number of
options for viewing than gears with the same number of vertices, while the
application of the method of branch and bound to solve the gear is already difficult
for datasets with 30 vertices and more.

7.3. Classical methods for solving transport problems

Among the classical methods for solving VRP can enumerate the following[1]:

1. Construction algorithms - algorithm Clarke-Wright and its extensions, the
sequential insertion of Mole -James, sequential algorithm for insertion Christofides -
Mingozzi - Toth,

2. Two-phase classical algorithms.

3. The covering algorithm, the algorithm petals

4. The algorithm of Fischer - Jaikumar, the algorithm Bramel - Simchy - Levy.

5. Classic improving the algorithms.

Formal mathematical models of decision making currently, all more fully reflect
the complexity of real-world problems that, on the one hand, makes them more
adequate to real systems, and on the other, leads to the need to tackle more complex
optimization problem. Basic properties of real-world optimization problems - the
presence of many criteria, significant restrictions , variables measured in different
and algorithmic job functions make it impossible to use traditional methods. The way
out of this situation is the use of adaptive stochastic algorithms, successfully
overcoming these difficulties.
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7.4. Basic Genetic Algorithm

One of the most frequently used in this setting approaches are evolutionary
algorithms [2] that represent stochastic optimization procedures that mimic the
processes of natural evolution, in particular genetic algorithms (GA) as in Fig. 1.

Population | ~ Phenotype
(Chromosomes)
itness

nnnnnnnnn

Replacement  Genetic Operation

ffspring

Fig.1. - Basic Genetic Algorithm

Outline of the Basic Genetic Algorithm:

1/Start] Generate random population of n chromosomes (suitable solutions for
the problem)

1. [Fitness] Evaluate the fitness f(x) of each chromosome x in the population

2. [New population] Create a new population by repeating following steps until
the new population is complete

3. [Selection] Select two parent chromosomes from a population according to
their fitness (the better fitness, the bigger chance to be selected)

4. [Crossover] With a crossover probability cross over the parents to form a new
offspring (children). If no crossover was performed, offspring is an exact copy of
parents.

5. [Mutation] With a mutation probability mutate new offspring at each locus
(position in chromosome).

6. [Accepting] Place new offspring in a new population

7. [Replace] Use new generated population for a further run of algorithm

8. [Test] If the end condition (for example number of populations or
improvement of the best solution) is satisfied, stop, and return the best solution in
current population

9. [Loop] Go to step 2.

Algorithmic job functions and variables measured in different do not pose
additional difficulties for GA, which are binary representations of the solutions and
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do not require information about the properties of the objective functions. However,
there are many criteria and limitations hinder the use of GA in practical tasks, since
most of the approaches proposed in the field of evolutionary optimization, focused
only on one problem, 1i.e., either there are many criteria, or the presence of
restrictions. Approaches combining both directions, are rare, and their efficiency is
not always satisfactory [3]. Thus, the improvement of existing and development of
new efficient adaptive search algorithms conditional multi-objective optimization is
an actual scientific problem.

7.5. Formalization of the transport problem

It is known that the classical algorithms do not have the possibility of
parallelization and have exponential increase in execution time from the dimension of
the problem. l.e., the number of mathematical operations (commands) grows
exponentially, and the development of processor elements (increase the clock
frequency, reducing the number of cycles instruction execution, the delay to fetch
data from memory) does not compensate for the growing (with increasing problem
dimension) needs to classical algorithms. Exact methods of solving transportation
problems (TP), allow you to find a solution only for problems with a small number of
clients (i.e., up to 50 clients). To solve large-scale problems exact methods are not
effective in relation to their lot of time. However, right now, requires efficient
algorithms for solving large-scale problems, because currently, there is a
globalization of the economy. This leads to the necessity of planning transport
operations with a large number of customers, i.e., TP of high dimensionality. Thus,
the solution TP high dimensionality is an important task. One of the classes TP is TP
with a time limit. This class of problems is difficult to solve, but it is necessary and
widely used in practice. Model TP-limited time describes: banking and postal
delivery, transportation of people, the collection of industrial and household waste,
food delivery, delivery of fuel and materials to enterprises. An important drawback of
these algorithms is that they are not designed to solve problems with changing the
number of requests from clients, which is important today in connection with the
development of mobile communications, enabling them to track the route of the
vehicle and to transmit the modified route. Therefore, the task of developing complex
algorithms for solving TP with static and dynamic customer requests is an actual
scientific problem.

TP with the time limit belongs to the class of NP-hard problems, exact solution
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methods for problems of this type is effective in a small number of clients (i.e., up to
50 clients). The main methods of solving this problem with a large number of clients
are heuristic and metaheuristics methods. The best results in solving test problems
give hybrid algorithms, guided by the global heuristic (metaheuristics), which, in
turn, in the process of looking at the intermediate stages uses various methods to
improve the route based on the method of local search. Effective are different
postoptimization procedures that improve specific final decision and techniques to
adapt the algorithm to the current task (when at different stages of the search are used
in different parts of the algorithm).

Mathematically TP with limited time can be represented as a graph G=(N,A4),
where: N is the set of vertices corresponding to the set of customers) (peaks 1, 2, ...,
n) and the source depot , which begin and end their route all vehicles (vertices 0 and
n+1); A - set of arcs connecting the vertices of the graph. We introduce the notation:
Cl=n;

i, j 1s the i-th and j-th clients ;

C - many clients,

A 1s an arc that connects the i-th and j-th vertex;

d; 1s the demand of the i-th customer;

t; 1s the travel time of arc (i, j), consisting of the service time of customer i and
the travel time of the vehicle from customer i to customer j;

c;j - the cost of car travel from customer i to customer j;

V' is the number of identical vehicles of capacity g,

k - k-th vehicle ;

[ai, bi] is the time window - the period of time during which must be serviced by
the i-th customer; S¥ - arrival time of the k-th vehicle to the i-th customer; the
departure time from the depot for all cars equal to 0 (i.e., Spr = 0 );X;* is a variable
taking values {0, 1} and characterizing the direction of movement of the car:

X;#=1 - from customer i to customer j, X;/* = 0 - in the opposite direction.

7.6. The solution of the transport problem using genetic algorithms

TC with the time limit can be described as follows [4]. There are a number of
vehicles, one warehouse (depot) and a number of clients. For each vehicle you want
to make a route over which a vehicle visits a number of clients (for example, to
deliver any cargo). On the route of each vehicle there are a number of limitations.
The main limitation is represented by the formulas (1) to(3).

S>> xk=1,vieC (1)

keV jeN
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Yd> Xk <q,VkeV (2)
ieC JjeN
a, <S'<b,VieN,VkeV 3)

Constraint (1) believes that every client is served by only one transport mean
and only once. Variables X/ take values {0, 1}, where 1 means that the car moves
from vertex i to vertex j, 0 - otherwise. The upper index k is denoted by the
corresponding car, wherekey V is the number of identical transport mean of

capacity ¢g. Constraint (2) determines that the transport mean cannot serve more
customers than its capacity d; is the demand of the corresponding client, ieC, C -
many clients. Constraint (3) is the time limit; the arrival of the vehicle to the
customer must be within the time window, where S/ is the arrival time of the
corresponding vehicle to a specific client, and /a;, b,/ - period of time, the so-called
time window (time window) for which must be serviced by the customer. For this task
are formulated the following goal (objective function): the primary goal is to
minimize the total number of vehicles required to service all clients; secondary is to
minimize the total service time of all customers and the total distance traveled by all
transport means.

Exact methods based on the methods of directed enumeration, are not effectively
solve the problem of high dimensionality. Heuristic and metaheuristics methods,
which include genetic algorithms, give more acceptable results.

7.7. Designing a class library for genetic algorithms

Software implementation of the class library GA is implemented on the
platform NET Framework and shell development MS Visual Studio, programming
language - C# [5].

Created a generic class library that implements the basic steps GA:

1. The creation of a population

2. Selection

3. Crossing

4. Mutation

Created a base class BaseSpecies. All types must be derived from the base class
BaseSpecies <TSpecies> , where TSpecies - specific derived type:

abstract public class BaseSpecies<TSpecies>:

{

Comparable where
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TSpecies.: BaseSpecies<TSpecies>
{..}
static protected Cross (double x, double y)

)

static protected double Mutation (double val)
{..}

static protected double TestChromosomes()
{..}

/

As you can see from the code, BaseSpecies is an abstract class that contains
static protected methods for crossing and mutation. Let us examine some of the
methods in more detail. Let's start with the methods that must be implemented  in
derived classes : static protected double TestChromosomes(). This method should set
the internal protected Boolean variable m_Dead that shows fit chromosomes of the
limitations that they impose (for example, in our example, are the values of the
chromosomes in the interval [-5.0; 5.0]). If the value of the chromosomes suit us,
then m_Dead is set to false, otherwise - true. With this variable (obtained through the
property Dead) population rejects obviously unsuccessful. The next method that you
must implement in derived class, it is abstract public TSpecies Cross (TSpecies
Species); .

This method creates a new view, crossing himself and another type that is
passed as an argument. Here you need to make some notes. Usually, if the view
contains multiple chromosomes, and hybrid chromosomes "one species", i.e. in our
case a0 cross itself (i.e. this) and a0 to another similar cross al and al, i.e. it makes
no sense to breed a0 yourself and al of another class. The sense of crossing is that
you take one part of the chromosome itself and the second part of another type and
create a new chromosome, which will be held in a new form. Often chromosome in
bitove. The essence bitwise crossing is that the first randomly selected break point
(crossing) of the chromosome, then create a new chromosome, which consists of a
left part of the first chromosome and the right second. For example, suppose we have
two eight-bit chromosome : 10110111 and 01110010. Randomly selected break point
(marked by the symbol '|'): 101 | 10111 and 011 | 10010 .

From here we can get the following two chromosomes - 101 10010 and 011
10111. You can also search for two or more points of intersection. Thus, we must
have a constructor that creates the appearance of the chromosomes. For this class
BaseSpecies included the implementation of known static methods for mating
chromosomes of some types ( Double, Int64 and Int32). Let us consider the first two

MONOGRAPH 115 ISBN 978-3-949059-04-9



Intellektuelles Kapital - die Grundlage fiir innovative Entwicklung ‘ 2020 Part 3 E jﬁfg

methods. In this case, there are two intersection points: first, in the middle of a word,
the second the sign of the number, that is, first crossed chromosomes in bitove
without regard to sign, and then also randomly selected for a sign from one of the
chromosomes - public void Mutation().

The next step 1s mutation. Mutation operates on a single chromosome. In theory,
when mutations can occur any changes. But in this implementation the mutation
changes one bit in the word. Mutations occur relatively rarely. For example, often in
practice, the probability of mutation is set 5-10%, but sometimes we try to make it a
little more (about 30%). The process of selecting chromosomes for mutation can be
solved by using random selection (as the simplest option - random number
generator). Quite often as a mutation for small numbers it is better to use not written
above function, but simply a random number generator that generates a random
number in a certain interval.

Implementation of population(class Population) -

public class Population<TSpecies> where TSpecies:BaseSpecies<TSpecies>.

As you can see, it has a generic parameter that is a type, which must be derived
from BaseSpecies <TSpecies>.

