S0ee. o8
B 1,
w——m E‘.’

900 — “® ¥ ISSN 3547-2340
9 $

/nrfrnat‘lo“"\-\
Frequency: 12 times a year — every month.
The journal is intended for researches,
teachers, students and other members of the
scientific community. The journal has formed a
competent audience that is constantly growing.

All articles are independently reviewed by
leading experts, and then a decision is made on
publication of articles or the need to revise
them considering comments made by
reviewers.

Kk ¥k
Editor in chief — Jacob Skovronsky (The
Jagiellonian University, Poland)

e Teresa Skwirowska - Wroclaw University of
Technology

e Szymon Janowski - Medical University of
Gdansk

e Tanja Swosinski — University of Lodz

e Agnieszka Trpeska - Medical University in
Lublin

e Maria Caste - Politecnico di Milano

¢ Nicolas Stadelmann - Vienna University of
Technology

e Kristian Kiepman - University of Twente

Nina Haile - Stockholm University

Marlen Knlippel - Universitat Jena

Christina Nielsen - Aalborg University

Ramon Moreno - Universidad de Zaragoza

Joshua Anderson - University of Oklahoma
and other independent experts

Ne27 2021

» International independent scientific journal

VOL. 1

Czestotliwosé: 12 razy w roku — co miesiac.
Czasopismo skierowane jest do pracownikéw
instytucji naukowo-badawczych, nauczycieli i
studentéw, zainteresowanych dziataczy
naukowych. Czasopismo ma wzrastajgcy
kompetentng publicznos¢.

Artykuty podlegaja niezaleznym recenzjom z
udziatem czotowych ekspertow, na podstawie
ktérych podejmowana jest decyzja o publikacji
artykutéw lub koniecznosci ich dopracowania z
uwzglednieniem uwag recenzentow.

3k k%
Redaktor naczelny — Jacob Skovronsky
(Uniwersytet Jagiellonski, Poland)

e Teresa Skwirowska - Politechnika Wroctawska
e Szymon Janowski - Gdanski Uniwersytet
Medyczny

e Tanja Swosinski — Uniwersytet £édzki

e Agnieszka Trpeska - Uniwersytet Medyczny w
Lublinie

e Maria Caste - Politecnico di Milano

¢ Nicolas Stadelmann - Uniwersytet Techniczny
w Wiedniu

e Kristian Kiepman - Uniwersytet Twente

¢ Nina Haile - Uniwersytet Sztokholmski

e Marlen Kniippel - Jena University

e Christina Nielsen - Uniwersytet Aalborg

e Ramon Moreno - Uniwersytet w Saragossie

e Joshua Anderson - University of Oklahoma

i inni niezalezni eksperci

1000 copies
International independent scientific journal
Kazimierza Wielkiego 34, Krakow, Rzeczpospolita Polska, 30-074
email: info@iis-journal.com

site: http://www.iis-journal.com




CONTENT
EARTH SCIENCES

Tarasenko G.
ELECTRICITY GENERATOR BASED ON PLANET EARTH

PHARMACEUTICS

Steshenko Ya., Mazulin O.
STUDY OF THYMUS PULEGIOIDES L. LIPOPHILIC

EXTRACT ACUTE TOXICITY .eeveiiiieiireeeeeiieeeereee e, 7

TECHNICAL SCIENCES

Gundar S., Danilov M., Denisov A.,
Kuznetsov E.
FOREST FIRES IN THE MOSCOW REGION IN 2018-

Kryvonosov V., Buhlal N.,

Boryakin A., Shaiko-Shaikovsky O.,
Kryvonosov V., Kosulin N.

INFORMATION SYSTEM OF NON-INVASIONAL
CONTROL AND DIAGNOSIS OF BONE FRACTURE IN
ANKLE OSTEOSYNTHESIS ..o, 15
Nevliudov I., Bliznyuk D., Gurin D.,

Nikitin D., Razumov-Frizyuk E., Strelets R.
TECHNOLOGY OF LASER EXPOSURE OF TOPOLOGY OF
PRINTED BOARDS. ...ttt 27

Savchuk V., Homyakov V., Krat D.
MATHEMATICAL MODEL OF TACING INTO ACCOUNT
CHANGES IN GEOMETRIC AND PHYSICAL
CHARACTERISTICS OF BULK CARGO STACKS IN THE
PROCESS OF LOADING A LIGHT VESSEL..................... 32
Strelnikova K.

CONSTRUCTION AND TECHNICAL EXPERTISE OF NEW
BUILDINGS, AS A LINK BETWEEN CONSTRUCTION
CONTROL AND CONSTRUCTION SUPERVISION ......... 36
Nevliudov I, Romenskiy V.,

Nevliudova V., Tesliuk S.

DEVELOPMENT AN AUTOMATED SYSTEM
POSITIONING FASTENERS WELDED STRUCTURES IN
INSTRUMENTATION PRODUCTS.....cceeevvveeeeeeeeeeieeenn, 38



International independent scientific journal Ne27/2021 3

EARTH SCIENCES

ELECTRICITY GENERATOR BASED ON PLANET EARTH MODEL

Tarasenko G.
Tarasenko Gennady Vladimirovich - Candidate of Geologo-Mineralogical Sciences, Associate Professor of
the Department "Geology", Caspian state university of technologies and engineering named after Sh. Yessenov

I'EHEPATOP 2JIEKTPOOHEPI'M HA OCHOBE MOJIEJIA IIJIAHETA 3EMJISL

Tapacenko I'.B.
Tapacenko I'ennaouii Braoumuposuy - kanouoam 2eo1020-MUHepaiosuieckux HayxK, 00yeHm Kageopvi
«leonoeusny Kacnuiickoeo 2ocyoapcmeennozo ynusepcumema mexnoao2utl u ukdicenepuu um. L. Ecenos

Abstract

In recent decades, a fundamentally new direction of scientific work has emerged in the field of natural sci-
ences related to the study of the effects on a substance of such physical factors as radiation, electromagnetic
radiation, ultrasound, plasma, high pressure, cosmic vacuum, gravity, etc., where the general criterion of extrem-
ity impact can be the occurrence of intermediate highly active states of particles of a substance, which ultimately
leads to a qualitative change in the micro- and macrocharacteristics of the object being processed, new properties.
One of the types of complex extreme effects is the effect of high-voltage electric discharge, which combines the
simultaneous impact of strong mechanical compression, high-power ultrasound, hard X-ray, UV and IR radiation
on a substance. Electromagnetic fields formed in the discharge process also have a strong influence on both the
discharge itself and the ionic processes in the surrounding liquid. Under their influence various physical changes
and chemical reactions occur in the material being processed.

Annomayusn

B nocneonue oecamunemus 6 obaacmu ecmecmeo3HaHus 603HUKIO NPUHYUNUATBbHO HO60€ Hanpdaejienue
HAYYHOU pabomvl, C8A3AHHOE C U3YUEHUEM 8030eliCBUs HA 8eueCm80 MaKux uauyeckux Qakxmopos, Kaxk uziy-
YeHue, INeKmpomacHummnoe usjiyderue, yaivmpa3eyK, nida3mda, 6blCoKoe anﬂeHue, KOCMUYECKUL 6AKYYM, epasuma-
yus. u ()p., 20e 06L{/;MM Kpumepuem KOHe4H02c0 6030elicmeus Modxcem Obimb 603HUKHOGEHUE NPOMEINHCYMOUHBLX 6bl-
COKOAKMUBHBIX COCMOAHUL uacmuy eeujecmed, Uno 6 KOHE4YHOM umoce npueo()um K Ka4ecmeeHHOM) USMEHEeHUIO
MUKPO- U MaKpodacmuy o6pa6ambleaeMoeo 06beKma, Hosbim ceovicmeam. QOHUM U3 8UOOE CILONCHBIX IKCcmpe-
MANbHBIX 8030€UCMBULL ABNAECMCS 6030€UCMEUE BbICOKOBONILIMHO20 IJIeKmMpudecKkozco paspﬂéa, codvemairowezco 00-
HoBpeMeHHoe 6030eticmeue Ha 6eecmeo CUlbHO20 MEXAHUYUECKO20 cocamusl, MOWHO20 Yl1bmpa3eyKa, HCecmKoco
penmeenosckozo, Y@ u UK usnyyenusn. dnekmpomasHummsle nojs, 0opazyiouuecs 8 npoyecce paspaod, maxice
OKA3vlearom CujlbHoe 6JIUAHUE KAK HaA cam pa3pﬂd, makKk u Ha UOHHbLE npoyeccsvl 6 0pr9fcaf0u4612 arcuokocmu. Iloo
ux ejausAHuem 6 o6pa6ambzeaeMOM mamepuaie npoucxodﬂm pasiudHole d)u3ultea<ue UBMEHEeHUA U XumudecKkue

peakyuu.

Keywords: dynamo effect, geosphere, ball lightning, plasmoids, generator, capacitor, mantle, core, ball con-

cretions, deep fluids.

Knroueswte cnosa: ounamo-sghpexm, ceocgepa, wapoeas MoaHus, RAAZMOUObL, 2EHEPAMOP, KOHOEHCAmOoPp,
Manmust, 10po, Wapoguvle KOHKpeyuu, 2iyOuHHble HCUOKOCTU.

Junamo-3pdekt maaHeThl 3emisi paccMarpu-
BaJICS B pa3HOE BPeMs MHOTMMH HCCIE0BATENIMHU, HO
€ro CBS3bIBAJIM C MAaHTUITHON KOHBeKuuel. [locnennue
CEHCMHUUYECKHE U CEMCMOJIOrMYECKHe JIaHHBIE I103BO-
JIUIU BBISIBUTh MEXaHWYECKHH NpuBOx reochep oT
sapa 110 noBepxHoctH. CKOpocTh BpaleHus: reocdep
yBEIMYHMBaeTCs ¢ NIyOMHOM. MexaHnuyeckas nepegada
BpalieHus reoc)ep BO3MOXKHA TOJIBKO NPH HAINYUHN
IUIA3MEHHOTO sJ[pa, TUIA Ta30MbLIEBOH TyMaHHOCTH
THIIa IIAPOBOI MOJIHUM, C MOMEHTa 00pa3oBaHus IjIa-
HeThl. BpameHne mapoBbIX MOJHHN (TIa3MOHIOB)
M3ydaeTcsd B COBPEMEHHOE BpeMsI Ha OCHOBE XOJIOJ-
Horo simepHoro cuHte3a (XAC) [1]. Bpamenune reo-
cdep MPUBOANT K TUHAMO-3((HEeKTy MIaHeTH 3eMilsl U
CIIY>)KUT TEHEPaTOPOM 3JIEKTPHUYECTRA.

Hakonnrenem BeIpa®aThIBaeMON TakUM 00pa3zoM
SHEPTUM CIYKUT JHTOC(epa, HMeloIas CBOMHCTBa
3NEeKTPUUECKOr0 KOHeHcaTopa. [lnacTuHamu 3eMHOTO
«KOHJICHCATOPa» CITy>KaT TOPHbIE MTOPOABI (ILIACTE), a

MPOKIIAJAKON (IUIIEKTPUKOM), B CBOIO OUYEPE/Ib, SIBIISI-
I0TCSL  (PITIOMABI, LUPKYNHpYIOIME (MUIPUPYIOIINE)
Mexay riactamu. C No3UIMH TEKTOHUKH TUTUT CKOJIb-
eHust (rouIbl 00pa3yroTes B 30HaX cyOaykiuu. Bo
BpeMsl MOIJIOUIEHHS TOPHBIE MOPOJbI PACTUPAIOTCS B
MIOPOIIOK (MYKY) 3a cueT «3((eKTa KepHOBOBY, 00pa-
3YIOIIETOCS 32 CYET PasHMIBI CKOPOCTEH IBIKECHUS
racTuH (ruacto) U reocdep [2]. [myOunHbIE Qutio-
U/Ibl PACTBOPSIIOT U BBIHOCST HA OOJIBIINE PACCTOSHUS
pa3JIMuHbIe pacTBOPHMBIE B HUX MOPOABI (IJIMHA, M3-
BECTHSK | Jp.), 00pa3ys, TakuM oOpa3zom, Oa3aibHBIE
MaYKH, [0 KOTOPBIM U MPOUCXOAUT MUTpaiust (rou-
noB. Takum ob6pazom, autocdepa CIyKHUT HE TOIBKO
ANIEKTPUUECKUM KOHJICHCATOPOM, HO U PaJHaTopoM
JUISL OXJIQXKICHUS SIICPHO-TUIA3MEHHBIX IPOLECCOB B
MaHTHUH | S1ipe MIaHeTsl 3eMis [3,4].

Bo BpeMsi ABMKEHHS IUIACTOB INPOMCXOAUT HX
Jpo0iieHure, 3a CYEeT pacTAruBaHus (pa3pbiBa), 00pas3ys
KapcThl, 3€pKaja CKOJBXKEHHs, CTHUJIOJIUTOBBIC IIBHI,
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JMCTpUYECKHE Pa3ioMbl. ITycToThI 3amonHsroTes ¢utto-
WI0M, KOTOPBIN 3a CUET BJIEKTPOPA3psA0B B 3EMHOM
Kope mpuBoaAT K npomeccaM XSAC u k oOpa3zoBaHHIO
BTOPUYHBIX OTIIOXKeHHH [7]. K HIM OTHOCSTCS yroib,
HoNMMMeTaJInIecKas pyaa u ap. IlonTsepxaeHuem Ta-
KHX TIPOIIECCOB Ha TIyOWHE SIBISETCS CYIIECTBOBAHUC
mrapoBbIX KoHKpenwuit. [llaper mMeroT GopMy mimaHeTH
3eMurs M cocTosAT U3 reocdep (Lap B mIape Kak pycckas
Mmarpenika). B meHTpe MHOTHE IIapoBble KOHKPEIUH
MYCTOTEJbIE HIIM COCTOSIT U3 PBIXJIBIX opoA. Bo Bpems
9JIEKTPOB3pHIBA 00Pa30BBIBAINCH IIAPOBHIE MOJIHHHY,
o0Jaiaronye rpaBUTAIMOHHBIM U AJIEKTPOMArHUTHBIM
MoJIEM, 3a CUET KOTOpOoro u3 (pmoumoB (TUIACTOBBIX
pPacTBOPOB) NPUTATHBAINCH PA3IUYHbIC TOPHBIE IIO-
ponsl, mpumaBas uMm ImapooOpasHyio ¢opmy. Kpome
IIAPOBEIX MOJTHHUH OOJIBIIIOE 3HAYCHNE UMEIOT U JIMHEH-
HBIC MOJIHWH, KOTOpPBIE OOpa3yloT HHINHAPUIECKHUC
KOHKpELMH JUIMHOM Ha AecsTku KuiiomeTpos. Lllapo-
BbIe KOHKPELUH TaKKe 00pa3yloTcsi BO BpeMs U3BEp-
JKCHU BYJIKAHOB U I'PA3CBBIX BYJIIKAHOB, YTO T'OBOPUT
00 DJICKTPUYECKOM IPOUCXOKICHUU BYJIKAaHOB, U 00-
pa3oBaHUE MarMbl CBS3aHO C ANEKTPOAOMEHaMU (JIeK-
TpOIeUH) 3eMHBIMH, a HE C MaHTHEH, HO TOJIBKO B 30-
HaX KOHTHMHCHTAJIbHONH U OKECAaHHUYCCKOHW CYyOMyKIIHH.
[IprmMepoM momydeHnst MarMbl CITyXaT aBaphH Ha BBI-
COKOBOJIFTHEIX JTHHUAX (Oonee 10 kB). [llapoBrsie kKOH-
Kpeun oOHapyxeHs! B Ernnerckux nmupamMuaax, 10b-
MEHaxX M JIpyrux Meranurax mupa. [IpoBeneHHbie HaMu
MCCIIEI0OBaHMS 110 MOJICTIMPOBAHHUIO IIJIAHETHI IIOATBEP-
JKIAI0T MEXaHWYECKHH TPHUBOJ BpalleHUs reocdep 3a
CYeT sApa, COCTOSILNEro, IO HalleMy MHEHUIO, W3
IUTIa3MBI XOJIOTHOTO siIepHOTO cuHTe3a. IllapoBbie KOH-
KpE€UHU ABJIAIOTCA MPOTOTUIIOM MOJCIINU TJIAHCTHI.

IToaTBepxkAECHUEM KOHKPELIMOHHOM MOJEINHU IUla-
HETHI 3eMJIs CITY)KUT TJlo0aipHast KapTa U3 BOJIHOOO-
Pa3HBIX IBIKCHUH. BriepBbIe reoorn cocTaBUIIM IJ10-
0aJbHYIO KapTy BOJHOOOpa3HbBIX ABMKEHUH, Ha3bIBae-
MBIX «KOHBEKTUBHBIMH TE€UEHHUSIMW)» BHYTPH MaHTHH
3eMin ¥ OOHAPY>KHIIH, YTO 3TH KOHBEKTHUBHBIE TIOTOKH
JBIDKYTCS TIPUMEPHO B JIECATH pa3 ObIcTpee, YeM CUH-
TaJIOCh paHee. ITO OTKPHITHE MOXET MOMOYb O0BsIC-
HUTH BCC, HAUYMHAA C TOT'0, KaK IIOBEPXHOCTH 3eMin u3-
MEHSIETCS CO BpeMeHeM, J10 00pa30BaHHs MECTOPOXK/IEe-
HUH roproYux HCKOINMAaCMbIX )41 JO0JITOCPOYHOTO
U3MCHCHMUS KiIMMaTa.

ITo muenuto reonora Mapka Xorrapaa nz Kem-
OPMIKCKOTO YHUBEPCHUTETA, B Pa3HBIC T€0IOTHUECKUE
MIepHO/Ibl 3¢MHAS [TOBEPXHOCTH ITOJHUMAJIach M OITyC-
KaJack, Kak Wo-io» [5]. [imyOuHHOE cTpoeHue Hamei
TUTaHEeThl — CJIOKHAs HaydyHas 3arajgka. Hukorma He
npoOyprBasi CKBaKUHBI 00Jiee UeM Ha HECKOJIBKO MHJIb
BIIIyOb 36MHOM TIOBEPXHOCTH, T'€OJIOTH I10JIaratoTCs Ha
KOCBCHHBIE U3MCPCHHUA W MOJECIIH, YTOOBI TOJIyYNUTh
MPEJCTaBICHUE O TOM, YTO NPOUCXOIUT B TIyOMHAX
3emmn. ManTtust - 310 moytH 3000-KHIOMETpOBBIH
(2000 mMunp) cnoW CTUIABIEHHOMW, CXKATOW MOPOMBI, U
KOHBCKTUBHAA AKTHBHOCTb BHYTPHU HEEC OKa3bIBACT
60 BIIOE BIHSHUE HA TIOBEPXHOCTH 3EMITH.

«B nmomonHeHne K OOBIYHON TEKTOHMKE ILIHT,
BHYTPEHHHUE IUINTHI, KOTOPBIC JIOJDKHBI OBITH HPOOY-
PEHBI, IBUTAlOTCSI BBEPX M BHHU3 C TIOMOIIBIO MaHTHH-
HOW KOHBEKLUW», yTBepxkaaer Xorraph. «bbuio us-
BECTHO, YTO 3TO IPOUCXOJHUT B TEUECHHUE JIIUTEIHLHOTO

BpeMeHH, HOo nocsiennue 30 jer y Hac He ObUIO BO3-
MOJKHOCTH H3MEPUTH ITON.

Bce m3menunock Onaromapsi HOBBIM TIPO(HISIM
CEHCMHMYIECKOTO OTPAKCHMS BBICOKOTO pa3pelcHus,
CO3IAaHHBIM HE(TSHOW MPOMBIIUICHHOCTEI0. MeTox
OTPaXKEHHBIX CEHCMUYECKHX BOJIH T'COJIOTH HCIIOJb-
3YIOT JJIS TITYOMHHOTO UCCIICIOBAHUS 3EMITH, H3MEPSI
OTpakKeHHE U INPEIOMIICHHE CEHCMHUYECKUX BOJH NPHU
UX JBWKCHUM BHW3. J[aHHBIM METOJ MO3BOJSET BbI-
SIBUTh MEJIKOMAacIITaOHble N3MEHEHHUS TOIIIMHBI KOPBI,
YTO, B CBOIO Ouepe/lb, CBI3aHO C MAHTHHHOI KOHBEK-
Luen.

Ha ocnore anamu3za 6onee 2000 n3mepeHuit ceii-
CMUYECKUX OTPaXKCHUM, POBEACHHBIX HA AHE Mupo-
BOT'0 OK€aHa, XOITap U €ro KOJJIETH CO3aIH IEPBYIO
riobanbHy0 0a3y TaHHBIX KOHBEKIWH B MaHTHH. OHU
ObUTH yIUBIICHBI, OOHAPY)KUB YacThle M3MEHCHUS B
TOJIITHE KOPBI HA THE MOPSI, KOTOPBIE TOKa3alH, 4TO
KOHBEKLIUSI B MAHTUH TPOUCXOJIUT TOPa3/Io yalie, 4eM
IIpearojaraay paHblie. 9T0 MOHUMaHUE IPOLECCOB B
Henpax 3eMiId MOXKET MOMOYb OOBSICHUTHh TEKTOHHKY
T (Ipeid KOHTUHEHTOB).

O06pa3oBaHue IIaHETHl 3eMJIs CBSI3aHO C TEOpHer
«bonpioro  B3pbIBa» TIa30NbUIEBOM TYMaHHOCTH,
HaOmoaeMoi M M3y4aeMOH B COBPEMEHHOE BpeMs,
I7le MpocMaTpUBacTCs ee BpalieHHe. Bpamenwe ra-
30TBUICBOM TyMaHHOCTH NPHBOANT K HAKOIUICHUIO
JJIEKTpUYECTBA M OOpPa30BaHMIO I'PaBUTAllMOHHOTO H
MarHUTHOTO TIOJIS, IPUTATHBAIOIIETO PA3INIHBINA KOC-
MHUYECKHH Mycop, nepepadoTka KOTOPOTO MPHBOIUT K
00pa30BaHMIO MIEPBUYHOMN 36MHOI KOPBHI.

Junamo-3pdexr mnaHeTsl 3emis paccMaTpH-
BaJICSl B Pa3HOE BpeMsI MHOTUMH UCCIIEA0BATEISIMH, HO
€ro CBS3bIBAIM ¢ MaHTUIHON KoHBeKuuel. [locnennue
CEICMHUUYECKHE U CEMCMOJIOrMYECKHE JIaHHBIE I103BO-
WM W3Yy4UTh BHYTPEHHEE YCTPOMCTBO IUTAHETHI
3emirs, TA€ OBUIO BBIAEIEHO HECKOJBKO reocdep oT
sapa 10 3¢eMHOH Kopbl. CKOpOCTh BpalieHus reocdep
yMeHbIIaeTcst OT sApa A0 HoBepxHocTH. Ecmu cko-
pocTh npeida KOHTHHEHTOB pPETHCTPUpYETCsS aH-
HeiMu GPS, To 3amep CKOpOCTH HMKEJNEXaIIHUX Teo-
chep eme He paspaboraH. TpyOWIIMH mpearnoiaraeT
ckopoctb ManTuu 1 — 10 m/rox (1998 1.), a sapa — 1
M/cek (2003 r.). Hanuio pa3Hocts ckopocteii reochep
OT si1pa J10 MOBEPXHOCTHU. 3HAYHT, Ipei() KOHTHHEHTOB
HPOHMCXOINT 3a CUET MepeAadyy BpaIleHus siapa JI0 1o-
BEPXHOCTH. MexaHnuecKas nepefaya BpaIIeHUs Ieo-
cdep BO3MOXKHO TONBKO IPU HAIWYHMHU IIIA3MEHHOTO
sapa IUIAHETHl THUIA Ta30MbIJIEBOM TYMaHHOCTH WIIH
IIapOBOH MOJHHHM C MOMEHTa OOpa3OBaHMS IUIAHET.
Bpamienue mapoBbIX MOJNHHHA (T1a3MOWIOB) U3yda-
eTcsi B COBPEMEHHOE BpeMsi Ha OCHOBE XOJIOJTHOTO
sneproro cuaresa (XC) [6, 7].

B T0 ke Bpemsi Oa3asibHbIe MaYKH CIIyKaT U cMas-
KO# Juisi BpamieHus reocdep M ABMIKEHUs IIACTOB
(mmactuH, vemryii). [llapoBsle KOHKpeIH 00pa30BHIBA-
JICh B 0a3albHbBIX IJIACTAX, 3AMIOJIHEHHBIX (IIFOMIOM U
pa3npoOIeHHON 0 MyKH TOPHOW TIOPOJIOH, CUHUTAIO-
ieicst KOJUIEKTOpPOM B He(TsIHOM reosornu. Bo Bpems
9JIEKTPOB3pbIBa 00Pa30BHIBAIKCH IIAPOBBIE MOJIHHHY,
o0J1aiaronye rpaBUTAMOHHBIM U JJIEKTPOMarHUTHBIM
noneM [8]. VIx u3yueHue MO3BOJIUT CO3JaTh YCIOBUS
00pa3oBaHMs IIAPOBBIX IUIA3MEHHBIX 00pa30BaHMH,
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obnasatomux OONBIIOW KUHETHYECKOW dHEprHeH.
TIpumepom Takoil SHEPTrUU CIIyKaT B3PHIBHI B IIaXTax.
Bo BpeMs mpoXoxku NPOAYKTHBHOTO IJIACTa YacTO
BCTPEYAIOTCSl ITyCTOTBI-KAPCTBI, BHYTPU KOTOPBIX
HaxOAATCs MapoBble MOTHUM. [1laxTepr! MX HA3BIBAIOT
«UIyOWHBI» WIN «3aluuKu». J|0Ka3aTenbCTBOM TaKHX
MPOLIECCOB U CITYKAT [IapOBbIE KOHKPEIINH, BCTPEUAI0-
IIMECs BO BCEX PYAHBIX U YTOJbHBIX IIAXTaX.

