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CHEMICAL SCIENCES

CUHTE3 APOMATHYECKHUX AIIETUJIEHOBBIX CIIUPTOB HA OCHOBE

OEHUJIALNETUJIIEHA
3uaodynnaes 0.3.
Yupuukckuil 20cy0apcmeeHHblil nedazo2uyeckull uncmumym, Y30exucman
Bypues ®.X.

Yupyukckuili 20cy0apcmeeHHblil nedazo2uyeckuil uncmumym, Y3oexucman
SYNTHESIS OF AROMATIC ACETYLENE ALCOHOLS BASED OF PHENILACETYLENA

Ziyadullaev O.

Chirchik State Pedagogical Institute, Uzbekistan
Buriyev F.

Chirchik State Pedagogical Institute, Uzbekistan

AHHOTALUA

CI/IHTe3I/Ip0BaHBI ApOMATHYCCKUE allCTUJICHOBBIC CIIMPTHI (AAC) B3aPIMOZ[eI>iCTBPIeM AlCTUWICHOBOT'O YIJICBO-
AopoJa- (beHI/IJ'IaHeTI/IJ'IeHa (q)A) C KPOTOHOBBIM aJIbACTUAOM U KETOHAMU (aHeTOH, MCTUIIDTUIIKCTOH, MCTHIIN30-
IMMPONMWJIKETOH, IMHOKAJIMH U aHeTO(l)eHOH) o0 METOY (DaBopCKOFO. CucTtaMaTHYECKU Hay41HO 000CHOBAHO BIIUS-
HUC PA3INIHBIX (baKTOpOB- MOJIBHOC€ COOTHOHICHUC MCXOAHBIX BCHICCTB, TCMIICPATYPLI, IPOAOJIBKUTCIBHOCTHU
peaKkuru U nmpupoay paCTBOpHTeHeﬁ Ha BBIXOJ IMPOAYKTA. OHpC,I[CJ'IeHLI BUABI TPOMOKYTOYHBIX U JOTTOJIBHUTECII-
HBIX COGZ[PIHGHI/II}‘I Hu ux O6paBOBaHI/IG. Haﬁz[eHo OINITUMAJIBHOC YCJIOBUC CUHTE3a C BBICOKHMM BBIXOIOM B IIpOLIECCE.
OnpeneneHa YUCTOTAa, CTPOCHHE, 3JIEMCHTHBIN COCTaB, KBAHTO- XUMHYCSCKHAHN 1 (1)1/13I/IHCCKI/I€ KOHCTAHTBI CHUHTE3H-
pOBaHHBIX coeAMHEHUH. HalineHo onTuManbHOE yCIIOBUE CUHTE3A NIPOJYKTa C BBICOKUM BhIXOAOM. IIpennoxeHo
MEXaHU3M pEaKIINU OCHOBBIBASICH HA JIMTEPATYPHBIEC HCTOYHUKH.

ABSRTACT

Aromatic acetylene alcohols (AAA) synthesized by reacting acetylene with phenylacetylene (PhA)- croton
aldehyde and ketones (acetone, methyl ethyl ketone, methyl isopropyl ketone, acetophenone and pinokalin) by the
method Favorsky. Scientifically proven influence of various factors-the molar ratio of the starting materials, tem-
perature and the nature of the solvent on the yield of the product itself. The optimal conditions for the synthesis of
a high yield in the process. Determined purity, structure, elemental composition, quantum chemical and physical
constants of the synthesized compounds. The optimal conditions for the synthesis of a product with a high yield.

The reaction mechanism based on literary sources.

KiroueBble cioBa: apOMATUYIECCKUE AlCTUIICHOBBIC CIIMPTHI, KaTajanu3aTop, KMHETHUKA, TEXHOJIOTHYSCKUN

npotecc.

Keywords: aromatic acetylenic alcohols, catalyst, kinetics, technological process.

Beicokas peakumonHas cocoonocts C=C— u C—
H- cBs3eit B anikuHax jenaeT ux y4aCTHUKaMH pa3HoO-
00pa3HBIX pEeaKlnii, COCTABISIONIMX OJJHUM U3 OCHOB-
HBIX Pa3J/leloB OPraHNYECKON CHUHTETHUYECKOH M TMpo-
MBIIIJIEHHOW XWUMUHM, KOTOpasi Ha3bIBae€TCA ‘‘XUMUS
anerunena” [1]. Copepxxanue B Mmonekyne AAC Tpoii-
HOM CBSI3U ¥ TUIPOKCIIIBHOM T'PYTIIIBI, PacIIUpsieT 00-
nacTi uX npuMeHeHus. OHM CHHTE3UPYIOTCS B OCHOB-
HOM, Ha OCHOBE alleTHIICHOBBIX yTIIeBOI0poIoB [2]. 13
HUX ITUPOKO PACTIPOCTPAHEHBI METOIBI SIBIISICTCS PEak-
un @asopckoro [3], ['puabsipa-Nommya [4] u quazo-
TUpOoBaHUS [5]. AIETHICHOBBIC YIJICBOJOPOIBI U HX
pa3nUYHbIC TPOU3BOIHBIC B CUITY MX BBICOKON peakIi-
OHHOHM CIIOCOOHOCTH M JJOCTYITHOCTH LIMPOKO MpUMe-
HSIOTCA B opranndeckoM cuHTese [6]. AAC ucnonb3y-
I0TCS B CEJIbCKOM XO3S1CTBE B KQUeCTBE OMOJIOTMIECKH
AKTUBHBIX BCIECTB, MEAUIUHE- YCIIOKAWBAOIIUX WU
OoJiee yTOINSIOMUX TIPENapaToB, OPraHMYECKOM CHH-
T€3€ B BUJIE€ UCXOAHBIX COCAUHEHHUH, dJIEKTPOTEXHUKE
KaK BBICOKOKAYECTBEHHBIE PACTBOPUTEIN, MOHOMEPHI
TIPH TIOTYYIEHUS TOJMMEPOB, B aKTUBHBIC OMOMHTHOU-
TOpPBI XMMUYECKOH W OMOXUMHYECKOW KOPPO3HU Me-
TaJUTMYECKUX KOHCTPYKUuii u T.1. [7, 8].

IOkcnepumenmanvnaa uacme. IIMP  criekTpsl
CHHTE3MPOBAHHBIX COCAMHCHHUN CHSTHI Ha CIIEKTPOQO-
tometpax Jeol FX-90 Q (90 MI't) u UK crektpsr 3a-
pEruCTpUPOBaHBl B TOHKOM CJIO€ Ha CIEKTpo(doTo-
merpe Bruker JFS-25. Cnextprl SIMP H 3anmcanb
IIpU KOMHATHOM Temmeparype Ha mnpubope Bruker
DPX-400 ¢ paboueii yacroroit 400.13 MI'ni, pactBo-
puresns— CDCls, BayTpennmii crannapt— 'M/JIC. Ana-
JIN3 PEaKIMOHHBIX CMECEH OCYIIECTBISIM METOJIOM
KX sHa mpubope JIXM-80, meTekTop Mo TEIUIONpo-
BOJHOCTH, Ta3-HOCUTEIb— reytnii, kooHka 3000U3 M,
xuaxas $aza noaudTrieHrukons 2000, 1% Ha NaCl.

Memoouxka cunmesa henunayemunena. B tpex-
ropiayto kondy oobemom 1000 mi, cHaGXeHHYIO 00-
PaTHBIM XOJIOAUIBHUKOM U MEIIaJIKoH, moMentanu 250
M1 xstopodopma u 230 Mt ctuposia. OXIaxIad U 1me-
peMeIInBaly, 110 KaIlulsIM B TEYEHHE 2 4acoB MpHOaB-
ssumy 116 M 6poma. 3aTeM peakIMOHHYI0 CMECh Iiepe-
MemuBany B TeueHue 30 MunyT npu 35 °C 1 oTroHsuu
xsopodopm. ITocne cymku ocTaTka Ha BO3IyXe MOy
g 1-permn-1,2-mubpomdtan ¢ BeIxogoM 514 T,
Tu=33 °C.
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B Toit xxe xonbe HarpeBaJid ¢ OOpaTHBIM XOJIO-
munbHUKOM 56 T KOH B 240 M1 METHIIOBOTO CIIUPTa
Ipy TIEpeMEIMBaHUM W TNPUOABISLIM  HEOOJIBIIMMHU
nopuusimu 132 1 1-denun-1,2-quépomdTana B TeueHne
2,5 yacoB. Cmech kunsatuiu 30 MUHYT IIpH TIEpeMeln-
BaHUH, 3aTeM OXJIAXIadu M cMmewmuBamu ¢ 250 mi
BoAbl. OTAENSIM MaCISIHUCTBIA CIIOH, CYIIWIM Haj
K>CO3 u neperonsanu B BakyyMe B IPUCYTCTBUU TU-
poxuHoHa [9]. Beixon denunanerniena 68% (ot Teo-
peTHYECKOr0), Tan=141-143 °C,

d2° =0,92952/cw®, N’ =1,5589.

Memoouka cunmesza AAC. B Tpexropiyio Kooy
o0semMoM 500 M, CHaOXKEHHYI0O MEXaHMYECKOH Me-
IIAJIKOM, OOpaTHBIM XOJOAMIBHUKOM M KaleJIbHOW BO-
PpOHKOH, momemanu 56 r (1 MoJIb) MOPOITKOOOPa3HOTO
KOH wu cpasy xe npudasisuti 200 M Terparuapody-
pana (TT®), xon0y oxJakHaal CMECBIO JIbAAa U CONH
J0 Temnepartypsl -5 °C 1 gyepe3 KareJbHyl0 BOPOHKY B
teueHue | gaca mpubasmsm 10,2 T (0,1 moms) A u
0,1 MOITB KETOHA PACTBOPEHHOTO B 25 MJI AUATIIIOBOTO
a¢upa, IOCIE 9ero CMECh OCTAaBIISUIN HA HOYb. Peakiu-
OHHYIO CMEChH IPU OXJIAXKIECHUH JIEATHON BOAON TUAPO-
JM30BaU, YPUPHBIA CIIOH U d(PUPHBIC BBITSIKKH CY-
MM HaJ TOTALIeM M TIO/IBEPrajy MeperoHKe B MpH-
CyTCTBUM  I'MApOXuHOHA.  llomydeHHeld  cnupt
pactBopsieTcs B OeH30I1€, alleToHe, XJI0poopMe U Ipy-
THX OPTaHMYECKUX PaCTBOPHUTENSX, HO IIOXO PacTBO-
puM B BoJIE.

Texnonozua npouzeoocmea AAC. (B kauecmee
npumepa npeoyiodHceHbl MeXHOL02US NPOU3800CmMEd Ou-
memungpenunayemunenunkapobunona). TexHonornde-
CKHI MpoIiecc IpOon3BOJICTBA AUMETHI(EeHIIaneTHiIe-
HUIIKapOWHONA pa3paboTaH COBMECTHO C COTPYIHH-
kamu OAO «HaBownitazor».

B peaxTop 1 u3 6ynkepa 2 3arpyxaercs KOH, u3
emkoct 3 TI'® u obpasyercs cycnensus. B cycnen-
3MI0 U3 eMKOCTHU 4 nofaércs (heHnIaneTuiIeH, a u3 5 ¢
MOMOIIIBI0 Hacoca aleToH. Peakrop cHapyxu oxna-
JKTAETCS KUIKUM a30TOM, KOTOPBIH nojaércs u3 Oan-
noHa. Ilporecc B 3THX ycnoBusiX mpu Temmeparype 0

°C mpOBOIUTCS MPH MPOJOIKUTETLHOCTH 6 9acoB. O0-
pasyromuiics KaTanu3aT THIPOIN3YEeTCS B EMKOCTH 6 U
MOJAETCS B cenaparop 7, B KOTOPOM >KHMJIKUH CJIOU IO~
JIaeTCsl B OTHAPKY 8, @ OCTATOK B PYroro eMKocTs. 13
OTIIApKW OpraHu4ecKasl 4acTh NOAAETCs B PEKTU(HKA-
LIHOHHYIO KOJIOHHY 9. [Ipr 3TOM nocie1oBaTesbHO BbI-
JIEIISIIOTCSL HeTIpOpearupoBaBIlve aleToH U (eHuIale-
THJIEH, KOTOPHIE COOTBETCTBEHHO ITOJIAETCSI B EMKOCTH.
[pu 145-147 °C BeIOENISACTCS AUMETIII()EHUIIATICTHTIC-
HUJIKapOWHON B coOMpaeTcs B eMKocTh 10,

W3ydeHne Bcex mapaMeTpOB TEXHOIOTHH CHHTE3a
IUMETHI(QEHWIT-aIle THICHUIKapOHOA!

— TEXHOJIOTHYECKHH ITPOIECC IPOBOAMUTCS IIPH aT-
Moc(hepHOM aBICHUH;

— 0011as NPOJOIDKUTENFHOCTD TPOIecca COCTaB-
nset 10 gacoB, U3 HUX 2 Yaca MPUTOTOBIIEHUE CYCIIEH-
3WH; B3aMMOJIEHCTBHE PEareHTOB MeXAy coOoi 6 ya-
COB, THJIPOJIN3 ITPOMEXYTOUHBIX MPOAYKTOB — 0,5 4a-
coB, cenapanust 0,5 4acoB 1 GppakuMOHHOE pa3JieNieHne
oOpa3yrommxcs MpoaykTos — 1 gac;

— U1 HAYaIbHBIX TPEX TAIloB TEMIIEpaTypa Impo-
necca 0 °C, yerBeproro 3tana — 100 °C u 1y nponecca
pextudukammu 180 °C;

— TpoIecC MPOBOAUTCS MEPHOAMYECKH M HEIpe-
PBIBHO, M TIPH 3TOM Mojada (peHUITaleTHIICHa COCTaB-
nser 0,476 i/ygac, anerona 0,315 a/gac, TT'® 0,375
i/gac 1 KOH 0,113 kr/4ac;

— BBIXOJ JMMeTWI()eHUIaleTHICHIIKapOrHOIa
cocrasister 3,15 mMon/n yac u ckopocth peakumu 0,39
MoJ/n. 4ac. [Ipu 3TOM dHEprus aKTHBAIMU pPEaKInuU
paBHO 9,16 KKaI/MOJIB;

— TIpU TPOBEICHHUHM Tpolecca coOioaeTcest Tpe-
0OOBaHMM TEXHUKA OE30MACHOCTH U 3alUTHI OKPYKaro-
el cpeasl;

— YCTaHOBJICHO, YTO AMMETHII()EHIUIACTUIICHUII-
kapbuHona kumut npu 145-147 °C, mmotHocts 1,450
r/cm®, nokasatens npenomienns 1,9320, ero crpoenus
ycranoByieHo 1o gaHHOM WK— u IIMP- cnekrpocko-
IIMH, COCTAaB- 110 JAHHBIM 3JICMCHTHOI'O aHaJIn3a, a 4Yu-
ctoTta- MmetomoM I KX,
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Puc. 1. [lpunyunuanvuas mexHonocu4eckas cxema npoyecca noiyyenue OUMemuigheHuIayemuieHUIKapouHona
1— peaxmop, 2 6yukep ons kamanuzamopa, 3— emxocms 0ast TI'®,4— emrxocms Onst DA,
5— emrxocms 03 ayemona, 6— emkocmy 07151 2udponusa, 7— cenapamop, 8— omnapx,
9— pexmugpuxayuonnas xonouka, 10— emxocms ona AAC.

Pesynomamul u ux oécysncoenue. MoxxHO CUHTE-
3upoBaTh AAC B3aumogelictBueM Ha @A HEKOTOPBIX
KETOHOB U allbAeru10B 1o Metony Pasopckoro. B ka-
YecTBE KapOOHWIBHBIX COEIMHEHHH WCIIOIb30BaIN
aIleTOH, METHII3TIIIKETOH, METHIIN30NIPOIUIIKETOH, TIH-
HOKaJIMH, arieTo()eHOH ¥ KPOTOHOBBIH anbJeTH/ U IPH
cooTBeTCTBEHHO cuHTe3upoBanu AAC: mumeruide-
Hunane-ruieHwikapoutona (IM®PAK), merwmatui-

C=CH

¢dernnanermwienmikapounona (MOPAK), merunmso-
npormndennnaneTmwieHmwkapounora  (MUIIDAK),
METWI-TPETHYHBIHOY THII( CHIITAIe THIICHUIIKapOu-
monma (MTB®AK), ¢enmndennit-anernieHnIKapon-
Hona (ODAK) m mponeHmneHUIANCTHICHUIKApOH-
Hona (ITOAK).

Cxemy peakiuu cuaTe3a AAC mpoTekaer B cie-
nytoriem [10]:

R
C=C—- &f R’
OH

+ R—(‘j— R’

0

MOH+TT'®

20e: R= *CH:J,, R = 7CH3,' R= *CH:;, R’: 7C2H5,' R= fCHgv R': u3o 7C3H7, R= ,C]—[&
R'=-C(CH3);; R=—CH3, R'=—-C¢Hs, R=—-H, R'= —-CH=CH-CH3s, M= Li, Na u K.

Hnst ontumuzanuu npoinecca cunreza AAC cu-
CTEMaTU4ECKH UCCIIE0BAIIN BIMSHUE Pa3INUHbIX (Pak-
TOPOB- TEMIIEPATYPbI, MPOIODKUTEIEHOCTH PEaKIUH,
pacTBOpHTENST M TPUPOABI KAaTaIU3aTOPOB, MOJBHBIX
COJIep’KaHNH MCXOJTHBIX PEareHTOB Ha UX BBIXOJA.

B xadectBe pacTBOpUTENEH MCHOIB30BAIM IPO-
TOHHBIE M alIPOTOHOBBIE PACTBOPHUTEIH— METAHOII, dTa-
HOJ, OUATIWIOBHIH 3¢dup (I23) u terparuapodypas,
MPUMEHSUTH  KaTallM3aTOPbl  BBICOKOH OCHOBHOCTH
LiOH, NaOH u KOH.

B T1abn.l. mpoBeneHs! pe3ynbTaThl MO BIUSHHIO
NPUPOJIBI KaTaIN3aTopa U MPOAOIIKUTELHOCTH PeaK-
uuu Ha Berxog AAC.

C yBenn4yeHreM NpoI0JKUTEIBHOCTH PEAKIIUH OT
4 no 8 yacoB yBEIMUYMBAETCS BBIXOJ LIEJIEBOTO MPO-
nykTa. OCHOBHOW MPUYMHOM 3TOrO SIBISIETCS, TO UTO
[IpU TPOBEACHUN PEAKIUH MPOJOJIKUTENBHOCTBIO 4 —
6 4acOB MCXOJHBIE PEAreHTHI MOJTHOCTHIO HE BCTYAIOT
B PEAKIIMU M OCTAIOTCS B CMECH, a TAKXKE OHH IIPH B3a-
MMOJICHICTBUN C KaTaJm3aTOpOM OOpa3yIoT alleThie-
HUJIBI, YMEHBIIAET KOJIMYECTBO KATAIM3aTOpa U COOT-
BETCTBEHHO CIOCOOCTBYET MaJE€HHIO aKTUBHOCTH IO-
clemHero. OTO OTPHUIATENLHO BJIMAET HA BBIXOJ
MPOAYKTA.

[Ipupona karanmM3aTOpOB TaKKE HMEET BaKHOE
3HauEHUE, TaK KaK, YeM aKTUBHEE KaTajJu3aTop B MPO-
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1ecce MPOMEXYTOYHO 00pa3yroIInii aKOToJsT ObICT-
pee npespamaercs B AAC. B pesynpraTe yBennunBa-
€TCs BbIXOM CIIUPTA.

C yBenMYEHUEM IPOJIOJDKUTEIBHOCTH PEaKLIUH
10 10 yacoB AAC 4acCTHYHO MONHUMEPU3YETCS, KPOMe

9TOTO BBIJEJICHUE BOJBI U3 MOJIEKYJIbI CIIUPTA MIPUBO-
JIUT K 00pa30BaHMIO TOOOYHBIX MPOIYKTOB M COOTBET-
CTBCHHO YMCHBIIACTCA BbIXOA IPOAYKTA.