Let's start with the properties that must be configured before you begin
algorithm:

- MaxSize (Int32) - maximum number of species that can contain the population.
This is the size to which "cut" the population after mating. The default is 500.

- CrossPossibility (Double) - the probability of crossing. It must be in the
interval (0.0; 1.0). If this condition 1is not met, implement an
ArgumentOutOfRangeExceptionException. By default this value is set equal to 0.95.

- MutationPossibility (Double) - the probability of mutation. It must be in the
interval (0.0; 1.0). If this condition is not met, implement an
ArgumentOutOfRangeException exception.

In the work value of the probability of selection is taken equal to 1.0. Otherwise
there would be no need to remove the worst kinds of populations according to the
values of a certain probability. But in any case, the species whose chromosomes do
not fall within the desired interval, or do not meet any other specified conditions (the
so-called dead species), should be removed anyway.

Now let's look at the public methods that will need to address:

- public void Add (TSpecies species) - add new type in the population. The
necessary number of species should be added in-hand. Before the algorithm requires
that the population was at least two types. The number of species in a population may
be smaller than the set value of MaxSize. If after breeding population size is less than
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MaxSize, just not removed the worst kinds (even the dead).
- void NextGeneration () - get the next population. This method may take a lot of
time, so it is best to call from a separate thread.

7.8. The overall plan for the use of the library

Consider the General plan of the steps when using the library:

v’ Create a class type that is derived from BaseSpecies <TSpecies>, where the
argument of generalization in BaseSpecies is passed the name of the class type.

v’ Inside the class type to create a set of chromosomes necessary types.

v" Abstract method overloading public Tspecies Cross (Tspecies Species), which
should create a new look. As a method parameter is an individual of the same species,
which must be crossing.

v" Overloading the property (only get public double FinalFunc ()), that returns
the value of the objective function. If the target function complex, it is convenient to
store the value of the objective function in a separate variable whose value and
returns this property, and the calculation of the objective function to be implemented
in the constructor of the form.

v" Overloaded method public void Mutation ().

v" Overloaded method public override void TestChromosomes (), which sets the
value of the variable m_Dead to true if this type we do not knowingly arranges, for
example, e is the value of its chromosomes falls within the prescribed limits, and to
false otherwise.

v’ Create population Population <Tspecies>, which will keep individuals as
required.

v' Call the Reset () method population for removal of all kinds, if they were
already in the population.

v" Through MaxSize population to set the maximum size of the population.

v'To establish the probability of mutation through the property
MutationPossibility. The value of this property must lie in the range from 0 to 1. The
default value is set to 0.1.

v" To establish the probability of crossing through the property CrossPossibility.
The value of this property must lie in the range from 0 to 1, with zero probability of
crossing is not allowed. The default value is set to 0.95.

v Add to the population needed the number of individuals of the respective
species through method void Add (Tspecies).
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v' Call method void NextGeneration () as long, while in the population need be,
for example, until it reaches the desired value tolerance.

v’ Through the property Tspecies BestSpecies can get the best at a given iteration
(in this generation) an individual of the species, in which the objective function is
smaller than the other.

7.9. Software implementation

Thanks created the class library, you can implement any modification of the
genetic algorithms . So, use it to implement the following algorithm:

Step 1. Construction of the initial population of a certain size (the initialization
statement).

Step 2. Select two parent chromosomes from the population (operator selection).

Step 3. Copy the selected chromosomes and application of genetic operators to
create new chromosomes (operators of crossover, mutation).

Step 4. The selection and subsequent removal of the chromosomes from the
population to recover to its original size.

Step 5. Until not completed the specified number of steps, return to step 2;
otherwise, end the algorithm.

The first step is finding the initial population, as in Fig.2, this would solve the
transportation problem by the method of the North-West corner” and the method
“minimum elements”.

Fig.2. - Finding the Initial Population

The resulting table will be the source samples as in Fig.3.
After sampling software package performs crossover and mutation. Then there
is a formation of the optimal solution as in Fig.4.
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Fig.4. - Optimal Solution
Conclusions

The problem of decision making under uncertainty has an important place in the
General problem of decision making. The successful solution of this problem is
currently impossible without the use of new information technologies, as an integral
part of the intellectual tools of information processing.The use of various
modifications of HA allows to solve the problem of choosing the optimal parameters
of methods, models and algorithms for decision support under uncertainty in an
acceptable time. Based on the proposed algorithm software developed software
environment that allows you to solve practical problems in management decisions.
Studying the problem of optimization of logistics processes for managing objects, we
can conclude that the use of genetic algorithms for solving such problems is a
powerful mathematical tool and can be used for a wide range of applied problems,
which can be enabled and those that are difficult or impossible to solve by other
methods. The following functions are implemented as software:

v’ Create a generic class for working with genetic algorithms.

v’ The solution of the transport problem by different methods.

v Finding the optimal solution for scheduling transportation.

The main advantage of evolutionary, genetic methods can be called relatively
simple (compared to traditional methods of decision) adaptation of the algorithm to
different variants of the task. Using the same version of the algorithm can solve a
number of similar tasks.
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Introduction

In the last 10-15 years in Russia, the development of the hotel business has
become a hot topic. The experience of international hoteliers began to be used. As
an alternative to state-owned hotels, small private hotels have emerged. To improve
the level of service in these complex, financial and economic complexes, new
management tools are needed [1].

Information technology has become these management tools. Automation
systems such as this application provide hotel workers with the opportunity to
improve the quality of management, which will contribute to a higher level of hotel
management [2].

Computer software market, develops control systems for any sectors of the
economy. The software reduces many costs and efforts, makes management easier,
and replaces large archives. In addition, it guarantees accuracy and efficiency in any
business of any specialist, which increases the productivity of any work. At the same
time, it becomes more and more common to combine professions (training in related
professions). The developed application will not only increase the professionalism of
hotel managers and administrators, but also make their work of higher quality. Using
the application does not require special knowledge and professional computer
training of the hotel staff. Work is carried out with familiar documents and objects.

The application assumes control and systematization of all work processes in the
hotel, processing of documents and data with minimal staff involvement. Therefore,
this topic is relevant today for any hotel complex. The purpose of the paper is to
develop an application for the hotel manager's AWP to improve the level of service
of the manager's work with clients, promptly register all types of services, as well as
save guests' time with minimal staff involvement [3, 4].

8.1. Analysis of the characteristics of automated information systems

Automated information systems (AIS) are a complex of specialized computer
software that allow a person to perform his work (production) tasks with minimal
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participation. By definition, AIS is a man-machine system designed to collect and
process information. It is used to manage production processes, teams of people.

The main purpose of AIS is to store, search and transmit information at the
request of a large number of users. Advantages of AIS: economic benefit, efficiency,
safety, comfort of communication, compliance with standards.

According to the purpose of the AIS there are: state, legal, financial, scientific
and technical, educational, social, entertainment and others.

By types of information - documentary, factual and documentary factual
information systems (IS).

There are four types of AIS:

1. Covering one operation in one organization;

2. Covering the chain of technological processes in one organization;

3. Ensuring the functioning of one process in several organizations;

4. Providing work of several processes in several organizations.

AIS can be fairly simple and fairly complex systems. Even simple AIS consists
of several modules and elements.

AIS is a complex of automated information technologies designed for
information services to consumers.

Automated working place (AWP).

The overwhelming use of AIS today is: collection, accumulation, processing,
storage, transmission and use of information. AIS user workstation is called
"workstation". That is, the AWP is a place for a specialist user, equipped with
technical and software equipment. AWPs created on the basis of personal computers
are the simplest and most widespread version of them.

The AWS uses various operating systems and application software, focused on
the profile of the user's activity. This activity requires a high level of information
services [5, 6].

The purpose of the AWP implementation is to strengthen management
functions. The creation of automated workplaces assumes that the main operations
for the accumulation, storage and processing of information are entrusted to computer
technology, and a specialist performs part of the manual operations. Therefore, the
user of the AWP should have a professional approach to the preparation of solutions.

AWP should ensure the performance of a group of functions:

1. Information and reference service;

2. Performing arithmetic functions;

3. Accounting function;

4. Analysis and regulation function.
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1. The technical support of the automated workplace should guarantee the
reliability of technical means, the organization of user-friendly operating modes
(autonomous, with a distributed database, information, with upper-level technology,
etc.), the ability to process the required amount of data at a given time. In addition,
the efficiency of input, processing, duplication and search of documents should be
ensured; exchange of information within the organization and outside it; safety for
the user's health and comfort of service.

2. Workstation software should be oriented towards the user's professional level
and specialization. The decision-making in general is carried out collectively or by a
superior administrative person. But the AWP should provide the preparation of
information for decision-making, and the very adoption at various levels of
management personnel independently.

3. AWPs, created on the basis of personal computers, are systems that allow the
user to have a monopoly over the entire session. The user himself will fulfill all the
obligations to transform information [7, §].

Classification of AWP.

Classification of automated workplaces based on professional criteria:

1. AWS of administrative and managerial personnel;

2. Workstation for the designer of electronic equipment, automated control
systems, etc .;

3. Workstation of a specialist in the field of economics, mathematics, physics,
etc .;

4. Workstation for production and technological purposes.

Classification of AWP according to the mode of its operation:

* Single - all resources in the user's monopoly. Low-power computer;

» Group - resources combine several workplaces (administrative or functional
community). Higher power computers and more complex software;

» Network - combines the advantages of the first and the second (serving stable
groups of specialists and managers in one department). Each AWP is built on the
basis of one computer, but the shared resources of the computer network are used.

Classification of AWPs by types of tasks to be solved.

1. Information and computing tasks;

2. The tasks of preparing and entering data;

3. Information and reference tasks;

4. Tasks of accounting;

5. Tasks of statistical data processing;

6. The tasks of analytical calculations.
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AWP properties.

Basic principles of AWP design:

-Maximum focus on the end user, his professionalism with the help of tools;

-To enable the user to independently solve new problems using the AWP in the
process of gaining experience with the system;

- Orientation of AWPs towards solving a class of problems, united by a
common technology of information processing, the unity of modes of operation and
operation;

- Modular design, which allows the AWP to perform tasks with different
elements of the information processing system, without interrupting its operation;

- Possibilities of AWP to create comfortable working conditions for the user
and methods and methods of simultaneous operation [9] of several unconnected
linear information systems. AWP must meet the following requirements:

1. Timely satisfaction of the information and computing needs of a specialist;

2. The minimum response time to user requests;

3. Adaptation to the level of training of the user and his professional needs;

4. Ease of mastering the techniques of work at the AWP and ease of
communication, reliability and ease of maintenance, therefore, the possibility of
quick user training;

5. Tolerance towards the user.

As a conclusion, any automated workplace should have: consistency, flexibility,
stability, efficiency. [ Consistency. AWP should be considered as systems, the
structure of which is determined by the functional purpose.

1 Flexibility. The system is adapted to possible restructuring due to the
modularity of all subsystems.

] Stability lies in the fact that the AWS system should perform basic functions
regardless of the impact of disturbing factors on it. That is, malfunctions in some of
its parts should be easily eliminated, and the system's performance should be quickly
restored.

The efficiency of the automated workstation means the costs of creating and
operating the system must correspond to the level and quality of functioning of the
automated workstation for the above qualities [10].