AHanu3 KOHKpelUui JeMOHCTPUPYET TEHAEHIIHIO
K HaKOIJICHUIO KeJle3a B A1pe KOHKPEINH, B TO BpeMs
Kak OoJiee JeTKui 311eMeHT KPEMHUI yMEHBIIAaeT CBOIO

KOHLICHTPALMIO OT BHEIIHMX O0OJIOYEK JO SIpa KOH-
KpELHUH.

OTta TEHIOCHIMS MOXET CBHICTCIHCTBOBATH B
MOJIb3Y TOTO, YTO B IAHHOM OOpa30BaHHWU MPOTEKAIOT
MEJUUIEHHbIC SIIepHBIE TPaHC(HOPMALIMH U 3JIEMEHTHBII
COCTaB fA[pa CTPEMUTCS K CBOEMY Hanboiee ycToHdn-
BOMY COCTOSIHHIO, KOT/Ia B iApE HAaKaITNBaeTCsS Han0o-
Jiee YCTOWYMBEIN K pacmany 3JeMeHT — xernes3o. XKe-
JIe30 UMEET HauOOJIBIIYIO SHEPTHIO CBSI3U HYKJIOHOB B
sape, 6oxee 8 MaB, u 1o 3Toit npu4MHe SABISETCS KO-
HEYHBIM 3JIEMEHTOM IIPH OCYILIECTBICHUN KaK PeaKkuit
cunresa (fusion), tak u peakimit nenenus (fission).

10 - o | I L. 00 & Sk & e 4
9l— 7. i J“ Sgcha 14lpp i
Lw Ty my
8| ; “Mo 1261 ‘\"’l“\-lﬂ —
'4N 1600}‘ 197,
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Pucynox 1. Duepeus céa3u HyKI0H08 8 A0PAX PA3IUHUHBIX INEMEHMO8

JleBee jxene3a 3HEPreTUYECKH BBITOAHBI PEAKIIUU
CIIHSHUS, IIpaBee jkeJie3a SHePreTHUeCKH BBITOIHBI pe-
akiun feneHus. [103ToMy MOXKHO MPEANoN0KHUTh, YTO
B PE3yNbTaTe CIOKUBIIMXCS YCIOBHH B IUIACTOBBIX
pacTBopax (maBleHHE, TeMIepaTypa, dJIEKTPHUECTBO,
MOIXOMAIINHA 3JEMEHTHBII COCTaB ILIAcTa) BO3SHHUKIHN
YCIIOBHS 7Sl IPOTEKAHUS HU3KOIHEPTEeTHUECKUX sJIEP-
HBIX [IPEBPAILEHHUN, B pe3yIbTaTe KOTOPHIX JIETKHE XU-
MHYECKHE HJIEMEHTHI IIOCTEIIEHHO MTPe0O0pa30BEIBAINCH
B Oojee TsDKeNble M KOHLECHTPUPOBAIKCH 10 LEHTPY
KOHKpPELUH.

PasnuyHblii XMMHUYECKHI COCTaB CBSA3BIBAETCS C
MPUCYTCTBUEM IUIa3MbI XOJIOJHOTO SAEPHOTO CHHTE3A,
r7ie MPOUCXOIUT TPAHCMYTALHUA XUMHUYECKUX 3JIEMEH-
TOB U3 OJHMX B Apyrue. OOpazoBaHHE IIAPOBBIX KOH-
KpEIHi CBSI3BIBAETCS C «TUIACTOBBIM AJICKTPUIECTBOM»
B 3eMHOH Kope. BHyTpu mmacTa-koyekTopa Ipoucxo-
JIUT pa3psi]i B BUJE UCKPBI UM UMITYJIbCA TOKA, 8 MOXKET
OBITH U TIPOCTO CNAOBINA MOCTOSHHBIA TOK, BEI3BAHHBIH
Pa3HOCTBhIO KOHLIEHTPALUK COJIEH B IJIACTOBOM JJIEK-
Tponute. Takol mpouecc BO3MOXEH INPHU HaJIUYUU
TUIa3MBI Pa3In4HON (OPMBI, 00JIalaroNIel rpaBUTaly-
OHHBIM W MAarHUTHBIM TIOJIEM, HepepalarbiBaromieit
TUTACTOBBIE PACTBOPHI M 00pa3ys re0OTHIECKHEe Tea
Pa3IUIHOTO CTpOeHUs. BO3MOXXKHO, B HUX MIPOUCXOIAT
MIPOIIECCHI XOJIOTHOTO AIEPHOTO CHHTE3a U IPUBOJANT K
00pa30BaHUIO Pa3IMYHBIX MECTOPOXKICHHH MOIHMe-
TaJJIOB, YTJIS, TOPHBIX TOPOJ U MHHEPAJIOB.

Hammu Taxoke ObIIH IIPOW3BEIEHBI IEPBHIE MPOBE-
POYHBIE HKCIEPUMEHTHI 110 MOJAEIUPOBAHUIO IIACTO-
BBIX YCIJIOBHH: OBUIO CO3/IaHO JaBJIE€HHE, MarHUTHOE

I0JIC U B AKCIICPUMEHTATIBHYIO KAMEPY peakTopa Obutn
MOJIaHbl ANEKTpUYEecKue paspsasl. K cokaneHuto, He
CZIeNIaH SJIEMEHTHBIN aHaJIN3, HO MOJIYYEeHbI BechMa 00-
HAIC)KUBAKOIIUC pe3ym>TaT1>1 110 HpOI/ICXOI[HHlI/IM HpO-
1eccaM BHYTPH TaKOTO MPOCTEUIIEro peakTopa — IMo-
CJie TIEPBOHAYAILHOTO BO30YXKIEHUS DIEKTPUUECKUX
pa3psIoB, Ha CTaTOpe MOSBIIOCH HANIPSDKCHUE.
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STUDY OF THYMUS PULEGIOIDES L. LIPOPHILIC EXTRACT ACUTE TOXICITY

Abstract

Steshenko Ya.

Zaporizhzhia State Medical University
Mazulin O.

Zaporizhzhia State Medical University

This article contains information on experimental determination of acute toxicity of lipophilic extract from
herbs of broad-leaved Thymus pulegioides L. Today, one of the main stages in the development of new medicines
is the study of acute toxicity needed for accurate testing of the safety of the drug and the possibility of its use for
further clinical trials and implementation in pharmaceutical production. Particular consideration should be given
to the toxicity class and individual specific sensitivity to the drug.

Keywords: lipophilic extract, acute toxicity, Thymus pulegioides L. intravaginal administration, herb, intra-

gastric administration

Intragastric administration. This article contains
information on experimental determination of acute
toxicity of lipophilic extract from of broad-leaved. To-
day, one of the main stages in the development of new
medicines is the study of acute toxicity needed for ac-
curate testing of the safety of the drug and the possibil-
ity of its use for further clinical trials and implementa-
tion in pharmaceutical production. Particular consider-
ation should be given to the toxicity class and
individual specific sensitivity to the drug. The genus
Thymus L. has up to 400 species, of which up to 18
grow in Ukraine. The study of promising medicinal
plants of the genus Thymus L. with pronounced antimi-
crobial, anti-inflammatory and antioxidant and anti-
erosion effect is an objective of modern pharmacy and
phytopharmacology. In folk medicine, widely used in-
fusions and extracts from different morphological parts
(grass, leaves, inflorescences) for treatment of various
diseases - mainly rheumatism and diseases of the upper
respiratory tract. Promising for research and harvesting
is a wild species of broad-leaved (Thymus pulegioides
L.) syn. (Thymus ovatus Mill.) is widespread in central
Europe. In Ukraine, it grows mainly in the southern and
central parts of the country Also drugs and phytoprep-
arations are prescribed for wound healing and tissue
cell regeneration in burns. In recent years, the world's
leading phytolaboratories are working to find new plant
species that will have not only a sufficient number of
biologically active substances (BAS), but also a pro-
nounced biological activity, which in the study will
show maximum pharmacotherapeutic effect and mini-
mal side effects. The experiment was performed on
white nonlinear rats - females weighing 180-190 g. on
the model of nonspecific phenolic vulvovaginitis. Pro-
curement of medicinal plant raw materials and produc-
tion of lipophilic extract were carried out in different
parts of Ukraine. HRM were dried in the phytochemical
laboratory of the department in compliance with all
necessary conditions. Studies of acute toxicity of lipo-
philic extract of were performed on the basis of the
Central Research Laboratory of ZSMU (which is certi-
fied by the State Expert Center of the Ministry of
Health of Ukraine) under the guidance of Dr., Prof. I.F.
Belenicheva and doctor of medical sciences, prof.

Abramova A.V.Animals that did not meet the criteria
were excluded from the study during quarantine. The
animal cages were placed in separate rooms. Lighting
conditions: 12 hours - light, 12 hours - dark. The air
temperature was maintained within 19-25 ° C, relative
humidity - 50-70%. Air temperature and humidity were
recorded daily. The ventilation mode was set, providing
about 15 room volumes per hour. Experimental animals
were kept on the same rations, under normal vivarium
conditions. The rats were housed in standard cages - 6
animals per cage. The experiments were carried out on
white outbred female rats weighing 180-190 g, ob-
tained from the breeding station of the Institute of Phar-
macology and Toxicology of the Academy of Medical
Sciences of Ukraine. The duration of quarantine (accli-
matization period) for all animals was 14 days. On one
group, the acute toxicity of the extract was determined
with intravaginal administration, and on the other - with
intragastric administration. The extract were injected
repeatedly at regular intervals (no more than 6 hours)
during the day. Additionally, the acute toxicity of ex-
tract is determined when they are intragastrically ad-
ministered to rats in the maximum allowable volume.
For this, extract the were injected intragastrically using
a metal atraumatic probe. The death of animals and
changes in the cardiovascular system, respiratory sys-
tem, central nervous system, and motor activity were
recorded for 14 days. As a result of the conducted stud-
ies, it was found that the intravaginal administration of
1.5 ml of the lipophilic extract of the Thymus pulegi-
oides L. to rats did not lead to the death of a single ani-
mal during 14 days of observation. There were no visi-
ble pathological changes in the appearance and behav-
ior of experimental animals on the 1st, 7th and 14th
days after intravaginal administration of the extract.
There was some worry and anxiety in the animals in the
first two days after the administration of the drug,
which is associated with stressing the animals during
the administration. Since no death of animals was ob-
served with the vaginal administration of the lipophilic
extract, it seemed to us expedient to study the acute tox-
icity of the extract when administered orally to rats.
Due to the non-toxicity of when administered vagi-
nally, the amount for oral administration should be the
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maximum administered for this animal species. A sin-
gle intragastric administration of 3 ml of the extract to

rats did not cause the death of a single animal during 14
days of observation. (Table 1)
Table 1

Study of the acute toxicity of broad-leaved Thymus pulegioides L. lipophilic extract in rats after intra-
gastric administration

Number of rats
Maximum allowable volume,ml. All The survivors Case fatality rate, %
The dead rats
rats rats
3,0 6 0 6 0

Table 2

Study of the acute toxicity of broad-leaved Thymus pulegioides L. lipophilic extract in rats after intravagi-
nal administration.

Cumulative volume of ex-

Number of rats

tract,ml All Case fatality rate, %0
ract,mi. rats The dead rats The survivors rats

There were no visible pathological changes in the
appearance and behavior of experimental animals on
the 1st, 7th and 14th days after intravaginal administra-
tion of the extract.(Table 2)There was some worry and
anxiety in the animals in the first two days after the ad-
ministration of the drug, which is associated with
stressing the animals during the administration. Since
no death of animals was observed with the vaginal ad-
ministration of the lipophilic extract, it seemed to us ex-
pedient to study the acute toxicity of the extract when
administered orally to rats. Due to the non-toxicity of
when administered vaginally, the amount for oral ad-
ministration should be the maximum administered for
this animal species. A single intragastric administration
of 3 ml of the extract to rats did not cause the death of
a single animal during 14 days of observation.

Result

1. Given the results obtained, under conditions of
acute toxicity, the studied plant extract is a non-toxic
substance, as the studied lipophilic extract did not lead
to the death of rats.

2. From the obtained results it can be concluded
that the studied lipophilic extract Thymus pulegioides
L does not show acute toxicity.

3. As a result of the conducted toxicological stud-
ies, it was found that the lipophilic extract belongs to

the VI class of toxicity (relatively harmless substances)
with intravaginal and intragastric administration in the
maximum allowable volumes.
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BO3HUKHOBEHHE JIECHBIX IIOKAPOB HA TEPPUTOPUU MOCKOBCKO#M OBJIACTH B
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Abstract

The distribution of emerging forest fires in the Mos-Kov region in 2018-2020 is shown according to the
months of the fire hazard season, fire hazard classes according to weather conditions, sources of information
about detected fires, distances from the place of occurrence of fires to settlements, days of the week. There is a
dependence of the productivity of one participant in extinguishing a forest fire on the number of participants in
extinguishing a fire. With an increase in numbers, the productivity of one person increases. The article will be
useful to forestry units and local fire and rescue garrisons of the Moscow region when planning to extinguish
forest fires.

Annomayus

Tloxazano pacnpedenenue G03HUKAIOWUX TECHBIX NOXNCAPO8 Ha meppumopuu Mockoeckou oonacmu ¢ 2018-
2020 200ax no mecayam noAcapoonacHo20 ce30Ha, Kiaccam noACApHoL ONacHOCmuU No YCA08UIM H0200bl, UCTNOY-
HUKam quyopMauuu 006 06HapyDIC€HHblx noaicapax, pacCmosHusAM om mecma 603HUKHOBEHUSL noakcapoe 00 Hace-
JIEHHBIX NYHKMO8, OHAM Hedeau. Habniodaemcs 3agucumocms npouzso0umenbHoCmu 00H020 Y4acmHuKa myuie-
HUA 1eCHO20 noastcapa om 4YucCieHHocmu y4acmHuKkoe myulenus noastcapd. Hpu yeeaudernuu YyucieHHocmu npou3eo-
oumenbHOCmMb 00HO20 uenogeka gospacmaem. Cmambvs 6yoem none3Ha noOPaA30ereHUsM JeCHO20 X035UCMEd U
MECMHbBIX NOAHCAPHO-CRACAMENIbHBIX 2APHU30HOE6 Mockoeckou obnacmu npu naaHupoearnuu myueHnusl 1eCHolXx no-
arcapos.

Keywords: Wildfire, localization, detection, fire season, productivity, extinguishing, quenching, number.
Knioueswvie cnosa: Jlecnoii nodcap, noxanuzayus, ooHapyicenue, noAHCApoOnacHulll Ce30H, NPou3Boo0Umeb-
HOCmMb, myweHue, 4aCmruKku myuleHus, 4ucjileHHocms.

B cootetctBuu ¢ [1] Tepputopust «MOCKOBCKOH
obnactu cocrasinset 44 446 xm?. O61mas II0mAIb Jie-
coB MockoBckoit obmactu cocrasisger 2 099,2 Thic.
ra.». Jlecucrocts Teppuropun — 42,4 %. Bce neca
MOCKOBCKO# 00JIaCTH IO IEJICBOMY HAa3HAYCHHUIO OT-
HOCSITCS K 3aIlUTHBIM JIECaM.

PacnipenencHue necoB 1Mo MPHHAMICIKHOCTH HX K
KaTEeropusiM 3eMellb (ThIC. Ta):

Ha 3eMisiX jiecHoro ¢ouma — 1 920,5;

Ha 3eMJIsIX 000poHBI U Oe3omacHocTd — 104,1;

Ha 3eMJISIX HaceICHHBIX MyHKTOB — 20, 4;

Ha 3eMIIIX 0CO00 - OXPaHSIEMbIX TPUPOIHBIX TEP-
puropuii — 53,9;

Ha 3eMJIsIX UHBIX Kateropuid — 0,3.

«B Benenun Komurera necHoro xo3siicrea Moc-
KOBCKOW 00JIaCTH HAXOAATCS 3€MJIH JIeCHOTO (OoHIa
obmeit miomaapio 1 920,5 TrIc. ra uau 91,5 % oT Beel

IJI0IIagu J1ecoB MOCKOBCKOI 00/1acTH, B TOM YHCIIE
secuble 3emsid — 1 804,1 Thic. ra uiu 92,1 % ot oOmiei
IUTOIIA/IH 3€MeIThb JIECHOTO (oumax [1].

CornacHo npuka3y @emepalbHOIO aTeHTCTBA JIEC-
Horo X03sicTBa oT 12.01.2009 Ne 1 «O06 onpeneneHun
KOJIMYECTBA JICCHUYECTB HAa TEPPUTOPHH MOCKOBCKOH
00JTaCTH W YCTAHOBJICHHUHM UX TPaHUI (C U3MCHCHU-
SIMH), Ha TEPPUTOPHH MOCKOBCKOI 001aCTH OpraHu30-
BaHO 19 mecHmuecTB, B TOM uncie 267 y4acTKOBBIX
JIECHUYECTB.

JlaBHOCTDh TIpOBeAeHHUs JecoycTpoiicTBa: g0 10
net -479,5 teic. Ta, 11-15 ner — 1169,7 ToIC. Ta, 16-20
jet — 265,2 Thic. ra, 21 rox u 6oaee — 6,1 ThIC. Ta.

Pacnipenenenue J1ecoB IO KaTETOPUSM 3aIIUTHBIX
JIECOB CIIE/yIOIIee:

- Jieca, BBITIOTHAIONIHE () YHKIUH 3alUTHI IPUPOJI-
HBIX ¥ HHBIX 00BeKkTOB — 1 875,4 THIC. T2 (97,7%), B TOM
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YHCIIC: JIECa, PACIIONIOKEHHBIC B TIEPBOM U BTOPOM I10-
sicax 30H CAHUTAPHOW OXPaHbl HCTOYHUKOB MUTHEBOTO
U XO3SHCTBEHHO-OBITOBOIO BOjOCHaOeHus — 241,4
ThIC. Ta (12,9%); 3aIIUTHEIEC MOJIOCHI JIECOB, PACIIOIO-
JKeHHBIE BIOJb IyTel OOIIero moip3oBaHUS, (ere-
paNBHBIX aBTOMOOWIBHBIX JOPOT OOIIET0 MOJIHh30Ba-
HUS, aBTOMOOWJIBHBIX IOPOT OOIIEro IOJb30BAHMUA,
HAXOIAIIMXCS B COOCTBEHHOCTH CyOBEKTOB Poccuii-
ckoit deneparru — 54,4 Toic. ra (2,9%); 3eCHBIC 30HBI
— 10223 teICc. Ta (54,5%); JNecomapKOBbIC 30HBI —
557,2 Thic. ta (29,7%); neca, pacmoj0KEHHBIC B TEp-
BOH, BTOPOM M TpeThed 30HAX OKPYrOB CaHUTApHON
OXpaHbI JIe4eOHO-03I0POBUTEIBHBIX MECTHOCTEH 1 KY-
poptoB — 0,1 TrIC. Ta (0,01%);

- eHHsbIe Jeca — 45,1 Toic. ra (2,3%), B TOM yucie
Jeca, IMEIOIIUe HAyYHOE WIIK HCTOPUUECKOE 3HAUCHUE
—43, 1 toIC. T2 (2,2%); 3ampeTHBIE MOJIOCHI JIECOB, pac-
TOJIO)KEHHBIE BIIOJIb BOAHBIX O0BEKTOB — 1,4 ThHIC. Ta
(0,08%), HEpecTOOXpaHHBIC TOJOCH JiecoB — 0,6 ThIC.
ra (0,04%).

Pacnpenencuue o01Iei TITONMAAN 36MENb JICCHOTO
(dhoHIa MO 30HAM MOHHUTOPUHIA U palloOHAM MPHUMEHE-
HUS CHJI M CPEICTB: 30Ha HA3¢MHOI'0 MOHHUTOPHHIA —
1039,0 ThIC. ra; 30Ha aBHAIIMOHHOTO MOHHUTOPHHTA,
paiioH mpUMEHEeHUsT Ha3eMHBIX CIII U cpencTs — 881,5
TEIC. Ta.

B cootBercTBuu ¢ [2] Teppuropus necos [loamoc-
KOBBSI BXOJIUT B 30HY aBUALIMOHHOTO M HA3EMHOTI'0 MaT-
PYJIUPOBAHUS K OTHOCHUTCS TOJIBKO K HA3€MHBIM CIIOCO-
0aM TyIIeHusI.

Pacnpenenenne nmokpwITO# JJecamMy IJIOIIAAH JIec-
HOTO (OHAA IO KaccaM MPHUPOTHOM MOXKApHOU omac-
HOCTH (I10 CTENEHH OMACHOCTH BOSHUKHOBEHHUSI B HUX
II0’KapOB, THIC. Ta):

| kmace — 453,1 (23,59 %);

Il kmacc — 89,4 (4,66 %);

111 xmace — 510,9 (26,6 %);

IV xnacc — 772,5 (40,22 %);

V knace — 94,6 (4,93 %).

W3 marepuainos, npeacTaBiaeHHbIX ['ocynapcTBeH-
HBIM aBTOHOMHBIM Y4pexaeHHeM MOCKOBCKOil 00ia-
ct «lleHTprecxo3» Mo KakAoMYy MOXKapy 3a Mepuo
2018-2020 romoB cieayeT, 4TO BCEro B paccMaTpHBae-
MBIi Iepros1 OBIJIO 3aperucTpupoBano 820 moxapoB Ha
obmreit mromanu 1 842,68 ra, B TOM yucie:

Oernmpie HU30Bble — 182 moxapa Ha ruiom@amu
520,41 ra;

yCTOIUMBBIC HI30BEIE — 464 1OXkapa Ha IDIOIIA I
792,21 ra;

BUJ He ompeneneH — 60 1MoxapoB Ha ILIOMIAIU
453,41 ra.

Topdsiabie — 114 Ha miomanu 76,65 ra.

Pacnipenenenue KonuuecTBa MOXKapoB, MPOH30-
HISIIAX HAa 3eMJISX JieCHOTO (oHma MOCKOBCKOI 00-
JIACTH M MX IJIOIIAJN MOKa3aHbl Ha quarpaMme (prcy-
HOK 1).

1200

1132,52

1000

800

600

¥ TToxapsl

484,94 H [Tnomane, ra

400 315

284

KosnuecTBO noxkapos, exu.

200

2018 2019

2020

Pucynox 1. Konuuecmeo noscapog, npouzoutedmux Ha 3emasnx 1echo2o ponoa Mockosckou obracmu
6 2018-2020 200ax u ux niowaow.

[IpogomKUTETHHOCTD MOKAPOOMACHOTO CE30Ha B
MockoBcKoit 0071acTH B paccMaTprUBaeMbIi TEPUO/T Xa-
pakTepusyetcs oT 206 10 245 nHeil, U3 KOTOPBIX BCETO

oT 69 10 84 nHEH, B KOTOPBIE TPOUCXOIMIIH JIECHBIE TIO-
kapsbl (Tabmmna 1).
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Tabmuma 1

TTpoIOIKUTENEHOCTD MTOKAPOOIIACHOTO ce30Ha Ha Tepputopun MockoBckoii obmactu B 2018-2020 romax

KomndgecTBo gHE#H ¢ mmoxka-
Jlata BOSHUKHOBEHHS
[IpoaomKUTETLHOCTD HO- pamu
" Ko-Bo mo-
Ton ’KapOOIAacHOI0 CE30Ha, % ot ob1wel npo-
MIEPBOTO MO-|MOCAEAHETO MO- . Koim-Bo ’KapoB, IIT.
AHCH . HOOJDKUTEIIbHOCTH
Kapa Kapa THEH
ce30Ha
2018 15.04.18 22.10.18 206 84 40,78 284
2019 09.04.19 16.11.19 219 76 34,7 315
2020 19.03.20 19.11.20 245 67 27,35 221

AHanu3 nokasai, 4To B [I0KapOOMacHBIN CE30H OT
122 nmo 178 mHeit, korma moxapbl OTCYTCTBYIOT. Mak-
CHUMaJIbHOE KOJIMYECTBO JICCHBIX MOXApPOB B JIEHH CO-
cTaBisieT 21, Bcero B paccMaTpUBaeMbIX IOXKapoomnac-
HBIX C€30HaxX OBLI OJIMH TaKoii neHb. B apyrue nuHu pe-
THUCTPUPOBAJIOCH:

B OJIUH JIeHb 0T 1 10 5 moxkapoB — 40,85 % ot 06-
IETO KOJIMIECTBA MOKAPOB;

ot 6 10 10 moxkapoB — 35,73 % ot 001Iero KoJu-
4eCcTBa M0KapOB;

ot 11 o 15 moxxapos — 16,95 % oT o011iero Kou-
YecTBa MOXKapoB;

ot 16 1o 21 moxapa — 6.46 % ot obmiero Koamye-
CTBa MOYKapOB.

KommaecTBo moxapoB cBEIIIE 9 B OIHH IEHD — 3TO
eIMHUYHBIC CITydaH.

Hamnbomnpiree KoIM4ecTBO MOXKAPOB MPOMCXOIHT
B ampelie W CEHTAOpEe KaKJOTro IT0KapOoOoIacHOTo ce-
30Ha, mpu Il u IV kjaccax moskapHO#l omacHocTH
(KIIO) no ycnoBusM norosl (Tabnuma 2).