Tabimmna 1
BnusHue kaTanu3aTopoB U NPOJOIKUTENLHOCTH peakuuu Ha Beixoq AAC
(remneparypa 0 °C, pactBopurens TI'®)
Karanusarop IIponomKUTETBHOCTD PEaKLuy, Yac Beoon AAC, %
’ | I i v V VI
4 241 | 215 | 184 | 176 | 34,7 | 378
6 37,8 | 335 | 284 | 26,5 | 394 | 513
LiOH 8 426 | 36,0 | 340 | 296 | 46,4 | 58,7
10 40,3 | 344 | 32,7 | 29,1 | 455 | 52,0
12 214 | 196 | 17,3 | 156 | 264 | 295
4 298 | 270 | 255 | 224 | 39,8 | 485
6 46,8 | 43,0 | 39,0 | 36,5 | 49,7 | 572
NaOH 8 52,4 | 505 | 47,3 | 43,2 | 55,8 | 65,2
10 51,1 | 493 | 458 | 413 | 54,2 | 62,0
12 299 | 264 | 212 | 174 | 314 | 36,2
4 544 | 455 | 419 | 38,6 | 61,2 | 56,2
6 733 | 676 | 553 | 51,3 | 784 | 62,2
KOH 8 81,4 | 721 | 653 | 576 | 853 | 70,4
10 80,0 | 71,3 | 64,0 | 55,7 | 83,8 | 675
12 46,7 | 383 | 346 | 29,7 | 50,1 | 405

eoe: I- IMDAK; II- MODAK; IlI- MUTIPAK; IV- MTEDAK; V- QDAK; VI- [IDAK.

IIpu npo1omKUTENEHOCTH peakiuu A0 12 yacoB B
cucreMe AAC HEBCTYNHUBIINE HCXOMHBIE pEareHTHI
JEWCTBUEM PACTBOPUTEIS U KaTAIM3aTOpa MIPUBOIUT K
00pa30BaHUIO NPOMEKYTOUHBIX COCTUHEHHH BCIIEA-
CTBHE 4Yero, HaONIOJAaeTCcs Pe3KOe YMEHBILICHHUE BbI-
X072 MpoAyKTa. B ToM umcie oOpasyeTcs B pacTBope
npoliecce MPOTOHUPOBaHKWE 00Pa30BAHHOTO AJIEKTPO-
¢unpHOTO KapOKaTHOHA, B PE3YJIbTaTE B CUCTEME JIe-
runpatupysick AAC npeBpaiaercs cojepkaiue B Mo-
JIeKyJIe TBOWHYIO U TPOIHYIO CBSI3b YIIIEBOJOPOIA WIIH
MPOCTBIM 3(upam, peakuu mpucoeanHenue Ha —C=0
CBSI3U KETOHOB, B cucreme obOpazoBanHoe AAC B3an-
MozeiicTBus ¢ HeBcTymuBIIMM DA 00paszyeT 3upHI,

coJieprKalie BUHWIBHYIO TPYIITy, 32 CUET KOHAEHCa-
IIUH KETOHOB C IIEJIOYBIO IIPUBOJHUT K PE3KOMY yMEHb-
IIEHHUIO BBIXO/A MPOIYKTA.

ITpu xox€ KaTaTUTUIECKUX PEAKIIH 003aTEIBHO
HaJI0 yuUThIBaTh cpeny. Habmronaercs, 4yro pactBopu-
TeJe CIy)KUT KaTaln3aTopoM BO MHOTHX PEAKIHIX.
IToaToMy yuuTBIBas BO BpeMs CHHTE3a YBEIUYECHUE
CKOPOCTHU PEAKIIUHU, BBIXOJ NPOIYKTa U MPaBUIBHOCTh
noadopa pacTBOPUTENS JJaeT BO3MOXKHOCTD JUIsl Lielie-
BOTO HampasieHus peaknuu. Vcxoas u3 aToro uccie-
JIOBall BIMSIHUE pacTBopuTens Ha Bbixox AAC, mpo-
BOJMJIM PEAKLUU B TEUEHHE 8 4acoB, IPU TEMIIEpaType
0°C. HcxonHble peareHThl MONYUYHIA B SKBUMOJICKY-
JISIPHOM COOTHOILICHUH.

Tabmuma 2
Brusiare npupoas! Kataau3aTropa u pacTBoputens Ha Beixoq AAC
Karanuzarop PactBopurens Beon AAC, %
I I 11 v V VI

3TaHON 41,3 39,0 34,2 28,7 47,3 36,2
KOH METaHOI 54,0 48,4 38,9 33,0 62,0 46,0
JICiC) 74,1 66,2 62,3 54,1 78,3 65,0
TTD 81,4 72,1 65,3 57,6 85,3 70,4
METaHOI 37,6 31,3 26,6 20,0 435 29,6
NaOH JICC) 48,6 45,0 41,1 37,4 52,4 42,2
TTD 52,4 50,5 47,3 43,2 55,8 48,6

W3 Tabnu1bl BUJHO, YTO MPU MPUMEHEHHH B Kaye-
crBe pactBopurenst TI'® nabmonaercs Beixomga AAC.
ITpu npumenernn /133 OTHOCHUTENIEHO BBICOKHE BBIXO
AAC 10 cpaBHEHHIO C ATAHOJIOM U METaHOJIOM 00bsIC-
HSIETCS CIISAYIONIMM 00pa3oM: MCIOJIb30BaHHbIE KaTa-
JIM3aTOPBI 00Pa3yloT CYCHEH3NH C ATAHOJIOM M METaHO-
JIOM U OJHOBPEMEHHO BCTYIAsl B pEaKIUI0 IpeBpala-
IOTCS B QJIKOTOJSTHL, TPH 3TOM YMEHBIIACTCS
KOJIMYECTBO KaTAJIM3aTOPa, €ro KaTaJUTUYECKHH PO

TEpsIeTCs, YTO COOTBETCTBEHHO 3aTPY/AHSET B3aHMO-
JIEHCTBHE MCXOJIHBIX PEarcHTOB MEXIy COoOOH, B pe-
3yJIbTaTe CHIKaercst 3pQpekTuBHOCTD Bhixona AAC.
J123 obpasyer, ¢ KaTaJin3aTOpOM YHCTYIO CYC-
NEH3UI0 HE yMEHbIIas, KOJHMYECTBA KaTajIu3aropa,
HaMHOTO YBEJIMYHMBAET KaTaIUTHYECKYIO aKTHBHOCTb,
oOeryaer oOpa3oBaHHe POJYKTa U CITyXKHT paszesie-



Sciences of Europe # 51, (2020)

7

HUIO O0pa30BaHHBIX B CMECH IPOMEKYTOYHBIX, Opra-
HUYECKHX U HEOPTaHHUYCCKUX BEIICCTB. DTH (HhaKTOPHI
MOJIOKUTENIBHO BIUAIOT Ha BeIxog AAC.

MOKHO OOBSCHHTH OTHOCUTENLHO BBICOKHII CTe-
TIEHU MPOAYKTa CPEU PACTBOPHUTENCH, CUNTAIOIINXCS
anpotoHHbIME 193 u TI'® cnemyromum oopa3oM:

— katanmmuzatopbl B TT'® OpIcTpo 1 JIerKo nepexo-
JIIT B PACTBOPEHHOE COCTOSIHHE JUIsl 00pa30BaHUs aK-
TUBHBIX IIEHTPOB HCXOMHBIX BEIIECTB M CO3MACTCA
yI0OHAas TOMOT€HHO- KaTaJTUTHIeCKas Cpeaa.

— 19D u TI'® oOmamaroT OCHOBHBIMH CBOM-
CTBaMH, B HUX aTOM KHCJIOPOZa COAEPKUT HE0O0OIIeH-
HyIO 3JeKTpoHHY0 mapy [11]. HeoboOmenHbIe i1ek-
TPOHHBIE TIAPhl OTOTO aTOMa KHUCJIOpOJa B pacTBOpax
pacnpenenstoT B miotHocTu /193, a B TT'® orpuna-
TENBHBIN 3apsi]] [0 KOJIITY OYJET B ACI0KaTH30BAHHOM
MOJIOKEHUH, YTO B CBOIO OUEPElb YBEINYMBAET OCHOB-
HOCTb M KaTAIUTUYECKYI0 aKTUBHOCTD ILI€JI0YEHl, B pe-
3yJbTaTe MPUBOJIUT K MOBBIIIEHHUIO BBIX0/1a MPOAYKTA.

— B pe3yJIbTaTe HCCIIeIOBaHUI BBISIBICHA BIMHHIE
pacTBOpHTeNel Ha CKOPOCTh PEAKIMH, CEJIEKTUBHOCTD
npouecca U (a3oBOro CTOJKHOBEHUS (CTepeocernek-
TUBHOCTB). OTpeieIniIN MOBHIIIIEHHUE 0 CIEAYIOIEMY
psany staHon <metanon <J129 <TT'®.

BrusiHEe MONEKYISIPHOTO KOJIMYECTBA HCXOIHBIX
BEIIECTB M TeMIieparypsl Ha Beixo AAC npuBeseHo B
Tabnuue 3.

W3 TaGIune! BUIHO, YTO, KOTAa OTJINYACTCS MOJIb-
HOE KOJIMYECTBO JPYT OT JApyra MCXOAHBIX BELICCTB
HaOJlroaeTcs yBeJIWYeHNe BhIX0a MpoaykTa. Hampu-
Mep, IPH COOTHOWmIEHMH KonndectBa PA oOTHOCH-
TENBHO KOJNYECTB KETOHOB WJIM albAeruza ot 3 mo 5
YBEJIWYMBAETCS BBIXOJ CHHUPTOB MakcuMyM 9 u 12,5%.
B obOparHoM cityyae mpu nojade OOJNBIIOTO KOJIHYe-
ctBa @A 5 u 3 pa3za onpenenwiu Beixoq AAC Gombie
npuMepHo Ha 17%.

Tabmuma 3

BnmsiHre MOTBHOTO COOTHOIICHHS pearnpylomux KOMIOHEHTOB B TeMieparypsl Ha BeIxo AAC (katanu3aTtop
KOH, pactBoputens TT'®D, npogomKUTEIpHOCTh PEaKINK 8 Jac)

0
Temnepatypa, °C ®A:RCOR! I m BII’:TOH AACI:{/) v Vi

15 42,3 38,3 34,1 31,0 47,6 35,9

1:3 39,0 36,4 33,0 29,4 45,0 34,3

-20 1:1 38,4 35,0 32,0 28,7 43,5 33,6
3:1 44,3 39,6 35,4 33,0 48,9 36,5

5:1 46,8 42,0 38,4 36,7 50,3 37,0

15 82,3 73,8 67,4 58,4 86,2 72,3

1:3 81,6 73,0 66,6 58,1 85,9 71,6

0 1:1 81,4 72,1 65,3 57,6 85,3 70,4
31 82,4 74,0 67,0 59,5 86,3 72,5

5:1 91,3 86,0 78,5 74,3 94,3 76,0

1:5 37,4 33,0 30,2 25,5 43,3 32,7

1:3 36,6 32,6 29,9 25,0 42,0 32,2

20 1:1 35,9 31,1 29,7 23,3 40,1 30,4
31 39,6 35,2 32,1 27,6 45,0 34,3

5:1 42,0 39,6 35,3 32,4 49,9 38,0

Ha ocHoBaHuu pe3ysnbTaTOB HUCCIENOBAHUM, KO-
r/1a Opayy KOJMYECTBO UCXOIHBIX BEIIECTB O0OPATHO IO
OTHOILICHUIO 3KBI/IMOHCKyH$[pHOFO yBeJ’II/I‘-ICHI/Ie BbIXOda
AAC MOXHO OOBSICHUTH CJICIYIONIUM 00pa3oM:

— B mporiecce koraa 6obine opanu A moaBmx-
HBIA BOJIOPOJ M €r0 MOJICKYJIBI 3aMCIIAIOT aTOM Me-
TaJula 1iesiouel, yCKOPSIOUN peakiui MPUCOeIuHE-
HUs, 00pa3yeTcs B OOJNBIIOM KOJIMYCCTBE AllCTHIICHHU]]
MeTaia;

— COJEp KAl CUIIBHBIN MONOXKHUTEIbHBIN 3apsiy
aTOM MeTaJUla B MOJICKYJIC alleTHICHUA aTaKyeT KHC-
JIOPOJ KapOOHWIEHOW TPYTIITHI ITOCIEAYIOIINMHE, 00pa-
3yeT aJIKOTOJIST CONEP KA HOHHYIO CBSI3b. AJIKOTO-
JISITBHI COCIMHCHUS JIETKO THAPOJIM3YIOIIHE IpeBparia-
oTcsa B AAC B cucteMme. MeTailibl, BBIACIUBIINECS U3
MOJIEKYJIBI AIKOTOJIATOB, TOBTOPHO 00Pa3yIOT IIENI0YN

U aneTwieHuAs. Hamo oTmensHO OTMETHTH, 4TO TpH
n30pITKe DA KartauTHYECKass aKTHBHOCTH IETOYEH
OTHOCHUTEIPHO CHIKAETCS;

— mpu K30BITKE KETOHOB OTHOCHTEIbHO DA He
HAOJIOAAaeTCsl PE3KOM CTEMEHU IOBBINICHHUS BBIXO/A
AAC, npuynHOW SIBISETCS W30BITOYHOE KOJIMYECTBO
anpJIerua ¥ KETOHOB HEOOXOAMMOE JJIsi PEaKIMU KO-
nyectBo A Oyner HelOCTaTOYHO, KPOME ATOTO OHU
B LIEJIOYHOH cpe/ie YaCTUYHO MOJMMEPU3YIOTCS U KOH-
neHcupyrorces. Kpome 3Toro B mporecce o0pa3oBaH-
Hble AAC B3aUMOJEHUCTBYIOT C albAETMIAOM U KETO-
HaMH, B PE3yJIbTaTe MPOMEKYTOUYHBIE TIPOIYKTHI IIpe-
BpAIAIOTCS B JOMIOTHUTEIBHBIE IIPOYKTHI allbI0NEL. B
KauecTBe o0pasiia mpuBOANM MpuMep oOpa3zoBaHus 4-
OKCH-4-MeTHII-2-TICHTAaHOH COCIUHECHHUEM IBYX MOJC-
KYJI aIleToHa.
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— N30BITOYHOE KOJMYECTBO KPOTOHOBOTO ajIbJie-
THJa TIPH OTCYTCTBHH J- BOJOPOIHOTO aToMa B MOJIe-
KyJie NOJ AEUCTBUEM ILEIOUYEH HE MOABEPraeTcs Mpo-
1ieccy KOHZCHCAIUH, HO B IIEIOYHOH cpeie pearupyer

0
CHTCH:CH—df <——*CHyCH:CH—C<O'
H

— @HHOH pearupyeTr BTOPOM MOJEKYJIOW aibie-
TU/la ¥ KaTHOHA METaJUIOB, €r0 BOJAOPOJ B COCTOSIHUU
THIPU] BOIOPOJA MEPEeXOAUT Ha BTOPYIO MOJIEKYIY

5
5 o,
CHyCH:CH—Cfl

|
CH=CH—CH;

B 3akiroueHNMM MOXXKHO cKa3aTh, YTO HCXOIHBIX
BEIIECTB HE B 9KBUMOJIIPHOM COOTHOIIEHHH DA mimu
IBAETHIA U KETOHOB, IIPU 3KBHMOJISIPHOM COOTHOIIIE-
HUM 3((EKTHBHOCTh BBIXOJA INPOAYKTAa PACTET, HO
Hapsiy ¢ 3TUM HaOMI0JaeTcsl B CBOIO O4Yepeb yBEIH-
YEHHE KOJNYECTBA MPOMEKYTOUHBIX M JOMOTHUTEIb-
HBIX TIPOJYKTOB, BCIEACTBHH Y€TO CO3JACTCSI OCHOBA K
00pa30BaHUIO OTXOAA peakiyu. VICXOMHBIX BEIIEeCTB
BbIX07 AAC OTHOCHTENTHFHO MEHBIIIE, YeM B HE PABHOM
MOJIIPHOM KOJIMYECTBE HMCXOJHBIX BEUIECTB, OMNTH-
MaJIbHBIM YCJIOBUEM BBIOpald JJIsl TOTrO Tpolecca
nepBbli citydail. B aToM ciyuae, BO-miepBBIX, OBIIO

CH;

\
—> CH;—C—CH-C—CHy

Il
OH @)

no peakiuu Kanupiapo [12]. [Ipu 3ToM B HadanbHOR
CTaJi¥ aHWOH TMAPOKCUIIA IIEJIOYH ITPUCOEANHUB MO-
JIEKYJTy KPOTOHOBOTO aJIbJETHIa, 00pa3yeT aHHOH THA-
para anpJeruna.

OH

H

KPOTOHOBOI'O ajJbJCruga U Mmpyu pacliCriJICHUN BOI[Oﬁ
00pa3yeT CIUpPT U COJIH KUCIIOTHI,

o)

+ I{fCA{Fn-+th—+(jthH:CH—{}thMb%fCHy{}¥:CH—Cf

OH

MEHbIIee KOJIMYECTBO OOpa30BAaHHBIX JIOMOJIHUTEIb-
HBIX U IPOMEKYTOYHBIX COCIMHEHHM, BO BTOPBIX OCTa-
eTcs BO3MOXKHOCTh ITOBTOPHOTO  HCIIOJB30BAaHHS
HerpopearupoBaBmux A, anbIernaa 1 KETOHOB.

B Ta6mn. 4. npuBeneHBl HEKOTOPHIE KHHETHIECKUE
mapametpsl cunTesa (1) u (11) mpu npomomkuTensHOCTH
peakuuu 4 — 8 wacoB u temneparype -10 + 20 °C, na
OCHOBE KOTOPBIX COCTaBleHbI 3aBucumoctu IgW ot 1/T
(Puc. 2.) 1 paccunTaHbl SHEPTHH aKTHBALMH 00pa3oBa-
aus | (9,16 kxan/moins) u 11 (10,06 kkan/Mous).

Tabnuna 4

Hexoropsie kunernueckue nanabie cuntesa | u Il (pactBopurens 1993, karammzarop KOH)

é{ é | Beixon mpoaykTa - CII)e,uH;m CKOPOCTh PEaKIUH (\I/\I/)

= ; % | MoOJIb/Hac % | MoOJIb/4ac %/uac | MOJIb/J1.4ac %/uac | MOJIb/J1.Hac
Temmneparypa, -10 °C

4 36,4 1,99 32,2 1,54 9,10 0,49 8,05 0,38

6 51,3 2,38 53,7 2,53 8,55 0,40 8,95 0,42

8 66,6 3,17 57,6 2,69 8,32 0,39 7,20 0,33
Temmneparypa, 0 °C

4 46,4 2,26 39,4 1,80 11,6 0,56 9,85 0,45

6 69,5 3,17 65,1 2,89 115 0,31 10,8 0,48

8 74,1 3,15 66,2 2,91 9,26 0,39 8,27 0,36
Temmneparypa, 10 °C

4 39,8 2,05 28,5 1,44 9,95 0,51 7,12 0,36

6 58,5 2,74 43,5 2,16 9,75 0,36 7,25 0,35

8 71,5 3,22 47,9 2,32 8,94 0,40 5,98 0,29
Temneparypa, 20 °C

4 22,3 1,36 16,1 0,82 5,58 0,34 4,02 0,20

6 37,6 1,86 24,8 1,27 6,26 0,31 3,10 0,21

8 60,1 2,86 27,2 1,36 7,51 0,35 3,40 0,17
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3nayenne odHeprud aktuBanumu cuHTe3a  (I)
menblire, geM (I1). Dto mokaseiBaet, uto 0OpasoBaHUe
MOCJIEHETO W3 (PCHUIIALIETHIICHA 1 METHIIITUIIKETOHA

lgw+1
0,8/~
0,7
0,61
Toon | | | 5
3,6 3,7 38 UT-10
a)

MpoTeKaeT TpyaHee, 4eM (I) 13 COOTBETCTBYIOLIHNX HC-
XOJIHBIX COSTMHEHHUN. DTH JAaHHBIE COTJIACYIOTCS C IKC-
NEPUMCHTAJIbHBIMU.