8.2. Providing AWP

After parameterization (this is the process of building a relationship between the
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parameters of a system or systems), several types of support are used for the smooth
operation of the AWP, the main ones are:

1. Information support for AWP - organization of the information base.
Relationships between information flows are determined, input documentation
packages are formed, etc.

2. Automated workstation software - providing a set of algorithms that provide
input, control, storage, processing and protection of information. And also its
formation in the form of graphs, tables and diagrams.

3. The technical support of the automated workplace should guarantee the
reliability of all means, the organization of operating modes (autonomous, with a
distributed database, information, with upper-level technology, etc.), the ability to
process the required amount of data at a given time.

4. The software allows the user to work quickly with the database and the ability
to share resources in network technologies [11, 12].

5. Linguistic support of AWS includes languages of communication of AWP
technology with users (Russian, English), languages - queries (SQL), information and
legal languages and languages-intermediaries in networks.

6. Technological support of AWP - setting the compatibility of design solutions
that determine the sequence of operations in the implementation of tasks.

7. Operational support includes a set of documents regulating the actions of a
specialist when using AWP.

8. Ergonomic support of AWP - ensuring regulatory requirements for the
location and color range of screen forms, for illumination and location of technical
equipment, room size, quality and comfort of the interior.

9. Legal support for AWP is a system of negative legal documents that define
the rights and obligations of specialists in the conditions of AWP functioning.

These documents are strictly linked to a set of developments that regulate the
procedure for storing and protecting information, rules for revising data, ensuring the
legal authenticity of operations performed on the workstation, etc.

8.3. Analysis of the activities of the hotel industry

The organizational structure of the hotel.

The law stipulates that the hotel operates on the basis of a certificate of
conformity for the safety of the services provided [13, 14].

Hotel classification is the determination of a hotel, its rooms and services
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according to government criteria or standards. It affects the prestige of the hotel, the
formation of the clientele, the cost of hotel services.

A hotel of any category must meet safety and hygiene requirements, provide
round-the-clock service, emergency medical care, safety of valuables, laundry, and
postal services.

The hotel should provide a minimum set of basic services to ensure the
provision of basic hotel services:

1. Room fund management service;

2. Administrative service;

3. Catering service;

4. Commercial service;

5. Technical services;

6. Supporting and supplementary services.

1. Room fund management service. This is the solution of issues related to
booking rooms, receiving customers, registering and placing them by numbers, as
well as checking out and sending, customer service in rooms, maintaining the
sanitary and hygienic state of rooms and the level of comfort, and providing
household services. The service includes administration, managers, maids. There is
also a unified service department: doormen, bellhop attendants, cloakroom
attendants, garage employees, porter and messengers, security service, etc.

2. The administrative service is responsible for organizing the management of
all services of the hotel complex, resolves financial issues, personnel support, safety,
fire and environmental safety. The service includes specialists from the relevant
professions [15, 16].

3. Catering service. Serving hotel guests in restaurants, cafes or bars, solving
issues of organizing and serving banquets, presentations, conferences, etc. As well as
organizing the work of the catering department, providing guests with food in the
rooms. Each food point has its own leader.

4. Commercial service. Solution of planning issues. Analysis of the results of
economic and financial activities, marketing.

The Commercial Service is headed by the Commercial Director. He oversees all
the financial work of the hotel. The marketing department is establishing contacts
with organizers of congress events, negotiating long-term plans for the use of hotel
premises.

5. Engineering services. Ensuring the functioning of all technical systems,
sanitary equipment, electrical devices, repair and construction services, television and
communication systems. The service includes a chief engineer, a maintenance
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service, a territory improvement service, and a communications service.

6. Support services. Services of a luggage room, post office, first-aid post,
library, laundry, linen services, cleaning services, warehouse services, etc. Additional
services provide paid services. They include a sauna, hairdresser, swimming pool,
solarium, souvenir kiosks, sports facilities, etc.

8.4. Activities of the manager, his tasks and functions

A manager is a specialist professionally engaged in management activities.
Hospitality managers are responsible for the efficient operation of hotel service
personnel. He is responsible for the actions of the hotel personnel within the limits of
his competence and in accordance with the powers granted to him. The manager has
to talk a lot both on the phone and with people. And yet he has little time to process
information.

But the information that the manager receives must be quickly analyzed by him,
and he must be able to make a quick decision [17, 18]. Therefore, a manager must be
a psychologist, find a common language with a variety of people and stoically cope
with any surprises, i.e. his professionalism depends primarily on the human factor,
and not on the mechanical state of the situation. In this regard, a hotel manager must
have certain professional and personal qualities: high competence, flexibility of
thinking, the ability to take risks, be a leader in a team, and be able to convince.

In addition, being a manager means being responsible for the successes and
miscalculations of the hotel team members, whose work he coordinates. A person
who is not capable of this will not become a professional manager.

A person who has a professional (economic) education, additional training in the
direction of "Management in the hotel business" is appointed to the position of a hotel
manager.

8.5. About development tools when solving a problem

Today practically no sphere of human activity is complete without information
technology. Various application development tools are also actively developing. A
language such as C # is most often used for developing desktop applications.

The C # programming language is an object oriented language. It is simple,
type-safe, and belongs to the C-like syntax family. C # is sometimes referred to as a
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C ++ / Java hybrid that inherits all the best. This language is statically typed,
supports polymorphism, explicit and implicit operator overloading, delegates,
attributes, events, properties, generic methods, iterators, anonymous functions with
closure support, exceptions, and much more. Thanks to its many innovations, C #
enables rapid application development. Visual Studio from Microsoft was used in the
design of the "Automated Workplace for Hotel Manager" as a development
environment. This program allowed the developer to create console and GUI
applications that support the Windows Forms environment.

Another software development tool is the NET Framework. .NET Framework -
as a computer platform, has simplified application development. The core of the
NET Framework is the common language runtime. It implements a lot of different
functions and interactions with the database, interfaces (for example, Windows
Forms - the application programming interface responsible for the graphical user
interface.). The .NET Framework has a very extensive class library.

It includes an object-oriented collection of reusable classes, so it was used to
create an application.

8.6. Development of a data model

A data model is a description of a complex of concepts, features and operations
for their processing, which is available in a specific database management system
(DBMS). The functions of this DBMS include the definition of objects and the order
of their interaction with each other. That is, it is a user-controlled data access
machine. Several specific DBMSs and the databases they manage, if they are based
on the same model, can compare specific interactions [19, 20] using the same
common language.

The data model includes:

* Structural part. It describes the types and logical data structures used by the
user when organizing the database;

* Manipulation part. It contains the specification of languages for writing
database queries. And the main purpose of this model is to provide a reference
database language, backed up in DBMS implementations that correspond to this
model;

* Integral part. It describes the mechanisms for maintaining the integrity of the
database that must be supported by all DBMSs that conform to this model.

Any DB and DBMS is built on a data model, and those DBMSs that are built on
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the same model are of the same type (i.e. the basis of a hierarchical DBMS is a
hierarchical data model, relational DBMSs are a relational data model, network
DBMSs are a network data model, etc.).

8.7. Analysis of the database of the hotel manager

Database (DB) is a structured collection of data intended for the accumulation,
storage and processing of data using a computer, and in which an effective search is
organized.

Databases differ according to different criteria.

When developing the application, a relational database was used. Relational
database - objects and their relationships are displayed in the form of tables, and
operations on data are reduced to operations on data in these tables. Each of the
tables contains its own information about objects of this type.

The table consists of fields (columns) - data elements that contain the attributes
of the object. The rows in the table are called records. Each line contains
information about a single object, and each record has the same structure.

The table consists of fields (columns) - data elements that contain the attributes
of the object. The rows in the table are called records. Each line contains
information about a single object, and each record has the same structure.

All data processed in the system is stored in a SQL database.

The Hotel DB under development contains the following tables:

- client - a table containing information about clients;

- employees - a table containing information about hotel employees, their logins
and passwords;

- order - a table containing information about placement;

- room - a table containing the number of rooms;

- room_dop - a table containing room types, their description and cost;

- services - a table containing the types of services;

- services dop - a table containing information about the services used by
guests.

Conclusion

The result of the paper is an automated workstation for the hotel manager. The
work is implemented in the C # language.

The application provides for the creation and saving of new records, correction
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of old ones, viewing information regarding the entire spectrum of the manager's
duties. It allows the manager to fully automate the receipt of detailed information
about the hotel complex, its rooms, customers, employees, the cost of rooms and
services provided by the hotel;

In addition, the application contains reference books. The program allows the
manager to change information in them (add, delete), and search for specific data in
the search mode. Based on all this information, the manager makes reports of various
formats on the work of all divisions of the hotel complex and monitors their work.
The application protects all information by means of a username and password.
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KAPITEL 9/ CHAPTER 9.

THE PROBLEMS OF DESIGN THE COMPUTER CLUB

ITPOBJIEMBI TPOEKTUPOBAHUSA KOMIIBIOTEPHOT' O KJIYBA
INPOBJIEMU MNPOEKTYBAHHSA KOMIT'FOTEPHOI'O KJIYBY

DOI: 10.21893/2709-2313.2020-03-03-042

Introduction

Currently, information technology is making big strides in development. Today,
modern methods of customer service have already reached the level where the system
serving the enterprise is capable of processing data at a very high speed in a multi-
user mode. The entire workflow is implemented on computers, and all information is
stored in databases [1, 2]. With the development of information technology, the
computer entertainment industry is also developing. Every year, games are becoming
more resource-intensive, and the ability to buy or upgrade a computer that could meet
the requirements of a particular video game is becoming less affordable.

These trends are driving the development of public institutions such as computer
clubs that can meet the demand for access to powerful computers and the ability to
play the newest and resource-intensive games on them without any problems and
drawdowns in personnel at an acceptable cost.

The aim of the paper is to develop an information system that will automate the
process of servicing the clients of the computer club.

9.1. The characteristics of the automation object

The object of this paper is the activity of a computer club.

The computer club is a public institution that provides access to an Ethernet
network, powerful computers and various game consoles at the disposal of the user.

The activities of a computer club are often associated with providing customers
with the opportunity to play certain games on various platforms, conducting e-sports
events in various disciplines.

Different computer clubs function differently, but often they work 22-23 hours a
day and 7 days a week. The time when the computer club is closed is set aside for
technical inspection and equipment maintenance. The staff often includes the director
of the institution and several administrators. The director can also act as an
administrator. The institution often tries to create all the conditions for a comfortable
game and friendly communication.
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9.2. Justification of the need to use an automated information system

Despite all of the above, computer clubs do not provide for the possibility of
booking a separate PC by the user for a certain period of time [3].

The whole process of renting a computer takes place on the spot, this approach
may not cause convenience for a separate company of people who came to rest
together, but in the case of a clogged room, they can be distributed in different
corners, which can subsequently negatively affect the process of playing and
communication among friends. Also, such an approach can cause inconvenience for
some regular visitors, whose already familiar places may be occupied.

Thanks to the use of the information system, customers will have the
opportunity to pre-book seats that are convenient for themselves, in case of urgent
matters, the client can make changes to an already booked session or completely
delete it. The administrator will have the opportunity to monitor the session log, and
if the client has not canceled the reservation and has not shown up within a certain
time, delete this reservation and rent the vacated seats to other people [4].