Tabmnuua 2

PacrpezeneHue MoxapoB, MPOU30MICAIINX Ha 3eMJISIX JIECHOTO (oHAa MOCKOBCKOH 00aCTH O MECsILiaM BO3-
HUKHOBEHHS U KJIACCAaM MOXKaPHOI OMaCHOCTH

Mecsn_[a HO)KapOOHaCHOFO CC30Ha BCGFO I10-

KIO Tox miliwvj| v VI VIL | Vi IX X XI KApOB
2018 0 0 0 0 0 2 0 0 2 4
| 2019 0 5 2 13 0 1 8 1 1 31
2020 13 | 9 2 1 0 0 0 2 2 29
2018 0 4 4 4 1 7 7 2 0 29
I 2019 0 2 7 3 2 1 0 1 0 16
2020 22 | 28 | 11 0 1 0 3 1 0 66
2018 0 0 33 14 5 54 53 1 0 160
" 2019 0 | 46 | 28 36 4 1 4 0 0 119
2020 26 | 25 | 14 1 0 14 9 12 0 101
2018 0 0 0 7 0 28 57 0 0 92
vV 2019 0 | 46 | 31 33 0 0 15 0 0 125
2020 0 1 0 0 0 0 3 21 0 25
2018 0 0 0 0 0 0 0 0 0 0
v 2019 0 0 0 23 0 0 0 0 0 23
2020 0 0 0 0 0 0 0 0 0 0
Hroro| 61 | 166 | 132 | 135 13 108 159 41 5 820

%]| 7,44 | 20,24 16,10 | 16,46 | 1,59 | 13,17 | 19,39 | 5,00 | 0,61 | 100,00

B nepuon ¢ 2018 no 2020 rogst nocrynuiio 820
COOOIICHNH O JIECHBIX TMOXKapaX, B TOM 4Hcie (pHUCy-
HOK 2):

ot Hacenenus — 110 (13,41 %);

Ha3eMHO# maTpysbpHOU cinyx6b1 — 193 (23,54 %);
¢ moMoripto Buaeomonutopunra — 309 (37,68 %);
ot sierunka-Habmoaarens — 208 (25,37 %).
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Pucynok 2. Cnocobwi o6Hapysicenust nodxcapos, npousoueomux Ha 3eMusnx 1ecHo2o gonoa Mockoseckoii obaa-
cmu 6 2018-2020 200ax

AHanu3 CTaTHUCTUKU TIO3BOJIMJ CIICJIATh BBIBOJ O
TOM, 9TO OOJBIIMHCTBO JICCHBIX MTOXKAPOB IPOUCXOIUT
BOJIM3M HAceNeHHBIX ITyHKTOB. boiee 95% Bcex mpo-
HM30NICAIINX [TOKapOB HaxoauTcs Ha yxaneHudn (L) me
Ooompme 10 KM OT MECT IOCTOSIHHOTO >XHTEIbCTBA
rpaxnaH (PUCYHOK 3).

Ha paccTosHIm 10 1 KM OT HaceleHHBIX ITyHKTOB
ObUTO 3aperucTpupoBaHo 186 moxapos win 22,68 %;

416

186

96

KosmmuecTBo noxapos, ef.
N
o
o

DQ

Ha paccrostHuu oT 1,1 10 3 kM 416 noxapos umu 50,73
%; ot 3,1 mo 5 kM — 96 moxkapos wun 11,71 %; ot 5,1
1o 10 xm — 83 moxapa mmu 10,12 %; ot 10,1 go 15 xm
— 22 moxapa i 2,68 %; ot 15,1 mo 20 kM — 11 moxa-
poB nmu 1,34 %; ot 20, 1 1o 25 kM — 2 noskapa wim 0,24
%; ot 42 o 52 xMm — 4 moxkapa wiu 0,49 %.
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YnanéHHOCTB OT HACEJIEHHOIO MYHKTA, KM

Pucynox 3. Pacnpedenenue Koruiecmea nodjicapos, npousoueoumux Ha 3eMisix 1echozo gonoa Mockoeckoil 06-
aacmu ¢ 2018-2020 200ax, 8 3asucumocmu om yOaieHHOCHU OM HACENEeHHbIX NYHKINO8
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B necax Mockosckoii oomactu B 2018-2020 rogax
0 MOHeAeTbHUKaM ObLI0 3apeructpupoBaHo 106 mo-
skapoB (12,93 % ot o61miero KoamgecTBa MOKapoB);

10 BTOpHHUKaM — 79 mmoxapos (9,63 %);

1o cpenam — 142 moxapa (17,32 %);

o yerBepram — 143 moxxapa (17,44 %);

o maTHALAM — 111 moxapos (13,54 %);

o cyo6oram — 115 nosxapos (14,02 %);

o BOCKpeceHbsM — 124 mosxkapa (15,12 %).

Hamnbornpiree KOTMYECTBO MOXKAPOB PETUCTPUPO-
BaJIOCH 10 CpeaM U YeTBepraM, HAaMMEHbIIEee — I10 T0-
HeIeTHbHUKAM U BTOPHUKAM.

JlaHHBIE IO pacHpeieICHUI0 IOKapoB, IIPOU30-
IIeIIAX Ha TEPPUTOPHH 3eMelTb JiecHOTo doHma Moc-
KOBCKOM 00JTaCTH MPHUBEICHEI B TAOIHIIE 3.

Tabnuna 3
PacnpenencHre cooOIIeHU 0 MOKapax Mo JHIM HEACTH U MECSIaM MMOKapoonacHbIX ce30HOB B 2018-2020 ro-
Jlax

Mecsiia 10kapoomnacHOTO Ce30Ha Bcero

fewemenema | Tor |y |y VI v v | Ix x| X “gf;"
2018 0 0 1 3 1 20 10 3 0 38
[onenenpuuk | 2019 0 20 10 8 1 0 2 0 0 41
2020 6 12 3 1 0 0 1 4 0 27
2018 0 1 3 2 0 13 11 0 1 31
Bropuuk 2019 0 13 9 13 1 1 0 0 0 37
2020 0 3 1 0 0 1 2 4 0 11
2018 0 0 8 2 0 15 13 0 0 38
Cpena 2019 0 10 29 25 0 2 5 0 0 71
2020 8 9 2 0 0 0 3 11 0 33
2018 0 0 9 2 0 16 12 0 0 39
Yersepr 2019 0 18 3 24 1 0 7 0 0 53
2020 | 17 20 0 0 0 2 3 8 1 51
2018 0 0 4 6 0 9 18 0 0 37
[IaTHuIa 2019 0 13 4 17 1 0 5 0 0 40
2020 | 11 7 7 0 0 4 3 2 0 34
2018 0 1 6 7 3 5 31 0 1 54
Cy060ota 2019 0 10 5 9 2 1 3 2 0 32
2020 9 5 5 1 1 2 2 3 1 29
2018 0 2 6 3 2 12 22 0 0 47
Bockpecense | 2019 0 15 8 12 0 0 4 0 1 40
2020 | 10 7 9 0 0 5 2 4 0 37
HUroro 61 166 132 135 13 108 159 41 5 820

% 7,44 | 20,24 | 16,10 | 16,46 | 1,59 | 13,17 | 19,39 | 5,00 | 0,6 100,00

KonndecTBO y9acTHHKOB TYIICHHUS OIHOTO JieC-
Horo noxapa B 2018-2020 rogax BapbUpOBajio OT 2 A0
62 4yenoBek, mpuBieKkanock oT 1 g0 35 eauHuIl Tex-
HHKH.

[IpoBeneHHbIE pacyeThl CKOPOCTH JIOKAJIU3AIUU
HU30BBIX MOKAPOB MOKA3aJIM, YTO MPHU HApAITUBAHUU

KOJIMYECTBA YYAaCTHHUKOB TYIIEHHS I0XKapa CKOPOCTh
JIOKaJIN3AIMH JIECHOTO T0Kapa (MPOU3BOIUTEIBHOCTD)
OJIHOTO YYacCTHHKA TYIIEHUs yBeJuyuBaeTcs [3].
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Pucynox 4. Ckopocmbp nokanuzayuu HU308bIX HONCAPO8, NPOUZOUIEOUIUX HA MEPPUMOPU 1eCH020 PoHoa Moc-
kosckoul oonacmu 6 2018-2020 200ax 0OHUM YYACMHUKOM MYyUleHUs

AHanu3 CBO/IHBIX IIJIAHOB TYIIEHHS JIECHBIX ITOKa-
poB Ha TeppuTopru MockoBckoi obmactu B 2018-2020
rofiax MO3BOJIMII CAENAaTh BBIBOJ O TOM, YTO B COCTaB
IPYNIMPOBKY CHJI U CPENICTB ObUIN BKIIIOYEHBI CHIIBI U
CPEICTBAa MECTHBIX T0KapHO-CIIacaTeIbHBIX apHHU30-
HOB MOCKOBCKOW 00NacTH, KOTOpbIe MPUBICKAIUCH K
TYLICHHIO MTOXKApOB Ha 3eMJIsIX JiecHoro (onna. Kpome
3TOTO CHJIBI ¥ Cpe/icTBa ['ocyaapcTBeHHON MTPOTHUBOIIO-
JKapHOU CITy>KOBI M JPYTUX BHAOB MOKapHOH OXpaHbI
MPaKTHYECKN €KETHEBHO MPUBIICKAIUCE JJISl TYIIEHUS
CyXOi TpaBsIHUCTOW pacTUTENBHOCTH BOJIN3M HACEIICH-
HBIX IIyHKTOB Ha 3€MJIIX CEIbCKOXO3HCTBEHHOIO
Ha3HAYEHHS U 3eMJISIX WHBIX KaTerOpHii.

KonngecTBo 3aperncTpupoBaHHBIX BBIE3JIOB II0-
KapHO-CTIaCcaTEeNbHBIX HOJPA3ACICHUA IS TYIICHHS
CyXO# TPaBSHUCTOM PaCTUTEIBHOCTU BapbUPYETCS OT
1 mo 542 B neHs.

BbIBOJbI

Ha teppuropun 3emens necHoro ¢ponna Mockos-
ckoii obnactu npeodnanaer IV kiacc nmpupoaHo# mo-
JKapHOW OIAaCHOCTH, KOTOPBIN cocTaBiseT 772,5 ThIC.
ra win 40,22 % oT 0o0IIero KoJIM4YecTBa 3eMelb Jiec-
Horo QoHpa.

PaccmarpuBaercs nepuon ¢ 2018 no 2020 roast
BKJIFOUUTENBHO, B KOTOPBIH OBUIO 3aperHCTPHUPOBAHO
Ha 3eMJIIX JiecHOro ¢ouga 820 moxapoB Ha 0OIIEH
mwromaau 1 842,68 ra.

[TpoIOKUTENILHOCTD  [T0YKAPOONACHOTO Ce30Ha
paccMaTpHBaeMoro nepuojia coctasisiia oT 206 1o 245
JTHEH.

YcTaHOBIIEHO, YTO HauOoJbIIee KOJUYECTBO MO-
JKapOB TIPOUCXOAUT B ampene u ceHTsaope mpu Il u 1V
KJIaccax MoKapHOH OIAaCHOCTH T10 yCIOBHSIM ITOTOJIBI.

Bonee 95% Bcex nmpousomeqmux noxxapoB Haxo-
JUTCS Ha ylaJieHnu He 6ospuie 10 KM OT MecT mocTo-
SIHHOTO YKUTEJbCTBA MPaXKIaH.

HawuGosbliiee KONIMYECTBO MOYKAPOB PErUCTPHPO-
BaJIOCH I10 CPE/laM U YeTBepraM, HauMEeHbIIee — 10 M0-
HeJleIbHUKaM M BTOPHUKAM.

[TpOoKU3BOUTENBHOCTh TYIIEHHSI OJHOTO Yy4acT-
HHUKA TYLICHHUS MOXapa MOBBIIACTCS C YBEINYCHHEM
KOJIMYECTBA YYACTHUKOB TYIICHHUS MOKapa.
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NPENJIOXEHUS

CrnietyeT OTMETHTD, YTO Ha CETOHALIHMI IEeHb 3a-
BHCHUMOCTb BO3HUKHOBEHUS, PAa3BUTHS U TYIICHUS I10-
JKapoB HA TEPPUTOPUH 3eMeJIb JIeCHOro GoHma u3ydeHa
HEZ0CTaTOYHO.

D¢ hexTHBHOCTS IPUMEHEHUS CHIT U CPEJCTB IO/~
pazIereHHil MECTHBIX MOXKapHO-CIIacaTeIbHbIX TapHU-
30HOB MOCKOBCKOW 00JIaCTH NPU TYIICHHH MOXapoB
Ha 3eMJISIX JIECHOro ()OHAa CaMOCTOSITENIBHO M B CO-
CTaBe CHJI ¥ cpelicTB MOCKOBCKO# 001aCTHOM CUCTEMBI
MpeyNPEXICHNS U JIMKBUIAIMN YPE3BBIYAHBIX CUTY-
alyi, TyIIEHUH CyXOH TPaBSHUCTOW PacTUTEIHHOCTH
BOJIM3M HACEJCHHBIX ITyHKTOB Ha 3eMJIIX CEJIBCKOXO-
3AHCTBEHHOTO Ha3HAYEHHS M 3eMJISIX HHBIX KaTeTOPHI,
HE OLICHHBAIACh.

[pemtaraercs naHHBIE BONPOCH PAcCMOTPETh H
PACKPBITH B MOCIIEIYIOINX paboTax.
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TeppuTOopu MOCKOBCKOW 00JIacTH Ha MOKapoorac-
HeI mepuon 2021 rox. YTeepxkaen ['ybepHatopom
MockoBckoit obmactu A.JO. BopoOseBbiM 09 MapTa
2021 r. m CornacoBaH ¢ 3aMECTUTEIIEM PYKOBOIUTEIS
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KnunoeM 16 despans 2021 .
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Abstract

Lack of information about the state of fixing structures, the rate of callus growth and the appearance of an
inflammatory process both in soft tissues and in the patient’s body as the whole that is not associated with a
fracture in general, sometimes leads to disability or to repeated operations. Nowadays the period of rehabilitation
of the patient is determined by the attending physician who bases on personal experience, the patient’s age, sex
and average indicators of the duration of treatment for a particular type of fracture. When developing an infor-
mation system for non-invasive monitoring and diagnostics of the state of fracture of tubular bones, the authors
used wireless transmission of electricity and information signals. This allows creating an information system for
non-invasive monitoring and diagnostics. Criterial relationships between the monitored indicators of the sensors
have been established. A minimized evaluative Boolean function and an algorithm and computer program have
been developed.

The use of the information system of non-invasive control allows avoiding disability and shortening the pa-
tient’s rehabilitation period.

Anomauisn

Biocymuicmo ingpopmayii npo cmawn ixcyrouux KOHCmMpYKYil, WeUOKOCMI HAPOWYB8aAHH: KiCIMKOB020 MO-
30715, NOABU 3ANATILHUX NPOYECI8 AK 8 M AKUX MKAHUHAX, MAK i 8 YIIOMY Y X80p020, He N08 A3AHUX 3 NepeloMOM,
npu3800umMb 00 IH8ANIOHOCMI 6O 00 NPOBEOeHHs NOSMOPHUX ONepayii.

Ha cboeo0uiwniti denv, nepiod peabinimayii Xx60po2o 6cmMaHo8II0€ NIKYIOYULL TiKAp, CRUPAIOYUCH HA 0COOU-
cmutl 00ci0, K X60p020, CMamvp i CepeOHbOCMAMUCIUYHI NOKA3HUKU MPUSATIOCI TIKYBAHHA MO20 YU [HULO2O0
6udy nepenomy. Asmopu npu po3pooyi inpopmayiinoi cucmemu HeIHBA3IIHO20 KOHMPOIO | OiA2HOCMUKU CIMAHY
nepeiomy mpyouacmux KiCmok 6UKOpUCmosyeaiu 6e30pomogy nepeoayy elekmpoenepeii ma inghopmayiinux cu-
eHanis. Lle dozsonsie cmeopumu 6iomexHiuny IHOPMAYIUHY CUCIEeMY HelH8A3IHO20 KOHMPOIO | OIAeHOCMUKL.
Bcemanosneno kpumepianvhi 3a1es4cHoCmi Midke KOHMPOIbOBAHUMU NOKAZHUKAMU damuukis. Pospobaena minimi-
308aHa oyinouna Oynesa yHKYis ma po3pooieHo aneopumm i Komn romepHy npozpamy. Buxopucmanus ingpop-
MayiiHoi cucmemu HeiHBA3IIHO20 KOHMPOTIIO 00380JISE YHUKHYMU [HBANIOHOCI Ma CKOpOMUmuy mepmin peaoini-
mayii xgopozo.

Keywords: information system, algorithm, non-invasive control, bone fracture, criterion dependencies, extra-
bone plate.

Knrwuosi cnosa: ingpopmayiiina cucmema, aneopumm, HeiH8aA3IUHUL KOHMPOIb, Nepesiom KiCmKu, Kpumepia-
JbHI 3a71€IICHOCTI, HAKICMKO8A NAACMUHA.

AKTyaJbHICTh J0CIIIKEeHb

BincyrtHicts iHpopManii npo cran Qikcyrounx
KOHCTPYKIIiHM, IIBUAKOCTI HApOII[YBaHHS KICTKOBOT'O
MO30JIs1, TIOSIBH 3aIaJIbHOTO MPOLECY, K B M SIKMX TKa-
HHMHAX, TaK i B I[JIOMY Y XBOPOTO, HE TIOB’3aHOTO 3 TIe-
perroMoM, PU3BOJUTE IO iIHBANiTHOCTI 200 10 mMpoBe-
JICHHSI IIOBTOPHUX OTIEPAIlii.

[IpakTrka JiKyBaHHS TEpPEIOMiB TPyOUacTUX Kic-
TOK HaKiCTKOBUM OCTEOCHHTE30M IIOKa3ye, IO B Ie-
pioxa peabiniTaliii XBOpOro BUIIAJKOBI Ta yAapHi HaBa-
HTa)XEHHsI € OCHOBHOIO NMPUYHMHOIO acENTHYHOTO PO3-
XUTYBaHHS 1 IOIIKO/PKEHHSI €JEeMEHTIB (iKCyrodol
kouctpykii (PK) [1, 2, 3].

3a nanumu [4, 5], nedopmallis HaKiCTKOBOT I1ac-
tuHu — y 4,8%, nepenom ¢dikcatopa abo KpinmuIbHUX
TBUHTIB Y — 3,5%, B 2% BHIIaJIKiB CTABCSI IEPEIIOM pe-
reHepary i ikcatopy, CIIOBUIBHEHA KOHCOMI IS Bij-

3HaueHa y 2% manieHTiB, y 3,7% BUIAJKIB PO3BHHY-
JIUCSI 3amalibHI MPOIECH 1 HATHOEHHS M’SKHUX TKAHHH
[5].

Ha puc. 1, npeacraBieHuil peHTIeHIBCEKUN 3Hi-
MOK XBOPOI JKIHOYOI cTaTi, Bik 69 pokis. [licis mpose-
JICHOT omeparii TPUBAIICTh CTAI[iOHAPHOTO JIKYBaHHS
NepesioMy HaKiCTKOBHM OCTEOCHHTE30M CKiajaio 7
MICSIIiB, TOTIM peabimiTaliiHIA Iepio T IPOJOBKCHHN
B JIOMAIIHIX yMOBax. BIUIMB BHUIIaAKOBOTO yHapHOTO
HaBaHTaXCHHsI, (CTPHOOK COOaKK Ha TPY/IH), IPUBIB 10
HOJIOMKH (IKCYIOUHX KPIMWIBHUX TBUHTIB 1 10 ociab-
nenust OK. Bussnenns noigomku OK cranocs yepes 6
MICALIIB, B IEepioJ JIKYBaHHS 3alalibHOTO IIPOLECy
M’SIKHX TKaHUH B Micili nepesiomy. [IpoBeneHa BTO-
pUHHA ormepaiisi, B pe3yjibTaTi TepMiH peabimiTamii
CKJIaB 26 MiCAIiB.
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Puc. 1. Penmeenozpama Kicmxu nicjisa 6naugy 6unaoko6020
Yoapnozo nasanmasicenns

Ha puc. 2, HaBeieHO pEeHTTEHIBCHKHH 3HIMOK I10-
JIOMKH HaKiCTKOBOI IJTACTHHU Ta BUHUKHEHHS TOMMJI-
KOBOTO Cyrii00a y XBOporo B nepiof peadimitarii. [Tpu-
YHHHOIO MOJIOMKH HaKiCTKOBOI IUIACTUHU € HEJOTPH-
MaHHA peabiniTaniiiHoro HaBaHTaXyBaJIbHOTO
pexKUMY.

[Marient M. Mapiynosns, mikapas Ne 9, 46 moBHUX
POKIB, CTaTh — YOJOBIK, OB s3Ka 3HATA depe3 48 mid

micns omeparii. HemoTpumanHA pexuMy HaBaHTa-
JKCHb, PEKOMCH/IOBAHUX JIIKApeM, MPHUBEIH 10 MOJIO-
vk @K. Ha choromnimHiil geHs, nepion peadimirariii
XBOPOT'O BCTAHOBIIOETHCS JIIKYIOUUM JIIKAPEM, CIIUpa-
FOYMCh Ha OCOOMCTHI TOCBiJI, BiK XBOPOTO, CTaTh i ce-
PEIHBOCTATUCTUYHI TOKA3HUKH TPUBAJIOCTI JIIKYBaHHS
TOTO YH IHIIIOTO BHIY MEPEIOMY.

Puc. 2. Penmeeniécokuil 3HIMOK NOJIOMKU HABKICHOI NAACMUHYU

BincyTHICTD IIOEHHOTO KOHTPOJIO HAPOCTAHHS
XPSAIIOBOTO MO30ITIO B MICTi TIEPEIOMY MPU3BOAUTE JI0
HEOOIPYHTOBAHOTO 30UIBIICHHS NEPIOLy Hemparies3ia-
THOCTI XBOPOTO 1 MiJIBUILEHHSI MaTepialibHUX BUTpAT,
OB’ sI3aHUX 3 epeOyBaHHAM XBOPOTO Ha JIIKAPHSIHOMY
Oronereni. CKOpoUeHHs X TepMiHy pealimitauii XBo-
poro € npuyrHO nooMku K, BUHUKHEHHS Hectpa-
BXKHIX CyIJIO0iB, 3amajbHUX MpOIECiB, puc.l, puc. 2,
110 B CBOIO YePTy, IPU3BOIUTH A0 30UTBIICHHS B 2 — 2,5
pasu mepiofy OyKaHHs, a B IEIKAX BUMAJKAX 1 J0 iH-
BaJIiTHOCTi XBOPOTO.

Takum 9YHHOM, € IiJICTaBH CTBEPIKYBATH, IO PO-
3poOka iH(popMaIiitHOT cUCTeMH HEeiHBa3iMHOTO KOHT-
pOJIIO CTaHy TepesoMy, 3pOCTaHHs XpPSIIOBOTO MO-
30110 1 [T0YaTKOBOTO MOMEHTY 3alajIbHOTO TPOLECy Ta
JIIarHOCTUKY MIPUYMH HOTO MOSIBU CTANIO HE TIIBKH Me-
JIUTHOIO0 TIPOOJIEMOI0, a TAKOXK BaXKJIMBUM 1 aKTyallb-
HHMM COI[laJbHO-€KOHOMIYHMM 3aBIAaHHSIM, IO CTOITh
nepe.t CyCIiIbCTBOM.

AHaJi3 JliTepaTypHHUX AaHMX Ta NMOCTAHOBKA
npooJjeMn

CyuacHa TpaBMATOJIOTISI Ma€ BEJIHKY KUIBKICTh
METO/IB 1 3aC00iB, 110 CHPHUSIOTH CKOPOUCHHIO TEPMi-
HIB peaduiTalil namieHTiB, OHUMHU 3 SIKUX € QiKcyroui
koHcTpykuii (PK) HaKiCTKOBOTO OCTEOCHHTE3Y, SIKi 32
3arajbHUM BU3HAHHSIM JIiKapiB-TPaBMATOJIOTIB € Haii-
OLUTBII TOCTYITHUMH, ICIICBUMH, 1 MOKYTh BCTAHOBIIIO-
BaTHCS HAaBITh B YMOBaX paifoHHHX CTaIlloHApiB.

[ToBHMII LUK BiTHOBICHHS MeEPeIOMYy KiCTKH
YMOBHO MOXKHa PO3JIUIMTH Ha: JI0 OllepaliiHy AiarHo-
CTHKY; OTIEpALliIo 3 IarHOCTHKOIO, IPOBEAEHOI ITiJ] 4ac
orepariii; nepioj micist onepaniiHoro Brpy4danus. Ox-
HUM 3 TOJIOBHHUX HEIHBa31HMX 10 ONEPAIlifHAX CIIOCO-
0iB aiarHOCTHKY € peHTrenorpadis [6].

Pentren gomomarae JOCUTh TOYHO IIOCTaBUTH Ji-
arHo3, BHSIBUTH OLJIBIIICTh YCKJIAQIHEHb 1 MimiOpaT
MPaBUJIBHUNA METOJ| SIK ONEPaliiHOro, TaK 1 I1HIIOrO
BU/ly JiKyBaHHs. PeHrreHorpadis, sk OCHOBHHMU BH]
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micisipeabiniTaniiiHol 11arHOCTHKH, IHPOKO 3aCTOCO-
BYETHCSI TIPY BUSIBJIICHHI HACTIIKiB KOHTPOJIIO aHOMAJTh-
HUX CHUTYaIIii, IO CTAIUCS B 00JaCTi Tepesiomy.

Henmonikom pentrenorpadii € BiICyTHICTH MOX-
JMBOCTI Oe31epepBHOTO KOHTPOIIIO CTaHy MicIs Iepe-
JIOMY, CBO€YACHOTO BUSIBIICHHS II0YaTKOBOT'O MOMEHTY
TIOIITKOKEHHS (PIKCYI0YOTO MPHUCTPOIO, a TIPH HEOTHO-
pa3oBOMY PEHTTCHIBCBKOMY OOCTEXKEHHI HE BHKIIIO-
YEHO 3aliBe ONMPOMIHEHHS. 3 METOIO0 YCYHEHHsI IaHOTO
HeJI0J1iKa, BUKOPUCTOBYEThCs anapatypa EOIT (enekt-
POHHO-ONTHYHHX MEPETBOPIOBAYIB).