IgW+1
1,0 —

0,8 —
0,6 —
0,4

0,2 —

>8 41107

0)

Puc 2. 3asucumocms IQW om 1/T
a) onst cunmesa (1), 6) ons cunmesa (11)

Jis U3pICKaHUA BO3MOXKHBIX O0JIacTel IprMeHe-
HUS, CHHTE3UPOBAHHBIX COCOMHEHU M3y4YeHa WX MHK-
pobuonornyeckasl akTUBHOCTh NPOTHB OHOKOPPO3HUH
TpyOOIPOBOAOB HEDTIHOM MPOMBIIUIEHHOCTH B J1a00-
PaTOpHBIX YCIOBUSX COBMECTHO C COTPYIHHKAMHU WH-
cTuTyTa MUKpoouosornn AH PY3.

[Nonmy4eHHbIe (eHMIANETHICHOBBIE CIIUPTHI M UX
BHHWIOBBIC 3)HUPHI 00Jaal0T MUKPOOHOIOTHYECKON
aKTUBHOCTBIO. Cpemu WCCIeIOBaHHBIX COCTUHCHUN
(heHmnpeHMIAIICTHIICHIIIKAPOWHOTIA, mumetmide-
HUTALETHICHUIKaPOMHOIA ¥ METHINTHI(ECHIIALIETH-
JCHWIKapOMHOIA 0071a1al0T aKTUBHBIMHU OAaKTEPHIINA-
HBIMA  CBOWCTBAMH B  OTHOUICHWM  OaKTepwid
Pseudomonas  stutzeri,  Pseudomonas  putida,
Pseudomonas turcosa, Ps aeroginoza, Arthrobacter
chroococcum, Micrococcus album,  Micrococcus
sulfurous, Desulfovibrio vulgaris, Desulfovibrio sp;
Acinetobacter  sp;  Rhodococcus  eruthropolis,
Rhodococcus luteus, Rhodococcus terrae, Basillus sp.
BBIJICJICHHBIX U3 ITPO0 HE(TEITPOMBICTIOBBIX TPYOOIIpO-
BOJIOB.

IIpumenenue npenaparos B koHIeHTpanusax 0,01
MT Ha | JI1 3JIeKTUBHOW UTATENFHON CPeIbl, 3aCESTHHOM
CyCIIeH3UH OTHOTO BHa OaKTepHii, TOKa3ajo, 9TO OHU
o0mamaroT (QYHTHIMIHBIM AEUCTBHEM OMOKOPPO3UH

Puc. 3. 3D cmpykmypa oumemungenunayemuneHu-
Kapburon

He(TEIPOMBICIOBBIX TPyOOonpoBoaoB. [Ipemaparsr mo-
TYT CIIy>KUTb OCHOBOH JUIS CO3IaHMsI HOBOTO TTOKOJIE-
HUsI UHTUOUTOPOB MHUKPOOHBIX KOPPO3Wil MeTanye-
CKMX KOHCTPYKILHWH, MPUMEHSEMBIX B HEQTSHON Hpo-
MBIIIJICHHOCTH.

M3BecTHO, YTO XMMUYECKHE CBOWCTBA, a TaKkKe
PEaKIMOHHOCTIOCOOHOCTh MOJIEKYJI BO MHOTHM 3aBH-
CSIT OT UX DIIEKTPOHHOM CTPYKTYPHI M SHEPTETHUECKUX
XapaKTEPHUCTHK.

[Ipenckazanne KOHKPETHOW KOOPIMHAIIMH JOHOP-
HBIX IIEHTPOB I'€TEPOIUKINYECKUX COCANHEHU SBIIA-
€TCsl BECbMa TPYJHOW M aKTyaJIbHOM 3a/1adeil opraHu-
geckoit xumud. C OYpHBIM pa3BUTHEM METO/IOB KBaH-
TOBO-XMMHYECKHX PACUeTOB MOJIEKYJ MOSBHJIAChH
BO3MOXXHOCTD IIJTAaHUPOBAHUA OKCIICPUMEHTATIBHBIX UC-
CHC}IOBaHHﬁ U TPOBCIACHHA HAIPABJICHHOTO CHHTE3a
OpraHMYECKUX U Ap. coequHeHuit [10].

Hcxonast U3 3Toro OBUTM MCCIIEIOBAaHBI BBIICYKa-
3aHHBIE TapaMeTPhl UCIOIb30BAHHBIX HCXOAHBIX AAC.

B kauectBe mpuMepa NPHUBEICHBI PE3YJIBTATHI
H3y4EHUs TEOMETPHUH U JIEKTPOHHOTO CTPOEHHUSI MOJIE-
Kyl IUMETHI(QEHWIANETHICHIIKapOMHOIA TOTydM-
MUPUIECKUM KBAaHTOBO-XMMUYECKHM MeTonoMm PM3
(Puc. 3-6).

Puc. 4. 3D cmpyxmypa memunsmungenunrayemuie-
HUAKApOUHONA
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Puc. 5. Pacnpedenenue 3apsi0os na amomax moje-
Kbl OUMEMULpeHUIayemuieHUIKapoOuHoId

[IpoBeeHBI KBAHTOBO-XHMHYECKUE PacyeThl BbI-
OpaHHBIX TUMETHI(QCHIIT-aIe THICHIIKapOMHOIA.
[Ipu sToM ompeneneHsl 3HaYeHUs 0OIIei sHepruu (-
41055,7 xkan/monp), sHeprun odpazoBanus (-2549,6
KKaJI/MOJIb), TEIIOTHI 00pa3zoBanus (14,96 kkan/monb),
SHEPTHH AMEKTPOHOB (-216463,0 KKan/MoIIb), SHEPTHH
anep (175407,4 kxan/monp), JAWIONBHOTO MOMEHTa
(1,573 D) u 3apsa aToMa KHCIOPOAA B U3YUEHHBIX CO-
CIUHCHHUSX.

OTH JaHHBIE MOTYT OBITH MCIOJIb30BAHBI IS Xa-
PaKTEpHCTHKU MOJIEKYII, a TAKXKE OINPE/ICNICHHUsI UX pe-
aKIIMOHHOW CIIOCOOHOCTH.

Takum 00pa3oM, BBITIOITHEHHBIE KBaHTOBO-XUMHU-
YeCKHe HCCICIOBAHUS JJICKTPOHHOW CTPYKTYpBHl H
9HEPreTHYECKHX XapaKTePUCTUK BEIOPAHHBIX MOJIEKYIT
HO3BOJIIIOT ONPENETIHUTH IPUOPHUTETHBIE LIEHTPHI CBSI-
3bIBaHHS APOMATHYECKOTO COSIMHEHUS U IOKa3bIBAIOT,

YTO TaKOe  MOJICIUPOBAHUE MOXeT OBbITh 3ddek-

TUBHO HCIIOJB30BaHO JJId OIPECACICHUSA AKTUBHBIX
LEHTPOB MOJIEKYJI.

3aknrouenue. CUCTEMaTHUECKU UCCIIEJOBAH CUH-
te3 AAC no meronam @asopckoro. M3ydyeHo BausiHue
TEMIIEPaTyphl, MPOJIOKUTEIEHOCTH PEAKLUH, MOJb-
HOTO COOTHOIICHUS NCXOJIHBIX PeareHTOB, KOJIMYECTBA
Y TIPUPOJIBI pAaCTBOPHTENICH 1 KaTann3aTopoB. Omnpene-
JICHBI ONITUMAJIBHBIE YCIOBHSI PEAKIIHH.

Ha ocHOBe pe3ynbTaToB MPOBEICHHBIX SKCIEPH-
MEHTOB ONITUMaIIbHBIE ycinoBus cuaTe3a AAC C BBICO-
KHM BBIXOJIOM IIpH npoBeaeHnu nporecca KOH B pac-
tBOpe TI'®, mpu Temmnepartype 0 °C, B JONOTHEHUH pe-
akuquu 8 4vacoB. HalmromaeTcs MakcHMMyM BBIXOJZA
AAC, uto coctaBmser [=81,4%; 11=72,1%; 111=65,3%;
IV=57,6%; V=85,3% u VI=70,4%.

Ha ocHoOBe u3yueHun npupoabl, CBOMCTB U CTpoe-
HUN UCXOAHBIX BewecTB npu cuHree AAC nokazaHa
oTHOcHUTENbHas 3()(HEKTUBHOCTD, YBETHUUBAIOTCS IO
cnenyromemy psaay: MTBOAK < MUIIDAK < TIOAK
<MDDAK < IMDAK < DDAK.

HccnenoBana MUKpOOMONIOTHYECKass CHHTE3UPO-
BaHHBIX COCTMHEHHUH U BBISBJICHO, U4TO (heHMI(EeHNnIa-
UEeTWICHUIKapOWHONa,  JTUMETHI(ECHUIACTHIICHNI-
KapOMHOJIA U METHIATHII(EHNIIAIC TUIICHUIIKapOUHOIIA
ABJISIFOTCSl AaKTUBHBIMU HMHIMOMTOpPaMH OHOKOPpPO3HMH
MCTAJUIOB U OHU PEKOMCHAOBAHBI JJId IMHUPOKOIo0 HC-
CJICAOBAaHUs B IIPOMBIIIJICHHBIX YCJIOBUAX.

/0.061

oS,
0.049 —-;‘-,')1.;5J)|u.|§7n,3nn

Puc. 6. Pacnpedenenue 31ekmpoHHOU NIOMHOCTU 8
MoneKyie MemuidmuipeHuIayemuieHUIKapouHoia

Hapa6otaHbs! onbITHBIE TAPTHH AUMETHI(EHNIa-
LEeTWICHUIKapOrHoNa 1 (peHnIeHmIaneTHIeHIIKAp-
6unonHa onbITHOH ycTaHoBke OAO «Hasomnazor».

Pa3paboTan TeXHOIOTHYECKHHA PEeTIaMeHT MPOM3-
BOJICTBA (heHII(EHUI-aAIETHICHIIKAPOMHOI U IMe-
T eHMIaeTHIICHIIIKapOMHOIA.
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MEDICAL SCIENCES
COCTOSHUE ICUXUKHU U BUOPUTMOJIOT'USA ﬂHﬁHOCTEﬁ, PA3BA3BIBABLINX
3AXBATHUYECKHUE BOUHBI
bunenko H.II.

Hoxmop meduyunckux Hayk, npogeccop Kagheopvl KPUMUHATUCTIUKY
Kybanckoeo cocyoapcmeennozo ynusepcumema u kageopvi neduampuu
1 Kybanckozo eocyoapcmeeHH020 MeOUYUHCKO20 YHUGEPCUmemda

Kpacnooap. Poccus

STATE OF MIND AND BIORHYTHMOLOGY OF INDIVIDUALS WHO UNLEASHED
AGGRESSIVE WARS

Bilenko N.

Doctor of medical Sciences, Professor of the Department of criminology of the

AHHOTADIUA

Kuban state University and the Department of Pediatrics

1 of the Kuban state medical University Krasnodar

MmuoroerHue HCCJIICAOBAHU BBIABUIN CBA3b MECAYHLIX IICPUOJOB POKICHHUA, 0COOEHHOCTEMH TMOBEACHUA PC-

O0EHKa ¢ ero IpeapacIioIOKEHHOCTBIO K HeMOTHBHpOBaHHOﬁ arpeCCMBHOCTU 0COOEHHO Hal"y6HOI7[ JUIA MUpa, €CJIn
JIMYHOCTB C H66HaFOHpI/I$[THLIM KOMIUICKCOM BBIIIICYKA3aHHBIX IMPU3HAKOB CTAHOBUTCSA IMOJIUTUKOM U TEM Ooitee
PYKOBOAUTEIIEM I'OCYAapCTBa. Bosmoxen paHHI/Iﬁ IMPOTHO3 U H606XOZ[I/IM3 pea6I/IHI/ITaHI/I$I IICUXHUKH TaAKUX JIMYHO-

cTell B JETCKOM M MOAPOCTKOBOM BO3pacTe.
ABSTRACT

Long-term studies have revealed the relationship of monthly periods of birth, the characteristics of the child's
behavior with his predisposition to unmotivated aggression especially harmful to the world, if a person with an
unfavorable complex of the above signs becomes a politician and even more so the head of state. Early prognosis
is possible and rehabilitation of the psyche of such individuals in childhood and adolescence is necessary.

KiroueBble ci1oBa: AFpeCCI/IBHOCTB, TMCUXHUYCCKOC 3J0POBLE, 3aXBATHUYCCKHUC BOI71HBI, MeCSYHBIE OMOJIOrH-

YECKHC PUTMBI.

Keywords: Aggressiveness, mental health, wars of conquest, monthly biological rhythms.

B cpexnctBax MaccoBoi mH(pOpManuu BcE darie
HOSIBIISIFOTCS. COOOIICHHST O TeX JINYHOCTSX, KOTOPbIE
TIBITAIOTCS Pa3BA3aTh HOBYIO MHUPOBYIO BOWHY. [1]. B
CBSI3H C 9THM BEChbMa aKTyaJbHOM SBIISETCS 3a1a4a pac-
CMOTPETh COCTOSIHUE TICHXUYECKOTO 3I0POBbS TEX, KTO
pa3Bsizall MpebIyIe 3aXBaTHUYECKUE BOWHBI, 3a-
KOHYHMBINHUECCA MHOTYUMHU KECPTBAMHU. B sToM 1m1ane mo-
JKeT OBITh TIOJIE3HON OTHOCHTENILHO HOBasi HayKa KIIH-
HHYecKasi ONOPUTMOJIOTHSL.

HexoTopy1o SCHOCTh B BOIIPOC TaK)Ke MOXKET BHE-
CTH M CPAaBHUTENBHBIIN aHaIN3 OMOPUTMOB CeMeii, B KO-
TOPBIX PONMIINCH (PU3UUECKH U TICUXUYECKH 3/I0POBBIC
JIETH, a TaK)Ke TE€X ceMel, B KOTOPOI pOAMIINCH JIETH,
CTaBIIKE 0CO00 OIACHBIMH ICHXONATHYECKUMH JIHY-
HOCTSAIMH. OTH HCCIEIOBaHUSA NPOBOAWINCH HAMH C
1993 r mo macrosiee Bpemst (2020 r). st anammsa

OMOPUTMOB HCIIOJIB30BAIMCH KaJICHIaph HOBOJIYHHH U
JIyHHO-COJIHEYHBIM KajeHaapb cTpaH Bocrounoil
Aznm. [2,¢.31,3,383 c.].

Jnsa anamm3a OMOPUTMONOTHYIECKON CHUTYallud B
CEMbE HUCIIOJIb30BAIOCH BBIYHCICHHE MECSYHOTO OMO-
putmonorndeckoro uHaekca (MBUW), koTopslit y 310-
POBBIX JIrOzIEH paBeH 2,25+ 0,27 [4, 36¢].

IlepBbIil THI ceMell ¢ HOPMOCHHXPOHO30M (MM
03/I0paBIIMBAIOIICH -CAHOTEHHOH OHOPUTMOJIOTHYE-
CKOMW CHTYyalueit), B KOTOPBIX MTPOKUBAIIH JIIOAH, OTIIH-
YaBIIMECS] TYMAaHHOCTBIO H, Y KOTOPBIX POAMINCH. U
pOCIIN IETH HE TOJBKO JIOCTOHHBIE CBOMX POAMTENEH,
HO JIa)kKe MOpOH MPOCIIABUBIINE WX W CBOIO CTPaHy
(puc. 1, 2,4,5). 310 Tak Ha3pIBaeMbIC CEMbH MEPBOro
THINA, XapaKTEPHBIE [T POKACHHUS 370POBBIX JETEH.
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Puc. 1. Kpyeosas 6uopummonianmozpamma cembu HemMeyko2o 2yManucma, yuénozo u nosma U.B.I'éme
MPBH=4. Ycnosuvie obosnauenus H/I-nosonynue, I1/I-noanonynue

BcemupHo u3BecTHBIN yenickuid nucarens Kapen
Yamnex pomuics 9 suBapsa 1890 rox yepes 2 nus nocne
nonHonyHus [1+2. Ero oten Bpau AnToHMH Yanek po-
qucst: 26 urons 1855 3a 3 aus g0 momHomyHus(I1-3).
TaxuMm 006pa3om, MeKTy OTLIOM M CBIHOM B 3TOH CEMbe
OBLIO MIeaTTbHOE COOTHOIIEHHE MECSIYHBIX OMOPUTMOB

T T

\\\ O OTel,.

e

(MBHM=2,5) xapakTepHOe I MCUXUIECKHA U TEJIECHO
310POBLIX ITIOTOMKOB.

Oco0eHHO HaTJIsITHO OMOPUTMOJIOTHYECKAs! CUTY-
anust B ceMbe K. Yarneka MoxeT OBITh IpezicTaBlieHa Ha
OuopuTMoIUTaHTOTpaMme(puc.2)

nn

O Kapen Yanex

Puc. 2 Kpyeoeas buopummonnanmoepamma Kapena Yanexa u eco omya.

Jnst cpaBHEHUS AMarpaMMa aMeprUKaHCKOTO TeHe-
paiia, pyKOBOIUBIIETO O0eBBIMH neiicTBusMu B FOro-
Bocrounoit A3uu, KOTOpBI HEOIHOKPATHO Ipejiarai
NPHMEHUTD B BOWHE ¢ ceBeproil Kopeeit (1951-1952)
SAEpHOE OpYKHeE.

HI

O

o

T

Jyrnac Maxkaptyp poauincs 26 siaBaps 1880 3a
JieHb 110 nosHonyHus. Ero oreny Aptyp Makaptyp ame-
PUKAHCKHUI reHepan-JIeUTEeHaHT, YYaCTHUK psla BOMH
pomuiicst: 2 mrons 1845 r(3a 3 gHsa 10 HOBOMYHUS). VX
MBU =6,5

MeH-n Mak ApTyp

O
nn

Puc. 3 Kpyeosasa buopummonianmozpamma 2enepana Max Apmypa u e2o omya.

BuopuTMosIoriyecku 6aaromnoaydHas poauTeNb-
CKast ceMbs OblIa y capa YiHcTOHa Yépunus, Bo3ria-

BUBIICT0 BelMKOOPUTAHMIO BO BPEMsi BTOPOW MHPO-
Boii BoWHBI. Yepuniib poxwiics 30 HostOpst 1874 uepes
7 nueit nocne nonHonynus (I1+7) Ero MBU=1,7
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O

]

nr

Puc. 4 Kpyeosas buopummonnanmozpamma pooumensckoi cemvu Y. Yepuuns (Ha duacpamme Y-nv).
Yenosuvie obosnauenusi me arce, umo u na puc 1

Ero oten (O)Psnmonsd I'enpu Cnencep-Uep-
gtk poxmicsl3 despans 1849 depes 5 mHeit mocie
nonronynust. (I1+5)

Mats (M), negu Jxenan Yepummuis poamiack 9
saBapst 1854, uepes 10 mHEe#Hl mocne MONHOIY-
uHusi(11+10).

Kpome Toro, 4to oHM Bce ObUIM ONTUMAIBLHO COB-
MECTUMBI [0 MECSIYHBIM OHOPUTMaM, OHH €IlE U POJIH-
JIMCh B CaMblii OJarONpUsTHBIN ISl 3710pPOBbsl BTOPOH
MPOMEXXKYTOYHBIH IEPHOJT MECSIIA.

HN

i 28

B ponutensckoit cembe [Ixxona Kennenu, cymen-
IIEero NMpeIoTBPaTUTh BOWHY, KOTAa B pe3ynbrare Ka-
PHOCKOTO KpH3HCa MUP CTOSUT HAa TPAHH SIAEPHOTO KOH-
¢mKTa, TakKe MPOCMATPUBACTCS ONAaronpUsATHAS IS
COCTOSTHHS 37I0pPOBbSI POJACTBEHHUKOB OHOPHUTMOJIOTH-
yeckas cutyarus. MBU= 3,6

J#oH KenHegm

O

—_

N

Puc. 5 Kpyeoeass buopummonnanmoepamma pooumensckoii cemvu /]. Kenneou.
Yenosuvie obosnauenusi me ace, umo u na puc 1

Takue 6nar0n0nquLIe CEMbHM MOXKHO Ha3BaTb
6I/IOpI/ITMOJ'IOFI/I‘lCCKI/I KOMITaKTHBIMMU.