Thus, the development of an information system is able to solve these problems,
facilitate interaction between clients and the computer club. We consider detailing
functional requirements [5]. The developed information system of a computer gaming
club should be easy to use, both for the Administrator serving the computer, and for
the accountant, club director, tax inspector, as well as any interested client. It makes
it possible to obtain complete information about the exact date, time, service provided
for a specific computer, visitor or service administrator.

The system should help the employees of the computer club in keeping records
of the rent of computers by visitors, in finding the necessary information about the
players, keeping statistics of visits to a certain player. Also, it helps the administrator
to determine the date of duty, daily and total profit without wasting time.

This information system should solve the problem of finding a suitable
computer of the appropriate level, depending on the service that the visitor chooses.

The system enables the administrator to keep records of the constituent devices
of the computer, which allows for timely modernization, as well as the calculation of
the cost for it. When building an information system, the following is known: a
computer, its platform, frequency, monitor, hard disk installed on it, video card,
manipulators, headphones, administrator and information about it, services, their
description and tariff. The data entered in the table may be updated over time [6].

Requirement for software solutions:

The software should be developed on a modular basis and be a set of
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functionally complete subroutines.

A structured database is required to store information entered by users into the
systems. The architecture of software solutions should ensure the use of any of the
common ones (FireBird; MS SQL, etc.) as a DBMS.

It is possible to execute the software according to the client-server architecture.

The use of illegal copies of the software or unlicensed modifications of software
products is not allowed.

9.3. Implementation of UML diagrams

This section describes how to design diagrams in Enterprise Architect.

UML (Unified Modeling Language) - This is a universal visual system modeling
language. Most often, UML is associated with modeling object-oriented software
systems, the scope of this language is quite wide, due to its inherent extensibility.

Enterprise Architect is a program that provides a set of tools for analysis and
design at all stages of development.

9.3.1. Implementation of UML diagrams

Use Case Model - a model of use cases, necessary for modeling the business
processes of an organization and the requirements for the system being created.

The use model uses two main types of entities: use cases and actors, between
which the following basic types of relationships are established:

» Association between the actor and the use case;

* Generalization between actors;

» Generalizations between use cases;

» Dependencies (of various types) between use cases.

A use case is a sequence of actions, so-called transactions, which the system
executes in response to an event triggered by some external object (actor). A use
case describes a typical interaction between a user and a system. In the simplest case,
the use case i1s determined through discussions with the user about the functionality
they would like to implement.

Actor - the role that the user plays in relation to the system. Characters
represent roles, not specific people or job titles. The actor can also be an external
system that needs some information from this system.

Actors are divided into three main types - users of the system, other systems
interacting with the given one, and time. Time becomes an actor if the launch of any
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events in the system depends on it [7].
The information system includes a number of functions and connections of
customers, employees and the director of the computer club.

9.3.2. The development of sequence diagrams

Sequence diagram - designed to represent the flow of events that occur during
the implementation of some use case. This diagram depicts actors, objects, and the
events they receive and send.

When constructing a sequence diagram, first of all, the temporal sequence of the
events occurring is reflected.

Object - it can be an instance of a class, a specific entity or a sample, it can also
trigger some events that can affect the system. In a sequence diagram, all objects are
sequentially located at the top of it, with the exception of objects created as a result of
certain messages.

A dashed line extends down from each object, it is also called the object's life
line. It is necessary to demonstrate everything that happens to an object from the
moment of creation to the moment of destruction [8, 9].

Actor - is a special case of an object, it is necessary in cases when it is necessary
to show the connection between the participant and the use case.

Messages transmitted from one object to another are realized by arrows located
between the life lines of these objects. The order of the messages is set from top to
bottom. Each message has at least a name, and can also have arguments and some
control information.

In order to show the moment in time at which the object is active, activity
rectangles are used, they are depicted over the life line.

The control information can be represented as a condition that indicates when
the message can be transmitted, or by using an iteration marker, indicating that the
message is sent multiple times.

9.3.3. The development of activity diagrams

Diagrams describing the behavior of a system include Activity diagrams.
Activity diagrams are needed to describe the flows and work sequences of some use
cases.

Typically, activity diagrams are used to describe complex algorithms, and they
are also used to describe business processes and use cases. Activity diagrams can be
expressed both in terms of system objects and in terms of business objects.

The main object of activity diagrams is Activity. Activity diagrams have the
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following elements:

* Pseudo-activity of the beginning and end of streams;

* Transitions;

* Fork / Join;

* Super activity;

In addition, the activity diagram may have a Decision element - This element
indicates the moment of branching or connection of threads. In the decision object,
the process continues along only one branch, while in Fork / Join, all branches at
once [10].

The Partition element is an addition to the activity diagram, does not carry any
logical meanings by itself and is intended for visual grouping of works according to
any characteristic.

9.3.4. Development of a class diagram

A class diagram is the main way to structure a system. On a class diagram, one
main type of entities is used: classes (including numerous special cases of classes:
interfaces, types, association classes, and many others), between which the following
main types of relations are established:

« Association between classes (with many additional details);

* Generalization between classes;

» Dependencies (of various types) between classes and interfaces.

In general, a class diagram is a finite graph, the vertices of which are elements
of the "classifier" type, which are connected by various types of structural relations.

A UML class is an abstract description or representation of properties of a set of
objects that have the same structure, behavior, and relationships with objects from
other classes. Graphically, a class in UML notation is depicted as a rectangle, which
can additionally be divided by horizontal lines into sections or sections. These
sections can contain a class name, attribute, and operation.

The class name must be unique within the package, which can contain multiple
class diagrams, or possibly just one diagram. The name appears in the top-most
section of the rectangle, so this section is often referred to as the class name section.

A class attribute is used to represent a separate property or characteristic that is
common to all objects of a given class. Class attributes are written in the second
from the top section of the class rectangle, therefore this section is often called the
attribute section.

An operation is some service that represents each instance or object of a class at
the request of its clients (other objects, including instances of this class). Class
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operations are written in the third section from the top of the class rectangle, so this
section is often called the operations section. The set of operations characterizes the
functional aspect of the behavior of all objects of a given class.

9.4. Implementation of methods

9.4.1. Basic concepts

This section will describe the implementation of the methods mentioned earlier
in sequence diagrams. This project was developed using a tool like Laravel.

Laravel is a Framework written in PHP that does not have any specific system
requirements and works on the capabilities of almost all hosting providers on the
market. Laravel provides all the basic functionality of sites, including a powerful and
completely ready-to-work system of access control, means for sending e-mail and an
extremely convenient migration mechanism [11, 12].

Framework (Framework) - a software platform or a set of components and
models that facilitate the process of web development.

In order to get to the client part of the site, the user needs to register; this can be
done by going to the registration page.

If the user has already registered, then he can get to the client part of the site by
authorization by going to the corresponding page.

The client side includes three pages:

* Home page;

» PC Booking Page;

* Session log;

The booking page is a form containing 4 fields:
* User.

* Start time.

* End time.

* Select PC.

The “User” field is automatically filled in with the data of the authorized user.
Data changes cannot be made in this field.

"Start time" and "End time" are fields of datetime-local format and are used to
enter the date and time of the beginning and end of the session.

The “Select PC” field is a drop-down list that contains the names of all
computers recorded in the computer club database.

If the computer [13, 14] selected by the user has already been booked, then
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when trying to make a booking, an error will occur, which will inform about the
inability to book the selected computer within this period of time. If the computer is
free, a message about successful booking will appear, the data that the user specified
on the booking page, including the user's data, such as id, will be written to the
p_c_ club ses table, after which the user will be taken to the editing page of this
session.

9.4.2. Administrative part

The administrative part of the site includes three pages:

* Home page;

* Journal of Sessions;

* PC magazine;

The session log page is a form with a table that has the following fields:
* id (session id).

* id PC (id of the booked computer).

* User id (contains username).

 Time Start (Contains the date and time the session started).

» Time End (Contains the date and time of the end of the session).

In contrast to the page of the same name shown in the user part, this page
displays information on all sessions of the computer club, and not just one user, as it
was before [15, 16].

On this page, the administrator has the ability to modify existing sessions and
add new ones.

Next to each record of the session there is a button “Edit”, when clicking on it,
the administrator gets to the page for editing the selected session.

On the edit page, the administrator is provided with the following data:

* session id.

* Creation time of this entry.

* The time the entry was modified.

* The time at which this entry was deleted.

In addition to the above information, the administrator has access to the
following edit fields:

* PC id.

* User id.

 Time Start.

* Time End.

* On this page the administrator can change the computer that was selected by
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the user, change the user who belongs to this session, and also change the date and
time of the beginning and end of the session.

* In case of successful editing, the administrator will notify a message about
successful saving, and also, all information related to the changed record will change
to the one specified by the administrator, these changes will be visible on the
“Session Log” page.

» If the changes cannot be made [17, 18], an error message will appear in front
of the administrator, which will indicate the reason for the impossibility of this
action.

If the computer selected by the administrator has already been booked, then
when trying to create a new session, an error will occur, which will inform about the
inability to book the selected computer [19, 20] in this period of time. If the
computer is free, a message about successful booking will appear, after which the
administrator will be redirected to the page for editing a new session.

Conclusion

The information system of the computer club was implemented using the UML
design of Enterprise Architect and the programming languages HTML, PHP and the
framework for the PHP Laravel language with the addition of a MySQL-based
database. A program was also implemented with division into administrative and
user parts. The functionality of the user part gives the client the ability to register and
subsequent authorization on the site, the ability to book individual computers and
view their booking records with the subsequent change, deletion or addition of new
records. The administrative part gives the administrator the ability to view the
session log of all users, make changes to the session records, delete or add new ones;
the administrator also has the ability to manage the computer log, add new records to
it, change or delete old ones.
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KAPITEL 10/ CHAPTER 10.
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Introduction

The study found that it uses a method of fractal modeling and color image
styling that adhere to video information. An algorithm for fractal stylization of color
images has been developed, which recommends international standards ITU-T.81.
The experimental results of the fractal compression algorithm are given.

The compression of digital videos with a high compression ratio is based on
methods that involve the loss of some information contained in the video [1, 2]. A
common approach to digital video compression is to compress them based on
encoding with conversion, for example, based on a discrete cosine transformation in
the JPEG or wavelet transformation method [3, 4]. However, the results of many
studies point to the advantages of fractal modeling and video compression methods
over these methods, which results in smaller errors and a significant reduction in the
amount of digital video data [3]. These benefits are exemplified by images intended
for human visual perception. However, the use of video compression in automated
measurement systems requires additional research and development of compression
algorithms that take into account the particularities of this information processing
area. The purpose of the research is to improve the degree of compression and
accuracy of recovery of videos containing measurement information, based on the
further development of fractal modeling methods and the compression of digital
videos with measuring information about the objects' geometric parameters.