Binomo 3acrocyBaHHS amapaTypu Juisi O6araTomno-
3UILIIHOTO YIbTPa3ByKOBOTO CKaHYBaHHS TPyO94acTHX
KIiCTOK IIiJl 9ac MPOBEIEHHS OIepallii B peXuMi peaib-
Horo 4acy [7]. Y naHii MeTOIWIlI BHKOPHCTOBYIOTPH
EOII. Bouu m03BONSAIOTE POOUTH 3HIMKH HEOOXimHOT
IUITHKA 3 MAJIOI0 BUTpUMKOIO (6mm3pko 0,1 ¢). 300pa-
JKEHHSI I [[bOMY BUBOJUTHCS HA €KpaH MOHITOPA, 10
JI03BOJISIE JIIKApIO KOpEryBaTu cBoi Aii mij 4ac mpose-
JICHHS OTIepaIlii.

3acTocyBaHHsS JaHOT METOIUKHU JJIs 3MIHCHCHHS
6e3nepepBHOTrO MOHITOpUHTY cTtany DK, nuHamiku Bu-
HUKHEHHS XPSIIOBOTO MO30JI0 1 TOSBH 3amnaJIbHUX
MPOLIECIB y XBOPOT'O HEMOXKJIIMBE.

Bimomi mpucTpoi iHBa3iHHOTO KOHTPOIIO 3Mi-
mieHHs nepenomMy i mojgomku @K, [8, 9], B saxux, 3a n0-
MIOMOT0I0 TeH309YTJIMBOI PEIIiTKH, TUCKPETHO BH3HA-
YaroTh JIIHIHY BEIMYHHY 3MilIeHHS KicTku. Hemoi-
KOM JaHUX TIPHCTPOIB € HEMOXIIHMBICTh NPOBOIUTH
HEiHBa3iiHy MIarHOCTHUKY IEpeJIOMiB, KOHTPOIOBATH
JMHAMIKY POCTY XPSIIIOBOI'O MO3O0JIIO 1 TIOSIBH 3allaib-
HHUX IPOIIECIB Y XBOPOTO.

Binoma indopmariiina cucrema He HEIHBa3iHHOTO
KOHTpoJIto nepesioMmy Kictku [10]. YV mpomy mpuctpoi
TEH30/1aTYMKH PO3TAILOBaHI M0 Kpasix OTBOPIB st i-
KCYIOUUX TBUHTIB B Y HaKiCTKOBIl IUTACTHHI. 3a BeIH-
YMHAMH 3YCHJIb HA TBUHTAX, III0 CTBOPEHI HAKiCTKOBOIO
wractrHoio (HIT) i KicTKOO, pO3paXxyHKOBHM HUISTXOM
132 JOCBIIOM JiKaps iarHOCTYIOTh CTYITiHb 3pOIICHHS
kictku Ta ctaH K. J[oCTOBipHICTh TAKOTO BUCHOBKY

0e3 JI01aTKOBOTO PEHTICHIBCHKOTO OOCTEKCHHS HCBU-
COKa Ta IHIWBiAyaabHa, 1 3aJIe)KUTh BT TOCBITY JIiKapsl.
B nanoMy croco0i He JiarHOCTYIOThCS 3aIajbHi Mpo-
LIECH 1 IPUYNHY iX BUHUKHEHHSI.

ToMy € mimcTaBm BBaXKaTu, IO BiIOMi, iCHYIOUi
METOIH Ta iHPOpPMaLiiHI CHCTEMH KOHTPOIIIO ITiCIIs0-
TIeparifHoTOo MePioay BiTHOBICHHS KiCTKOBOI TKAHWHHU
HEJIOCTaTHHO e(hEeKTHBHI 1 HE 33/10BOJIGHSIOTH Y TTOBHIN
Mipi BUMOTaM Cy4yacHOi TpaBMAaroJIorii Ta opromenii
TIpY JIIKyBaHHI NEPeJIoMiB TpyO4acTHX KiCTOK.

iuti i 3aBAaHHA 10CTITZKEHHA

[TpoBeneHi JOCIiIKEHHS! CTABHIM METOIO PO3pO-
OKy iH(opMaIliifHOI CHCTEMH Ta MPUCTPOIO HeiHBa3iH-
HOT'O KOHTPOJIIO 1 TIaTHOCTUKH MTOYaTKOBOTO MOMEHTY
ocnabnenns ab6o monomku DK, BHsABIEHHS aHOMAIT
3pOIIEHHS TIEPETIOMY, A1arHOCTUKH BUHUKHEHHS 1 KOH-
TPOJIIO POCTY XPSIIIOBOTO MO3OJIO, BUSBICHHS 11OYaT-
KOBOT'O MOMEHTY 3aITalbHOTO IMIPOIIECY B TiJli XBOPOTO i
MIPUYXH MOSBU LIHOTO TIPOLIECY.

Jlnst nOoCSTHEHHST MOCTaBJIEHOI METH BUpIlIyBa-
JIMCSL HACTYIIHI 3aBJIaHHS:

- OOTpYHTYBAaTH MiHIMaIbHY KUIBKICTh KOHTpO-
JIbOBAaHMX TapaMeTpiB i chOpMyIIIOBATH KpUTEpiaibHi
3aJI€XKHOCTI MiXK HUMH,

- BU3HAYHTH QYHKIIT ByneBux 3MiHHAX i CKIaCTH
JiarHOCTHUYHY TaONHIo s iHPOpMAaIIiitHOT CHCTEMH;

- PO3pPOOUTH aNTOPUTM 1 KOMIT IOTEpHY IIPOTpamMy
UL iHPOPMaLiiHOT CHCTEMH.

OcHoBHUIT MaTepiaJ

PO3BUTOK MIKPOCXEMOTEXHIKH, BHUKOPHUCTAHHS
0e31poTOBOI mepeaayi eHeprii Ta TEXHOJIOTIi OJrK-
HbOTO Oe3koHTakTHOTO 3B’s3Ky (NFC, anrm. Near-
Field Communication) J03BOJISIOTH BUPINIYBATH 3a-
BIIaHHS HEIHBA31MHOTO KOHTPOJIIO IITICHOCTI (iKCyI0-
yoro npucrporo (PK), nuHamiky BiJHOBJIEHHS Tepe-
JIOMY, 3iMCHIOBaTH IiarHOCTHUKY HPUYMH 3alalbHUX
mporeciB y mamiesTa. Ha puc. 3, npencraBieHo OG0k
cXeMma IPUCTPOIo, KA pealizye Crocid HeiHBa3iiHOTO
KOHTPOJIIO Micis mepesomy [11].
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HakicTHoBa nnacTHHa 3 gaTyMKammM

Puc. 3. Bnox-cxemu npucmporo, wo 6mintoe cnocio HeiHBasiliHo20 KOHMPOIO MiCYs nepeiomy

Ha puc. 4 IpuBCJcHa HaKICTKOBA IUIACTHHA 3 JAaTYUKAMHU TUCKY Ta TEMIICPATYypU HAKICTKOBOI IIACTHHH.
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Puc. 4. Haxicmkosea niacmuna 3 0amyuxamu

Ha puc. 3 Ta puc. 4 no3naueno: 1 — nepmuii gat-
YHMK THCKY HAaKiCTKOBOI IUITaCTUHM HA KICTKY; 2 — &at-
YUK TUCKY XPSIIOBOTO MO30JII0; 3 — JaT4MK TeMIepa-
TYpH HaKiCTKOBOI IJIACTHHU; 4 — APYTUIl JaTUYUK TUCKY
HaKiCTKOBOT TUTAaCTHHU Ha KICTKY;
5 — JaTyMk BUTMHY HAKICTKOBOI IUTacTuHy; 6, 7, 8, 9,
10, 19 — ananoro-nudposi neperBoproBadi; 11 — mep-
Kt MiKpoKOHTpoJIep; 12 — BTOpUHHA 0OMOTKA MOBIT-
PSIHOTO BUCOKOYACTOTHOTO TpaHchopmaTopy; 13 — me-
penasad; 14 — nepBUHHa OOMOTKA IOBITPSIHOTO BHCO-
KOYaCTOTHOTO TpaHChOpMaTopy; 15 — 60K KUBICHHS;

HaxicTioea GesnporiaHa nepedasa
ILTACTHHA, EMEKTPOCHEPT N
BHAIPEOBAHT

napaMeTpH q—)))_)))—)D_)D_

Pi1| P2| P3| Py QHI[DC ‘)'jV
L J ’//_)Y
)
MIKpOKOHTpOTIep /7j Paziocuraan

Ta nepeaagad

16 — mpuiimad curHaniB; 17 — qpyTuii MiKpOKOHTPOIIED;
18 - JATYUK TeMIepaTypu Tina;
20 — inpopmariiine Tabs0; 21 — Miclie yCTaHOBKH eJe-
MEHTIB CXeMH; 22 — OTBOPH I/l KPi[UICHHS TBUHTIB, 23
— GioinepTHMit Matepian [112.

Ha puc. 5, npuBeneHa yoriuHa cxema HpOXO-
JDKEHHs1 iH(QOpMaliiHUX CHTHANIB, CHTHAJIB BHMIpY
KOHTPOJILOBAaHUX BEJIWYMH, KOMaHIHHX 1 KEpyHOUYHX
CHUTHAJIB.

Komanaa
«llogaTors

Indopmanifianii 610k
ITapameTpn, mWo 3a3ar0TEC
Q.°C,A8,, A5,

saviprosammr (. °C

BHXITHI apaMeTpH,
PE3VIBTATH JiarHOCTHKH

*P1|*P2 | *P1| *P4

L
HECMPABHICTE HAKICTKOBOL
[7IACTHHH

v
ll Ikz

*1 - zananeuwHil nponec TiTa
**2- sanaTeHEI ODpoLec HepeToMa

Puc. 5. Jlociuna cxema npoxodicents iIHpOpMayiiHux cueHaLie

Ha puc. 5 noznaueno: P; — nmoka3sHuku gaTdyuka
THCKY 1; P2 — MOKa3HMKM JaTdMKa THCKY XPSIIOBOTO
MO30TI0 2; P3 — mokasHuk matamka Tucky 4; P4 — moka-
3HUKHU JaTYUKiB BUTUHY 5; *P1, *P,, *P3, *P4 — Biamo-
BifgHI iH(OpMaIiiiHi BUXiTHI MapaMeTpy NaTYNKy TH-
cky; Qun, °C — TeMIepaTypa JaTduKa, 110 BUMIPIOE Te-
MIeparypy HakicTkoBoi ruiactuHu;  Qy, °C
HOMiHaJIbHA TemrmepaTtypa Tima (mopiBHioe 36,6 °C);

Qr, °C — Temnieparypa gaTuuKa, 10 BUMIPIOE TeMIIepa-
Typy Tina; Adi, Ad> — mapaMeTpu HOXHOOK.

s po3po0KH anropuTMy BCTaHOBHMO KpUTepia-
JIbHI BiTHOIIIEHHS! KOHTPOJIIOEMUX BEJTUIHH:

- 3yCHJUISA Ha BUXOJIi TeH304aT4uKiB 1 14 — € cunmn
THCKY — P1 Ta P3;

- 10 YCTaHOBKHM HaKiCTKOBOI IUTACTHHH Ha KiCTKY
3HaueHHs P1 = P3 = Pax;
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- BUKoHaHHs piBHOCTi P1 = P3 = 0 € xputepiem pi-
BHOMIipHOTO KpimeHas HIT 10 kicTku 3 HEOOXiITHOIO
JKOPCTKICTIO;

- BUKOHaHHs HepiBHOCTI P1 # P3 # 0 B mepion pea-
OimiTamii, € KpUTEpieM BUABJICHHS IIOYaTKOBOTO MOMe-
HTY ocia0ieHHs (PiKCyr090i KOHCTPYKIIT;

- KOHTPOJIb HApOIyBaHHA KiCTKOBOTO MO3O0JIO
3IIMCHIOETBCSI TAplLIYacTHM JaT4MKOM 2, KOHTPOJIb
CUJIU TUCKY Py;

- 10 BUHUKHEHHSI MO30JI0 po3MipoM 2 MM i 0i-
nble Py = 0;

- IpY BUKOHAHHI YMOBHU P> > 0 KOHTpOJIOETHCS
MIBUJKICTh ~ HApOIIyBaHHA  KICTKOBOTO  MO3OJIO

v _dP,
ooodt
_deZ

- BUKOHaHHsI YMOBHU VM - dt

JOCTaTHHOTO 3POCTAHHS MO3O0JIIO 1 BiTHOBJIECHHSAM IIe-
penomy;

- MOSIBM BUTHWHY HAKICTKOBOI IUTACTHHH (iKCy-
IOTBCS PEIIiTYACTUM TEH30aTYMKOM 5, KOHTPOJIb CHT-
HaIly Ha oro BuxoJi Pa;

- BUKOHaHHs piBHOCTI P4 = 0 B mepiox peabimitarii
€ KpUTepieM IUTICHOCTI PiKCYI0uOi KOHCTPYKIIIT;

- BUKOHaHHS1 yMOBU P4 # 0 € KpUTEpieM BUTHHY
HaKiCTKOBOI IIACTHHH,

- KPUTEPisIMH BUSIBJIICHHS MPUYHH 3aN1aJIbHUX MTPO-
L[ECIB Y XBOPOTO € TeMIIepaTypHi MOKa3HUKH JaT4UKa
3, 10 KOHTPOJTIOE TEMIIEPaTypy HAKICTKOBOI IIIIACTHHU

€ KpUTEepieM

o .
9 I » T@ JaTYMKa KOHTPOJIIO TEMIIEpATypH Tina 18 Ha

Oyab-sIKiii TUTSTHIT

0.
- BUKOHAHHS YMOBH
9°HH = GOT = (36, 6+ 0, 2) °C e KpHUTEpieM

BiZICYTHOCTI 3alIaJIbHOTO TIPOLIECY Y XBOPOTO;
- BUKOHAHHS
9°

O
HH<eT

YMOBH

> (36, 6+ O, 2) °C e KpHUTEpieM

MMOYATKOBOTO 3alalIbHOTO TIPOLIECY Y XBOPOTO, HE
TIOB’SI3aHOTO 3 TIEPEIIOMOM;
- BUKOHAHHS YMOBH

0°,, >(36,6+0,2)°C i
GOT = (36, 6i0, 2)OC € KpHUTEpieM TOYaTKO-

BOTO 3aMaJIbHOTO TIPOIIECY M SKUX TKaHWH B 00IacTi
HepesioMy.
BcranoBumo TecToBi (QyHKIIi OymeBHX 3MiHHUX
JUTSL KOHTPOJTIO Ta TIarHOCTYBAHHS MICIISI IIEPEIoMYy.
X1 — «1» pu 3Ha4yenHi cwu Tucky P1 =0+ Ad1 i
Xy —«0» mpu P1 > 0 + Ady;
X2 — «1» mpu 3Ha4ueHHi cuu TucKy P3 =0 + Ad1 i
X2 —«0» mpu P3 > 0 + Ady;
X3 — «1» mpu 3Ha4ueHHi cuu TUCKY P2 = 0 + Ad1 i
X3 —«0» mpu P2 > 0 + Ady;

X4 — «l» mpm  BHUKOHaHHI  yYMOBH
dpP,,
V,=—2#20+A9, i
dt
Xs - «0» mpu  BUKOHaHHI  YMOBH
dP
—_ d2 _ .
V, =—% =0+AS,:
X5 — «1» mpu BukoHaHHI yMOBH P4 =01
X5 — «0» mpu BUKOHaHHI yMOBH P4 # 0;
Xe — «l» mpu  BUKOHaHHI  YMOBH
6°,, =(36,6+0,2)°C i
Xe — «0» mpu  BUKOHaHHI  YMOBH
6°,, >(36,6+0,2)°C;
X7 - «l» mpu  BUKOHaHHI  YMOBH
6°, =(36,6%0,2)°C i
X7 — «0» 1mpum  BHUKOHaHHI  yYMOBH

o o
6°, >(36,6+0,2)°C.
MiHimi30BaHi OIIHKY OyJaeBUX (YHKIIIH [Is miar-
HOCTHKH HepesioMy Ta (GiKcyruoi KOHCTPYKIi MatoTh
BHIJISI

F(X,0 X, X, X, X0, X0, X, ) = (X, UX, UX, UK, UX X uX, )N

X, UX, UX, UX, UX "X UX )m(XluXZUXSU)_(4uX5mX6uX

(

( UX,UX,UX, UX, "X, UX,
( LUX, UX, UX, UX "X, UX,
( UX,UX,UX, UX, "X, UX,
(X, UX, UX,UX, UX; "X, UX
(X, UX, UX, UX, UX, "X, UX

(X, UX, UX, UX, UX, "X, UX

ol
(
(Xluxzuxsu)_(4u)_(5r\x6ux
(
(

7
)
Xlu)_(zuxgu)_(4uXSmX6uX7)
Xluxzuxsu)_(4u)_(5mxﬁux7)
)
)
)

7

X, UX,UX, UX, UX "X, UX

7

> 2> D O 2 D

X, UX,UX,UX, UX "X, UX

7

B Tabi. 1 HaBeneHi 3HaueHHs OyJieBUX (QYHKIIN I Pi3HUX CTaHIB A1arHOCTYIOYOro 00’€KTa.
Y y p y
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Tabu. 1
3HadeHHs OyseBUX (QYHKIIIH CTaHIB AIarHOCTYBAaHHS TIEPEIOMY
No F( Xl’ XZ s X3 5 )(4 s XSXG , X7 ) CraHu qiarHOCTYHOYOro 00’ €KTa
1 F(1,1,1,0,0,1, 1) HopmanbeHuii cTaH 3aro€HHs epesioMy
2 F(11,01111) [ToyaTok HAPOCTAHHS XPSIIIOBOI'O MO30JIIO
3 F(1,1,1,0,1,1, 1) Kineup HapocTaHHS XPSAIIOBOIO MO30JIIO Oy KaHHS
Ocnabnensst Gikcyro4oi KOHCTPYKIIT — ocnabiaeHHs BEpXHiX
4 F (0,1,1,0,1,1,1) FBHHTIB
Ocnabnensst Gikcyr04oi KOHCTPYKIIi — 0CIabIeHHsT HIKHIX
5 F (1,0,1,0,1,1,1) FBHHTIB
Ocnabnensst Gikcyro4oi KOHCTPYKIIT — ocnabiaeHHs BEpXHiX
6 F (0'0’1’0'1'1’1) Ta HIKHIX TBUHTIB
7 F(1,1,1,0,0,1,1) Burig HaKiCTKOBOI IIACTHHH
8 F (0,1,1,0,0,1,1)
9 ) Burin HaKiCTKOBOI IJTACTHHH 3 OCTAOJICHHIM BEPXHiX, HIK-
F(1010011 HIX Ta BEpXHIX 1 HWKHIX TBUHTIB
10 |F (0,0,1,0,0,1,1)
11 F(1,1,1,0,1,0, 1) 3anmanpHUH nporec M’ IKUX TKAaHWH B MICIIi TIeperoMy
12 | F@,1, 170,1,1,0) 3ananpHUi OPOLEC Tila XBOPOro
13 = (1,17170,1,0,0) 3arajapHUM 3amadbHUR IPOIIEC XBOPOTO
Anpodanii po6oTu po3pod.1IeHOro NPUCTPOIO CTaHy NepesioMy KiCTKH IPH HaKiCTKOBOMY OCTEOCHH-

Ha puc. 6 npencraBieHo airopuT™M KOMIT'IOTEP-  TE3y».

HOI mporpamu «HeiHBa3iiiH1I KOHTPOJIb 1 JiarHOCTUKA
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Bcranosaenns Ao 1,
A2, Quorm, Pd3et,

Tl poborn cucremm

©

Pd2sr=Pd2s1/30

Pdlsum=Prlsum/30
Pd1=Pd1sum

Bronodenns curnan
Pd1

Pd2sum=Pd2sum/30
Pd2=Pd2sum
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Pd3sum=Pd3sum/30
Pd3=Pd3sum

Qupsum-=Qnpsum/30
Qup=Qupsum

Qt > Qnorm && Qup >Quorm

Tax

Brmovenus
CHTHATBANN
«IlizBHmena
TemmepaTypa Tina i
Aticiii mepeaoMy »

Qt > Quorm && (Qup <= Quorm |)

Qup > Quorm && (Qt <= Qnorm)
Tax

CHTHATIALILT!
3ananboBanbHuil
npouec y sicui
nepeomy!

Pd4um=Pd4sum+Pd4
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Pddum=Pddam/30
Pdé4-Pddum

Hadern VePd4.
Pddet

HIxasicrs V=0

Janepmenns wuyy

obcremenns

Puc. 6. Aneopumm xomn romepnoi npoepamu HeiH8a3iliHO20 KOHMPOIO MiCYs Nepenomy KicmKu

B otBOpH, siki po3ramioBani y (ikcyrodiid rmiac-
THHI, BCTaHOBIIOIOTH MEMOpaHHI ONyKJi TEH301aT-
gukd | 1 4 MK KpaifHIMU TTapaMu OTBOPIB I PiKCy-
rounx TBUHTIB 22. Take po3ranryBaHHsS MeMOpaHHHX
OITYKJIMX TeH30aT4HKiB | i 4 T03BOJIsIE OTPUMATH Ma-
KCHMaJIbHE iX 3MIIEHHS Py ocabieHHi (ikcarii mia-
CTHHH IIiJ Ti€F0 MiHIMaIbHOTO MOMEHTY CKPYJIyBaHHSI
Ta 3yCHJIb IO PO3TATYIOTH 200 CTUCKAIOTH KiCTKY.

BunukHeHHs1 ocnabneHHs (ikcyrouoi MIacTHHU
mij Jiero HenependayeHoro Ta BUIIAJIKOBOIO HaBaHTa-
JKSHHSI TIPU3BEJIC 70 MOSIBU 3a30PY MIXK KICTKOIO 1 0J1-
HUM a00 IBOMa MeMOPaHHUMH ONYKJIMMH TEH30JaT4H-
kamu 1 a60 4. 3ycuiuis dikcarlil 3MiHIOETHCS, 110 € KPH-
TepieM ocnabieHHsAM Qikcarmii i Ta 3MIMEHHS MicIsa
nepenomy. IlosBa 3MEHIIEHHS 3yCHIUIS € KPUTEpieM
JUTSL IPOBEICHHS CBOEYACHOT PEHTI€HOIIarHOCTHKH.

TemneparypHuil JaTyuk 3 BCTaHOBJIIOETHCS Ha
Oyap-sKiit HinsHII (BiKCYI0YOi TIIacTHHU. 3a JOMOMO-
TOFO TBUHTIB Yepe3 oTBopH 22 (ikcyroda MIacTHHA Kpi-
NUThCS 10 KicTkU. KpimneHHst ¢ikcyrodol miacTHHU
3MIACHIOETHCS TaK, 00 MEMOpPaHHUIA OMYKJIHIA TEH30-
JATYUK 2 pO3TAIIOBYBABCS HAJA MICIEM IEpesoMy, B
JIAaHOMY BUTIQJIKY BiJICTaHb BiJI IEpesoMy 10 MeMOpaH-
HOTO OITyKJIOTO TeH30JaT4YMKa 2 BCTAaHOBJICHA He Oi-
nprre 2 MM. TeH30JaTYUK penriT4acToro BUILy 5 po3Ta-
IIOBaHUM HaJl MicueM mepenoMy KicTku. Take po3ra-
OIyBaHHS JaTyhka 5 [03BoNsie (piKCyBaTH 3TUH
HaKiCTKOBOI IUTACTHHH Ta MOUIKOKECHHS pereHepary.
Buxinna ymosa P4 = 0.

ITpn ycraHoBui (iKCcyrouoi IUIACTHHHM Ha KiCTIi
mig gac omepaii, B MeMOpaHHNX OMYKJIMX TEH304aT-
gukax 1 i 4 BinOyBaeTbcs HaTHCKaHHSI MeMOpaH, 10
JIO3BOJISIE BUMIPIOBATH Ta KOHTPOIIOBATH 3yCHIIIIS (iK-
carii mpu 3akpiruieHHi (hiKCyl04oi IIacTHHH.

OTtpumasne criouaTKy 3HaYeHHs 3ycunb P4 Ta P3 3a-
naM’sITOBYETHCS 1 CITyKHUTh KOoe(illieHTOM OOHYJIIHHS
3Ha4eHb, OTPUMAHUX MPU APYTOMY 1 HACTYITHUX BHMi-
pax.

ITpm ycTaHOBII HaKICTKOBOI INTACTHHY 3ycHiLIs P2
= (0. B ymoBax HOpMaNbHOTO TIpoIiecy peabimiTariii me-
penoMy 3pOCTaHHS XPSIIOBOTO MO30JII0 TPHBEAE 10
HaTHUCKaHHS MeMOpaHW MEMOpPaHHOTO OITYKJIOTO TEH-
3omatumka S. [Ipu P2 > 0 KOHTpOJIOETHCS MIBUAKICTH

dP,,
dt

HapOCTaHHA KICTKOBOI'O MO30JIIO VM =

HaHHS V, = de2
yMOBH V

dt
THBOT'O 3POCTAHHS MO3OJIO 1 BiTHOBJICHHS IIEPEIIOMY.
Jlikapio Le JO3BOJIE BCTAHOBIIOBATH Ta KOHTPOIIO-
BaTH HAaBaHT)XKEHHs Ha KiCTKy abo poOOTH BHCHOBOK
I10JI0 TIOBHOT'O OJTyKaHHSI XBOPOTO.

[Tpu BusiBIICHHI IIOYAaTKOBOTO POCTY TEMIEpaTypH
(ikcyr0U01 TUIACTHHN BUMIPIOIOTH TEMIIEPATypy TaIlie-
HTa B iHIIOMY JIOCTYITHOMY MiCIli, HAallpUKJIaJl, Ha PYIi.
BincyTHicTh 3pocTaHHS TeMIEpaTypH IalieHTa Ha
pYLI € KpUTepieM BHUSBIICHHS 3allaJIbHOTO IIPOIECy B
Micui nepenomy. OHOYaCHE 3pOCTaHHSI KOHTPOJIbOBA-
HUX TeMIeparyp Ha QikCyrodiil MIacTuHI Ta B IHIIOMY
JOCTYITHOMY MICIIi, HATIPUKIIAJ, Ha PYIli, € KPUTEPieM
3araJIbHOTO 3aXBOPIOBAaHHS HE IOB’S3aHOTO 3 IEpeNo-
MOM.