Jlnist cpaBHEHUS IPUBOJMM OHMOPUTMOTPaMMYy Ce-
MBH peOEHKa ¢ TSHKENBIM MepUHATATIBHEIM (BPOXKIEH-
HBIM) TIOpP2)KEHUEM MO3Ta ¥ C OTCTaBaHHEM B YMCTBEH-

HOM pa3BUTHH.

O ;,’_'*\O P

HN

nn

o O

C

Puc. 6. Kpyeosas 6uopummonianmozpamma cemvu Tumoghes C. MBH=7,25 Jlemcxuii yepebpanviwlil napaiuy
Yenosnvie 0o6o3nauenus me ouce, umo u na puc. 1,3 .P- mecsaunas oama poxcoenust pebénxa,
C- eco cmapwei cecmpul



14

Sciences of Europe # 51, (2020)

Manbuuk poauics B cpok 3.2.2012r 14 4. 3a 4 nus
no nonaomyHuA(I1-4). Mecsunble AaThl POXKICHHUA
(M/IP) coBMECTHO ¢ HUM MPOKUBAIOIIUX POJACTBEHHU-
KOB BbIpakeHO He coBnaaanu c¢ ero M/IP, a, cienoBa-
TENBHO, U ¢ (pa3aMu MecsIHbIX OnopuT™MOB. OTell po-
nuicst 16.5.1983 r yepe3 4 nHS mociie HOBOJYHHSI
(H+4). Marp 2.6. 1983 r-uepe3 7 aHEH mocie MOJIHO-
aynusa(I1+7), crapmas cectpa (Ha aumarpamme C)
19.5.2006 T uepe3 6 mueii mocne noiHonyHus (I1+6)
3II0pOBA.

HetpynHo 3aMeTHTh BBIpaXXEHHOE OTIIMYHE OWO-
pUTMOIUIaHTOTpaMM Ha puc 1-, 2, 4, 5- cemeii nepBoro
THTIA ¥ TAKOBOI Ha puc.3,6 cemel TpeThero TUMa ¢ ma-
TOT€HHON OMOPUTMOJIOTHYECKON CHUTyaluel, mpu Ko-
TOPO¥ BBIPKEHO HE COBIMAAIOT (ha3bl MECSUHBIX OHO-
PUTMOB peOEHKA ¥ €T0 POAUTENIeH U IPYTUX COBMECTHO
C HUMH TIPOXKHMBAIOIINX POJICTBEHHHUKOB.

AHanorn4Hasi KapTHHa MOXXET OBITh ITOJydeHa
py OMOPUTMOJIOTUYECKOM aHAIHM3€E CeMEH JINYHOCTEH,
TIPUBEIIINX CBOHW TOCYIApCTBa, a HEKOTOPHIC U BECh
MHp K BOITHaM.

HN

]

O

[

[Tcuxuarpam u3BecTHO 3abojeBaHue (TICHXOMa-
THSI), KOTOPOE MOXKET OBbITh 0XapaKTEPU30BaHO KaK HE
COBCEM 3710pOBasi WM KBa3U-(SIKOOBI)- 3/0pOBas MCH-
xuka. IlapagokcajbHO, HO 3TO MOPOH JOBOJBHO
CKpBITO MpoTeKatolee 3a001eBaHie MOXKET ObITh 0€0-
0eHHO OMACHBIM, ITOCKOJIKY OHO HEPEIKO MaCKUpY-
eTcs I0J] TICUXWYECKOe 3/I0pOBbE, U B COUYETAHHU C
CHJIBHOI BOJIEH MOXeET NPHHECTH MHOTO Oex U He
TOJIBKO OJHM3KUM JIFOIAM, HO Ta)Ke U YCIIOBEUCSCTBY.

IIpuBeném moxazaTenbCTBA.

Hwxe npuBeneHsr OMOPUTMOTPAMMBI CEMEH, TeTH
B KOTOPBIX CTald OCO0O OIMACHBIMH TICHXOIMAaTaMHU
(puc.7,8,9,10), MHUIHUUPOBABINKE BOMHBI, COMPOBOK-
JaBIINECSA 60J'[I)HII/IMI/I JIIOACKUMH U DKOHOMHWYECKUMHN
TMOTEPAMHU JJId CTpaH, KOTOPLIC B OTU BOIHBI OBLIIN BTS-
HYTBI.

Jna Takux cemed XapakTepHa CUTyalus ceMei-
HOT'O OMOPUTMOJIOTUYECKOTO aCHHXPOHO3a (BBIpaXKeH-
HOTO HECOBIIA/ICHUS MIIH JJa’Ke aHTaroHu3Ma 1o Qazam
MECSYHBIX OMOPUTMOB), OTPUIATEIHHO BIUSIOICTO HA
(¢u3MIecKoe U ICHXIMYECKOEe 37]0POBhE MX WICHOB.

mn

O Pp-x B-m

Puc. 7. Kpyeosasa buopummonnanmozpamma cemvu pooumeneti kopons Ipyccuu
@puodpuxa-Bunveenoma 1. MBHU=6,3

Opunpux Bunsrensm 1 (Op.B-Mm 1) uzBectHsli B
[Tpyccun kak KOpoIb-CONIAT U KOPOJIb CKpsira ObLT 13-
BECTEH CpEJIU CBOUX COBPEMEHHUKOB HE TOJIBKO Kpai-
Hell CKyIIOCTBIO, HO KeCTOKOCThI0. OH mpuka3zai o0e3-
TJIaBUTh CBOETO BOCEMHAALIATHIICTHETO ChIHA, KOTOPBIN
IBITaJICA cOeXaTh OT JiecnoTa oTia B AHrmio. Ho npo-
TUB 3TOr0 BBICTYNUIHA HE TOJABKO IOPHUCTBHI U BOCHHBIE

AN

e

O Oy

o]

[Ipyccun, HO 1 AuIUTOMaTh! EBponsl. U cbiH, Oymyrmit
Opunpux Bemukuit 0bu1 ciacéH. [Ipasaa ®©p.B-m 1 3a
CBOIO XM3Hb YCIIEJI 3aTeATh BCET0O O/IHY BOWHY C cOocea-
HUM TOCyIapCTBOM.

A BOT IpuMep APYToro, HO YK€ BCEMUPHO U3BECT-
HOTO arpeccopa.

.

. HanoneaH B-T

nn

Puc. 8. Kpyeosas buopummonnanmozpamma cemvu pooumenei Hanoneona bonanapma (Hb) MBU 6,3.
On poousics 8 pe3yivmame cmpemumensHulx pooos. [6, 477 c]
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Bot otpeiBok u3 Bocnomunanuii asau Hb o Hb
pe6énke. «Ilopoit 0H cTaHOBMIICA Y>KAaCHO arpecCHB-
HBIM, TPyOBIM M KECTOKUM, OH IPOCJIBUI HEUCIIPaBH-
MBIM XYJIUTAHOM. B zeTcTBE ¢ HUM CIy4YaJIUCh IIPH-
naJjkKyu ra€Ba MHOraa CToJib CHJIBHBIC, YTO OH CTaHO-
BWICS B OyKBaJLHOM CMBICIIC OOJBHBIM W OpaJl BHE
cebs ot sspoctmy. U T.4. U. T.IL.

Kcrarn U.B. TI'ére, obnanaBmmii 1apom mpeasu-
JICHBsSI, TaK MPeapEK W IBITANCSA MPEIYIPEIUuTh OyIIy-
¢ TIOTHITKH TOBTOPHUTH 3aBOCBAHUS W TIOPAXKCHHE
Hamoneona, KOTOpEI OBLT COBPEMEHHUKOM I103TA.

Bynp mpokJsT TOT, KOTO, Kak Baj

l'opasias OyiicTBa ogoneer,
Kro, Hemnem O6yaydu, 3ateer,
Yro xopcukaHel 3aTeBa *
*[lepeBox B.®Duimepa
Hwke mnpeacraBieHa OuMOpUTMOTrpaMMa CEMbHU
JMYHOCTH, pa3Bs3aBLICH IIEPBYI0 MHUPOBYIO BOIHY.
OTO TaK)Ke CEeMbsI TPETHETO THUIIA, COCTOSAIIAsI U3 OHO-
PUTMOJIOTUYECKHX aHTarOHUCTOB, OTPHLIATENBHO BIIH-
SIOIUX Ha (PH3UYECKOE ¥ TICHXHYECKOE 3I0POBEE IPYT
JpyTa U CBOHX JCTEH.
Buabsreasm |l (©puppux Bumsrensm Bukrop
Ansbept [pycckuit).

BNk renem

Puc. 9. . Kpyeosas 6uopummonianmozpamma pooumenbckoi cemvu katizepa Bunveenvma 2 MBU=7,0

HetpyaHo 3amMeTuTh, 4TO B 3TOI ceMbe OCHOBHBIE
«kioueBsie» Guryps (oren 1 MaTh Bunbrensma, cam
BunbrensM pe3ko He COBIAIAIOT MO (azaM MECSYHBIX
OMOPUTMOB.

Poner it ero marepu OKa3alMCh OYEHb TSKE-
JBIMH — OH POJMJICSI CO MHOTUMH (PU3MYECKUMH He-
JIOCTaTKaMHM, KOTOPBIE YK€ B paHHEM BO3pacTe 4yTh HE
CTOWJIM eMy JKU3HU. bpna moBpeskieHa neBas pyka (ko-
poue mpaBoii Ha 15 cm).

Kpome Toro, Ha MpOTsHIKEHUH Psizia JIET OH ObLI BbI-
HYXJEH HOCHUTH «MAWUHY O NPAMOOEPHCAHUA 20-
J1068b1» (U3-32 BPOKIEHHOW KPUBOILIEH), ITOKa HAKOHEI]
POJUTENH U Bpauu He PEIIMINCh Ha ONIEPALIUIO 110 pac-
CEUYCHHMIO MMIEHHON KMBAaTEIbHOM MBIIIIEL. Bee aTh neii-
CTBHS, €CTECTBEHHO, NMPUYMHIM HEMajo 0oy Ma-
JICHBKOMY peOE&HKY, K TOMY k€ 3 (PEeKTUBHOCTH Jede-
HUS ObLIa HEBBICOKOM.

Haunnas ¢ 1866 roja oH HaxoawiIcs Ha Ionede-
HUH Tieparora gokropa ['eopra DpHcra I'mHmmerepa.
ITo ero cnoBam, FOHBII TPHHI] TPEACTABISIT COOOH
«HeoObIYALIHO KPenkylo U pazeumyio UHOUBUOYAb-
HOCMb, KOMOpAs He N000a8andct CAMbIM CUTbHBIM
BHEUIHUM BIUAHUAM, HA KOMOPYIO HUKAKUe aemopu-
memul He deticmgosanu. Tonvko brazodaps pazeumomy
6 HEM yyecmey 00J2a YOai0Ch NOOYUHUMb €20 OUCHU-
nauHe.»

K 18 romam emy ynanoch mpeofoneTs MOCIen-
CTBHS pa3pblBa IUICUEBOTO HEpBa (€€ OfHA POJOBast
TpaBma). brnarogapst nocrostHHON OopbOe cO CBOMMH
BPOXIEHHBIMU HEJOCTATKAMU OH CyMeN BOCIHTATh B
cebe orpoMHyI0 cWiIy BoJd. BmecTe ¢ TeM Manpumk
pOC 3aMKHYTHIM, BHYTPEHHE HEYBEPEHHEIM B cede.

BoT pe3ynbraT ero B TOM YHCJIE M CKPBITOH ICH-
XMYECKOW OOJIC3HEHHOCTH B TO BpEMsl, KOTJ]a OH CTall
Kaifzepom.

o IlépBasi MmupoBasi Boiina (28 urons 1914 —
11 HOs1Opst 1918) — onuH M3 caMBIX MIMPOKOMAcHITa0-
HBIX BOOPYKEHHBIX KOH(INKTOB B HCTOPHH YeTIOBEUC-
CTBa

e Bcero 3a roasl BOWHBI B apMUU BOIOIOIIUX
cTpaH OpIIO MOOMIH30BaHO Oosee 70 MUIIIOHOB Ye-
JI0BEK, B ToM umcie 60 mmumonoB B EBporne, u3 xoto-
poix moru6;0 ot 9 1o 10 MuroHoB. JKepTBhI rpax-
JIAHCKOTO HAaCeJIeHHUs OIIEHUBAIOTCS OT 7 70 12 Mumu-
OHOB YEJIOBEK; OKOJO 55 MJIH YEJIOBEK IOIYYHIN
paHCHUsI.

e Tonon w »numeMuu, NpUYUHEHHBIE BOMHOM,
YHECITH KH3HHA KaK MHHAUMYM, 20 MHJUTHOHOB YEIIOBEK.
[7,p.8, 8pp. 167—168].

Bo BTOpOii MupoBoii Boiine (1 centsops 1939 —
2 centsiOps 1945) oOuiue JIIOACKUE MOTEPH TOCTHUIIIN
60—65 muH Yei., u3 HUX youTo Ha GpoHTax 27 MIH
genmoBek, MHorme m3 Hux rpaxmgane CCCP. Taxoke
Oonplne Jroackue notepu noHeciau Kuraid, ['epma-
Hus, Sinonus u [lonpma.

BocHHBIC pacXo/1bl 1 BOCHHBIC YOBITKH COCTABHIIH
4 TpnH. nonnapoB. MarepuanbHbie 3aTpaThl JOCTUIIIH
60—70 % HAIMOHAIBLHOTO JOXOJa BOCBABIIUX TOCY-
napets. [9,10 C. 465.].

WunmmaTopoM 3T0# BOHHBI, UpeBaToi 0COOCHHO
OOJBIIUME TIOTEPSMHU CTall €I OJWMH IICUXOMAT, PO-
JIMBIIMICS TaKXe, Kak 1 BUIIbresbM B ceMbe TPETHETO
THma (Ha quarpaMmMe ooo3HaveH [-p).


https://ru.wikipedia.org/wiki/1866_%D0%B3%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%A0%D0%BE%D0%B4%D0%BE%D0%B2%D0%B0%D1%8F_%D1%82%D1%80%D0%B0%D0%B2%D0%BC%D0%B0
https://ru.wikipedia.org/wiki/%D0%A0%D0%BE%D0%B4%D0%BE%D0%B2%D0%B0%D1%8F_%D1%82%D1%80%D0%B0%D0%B2%D0%BC%D0%B0
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Puc. 10. Kpyeosas 6uopummoniaumozpamma pooumenvckoi cemvu I umnepa. MBU=8,7

B sT0#i ceMbe Takke BBIPAKEHO HE COBIIANAIIN
JpYT C IpyroM 1o ¢a3zaM MECIIHBIX OMOPHTMOB U PO-
JUTENH, ¥ IeTH. BHOPUTMBI OTIIa HE COBITAIAIN C TAKO-
BBIMH XXEHBI 1 ChIHA. Tarke pe3Ko He COBMANAIH (a3bl
OmopuTMOB cecTpsl U Opara. B pesymprare poanTtenn
paHO yMepiH, a MOIPOCTOK Am0nb(], BOCIIUTHIBAS
cecTpy, 4acTo e€ pu3nvecKy Haka3bIBal, 4TO OHA 0e3-
POIIOTHO CHOCWJIA. A MEXAy TeM 3TO MOXKHO paciie-
HUTh KaK IIEPBBIA IPU3HAK [IATOJIOTUYECKON BPOKIEH-
HOW arpeccUBHOCTH Oymymiero (ropepa (amicTos.

B 3Ty ke «KoropTy» BEpOSATHO CleyeT BHECTH U
P.HukcoHa, 4bs TIOJIMTHKA TakXke OblJIa arpeccuBHa U

Hi1kCoH

'D
) HN

I ZseHxayap

U Hanoneon, u Bunbrensm, u I'utnep, u Hukcon
MOT'YT OBITh OTHECEHBI K KBa3UHOPMAJIbHBIM MICHXOTIa-
Tam (¢ mapaHouAaiIbHOW (POPMOI MCUXOIATHH) C Ja-
TEHTHBIM (CKPBITBIM) ICHXUYECKUM HE3/I0POBBEM.

OueHp aKkTyallbHO W ceifyac pacrio3HaBaTh Cpelu
COBPEMEHHBIX HaM T'OCYAapCTBEHHBIX IesATeNed 0co-
O0eHHO TpH BEIOOpax Oy IyIINX MOMTUTHYECKIX JTHIEPOB
U PYKOBOAWTENEH BOCHHBIX MUHHCTEPCTB CTpaH, TeX,
KOTOpBIE MOTYT NPHUBECTH HAall MUP Ha TPaHb HOBOH
0COOEHHO Pa3pyLINTENBHOM I MUpPA BOWHBIL.

KpailHe HENOCNeNOBaTeNbHA. OJTO MPOAOIDKCHHE
BOWHBI BO BreTHame (XOTS NMpH BCTYIUICHUH B JOJIK-
HOCTh Npe3ueHTa oH obemian e€ mpekpatuts). Ilpu
HéM Boticka CHIA wucmons30Baii «KOBPOBBIE» OOM-
6apIMpOBKH HACENEHHBIX ITyHKTOB M HallaaM U IHOA-
JIep KMBAJIN KPacHBIX KxMepoB B Kambomxe u mepeBo-
pot IInnoyera B UYmiam, CONPOBOXKAABIINECS MHOIO-
YHCJICHHBIMHU )X€PTBAMHU CPEAN MUPHOTO HACEJICHHUS.

Hiwoke npuBenena Kkpyropasi OHOpUTMOrpamMma ce-
Mbu poxuteneil Hukcona m mpeaslaymiero mnpesmu-
neHta J1.Oi3eHxayspa, KOTOPBIN B34J €ro Ha JOJIXK-
HOCTb BUIIE MIPE3HU/ICHTA.

o

O

Puc. 11. Kpyeosas buopummonnanmozpamma pooumenscrou cemvu P.Huxcona. MBH=6,3

J71s1 TOr0, MOYKHO BBISIBUTH TPH MIPU3HAKA, B KOM-
IJIEKCE TO3BOJISIIONIMX 3aMoJIO3PUTh CPEAM KBaszH
(s1k00BI) 3JIOPOBBIX JIOACH U OCOOCHHO, KTO JOCTHT
ONpeNeNEHHBIX BBICOT HAa KapbepHOW JIECTHUIIE TEX,
KOTOpBIE B OIPEAETAEHHBIX YCIOBUIX MOTYT MPEACTAB-
JIATh OMACHOCTH IS Cce0sl, X IMOMYMHEHHBIX, CBOCH
CTpaHBI U TaXKe MHUpA.

IlepBb1ii, BeAymmii NPU3HAK MOTEHIHAIBHBIX
MATOJOTHYECKH arPECCUBHBIX IMIHOCTEH (JIEeTMHKBEH-
TOB) HEONPABIaHHO BbIPAsKEHHAs] AarPeCCUBHOCTH C
JeTCTBa M (UJIM) B 3pejiOM BO3pacTe.
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Bropoii nmpu3Hak MOTEHUUAIbHBIX JEIMHKBEH-
TOB POJEHHE B COCTOSIHUH BbIPa)KeHHOH acuk-
cuM (HeXBAaTKHM KHUCJOPOAAa) MJIU ¢ POAOBOH TpaB-
MO HeHTPAJIbLHO HEPBHOM CHCTEMBbI.

TpeTnii NMpU3HaK. arpecCUBHbIEC JIMYHOCTH, pas-
BSI3BIBABIINE 3aXBATHUYECKUE BOMHBI C MHOTOYHCIICH-
HBIMH YEJIOBEUECKHMH JKEPTBAMHU POJIIINCH B CEMBSIX,
B KOTOPBIX UIMEETCS BEIPAKEHHOE HECOBIAZICHUE POJIH-
TeJIeH ¥ ATUX JIMYHOCTEH 110 (pa3aM MECSTYHBIX OHMOPHUT-
MOB

Coueranne 3TuX TPEX TNPHU3HAKOB MOXET SB-
JSTBCSL OTYETIUBBIM IIPOTHOCTHYECKUM KOMIUIEKCOM
KpUTEPUEB BPOXKAEHHON MPEAPACIIONOKEHHOCTH K J1e-
JIMHKBEHTHOCTU W MOTYT OBITh Ha3BaHBI Tp](la)l()ﬁ
BpoxaéHHON arpeccuBHocTH (TPUBA).