Fractal transformation allows you to find major similar areas in the video
considering rotation, geometric scaling and video amplitude for these areas. As a
result, there is a significant reduction in the volume of digital videos that only need to
store base-like areas and a set of conversions that allow them to be restored to
original videos. Fractal transformation methods are especially effective for objects
with fractal properties [3, 5, 6]. These include structural elements of the surface of
natural stone products.
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10.1. Fractal transformation and image processing with measuring
information

Fractal transformation 7', allows restoring the original video f, based on basic

similar areas set f, using an iterative procedure [3]. For this purpose, they find an

-1

estimate 7,, and apply reverse fractal transformation 7., to the video f,,,

frest

generated by a digital camcorder and contains an error A ., (Fig. 1):

_1 *
]{t:Tﬁ’est(fout), fout:fO :f0+Af0_
Video restoration is an iterative application (with the number of iterations N ;)

estimates of fractal transformation 7, to fr = fo,,(0):

Joess ) = T et (oot (=1 = fo +A (1) i€lLN,

Foesd(1) Fractal space R o
F T =fbest(0) )

_ﬂ)est(N fr)

fo Jotosi(0)

Fig. 1. Video fractal conversion with measurement information about geometric

proportions

To get the original video f,, we need to perform an infinite number of iterations.
For a finite number of iterations N, we get an estimate of the original video f,,,
with error A (N ;).

By choosing fractal conversion parameters and the number of iterations, the
geometric parameters measurement errors on images can be significantly reduced,
provided A (N ;) <A (.
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An example of such videos is the natural stone products surface characterized by
a certain texture or industrial products of complex shape that need to be recognized,
their orientation in space and sorted. The practical need for compression of such
videos arises when developing an automated quality control system for industrial
stone products (long-term storage of video reference products) and when creating
multimedia directories with samples of natural stone products. These videos are
characterized by the presence of elements with specific entities in the signal, which
are self-similar at different scale factors. This is one of the conditions for effective
application of fractal modeling and video compression methods.

For these tasks, important requirements for the fractal model and the video
compression algorithm are: high compression rates achievement in the encoding
process; achievement of an information recovery high speed in the decoding process;
the ability to scale the resulting video while preserving its main characteristics.

Model x, of signal x in this case, it is fully described by some compression

fractal transformations 7, for which this signal model is a fixed point:
x—>x, =T"x.
The process of restoring the signal model x,, is the process of finding the fixed

point of a given compression transform 7 and can be executed by an iterative
algorithm: x, = Tx, , where x, — an arbitrary starting point of all possible signals.

The choice of starting point position only affects the number of iterations of the
algorithm required to obtain a fixed transformation point.

In this case, compression fractal transformation 7' has the following features:

— the scheme of segmentation of image based on a quad;

—the class of transformations is limited by the basic type of affine
transformations of appearance T(u)=s-u+o-1, ne s — scaling option, o — offset

parameter;

— a plurality of domain blocks consists of all possible domain blocks of a video
with a sampling step within a particular scaling parameter range (for example, it is
possible to select sampling step 2 for a scaling factor in the range (1/3) <k <4;

— domain block classification scheme is used;

10.2. Compressing images with measuring information based on fractal
models

The main operation performed by fractal methods is to reduce the amount of
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images stored and stored in the measurement system.

The images of the products have a significant redundancy with respect to useful
measurement information about geometric parameters. This implies the possibility of
reducing video volume by eliminating redundant information, which does not
significantly affect the accuracy of the geometric measurement results.

Therefore, a method for reducing the volume of video with measuring
information on GP stone products was developed. When fractal conversion of digital
color video is performed, the distribution of digital data for each of the video
channels into rank blocks, for example, by the quad-tree method. In contrast to
existing methods [2, 7], the developed method provides a variable size of rank
blocks, which adapts to the local features of digital color images of natural stone
products. If there is a contour of a structural element on a surface of a digital color
video image, then the area is divided into smaller rank blocks. This provides a more
accurate transmission of the outline coordinates as the volume decreases. If a section
of digital color video is a homogeneous area without contours, then the size of the
rank blocks in that area increases. As a result, the total number of rank blocks is
significantly reduced, resulting in a significant reduction in video volume.

During compression, the parameters of fractal transformation is determined,
which provide a given accuracy of measurement information transmission about
geometric parameters. This is the minimum size of a rank block in discrete points
(dp) of video; quantity and dimensions in dt domain blocks; the maximum
permissible error that determines the differences between rank and domain blocks
when comparing them. They further convert the digital color video into a colorimetric
system that provides separate storage of information about the brightness and color of
the digital dots, and sub-sample the digital data for each of the digital color video
channels. The next step is the fractal transformation of the digital data and the
statistical coding of the results of that transformation.

Natural stone products surface images fractal compression experimental studies
were also carried out. These studies evaluated the digital image errors caused by
compression. In doing so, the criteria for estimating errors should take into account
the particularities of the measurement information contained in the video image.

When measuring object color metrics, it is advisable to directly calculate these
errors for each of the color video channels, and then determine the maximum or
average errors among the channels.

If the geometric characteristics of the objects under investigation or control are
measured, then the geometric measurement error resulting from video compression
can be estimated according to [8].
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10.3. Experimental studies of fractal compression of measuring video
information

For experimental study of the developed method, videoimages of samples of
natural facing stone with textures of natural origin were used. The appearance and
quality of the surface of such specimens determine the decorative and aesthetic
properties of natural facing stone. To quantify the surface quality of such samples, it
is necessary to determine the geometrical parameters and the color of the structural
elements of this surface [9]. 512 x 512 dp, 24-bit color depths represented in the
standard RGB colorimetric system were used for the studies. The algorithm was
tested for 5 types of natural stone surface textures.

An example of compressing and restoring one of these videos is shown in Fig. 2.

c)

a)
Fig. 2. The results of the restoration of the video compressed by the developed
algorithm: a) the initial video;
b) restored video after 1 iteration; c) after 6 iterations

The compressed videos reconstruction accuracy depending on the number of
iterations of the algorithm is shown in Fig. 3.

Accuracy was determined by a criterion based on the signal-to-noise ratio. The
accuracy of video restoration increases with the number of iterations, reaches a
constant value after 6 iterations and does not change. Based on these results, you can
select the required number of iterations for the fractal compression algorithm and
restore video containing measurement information.

Table 1 for videos of 5 different types of natural stone textures shows the
accuracy of restoring compressed video by criterion signal-to-noise ratio and the
degree of compression obtained.

The effect of fractal compression on the accuracy of determining the
geometrical parameters of the structural elements of the textural surface of natural
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stone products was also evaluated. The results of such measurements are necessary to
evaluate the quality of the products’ surface. The results of the studies are shown in
Fig. 4.

120 <

100 < —ptp

60' /
40 -

Signal-to-noise ratio of measurement
information and recovery error

1 2 3 4 5 6 7 8

Number of iterations
Fig. 3. The accuracy of restoring videos compressed by the developed algorithm

Table 1
The results of video compression by fractal method and
JPEG method based on discrete cosine transform
Fractal method JPEG method
Natural Vid
Signal to noise 1ee0 Signal to noise Video
stone . compre- . .
. ratio for recovery ) ratio for recovery | compression,
Species ssion,
error, dB error, dB amount
amount
1 100,66 56,7 112,7 29,7
2 104,3 58,4 114,8 30,6
3 118,9 63,6 122,6 42.5
4 105,2 59,3 107,7 26,4
5 104,9 58,6 110,3 27,6
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Fig. 4. Errors of geometrical parameters of structural elements of the natural

stone products surface on images after fractal transformation:
a) - Labradorite of Golovin field; b) Golovinsky's Labradorite
and the Fedorov deposit, granite of the Cornish deposit

In the course of these studies, digital color images of natural facing stone were
formed using the Sony Cyber-shot DSC-H9 digital camera with the following
characteristics: size 2048x1536 dp, color depth 24 bits per dp. The fragment size
256x256 dp was allocated directly for the study of compression methods. To reduce
the volume, the fractal method and the known JPEG method were used [7]. 0)
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Conclusions

The main advantage of the developed method is to achieve much more compact
measurement information (reducing video volume by several hundred times) with
acceptable geometric parameters accuracy (0.3 mm contour error), unlike the existing
methods that reduce the volume in 20... 30 times with the same accuracy.

The relative error of the geometric parameters of the natural stone surface
structural elements is (1... 5)% and is acceptable in the procedures for evaluating its
decorative properties [10]. The developed fractal compression algorithm provides a
video compression ratio of approximately 1.5 times better than the JPEG
compression method, with approximately the same accuracy of video recovery. The
results obtained can be applied to the development of automated control and control
systems that use video with measurement information.
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KAPITEL 11/ CHAPTER 11.
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Beryn

SxicTh MUTHOI BOAM Ta 3a0€3MEUYCHHS HEI0 HACENEHHS € OJHIEI 3 TOJIOBHHUX
npoOJjieM y CBITI. 3Ha4yHa KUJIBKICTh MENIKAHI[IB IJIaHETH TOTEprae Bij HecTadi
SKICHOT TUTHOT BOJIH, IO OE3MOCEPETHBO 3arpOKy€E CTaHY iX 370POB'S.

Yactuna MemkadmiB M. JIpbBOBa nii MUTHUX TOTPeO BUKOPUCTOBYE BOJY
HEIIEHTPaTI30BaHOTO MHUTHOTO BOJOIMOCTaYaHHs, 30KpeMa (QacoBaHy. AJie JIeBOBa
YacTKa TOPOJISIH CIOKHMBA€ BOJY 3 KOMYHaJIbHOro BojompoBody. OpHak, mija dyac
TPAHCIIOPTYBAaHHS BOAM MEPEKEI0 TPYOONPOBOJIB /10 CHOXKMBAYIB ii SIKICTh MOXE
3MmiHOBaTUCS. OTKe, aKTyaldIbHUM € JOCIIPKCHHS MOXKJIMBOCTI 3MiHHU SIKOCT1 BOJH Y
CUCTEMI IIEHTPATI30BAaHOTO BOIOMOCTAYaHHS.

11.1. XapaxkTepucruka Boa03a00piB

Micro JIbBiB 3a reorpadiuHMM pO3TallyBaHHSM 3HAXOJIUTbCS Ha XpeOTi
['o0BHOTO €BpOMEMCHKOr0 BOJOMLTY, B MiCIEBOCTI, OigHIA Ha JpKepena
BogomnoctayaHHs. Boja mocrayaeThcsi 13 JKepen, posTamoBaHuX y JIbBIBCBKIM
obmactri. BopjomocrauyanHs ~ MicTa  3MIHCHIOETBCA 3 MIA3EMHUX  JDKEpes
(17 Bomo3abopiB), posramoBaHux Ha BijactaHi 20—-110 km. IIpoekTHa MOTYXHICTh
BO#03a00piB — 452 Tmc. M’/mo0y, 3arambHa KiIBKICTH CBEPUIOBMH — 182 .
3aBriu6mky 40—200 M (rmubuHa OKpeMux CBEpIOBUH csrae 250 m).

Bono3abopu, 110 excruryaTyroThCs s BojonocTtayaHHs M. JIbBIB, 00’€1HaH1 B
4 rpynu: 3axiiHy, MBHIYHY, CX1JHY Ta MiBACHHY [1].

3axiona epyna BkiIo4ae Bojaozabopu: Boms-JloOpoctanckka, Kawm’stHoOpin,
Benukonone, bynzens, Manpuuis Ta Kepuuiis, siki eKCIUTyaTyloTh HIDKHbOOAIEHCHKI
POJOBHIIA MIJ3E6MHUX BOJ 1 pO3MIIIIEH] Ha CXUJIl TepuTopii Po3rouus.