[Hdopmariitamii 6JI0K pO3TAIIOBYIOTH Ha 3aIl’ACTi
pyku. [TouaTkoM KOHTPOJIIO 1 IIaTHOCTUKHU CTaHy (iK-
Cyl04oro npucrporo € komanna «Ilouarox». Bumipio-
€TbCs TeMneparypa Tina. Ha aucmnei BinoOpaxaerscs
s iH(popmaris.

, BUKO-

=0 KpHUTEpieEM J1ocTa-
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Just orpuManHs iHpopMallii 3 JaTYHMKIB, pO3TaIIo-
BaHUX B HAKICTKOBOI IJIACTHHI, iHGOpPMAIHHUN OJIOK
MiTHOCUTBCSA JO MICI TepelioMy Ha BiJICTaHb He
Mmenme 20 — 25 cm. 3a gomomororw 6e3apoTOBOI Iepe-
Jadi eJIeKTPOCHEPril JaTYuKU OTPUMYIOTh JKUBJICHHS.
IIpoBoaNTHCS BUMipIOBaHHS IMOKA3HUKIB 1 O0UHUCICHHS
iX cepeqHiX 3HAUYCHb.

Otpumana iHdopmauis o 6e31poTOBOMY 3B SI3KY
nepenaeTbcs B iH(poOpMamiiHuK OJ0K, ae 00poOIIs-
€ThCs. BiMOBIIHO 10 KpUTEPiiB IPOBOJAUTHCS iarHO-
CTHKa PO CTaH HaKiCTKOBOI IUTACTHHU, TEMITiB 3POIITY-
BaHHS IIEPEJIOMY 1 HasIBHICTh 3aIIAJTFHOTO TIPOIIECY.

Ha pwc.7 mnpusenermii mpoToKon pobotu

KoM 'toTepHOi mporpamu «HeiHBa3iitHUN KOHTPOJb i
JIarHOCTHKA CTaHy IIEepeloMy KICTKHM IpPU HaKiCTKO-
BOMY OCTCOCHHTE31».
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Puc. 7. [Ipomokon pobomu npozpamu
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BucHoBkH

1. 3actocyBaHHs 6€31pOTOBOI Mepenadi eIeKTpo-
eHeprii Ta iHQOpPMAIIHHIUX CUTHAIIB JO3BOJISE CTBO-
putn iHQOpMAaLiiiHy cHCTEMy HEIHBa3iHHOTO KOHT-
POJIIO 1 IarHOCTHKH CTaHy IepesoMy TpyOdacTux Kic-
TOK.

2. JI7s1 IOBHOTO KOHTPOJIIO CTaHy 3pOLIEHHS I1e-
peroMy HEOOXiTHO BCTAHOBUTH B HAKICTKOBY ILIaC-
TUHY: JIBa JaT4WKa, 10 KOHTPOJIIOIOTH HATHUCKAaHHS
TUIACTUHHM JI0 KICTKH, AaTYMK KOHTPOJIIO BUTHHY ILIac-
THHH, TaTYMK HAPOLIYBaHHS XPALIOBOIO MO3OJIO 1 Ja-
TYHK KOHTPOJIIO TEMIIEpaTypy HaKICTKOBOI IJIACTHHHU.

3. BcTaHoBeHHS KpiTepiallbHUX —3aJIeKHOCTEH
MiXX KOHTPOJILOBAaHUMH MTOKa3HUKAMH JAaTYHKIB 1 MiHi-
Mi30BaHOIO OIIHKOIO OyJeBHX ()YHKIH TO3BOJISIOTH
CTBOPHTH iHPOpMAILiiiHY CHCTeMy HEiHBa31ifHOTO KOH-
TPOJIIO TIEPEIOMY.
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Abstract

The aim of the work is to conduct a brief analysis of the laser exposure of printed circuit boards, consider the
main stages in photolithography, familiarize yourself with the designs of machines and types of lasers for laser

exposure.
Anomauin

Memoio pobomu € npogedenHs KOPOMKO20 AHANIZY NAZEPHO20 eKCROHYBANHS OPYKOBAHUX NAAM, PO32IA0 OC-
HOBHUX emanise 6 homonimozpaii, 03HANOMNEHHS 3 KOHCMPYKYIAMU 8ePCIAMI6 I munamu 1asepis 0jis 1a3epHO20

€KCNOHY6AHHA.

Keywords: laser exposure; photo masks and ultraviolet lamps; photolithography; types of lasers; machine

designs and their features.

Kniouosi cnosa: nazepne excnonysamms;, pomo-macku ma yivmpagionemosi namnu; gomonimospagis,

munu 1a3epie; KOHCMpYKYii cmaukie ma ix 0cooauUBoCcmi.

Beryn.3B’s3Ky 3 IUBUIKUM PO3BUTKOM E€JIEKTPOH-
HOI TeXHIKM BHHHKAIOTH BCE HOBI Ta JKOPCTKIII BHU-
MOTH JI0 OCHOB JIPYKOBaHUX MOJIYJIB, a came J0 ApYy-
koBaHUX miat (IT).

Jlo X yMOB MOXIIMBO BiTHECTH B IIEpIIy Yepry
MIHIaTIOPU3AIlI0 MPHUCTPIB, Ta IHTETPAII0 B OJXHOMY
NPUCTPOIO BENUKOI KINBKOCTI MOJYJIB, IO B CBOIO
4epry NpU3BOAUTH JO:

— 3MEHIIeHHs1 Maco-radapuTHux posmipis JI1
(3MEHIICHHST TOBIIWHHU, LIMPUHHU MPOBITHHUKIB, 3MEH-
IICHHS BIJICTaHI MK HUMH);

— 30LIBIICHHS KUTBKOCTI poBiaHMKIB Ha JII1;

— 30LIBIIICHHS KUTBKOCTI CJIOTB TipoBigHUKIB B 11

— HeoOXigHICTh 30UTBIICHHS TepMiHy ciryxou 111

— 3a0e3MeveHHs eneKTpuaHol HagiitHocTi 11

— 30epeKEHHS MEXaHIYHOI CTIHKOCTI IPOBIAHUKIB
ta JI1.

TakuMm 4MHOM, 3B’5I3KY 3 3pOCTAIOUUMH BUMOT'aMHU
JI0 KOHCTPYKIIii JIPyKOBaHMX MOIYJTIB BCe OibmI
YCKJIAIHSFOTHCSI TEXHOJIOTIT TX BUTOTOBJICHHS, T KJa-
CHYHI CTapi METO/IM YaCTO CTAIOTh HE MPUIATHI JIJIsl BU-
poOuutrTBa JII1 BiAMOBITHO 0 Cy9acHUX BUMOT.

JlazepHe excnonyBanHsi. OJHUM 3 OCHOBHHUX Me-
toziB BurorosneHHs 11 B Hamt yac € ¢oTtomitorpadis,

JOCITIJKEHHS Ta BIOCKOHAJICHHS SIKOi Ma€ BEJIHMKE 3Ha-
YeHHsI JUI MiHIaTIOpr3arii IpyKOBaHUX IJIaT Ta PO3BH-
TKY NpHIIaio0yyBaHHS.

Texnonorist poTomrorpadii Bkiouae B cede Oa-
rarTo eTanis, a came:

— OYMIIEHHS 1 mAroToBKa mosepxHi JAI1;

— HaHeceHHs ¢oropesucta Ha [I1;

— TIOTIEPEIHE 3aTBEpAiHHS (HOTOpE3HCTa;

— eKCTIOHYBaHH: 300pakeHHS;

— BTOPUHHE 3aTBEPiHHS;

— TPOSIBIICHHS 300paKeHHS;

— (iHaNbHE 3aTBEPAIHHS;

— TpaBJICHHSL.

Etan excrnoHyBaHHS € OJHHUM 3 KIIIOYOBHX, 00
camMe Ha HhOMY (DOPMY€ETBCS TOMONIOTi MalHOyTHHOTO
BUpoOYy.

OnuH 3 caMuX MOIIMPEHNX METOAIB B (oToiTo-
rpadiYHOMY €KCIIOHYBaHHI — € (OTO-PE3NCTHUBHE €KC-
MOHYBaHHSI.

ITpotiec Takoro cnoco0y eKCIOHyBaHHsI MOJISITAE B
3acBidyBaHHi (oTopesucra yepe3 GoTomadioH 3 HEOO-
xigry Tomosorito JII1, cBiTmoMm BuauMoro abo yiabTpa-
(hiomeroBoro giama3ony, mo i Bigpi3Hse ek eran ¢o-
Toitorpadii Bix iHIIHUX, puc.1.
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1. 3aroToBKa 2. HaHeceHHA

3. EKcnoHyBaHHA

4. TpaBneHHna 5. OuncTra

“ doTopesuncra
donbrosaHuit erWLZ( " . . . . . .
aienekTpuk doTopesuct s < acka . ' .
/ SV A

‘.-..-..I.I.I..l.u

Puc. 1 — Emanu gpomonimoepachii

[lepeBaramMu JaHOTO METOIY € BUCOKA MPOTYKTH-
BHICTb 1 BiIHOCHA IIPOCTOTa METOY. AJIE 10 HEJOMIKiB
JTAHOTO METOIy MOXIIMBA BiJHECTH Mapa3wTHI 3aCBi-
YeHHS MIPOBIAHUKIB, SKi IJIMBAIOTH HA CNEKTPUIHY Ha-
niviaicTs JT1.

[HIIIM METOIOM €KCIIOHYBAHHSM, € JIa3epHE eKC-
MOHYBaHHS TOMOJOT YHUX 300paxkens JI1.

Jlanuii MeTo/1 3aCHOBaHH HA TOMY IO MTOJIIMEPH-
3amis GoTope3ncTopa 3MINCHIOETHCSA 32 PaXyHOK TOY-
KOBOTO (POKYCHPOBAaHHOTO JIA3€PHOIO BHIIPOMIHIO-
BaHHSI, 10 BIIPi3HsI€E JaHUN CIIOCIO CKCTIOHYBAaHHS Bif

TEXHOJIOTii BUKOPHCTaHHS (POTO-MAcOK Ta yiIbTpadio-
JIETOBHX JAMII.

JlazepHe EKCIIOHYBaHHS IPOBOAWUTHCA IIIIIXOM
JIOKaJIbHOTO 3acBivyBaHHSA MUITHOK Tomouorii 1T cdo-
KyCOBaHHUM Ha ii TOBEPXHIO JJa3epHUM BUIIPOMIHIOBaH-
HSIM.

HeBennka yacTka 1ajarodoro BUIPOMIHIOBAHHS
TIOTJIMHAETHCS (POTO-MACKOIO 1 IPU3BOAMTH JI0 TOJIIME-
pu3aii 3acBiquyBaHUX JTUISTHKO, pHC 2.

Hanecenne Copmentenie,
doTopesucra, cymia scnomRpoRanie

MonrotonKa
nosepxiocTH
SiCn Toropesmet
. ——
-

&oromabnen , , .

Hposenenke, Tpasnenne.
STMLBKA, CyLIEA oTuERa, cymia

Yxancuie
pore mackn

e

[P

= =

Puc. 2 — Cxema nazeproeo excnonyeamms

Mertoj 103BOJISIE 3MEHILIUTH MAPa3UTHY 3a CBITKY
npoBiaHuKiB Ha [II1, a TaKOK J03BOJIUTE JOCSITTH MEH-
1101 BiZICTaHI MiXk MPOBITHUKAMH.

[HIIMMU TIepeBaramMM J1a3€pHOTO EKCIIOHYBaHHS
300paKEeHHS €:

— BHCOKA TOYHICTh Ta SIKICTh BUPOOY 332 PaxyHOK
BUKOPHCTAHHS CHENiali30BaHUX KOMHI'IOTEPHUX IIPO-
rpaM Ut 0OpOOKH KpecleHb 1 PO3BOJIKH IPOBiTHIKO-
BUX JIOPI’KOK MiKpOCXEeMaX;

— BHCOKA IIBUAKICTE 00pOOKH;

— 30UTBIICHHST PO3ALIBHOI 3[JATHOCTI, IO JTO3BO-
JUTH 3MEHIIUTH PO3MipH npoBigauKiB AI1.

Came 3aBISKH BCIM IIMM IIepeBaram Ja3epHui Me-
TOJl eKCTIOHYBaHHS € 3apa3 MPOBITHUM 1 JOCTYIHHUM
JUTS IAPOKOTO KOJIa CTII0KHUBAYIB.

CydacHe 00na/lHaHHS Ma€ MUPOKHIA Jiana3oH Te-
XHOJIOTIYHHX MTapaMeTpiB AKi BIUIMBAIOThH HA TOYiHHI Ta
SKICHI XapaKTepUCTHUKU TexHoJorii. B pe3synbraTi om-
TUMi3allil TEXHOJIOTIYHHUX IMapaMeTpPiB EKCIIOHYyBaHHS

MOXIIMBO 3a0€31eYnTH HeoOXiIHI nmapamerpi BUpoOYy,
TaKi sK:

— 30epeKeHHs] TEOMETPUYHHUX PO3MHPIB 3a/laHii
tomotorii J{IT;

— TOYHICTh MMO3ULIIOHYBaHHS TIPOBIIHUKIB;

— 3a0e3ne4eHHs eneKTpuuHoi HaaiiHocTi AIT;

— 30epeXeHHsT MEeXaHIYHOi CTIHKOCTI MPOBITHH-
KiB;

— yHuKHEeHHA AedekriB B Tomoorii JI1.

KoHncTpykuist cTaHKIB /151 J1a3epPHOT0 €KCIIOHY-
Banna JII1

3a KOHCTPYKIIIEIO NTaHi CTAaHKHA MOJIMBO PO3Ji-
JIUTH Ha J1Ba BUIU:

— 3 JEKapTOBOK CHUCTEMOIO IepecyBaHHs JIM,
puc. 3 a;

—3 CHCTEMOIO CKaHaTOPHOIO BiOOpakKeHHS Ta
(oKyCyBaHHSM JIa3epHOTO BUIIPOMIHIOBaHHS, pHcC 3 0.
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a)

@) cmaHoK 3 0eKapmosor cucmemoio nepecysantam JIM; 6) cmanok 3 cucmemor 03epKantbHO20 NO3UYIOHYEAH-
HAM.
Puc. 3 — Ilpuxnadu sepcmamis

[punatnn po6oTH cTaHKiB 3 pyxoMuM JIM 1o 1BOX OcsiX MOKa3aHUH Ha puC. 4.

Hanpas:ioda oci (Y)

pobdounii cTix

TEHTOBA Ieperava

JIM

Hampasaoua oci (X)
euryH oci (X)

Hamnpas:aoua oci (Y)

zsuryH oci (Y)

Puc. 4 — Cxema pobomu nazeproco cmanka 3 nepecyganusam JIM 6 06ox ocsx

JIncroBa 3aroToBKa JIiTrae Ha pOOOYHIA CTiJI, TOTIM
BKIIto9aeThes JIM 1 mounHae pizatu abo rpaBipyBaTH B
3aJJaHuX MICISIX 3arOTiBKH.

3a no3noBxkHE nepecyBanns JIM Binnosinae kpo-
koBui enextpoaBuryH oci (Y), i Bl HanpaBisito4i oci
(Y).

VY Bunajkax, ko JIM mae Benuky Bary abo mot-
piOHe nonaTkoBe oxosomkeHHs JIM, Ha KOXKHY M03/10-
BXKHIO HAINpaBIIIOYy, BCTAHOBIIOETBCS IO OJHOMY
CNIEKTPOJBUIYHY, BKIIOUYEHHX Y Mapajeib 10 OJOKY
YIpPABIIHHS, IIO JO3BOJISE MiJABUIIMTH MOMEHT yTpH-
MaHHA JIM, 3MEHIIUTH 1HEpIlifo pu HOTro MPOCYBaHHI
M0 HAIMPABIIOYMX 1 30UTBIINTH TOYHICTP pi3y i IpaBi-
pyBaHHSI.

3a nomnepeune nepecyBanHs JIM BizmnoBinae kpo-
KOBHH eJekTpoaBUTYyH oci (X) 1 Hanpasisitoua oci (X).

Kosnit He0OXiIHO 3MIHUTH BIJICTaHb MIX JIUCTOM 1
JIA3ePHOI0 T'OJIOBKOIO, POOOYHIA CTLT OMYCKAEThCS a00
MiHIMAETHCS 32 JOMOMOTOK TEHTOBOI mepenad i abo
perymoBanHsiM JIM 1o BHCOTI 3a JONOMOTOIO CEpBO-
MPUBOY.

JlaHa KOHCTPYKLIs Ja3epHHUX CTaHKIB OTpHMaia
[IMPOKE 3aCTOCYBAHHS Y BUPOOHUIITBI 1 Ma€ HU3KY IIe-
pesar:

— BIZICYTHICTh CJIIIHX 30H IJIsI poOOTH;

— MOXJIMBICTh OOpOOJISITH 3aroTiBKH BEIHUKOIO
TUTOLIMHOIO JINCTOBHX 3ar0TOBOK, B 3aJIE)KHOCTI BijI po-
3MipiB CAMOTO CTaHKa;

— MaJti rabapuTH CTaHKIB;

— BHCOKA TOYHICTh pi3aHHS B 3aJIE)KHOCTI BiJ ca-
Moro JIM i KpoKy JiHIHHOTO NMPUBOAY (KPOKY XOIO-
BOT'O TBHHTA).

Bepcratu ¢ ckaHATOPHOI CHCTEMOKO A3epKal Oc-
HOBaHI Ha MPUHIIUII TOBOPOTY J3EPKAII 1 JIiH3, sIKi Bi-
J00paXkaroTh MiJi HEOOXITHUM KyTOM JIa3epHHUI Mpo-
MiHb.

3a KOHCTPYKIIiIO BOHH JALIATHCS Ha:

— IUTAHIIETHI, puc. 5;

— 3 BHYTpilIHIM OapabaHoMm, puc. 6;

— 3 30BHIIIHIM 0apabaHoM, puc. 7.

B xoHCTpyKLil mIaHmeT, opMa po3TalIoBaHa B
TOPU30HTAJIbHIN IUIOLIMHI HEPYXOMO 200 POOUTE pyX y
HalpsIMKY. IEPIEHIUKYISIPHOMY HaIPSIMKY 3aITiCy 30-
OpaxeHHsI, puc.8.
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MoTymaTop

Tnsean

TTevarTHad
TLRAC THIEY

Puc. 5 — Ilpunyun pobomu nasepno2o eKCNOHY8ANHSA 8 BEPCIMAMAX Muny niaHuiem

B xoHCTpyKLii 3 BHYTpinTHIM OapabaHoM, popma po3TammoBaHa Ha BHYTPIIIHIA TOBEPXHI HEPYXOMOTO ITHITi-

HApa, puc. 9.

Nazep

3epKano

Bpaluasiueecs 3epkana

2\

\"-.
o

o

[NeuaTHan MacTHHA

Puc. 6 — IIpunyun pobomu nazepHoco eKkCROMy8ants y epCmamax 3 6HympiwHin 6apabanom

B xoHCTpyKmii 3 30BHINIHIM OapabanoM, ¢opMa po3TanroBaHa Ha 30BHINIHIN MMOBEpXHI HITIHAPA, IO 00ep-

TaeThCs, puc. 11.

Puc. 7 — Ipunyun pobomu nazepHo2o eKCROHY8AHHA Y BePCAMAX 3 306HIWHIM bapabanom

Jo mepeBar JaHOTO MPHHIMITY MOKJIHBO BiTHE-
CTH:

— BHUCOKa MIPOXYKTHBHICTH POOOTH 3a pPaxyHOK
TOTO, IO MOXJIMBO 00po6saTu aBi [I1 ogqHOUacHO;

— BUCOKa TOYHICTh TO3WIIIOHYBaHHS Ja3epHOTO
BUIIPOMIHIOBAHHSI.

BucHoBknu

Buxonsun 3 mpoBeseHOro aHaiily TEeXHOJIOTIT
EKCIIOHYBaHHS JIPyKOBAaHMX IJIaT, MOYKHA 3pOOUTH BHU-
CHOBOK III0 METOJI JIA3EPHOT0 EKCIIOHYBaHHS Mae 0e3-
JIY IIepeBar B MOPiBHSIHHI 3 BAKOPUCTAHHAM yIbTpadi-
OJIETOBHX JIAMIIaxX ISl €KCIIOHYBAHHS, a caMe:

— 30epeKeHHs] TEOMETPUYHNX PO3MHPIB 3aJaHON
tononorii JIT;

— TOYHICTh MTO3UIIIOHYBAHHS IPOBITHHKIB;

— 3a0e3nedYeHHs eeKTpuuHOi HagiiHocTi JAI1;

— 30epeXeHHST MeXaHIuHOi CTIHKOCTI MPOBITHU-
KiB;

— yHuKHeHHA Aedexris B Tomoorii JI1.

Taxox Oynu pO3TIISIHYTI BepCTaTH I JaHOI TeX-
HOJIOTI{ iX KOHCTPYKITiiHI 0COOIMBOCTI Ta MepeBary.

Camoto 0r0/IKETHOI0 KOHCTPYKII€I0 € KOHCTPYK-
1151 3 IEKapPTOBOIO CUCTEMOIO IepeminieHHs JIM, Tak sk
B Hill BIJICYTHSI CKaHaTOpHa CHUCTEMa NPOMIHHS, SIKa
3HAYHO JIOPOXKYE.

Jlo nepeBar ckaHaTOpHOI cUcTeMH (POKYCYBaHHS
MOJKJIBO BiJTHECTH:

— BHCOKA IIBUIKICTH pOOOTH, SIK HACIIIOK OlIbIIa
MIPOAYKTUBHICTH poOOTH;
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— BHCOKa TOYHICTb IIO3UILIIOHYBAaHHS JIA3€PHOTO
TIPOMiHHSI.

Bynu po3rnsHyTI THNU Jla3epiB Ui Ja3epHOTO
eKCIIOHYBAHHS, SIKi OLTBII MOIMUPEH] B JaHiIi TEXHOJIO-
rii a came mioAi, BOJOKOHHI Ta KPUCTAJIYHI 3 JOBXH-
HOIO XBIIi BUNpoMineHHA Big 400 HM 10 760 HM.
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MATHEMATICAL MODEL OF TACING INTO ACCOUNT CHANGES IN GEOMETRIC AND
PHYSICAL CHARACTERISTICS OF BULK CARGO STACKS IN THE PROCESS OF LOADING A
LIGHT VESSEL
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Abstract

In the practice of simultaneous transportation of several types of bulk cargo on a coaster ship between ports

in the basin of the North Sea, the Norwegian Sea and the Baltic Sea, their placement in the hold in separate stacks
is carried out using the «naturaly separation method. On the m /v « Wilson Bilbao» voyage observations of the
simultaneous transportation of several types of bulk cargo were carried out. It has been established that if the ship
has an initial trim, then when loading bulk and, especially, bulk cargo, it is displaced and poured. The angles at
the base of these stacks of cargo are changed by the trim angle: one of the corners increases, the other decreases.
The center of mass of the stack of displaced cargo moves, which cannot be ignored when calculating the stability
of the vessel after the end of loading. The article considers a mathematical model that allows calculating the
coordinates of the center of mass of the displaced cargo depending on the linear dimensions of the hold, the angle
of repose of the cargo and the initial trim of the vessel.

Keywords: type vessel «costery, one hold, bulk cargo pile, coordinates of the center of mass.

Introdution. In the practice of operating ships
type «coastery, a situation often arises when it is neces-
sary to simultaneously transport several types of bulk
or bulk cargo. To avoid their mixing, the "natural” sep-
aration method is used. When drawing up the cargo
plan of the vessel, the cargo mate needs to calculate the
number and size of each stack, as well as determine the

coordinates of its center of gravity for further calcula-
tions of the stability of the vessel after loadin.
Analysis of literature data and problem setting.
The calculation of the height of a stack of bulk
cargo when loading ships of the «coster» type and the
possible displacement of its center of gravity of mass
are considered in works [1, 2]. The use of the «natural»
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separation method and the diagram of the graphical cal-
culation of the mass of bulk cargo during their trans-
portation on ships of the «coster» type are described in
publications [3, 4]. A mathematical model for deter-
mining the configuration of the surface of a bulk cargo
in a ship's hold by the Nelder-Mead method is pre-
sented in [5]. The system of automated control of cargo
operations of a large-tonnage bulk carrier is described
in the article [6].

Purpose of the article - a description of the
mathematical model of the change in the geometric and
physical characteristics of the bulk shipment stacks in
the process of being secured and stretching to the
voyage of the vessel, as a result.

When changing the difference, the shape of the
stack of vantage can be changed. When the already
formed pile is nailed, the first edge can be folded over
the horizon of the cut, then twisting Docy =p+6 and

turning onto the middle of the vantage, hovering so that
the new edge is folded into the horizon of the angle ¢ .

Angle increment &, when you want to fix the problem,

lay down in the nature of the vantage that the minds are
entangled and can be stored 0°—5°.

The application of such a zsuvu and zminy to a
stack is shown in Figure 1.

A stack of cargo ABCD, the loading of which has
already been performed at the trim of the vessel a,-

Upon further loading, the trim of the vessel changed
and reached a value ¢, .

When a,—o>0 the slope of the segment AB,
exceeds ¢+ §and there will be a shift of this face of
the stack to the position A,B,so0 that the segment AB,
will be located again at an angle ¢ to the position of
the horizon, /DAB,=¢p-a,-

A slope goesC, D, to the horizon less, lower at the

end CD, so the position of the right side of the stack
does not change. Trikutniki KB,B, and KAA, have of

the same angle and equal areas, to that BB,=AA.