MoXHO BBISIBUTH €LI€ OJIMH NMPU3HAK, NPUBEAEH-
HBII B Hamied mpensiaymeid myonmukanuu. [11, ¢.56-
58]. - pokeHue B Tak Ha3bIBAEMbIE IEPHOJIBI 0COOOTO
pHUCKa BOSHUKHOBEHHMSI POJIOBBIX TPaBM HJIM HeOnaro-
TIpUATHBIE BpeMeHHbIe naTepBansl (HBU) -nau Omms-
KM€ K HOBOJIYHHIO M NONHOIyHHIO0. OHAKO OH MEHee
Ha/I&KEeH, MMOCKOJIBKY B 3TH IIEPHOJIBI POSKAAINCH HHO-
T7la He TOJIBKO 37I0POBBIE, HO U BBIAAIOIINECS U TYMaH-
HBIE B OyIyIIeM JIFOIH.

OOBeKTUBU3UPOBATH MOPAKEHIE MO3Ta y BBIIIE-
yKa3aHHBIX MOPOIl CKPHITO MATOJIOTUYECKH arpecCHB-
HBIX HH‘IHOCTeﬁ, JKUBYIIUX B HaIE€ BpEMA, MOXKHO
OBLITO OBI C IOMOIIBIO UCCIICIOBAHUI DIICKTOPOIHIIeDa-
norpammsl (O31), KoTopast TO3BOJISIET BBISIBUTH Hapy-
IIEHHE B 30HaX I'OJIOBHOTO MO3Ta, OTBETCTBEHHBIX 3a
MOBE/ICHHE 4YeJoBeKa. OJTo MpedpoHTalbHAs Kopa
(;mo6Has nonst Mo3ra), TMMOMYECKast CHCTEMA M MUH/1a-
neBuaHOE TENo. [12, p.951-956]. [Topakenne >TUX 30H
MPUBOJUT K HEMOTHBHPOBAHHON arpecCHBHOCTH, IO-
POl CKpPBITOM 10 HEKOTOPOT'O BPEMEHH.

Hrak, norepu B BOMHAaX UMEIOT TEHIEHIUIO K 3Ha-
YUTETHHOMY POCTY.

Kak ke 0CTaHOBUTH NMPOTPECCHPOBAHUE ITUX I10-
tepb? KoHeuHo, 3Ta mpobiiemMa T0JKHA PEIIaThCs KOM-
TUIEKCHO U TIOJIMTUYECKUMH U JIUTUIOMATHYECKUMH ITy-
TSIMH.

Ho, ¢ ToukH 3peHust MeIUIMHBI, HEOOX0AUM 00-
Jiee THIATENFHBIA BBIOOD JIMIEPOB BEAYIIUX CTPaH U
MHHHCTPOB OOOPOHBI € Y4ETOM MX IICUXHYECKOTO 3]10-
POBB4, a, BepHEe, HHOT/IA (B HaJaJle CKPBITOT0) HE3/10-
POBBSI BO MHOTOM 3aBHUCSIIIIETO, BEPOATHO, OT OMOPHUT-
MOJIOTUYECKOM CUTyallM B CEMBSAX UX POAUTENEH.
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AHHOTANUA

B cTtatne MNpeACTaBjIcHa CPAaBHUTCIIbHAsA OLICHKA METOAUK U3YUCHHS C IIOMOIIBIO KOMIBOTECPHBIX MTPOIpaMM
MeshLab u 3D PDF pa3mepHOil TOYHOCTH KapKacOB HCKYCCTBEHHBIX KOPOHOK M3 JUCHIMKaTa JuTus IPS e.max,
H3TOTOBJIEHHBIX C TOMOIIBIO TPAAUIIUOHHBIX U HI/I(I)pOBBIX TEXHOJIOTHH. I[JI}I TIPOBEACHUS UCCIECNOBAHUSA UCIIOJIb-
30BaJlM BHYTPUPOTOBOH Na3epHbi ckaHep iTero Cadent, CAD/CAM-cucremy KaVo ARCTICA, 3D mpunTep
Asiga Max UV, kommsioteprbie porpammbl MeshLab u 3D PDF. J[ist cTaTHCTHYECKOTO aHATH3a MOTYYEHHBIX
JIAHHBIX MPUMEHsUH HemapameTpudeckuit H-kpurtepuii Kpackena-Yomnuca. Pe3ynbraTel Halero uccieoBaHus
CBUACTCIILCTBYIOT O BBICOKOM pa3MepH0171 TOYHOCTH KapKaCOB MCKYCCTBCHHBIX KOPOHOK M3 MHUCHJIIMKATa JINTHUA,
M3TOTOBJICHHBIX C TIOMOIIBIO cOBpeMeHHbIX 1u(poBbix TexHosoruii (CAD/CAM-cucTeMbl, BHyTPHPOTOBOIO Jia-
3€pHOT'0 CKaHUPOBAHUA U 3D an/IHTepa), IO CPaBHCHHUIO C KapKaCaMM HCKYCCTBCHHBIX KOPOHOK, M3rOTOBJICH-
HBIMH TPaIMIIMOHHBIM METOIOM MPECCOBAHUS JIUTHEBOI KepaMUKH ¢ ypoBHeM 3Haunmoctu p<0,05 (H-kpurepwuii
Kpackena-Yommica=10,254 p=0,017). Komnerorepusie mporpammbel MeshLab u 3D PDF nomonHsroT qpyr apyra
Ipyu U3y4YCHUN pazMepHoiz'I TOYHOCTH KapKaCOB UCKYCCTBCHHBIX KOPOHOK.

ABSTRACT

The article presents a comparative assessment of methods for studying the dimensional accuracy of frames
of artificial crowns made of lithium disilicate IPS e. max using traditional and digital technologies using computer
programs MeshLab and 3D PDF. The study was performed using intraoral laser scanner iTero Cadent, CAD/CAM
system KaVo ARCTICA, 3D printer Asiga Max UV, computer programs MeshLab and 3D PDF. The nonpara-
metric Kraskel-Wallis H-test was used for statistical analysis of the obtained data. The results of our study indicate
a high dimensional accuracy of the frames of artificial crowns made of lithium disilicate made with the help of
modern digital technologies (CAD/CAM systems, intraoral laser scanning and 3D printer), compared with the
frames of artificial crowns made by the traditional method of pressing cast ceramics with a significance level of
p<0,05 (h-Kruskel-Wallis criterion=10,254 p=0,017). Computer programs MeshLab and 3D PDF complement
each other in studying the dimensional accuracy of artificial crown frames.

Kirouessie cioBa: nudpossie ortucku, CAD/CAM cucrema, BHyTpUPOTOBOI! CKaHep, crepeonuTorpadus,
3D nevats, qucwimkat utus [PS e.max, mudpoBbie TEXHOIOTHH B CTOMATOJIOTHH.

Keywords: digital impressions, CAD/CAM system, intraoral scanner, stereolithography, 3D printing, lithium
disilicate IPS e. max, digital technologies in dentistry.
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Brenenne

HecvemHBIE npOTE3BI W3 AWCHIMKATA JIUTHA
MOYXHO H3TOTOBHUTH JIByMsl Pa3iIMYHBIMU CIIOCOOAMHU:
METOJIOM TOpsIYero NpeccoBaHus [5] MM ¢ MOMOLIbIO
KOMITBIOTEPHOT'O MOJICJIMPOBAHHS M aBTOMaTH3UPOBaH-
Horo npousBozctBa (CAD/CAM). OcHOBHBIMH HeJO-
CTaTKaMH TPAJAULMOHHON TEXHOJIOTHH TOPSYEro Ipec-
COBaHMS JIUTHEBON KepaMUKHU sIBIseTCsS Hed((EeKTHB-
HOE HCIIONb30BAaHWE IPON3BOJICTBEHHOTO BPEMEHH U
cy1abble MaHyaJIbHbIE HaBBIKH 3yOHBIX TeXHUKOB. Llwd-
POBBIE TEXHOJIOTUH OBIIIM BHEAPEHBI B CTOMATOJIOTHYE-
CKYIO TIPAaKTHKY, YTOOBI YIMPOCTHUTH W3TOTOBICHHE H
YIY4IINTh Ka9€CTBO OKOHYATENIBHBIX PECTaBpaLuii [6,
7]. B HacTosIiee BpeMs MOSBUIACH BO3MOXKHOCTD TTO-
JTy4aTh HU(POBBIE OTTHUCKU 3YOHBIX PSJOB IO METO-
JIMKEe BHYTPUPOTOBOTO Ja3epHOr0 CKaHUpOoBaHus |1, 2,
3, 4], xoTOpBIE MO3BOJSIOT CO3JaBaTh TPEXMEpHBIE
BUPTYaJIbHbIE H300paXKeHNsI TPENaprupOBaHHBIX 3y00B,
MPUTOJHBIE JJIsI M3TOTOBJICHUS! HECHEMHBIX IPOTE30B
3 qucwimkara Jatus ¢ nomonsio CAD/CAM-cucrem
u 3D npunTepos [6, 7]. [Ipu aqmiuTHBHOM METO.IE BO3-
MO>KHO M3TOTOBJICHHE 3arOTOBKH HECHEMHOT'O ITPOTE3a
13 (hOTOMOIMMEPHOTO MaTepHraa ¢ MOCIEAYIOmEH 3a-
MEHOI! Ha TUTHEBYIO KEPAMHKY METOJJOM IIPECCOBAHMUSL.
C nomomsio CAD/CAM-cucteM BO3MOKHO HE TOJIBKO
M3rOTOBJICHHE 3aTOTOBKY HECHEMHOTO MpoTe3a U3 0e3-
30JIbHO BBITOPAEeMOM IIIACTMACCHh, HO U (ppe3epoBaHme
OPTONEIMYECKUX KOHCTPYKIMH U3 MpeHA3HAYSHHOTO
Jutsl (hpezepHO-IUTH(OBATBHOTO CTaHKa OJI0Ka AUCHIIH-
Kata JuTUs. Pa3zMepHyI0 TOYHOCTh KapKacoB HCKYC-
CTBEHHBIX KOPOHOK MOKHO H3y4aTh C IOMOIIBIO KOM-
neloTepHbIX nporpamM MeshLab n 3D PDF. O6a me-
TOJA _OCHOBAaHBl _HAa COBMEIICHHWH B __TPEXMEpHOU

cHUCTeMEe KOOpAuWHAT HU(POBOr0 HM300paKEHHUS Kap-
Kaca M KyJbTH IIOATOTOBJIEHHOro 3y0a. Pasnuuen B
JAHHBIX METOAMKAX aJIrOPUTM aHalu3a UU(PPOBBIX
n300paKEHUI U UHTEPIPETALHS ITOJTyYSHHBIX JaHHbBIX.
CpaBHEHHE METOJIOB M3YU€HHs] Pa3MEPHOW TOYHOCTH
KapKacoB MCKYCCTBEHHBIX KOPOHOK C ITOMOIIbIO KOM-
nproTepHbIX nporpamMm MeshLab u 3D PDF neo6xo-
JUMO ISl TIOJyYeHHsI OTBETa Ha BOIPOC O TOM, YTO
IIPOTPaMMBbI UCKITIOYAIOT WIX JOHONHSIOT IpYyT ApYTra.
Hayunpix myOnmkanuii, HOCBSIICHHBIX CPaBHUTEIb-
HOH OIIEHKE METOJUK M3y4YEeHUS] Pa3MEpHON TOYHOCTH
HCKYCCTBEHHBIX KOPOHOK U3 JMCHIINKATA JIUTHSL, IOy
YEHHBIX C TIOMOIIBIO0 COBPEMEHHBIX LIU(PPOBBIX TEXHO-
JIOTHH HaM HE BCTPEYAIMCh, YTO U SBUIIOCH 00OOCHOBA-
HUEM JUIsS IPOBEACHHSI JAHHOT'O UCCIIEIOBAHMSI.

Henr wucciaenoBanusi: IlpoBecTu cpaBHUTEIND-
HYIO OLIEHKY METOJIMK M3YUEHHs C IOMOIIBIO KOMITBIO-
TepHbIX nporpamm MeshLab u 3D PDF pa3mepnoit
TOYHOCTHU KapKacoOB HCKYCCTBEHHBIX KOPOHOK U3 JUCH-
nukara ity [PS e.max, U3roTOBIEHHBIX C TOMOILBIO
TPAIULIHUOHHBIX U IIU(POBBIX TEXHOIOTHH.

Marepuajibl 1 MeTOABI

st u3ydeHus pazMepHON TOYHOCTH KapKacoB UC-
KYCCTBEHHBIX KOPOHOK, W3 IUcHinKara JuTus I[PS
e.max (Ivoclar Vivadent, JInxTeHITeiH), N3roTOBICH-
HBIX C MIOMOIIBIO TPAJUIIUOHHBIX U HU(PPOBBIX TEXHO-
JIOTHH, HaMU ObLIa pa3padoTaHa ClielHaibHas cXema
MPOBEACHUS HCCiIenoBanus (puc. 1), B KoTopoii ObuIa
UCIIONIb30BaHa AKCIIEPUMEHTaJIbHAS MOJIeNh (pHUC. 2A)
C MOJTOTOBJICHHBIM TO/I HCKYCCTBEHHYIO KOPOHKY 3Y-
60M (2.7) ¢ IMPKYJISPHBIM YCTYIIOM B BHJIE XKeJ00a.

l

udpoBbie n300pakeHust

¢ IOMOIUBLI0O BHYTPUPOTOBQIO CKaHepa
iTero qadent

CAD/CAM 3D npunTep

u3 poronoumepa

l

l

Kapkacsl
HCKYCCTBEHHBbIX
konoHok E.max

Kapkacsl
HCKYCCTBEHHBIX
konoHok E.max

3KCHepHMEHTaJII>HaH MO€J/Ib

3KCHepI/IMeHTaIIbHOI7[ MOJA€C/IN, IOJTYYCHHDb

CAD/CAM
KaVo ARCTICA Asigal\/lax Uv  KaVo fRCTICA

Penpooyxkyuu
penpoayKumun

IMeun s 06:kuTa U NpeccoBanusi kepamuku Programat EP 5010

Kapkacsl
HCKYCCTBEHHBbIX
konoHok E.max

l )

OT1THCcKH I'uncoBble Moaenn

BockoBbie pgupoayKkuuu

Dpeseposannvie

l l
l l

Kapkacsl
HCKYCCTBEHHBIX
konoHok E.max

Puc. 1. Cxema nposedenuss sxcnepumenma
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Ha nepBom atarne Obutu nonyueHst 10 nuppoBbix
M300paKeHH IKCIIEPUMEHTATLHOM MOJENIH C MOMO-
IBI0 BHYTPUPOTOBOTO Jia3epHOro ckaHepa iTero
Cadent (CHIA). B mnporpamMmmHOM obecnedycHue
DentalCAD 2.2 Valletta npoBoannm MonenupoBaHue
10 KapKacoB HCKYCCTBEHHBIX KOPOHOK.

Ha Bropom nstane B (pesepHo-1IIH(OBATEHOM
cranke KaVo ARCTICA Engine u3 qucunukara JUTHs
E.max CAD O6bmm nsrotosnenst 10 KapkacoB HCKyc-
CTBEHHBIX KOpOHOK (puc. 2b), u3 6e3301pHOTO TONH-
meproro marepuana KaVo ARCTICA C-Cast Obim

moy4eHs! 10 3aroToBOK KapKacoB HCKYCCTBEHHBIX KO-
porok (puc. 2J1). Hanee ¢ momomipio 3D mpuHTEpa
Asiga Max UV wmeronom crepeosnurorpaduu (SLA)
ObUIM K3roTOBJCHBI 10 3aroTOBOK KapKacoOB HCKYC-
CTBEHHBIX KOpOHOK (puc. 2C) u3 (OTONOIMMEPHOTO
Matepuana Freeprint cast UV (DETAX, T'epmanus).
3areM METOZOM HPECCOBAHUS C MOMOIIBIO MEYH IS
o0xura Programat EP 5010 Obutn momydeHsl U3 u3ro-
toBneHHbIX panee B CAD/CAM-cucreme u 3D npun-
Tepe 3aroToBok 20 KapKacoB HCKYCCTBEHHBIX KOPOHOK
n3 qucwimkara Jmtas [PS e.max.

Puc. 2. A. Dxcnepumenmanvhasn mooens. b. Dpezeposannvie Kaprkacvl UCKYCCMBEHHBIX KOPOHOK U3 OUCUIUKAMA
aumus E.-max CAD. C. 3azomosku kapracos uckyccmeeHublx KOPOHOK, NOJIyYeHHble ¢ nomowbio 3D npunmepa
Asiga Max UV. J]I. @pezeposannvie 3a20mosKu KAPKACO8 UCKYCCMBEHHbIX KOPOHOK U3 D€330/1bHO20
noaumeproeo mamepuana KaVo ARCTICA C-Cast

Ha tperbem sTare ¢ sKkcriepuMeHTaIbHON MOIEN
6butn TromydeHsl 10 JBYXCIOMHBIX OIHOATANHBIX A-
cMKOHOBBIX OTTHCKOB (Express STD, Express XT
Regular Body, 3M ESPE, CIIIA) u u3roToBJieHbI pa3-
OOpHBIE MOJIENU W3 BBICOKOMPOYHOTro rumca Fujirock
(GC, Snonus). lanee co3naBaiu BOCKOBBIE 3aTOTOBKU
KapKacoB HCKYCCTBEHHBIX KOPOHOK, MOJEIMPOBAU
JIUTHHUKH, (POPMOBAJIH B OTIOKY, BHITUIABIISIIM BOCK M M3-
TOTaBIIMBAJIM C TOMOILIBIO MEYH JIJISl IPECCOBAHUSI M 00-
sura kepamuku Programat EP5010 10 xapkacos uc-
KYCCTBCHHBIX KOPOHOK M3 Jucwinkata jutust IPS
e.max.

Ha yetBeproM 3Tare ¢ moMouipo 1a00paTopHOTO
onrtuaeckoro ckanepa KaVo ARCTICA AutoScan no-
Ty4anu nupoBbie N300paKEHUS YIKCIIEPUMEHTATBHON
MOJICJIH ¥ TIOJTy9eHHBIX B Xo/¢e uccienoBanus 40 kap-
KacOB MCKYCCTBEHHBIX KOpPOHOK. Jlamee mpoBoamin

COBMEIeHNEe NHU(POBOTO M300pakeHHUsT KyJIbTH 3y0a
2.7 BKCHEepUMEHTATEHOW MOJICTH ¢ U(POBBIMA H300-
PaKCHUAMH KapKacoB NCKYCCTBEHHBIX KOPOHOK, TIOJTY-
YEHHBIX TPaJUIHNOHHBIM CIIOCOOOM IIPECCOBAHUS U C
IU(PPOBEIMH M300PKEHUSAMH KapKacoB MCKYCCTBEH-
HBIX KOPOHOK, NOJYYCHHBIX ¢ IPUMEHEHUueM Ludpo-
BbIX TexHosoruil. CoBMeleHne nu(ppoBbIX H300paxe-
HUA B mporpamMmHoM obecnieuennu Dental CAD 2.2
Valletta ocymiecTBisieTcss aBTOMaTHUECKH: [TpOrpaMma
B TPEXMEPHOH CHCTEME KOOPAMHAT CaMOCTOSTEIILHO
pacIio3HaeT HJCHTHYHbIE TOUKH, 10 KOTOPBIM M TIPOHUC-
XOIWT HAIOKEHUE ABYX HCCIIEAYEMBIX BHUPTYaJIBHBIX
00bekTOB. B pe3ynpraTe HamoxeHust TU(ppPOBBIX U300-
pakeHU# Ha UPPOBOH KynIbTe 3y0a 2.7 MOABISAIOTCA
IIBETOBEIE OIS (pHC. 3).
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Puc. 3. Coemewernvie yupposvie uzobpasicenus Kyavmu 2.7 IKCNEPUMEHMATbHOU MOOENU U KAPKACA UCKYC-
CMBEHHOU KOPOHKU C YBEMObIMU NOTSAMU

Kakaplil BET COOTBETCTBYET ONPEAEICHHON Be-
JUYUHE PACXOXKICHISI MEXKY COBMEIIEHHBIMHE ITU(PPO-
BeiMH m300pakeHusimu: 0,00 — 0,02 MM (15BeToBOE
moJie cuHero 1sera), 0,02-0,05 MM (BeToBOE MOJIE 3¢-
neHoro nera), 0,05-0,08 MM (IIBETOBOE ITOJIE KEITOTO
usera), 0,08-0,1 MM (I[BETOBOEC TIOJNE€ OPAHKEBOI'O
nseta) u 6onee 0,1 MM (I[BETOBOE IMOJIE MAJIMHOBOI'O
11BETA).