OaHMM 3 OCHOBHHUX, I[0 Ma€ BAXKJIMBE 3HAYEHHS JJISI TOCIOJAPCHKO-TIUTHOTO
BOJOIIOCTaYaHHs, € BOJOHOCHUN TOPU30HT BEPXHBOKPEUISHHUX  BIJIKIAIB,
NOIIMPEHU Ha MiBHIYHOMY cXuil Po3rouus. Ha HboMy obnamroBani HaOuIbII
BOJ103a00pu 1iia M. JIbBIB — Tak 3BaHa [ligniuna epyna. Jlo Hel BXOJATHh BOJ103a00pHU
PaBa-Pycwka, Marepis, Kpexis, Kynun, 3apyai.

Ho Cxionoi epynu BimHOCITHCA Boj03a00opu Binbmanuis PemesiBii ta Iloyris.
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[lepmuii BimOupae TMmiJ3eMHI BOJAM BEPXHBOKPEHASHUX BIAKIAIIB 1 € aHAJIOTrOM
B0103a00piB [liBHIUHOT rpymH.

Ho Ilieoennoi epynu BxoasaTh Bojaozabopu Crpuiicbkoi rpynu (OKyIMHCHKHM,
BbpatkiBcekuii, JlroOunenpkuit), a Takox Bogo3adbopu bidpka ta ['muna Hasapis.

Koxen paiion JIbBoBa OTpUMy€E BOAY 3 Pi3HUX BO03a00piB, Ky BUIOOYBAIOThH
13 MA3EMHUX JKEpesi, po3TaloBaHuX y Mexax JIbBiBCbkoi 00jacTi, Ta BiANOBIAA€E
BUMOTaM CTaHAAPTy SKOCTI [2] 3a BciMa MOKa3HMKaMH, KPIM TBEPJIOCTI Ta BMICTY
3ani3a.

[TinBumeHUM BMICTOM 3ajli3a XapaKTEepPU3YEThCS BOJIA, IO BHUJIOOYBAETHCS Ha
Boj03abopax byasenp 1 biOpka. JIns momimmieHHS SKOCTI BOAM Ha MaWJaHUYHKY
HacocHoi craHMii bynzens-2 y 2005 p. 30y/10BaHO CTaHINIO 3HE3ATI3HEHHS BOAU 3
¢i1bTpamMu, 3alIOBHEHUMH 1[€OJIITOBUM 3aBaHTAKEHHSM.

11.2. Skictb BOAM, IO HAAXOAUTH Yy MepPekKYy UEHTPAJi30BAHOIO
BOJIONIOCTAYAHHSA

Bonma 3 migzemHMX pKepen, M0 HAAXOAWTh 10 JIbBOBa, XapaKTEepPU3YEThCS
HE3HAYHUM TICPECBHUIICHHSIM 3HAYCHHS 3arajbHOI TBEpAOCTi. Taky BOIy OTPUMYIOTH
7Bl TPETWHU JbBIB’SH. BOjy 3 MiIBHINEHOIO TBEPICTIO TOJAa€ HACOCHA CTaHIIIS
[InyriB (3omo4iBcbkui HampsiMOK). M’siKy BoOJy Uisl TPETUHM MelIKaHIIB JIbBoBa
mogae Bomo3abip Crpmii, Boms [loOpocranceka, Bemukxomone, Kam’sH0OpoH,
Manpumuiii.

[Tpotsirom >xoBTHs 2011 p. — >xoBTHA 2012 p. Ha Kadenpi TIAPOTEXHIKA Ta
BOAHOI 1H)KeHepli HamioHanbHOTO YyHIBepcUTETy «JIbBIBCbKa TMOJITEXHIKa» Ha
nigctaBi nanux JIMKII "JIpBiBBOmOKaHan" Ta nepskcaHemijeMHarisay M. JIbBoBa
JTOCHI/DKEHO  SIKICTh  BOJAM, IO TOAAEThCA B  IEHTPAII30BaHY  CHUCTEMY
BOJIONIOCTa4aHHs M.JIbBIB 3 Ii3eMHUX JKEPEIL.

SAkicTh BOJHU, 10 TOIAETHCS HACEJIeHHIO MicTa JIbBOBa, MOCTITHO TIepedyBae i
KOHTpoJieM Bigomuoi mabopatopii JIMKII  "JIpBiBBOmOKaHan", a  TakKoX
nepkcaHerniieMHarisiny M. JIbBoBa 3a caHiTapHO-XIMIYHUMHU Ta MiKpOO10JOTTYHUMU
MOKa3HUKAMHU.

Ximbaknaboparopiss JIMKII "JIbBiBBO#OKaHan" mepeBipsie SIKICTb BOAU B
11 KOHTPOJLHUX TOYKAX — 3 HUX BIIOUPAETHCS BOAA JIJISl aHATI3Y IIOHS.

VY JIeBiBebkiit Mickkiit CEC Boay mepeBipsiin BUOIpKOBO, BiOUparouu npoou
Boju mapanienbHo 3 JIMKII "JIsBiBBogokanan". JIbBiBchbka Michka CEC momicsiis
nepesipsijia BOJy Ha HACOCHMX CTaHI[ISX, Y CTapUX 3HOLIEHUX Mepexax 1 JAUISHKaX 3
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M1JBUIICHOK aBapifHICTIO, pa3 Ha KBapTal — BOAY 3 "TYMUKOBUX'" BOJIOPO301pHUX
KOJIOHOK Ta IJIiHINA, 3allaCHUX pe3epByapiB, pa3 Ha pIK — MOHITOpPHJIA SKICTb
IPUPOTHOT BOJU HA BOJ03a00pax.

Ha migcTaBi mpoBeneHOro MOPIBHSHHS XIMIYHOTO Ta OakTepioJOri4HOrO
aHaji3iB Mpod BOJAM MOKHA 3poOUTH Takuii BUCHOBOK [3]. Bopma, 1mo mojaeTscs B
MEpEeXKy IEHTPATI30BaHOTO BojomnocTadyaHHs M. JIbBIB, B KOHTPOJIBHUX TOYKax (Ha
MEX1 MICTa) Ta Ha HACOCHMX CTaHIlISAX BiJAMoBigae BuMoraMm [2]. Boay 3 He3HaYHUM
NEPEeBUILECHHST 3HAUEHHS 3arajbHOi TBEPAOCTI IOJA€ B MICTO CXIJHA Tpymna
BOJ103200DiB.

[TpOoTsXKHICTH MICBKOI PO3MOUIBHOI BOJOMPOBIIHOI MEPEKl CTAHOBUTH MOHA[
1000 kM. ExcepTHUMHU JOCHIPKEHHSMU BCTAaHOBJIEHO, IO TEXHIYHMU cTaH 76%
MICBKHX Mepex He3aloBUIbHMM. OTXe, MeTa MOJaNbIINX JOCTIIKEHb — BU3HAUCHHSI
MOXJIMBOCTI 3MIHM SIKOCTI BOJU O€3MOCEPEIHBO Y MICHKIM PO3MOAUIBHIA Mepexi
LEHTPaJII30BaHOTO BOJOIOCTa4YaHHs MICTa.

11.3. Sdkictb BOAM y PO3NOAIJIBHIM Mepexi CHCTEMH LEHTPAJi30BAHOIO
BOJONOCTAYAHHA

['0710BHMMH TIpUYMHAMHU BTOPUHHOTO 3a0pyAHEHHS BOAM y TpyOONpoBOJaX €:
TPUBATICTh iX €KCIUTyaTalii, martepian TpyO, MNPOTSHKHICTH MEPEXi, 3HOIICHICTb
TPyOOTIPOBO/IiB, 3MiHA TIAPABIIYHOTO PEKUMY POOOTH JUISTHOK MEPEXKi, 30BHIITHE Ta
BHYTPIILIHE 3aXUCHE MOKPUTTA TPYyOONPOBOIY, KOPO3isi METAIEBUX TPYO, YTBOPEHHS
ocany Ta O10TUTIBKM Ha BHYTPIIITHINA TOBEPXHI TPYOOTIPOBO/IIB TOIIIO.

Micto JIbBiB MOJIJIEHE HA IICTh aAMIHICTPATUBHUX paiioHIB (puc. 1). Y koxeH
aAMIHICTpaTUBHUN PAaOH TIOJIA€THCA BOJAA 3 MEBHUX HACOCHUX CTaHIIM, MPOTE Y
MeXKax MiCTa BOJia 3 Pi3HUX BOJ103a00piB 3MIIIY€ThCs. {151 mpoBeAeHHS JOCIIIKEHb
BiliOpaHo 8 TpoO BOAM 3 MEPEXI TOCMOAAPCHKO-IIUTHOTO BOJOIMOCTAYaHHS 3a
anpecamu: ByJ. Macapuka, 3 (IlleBueHkiBcbkuii paitoH); Byid. Kwuraiickka, 14
(JInuakiBchkmii paiion); By, MaiiopiBka, 1 (JIuuakiBcbkuii paiton); Byn. [parana, 14
(CuxiBcbkuil paiion); Bya. Ilymios, 34 (DpankiBebkuil paiion); Byna. JlroOiHcbka, 98
(3amizHnuHuii paiion); Byi. Konwsbepra, 6 (I'anumpkuii paiion); Bya. BitoBcskoro, 53
(Tanuipkuii paiion).

3a maaumu JIMKII “JIeBiBBOgOKaHa” (M. JIBBIB, YKpaiHa) BU3HAUE€HO poOOUi
napameTpu TpyOONpoOBOAIB pO3NOAIILHOI MEepexi MicTa (JiaMeTp TpyOOIpoBOLy BiA
HACOCHOI CTaHIlii, giamMeTp TpyOM BBOAY B OYIMHOK, MaTepial Ta TEepMiH
eKcIuTyaTalii TpyOonpoBoAy, TUIl aBapidiHux poOIT mpotrsrom 2008-2014 pp. Ha
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JUJISHIN BBOAY B OyauHOK). Pesynbratu mogaHi y Tabu. 1. Pesynbratu mopiBHSHHS
SKOCTI BOJIM Ha HACOCHHUX CTAHILISX (MOYATOK PO3MOALIBHOT BOJOMPOBIAHOT MEPEXKI)
Ta y CIOKMBaviB (KIHEIb PO3MOA1IBHOI BOJIOIPOBIIHOT MEPEXK1) MojaH1 y TaoI. 2.

Puc. 1. Cxema agMiHICTPATUBHOIO nmoaijy M. JIbBiB Ha paiionn:
1 — IlleBuenkiBchbKkmii; 2 — JInvakiBebkmii; 3 — CuxiBCbKHIA;
4 — @paHkKiBCbKU; S — 3aisHUYHME; 6 — ["aauubKui

V Bigi6panux mpo6ax BOAM CyXMil 3aJMIIOK He BH3HAYamd. VIMOBIpHO iioro
3HayeHHs Oyje O1M3bKe A0 3HaYCHHS CyXOro 3aJUIIKYy y BOJ1 HA HACOCHUX CTaHIIisX.