TOPH30HT

Fig.1. Formation of the shape of the stack when changing the slope of the horizon

The lengths of the upper and lower bases of the
trapezoid will be, respectively,

S 1
| =B,C, =ﬁ—§H (Ctg(qo—az)+ctg((p+a1)) @)
L=AD, =%+% H (Ctg((/)—a2)+ Ctg((0+a1)) )
Similarly, if ¢ —a, >§you have already tilt up
CD, to the horizon, move ¢+ 5and see the whole
edge of the stack until it is laid down C,D, so that it
goes down the tilt ¢ to the horizon.

The lengths of the upper and lower bases of the
trapezoid will be, respectively,

|=%_%H(ctg((ﬂ—al)+0t9((ﬂ+“z)) ©

S 1
L=AD=-—+>H (cto(p—ay)+ctg(p+a,)) 4

In each case, the length of the lower base is
increased, and this must be taken into account when
calculating and drawing up the loading plan to prevent
mixing of stacks of different loads.

A similar change in the triangular stack when
shifted from the slope of the hold deck can be shown in
the following Figure 2 below.
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B-

TOPU30HT

Fig.2. Formation of a triangular shape of the stack from the slope of the horizon

Here /DAB,=¢p-a, ZADB,=¢+aand,
taking into account that at shedding the area of a trian-
gle will not change, for the formed triangle height and
a basis are defined by formulas

he 2S 7 (5)
ctg(p—a,)+ctg(p+a)

L=AD, =,[25(ctg(p-a,)+ctg(p+a)) )
Similarly, when the facet falls off, which corre-
sponds to the right side of the triangle and

. 25 , )
ctg(p—a)+ctg(p+a,)

L= AZDl:\/2S(Ctg(g/)—al)+ctg((p+az)) -(8)

If we are talking about a gradual change of the trim
during the loading of the stack, which is due to the
change of the center of mass of the vessel, then for a
triangular stack, its shape is determined only by the trim
of the vessel at the end of cargo operations. For a
trapezoidal stack, the loading can also be arranged so
that its shape at the end of its formation is determined
only by the value of the trim at this time.

To take into account the change of the ship's trim
during loading when determining the optimal plan of
cargo operations, it is necessary to calculate the loca-
tion and shape of cargo stacks both in different order of
their geometric location and depending on the order of
stacking. If it is necessary to form stacks for each of
them, it is necessary to determine the number of the
cargo contained in this stack and its number in the load-

ing queue. Thus, it is necessary to calculate N :(n!)2
the options for calculating cargo plans. For example, it
is necessary to calculate N =36cargo plans at n=3
stacks, and N =576 at, N =14400 at, n=5etc. For

each of the N options, the calculation is performed in
three stages.

At the first stage the possibility of arrangement of
stacks of cargo in a hold at their chosen geometrical or-
der is checked and the previous position of each of
stacks is defined.

In the second stage, the change of the ship's trim
after loading each stack and the corresponding change
in the shape of the stacks already loaded into it are de-
termined.

In the third stage, the location of the stack of each
of the cargoes is specified in order to ensure an equal
distance between the bases of each pair of adjacent
stacks.

The selected optimal plan, further for control, is
checked by means of the existing cargo program on
board the vessel. This is necessary to compare the re-
sults obtained and official reporting for ship docu-
ments.

Accounting for errors. Let us investigate the er-
rors in the distribution of cargo stacks during loading,
caused by the inaccuracy of data on the characteristics
of the cargo, or the limited accuracy of the loading de-
vice or complex, etc.

Next we will denote the error of height and width
of the base of the cargo stack through Ah and AL.

For a triangular stack, the width of the base is
equal to

L=\/2pﬂd(ctg((p—a)+ctg((p+a))' 9)

For an estimation AL we will find partial deriva-
tives of this expression on variables ¢ and p in which

values the greatest errors are possible:

oL _-L dL_ 2L 1-c0s2¢pcos2a  (10)
op 2p Op sSin2¢p Cc0S2a —C0oS2¢p
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Given that it usually‘a‘ does not exceed 5°,

0,985<cosa <1

and when ¢ < 45°, cos2¢p >0 We have
1-cos2¢p <1-cos2¢pcos2a <1—-0,985c0s2¢
1-cos2¢cos2a < 1-0,985c0s2¢

1<
cos2a —cos2p  0,985-cos2¢
Function 1_0,985X _ 0,985 1+ 0,03
0,985 -x 0,985—x

monotonically increases at x <0,985. Considering ¢
in the range 30°from to 45°, we obtain that
0,5>cos2¢ >0and

1- cosZgocosZa<1 0,985c0s2¢ <1046
cos2a —cos2¢p  0,985-cos2¢
Therefore, from (10) we obtain:

1<

-2,092L oL -2L (11)
- <—<— :
sin2¢  Op sSin2¢
Next we will consider ﬂz —2L  From (11) it
op sin2¢p

follows that the error in this assumption will not exceed
5%. Disregarding infinitesimal orders of magnitude
higher than the first, we represent the increment of the
function L(¢1p) as a differential:

AL ~ ﬁA(p @ -2L 1- coqu;cosZaMH;LAp
op 6,0 sm2(p C0S2a —C0S2¢ 2p
2L -L (12)
AL = — Ap+—Ap
sin2¢ 2p

Here through A, Ap errors of data on a corner

of a natural slope and bulk density accordingly are
marked. The first term of formula (12) ¢ =45° gives a

negative error of 3.5 cm per meter L and each degree
Ag . At lower values ¢, the absolute value of this term

increases. The second term gives a negative increment
ALof 0.5 cm per meter L and each percentage of rela-
tive errorAp/p. For example, when Ap=-2°,

p=1500, L =10 m, we obtain:

100

AL~35-2:10+0,5-10- ——-100 ~103¢M
1500

Thus, we see that the error in calculating the width
of the base of the stack can be quite significant and as
a result when loading the stacks will overlap and mix
different loads. To avoid this, it is advisable to check
the dimensions of the stack (its base width and height),
during loading, at a time corresponding to approxi-
mately half the load of the stack, and at the end of load-
ing the stack. At the same time we specify the value of
the trim based on the data on the ship's precipitation.
We have

2sin2¢
COS2¢ —COS2¢
Solving the last equation with respect tog, we

%zctg(gp—a)+ctg(go+a)= (13)

find:

L%cos* &

2
— h i HQZQ] (14)
a

[ h
@ =arctgy —+

Now we obtain the specified value of the specific
gravity:

2m 1

dh?’ Ctg((p—a)+ctg((p+a)

We enter the specified values in the program of
calculation of the loading plan and if necessary we cor-
rect the plan.

Let's estimate an error of the specified value .

Rewrite (13) as follows:

p:

L(cos2a —cos2¢) = 2hsin2¢ (15)

We differentiate by h:

2Lsin2¢- Z—h 2sin2¢p +4hcos2¢ - g_h

o9 _ sin2¢ _
oh Lsin2¢p—2hcos2¢
Similarly, we differentiate by L :

op op
€c0S2a —C0S2¢)+ 2Lsin 29— =4hcos2¢ - —
(cos2¢: ~cos2p) ¢aL o

Op _ C0S2a—COS2¢
oL 4hcos2¢—2Lsin2¢

Hence, the approximate error in determining the
angle of natural slope (in radians) in this way is approx-
imately equal to:

A(pza_@AL [N (COSZa—COSZ(o)AL—.ZSinZgoAh.
oL oh 4hcos2¢ —2Lsin2¢p

Here AL, Ah- errors of measurements of sizes L

and h. Given (15), the obtained expression can be sim-
plified:

Z%SiHZ(pAL—ZSiHZ(pAh %AL—Ah
¥ 4hcos2p—2Lsin2p  2hctg2p—L

Determination of vessel draft during loading. In
the presence of hydrostatic tables, we can construct
functions that express the mass of the vessel m, and its

horizontal moment M through two arguments: bow
d, and stern d_ draft, as well as inverse functions ex-
pressing bow and stern draft through the mass of the
ship and its horizontal moment.

We construct such functions in the form of ap-
proximating polynomials of two variables, for exam-

ple:

m =33 a4 -0 A -do)
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the coefficients of which are determined by the
method of least squares. Here we d,d, denote the

average nasal and stern precipitation. They can be se-
lected, for example, as those corresponding to half of
the maximum possible load at zero trim, or simply as
the average values of those given in the hydrostatic ta-
bles. The construction of an approximating polynomial

by powers rather (df _dfo), (d, —dy) than powers
d.,d, allows to achieve greater accuracy of calcula-

tions by reducing rounding errors.
Similarly, the appearance of the function is close
to the polynomials of the mind:

df :Zn:_zj:bi.j-i(m/ _n\/o)i(Mx - Mxo)j_i '

j=0 i=0
Here we also denote m,, M_ the average mass of

the vessel and the horizontal moment.

Based on calculations based on the hydrostatic
tables of several vessels known to us, it was found that
the degree of the polynomial is sufficient to choose
equal to 5, since the errors are tenths of a percent.

If there are no hydrostatic tables, then we build
with the help of the loading program 30-50 points
corresponding to such dependences and on these points
we will receive approximating polynomials. This
number of points is no longer enough to determine 21
coefficients of a fifth-degree polynomial, so in this case
we use approximate fourth-degree polynomials. This is
enough to determine the trim to the nearest tenth of a
degree.

Conclusions

1. When drawing up the cargo plan for a coaster-
type vessel in bulk or in bulk, the cargo mate should
take into account the possible transfer of cargo.

2. The proposed mathematical model takes into
account the displacement of the cargo in the presence
of trim of the vessel and allows to determine the coor-
dinates of the center of mass of each shifted stack, de-
pending on the linear dimensions of the hold, the angle
of repose of the cargo and the initial trim of the vessel.

3. The program developed in the "Silab" environ-
ment allows to check all admissible ways of loading
and to choose among them optimum, both in the auto-
matic mode - on a maximum of distances between
stacks, and in a manual mode on other optimization cri-
teria. This makes it possible to consider the solution

safer and more justified to download in the planned
way.

4. The program for calculating the coordinates of
the center of mass of each stack of cargo is an addition
to the ship's cargo program and reduces the time spent
by the cargo mate in determining the seaworthiness of
the vessel after its loading.

REFERENCES:

1. Savchuk V.D. Calculation of the height of a
stack of bulk cargo when loading ships of the "coster"
type / V.Yu. Khomyakov, V.D. Savchuk // Materials of
the scientific-theoretical conference "Shipfaring: trans-
portation, technical support, safety”, 19-20.10.2013. -
Odessa: ONMA, 2013. - P. 136-139.

2. Savchuk V.D. Displacement of the center of
gravity of a bulk cargo pile when loading ships of the
"coster" type / V.Yu. Khomyakov, V.D. Savchuk // Ma-
terials of the VIII All-Ukrainian Science and Technol-
ogy Conference of Young Witnesses and Students "Ad-
equate design and exploitation of sea vessels and ser-
vice" 2-6.12/ 2013. - Sevastopol: 2014. - P. 159-164.

3. Savchuk V.D. Diagram of graphical calcula-
tion of bulk cargo mass during transportation with "nat-
ural” separation / V.Yu. Khomyakov, V.D. Savchuk //
Materials of the Great International Scientific and Prac-
tical Conference “Current Information and Innovation
Technologies in Transport” (MINTT - 2014) 27-29
May 2014. - Kherson: HDMA, 2014 .-- P. 147-148.

4. Savchuk V.D. Loading a wvessel of the
"coaster" type with bulk cargo using the method of
"natural" separation / V.Yu. Khomyakov, V.D.
Savchuk // Science Bulletin of the Kherson State Ma-
rine Academy: Science Journal. - Kherson: Vi-
davnistvo HDMA, 2014. - No. 1 (10). - P.64-70

5. Savchuk V.D. Determination of the surface
configuration of bulk cargo in the hold of a vessel by
the Nelder-Mead method / E.N. Klimenko, V.D.
Savchuk // Materials of the scientific-methodical con-
ference "Sea transport and information technologies in
ship-navigation", 18-19.11.2014. - Odessa: ONMA,
2014. - P. 70-75.

6. Klimenko E.N. System for automated control
of bulk carrier cargo operations / E.N. Klimenko // Nav-
igation: Sat. scientific. works / ONMA. - Issue. 24. -
Odessa: "Publishing House-Inform", 2014. - P. 84-91.

CONSTRUCTION AND TECHNICAL EXPERTISE OF NEW BUILDINGS, AS A LINK BETWEEN
CONSTRUCTION CONTROL AND CONSTRUCTION SUPERVISION

Strelnikova K.
LLC Expert Agency "Argumentum", Russia

CTPOUTEJBHO-TEXHUYECKAS 9KCIIEPTU3A HOBOCTPOEK, KAK CBA3YIOIIEE
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Abstract

Conducting construction and technical expertise in new buildings is a solution to the problems of low-quality
construction products. Construction and technical expertise is the link between construction control and construc-

tion supervision.
Annomayus

Hpose()eﬂue cmpoumeﬂbno-mexHuueCKoﬁ IKCnepmu3vl 6 HOGOCMpOﬁKa)C, Aejislemcs peutenuem l’lp06]leM He-
KauecmeeHHoul cmpoumeﬂbnozl npodykuuu Cmpoumeﬂbno—mexHuueCKa}l IKCnepmu3a A6aAemcs CeA3YIuUM 36e-
HOM CmpoumelbHo20 KOHmMpOJsl u CmpoumeilbHoco Ha030pa.

Keywords: construction and technical expertise, new building, construction control, construction supervi-

sion.

Knwuesvte cnosa: cmpoumelbHO-mexHudYecKas IKcnepmusa, HOGOCWlpOﬁKa, cmpoumeﬂbeuZ KOHmMpPOJlb,

CcmpoumenvHbill Had30p.

CTpOUTENBCTBO SBISIETCS OOJBIIONW OTPACIbIO C
mIpoKuM TpodireM chep. Tem caMbIM H3-3a pacTy-
el CTOMMOCTH paboOT W YCIyT, HEKOTOpHIE chepsl
JAHHOW OTpaciy 3HAYNTEIBHO YIPa3AHSIOT. 37IeCh
MOJKHO TOBOPHUTH 00 HCKIJIIOYEHHH TPEOOBaHU K MPO-
EKTHOW M TeXHUYECKOW TIOKYMEHTALlUH, a TaAK)Ke CHHU-
JKEHUsI YPOBHS IPO(eCCHOHANBHOI MOIrOTOBKH pado-
YHMX CPEIHEro 3BEHa 3a CYET 3aKPhITUS MPOPTEeXyun-
JMII BO MHOTHX peruoHax Poccwuiickoit denepauu.
He uckiroueHneM Taxke sBISIETCS 3HAYUTENbHAsI 9KO-
HOMUSI Ha CTPOMTENILHBIX MaTepranax u pabounx. Pe-
3yJIbTATOM JAaHHOM IPOOJIEMBI SBIACTCS HEKAUECTBEH-
Hasl CTPOMTENbHAS MPOIAYKIHS - HOBOCTpoiika. Ob6pa-
[IaACh K MPaAKTHKE, Ha CETOAHAIIHUI JICHb BCE dalle
HaOmomaeTcss NaHHAs KapThHA. B 3To# curyamuu
JIFOJTY, KYIIMBIIHE KBAPTUPHI C Ne(EeKTaMU BEIHY K ICHbI
o0palnaThesi ¢ NpeTeH3uel UX YCTPaHUTb, a PU HEBO3-
MOXHOCTH YCTpaHEHHs KOMIICHCHPOBATh, B CIIy4ae OT-
Ka3za 3acTpOWINMKa B YCTpaHEHHWH M BBIILIATE, COO-
CTBEHHMKH BBIHYXJICHbI 00paTUTHCS B cyA. Bo Beex Ba-
puaHTax HeoOXOIUMO IPOBEACHHE CTPOUTEIIHHO-
TEXHUYECKOH SKcepTH3bl. CTPOUTENHHO-TEXHIYECKAs
9KCIEpTH3a SIBISETCS HCCIeOBaHHEM ¢ OOOCHOBaH-
HBIMH C TEXHUYECKOHW TOUKH 3PEHUSI BHIBOAAMH, OCHO-
BaHHBIMU Ha 3HAHUSX W OIBITE BHICOKOKBAIU(UIIPO-
BaHHOTO CIIEIMAINCTa-3KcIepTa. B HOBOCTpoiikax Mo-
TYT BCTpedYaTbesl pasynuHble JedekTsl, Hauboiee
Y4acTO BCTPEYAIOLIMECS] HE3HAUUTENbHbIE, HEKPUTHYE-

CKHE, KOTOPBIE MOTYT SIBISATHCSA YCTPAaHHMMBIMH U He-
yCTpaHHUMBIMU. B KadecTBe nmpuMepa MOXKHO IPUBECTH
HECKOJIBbKO pa3HbIX nedekrtoB. [Ipumep (puc. 1): HO-
BOCTpPOWKa — MOHOJIUTHAS, HAPY>KHBIC CTEHBI KHPITUY,
MHOTOKBAapTUPHBIN oM — 24 sTaxa. Ha pucyske 1 BbI-
JICTICHBI JIBa NPSAMOYTOJbHUKA. [ OpH30HTaNBHBIN MHO-
TOYTOJILHUK-TUIAH 3-X KOMHATHOM KBapTUPBI, BEPTH-
KaJIbHBIN MPSIMOYTOJIBHUK — 3TO MOKapHBIA JECTHUY-
HBII BBIXOJ| [0 BCEM 3TakaM C BBIXOJOM Ha o0mue
OankoHbl. [1aBHBIM Je(EeKTOM JaHHOW HOBOCTPOMKH
SIBISIETCSI TIPOMEpP3aHUE CTEHBI OOpalIeHHOH K CTEHE
TIOXAPHOTO OTCEKa, T.€. JIMHUSI TPAHHIIBI IPSIMOYTOJIb-
HUKOB. B kaxno#t u3 3-X KOMHATHBIX KBapTHpP HAOIIO-
nmaercsi oOpa3oBaHue TPUOKa M TUICCCHW HA TPaHHUYa-
el creHe. B maHHOM ciydae Oblila POBENEHO JKC-
nepTHoe uccienoBanue. Ilo pe3ynbraraM KOTOPOH,
JaHHBII NeeKT sBIsgeTcs Ha JAHHBIH MOMEHT He-
YCTPaHUMBIM, T.K. TpeOyeTCsl BBIIIOIHUTH paboThl Ma-
TepHalIbHO 3aTpaTHbIE UL 3aCTPOHIIMKA. DKCIEpTy,
TaK KaK OH He SIBJISJICS NPOU3BOAUTENEM padoT, U eMy
He OblIa nepeliaHa MCIOHUTENbHAs M IPOSKTHAS J10-
KyMEHTAIUs, HE CMOT ONpPEeNUTh TOYHYIO IPHYUHY
BO3HMKHOBEHHs Ae(eKTa. 31ech CIeAyeT OTMETHTH,
YTO Ae(EKT MOT Pe3yJIbTATOM OIIMOKH B IIPOEKTUPOBA-
HHH, TaK KaK MOXapHBIA OTCEK C JECTHUIIAMH HEJJOCTa-
TOYHO OTaIUIMBAEMBIH, JTMOO HA CTaJUH MPOU3BOJICTBA
paboT, Tak Kak NMPHUCYTCTBYET MOCTHK XOJIOJa, M3-3a
YCTO MOABIIACTCA TOYKA POCHI.

Pucynox 1.
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C HaHHBIM 3aKJIIOYCHUEM COOCTBCHHHUK BBIHYX-
JIeH OBLIT 00paTUTHCSI B CY, TOCKOJIBKY 3aCTPOUIITUK HE
3ax0TeJl YCTPaHATh MPUYMHY U BBIILUIAYUBATH KOMIICH-
Caluio 3a MPOJAHHYI0 HEKAYECTBEHHYIO MPOIYKIIUIO.
Ha nmanHOM mpuMepe Xouercsi MoKas3aTh, 4TO OTCYT-
CTBYET CTPOMTENbHBIH KOHTPOJIb M CTPOHTENbHBIN
Ha30p. JlaHHbie MPOOIEeMbl HY)KHO pellaTh MyTeM U3-
MEHEHUsS TpeOOBaHUIN K HOBOMY CTPOUTEIILCTBY, U3ME-
HCHHS CHCTEMBI PEryJIMpOBaHUs, Habopa Ha pabouue
MeCTa KBAJIU(UIIMPOBAHHBIX PAOOTHUKOB BBICIICTO U
CPEHEr0 3BEHA, BOCCTAHOBICHHS 00Pa30BaTEIBLHBIX
YUPESKACHUHN NMPODHTEXYUUITUIL U TEXHHUKYMOB.

Ha manHOM mpuMepe MOXHO CKa3aTbh, 4TO CTPOU-
TENbHO-TEXHUYECKasi JKCIEePTHU3a SIBISIETCS CBSI3YIO-
[IAM 3BEHOM MEXIY CTPOHTENIbHBIM KOHTPOJIEM U
CTPOUTENBHBIM Han30poM. CTPOUTENbHBIA KOHTPOIb
JIOJDKEH OCYIIECTBIISITHCS CUCTEMHO BBICIIMM 3BEHOM
Ha BCEX ATarax CTpoUTeNnbeTBa. CTPOUTEIbHBIN HA30D
JIOJDKCH HCIIONHATH CBOM OOSI3aHHOCTH Ha BCEX CTa-

JUSIX TPOCKTHPOBaHUs. CTPOUTENBHBIA HAA30D SIBIIS-
€TCsl HEOThEMJIEMOW YaCThIO MPOEKTUPOBAHUS 3IaHUM
U COOPYKCHHI. DTO HAPaBIICHUE SBIISIETCS BAXKHBIM H
HEOOXOIUMBIM JUISl TPAaMOTHOTO, O€30MacHOTO, OTIINY-
HOTO pe3yibTaTa CTPOUTEIBHOTO ITPOU3BOJICTBA.
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PA3PABOTKA ABTOMATU3UPOBAHHOM CUCTEMBI IIO3UIIMOHUPOBAHU S
KPEIEXKHBIX 3JIEMEHTOB CBAPHbIX KOHCTPYKIIMI B U3AEJUAX IPUBOPOCTPOEHMSI
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Abstract

This article presents a study of the automation of the positioning process of elements of welded structures. It

is proposed to consider the possibility of replacing expensive metal-consuming and labor-intensive in design and
manufacture fixtures with automated coordinate positioning systems for fasteners of welded structures. It is rec-
ommended to use numerical control, which automatically, using special grippers based on a 3D printer, will fix,
move, install, secure and grip in the place indicated by the design documentation.

Annomauusn

B oannou cmamove npueeéeno uccneoosamnue asmomamuzayuu npoyecca no3UYUOHUPOBAHUSL I1eMEeHMO6
ceapHulx koncmpykyuil. Ilpednazaemcs paccmompens 803MONCHOCHb 3AMEHbL O0POSUX MEMANTIOEMKUX U MPYOO-
EMKUX 8 NPOEeKmMuposanuu u u3comoeieHuu npucnoco@zenuﬁ Ha asmomamu3upoeanHvle cucmembvl Koopaunam-
HO20 NO3UYUOHUPOBAHUSA KPENEIHCHBLX DIIEMEHNO0B8 CEAPHbIX KOHcmpyKMuﬁ. Pekomenayemc;i UCnojb3oedms 4Ucjio-
60€ npocpamMmHoe ynpaesjierue, Komopoe asnomamudecKku npu nomowu cneyuailbHsvlx 3axeamoe Ha OCHose 3D
npunmepa 06yoem Qurcuposams, nepemewjams, YCmaHasIueams, 3aKpeniams U NPUXeamvléams 8 mom mecme,
KOMOpOoe YKA3AHO KOHCMPYKMOPCKOU OOKyMeHmayueu.

Keywords: bonks, capture, rigging, positioning, instrumentation, welding, production, technological solu-
tions.
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Knrouegvie cnosa: bonku, 3ax6am, OCHACMKA, NOZUYUOHUPOBAHUE, NPUOOPOCMPOEHUe, NPUBAPKU, NPOU3BO0-

Cmeo, mexHojocuiecKkue peteHus.

Wznenus npubopocrpoerns (WUII) mmpoko mpu-
MEHSIOT BO BCEX OTPACIIAX NPOMBIIIIeHHOCTH. Hanex-
Has paboTa JaHHBIX U3/I€INI BO MHOTOM 3aBHCHUT OT HX
YCTaHOBKH, (pUKCAINH ¥ KPEIUICHUN Ha OIIPEACICHHBIX
00BEKTaXx.

JnanazoH qecTaOUIM3UPYIOMINX BO3ICHCTBUI Ha
o0bekT-HOcuTenb UII o4eHb mMpOK: 3TO KiIMMaTHye-
CKHE BO3JICHCTBHSA W YCIIOBHUS PacIOJIOKEHHUS, IIPOY-
HOCTh MPU YacTOTHBIX BHOpAIMAX, MPOYHOCTH HPHU
TPaHCIIOPTUPOBAHUH, YCTOHYMBOCTH TPH MEXaHHYE-
CKHUX yZAapax u Jp.

Jnst BHyTPEHHETO M HAPYKHOTO MOHTa)ka IPHOO-
poB Ha OOBEKTAX-HOCHTENSAX IPUMEHSIOT CBapHBIC
KOHCTPYKIMH Pa3INIHBIX (POpM 1 TadapuTOB, HA KOTO-
PBIX TIPHBAPEHBI CTICIIHATBHBIE KPETIC)KHBIC 3JIEMCHTHI,
Ha3bIBa€MBIC B IPOU3BOJICTBE «IIPUBAPKAMM.

[TpuBapku UMeEIOT pa3nuyHyo GOpMy, pa3Mephl,
Maccy; K HIM OTHOCSTCSI OOHKH, CTEPXKHH, LINUIBKH,
TUIATHKH, CKOOBI, IETIIH U JP.