W3 nporpammuoro obecriedenus: Dental CAD 2.2
Valletta nomyueHHBIE COBMEUIEHHBIE BHPTYyaJbHBIE

n300pakeHust OBIIIM 3KCIIOPTUPOBAHBI B KOMITBIOTEP-
Hoe mporpammuoe npwioxkenne 3D PDF (Adobe
Acrobat Document) B cTaHZapTHBIX MO3UIUAX: ME3U-
aNbHO-KOHTAKTHAS, IMCTaJbHO-KOHTAKTHAs, SI3bIUHAS,
BeCcTUOYNIsIpHAs M OKKIIO3MOHHAs MoBepxHOocTH. Ha
Ka)JI0W TIOBEPXHOCTH KYJIbTU 3y0a ObLI BBIJEIICH y4a-
CTOK OIpeZeIeHHO IO sl U3MEPEHUsT BHYTPU
HETOo IBETOBBIX MMoJieH (Tabim.1).

Tabuma 1

BriOpanHble 1715 aHa3a yYacTKH HA pa3HbIX MMOBEPXHOCTAX KyJIbTH 2.7

Bun MOBEPXHOCTH KYJbTH

Inomanb (KB. MM)

SI3p19HAS IOBEPXHOCTH

MesnanbHO-KOHTAaKTHAs IIOBEPXHOCTD

2372,85

3007,70

1910,74
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BectubynspHast mOBEpXHOCTh
2145,52
723,53
CymmMmapHas rmomam) BCEX MOBEPXHOCTEH 10160,34

Ha xaxxaoit moBEpXHOCTH KYJIbTH B BBIIECICHHOM
y4acTKe MpPOBOAUIM U3MEPEHHE IUIOMIAIN I[BETOBBIX
noneit. [Ipu BeiIeneHne IIBETOBOTO MOJSI MporpaMma
3D PDF aBTOMaTH4eCcKH pacCUUTHIBAET IUIOMIAIb daH-
HOro yyacTka. Bcero B komnbroTepHoi nporpamme 3D
PDF 6wt mpoBeners! m3mepenust 40 COBMEIIEHHBIX
nu(pPOBEIX N300pAXKEHNH, pe3yIbTaThl KOTOPHIX 3aITH-
CBIBAJIM B TAOJIMIIBI TS TIOCIIEAYIOIIETO aHAN3a.

B npyroii komnbrorepHoi mporpamme MeshLab
MPOBOJIMIIM  COBMEIIEHHE IM(PPOBBIX H300paKeHU I
KYJIbTH 3y0a 2.7 SKCHEPUMEHTAIbHOW MOIETH ¢ nud-
POBBIMH H300paXCHUSMHU KapKacoOB HCKYCCTBECHHBIX
KOPOHOK, TmoJydyeHHbIMH ¢ Tomomipio CAD/CAM
KaVo ARCTICA u3 marepuana E.max CAD, ¢ mudpo-
BBEIMH H300pKCHHUSAMH KapKacoB, CO3JAHHBIX METO-
JIOM TpeccoBaHusd ¢ npuMmeHeHueM 3D mpunHtepa u
CAD/CAM-cuctembl aist CO3AaHusT POTOMOTUMEPHBIX
3ar0TOBOK H C ITU(PPOBBIMU N300paKEHUSIMA KapKacoB,
HM3TOTOBIIEHHBIMH METO/IOM IIPECCOBaHUS 0e3 NCIOb-
30BaHUA UPPOBBIX TexHOJoruid. CoBMmermeHune Iud-
POBBIX H300pa)KEHU B KOMIBIOTEPHOH MpOrpaMme

MeshLab ocymiectsisiercss aBToMaTHuecku. [locie
HaJIOKEHUS. JBYX IHM(POBBIX HW300pakeHUH, Npo-
rpamMMa pacCUUTHIBAET «MEANAHy PACCTOSIHUID MEXIY
U(GPOBEIMU 00BbEKTaMH. AJITOPUTM CPaBHEHHUS B KOM-
meloTepHON Tporpamme MeshLab cocTouT B ciienyto-
meM. CirydaiiHBIM 00pa3oM BBIOMpaeTCs OCTaTOYHO
0OJIBIIIOE YUCIIO TOYEK Ha IBYX ITU(PPOBBIX H300paxke-
HUSIX paBHOE YMCIly BEPLIMH B OHOM U3 Moaeneil. s
Ka)JI0H TOUKH OJTHOTO IIM(POBOT0 H300paXKeHUs Iepe-
OMPAarOTCs TOUKH IPYTOro BUPTYAIBHOTO H300payKeHUs
IUTs ompenenicHus Omkaiimieit. PaccrosHue Mexay
STHMH JBYMs TOYKaMu 3aromuHaercst. Cpean Bcex 3a-
MIOMHEHHBIX paccTosiHUH B mporpamme MeshLab aBro-
MaTH4eCKH pPacCUMTHIBACTCS MeIUaHa pacCTOSHUN
MEXAY AByMsI TN POBBHIMU n300pakeHHIMH. B nipuito-
JKeHUH K HaIlleMy HCCIIeIOBAaHHIO pa3MepHasi TOUHOCTh
KapKacoB MCKYCCTBEHHBIX KOPOHOK TeM OOJIbIle, YeM
MeHbIIIe 3HAYCHHE «METUAHHOTO paccTOsTHUD) (puc. 4)
MeXTy TU(PPOBHIMHI N300paKEHISIMA TIOCIIE KX COBME-
meHus. Pe3ynbTaTsl n3MepeHnii 3aHOCUIN B TaOJIUIIBI
JUISL TIOCIIETYOIIEr0 CTaTUCTUYECKOTO aHaIn3a.
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Hin 0.000000 M= 1. 498733 i . 921
dwa N O9ATN4 H.-..-] bwg 0116986 Medl0 039320

Ko 0102506 HoAiDAOIEE>  ang 0 150104 nonch-08s0TE>
Puc. 4. Pabouee oxkno npocpammer MeshLab ¢ coemewennvimu yugposvimu u306pa9fceHuﬂMLt Kynvmu 3yoa 2.7
IKCNEPUMEHMANLHOU MOOEU U KAPKACA UCKYCCMBEHHOU KOPOHKU.

A. - 3nauenue meduannoeo paccmosnus 0ns kapkaca, uzeomosnennozo 8 CAD/CAM ARCTICA uz E.max CAD
(Med 0,037533 mm). b. - 3nauenue meouannozo paccmosinus 0as kapkaca, uzeomoeienno2o ¢ CAD/CAM
ARCTICA u3 C-Cast (Med 0,039329 mm). C. - 3nauerue meouannozo paccmosinusi 0isi KapKkacd, U320mosiieH-
Ho2o ¢ nomouwvio 3D npunmepa Asiga (Med 0,040359 mm). [. - 3nauenue meduannozo paccmosHus 0as Kap-

Kaca, u3ecomoeileHH0o20 Memoaom npeccoeanus 6@3 UCNOJIb30BAHUA L;uqbpaeblx mexHoao2ull
(Med 0,055002 ym)

PesyabTaThl 1 00cy:x1eHUE paKeHNI KapKacoB HCKYCCTBEHHBIX KOPOHOK, H3TO-
Cpennne 3HaYCHNS U3MEPEHUH B KOMITBIOTEPHOH ~ TOBJICHHBIX Pa3INYHBIMU METOJAMH, H KyJIbTH 3y0a 2.7
nporpamme 3D PDF coBMelieHHBIX HU(PPOBBIX M300-  OKCIEPUMEHTAJIbHOW MOJENH MpeCTaBIeHb B Tad-
auue 2.
Tabnuma 2.
PesynbTaThl H3MepeHHi COBMEIIEHHbIX M(PPOBHIX H300paxeHui B nporpamme 3D PDF
Inomane (KB. MM), COOTBETCTBYIOIIAA ONpPeAeIeHHOMY IHANA30HY PACXO0KACHHS

Meroa U3roToB- MesKAYy COBMEIeHHBIMH HU(POBHIMHU N300paKeHUSIMH BpeMEHHBIX HCKYCCTBEH-
JIGHHSI HCKYC- HBIX KOPOHOK M KYJIbTel 3y0a 4.7 3IKCIepUMeHTAJIbHOI Mo1eJIn

CTBEHHBIX KOpPO- I[uana?,om,l ACXO0KJACHUSA MEK1Y COBMECIICHHBIMHU lll/l(l)pOBbIMl/l H300paKeHUAMHU
KaVo ARCTICA 3462,23 4494,95 1635,39 555,88 11,89
Emax CAD (34,1%) (44,2%) (16,1%) (5,5%) (0,1%)
KaVo ARCTICA 3341,70 4530,98 1640,51 619,78 27,375
C-Cast (32,9%) (44,6%) (16,1%) (6,1%) (0,3%)
3D npuHTEp 3413,555 4469,356 1655,601 570,133 51,695
ASIGA (33,6%) (44,0%) (16,3%) (5,6%) (0,5%)
TexHomorust mpec- 2321,946 2513,619 4633,646 633,243 57,886
COBaHMs (22,9%) (24,7%) (45,6%) (6,2%) (0,6%)
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PesynpraThl MccnenoBaHMs IMOKa3alM, 4TO JUIS
KapKacoB HCKYCCTBEHHbBIX KOPOHOK, IIOyYEHHBIX C I10-
motpto CAD/CAM-cucremsl KaVo ARCTICA wu3 3a-
rotoBok E.max CAD, naunGonpmmii npoueHt (44,2%)
TUIOLIa M BHPTYaJbHOW MOBEPXHOCTH COBMEIIEHHBIX
1 poBIX M300paKEeHUH KapKacoB U KyJIbTH 3yba 2.7
9KCIEPUMEHTAILHON MOJIEJIM COOTBETCTBYET AMaIa-
30Hy 0,02-0,05 MM pacxoxIeHU MEXy HUMH.

Jns KapKacoB HMCKYCCTBEHHBIX KOPOHOK, ITOJTY-
yeHHBIX ¢ npumeHeHneM CAD/CAM-cucremsr KaVo
ARCTICA wu3 3aroToBOK 0€330JIEHOTO ITOJIMMEPHOTO
marepuana C-Cast, HauOonpmmii mporeHt (44,6%)
IUIOIIA N BUPTYaJIbHONH MOBEPXHOCTH COBMEIIEHHBIX
1 poBIX H300paKeHUI KapKacoB U KyJbTH 3yba 2.7
AKCIIEPUMEHTAILHOM MOJIEI COOTBETCTBYET AMaIa-
30Hy 0,02-0,05 MM pacxoxIeHUS MEXTY HUMH.

s KapKacoB HMCKYCCTBEHHBIX KOPOHOK, ITOJTY-
yeHHbIX ¢ npuMeHeHueM 3D mpuntepa ASIGA Max
UV u3 06e3307bHOTO (POTOMOTUMEPHOTO MaTepuaa,

Haubonpmmid mporent (44,0%) rmiomaan BHPTyab-
HOM TIOBEPXHOCTH COBMEIIEHHBIX ITU(PPOBBIX H300pa-
KEHHUH KapKacoB U KyJbTHU 3y0a 2.7 sKCIepUMEHTalb-
HOH Mojenu cooTBeTcTByeT auanazony 0,02-0,05 mm
PacX0XKICHUS MEXIY HUMH.

J1J1s1 KapKacoB CKYCCTBEHHBIX KOPOHOK, U3TOTOB-
JICHHBIX 10 TPaJUIIMOHHON TEXHOJIOI'MH NPECCOBAHMS
0e3 mpuMeHeHHsT IM(POBBIX TEXHOJOTHH, HAMOOJb-
mui npoueHt (45,6,0%) miomann BUPTyanbHOH MMO-
BEPXHOCTH COBMEIIEHHBIX IM(POBBIX H300pakeHUI
KapKacoB M KyJbTH 3y0a 2.7 SKCIIEepUMEHTAIBHON MO-
nenu cooTBeTcTByeT Anamna3ony 0,05-0,08 Mmm pacxox-
JICHUS MEXIY HUMH.

Pe3ynbraThl U3MEpeHUs: MEANAHHOTO PACCTOSIHUS
MeXAy HU(GPOBBIM H300pa)KEHHEM JKCIIEPUMEHTAIb-
HOW MOJIENTU U IU(PPOBBIMU H300pKESHUSIMU KapKacoB
HCKYCCTBEHHBIX KOPOHOK, W3TOTOBJICHHBIX Pa3HBIMHU
METO/IaMH, TIPeCTaBIeHbI B Tabmuiie 3.

Ta6muma 3.

Pe3ynpTaThl H3MEpeHHsT METUaHHOTO PACCTOSHHS MEXIY HH(QPOBBIM H300paKeHUEM SKCIIEPUMEHTATLHON MO-
JeTH 1 IA(PPOBBIMHI H300pakeHUIMH KapKaCOB HCKYCCTBEHHBIX KOPOHOK, U3TOTOBJICHHBIX Pa3HBIMH METOAaMH,
MM (N — KOJTMYIECTBO KaPKACOB MCKYCCTBEHHBIX KOPOHOK)

MeToa H3roTOBJIEHHSI KAPKACOB HCKYCCTBEHHBIX KOPOHOK
KaVo
n ARCTICA KaVoCASCTICA 3D npuntep ASIGA TpaguuuoOHHAsI TEXHO-
EMAX CAD -Cast JIOTHSA NIPECCOBAHMS

1 0,046570 0,038435 0,042173 0,042542

2 0,033945 0,040319 0,036690 0,049675

3 0,035301 0,036393 0,035843 0,065331

4 0,045998 0,030415 0,040359 0,055002

5 0,034607 0,036591 0,042099 0,040506

6 0,039711 0,039227 0,040543 0,050339

7 0,034012 0,039329 0,038713 0,043736

8 0,042195 0,046612 0,038315 0,040207

9 0,037533 0,041252 0,038030 0,045773

10 0,038246 0,042419 0,039087 0,037617
Cpennee 3HaueHHE 0,038812 0,039099 0,039185 0,047073

OnwucarenbHbIe CTATUCTHKH (Tabnuia 4) U BU3Y-
aJbHBIN aHAIU3 TUCTOTPaMM (pHC. 5) MO3BOJISIOT Kade-
CTBEHHO OIEHUTh XapaKTEPUCTUKU paclpeiesieHuUs
MeJIMaHbl PACCTOSIHUN MEXIy IIU(DPOBBIME H300paxe-
HUsiMH. Ha OCHOBaHWM 3THX JaHHBIX OBLI C/ICTaH BBI-
BOJ O TOM, YTO paclpeaeseHus] 3HaUeHU MPU3HAKOB
BO BCEX TIpyINax OTIMYAIOTCS OT HOPMAIbHOIO

(Habnromaercsi SIPKO BBIp@KEHHAsh acMMMeTpusi). B
CBSI3U C OTUM JJIsl aHaNW3a AAaHHBIX LEJeco00pa3Ho
OBUIO NPUMEHEHHE HemapaMeTPHYECKUX CTATHCTHYE-
ckux MetonoB (H-kputepuit Kpackena-Yomuca). B
JITAHHOM HCCJICZIOBAaHNH B Ka4E€CTBE KPUTHYECKOTO ObLI
IPUHAT YpoBeHb 3HauuMocTH p=0,05.

Tabnuna 4

OmnucarenbHbIC CTATUCTUKHU PACTIPEACIICHHS 3HAUYCHNI BEMMYNHBI MEAUAHBI PACCTOSTHHH (N — KOJIMYECTBO KapKa-
COB HCKYCCTBEHHBIX KOPOHOK)

Merton u3roronJie- Cpeanee = Crangapt-
HHS KAPKaCOB HC- n | cramaapr- Menn- Munn- Maxkcen- | 25-ii mpo- | 75-i mpo- Has
KYCCTBEHHBIX KOPO- HOE OT- aHa MyM MyM HEeHTHIb HEeHTUIb ommuoka
HOK KJIOHEHHe cpeaHero
EMAX 0,03881 +
CAD/CAM | CAD 10 0,004747 0,038 0,034 0,046 0,035 0,042 0,0015
ARCTICA C 0,0391 +
CAST 10 0004257 0,039 0,030 0,047 0,037 0,041 0,0013
. 0,03919 +
3D npunTep Asiga 10 0,002118 0,039 0,036 0,042 0,038 0,041 0,0007
TexHonorus npecco- 0,04707 +
N 10 0,008345 0,045 0,038 0,065 0,041 0,050 0,0026
0,04104 +
Bce meTonm! 40 0,00624 0,040 0,030 0,065 0,038 0,043 0,0010
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Puc. 5. l'ucmoepammsl pacnpedenenus sHaveHuli npusHaka « Beauuuna meduansvt paccmosnuiiy

Ha ocHOBaHHM MOTyYEHHBIX JaHHBIX OBLIO yCTa-
HOBJICHO, YTO CPEIHEC 3HAYCHHUE MEIUAHHOIO PacCTO-
SIHUSL MEK Ty TA(POBBIM U300pasKEHUEM KYJIBTH IKCIIC-
PUMCHTAIEHOW MOJIENA U IH(POBBIMH HU300pasKCHU-
SMA  KAapKacoOB  HCKYCCTBCHHBIX  KOPOHOK W3
JUCHIIUKATa JIUTHS, W3TOTOBJICHHBIX C IOMOIIBIO
CAD/CAM-cucremsr KaVo ARCTICA wu3 3aroroBxu
E.max CAD, coctaBnser 0,03881 £ 0,004747 mm, u3
3arOTOBKH 0€330JbHOTO MONMMEpHOTO Marepuana C-
Cast — 0,0391 £ 0,004257 mm. CpeaHee 3HaUCHUE Me-
JTUAHHOTO PACCTOSHUS MEXIY IMH(POBBEIM H300paxe-
HUEM KYJIBTH DKCICPUMEHTAILHOW MOIEIH U Iuppo-
BBIMH H300paKCHUSAMHU KapKacOB MCKYCCTBEHHBIX KO-
POHOK, M3TOTOBJICHHBIX ¢ MpuMeHeHneM 3D mpunTepa
Asiga Max UV, cocrasister 0,03919 + 0,002118 mm.
CpenHee 3HAYCHHUE MCEIAMAHHOTO PACCTOSHHS MEKIY
MUQPPOBBIM H300pAKEHUEM KYJIBTH SKCICPUMCHTANb-
HOW MOJICITU | ITU(PPOBBIMHI N300paKEHUSIMHA KapKacoB
HCKYCCTBEHHBIX KOPOHOK, M3TOTOBIICHHBIX IO TPAJIU-
[MUOHHOMY METOJy MPECCOBAHUS JIMTHEBON KEPaMUKH
0e3 mpuMeHeHHs] TU(PPOBBIX TEXHOJIOTHI, COCTaBIACT
0,04707 + 0,008345 MM. DT I1aHHBIE MO3BOJIMIN HAM
CIenaTh BBIBOJ O TOM, YTO KapKachl MCKYCCTBEHHBIX
KOPOHOK, M3TOTOBJIEHHBIE C TIOMOIIBIO COBPEMEHHBIX

IU(POBBIX TEXHOJOTWH (BHYTPUPOTOBOE Jia3epHOE
ckanuposanue, CAD/CAM-cuctema, 3D npunTep) 00-
Jafar0T OOJBIIEeH pa3MEepHOM TOYHOCTHIO MO CpaBHE-
HUIO C KapKacaMH MCKYCCTBEHHBIX KOPOHOK, H3TOTOB-
JICHHBIMH TPaJULIMOHHBIM METOZOM IIPECCOBAaHHS C
ypoBHeM 3Haunmoctu P<0,05 (H-kputepuii Kpackena-
Yommuca=10,254 p=0,017).