[TutHa Bona Ha gyn. Konvbepea, 6 HanxoauTh 3 HACOCHOI cTaHIli “COKITBHUKK
o TpyoomnpoBoay aiamerpoM 1240 mm Ha modaTkoBiit AuUIHI. [IpoTsSKHICTE MEpexi
B1J] HACOCHOI CTaHI] 10 croKuBaua cTaHOBUTHL 10 785 M.

Y mexax Micta el TpyOOIpoBia 3’€IHY€ThCSA 3 IHIIMMH, BHACIIOK 4Oro B
HbOMY 3MINIY€ThCAd BOJa 3 PI3HUX BOA03ab0piB. TepMiH ekcrulyaTamii — MOHajA
50 pokiB. Matepian TpyOonpoBoy — epeBaxHoO 4aByH. JliameTp BBOIY y Oy AMHOK —
100 mMm. ¥ 2010 Ta 2014 pp. Ha OUISHII BBOY TPOBEACHO aBapiiiHi peMOHTHI pOOOTH
13 3aMiHM TPYO YHACHTIIOK iX KOpO3ii.

[TopiBHSHO 3 BOJIOKO 3 HACOCHOI CTaHIIii y Tpo01 BOAM, BiIIOpaHiid y COKKBaya,
HE3HAUYHO 3OUTbIIEH] 3arajdbHa TBEPAICTh Ta OKHUCHICTh. lle mosicHIOEThCS
3MIIIYBaHHSIM BOJ 3 PI3HUX BOJ03a00pIB, IO MAlOTh Pi3HI 3arajibHy TBEPAICTb Ta
OKHUCHICTb.

o cnoxuBauiB Ha 8y1. Bimoscvkoco, 53 BOAa HaIXOAUTh 3 HACOCHOI CTaHIIIT
“CokulbHUKH TI0 TpyOorpoBomy miameTrpoM 1240 MM Ha TOYATKOBIM MiJISHIII.
[IpoTsKHICTH MEpeXkl 3HAYHO MEHIIA MOPIBHSAHO 3 MOMNEPEIHBOI0 TOYKOKO BIIOOPY
npobu Boau — 6761 M, 1110 1ICTOTHO 3MEHIIY€ PU3UK 3a0pyJHEHHS BOJM MiJ Yac ii
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Taoaunga 1
Po6oui napameTpu TpyOonpoBoaiB po3noaiibHOI Mepexi M. JIbBiB
Hiametp
i T | ion| Topin | M
Hacocna POBOIY Anpeca Py p eKCIUTyaTarii TPYDOIPOBOLY 1y aBapiifHUX
. Big BBOJY B TpyoO- BiJ HACOCHOI .
CTaHIIist .| cmoxwuBaua TpybompoBoay, pobiT
HACOCHOT OyIMHOK, | IPOBOLY oKl CTaHIIil 10
CTaHIIl, MM p CIIOKMBava, M
MM
- 2010, 2014 pp.:
CoxinpHuku | 1240 Yy 100 YaByH > 50 10 785 KOpO3is MeTary —
Komnwbepra, 6 .
3amiHa Tpyou
BYIL ) .
CokimpHuku | 1240 | BiToBCchKOTO, 100 YasyH >50 6761 2012 p.: xoposia
53 MeTaIy — XOMYyT
2008 p.: kopo3is
By JIparana YagyH MeTaly — 3aMiHa
Cokinpuuku | 1240 | P APAMAHT 344 100 i, 30 4 825 Tpy6u; 2012 p.:
14 crajb .
KOpO3ist
METATY — XOMYT
2008 p.: po3repme-
THU3aIlis] CTUKY —
. ByJ1. [Tymos, YasyH, 3a4eKaHEHHS
CoxkinbHuku | 1240 34 100 E 30 4796 ctuy; 2010 p.:
KOpO3ist
METay — XOMYT
2008 p.: peMOoHT
3aCyBKH, KOPO3ist
360iichk 600 BY . 100 Hasys, 2-3 6961 MICTAIY — XOMYT;
Macapuka, 3 CTab 2010 p.: Texorsi;
2012 p.: xkopo3ist
METAITY — XOMYT
2008 p.: kopo3ist
- Yapvi MeTaiy — 3aMiHa
JloBra 600 BY . 200-100 yH, 2-3 3522 Tpy6u; 2010, 2012,
Kwuraiiceka, 14 craib, [1E .
2014 pp.: xopo3is
METAITY — XOMYT
2008 p.: kopo3ist
By MeTany — XOMyT;
Bynzenn 900 Tho6irchka, 98 200-100 | Yamyn >50 6179 2012 p.: mepenom
TpyOOIpOBOIY —
HaKJIajKa
Kpusumgi | 500 BY L. 150 IIE, 2 6 895 Kiggiixzﬁiga?g _
MaiiopiBka, | cTanb 20
XOMYT
TpaHCHIOPTYBaHHA. Martepias TpyOOmpoBOAYy — TMEpPEBAXHO YaBYH. TepwmiH
ekcrutyaramii — moHaa 50 pokiB. Jliamerp TpyOONpoOBOAY BIATAIYKEHHS BiJ

MaricTpaini, IpoKJIageHoro mo By’d. 3apuubkux — 100 mm. Takuil xe giameTp Tpyou
BBOJAY y OyauHOK. Y 2012 p. BUABICHO KOPO31I0 METaJIeBOi TpyOU, Ha aBapiiHii
JISTHIT STKOT BCTAHOBJICHO XOMYT.

Ilin dyac TpaHCHOpPTYBaHHS Yy BOAl 30UIBIIYIOTBCS Takl TOKa3HUKH:
KOHIIEHTpAllisl HITPATIB, 3arajlbHOTO 3aj1i3a, 3arajibHa TBEP/IICTh, Iy KHICTb.
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Taoanuga 2
IToka3Huku sKOCTi NpPod BOAH, BiZiOpaHux

HA HACOCHHUX CTAHUIAX (Mexka MicTa) Ta y po3noaiibHiil Mepexi M. JIbBIB
Touka Bindopy npodu Boau

on
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CanitapHo-xiMiuHi moka3HUKH 0e3MeYHOCTI Ta SIKOCTi MUTHOI BOAU
3amax 3a 20 °C, 6an 0 0 0 0 0 0 0 0 0 0 0 0 0
3anax 3a 60 °C, 6an 0 0 0 0 0 0 0 0 0 0 0 0 0
KombopoBicTh, Tpaj 0 0 0 0 0 0 0 0 0 0 0 0 0

KanamyTricTs, Mr/am® | < 0,1 |<0,58(<0,58|<0,58|<0,58] <0,1 |<0,58| <0,1{<0,58 <0,1 |<0,58| <0,1|<0,58
CMak i mpucmaxk
3a 20 °C, 0an

Bonauesuii mokasuuk pH| 7,52 | 7,42 | 7,46 | 7,12 | 7,59 | 7,30 | 7,29 | 7,35 | 7,35 | 7,37 | 7,53 | 7,32 | 7,32
IAMOHIHHUI a30T,

0 0 0 0 0 0 0 0 0 0 0 0 0

<0,05/<0,05{<0,05/<0,05/<0,05{<0,05/<0,05|<0,05< 0,05/<0,05|< 0,05/|< 0,05{< 0,05

MT/TM>
Hitpury, mr/nm? <0,003(<0,003[<0,003/<0,005/<0,003(<0,003<0,003/<0,003/<0,003|<0,003<0,003(<0,005<0,003
HitpaTu, Mr/nm> 4,79 | 3,98 | 5,24 | 2,94 | 3,76 | 2,65 | 8,63 | 1,75 | 1,55 | 15,98 | 4,20 | 1,78 | 1,99

3anizo 3aranbue, mr/nm3| < 0,1 | <0,1| 0,19 | 0,16 |<0,1| 0,11 | 0,11 | 0,14 | 0,18 | 0,13 | <0,1 | 0,15 | 0,11
TBepicTh 3arajbHa,

s 38 | 40 | 56 | 755|405 | 7,6 | 455 | 842|825 | 6,5 | 405 | 84 | 8.4
MMOJIB/ M

J1yKHICTh, MMOJIB/M> 39 3,8 4,7 6,2 3,8 6,4 38 | 6,83 | 6,5 5.1 3,8 6,7 6,6
Oxucuicts, Mr Oo/am*® | 0,87 | 0,96 1,76 1 0,96 | 1,53 | 0,88 | 1,34 | 1,04 | 1,73 | 1,04 | 1,28 | 1,12
Xnopumu, Mr/am> 13,9 | 12,5 | 11,0 | 23,0 | 12,0 | 22,9 | 8,0 [11,78| 12,3 | 23,5 | 12,5 | 12,6 | 12,0
Cyxuii 3aJTUIIOK,

322,07 - - - (591,07 — |632,13] — |496,62] — (613,62 —

MT/TM>

- .
WMIEOBIIAIOP 1 0,36 [ 0,28 | 0,14 | 0,14 [ 0,28 [ 034 | 0,1 [ 022 | 021 | 036 | 0,28 | 0,22 | 0,14
MT/ M

Xapakrep ocangy H.s. | HB. | HB. | HB. | HB. | H.B. | HB. | H.B. | HB. | H.B. | HB. | HB. | HB.

IMoxka3HuKkM emigeMiuHol 0e3MeKH NUTHOI BOAH

3aranpHEe MiKpOOHE
rcino, KYO/em3
3arasnpHi Koridopmu,
KY0/100 cm®
[EHTEepOoKOKH,
KY0/100 cm®

IMpumitku: H.B. — HE BUSABICHO;

0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0

[Tk

— IIOKa3HHUK HC BU3HAYaJIn.

Jlo cnoxuBadiB Ha @yr. /[pacama, 14 BOJAa HAaIXOIWTh 3 HACOCHOI CTaHIIIi
“COKITBHUKK TI0 YaBYHHO-CTaJ€BOMY TpyOompoBoay aiamerpom 1240 mm Ha
noyaTkoBid AutAHLI. [IpoTskHICTE Mepexi — 4825 M, TepMiH eKcIuTyaTaiii — OJIU3bKO
30 pokiB. BBig y OyAMHOK BJaIITOBAaHO uepe3 IeHTpaabHui TernoBuid myHKT (LITII)
TpybonpoBogom niamerpoMm 300 mm. Y 2008 ta 2012 pp. BUSBIEHO KOPO3iIO
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CTaJeBOro TpyoonpoBoy no ByJ. [parana 14, momkomKkeH1 JUISHKH 3aMIHEHO.

[lin 4yac TpaHCHOpTYyBaHHS Yy BOAl MOMITHO 30UTBIIYIOTHCS TaKi MOKAa3HHUKU:
3arajibHa TBEPAICTh, JTY>KHICTh, OKUCHICTh, BMICT 3arajbHOTO 3aJ1i3a, XJIOPHU/IIB.

Jlo cnoxuBauiB Ha 6ya. [lynos, 34 BoAga HAAXOAWTH 3 HACOCHOI CTaHINi
“CokiTpHUKK TI0 TpyOOnpoBoay (4aByH—TomieTusaeH) miametrpoMm 1240 MM Ha
noyaTkoBid AutaHLI. [IpoTskHICTE Mepexi — 4796 M, TepMiH eKcIuTyaTalii — OJIU3bKO
30 pokiB. Y 2008 p. Ha AUIIHII YaBYHHOI TpyOu miameTrpoMm 150 MM BHSBIEHO
pO3repMeTH3aIliio CTUKY TPyO, MpoBeaeHo oro 3adekaneHHs. Y 2010 p. BusBIEHO
KOpO3110 METaJIeBOi TpyOH, Ha aBapiiHY JIISHKY SIKOi HAKJIaJAECHO XOMYT.