Ha ocHoBe aHanm3a CBapHBIX KOHCTPYKLUIl BBI-
MOJHSIOIUX (QYHKIMIO 110 YCTAaHOBKE, (HMKCAUH M
KPEIUICHHS PAa3IMYHbIX TPHOOPOB OBUIO YCTaHOBIICHO,
YTO W3 OOLIEr0 KONWYECTBA CBApHBIX KOHCTPYKIMH
NpHUMEHSIEMBIX B M3Aenusx, nopsaaka 20-30% oTtHocH-
JIUCh K KOHCTPYKLUSAM C npuBapkamu [1,12].

B cBoro ouepenp mucciemyemble CBapHBIE KOH-
CTPYKLMH HA MOOMJIBHBIX TIaT(OpMax ¢ MPUBAPKAMH
OTJIMYAIOTCS OONBIINM Pa3sHOOOpa3ueM mo Gopme uc-
MOJIHEHHMS: TIJIIOCKOCTHBIE — 42%, kKopoOuatbie — 22%,

kopmycHble — 17%, 6anounsie — 12%, KpOHIITEHHBI —
7%. AHann3 cBapHBIX KOHCTPYKIWI IOKa3al, YTO A
YCTaHOBKH, pukcanuu u kperienns U1 mmpokoe npu-
MEHEHHE HaIlIN MPUBapKy TUIa 00HOK (86%), cTepk-
Heii (5%), mmmnek (5%), miatukos (4%).

Bce OOHKM HMMEIOT TIAJKYIO IMIMHAPHYECKYIO
TIOBEPXHOCTB, a 10 LIEHTPY Pe3b00BOE OTBEPCTHE C pa3-
JIMYHBIMU pazMepaMu oT M 5 mm 1o M 18 amm.

B TpOLEHTHOM COOTHOIIEHHH —CJEIYIOIIUE:
o6oukn M5 — 15%, Gomku M6 — 35,5%, OOHKH
M8 —25,5%, 6ok M10 —9,5%, 6ouku M12 — 12,5%,
6onku M 16 — 1,5%, 6ouxu M18 — 0,5%.

ITo BpIcOTE OOHKM MMEIOT MIMPOKHN AHWATIa30H
pa3MepoB oT 8 10 65 MM, a B IPOLIECHTHOM OTHOIICHHH
Ppa30HTH Ha CIETyONINe TPYIIBL: JUIMHON OT 8 MM IO
20 mm —28%, mmnoi ot 20 mm 10 40 mm — 65%, nau-
Hoit oT 40 mm 10 65 mm — 5,3%, nuHOM CBbBIIIE 65 MM
-1,7%.

Y CTaHOBIIEHO, YTO OCHOBHBIM MAaTepUalioM IJIs
W3TOTOBJICHHSI OOHOK IPUMEHSIOT HHM3KOYTJIEPOIH-
CTYI0 KOHCTPYKITMOHHYIO CTalb 20, 2 OCHOBHBIM BUJIOM
CBapKH SIBJISICTCS MTOJyaBTOMaTHIECKas CBapKa B Cpelie
YTJIEKHCIIOTO Ta3a.

B ONBITHOM M €AMHUYHOM IPOM3BOJCTBE YacTO
MIPUMEHSIOT PYYHYIO AYTrOBYIO CBapkKy. Pasmepsl ka-
TeTa [IBA MPUXBATKH OOHOK U PEXKHUMBI ITOTyaBTOMATH-

YEeCKOH CBApKH B cpejie CO2 NpUBEICHBI B Ta0M. 1.

Tabu. 1
PexuMbl 110J1yaBTOMaTH4YECKOM CBApKHU B CpEle C02 JUTSL IPUXBATKH OOHOK
Hapy>xHblii Karet mBa Pexxumsl cBapku
P633Mep Huamerp py OpUXBATKE, Cuna Toka, Hanpsoxenue nyru,
OHOK
D , MM MM A B
M5 10 3 130-160 23-25
M6 12 3 130-160 23-25
M8 14 3 130-160 23-25
MI10 16 4 130-160 23-25
M12 20 4 130-160 23-25
M16 25 4 160-180 25-28
M18 30 5 160-180 25-28

CornacHO TEXHOJIOTHYECKUM IporeccaMm cOOpKH
CBapHOW KOHCTPYKIMiT, DOHKU NMPUXBATHIBAIOT K OCHO-

BaHUIO B JIBYX MJIM TpeX Toukax yepe3 180 “n120°
COOTBETCTBEHHO. IlpMBapkW yCTaHaBIWBAIOTCA Ha
CBapHBIX KOHCTPYKIIUAX C OMPEAETCHHON TOYHOCTHIO,
33IaHHON PaboYMM YEpPTEHKOM WU TEXHHUUESCKHMHU
ycinoBusMH. 1101 TOUHOCTHIO MOHUMAOT JTOTTYCKH:

— Ha paccTosiHre OT 6a30BOH MOBEPXHOCTH CBAp-
HOW KOHCTPYKIIMH JI0 IIEHTpa OOHKH;

— Ha MEXKICHTPOBOE PACCTOSIHAC MEXY OOHKaMHU.

AHanmu3 pa3MepoB YCTAHOBKH OOHOK ITOKa3al,
YTO, B OCHOBHOM, TOUHOCTh COOTBETCTBYET 12; 13 1 14
KBAJIUTETY TOYHOCTH.

B 3aBucuMocTH OT BHIa IPOU3BOJACTBA, YCTa-
HOBKH, (MKCAIlMU U NPUXBATy OOHOK BO3MOXKHO BbI-
MIOJTHATH TMPUMEHSAA PSAA TEXHOJIOTWYECKHX PEUICHHH
[3;4;5]:

— yCTaHOBKa M (pUKCAIMs IPUBAPOK 110 Pa3METKE;

— YCTaHOBKA M (PUKCAIMS IPUBAPOK MO MpeaBaAPH-
TEJIBHO MIPOCBEPIIEHHBIM OTBEPCTHUSIM;

— yCTaHOBKa M (pUKcalus MPUBAPOK C MOMOIIBIO
crenuanbHeIX npucrnocoonenuit (CII);

— ycTaHOBKa W (pUKcalys MPUBAPOK C MOMOIIBIO
YHHUBEPCAJIBHBIX COOPOYHO-CBAPOYHBIX MPHCIIOCOOIIe-
uuii (YCIIC);

— yCTaHOBKa M (hHUKCAIUS MPUBAPOK C TTOMOIIBIO
MepeHaIaKMBAEMBIX COOPOYHO-Pa300POUHBIX TPHUCIIO-
colOurenmii i yctanoBkU npuBapok (ITCPII-IT).
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CpaBHHTEILHBIC TCXHUYCCKUE TTOKA3aTEIIN TEXHO-
JIOTUYECKOW OCHACTKU INPUMEHSEMOM AJIsl YCTaHOBKH,
(ukcanyuu 1 IpUBapKu OOHOK MPHUBEICHBI B Ta0.2.

Tabmx. 2
CpaBHHTENBHBIE TIOKa3aTeNn COOPOYHO-CBAPOYHON OCHACTKH MO YCTAaHOBKE, (PUKCAINU B IPUXBATKE OOHOK
By trexHosiornueckomn
HaunmenoBanue Ennnuna
oKazaresieu U3MEpEHUs ocHacTrl
" I VCIIC TICPII-IT
MeTaaioeMKoCTh KT 5-8 25-30 10-15
Tormocts Keamurer 12-14 9-12 8-10
cOOpKH
Tpynoemocts npH Hopwmo 1,6-2,5 1,5-3 1,0-2,0
cOopke
CpoK CITy>K0BI Jlet 2-3 8-10 10-12

Kak mnokaszan aHalu3 TEXHOJIOTMYECKOro IIpo-
1iecca U3rOTOBJICHUS CBAPHBIX KOHCTPYKLUI OAHUM U3
3¢ GEKTUBHBIX CPEICTB MO3BOJISAIONINX MTOBBICUTH YPO-
BEHb TEXHOJOTMYECKOM OCHAIIEHHOCTH, CHU3UTh
CPOKH IIPOEKTUPOBAHUS W W3TOTOBJICHHS MPUCIIOCO0-
JIEHWH, CHU3UTh MaTepHAIIbHBIE U TPYJOBBIE 3aTPaTHI,
3TO MPUMEHEHHE NEePEHATAXKMBAEMBIX COOPHO-paz0op-
HBIX IIPUCIIOCOONEHUH [UIi YCTAaHOBKH IPHUBApOK
(ITCPII-1D).

KommnonoBku IICPII-II HaxoasTcst B 3KCIUTyaTa-
I[MM Ha BCe BpeMs BhINycka u3jenus. Ilo okoHUaHUHN
BBIITyCKa MOCIIEHUE pa30UparoTcsa Ha COCTaBIIIOIINE
3JIEMEHTHI, KOTOpbIe B JalbHEHIIEM MHCHOIb3YIOTCS
JUI U3TOTOBJICHHUS CBAapHBIX KOHCTPYKIMHM HOBBIX H3-
TIEJIA.

Konctpykuus smementos [ICPII-IT [7] pa3pabo-
TaHa Ha OCHOBE aHAIM3a CBApHBIX KOHCTPYKLHHU U37e-
JIMH, a TaKKe aHaJIM3a OTEYECTBEHHOTO U 3apy0eKHOTO
OIBITA B UCIIOJIb30BAaHUH BCEX METOIOB TEXHOJOTHYE-
CKOT'0 OCHAIIEHUs, UX JOCTOMHCTB U HEJOCTATKOB Ha
MNPEANPHUATHAX E€IUHUYHOTO, METKOCEPHHHOro U ce-
PUIHOrO IIPOU3BOJICTB.

[lo masHaueHMIO AeTanu COOPOUYHBIC EIMHHUIIBI
[ICPII-IT paszneneHsl Ha TATh  (YHKUIMOHAJIBHBIX
TpyII:

a) 0a3oBbIe JeTanu, NpeJHa3Ha4YeHbl Ui CO3Ja-
HHSI OCHOBAHUH IPUCIIOCOOJIEHUH, Ha KOTOPHIX YyCTa-
HaBJIMBAIOTCS BCE OCTAJIbHBIE JIETAM U COOPOYHBIC
emuunisl ITCPII-IT;

0) coeMHUTENbHBIE AETaH, IpeIHa3HAYEHBI JIJIs
co3laHusl U3 0a30BBIX JIeTalIcii OCHOBAHUI PUCTIOCO0-
JICHUH;

B) OIIOPHO-HANPABISIONINE JeTamu (TOJ3YHHBI,
IUTAaHKHA, CKOOBI, OOOWMEI) CITy’KaT Uil YCTaHOBKH,
HalpaBJCHUS U B3aUMHOTO (PUKCHPOBAaHHS B KOMIIO-
HoBkax [ICPII-IT neraneii Bcex rpymnit;

r) QuKCHpyOImKe EeTalld, MpeIHA3HAUYEHBI I
YCTaHOBKH IIPHUBAPOK B TPEOyeMOe MOI0KEHNE Ha KOP-
Iyce U3Aemus;

JT) KpeTeXKHbIe JeTany (OOThI, IIMUIBKH, BUHTBHI)
MIPUMEHSIOTCS AJIS 3aKpeIUICHHs OTICNIbHBIX AeTaseit
[ICPII-IT mexny cobOOH M KpemyieHWs KOMIOHOBKH
IICPII-IT Ha kopmyce u3aenus.

[TepenanaxnBaeMble COOpPHO-pa30OPHBIE IPHUCTIO-
cOOJIeHNs A71s YCTAaHOBKH U (PKCAIINH IPUBAPOK Ipe-
CTaBISIOT 000 HaOOp YHU(PHUIIMPOBAHHBIX U B3aUMO-
3aMEHSAEMBIX JIeTalnell U cOOPOYHBIX EIMHUI, OOIINit
BUJI KOTOPBIX TPHUBEJICH Ha puc. 1, a mpucnocobienne
(KOMITOHOBKa) COOpaHHOE M3 3THUX JIEMEHTOB Ha PUC.
2.

JIyiss IpOEKTUPOBAHMS JAaHHBIX PUCIIOCOOIICHHIA
pa3paboTaHa cHCTeMa aBTOMATH3MPOBAaHHOTO IPOEK-
THUPOBaHMSA, KOTOpasi MO3BOJIAET NMPH pa3pabOTKe COB-
Memarh rpaduueckyro uHpopmanuio, npeacTaBieH-
HOW dwq-daiioM cucTeMbl MalIMHHOW Tpaduku
AutoCAD, ¢ yTBEp>KIEHUSIMH O B3aUMHOM IOJI0KEHUH
TOYEK M ITPSIMOJIMHEHHBIX 3JIEMEHTOB KOHTYPa 1 PUCOK.

Puc. 1 — Obwuii 6uo komnnexma snemenmos ICPII-1T
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Puc. 2 — IIpucnocobnenue ICPII-I1 053 yemanosku (ukcuposanusi u npueapku 60HOK

[Tpu paspabotke kommuiekta snementoB [ICPII-IT
OBLTH ITPOBECHBI UCCIICAOBAHNS 110 ONPEICICHHUIO OIl-
TUMAaIBHBIX Ta0apuTOB 0Aa30BOTO JIMCTa CBAPHOW KOH-
CTPYKIIMH, HA KOTOPBIH yCTaHABINBAIOT IIPHBAPKH.

IT10THOCTH pacIoNoXKeHHs MPHUBAPOK ONpeess-
Jlach IYTEM HAJIOKEHUS KONMUH 4YepTeKel CBapHBIX

1.0

KOHCTPYKIHUH ¢ IpUBapKaMu ApyT Ha apyra. B pe3yins-
TaTe JAHHBIX CTaTUCTUYECKHX MHCCIEIOBAHHH IIONTy-
YMJIM SMIHpPHAYEcKHe (YHKINHU pacTpeneseHus] Bepo-
SITHOCTH OTKJIOHEHHS LICHTPa MPUBAPOK OT 0a3bl cBap-
HOW KOHCTPYKIMH 10 ociM X u Y, JaHHBIE KOTOPBIX
MIPUBEACHBI HA pHC. 3.
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Puc. 3 — Dmnupuueckoe pacnpedenenue 6eposmuocmu OMKIOHEHUS YEHMPA NPUBAPOK OM 6Aa3bl CBAPHOU KOH-
cmpykyuu no ocu Xu Y

OTHOCUTENLHAS YaCTOTA ka [ONafaHus B KaX-
JIbIA U3 MTHTEPBAJIOB A X, , IpeacTaBsromas coboi ot-

HOIIICHHWE YacTOTHI MOIATaHu ka K JUTMHE WHTEp-
BaJa, ObliIa BRIYHCIICHA 110 POpMYyJIe:

fo,= b

k

*AX,

®opmyJia 4acTOThI MOMATaHUN UMEET BU/L:

_Ry

kx — N

rae Pk x KOJIMYECTBO TOYCK B —TOM JJHAIIA30HE,

U

N — o6mmuit 06beM BEIGOPKH.

ITo pe3ynbTaTaM pacyeToB IOCTPOEHBI T'HCTO-
rpaMMBbl yIAJICHUS NPUBAPOK OT 0a3bl MO KaXKIOH M3
ocelii (puc. 4).
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Puc. 4 — I'ucmozepammvl pyHKyull RAOMHOCU BEPOAMHOCIMU OMKIOHEHUs yeHmpa npusapku om dazvt no X u Y

[Tony4eHHble TUCTOTPaMMbl MO3BOJIWIM CIENAaTh
CJIEIYIONINA BBIBOJI: TNIOTHOCTH BEPOSITHOCTH pacipe-

JACICHUA CHy‘IaﬁHBIX BCIINYNH 5)( u fy PACIIOJIOKEHA

ocu X=0-680 mm, 10

B  HMHTCpBaJax oCcH

Y =10—-640 xm.

CoBnaicHHs 3TUX HHTEPBAJIOB U O0IIEr0 BH/IA TH-
CTOrPaMM CBHUJICTEILCTBYIOT 00 UX CTATHYCCKOM COB-
MaJeHUH, 4YTO OOBSACHSIETCS CUMMETpHUEH KOOPAWHAT
KOHCTPYKIIUU.

Awnanuz rpadukoB QyHKUUI pacnpeneneHus no-
Ka3aJ, 9TO TOYKa PE3KOT0 M3MECHEHUS BEIMIUHBI (PyHK-
IIUH TT0 00eMM KOOpAMHATaM cocTaBiseT 660 ymu. bpiio

yCTaHOBJEHO, uTo mopsaka 90-95% cBapHBIX KOH-
CTPYKLMH JUIsS YCTAaHOBKH, (DUKCALIMU U TPUXBATKHU 0O-
HOK nMetoT rabaputsr 700 X 700 aum.

JlaHHBIC HCCNIENOBaHUS NPOBOIMIN, YYHTHIBAs
TpeOOBaHM KOHCTPYKTOPCKOH NOKyMEHTallUH OTHO-
CHTEJIbHO Oa3upoBaHus. Pa3paboTaHbl cxeMbl pacro-
JIO)KSHUS ¥ KOJIMYECTBO OMOPHBIX JJIEMEHTOB 0a3Hpo-
BaHUSL.

B pesynbrare mpoBeleHUs AaHHBIX HCCIENOBa-
HUIA OBIJIO ONpEeJeNICHO MATh OCHOBHBIX CXeM 0a3upo-
BaHMs, TaOI. 3.

Tabn. 3
CxeMbl 6a3UpOBAHHUs KPENEKHBIX 3IEMEHTOB CBAPHBIX KOHCTPYKIHUIH
MeTop! 6a3UpOBaHMS CxeMbl 6a3UpOBAHUS % NpUMEHEHHUs
ITo mmockoctu (C V),
A 35
[To meym Topuam (4 )
o Topiy ( ATV,
mwiockoctu (C V), 15
oteepcriio (B ™V7)
ITo mmockoctu (C V), =4 0
~ ]
no aBym oteeperasm (B V)
N8
Io Topuy (A7), v
mrockoctr (C V), [ e 10
pucke (/") X T
ITo mnockoctu (C V), BV & N
oteepcrmio ( B V), 1 - = 10
pucke (4 V) IV )\
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[lepBast cxema 0a3upoBaHMS LIMPOKO IPUMEHS-
eTcsl, KOra JOIMyCKH Ha pa3Mepbl OT 0a30BBIX TTOBEPX-
HOCTEH OCHOBAHHUS CBapHOM KOHCTPYKIMHU JO IIEHTpa
ocH TiepBoi mpuBapku (0OHKH) cooTBeTcTBYeT 16-17
KBaJINTETY.

Bropas cxema npruMeHsIeTCsI TP Pa3INIHBIX JAJIH-
HaX CTOpOH 0a30BOTO JIHCTA.

Tperbs cxema npUMeHsETCs], B Cllydae eciu pas-
Mephbl LEHTPa NPUBAPKH OT 0a3bl cOOTBETCTBYIOT 9-10
KBaJIUTETY.

YerBepras u mATasi CXeMbl 0a3MpOBaHUS HpUMe-
HSIOT, €CJIN ITPUOOp HEOOXOAMMO YCTAHOBUTH CHMMET-
PUYHO OTHOCHUTENBHO OCCBOI JIMHUH U3ACIIHS.

He manoBaxasIM pakTopoM npu pa3padOoTKe KOH-
CTPYKIMHA 3JIEMEHTOB COOPOYHO-CBAPOYHON OCHACTKH
ABJSIETCS HAJMYUE IEKTPOCBApKH, B MpoLEcce KOTO-
poii mporucxoaAT AehOpMaIH i BOSHUKAIOT HAIIPSIKE-
HHS B CBAPHBIX KOHCTPYKIHUSX.

CoOcTBeHHBIE HAIPSKEHUSI CO3JIAI0T TaK Ha3bIBa-
E€MBIC YCUJIUA B ACTAIAX U KOHCTPYKUHUAX, IO }16171-
CTBHEM KOTOPBIX BO3HUKAIOT MEPEMELICHUS] OTAENb-
HBIX TOYCK CBApPHBIX KOHCprKHI/Iﬁ B CJIICACTBUU UX U3-
ruba, 3aKpyduBaHusl. DTO MPUBOAUT K HEOOXOIUMOCTH

ydyeTa BHYTPEHHUX YCHJIUHN (Pyc ), BO3HHKAIOIIUX B

MPOIIeCcCEe CBAPKU MPU MPOSKTUPOBAHKUH 3JICMCHTOB 3a-
xBaTa OOHOK, YCTAHOBKH MX Ha OCHOBaHHUE, (YUKCAIIHIO
U npwxuM. JIaHHYI 33734y SKCICPUMEHTAIBHO pe-
I MPH YCTAHOBKE U 3aKPEIUICHUU OOHOK, IpHMe-
HSSL PYYHYIO IyTOBYIO CBApPKY U ITOJTyaBTOMAaTHUECKYIO
CBapKy B cpene C02 . Pexxumel ObuH mo100paHbl Ha
0a3e 3aBOJICKHX TEXHOJOTHUCCKUX MPOIIECCOB MPHU BBI-
MOJTHCHUU CBAPOYHBIX OMEPAIUil. DKCIICPUMEHTY 0T~
Bepram OOHKH C HApYKHBIM TrameTpoM 20 vy U IUTH-
Hott 10; 20; 25; 30; 35; 40 mm.

B pe3ynbrare maHHBIX HCCIIEIOBaHUH OBLIO yCTa-
HOBJICHO, YTO MIPU PYYHOH JYrOBOH CBapKe ycamodHas

500

cuia Pyc n3mensiercst ot 105 no 242 H, a npu nosyas-

tomarnueckoii ceapke 8 CO, ot 113, 10 292,3 H, B

3aBUCHMOCTH OT U3MEHEHUS BHICOTHI OOHOK.

IIpu moNOXUTENBHBIX MOKA3aTeIIX MPUMEHEHUS
TICPII-IT ogHuM M3 HEAOCTATKOB JaHHOI'O OCHAIIICHHUS
9TO NPUCYTCTBHE JIBYX paOOUMX ITPH BHINIOJTHEHUH TEX-
HOJIOTUYECKON OIepanuy M0 yCTaHOBKE, (BPUKCALMH U
npuBapke 00HOK. COOpIIUK, coOupaeT mpucnocobe-
HHe, a CBapIIUK NpUXBaTbiBaeT OOHKU. U camoe ri1aB-
HOE, 3TO HAJIMYME CaMHUX IPHUCIIOCOOICHUH, KOTOpPBIE
JOporue M TpeOyIT MEepeHaTagKH Al PasTHIHBIX
CBapHbBIX KOHCTPYKIIMM.

B manHoOI#f paboTe aBTOPHI IpeAIaraloT pacCMOT-
PETh BO3MOXKHOCTh COBPEMEHHOW HayKU U TEXHUKH UC-
MI0JIb30BaTh 3aMEHY JOPOTHX METAJUIOEMKHUX U TPYIO-
€MKUX B IPOEKTUPOBAHUHM U H3TOTOBJICHHUU IPUCIIO-
coOyseHNiI Ha  aBTOMATU3UPOBAHHBIE  CUCTEMBI
KOOPAMHATHOTO MO3UIIMOHUPOBAHUS KPEMEXKHBIX 3JIe-
MEHTOB CBapHBIX KOHCTpyKuMi st ycraHoBku MII ¢
MIPUMEHEHUEM YHCJIOBOTO IPOTPaMMHOTO YIpaBie-
HUsL. DTO TO3BOJIMT aBTOMAaTHYECKHU TIPH ITOMOIIH CTIe-
LMAJBFHOTO aBTOMAaTH3UPOBAHHOTO MOJIYNS (PUKCHPO-
BaTh OOHKY M Ha ocHoBe 3D mpuHTEepa mepemernars,
YCTaHABIMBAaTh, 3aKPEIUIATh M IPUXBATHIBATH B TOM
MecTe, KOTOpO€ YKa3aHO KOHCTPYKTOPCKOW JTOKYMEH-
Tanmeil. [ maBHOe, JaHHBIE ONEPAIMy BBITOJIHSIIOTCS
ABTOMATHYECKH 0€3 y4acTHs YeIOBeKa.

[Tpu pa3paboTke aBTOMATHYECKOTO MOIYJIS OBLITH
YUYTEHBl pe3yJbTaThbl HCCIENOBaHHW IO pa3paboTke
TICPII-II.

B kauectBe 00pasna-u3nenus, Ui KOTOPOTro pas-
pabaThIBaIM aBTOMaTH3MPOBAHHBIN MOTyJIb, ObLIa BBI-
OpaHa THIIOBasi CBapHasi KOHCTPYKIHUS, 3CKH3 KOTOPOH
TIPUBEJICH Ha puC. 4, cofeprkaiiast IIOCKHUH JIUCT € Ta-
6apuramu 700 X 700 X 3 mm 1 9eTbIpe OOHKH C HApyK-
HbIM AuameTpom 20 mm u BeicoTo 35 mm. BoHku ycra-
HoBieHs! ¢ TogHocTeio + 0,1 MM oTHOCHTENBHO Ga3 4

u b (puc.5).
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Puc. 5 — Dcxu3z ceapHotl KoHcmpyKyuu 01 yCmanoexku 4x npugapox ouamempom 20 mm
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3a 06a3y (ocHOBaHHWE) MO COOpKE CBapHOW KOH-
CTPYKLUMH IPEIIaracTcsi YHUBEPCAIbHBIA CTEHI, CO-
OpaHHBII U3 3JIEMEHTOB YHUBEPCAIBHO-COOPHBIX MIPH-
cnocoOeHuit 1y cO0podHO-CBApOUHBIX padoT [7,8,9].
OcHOBaHHMEM CTEHJa ABISETCA UyT'YHHAs IUIATa raba-

putamu 1200 X 1200 X 120 mm. Inura umeer | -06-
pa3HbIE Ma3bl HA TOPU30HTAIBHOM M OOKOBBIX MOBEPX-
HOCTSX ISl YCTAaHOBKH W KPETUICHUS IPYTHX YHUBEP-
CaJIbHBIX 3JeMeHTOB. CXxeMa yCTaHOBKH, (PUKCAIHU U
3a)KMMa TOPU3OHTAJIBHOTO JIMCTa CBAapHOH KOHCTPYK-
LMY Ha CTeHJie MoKa3aHa Ha puc. 6. bazosas mauta 2
YCTaHOBJICHA Ha YETHIPE PEryINpyeMbIe OMOpHI 1.