[TonydeHHble HAMU JaHHBIC, TIO3BOJIIIIN CAEIATH
BBIBOJI O TOM, YTO 3HAUECHHE PACX0XKJCHHUS MEKIY COB-
MEIICHHBIMHI OU(PPOBBIMU H300pa’KEHNSIMH OATOTOB-
JIGHHOM KyJIbTH U KapKaca MCKYCCTBEHHOM KOPOHKH
MOXHO TIIOJIY4YUTh, IMPUMEHAA KOMIIBIOTCPHYIO IIPO-
rpammy MeshLab. IIporpamma 3D PDF mnosBonser
JIMOIb BBIABUTH AHUANIa30H pACXOKACHUA MEKIY COBME-
IIEHHBIMH TU(QPOBBIMU  M300pPaKEHUSIMH, COOTBET-
CTBYIOIIUI OIpeJieIeHHOMY I[BETOBOMY MoJro. Taxoke
nporpamma 3D PDF no3Bosnsier rpadgudeckn HarisgHo
MIPEAOCTaBUTh MH(POPMAIMIO O Pa3MEpHOH TOYHOCTH
KapKacoB MCKYCCTBEHHBIX KOPOHOK.

B »TOM mnane mpencraBisieT HHTEPEC UCCIEN0Ba-
mue H.M. Fathi et al. [8], B koTopoM aBTOpBEI HE BBI-
SIBUJIM 3HAYUTCIIBHOT'O pa3inuunsd B pa3MepH0171 TOYHO-
CTH METANINYECKUX HCKYCCTBEHHBIX KOPOHOK, H3TO-
TOBJICHHBIX METOAOM JIMThA 110 PEIPOAYKIUAM,
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MOJTYYEHHBIM TPEMSI Pa3IMIHBIMU CIIOCOOAMU — TPaIH-
LOHHBIM C ITOMOIIBIO HACJIOSHHUSI BOCKa, (hpe3epoBa-
HUEM U ¢ oMoulbio 3D npuHTepa o TEXHOJIOTUHU CTe-
peosmurorpaduu.

3akarouyeHnue

Pe3yanaT1>1 Hamero MCCJICAOBaHUA CBHUACTCIIb-
CTBYIOT O BBICOKOM pa3MepHON TOYHOCTH KapKacoB UC-
KYCCTBE€HHBIX KOPOHOK M3 AJUCUIIMKAaTa JIUTHUA, HU3I0-
TOBJICHHBIX C IOMOIIBIO COBPEMEHHBIX IU(PPOBBIX TEX-
HOJIOTHH, B CPAaBHEHHHU C KapKacaMu HCKYCCTBEHHBIX
KOPOHOK, M3TOTOBJICHHBIMH TPAJAWUIIOHHBIM METOJIOM
npeccoBanus. Kommprorepasie nporpamMmmel MeshLab
u 3D PDF nononHao0T Apyr Apyra Npu U3y4E€HUH pa3-
MEPHOI TOYHOCTH KapKacOB HCKYCCTBEHHBIX KOPOHOK.
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ANOMALIES OF CRANIOVERTEBRAL ZONE DEVELOPMENT IN CLINICAL PRACTICE

ABSTRACT

Kryvetska 1.,

Kryvetskyy I.

State higher education institution of Ukraine
“Bukovinian State Medical University”

37 cases of Arnold - Chiari anomaly without and in combination with concomitant pathology of the cranio-
vertebral zone were studied. A comparative analysis of complaints, neurological symptoms in groups of patients
without congenital defect of craniovertebral junction and with a congenital defect of the craniovertebral junction.

Keywords: Arnold - Chiari anomaly, atlas hypoplasia, atlantoaxial subluxation and atlas assimilation, hypo-

plasia of the dentate gyrus.

Anomalies of the craniovertebral zone are of im-
portant clinical and diagnostic value in vertebral neu-
rology and neurosurgery but remain insufficiently stud-
ied dysontogens, leading to progressive lesions of the
nervous system. With the development of neuroimag-
ing research methods in recent decades, increased in-
terest in this pathology, which is clinically manifested
by focal neurological symptoms, disorders of cerebro-
spinal fluid dynamics and blood supply to the brain and
spinal cord.

The anatomical basis of this pathology is congen-
ital defects in the development of the craniovertebral
junction, or bone structures of the skull base and the
two upper cervical vertebrae, combined with abnormal-
ities of the structures of the brain and spinal cord (Ar-
nold-Chiari syndrome, platybasia, basilar impression,
atlas, hypoplasia of the occipital condyle, manifestation
of the occipital bone, hypoplasia or aplasia of the pos-
terior arch of the atlas, hypertrophy of the tooth of the
axial vertebra, spina bifida, etc.). [4]

In practical neurology, the most interesting is Chi-
ari's anomaly (malformation) - a congenital disorder of
the brain, which consists in the heterotopic location of

the cerebellum and medulla oblongata, the expansion
of the intraspinal canal. The development of this pa-
thology is associated with the fact that the bookmark of
the spinal cord in the lower parts is fused with the pos-
terior wall of the spinal canal, and in the process of fetal
growth, there is no pulling of the spinal cord up. The
disease is named after the Austrian pathologist Hans
Chiari, who in 1891 described several types of abnor-
malities in the development of the brainstem and cere-
bellum.

Arnold-Chiari syndrome is characterized by low-
ering of the cerebellar tonsils and distal medulla oblon-
gata down into the spinal canal at the level of the upper
cervical vertebrae, as a result of which Majandi's hole
is at the level of the occipital foramen (IDU) or even
lower, and the roots of the caudal cranial group the up-
per cervical segments of the spinal cord are elongated,
which causes compression of the caudal part of the me-
dulla oblongata, cerebellar tonsils and cranial parts of
the spinal cord, the openings of the scapula are com-
pressed and the cerebrospinal fluid can come out only
through the opening of Majandi. However, due to the
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compression of the subarachnoid spaces in the circum-
ference of the medulla oblongata, the inflow of cerebro-
spinal fluid from the opening of the Majandi to the sur-
face of the large hemispheres is difficult, which leads
to the gradual development of hydrocephalus. Bone ab-
normalities of the craniovertebral junction, in particular
basilar impression, platybasia, which accompany Ar-
nold-Chiari syndrome, aggravate the phenomena of
compression and cerebrospinal fluid-dynamic disor-
ders.

Platibase means flattening of the skull base, reduc-
tion of the anterior and posterior cranial fossae at the
level of the Turkish saddle and shortening of the slope.
Platybasia is often combined with basilar impression.

Basilar impression - congenital intracranial inden-
tation of the skull base into the cavity of the posterior
cranial fossa. The reason for the latter is the underde-
velopment of the edges of IDPs (hypoplasia, dysplasia),
which are pressed into the cavity of the posterior cranial
fossa, reducing its volume, narrowing and deforming
IDPs. In childhood, clinical symptoms are absent for a
long time due to compensatory synchondrosis. How-
ever, a period of puberty occurs before clinical mani-
festation. [1]

Clinical symptoms of Arnold - Chiari syndrome
progress gradually and slowly over 3-6 years and are
characterized by involvement in the process of the up-
per cervical spinal cord and distal medulla oblongata
with dysfunction of the caudal group of cranial nerves
and cerebellum. Depending on the combination of mor-
phological disorders, there are three main types of Ar-
nold-Chiari anomaly. Type | is characterized by the
lowering of the tonsils of the cerebellum through the
IDP in the cervical spinal canal and compression of the
lower parts of the brainstem, upper cervical roots of the
spinal cord, cerebellum, bulbar group of cranial nerves,
sacral arteries. The clinical picture consists of symp-
toms of the medulla oblongata, syringomyelia and hy-
drocephalus [2].

Such patients turn to a neurologist with complaints
of pain in the neck - occipital area when coughing,
straining, falling due to mowing of the legs with short-
term loss of consciousness (drop-attacks), etc.

In Arnold-Chiari type Il anomaly, tonsils and cer-
ebellar worms are wedged into the IDU with the caudal
displacement of the brain stem and fourth ventricle. It
can be combined with non-healing of vertebral arches,

spinal hernia, syringomyelia, stenosis of the cerebral
aqueduct with the development of hydrocephalus. The
clinical picture is dominated by bulbar syndrome,
asthma attacks, aspiration pneumonia may occur.

Arnold - Chiari type Il is established in the case
of displacement of the cerebellum and part of the brain-
stem in the meningocele, which is located in the cervi-
cal - occipital region with an increased diameter of the
IDP. It can be combined with anomalies of the cardio-
vascular and urogenital system, atresia of the anus, im-
paired development of the genitourinary system. Pa-
tients have ataxia, signs of the bulbar syndrome of sen-
sitivity on the face, combined with complaints of
dizziness, headache, tinnitus.

Undeveloped cerebellum and ectopia of all struc-
tures of the posterior cranial fossa are defined as Ar-
nold-Chiari type IV anomaly. In such cases, the patho-
logical process occurs internally - in utero (5 -6 months
of gestation) and is detected at birth. This pathology
leads to the death of the newborn.

The frequency of type 11-1V anomalies is approxi-
mately 1 per 1000 newborns. Mortality is 15% in the
first 2 years of life. Craniovertebral junction pathology
is more often diagnosed by computed tomography and
magnetic resonance imaging (CT, MRI). The pathog-
nomonic sign of the anomaly is the lowering of the cer-
ebellar tonsils more than 4-5 mm below the IDP line.

The purpose of the study was to assess the fre-
quency, variants of the combination of Arnold-Chiari
syndrome with other anomalies of the craniovertebral
junction in the Chernivtsi region over the past 5 years
and early detection of clinical symptoms of the disease.

Material and methods

An analysis of 37 cases of appeals of residents of
Chernivtsi region to the neurological department of
Chernivtsi regional psychiatric hospital, in which MRI
examination of the brain revealed signs of prolapse of
the tonsils of the cerebellum in IDPs. The following in-
dicators were analyzed: age, sex, nature of brain mal-
formation in combination with the corresponding neu-
rological symptoms, combined with bone anomalies of
the craniovertebral junction and spine.

Results and discussion.

Analysis of the age distribution of patients re-
vealed a predominance of middle-aged and elderly pa-
tients. Gender distribution showed a predominance
among female patients.

Table 1.
Distribution of patients by age and sex.
Age, years n/gender Wr(:]r:r(]an %
18-29 5 1‘ 13,5
5
30-39 9 4 243
40-49 20 164 54,1
2
50-59 3 1 8,1
25 67,6
All 37 1 100 324
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Characteristics of neurological disorders on ad-
mission to the hospital.

All patients underwent a complete neurological
examination, evaluated complaints, performed MRI of
the brain, radiography of the cervical spine in two pro-
jections.

When assessing the neurological status, the main
attention was paid to the clinical manifestations of cer-

ebellar and brainstem lesions. The diagnosis was estab-
lished by tomographic features by certain criteria [3].
Among all patients with Arnold-Chiari syndrome, type
I occurred in 28 patients (75.6%), type Il - in 9 patients
(24.3%). The most frequent complaints of patients are
presented in Table 2, taking into account their fre-
quency and concomitant pathology - a congenital de-
fect of craniovertebral junction

Table 2.

Characteristics of complaints of patients with Arnold Chiari's anomaly.

Patients without congenital defect | Patients with congenital defects in
Crapry of development o_f _craniovertebral the developmgnt of craniovertebral
transition junction
n =32 % n=5 %
Headache 30 93,7 5 100
Dizziness 27 84,4 4 80
Paresthesias of hands and feet 25 78,1 5 100
Noise in the head 15 46,9 4 80
Syncopal paroxysms 17 68 1 20
Flexibility when walking 21 65,6 3 60
Pain in the cervical spine 20 62,5 5 100
Decreased vision 9 28,1 1 20
General weakness 9 28,1 2 40
Decreased memory 10 31,3 3 60
Diplopia 4 12,5 0 0
Asymmetry of the face 2 6,25 0 0

The results of the study, which are presented in ta-
ble 2, indicate that the most common complaints in pa-
tients with congenital malformation of Arnold Chiari
were headache and dizziness. In patients with a congen-
ital defect in the development of the craniovertebral

junction, these symptoms are often combined with par-
esthesias in the arms and legs, pain in the cervical spine,
gait instability.

All patients underwent a complete neurological
examination, the results of which are presented in Ta-
ble 3

Table 3.

Neurological status of patients with Arnold-Chiari anomaly.

Patients without congenital defect | Patients with congenital de-
Symptoms of development o_f _craniovertebral fects i_n the develgpme_nt of
transition craniovertebral junction

n =32 % n=5 %
Cerebellar ataxia 19 59,4 4 80
Reflex syndrome 18 56,25 4 80
Cogpnitive disorders 12 37,5 2 40
Pyramid syndrome 15 46,9 2 40
Sensitive conductor disturbances 11 34,4 1 20
Spastic paresis 6 18,8 2 40
Pseudobulbar syndrome 6 18,8 3 60
Segmental sensory disturbances 6 18,8 2 40
Bulbar syndrome 3 9,4 2 40
Sensitive ataxia 3 9,4 2 40
Paresis of facial muscles 2 6,25 0 0
Radical disorders 1 3.2 3 60

The most common neurological symptoms of Ar-
nold Chiari syndrome in the examined patients were
cerebellar ataxia and reflex syndrome (respectively 19

patients -59.4% and 18 patients - 56.3%). 29.1%) were
segmental sensitive disorders.
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Figurel. Arnold Chiari | syndrome in a 34-year-old patient with tetraparesis and ataxia.

Figure 2. Arnold Chiari 1l syndrome in patient B. 48 years old with hydromyelia.

To assess the condition of the bone elements of the
craniovertebral junction and cervical spine in patients
with Arnold-Chiari anomaly, CT scans of the head and
SHVH were performed. Radiologically, the following
concomitant disorders of bone elements of the cranio-
vertebral zone were detected: hypoplasia of the atlas,
atlantoaxial subluxation and assimilation of the atlas,
hypoplasia of the dentate gyrus of the axis, aplasia of
the posterior arch of the atlas and shortening of the at-
lanto-occipital space.

In patients with a concomitant congenital defect in
the development of craniovertebral junction, in partic-
ular atlantoaxial subluxation and assimilation of the at-
las (2 patients), axillary aplasia (1 patient) aplasia of the
posterior arch of the atlas (2 patients), sensitivity disor-
ders were detected by root segment typeface, bulbar
syndrome (hoarseness, dysphagia, deviation of the
tongue).

Table 4.

Concomitant pathology of the brain, which was detected in patients with Arnold-Chiari anomaly

Patients without congenital defect | Patients with congenital de-
nosology of development o_f _craniovertebral fects ip the develc_)pme_nt of
transition craniovertebral junction
n =32 % n=5 %
Chronl_c inflammatory processes near the 9 281 3 60
nasal sinuses
Agenesis of the transparent membrane 5 15,6 2 40
Hypoplasia of the corpus callosum 4 12,5 2 40
Partial atrophy of the cerebral hemi- 4 125 0 0
spheres
Arachnoid cyst of the Turkish saddle 2 6,25 1 20
Retrocerebellar cyst 2 6,25 2 40
Pituitary microadenoma 2 6,25 0 0
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In all patients, the diagnosis was confirmed by
MRI - examination. In the majority of patients with a
predominance of cerebral symptoms on MRI revealed
omission of the cerebellar tonsils and signs of chronic
inflammatory diseases of the nasal sinuses, agenesis of
the transparent membrane (15.6%), hypoplasia of the
corpus callosum (12.5%), partial atrophy of the hemi-
spheres of the head, 5%), rarely arachnoid cyst of the
Turkish saddle and agenesis of the transparent mem-
brane. More often, inflammatory and cystic processes

in the sinuses explained the clinical symptoms and car-
ried out the treatment, which was usually ineffective.
Given the predominance of cerebellar symptoms in
young people, the diagnostic search was aimed at de-
tecting the demyelinating process and not always de-
tected on MRI signs of Arnold-Chiari anomaly stopped
this search.

Figure 3. presents an MRI of a patient in whom the
lowering of the tonsils of the cerebellum was accompa-
nied by shaky gait and periodic drop attacks.

harmivis
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Study date: 04.07.2015
Study time: 12:41

Figure 3. Arnold Chiari | syndrome in a 28-year-old patient with periodic drop attacks and mild ataxia.

We traced the family case of the Arnold-Chiari
anomaly. The mother's Chiari Il abnormality was com-
bined with the development of a syringomyelia cyst in

Bardashevska,Mariya Myhaylivha
23021974

W788 / C346
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the spinal cord, her son's with a severe congenital heart
defect, and the 28-year-old nephew's Chiari | abnormal-

ity.
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Figure 4. Arnold Chiari 1l syndrome in a 42-year-old patient with hydromyelia.

Conclusions

1. Congenital Arnold-Chiari anomaly was most
often combined with such congenital defects in the de-
velopment of the craniovertebral junction as atlantoax-
ial subluxation and assimilation of the atlas (2 patients

- 5.4%), aplasia of the posterior arch of the atlas (2 pa-
tients - 5.4%).

2. Characteristic concomitant pathology of the
brain in Arnold-Chiari syndrome is represented by
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agenesis of the transparent membrane (15.6%), hypo-
plasia of the corpus callosum (12.5%), partial atrophy
of the cerebral hemispheres (12.5%).

3. The most frequent complaints in patients with
congenital malformation of Arnold Chiari were head-
ache and (93.7%) and dizziness (84.4%), in the neuro-
logical status prevailed - cerebellar ataxia (59.4%) and
conduction movement disorders (56.25%.)
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PEDAGOGICAL INNOVATIONS PERSONALITY ORIENTED APPROACH IN THE DOCTOR'S
PROFESSIONAL TRAINING SYSTEM
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Personality oriented approach involves organizing process, learning how to organize learning activities of

students and reorientation of the process for the formulation and solution of educational problems by studentso.
The use of interactive lecture gives an opportunity of modelling the scientific or professional problems that are
related to the specific content of the educational material. Formulation of the problem motivates the students for

studying activity and for finding the answers to their questions independently.
Keywords: tools of the educational process, the theory of innovations, professional mobility.

Introduction. The innovative way of develop-
ment of a society can be provided having formed gen-
erations of people who think and act in a new way.
Hence the great attention to the general development of
personality, its communicative abilities, the acquisition
of knowledge, independence in decision-making, criti-
cal thinking and culture, the formation of information
and social skills [3]. The main principles that determine
the development of higher education in Ukraine in
modern conditions are the creation of an innovative
space-based on educational and scientific support [2].

Personally oriented teaching and education is the
basis for creating an educational environment in the
school, the organization of pedagogically appropriate
verbal and nonverbal communication and high peda-
gogical skills of the teaching staff [1]. A person-centred
approach identifies changes like the object and the
learning process, as well as the basic pattern of teacher-
student interaction. Instead of the scheme of teacher-
student interaction, where the teacher is the subject of
pedagogical influence and management, and the stu-
dent is the object of influence, the scheme of the sub-
ject-subject equal partner educational cooperation of
the teacher and students should find a place in the joint
didactically organized by the teacher. of educational
tasks.

Increasing hours for independent work, while re-
ducing classroom and lecture hours require the restruc-
turing of all forms of the educational process and the
search for new approaches to the educational process.

Main part.

Personality-oriented approach states that the stu-
dent is at the centre of learning - his motives, goals,

unique psychological composition. Based on the inter-
ests of the student, the level of his knowledge and skills,
the teacher determines the purpose of knowledge and
adjusts the educational process, guided by the develop-
ment of the student's personality. In this case, all meth-
odological tools are refracted through the prism of the
student's personality, his motives, needs, abilities, intel-
ligence; questions addressed to the student, tasks
should stimulate their intellectual activity without un-
necessary fixation of mistakes, omissions, failures.
This formulates the further development of student
technology, their cognitive processes, personal quali-
ties, performance characteristics. The personality-ori-
ented approach involves the organization of the learn-
ing process as the organization of students' learning ac-
tivities and the reorientation of this process to the
formulation and solution of educational problems by
students themselves. Thus the teacher should define the
nomenclature of educational tasks and actions, their hi-
erarchy, to provide students with the oriented basis and
algorithm of performance. A teacher with a high level
of pedagogical skills can cope with such tasks. Peda-
gogical skills are based on the high professional level
of the teacher, his general culture and pedagogical ex-
perience. Necessary conditions for pedagogical skills
of a teacher are a humanistic position: professionally
significant personal traits and qualities. The psycholog-
ical climate in the educational environment should be
focused on high moral values, which are knowledge,
hard work, success in scientific work.