[lin yac TpaHCHOPTYBaHHS HE3HAUYHO 3OLIBIIYIOTHCS 3arajbHa TBEPAICTD,
OKHCHICTB Ta pH BOM.

Jlo cnokuBauiB Ha 6y1. Macapuka, 3 BOJa HAaIXOJUTh 3 HACOCHOI CTaHIUT
“3001icpK” 10 TpyOomnpoBoay aiameTpoM 600 mMm. IIpoTsokHICTE Mepexi — 6961 M.
TpyOonpoBin Ha 1id IIISHII HOBUM, TEPMIH eKCIUTyaTaulii — He OUThII SIK 3 POKH.
Marepian TpyOorpoBoay — 4aByH, cTajib. Y 2008 p. mpoBeeHO PEMOHT 3aCyBKHU Ta
BUSIBJICHO KOPO3il0 METalleBOi TPyOHW, B MICIll PYWHYBAaHHS HAKIaJCHO XOMYT. Y
2012 p. 3HOBY BHUSBIIEHO KOPO31l0 METaJIEBO1 TPyOH, HAKIAJEHO XOMYT.

Y mnpobax BoaM, BIAIOpaHUX Yy CHOXKMBaya, BCTAHOBJICHO MEPEBHUILECHHS
MOKa3HUKIB SIKOCTI OPIBHSHO 3 TAKUMHU HA HACOCHIM CTaHIli 32 BMICTOM HITPATIB.

Hlo cmoxuBauiB Ha 6y1. Kumaticbka, 14 BOAa HAIXOMWTh 3 HACOCHOI CTaHIII1
“JloBra” mo TpyOompoBoay aiamerpom 600 mm. IlpoTsxkHICTh Mepexi — 3522 M,
TEPMiH eKCIUTyaTamii — He OuTeIn K 3 poku. Marepian TpyOOmpoBOJy — YaBYH,
cTanb, nomietwieH. Y 2008 p. BHacIiI0K KOpo3ii mpoBeaeHo 3aMiHy Tpyou, y 2010,
2014 Ta 2014 pp. BUSBICHO KOPO3iI0 METaJeBUX TpPyO, SKy JIKBIJIOBAaHO 3a
JOTIOMOT' 00 XOMYTIB.

VY npobax Boau, BimiOpaHUX y CHOKMBaua, BCTAHOBJICHO HE3HAYHE 301TBIIICHHS
BMICTY 3arajbHOI0 3aj1i3a Ta XJOPUIIB.

Jlo cnoxuBauiB Ha 6ya. Jlobincvka, 98 Boma HAAXOAWTH 3 HACOCHOI CTaHINI
“bynzenp”. YaByHHuil TpyOomposin aiamerpoMm 900 mm npoknaaeHuit y 1952 p.
[IpoTspkHICT Mepexi 10 croxkuBada — 6179 m. YV 2008 p. 3a momomMororw xomyTa
JKBIJIOBAHO KOpO3it0 MeTaneBoi Tpyou. Y 2012 p. JIKBIOBAHO MepeoM TpyOu
BJIAIITYBAHHSIM HAKJIAIKU.

VY npobax Boau, BigiOpaHUX y CHOXMBaya, BUSABJICHO HE3HAYHE 30UIBIICHHS
3HadyeHHs pH.

Jlo cnoxuBauiB Ha @yi1. Matiopieka, I Bojga HAIXOJIUTh 3 HACOCHOI CTaHIIil
“KpuBuuiil” 1o MONIETHICEHOBOMY TpyOONpoBOay (3 BCTaBKaMU CTaJIEBUX TPYyO)
niamerpoM 500 mm. [IpoTspkHicTs Mepexi — 6895 M. ¥V 2008 ta 2010 pp. BusiBIEHO
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KOPO3110 MeTaJIeBUX TPYO, SIKY JIIKBIJOBAHO 32 JJOMTOMOTOI0 XOMYTIB.

VY npobax BoJM y CIIOKKMBAY1B BCTAHOBJICHO 301JIBLIICHHS BMICTY HITpPATIB.

Y BoIi ycCiX JOCHIIKYBaHUX MJUISHOK PO3MOJIIBHOI Mepexi 3adikcoBaHO
3MEHIIICHHS KOHIICHTPAIIi] BIJIbHOTO 3aJUIIIKOBOTO XJIOPY.

[lepeBumieHHss BUMOT (h1310JIOTIYHOT TMOBHOIIIHHOCTI MIHEPAJIbHOIO CKJIATy
nuTHOT BOAM 3adiKCOBAHO 3a TMOKA3HUKOM 3arajbHOi TBepmocTi (Hopma — 1,5—
7,0 MMonB/IM?) — Y BOAI TPHOX JOCIIKYBaHHMX JIISHOK Ta WMOBIPHO IOKa3HUKOM
cyxoro samumky (Hopma — 200-500 Mr/aM®) — y BOAI YOTHPHOX HOCIIIKYBaHHX
TUJSTHOK, KW TOAAEThCS BOJA 3 IMIJIBUIIIEHUM COJIEBMICTOM 3 BOJ103a00piB. IIporte,
[l 3HAYCHHS HE TMEPEBUINYIOTh TPAHUYHO JOMYCTUMHUX MEX IS TMHUTHOI BOJH,
BKa3aHux y [2] — Bigmosiguo 10 mmons/mv> Ta 1500 mr/mv?.

BucHoBku

1. SIkicTh BOAM, IO MOJAETHCS B MEPEXKY LEHTPAII30BAHOTO BOAOMOCTAYAHHS
M. JIBBIB, B KOHTPOJBHHUX TOYKax (Ha MeEXl MicTa) Ta Ha HACOCHUX CTaHIIISAX
BiAmoBizae BumoraM [2]. Bomy 3 He3HaYHUM TMEpPEBUINECHHS 3HAYCHHS 3arajbHOI
TBEPJIOCTI MOJA€E B MICTO CX1J{HA I'PyIia BO/103a00PiB.

2. PoznoainpHa Mepexa CHUCTEMH LIEHTPalIi30BaHOTO BojonocTtadyaHHs M. JIbBIB
XapaKTepU3y€EThCS 3HAYHOI MPOTSHKHICTIO Ta TEPMIHOM eKCIUTyartailii. 3MEHIICHHS
BOJIOCIIO’KMBAHHS HACEJICHHSAM MICTa BUMArae rnepepaxyHkKy JAiaMeTpiB TpyO OKpeMux
JUJISTHOK Tpacu TpyOOINpPOBOIIB Ta BBOJIB y OyAMHKU. ['0JI0OBHA MpUYMHA aBapiiHUX
CUTYyalllll Ha NIJITHKAaX BBOY Y OyJMHKH — KOPO3isl METaJeBUX TPYO.

3. Ilig 4ac TpaHCHOPTYBaHHS BIJI HACOCHMX CTaHIM (Mexa MicTa) 10
CIIOKMBAYiB Yy JBOX Tpo0ax BOJM BHUSBICHO TMOPIBHAHO 3HA4YHE 30UIBIICHHS
3HAQYEHHS 3arajbHOl TBEPJOCTI Ta JIY)KHOCTI. 3HaUUMe 30UIBIICHHS OKMCHOCTI BOJHU
3apikcoBaHO Ha OJHIN MOCHIPKyBaHIA NUISHII. Ha nBOX moCHiKyBaHMX IUISTHKAX
CIIoCTepiranaocs 3HauHe 301IbIIIEHHS KOHIIEHTpallii 3arajJbpHoro 3aiiza y Boi. [1ig gac
TPAHCIIOPTYBaHHS BOJU PO3MOJALIFHOI0 MEPEXKEIO y HI 3MEHIIYETHCSI KOHLIEHTPALIis
BUIBHOTO 3aJIUIITKOBOT'O XJIOPY.

4. TligBumieHHs 3arajdbHOi TBEPAOCTI Ta JIYXKHOCTI BOJHU TOSCHIOETHCS
3MINIYBaHHSIM BOJAM 3 PI3HUX BOA03a00pIB y PO3NOAUIBHIA Mepexi. 3pOCTaHHS
3HAYCHHS OKHCHOCTI BOJM TOSICHIOETHCS MOMJIMBUMHU aBapIMHUMHU CHUTYaIlisiMU 3
MNOTPAIUIIHHAM Yy TpyOompoBiag  3a0py/HIOBAaJbHUX  PEYOBHH  OPTaHIYHOIO
noxo/pkeHHs. Koposist NUISHOK pO3MOAUIBHOT MEpexki, IO XapaKTepU3YIOThCS
TPUBAJIUM TEPMIHOM €KCIUTyaTalli Ta BEJIMKOI0 MPOTSHKHICTIO, MPU3BOAUTH [0
301IbIIEHHS] KOHIIEHTpAIIl 3arajJbHoro 3ajii3a y BOJl. 3MEHIIEHHS BMICTY BIJIBHOTO
3aJIMIIKOBOTO XJIOPY Yy BOAI Mij Yac ii TpaHCMOPTYBAHHS 10 CIIOKMBAYa CBIAYUTH MPO
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Horo BUTpayaHHsA HAa OKMCHEHHS XIMIYHUX PEYOBHUH, IO MICTATHCS Y BOAL, & TaKOX
Ha 3HUIICHHS MATOT€HHUX MIKpPOOPraHi3MiB O10IIIIBOK Ha BHYTPIIIHIX CTIHKaX TPYO.

5. 30UIblIIeHHS] 3HAY€Hb MOKA3HUKIB SKOCTI BOJM Ha JOCIIKYBaHUX JIJISTHKAX
HE TMEpEeBUIIY€ TPAaHUYHO [OMYCTUMHUX MeEX, BKazaHux y [2]. Boma Bimmosimae
riri€EHIYHUM BUMOTaM J10 BOJAM MHUTHOI, IPU3HAYEHOI JJI CIOYKMBAHHS JIFOJAMHOI0. Y
TPHOX IpoOax BoAM 3a(hiKCOBAHO MEPEBUILEHHS BUMOT (i31070T1YHOT MOBHOLIIHHOCTI
MIHEPAJIBHOTO CKJIaly TUTHOI BOAM 3a IIOKa3HUKOM 3arajlbHOI TBEPJIOCTI, Y YOTUPHOX
— 32 UMOBIPHUM 3HAYEHHSIM CYXOT0 3aJIUIIKY.

6. Y 3B'I3Ky 3 TpHUBAJIMM TEPMIHOM EKCIUIyaTallii po3MOJAUIbLHOI Mepexl Ta
3aMiHOO TPYO 13 TPAAUIIIHHUX MaTepialiB TUIACTUKOBUMHU, 110 BIUIUBATHME Ha SKICTh
BOJH, PEKOMEHAYEThCS BIPOBAKEHHS CY4YaCHMX CHCTEM MOHITOPUHIY Ta
MOJIETIIOBAHHS 3MIHH SKOCTI BOJAU Y PO3MOJIUIBHIN Mepexi.
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