4
g
~

gl
120 60|

580

400

20

1560

Ha ropu3oHTanbHYI0 IOBEPXHOCTDH ILIMTHI YCTa-
HaBJIMBAIOT YETHIPE MOAKIAIKN 7 HAa KOTOPBIE YKJIaIbl-
BalOT T'OPU3OHTAIBHBIE JINCT CBAPHOM KOHCTPYKINH
0a3upys ero oTHOCHTEIbHO 0a3 4 u b omopoit 6 u 8.
Jlnst mopKaTHA JTMCTa YCTAHOBIICHBI 9KCIIEHTPHKOBBIE
npwxuMbl 5. Ha nBa napannenbHbIX TOpLA yCTaHABIH-
BAaIOT YETHIPE YTOJBHHUKA 3 W YeTHIPE OMOPHI 4, KOTO-
pBI€ SIBISIFOTCSI OCHOBAHUEM ISl pa3MEIIeH s KOOPIH-
HATHOTO IIO3MIMOHepa 3 IpUHTEepa, cXeMa KOTOPOro
NIPUBECHA Ha pUC.7.
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Puc. 6 — Cxema ycmanosku, gpuxcayuu u 3a-
AHCUMA 20PUBOHMATLHOLO TUCMA CEAPHOU KOH-
CMpYKYuu Ha cmexoe

KoopavHaTHBIM MO3UIMOHEp MPEICTABISIET CO-
6011 KapKac COCTOSIINN U3 IBYX CHEIMATH3NPOBAHHBIX
MapanjienbHbIX 0aJOK M TPaBEPChl YCTAHOBIEHHBIX Ha
ocHOBaHUU 1. banku coOpaHbl U3 YeThIpeX Cerualb-
HBIX KPOHIUTEHHOB 2, TpanenenIanbHbIX BUHTOB 4 U
HaIpaBJISIONIMX MIMHAPHIECKUX BamkoB 5. Ha nBa
HNEepeHUX KPOHILUTEHHA yCTaHABIMBAIOT JBa I1arOBBIX
nsurarens 11. TpaBepcy cobuparor U3 AByX 4X 1o3u-
UOHHBIX 000WM 3 W OJHOW IBYX IO3UIIMOHHON
000iMBI 6, KOTOpBIE COCIUHSIOT TpallelenIanbHbIN
BHHT 8 ¥ HampaBISIONUH Ba 9.

Ha 06oiiMmy 6 ¢ mOMOIIBIO CHEIUATLHON TIaHKH
YCTaHaBIMBAIOT M 3aKPEIUISIOT aBTOMAaTH3UPOBAHHYIO

Puc. 7 — Cxema koopounamunoz2o nosuyuoHupo8anus NPUH-
mepa ycmanosKu, oukcayuu u npueapku OOHOK

TOJIOBKY 7 BBITIOJIHSIIOILYIO POJIb 3aXBaTa OOHOK, Tepe-
MEILEHUS] UX 10 0CsM, (puKcaluu B 3aJ]aHHOM MecTe,
MpWXaTHsi K OCHOBHOMY JIUCTY M puxBaTke. [lepeme-
IIEHNE TOJIOBKU BIOJb OCH OCYIIECTBISETCS MpPHU IO-
MOIIIM IIaroBoro asurarens 10 Bpararomero BUHT 8, a
TiepeMeIIeHHe TPABEPCHI C TOJIOBKOM OCYIIECTBISETCS
JBYMs IIarOBbIMU ABUratensiMu 11 ycTaHOBIEHHBIMU
Ha nepegHux KpoHmTelWHax 2. KoHCTpyKius KpoH-
LITEHHOB ITO3BOJISIET € TIOMOIIBIO 7-00pa3HBIX Ma30B U
OTBEPCTUH yCTAaHABINUBATH U 3aKPEILIATh UX HA CTCHJIE.

ABTOMaTH3MpPOBaHHAS TOJOBKa pa3zpaboTaHa MO
MIPUHITUITY [TAHTOBOTO 3a)KMMa, KHHEMaTHIecKas cxeMa
TOJIOBKH TIOKa3aH Ha puC 8.
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1 — nanens, 2 — kponwmetin, 3 — 3yb6uamas petika, 4 — wazoewlii osuecamensv, 5 — 3youamoe Koneco, 6 — Kpeneoic-
Hblll 8UHM,; 7 — 000UMaA; 8§ — mpaneyeudanbHbill 6UHN,
9 — xo0osoii san; 10— sepxusisn kpouuuka yurunopa, 11 —yunundp; 12 — nopwens; 13 — npyscuna; 14 — nuscnsis
Kpbliuka yununopa, 15 — waeoswiti osucamens,; 16 — 3y6uamoe xoneco; 17 — ynop,
18 — eaiika cmonopa;, 19 — eunm; 20 — yanga, 21 — 3y6uamoiii kponwimeiin, 22 — 3ayen;
23 — 6onka; 24 — ceapounas nposonoKa; 25 — pe2yisimop cacamozo 6030yxa

Puc. 8 — Kunemamuueckas cxema aemomamusupoeaunoﬁ 20JI06KU YaH206020 munda

OcHOBaHUEM TOJIOBKHU CIIy’KUT MaHeNb | Ha KOTo-
POl 3aKperuIeHbl KPOHILITEHH 2, IaroBbli 1BUTATEND 4,
JBYXIIO3UIIMOHHAsT 000¥iMa 7 W IIAroBbI JABHUTATENh
15. BHyTpu KpoHIITeHHA pa3MelieHa 3yo4ara peiika 3
COeIMHEeHHas ¢ 3y0uaThIM KOJEecoM 5, a cama peiika ¢
MOMOIIIBI0 BHHTA 6 COEAMHEHAa C ITHEBMOIMJIMHIPOM
cocTosmM u3 BepxHed kpwimku 10, mummaapa 11,
nopmHs 12, HIDKHEH Kpeimku 14. B mopmeHs BKpy-

YeHbI YEeThIpe LUIMHAPUYECKUX ynopa 17 u ycTaHOB-
JICHBI YETBIPE LMINHIPUUECKUX MPYKUHBI cxaThs 13.
[THeBMOUMIMHADP COEAMHEH IpPU MOMOLIM BUHTA 19 u
KkoHTpraiiku 18 ¢ nanroit 20. BHyTpu njanru ycraHoB-
JIEH U 3aKpeIlieH 3anen 22 3axXBaThIBAlOIIUI 3arOTOBKY
(6onky) 23. Jlnst pabOTHI MTHEBMOIIMJIMHPA HA BEPXHEH
KPBIIIKE YCTAaHOBJICH PEryINPYEMBIif MEXaHN3M 25 1o-
JIa9d CXKaTOTO BO3/yXa, a IS IPOBEICHHUS CBAPOYHBIX
pabort, mojada cBapoIHON MpPoBOJIOKH 24, k nanre 20
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3aKperuieH 3yOuaTbli KpoHIITEHH 21, KOTOpPBIA CBO-
601HO TIPH TOMOIIHK 3y04YaToro Kojeca 16 u maroBoro
nmeuratens 15 mepememtaercs Ha 180°. K kponmreiiny
21 3akpernisieTcsi cBapodHas TopeiKka ¢ mojadeil mpo-
BOJIOKH M YTJICKUCIIOTO Ta3a. [l mpuxBaTku OOHKH B
Tpex MecTax 3yO’aThelii KpPOHINTEHH HWMeEEeT HapesKy
3yoneB 1o ayre 180°. ITpomecc mpUXBaTKH OCYIIECTB-
JSIeTCsl B YEThIpE JTana: NpuBapKa KaTeTra B HYJIEBOM
MOJIOXKEHUH; Pa3BOPOT KpoHIITeiHa Ha 90 ° — mpuBapka
KaTera; pa3Bopor Ha 180 ° B 0OpaTHOM HaIlpaBICHHH,
IpHBapKa KaTeTa U pa3BopoT Ha 90 ° B HyJeBoe MoJo-
JKCHUE.

3y6uaToe koseco 16 BBHITOTHEHO C 3aBBIMICHHOU
BBICOTOM paBHOI X0y MOPILIHS THEBMOLMIMHAPA, T.€.
pabotero xo7a aBTOMaTH3UPOBAHHON TOJIOBKH.

3amen 22, 3IeMEHT T'OJOBKH, KOTOPHIH BHIITOTHSET
OCHOBHYIO TEXHOJIOTHUYECKYIO ONEpanyio 10 3aXBaTy,
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a — 3ayen 0151 YCMAHOBKY OOHOK OUaMempom Om
15mm 00 20 mm

(uKcaIMy 1 3aKPEIICHUI0 OOHOK Pa3IMYHOTO HapyK-
Horo amamerpa. OH HpeAcTaBisieT cO00H (QHUTYPHYIO
IUIOCKYIO TPYKUHY. 3allenbl W3rOTaBINUBAIOT U3 TPY-
SKMHHOM JTucTOBOM ctanu 651" Tommmaoi 1-1,5 mm me-
TOJIOM XOJOIHOM JIUCTOBOM mtaMnoBku. Ilocie mram-
MTOBKU 3allelbl IIOBEPTalOTCS TEPMUYECKOil o0pa-
6oTke (3akanmka Ha macio mpu Temmepatype 830°C u
ormyck mpu 480°C, TBepmocth o Bukepcy 375-485
C/IMHUII.

B 3aBucuMocTH OT pa3zMepoB OOHOK K JIKCIIEpH-
MCHTAJbHBIM HKCCIICJIOBaHUSIM pa3pabaThiBacMOil ro-
JIOBKH HEOOXOIMMO U3TOTABJIMBATh JIBA BUJIA 3AIICTIOB.

Ha puc. 9 mokazaHs! nepeMenieHuns JIeCTKOB 3a-
[erna, ONTHMAaJbHBIE pa3Mephl OOHOK, ONTHMAaJbHBIC
pa3Mepbl KpENeXHbIX OTBEPCTHM, M ONTUMAJIbHBIN
[aHT .
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6 — 3ayen 015 ycmanoexku 60HOK ouamempom om 15
MM 00 20 mm

Puc. 9 — Kunemamuuecxas cxema nepemeujerust jlenecmikoes sayena

B pesynbrate ucciieioBaHuii ObUIO YCTaHOBIICHO,
YTO TIPH YCTAHOBKE U MpUBapke OOHOK AUAMETPOM OT
20 mm 10 15 mm (puc. 9, a), onTUMAaIbHBIE 3a1IETIBI CIIe-
qyromue: uinHa 30 v, BHYTPEHHHUM JUaMeTp pacliy-
PEHHOM 30HBI 25 MM, AuaMeTp y3koi 30HbI 20 mm, OT-
BEPCTHE JUIsl KpPEIUICHUS 3alena JuaMeTpoM 5,5 mu,
BUHT M5. l]anra B JaHHOM BapHaHTe UMeeT BbIcoTy 30
mm, qaameTpsl 50 vm u 25 mm, NMeeT YeTsIpe OTBep-
CTHS IO BUHTHI M3 11 KperieHus ¢ 3y0uaTsIM KPOH-
IITEHHOM, BHYTpeHHHE quaMeTpsl 22,5 vm u 20,5 mm.
Xop maHTH MpH 3axBate OOHOK AuaMeTpoM OT 20 awu
10 15 mm cocraBuster 10 mm. Ilpu ycTaHoBKe U mpH-
Bapke OOHOK auameTrpoM oT 15 amm mo 10 mm manra
UMeeT TyXe KOHCTPYKLUIO, YTO U B IEPBOM BAPHAHTE.

OTianyre COCTOMUT B TOM, 4ToO 3aren (puc. 9, 6)
HMEET CleAyIoLMe pa3Mepsl: AnuHa 21 mm, BHYTpeH-
HUI [uaMeTp pacUIMpPeHHOH 30HbI 15 vm, quameTp y3-
KOH 30HBI 5,5 MM, OTBEpCTHE JUIsl KpEIJIEHUs 3allerna
auameTpom 3,5 mm, BUHT M3.

B naHHON KOHCTPYKUMU BUHT, M5 BBINOJHSIOT C
YIIMHEHHOH U paclIMPEHHOH TONOBKOH B KOTOPOIl BBI-
MONHSIOT OTBepcTe M3 i KperuieHus 3aiena npu
TIOMOIIY BTYJIKH, IMaiOb 1 BUHTA M3. JI1s ycTaHOBKH
60oHOK auaMerpoM 10 vy Ha TaHTY HABUHYMBAIOT CIIe-
OUAIBHYIO TaKy M25 ¢ BHYTpEHHHM KOHHYECKHM OT-
BEPCTUEM U HAPY>KHON HaKaTKOW. XOJ LIaHTH IIpH 3a-
xBate O0HOK auameTrpoM oT 15 mm mo 10 mm cocTas-
JseT 6 mm.
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Jns mepexona OT OAHOrO THIa 3auenos (ycra-
HOBKa O0HOK auameTrpom oT 20 mm mo 15 mm) k apy-
roMy (ycTaHOBKa OOHOK amameTpoM oT 15 mm mo 10
MM) HEOOXOIMMO BBIBEpHYTH BUHT M5, 1 CHATS 3awer,
II0CJIE YeT0 BBEPHYTh CIIEUANbHbBIN BUHT M5 ycTaHo-
BUTH 3allell, BTYJNKY, a0y u BuHT M3. Ha HIkHIOO
TIOBEPXHOCTH IIaHTH HABEPHYTH Taiiky M25.

OTO MO3BOJIAET B KOPOTKOE BpEMsI IPU HEOOX 011~
MOH IOTPEOHOCTH, B KOPOTKOE BPEM:I 3aMEHHThH 3aLlell
0e3 mopabOTKK caMOM TOJIOBKH.

O/HUM 13 OCHOBHBIX TEXHOJIOTHYECKUX BOIIPOCOB
IpH pa3padOTKe aBTOMATHU3HUPOBAHHOW T'OJIOBKH SIBJISI-
eTcsl CBApOYHBIN POLIECC, T.€. BHIIIOJIHEHNE IIPHUXBATOK

OOHOK K OCHOBHOMY JIHCTY METaJULIOKOHCTPYKIHU. B
HacTosmeHd paboTe AT MPUBAPOK OOHOK MPUMEHSIIH

MOJIYaBTOMAaTHYCCKYIO CBApKYy B CPEC C02 .

OcHOBaHUsI, HA KOTOPbIE YCTaHABIMBAIOT OOHKH,
HUMEIOT Pa3IM4HbIe TOJIIMHEI, a AJS Pa3IUYHBIX TOJN-
IIVH JIFCTA U PA3TUYHBIX JHAMETPOB OOHOK TPeOYIOTCS
pasnH4HBIE pa3sMephl KareTa CBapKH, W PEKUMBI
CBAapK{: CHJIa TOKa, HANpPsHKEHHE, CKOPOCTH CBApKH,
JMaMeTp CBAapOYHOU IPOBOJIOKH, BBUIET DIEKTPOIA U

pacxon CO, .

OCHOBHbBIE TEXHUUECKHE 3HAYCHHUS KOTOPBIX MPHU-
BeJeHbI B Ta0I1.4.

Tab6n.4
Pe)knMbl aBTOMATHYECKON M TOJTyaBTOMATHYECKON CBAPKH YIJIOBBIX [IBOB B YIIICKUCIOM rase
Hmna-
MeTp
Hua- 3JIEK- Hamps-
METp Tommana Tpoa- Karer Yucno | Tox, JKEHHE CkopocTh Bourer Pacxon
OOHOK, MeTallta, HOU Tirsa, CIIOEB Ha JIyre, | CBapKu m/2 ek rasa,
MM MM TpOaa, MM J/MUH
MM NIPOBO- B
JIOKH,
MM
ot 10 or 1,0 06 or 1,2 1 ot 60 or 18 oT 16 oT 8 oT 6
no 15 nol,5 ! no 2,0 no 70 1o 20 no 18 no 10 o 8
ot 15 or 1,5 08 or 2,0 1 or 75 or 18 oT 16 oT 8 oT 6
o 20 o 2,0 ! o 3,0 mo 110 1o 20 mo 18 o 10 mo 8
ot 20 or 2,0 12 or 3,0 1 or 130 or 22 or 16 or 10 or 8
o 25 o 4,0 ! no 4,0 o 180 o 28 mo 18 o 16 mo 10

CxeMa MIaHUPOBKHU y4acTKa 110 aBTOMaTHYECKON
cOOpKe CBAapHBIX KOHCTPYKIMH C HCIIOJIb30BAaHHEM
MIpUBAapOK NpHBeIEH Ha puc.10.

JlaHHas TeXHOJIOTHS COOPKH CBApHBIX KOHCTPYK-
LMH, C UCIIOJIB30BAHUEM BBIILIE pacCMaTprUBaeMoOM aB-

TOMAaTH3UPOBAHHON TOJIOBKOH, MpueMieMa Ul HU3Ze-
JUH, Y KOTOPBIX TOYHOCTh YCTaHOBKH OOHOK 12-14
KBAINTETAM M WX 3aXBaT NMPYKUHHBIM 3aLlETIOM OCY-
LECTBJIACTCA 110 IVIAJKOH Hapy»XHOH IOBEPXHOCTHU
OOHKH, 4TO SABJISIETCS 6a30il.

Kil-3
-

10

D
L
L
i

Ki-1

Ki-2

; ) 3 4
1 — mecmo onepamopa; 2 — wxag ynpasnenus,; , 3 — cmon 0iist 3a20Mo8oK, 4 — cmoi 20mogou npooyKyuu, 5 —
Mexanusm nepemewjerus no ocu Y; 6 — kaccema 015 60nok; 7 — 6azosoe ocHosanue; 8§ — Mexanusm nepemeuye-

Hust no ocu X; 9 — agmomamuueckas 20106xa (mexanusm nepemewsenus no ocu Z); 10 — 6anron ¢ yenexucuvim
eazom ; 11 — komnpecop; 12 — nonyaemomam ceapounwiii, 13 — ob6opydosanue 0is NoIya8mMoMamuiecko

C8apKU 6 C02

Puc. 10 — Cxema naanupogku y4acmka no asmomamu4eckoll coopke u céapke c6apHulX KOHCMPYKYUil
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B nanpHeiiem Takue cBapHble KOHCTPYKIMU: MO-
CTYMalOT HAa MEXaHHMYECKHH Y4acTOK, IJIE€ 10 KOHIYK-
TOPY CBEPISIT OTBEPCTHUS U HAPE3AIOT PE3BOBI.

B OompmmHCTBE CitydaeB HpU COOpKE CBAapHBIX
KOHCTPYKIMH OOHKHM HPUXOIAT yXKE C IMPOCBEPICH-
HBIMH OTBEPCTHSIMH M Hape3aHHOW pe3n0oil. OCHOB-
HBIE pe3b00BBIC OTBEPCTHS, KaKk OBUIO YKa3aHO BEIIIE,
ato M5, M6, M8, M10, M12, M14, M16, M18, a B npu-
OopocTpoeHnH OOHKH ¢ BHYTPEHHUM OTBepcTHeM M3.
Penxo, HO ObIBalOT cityyad, KOTAa BMECTO OOHOK C
BHYTPEHHUM OTBEPCTHEM YCTAHAaBIHMBAIOT OOHKH
([WnuIbKK) ¢ HAapYKHO# pe3b0oil. TOUHOCTH CBapHBIX
KOHCTPYKIIMH TAKOTO THIIa COOTBETCTBYET §-12 kBanm-
TeTaMm.

JlaHHyI0 3aady pemagy METOAOM IepeHalagKu
AaBTOMATH3MPOBAaHHOW TOJOBKM T.€. 3aMEHSEM IIpY-
JKUHHBIA 3amen Ha BHHTOBOH. IIpm sToM 0Oa3a ycra-
HOBKH CBapHOTO JcTa moj OoHkw, kapkac 3/] mpuH-
Tepa U OCHOBHAs YaCTh aBTOMATH3MPOBAHHOW IOJIOBKU
OCTAaTCA HCU3MCHHBIMU.

Bwmecto IMHEBMOIIWJIMHPA U €TI0 KPCTIEIKHBIX 3JIC-
MEHTOB, a TaK)Ke IPYXHHHOT'O 3allela yCTaHaBIIMBa-
€TCsl CepBOJBHUraTeNb (WM LIararollinii) IBUTATEINb, C

DJIECMCHTAMU KPCIUICHUSA U (bHKcaTOp C HacaaKaMu. Ku-
HEMaTU4ECKasa CXxeMa JaHHOI'O y3Jia IPUBEJICHA Ha PHUC.

11 (rne d — gmameTp pe3n6OBOI YacTH GOHOK; d1 -
JMaMeTp pe3p00Boil YyacTu (hukcaTopa; d2 — IUameTp

MOCaZI0YHOH yacTH (uKcarTopa; d3 — IHMaMeTp M

KpeTUIeHISI HacaIKu 1 (hukcaTopa).
®ukcaTop, KOTOPbIM Ha KOHLIE UMEET ONPEEIICH-
HYI0 pe3pOy Uil HaBUHUMBAHUS W 3aKpPEIUICHUS

Hacajku npusejeH Ha puc. 12 (rme | — mnuma moca-
JOYHOr0 MecTa (hUKCaTopa; |1 — JJMHA 3axoja

HAcalKd Ha (uKcarop, L — o6uas mnuHa Hacamkm;
L1 — mnmuHA pe3b0Bl Hacaaku mox 0oHKy). Hacamkm

UMEIOT (OpMy BTYJIOK, HX H3TOTABIUBAIOT ABYX HC-
TIOJTHEHHH: U1l OOHOK ¢ BHyTpeHHeH pe3b0oi puc.12,
a, ¥ OOHOK C Hapy»XHOM pe3b0oii, puc. 12, 6.

®dopma U pasMepsl BepXHEH 4yacTH HacaloK MO-
CTOSIHHAsI, MEHSETCSI TOJBKO HMXKHSSI 4acTh, Hape3Ka
pe3b0bI o1 OOHKH.

T
Konmpeaiika
Sk
i \}\ Daaney
~]
~Lsucamens
l_r_r_l Mypma
/(Dukcamop
’ Hanga
i - — 74
! |
- 1 r—-
I | Hacaoxku
I/ \
|/ \
L | S
’ i
//1\“
bonku [ 7
, AN {
M5 M8

Puc. 11 — Kunemamuueckas cxema cO0pouHo20 y3na 015 (hukcayuul u KpenieHus 60HOK ¢ GHYMPEHHEll U Hapyic-
HoU pe3bOoii
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a — HAcaoka 051 OOHOK C HYMPEHHUM Pe3bO08bIM
omeepcmuem

£

0 — Hacaoka 01151 6AHOK ¢ HAPYHCHOU pe3bOOoll

Puc. 12 — Quxcamop ons nagunuuanus u 3aKpeneHus Hacaoku

B xozme mpoBeneHHBIX HCCAEAOBAHUM, a TaK Ke
MOJIYYEHHBIX PE3YyJbTAaTOB JAHHBIX CTAaTUCTUYECKUX
pacdyeToB MOTYyYeHO IMITMPHYECKUE PYHKINU pacipe-
JIeJICHHUS BEPOSITHOCTU OTKJIOHEHUS L[EHTpa MPUBAPOK
ot 0a3sl cBapHOIT KOHCTpYKIWH. [To pe3ynpTaTam pac-
YCTOB nonyqum FI/ICTOFpaMMbI y}IaHeHI/IH HpI/IBapOK oT
0a3sl IO KaXKI0M M3 OCEH, YTO ITO3BOJIMIIO CIENaTh BBI-
BOJl O IUIOTHOCTH BEPOATHOCTH PaCHpEeNIeHUs CIy-

YaWHBIX BEJIUYNH f uné v

st oGecrieyeHnst aBTOMATHU3aluy paboOThI MO3H-
IIMOHUPOBAHUS KPETIC)KHBIX 3JIEMEHTOB CBAPHBIX KOH-
CTPYKIMH, B HU3ICTUSAX NPUOOPOCTPOEHMS, Npenso-
JKEHO HCIIOJIb30BATh aBTOMATH3HPOBAaHHYIO TOJIOBKY,
pa3paboTaHHy0 O TNPHHIMITY LAHTOBOIO 3a)KUMA.
[IpuHIMD paboThl aBTOMAaTH3MPOBAHHOM TOJIOBKU C
pe3p00BBIM 3alerIeHHeM O0HOK OTIHNYaeTCs TeM, YTO
BMECTO IMPYKHHHOTO 3aXBaTa OOHOK, OCYIIECTBISICTCS
pe3p00BOE KpeluleHHe 3a CUeT BBHUHYMBAHHS (HHKCa-
Topa B OOHKY, Haxojsmielcss B Kaccere-OapabaHe, a
JlanbHEeWIui npouecc nosropsiercs. Ilocie npusapku
OOHKM JIBUraTeNb Bpamaercsi B OOpaTHYIO CTOPOHY,
(bukcaTop BHIBUHUMBAETCA W3 OOHKM M IIpoIecc Ipo-
JIOJDKAETCS COTIIACHO ATOPUTMY HOCIIEI0BATEILHOCTH
MEXaHU3UPOBAHHOTO yYacTKa.

[Ipumenenue Takoi cUCTEMBI AA€T 3HAUUTEIbHBIN
HSKOHOMHYECKHUH 3PPEKT U MO3BONIET aBTOMATU3UPO-
BaTh NPOM3BOACTBEHHBIE IIPOLIECCHI, COKPATUTh CPOKHU
MOJTOTOBKH M3TOTOBJIEHUS] HOBBIX NPHOOPOB U MOBHI-
CHUTb KaueCTBO U3/IEIHNH.
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