In recent years, a fundamentally new and im-
portant direction has emerged in the pedagogical pro-
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cess - the theory of innovation, which includes interac-
tive learning technologies and computer technology [2,
5]. Of course, computer technology is very diverse and
their use depends largely on the hardware - access to
the distance learning server, its quantitative and quali-
tative content, software and more. Therefore, in our
opinion, more important and promising is the role of
interactive lectures, which provide students with
knowledge with their direct active participation, ie to
continue the personality-oriented interaction of teacher
and student using modern tools of the educational pro-
cess. This lecture provides an opportunity to stimulate
scientific or professional problems related to the spe-
cific content of educational material. The formulation
of the problem encourages students to active mental ac-
tivity, to try to answer the question, there is interest in
the material covered, attention is activated. Lectures
should be the basis of the discipline, determine the level
and amount of information load adapted to the relevant
course.

In preparation for the practical lesson, students
processed the study material, wrote notes, answered,
worked at the patient's bedside and were evaluated.
And, of course, sometime before the lecture they forgot
some specific knowledge, the basic information re-
mained in the memory, and that is based on logic, asso-
ciations. In this situation, the lecturer does not need to
repeat the entire content of the lecture material. He can
talk about some issues briefly, descriptively, at a fast
pace, and focus students' attention on more complex is-
sues. The most important thing is to involve students in
active participation in the work and not only the best
students. By deliberately involving "weak" students in
the discussion, we encourage them to study only when
we give them a chance to express themselves with the
correct specific answer to the question, but also by lis-
tening to their attitude to the problem without con-
demning it, and occasionally encouraging or praising
the student. The role of the lecturer is to use the previ-
ously acquired knowledge of the student in the con-
struction of a logical explanation and supplement them
with those that they do not have.

There must be a place for knowledge control dur-
ing the lecture. Its purpose is to identify the causes of
deficiencies in the assimilation of the material, and not
to be a way to identify errors, ie to provide feedback for
corrective action. Even more interesting and productive
is the current remote control using short test questions,
which are highlighted on the screen, and which must be
answered using remote controls.

This form of assessment has several advantages:
a) the student must listen carefully to the lecturer be-
cause the answer to the question is contained in the lec-
ture material; b) read the question carefully on your
own, because the answer is not always affirmative, cu-
riosity can be added by creating conditions of competi-
tion between groups, series, etc .; d) the effect of satis-
faction with the result of their work, although it is an
additional 15-20 minutes of student attention, and when
his answer is also correct, it is the best driving force in
the learning process; €) minimum time. However, the
quality of the lecture depends not only on the scientific

and professional but also on the pedagogical qualifica-
tion of the lecturer. After all, the highest indicators of
learning quality, which form the student’s satisfaction,
are determined by the teacher's personality, ability to
interest the student, involve him in the learning process
to form a positive perception of the discipline, its ben-
efits for future medical professionals. This type of lec-
tures will be useful for increasing the skill of the lec-
turer, as the preparation of such a lecture requires care-
ful selection, structuring and grinding of material,
selection of appropriate illustrative material, own crea-
tion of schemes and algorithms. Students are always
more interested in what is not in the textbook, or this
material is easier and more interestingly structured.
Students should be involved in the lecture preparation
process. This form of cooperation between teacher and
student is the basis of the activity method of teaching
when the student receives not only knowledge but also
specific skills in performing socially useful work [5].

The principle of variability expresses the need to
overcome the monotony of content, forms, methods of
teaching. Diversity is one of the conditions of life For
the effectiveness of interaction in the system "teacher-
student” the principle of variability has a regulatory
value, determines the purpose and strategy of designing
pedagogical interaction. The principle of self-organiza-
tion reflects the features of managing the process of
forming a creative personality of the student, which are
due to the peculiarities of managing nonlinear systems
and orient the teacher to internal influence, to coordi-
nate student development with their development
trends, and the need to "excite" and initiate creative ac-
tivity. invisible, minimal in its external influence and
carried out by indirect methods. In this case, it is possi-
ble to speak not about management, and processes of
self-management.

Conclusions. Interactive, innovative teaching
methods increase the efficiency and effectiveness of
learning with a person-centred approach to the peda-
gogical process, as they not only form knowledge,
skills and abilities but also create conditions for the de-
velopment of future professionals' ability to make inde-
pendent decisions, solve non-standard situations, pro-
fessional mobility.
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The article deals with the directions of optimization of educational process in medical institutions of education

at clinical departments on improvement of the system of education through development of new approaches to
submission of material and stimulation of independent work in order to increase the potential of students'
educational literacy as a basis for the formation of professional competence of future medical professionals.
Experience has shown that practical sessions during which clinical cases were discussed in the form of discussion
using differentiated approaches to clinical diagnostic and treatment-and-prophylactic measures are effective,
interesting, and appropriate in shaping clinical thinking.
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Formulation of the problem. Higher education
in Ukraine and its development are inseparably related
to the intellectual, cultural, spiritual, social, economic
development of society and of the state. Medical edu-
cation has remained a priority area of every self-re-
specting state for many decades, cause quality health
education means a healthy nation.

The modern information society and the increas-
ing competition in the labor market take high require-
ments on the medical students professional training.
For that reason, the introduction of the latest technolo-
gies in the educational process is a necessary and inev-
itable process to ensure the quality training of future
healthcare professionals.

Analysis of recent research and publications.
Since the beginning of the 21st century, society has wit-
nessed an unequalled demand on higher education, in-
cluding medical education. The number of students as-
piring to become a doctor increases, new faculties and
specialties are being opened. However, today in our
country there are serious problems and difficulties,
such as: creating equal conditions for access to higher
education, ensuring the quality of knowledge, skills and
acquisition of professional skills, promising profession
and employment opportunities for young professionals,
and further qualitative improvement of professional
qualifications. Important in this context are the quality
of the requirements (goals, standards and norms), the
quality of resources (programs, human resources, the

contingent of entrants, logistics) and the quality of ed-
ucational processes (educational and scientific activi-
ties, educational technologies) that directly provide
specialists trainings [3, p.106]. The most successful op-
tion of higher education was the introduction in our
country of the European educational process, the main
principles of which are the continuity and systematic
evaluation of student's educational activity, determin-
ing his achievements for all types of work in progress
(lectures, practical classes, seminars, individual and
self-study, patients microcuration, final modular con-
trol, training and work practice skills or other activities)
related to the assessment. Such a system gives an ob-
jective student's academic achievements assessment,
which in some way makes it impossible for the teacher
to be subjective to the student and thus increases his
motivation for acquiring professional knowledge and
skills. An important component of the quality assurance
system of specialists is a clear, well-thought-out control
system that allows some timely adjustments of the ed-
ucational process [2, p.293]. Essential elements of such
a system are constant supervision by the teacher and
self-control by the students, which promotes the devel-
opment of their theoretical knowledge and, most im-
portantly, practical skills to act effectively in the pro-
cess of achieving the set goal and because of it to im-
prove their professional skills [1, p.79].

Highlighting previously unresolved issues At
the present stage of teaching subjects in higher medical
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educational establishments, especially in the clinical
departments, along with the classical method of teach-
ing (work bed-side with a patient), the new effective
methods of using information technologies in the teach-
ing methods of psychiatry and addiction medicine and
control of the level of students' knowledge play an im-
portant role.

Orientation to the reproductive skills formation,
such as memorization and reproduction, under tradi-
tional training, changes to the development of skills of
reconciliation, analysis, synthesis, assessment of com-
munication discovery, planning, group interaction with
the use of information and communication technolo-
gies. Accordingly, there was a need to improve the
teaching methodology, namely — the changes affected
the methods of classroom studies and the organization
of individual work. Computer technologies enhance the
role of active cognition and of distance learning. Ac-
cording to the modern educational process, the number
of students' individual work in the education program
of all disciplines has increased. Information and com-
munication and distance learning technologies provide
students with e-learning resources to individually de-
velop program material. The introduction of distance
learning technologies allows students to work with
study materials at “any place” and at any time.

The purpose of the article - improvement of
aspects of educational and methodological work in
order to increase the potential of students' educational
literacy as a basis for the formation of professional
competence of future medical specialists.

Presenting main material. According to the psy-
chiatry and narcology work education program for stu-
dents of the 4th year students study organizational is-
sues of psychiatric (taking into account child psychia-
try) and addiction medicine services, such as -
providing decentralized psychiatric and addiction med-
icine care to residents of villages and districts, cities
and regional centers. Students learn the rules of outpa-
tient and inpatient care for patients, planned, emer-
gency or compulsory hospitalization in psychiatric hos-
pitals (according to the Ministry of Health order on psy-
chiatric care).

At the fall semester, the main focus stands on the
study methods (clinical and psychopathological, exper-
imental and psychological), general psychopathology,
the ability to identify the symptoms and syndromes that
are inherent in a particular mental processes of con-
sciousness. At each practical class, all students are
graded according to the five-point system required by
the work curriculum.

Testing a student's academic achievement is con-
sidered to be the most effective mechanism for meeting
such requirements for theoretical knowledge assess-
ment. The widespread introduction of testing acceler-
ates the self-reliance survey and enables each student to
get an idea of their educational skills. The scores
obtained in the end of each practical class are recorded
in an electronic performance journal, which is
accessible to students and their relatives who can see
the success of their children. An important step in as-
sessing a student's knowledge in the Department of
Nervous Diseases, Psychiatry and Medical Psychology

(psychiatry course) are oral interviews, patients mi-
crocuration under teachers™ control, which enables stu-
dents to form clinical thinking and assist them in ad-
justing of their practical skills. The University has been
successful in recent years with an online resource
(Moodle system) of teaching material that is accessible
to every student and helps them better prepare
themselves for the practical classes because the rating
they receive directly affects the scholarship.

Those students who, due to different subjective
circumstances, do not work individually at home in the
distance learning system by preparation for practical
classes and, accordingly, do not possess theoretical ma-
terial, are rated “unsatisfactory”. Such a student is di-
rected for additional consultation and refinement of the
topic. This, in our opinion, stimulates them in the fur-
ther to more thorough study, because it is no secret that
the professional competence of future doctors lies in the
student environment. Each clinical discipline that is
studied in theory should be supported by practical
skills. Expanding and improving the modern training of
psychiatrists who are capable of non-standard thinking,
skills to analyze, systematize and summarize medical
information obtained, capable of solving real practical
problems, requires the use of non-standard methods,
that are used in the learning process.

In order to develop practical skills, the education
program provides for the curation of patients on a re-
lated topic at each practical class hour. Microcurations
are conducted under the supervision of the teacher, tak-
ing into account the mental states in which the patients
are. Mental disorders with disturbed consciousness are
often dangerous for the medical stuff, including stu-
dents. Therefore, the curation of psychiatric patients
who are in psychomotor excitement for students is lim-
ited due to the impulsiveness, aggressiveness and un-
predictability of the patients and requires a teacher” at-
tendance during microcuration.

In the process of microcuration, students improve
their deontological knowledge in communicating with
patients, which will help them to apply they in profes-
sional future.

Along with new socio-economic, medical and
psychological problems in the country, new diseases of
the psychiatric registry are also emerging. Among the
most common psychiatric disorders, a group of neurotic
registry diseases, such as neurotic, stress-related and
somatoform disorders, is taking effect. This was espe-
cially actually since 1995, related to the effect of psy-
chogenic factors, such as forced labor migration of
Ukrainians abroad and from 2014 due to hostilities in
Eastern Ukraine. Contemporary Ukrainian psychiatry
quickly adjusts to new challenges. Adaptation disor-
ders, post-traumatic stress disorder, and neurotic disor-
ders have become relevant. Socio-stress disorders are
preclinical disorders that are widespread in the popula-
tion, but only in a small percentage are recorded by
medicine, since patients themselves are not always able
to relate their physical and psychological discomfort to
a mental illness that may be arisen through stress.

Mental addiction (alcohol, drugs, toxic and other)
and Internet addiction (recognized as a disease of the
age in 2008), especially among young people in recent
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years, has gained an impressive amount. However, to-
day there is no consensus on what constitutes an Inter-
net addiction, as well as there are any of diagnostic cri-
teria for ICD-10. Instead, the growing statistics of In-
ternet users, people suffering from alcoholism, drug
addiction are widely discussed by psychologists, soci-
ologists, and pedagogues. Practical and theoretical psy-
chiatry does not stand aside from this problem and, ac-
cordingly, this topic is introduced as the individual
work for students.

Therefore, an important component of modern
Ukrainian medical education is the provision of quality
knowledge with the assurance of comprehensive and
harmonious development of the future specialist per-
sonality.

At the spring semester, students study special
(nosological) psychiatry according to a work education
program in the discipline of Psychiatry and Addiction
Medicine. In such practical classes, knowledge of the
basics of general psychopathology, students work more
individual with patients (only when given the consent
of), which is a priority, conduct differential etiopatho-
genetic and syndromic diagnosis with similar condi-
tions and establish a preliminary clinical diagnosis and
prescribe treatment (prescribe the recommended
drugs). Our experience has shown that 4th year students
are not always able to prescribe prescriptions correctly,
s0 when studying special (nosological) psychiatry, the
emphasis is on improving practical skills and the ability
to provide immediate assistance with the mandatory
prescription of prescribed medicines.

Today's students are the future practical doctors of
medicine, so the main postulate for them is to learn how
to think clinically. The requirements for the profes-
sional training of health care workers have also
changed significantly, as employers to evaluate the
quality of higher and secondary medical education,
based on how the graduates use in practice the
knowledge and skills that are acquired during training.

Therefore, the emphasis of training specialists in
the field of medicine has shifted towards practical skills
and their maximum adaptation to the existing condi-
tions of future professional activity. The main idea of
such approaches is to put theoretical knowledge into
practice.

In our opinion, it is important and is in priority to
train future specialists in their ability for not only to put
their knowledge into practice, but also to further de-
velop it, acquiring new information and using it in their
work, when its needed.

Professional competence of future physicians lies
in the student environment. Each clinical discipline that
is studied in theory should be supported by practical
skills. Expanding and improving the modern training of
psychiatrists who are capable of non-standard thinking,
skills to analyze, systematize and summarize medical
information obtained, capable of solving real practical
problems, requires the use of non-standard methods
used in the learning process. Students' mastering of cur-
rent scientific knowledge requires seeking to improve
the effectiveness of the learning system. This becomes
possible by improving the learning system by develop-
ing new areas of submission and encouraging students

to work individually. Our experience proves that the
practical discussions that have been discussed with
clinical cases in the form of discussions are effective,
interesting and appropriate. This area of work encour-
ages students to seek a non-standard solution and, ac-
cordingly, leads to a positive solution to the problem.
Students take a better approach to learning as opposed
to a total examination. They attend classes systemati-
cally, and also work actively in practical classes.

At the end of the class hour all the theoretical
knowledge and practical tactics of students are re-
viewed by the teacher. Our experience shows that work
with patients is interesting to students, they try to give
psychological and psychotherapeutic recommendations
to patients.

Such collaboration is beneficial for students as it
forms clinical thinking, and also for patients, as they
feel themselves concerned to others.

Conclusions and offers. Thus, to improve the ef-
fectiveness of teaching the subject of "Psychiatry and
Addiction Medicine " in the 4th year at the level of
modern requirements for higher medical education, it is
necessary to constantly update and improve the data-
base of tests, situational tasks of different level of com-
plexity with their placement on the Internet, which will
allow to increase the efficiency and to direct in the nec-
essary direction the individual preparation of students,
which plays an important role in the educational pro-
cess based on the principles of the Bologna Declara-
tion. Formed skills and abilities are necessary for car-
rying out syndromologic and differential diagnostics,
selection of optimal psychopharmacotherapy using the
protocols of the Ministry of Health for providing psy-
chiatric help and psychotherapy for the treatment of pa-
tients with mental disorders. Thus, the implementation
of the strategy of improving the quality of modern med-
ical personnel training by introducing an effective sys-
tem of organization of the educational process will be
useful both for passing the student license exam
“KROK-2” and for future medical care, harmonizing
the national medical education to the requirements of
the European Union.

Thus, active educational (acquisition of good
knowledge with high rating), scientific (participation in
student scientific circles, olympiads, in national and
international conferences) and social activities
(participation in sports, economic and theatrical life of
the university) create a positive atmosphere of learning
and encourage students to acquire professional skills
(with the help of experienced teachers) while studying
clinical disciplines.
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AHOTALIA

KomriekcoM MakpoMiKpoCKOMiYHUX MeTOAIB gociimkeHi 200 miBKyIIb TOJOBHOTO MO3KY JIIOJIEH, TOMEPINX
BiJl 3aXBOPIOBaHb HE ITOB’S3aHMX 3 MTATOJIOTIEI0 TOJIOBHOT'O MO3KY. BukopucTaHni MakpoMiKpocKomiuyHuH, MOpdo-
METPHYHHUH, TOnorpadoaHaTOMiYHHI Ta CTATUCTUYHUH aHAI3.

PesynbraTy BacHUX JOCIIIKEHB.

BceranoBneni Mexi iHAWBITyaIbHOT aHATOMIYHOI MiHJIMBOCTI JOBXXHHU MiBKYJIb TOJIOBHOTO MO3KY Ta IOTH-
JUYHUX YaCTOK TOJOBHOTO MO3KY 3 ypaXyBaHHSM THITY Yepery Ta cTaTi. Y JOJOBIKIB 1 )KIHOK MOTHIMYHA YacTKa
TOJIOBHOTO MO3KY Ma€ BHPa)KEHHH Jiara30H MiHIMBOCTI TOBKUHH 33 paXyHOK 0COOHMBOCTEH iHAMBITyalsHOI Oy-
JIOBH TIBKYJIb TOJIOBHOT'O MO3KY Ta 4epera.

JomxuHa npaBoi 1 JIiBOi MIBKYJIb FOJOBHOTO MO3KY SIK Y YOJIOBIKIB, TaK 1 Y )KIHOK 3 JIOJIXOKPAHHUM THIIOM
yeperna Aelo Ouiblile, HiXK 3 ME30KpaHHHUM Ta OpaxikpaHHUM. Y YOJIOBIKIB 3 0JIIXOKPaHHUM THIIOM Yepena Maibke
OJTHAKOBA, a Y XKIHOK PO3MIipH JIiBOT MiBKYJIi TOJIOBHOTO MO3KY OiJIbIlle, HiXK MpaBoi. Y YOJIOBIKIB 3 ME30KPAHHUM
THUIIOM Yepera JIOBKHHA JIiBOT IMiBKyJI Oiiblle HiXK MpaBoi, Taka camMa TeHJCHIISl XapakTepHa i Ui KIHOK. Y
OpaxikpaHiB Mai>ke OJJHAKOBI ITOKa3HUKH JIOBXKMHU MPaBoi 1 JIIBOI MiBKYJIb, SIK y YOJIOBIKIB, TaK 1y *iHOK, ane y
YOJIOBIK OLTBIII HDK y KIHOK. JIoBXkHHA MpaBoi 1 JiBOT MOTWIMYHUX YAaCTOK PI3HUTHCS JIUIIE Y OpaxikpaHiB —
MPEBAIOE JOBXMHA JIIBOT MOTHIIMYHOT YacTKH Y YOJIOBIKIB. Y YOJIOBIKIB BCIX THINB Yepery JOBKHHA IPaBoi i
JBOT MOTMIIMYHUX YACTOK OUTbINE, HIK Y JKIHOK.

Otpumani 1aHi MOXYTh OyTH BHKOPHCTaHI y MpaKTU4HIA Helipoxipyprii, Helipodizionorii, HeBpoJorii Ta
HelipoMopdoorii, y maTojgoroaHaTOMiuHiH ci1y>k0i 3 METOO BUSBJICHHS ITATOJIOTIYHUX MPOIIECiB TOTHIINIHOI Ya-
CTKH, JIeTaji3alii Mex ypakeHHS TOJIOBHOTO MO3KY.

ABSTRACT

The results of our own research.

The limits of individual anatomical variability in the length of the cerebral hemispheres and occipital lobes
of the brain were set up, taking into account the skull type and sex. The occipital lobe of men and women has a
pronounced range of variability in length due to the individual structure of the hemispheres of the brain and skull.

The length of the right and left hemispheres in men and women with dolichocranial type of skull is slightly
longer than with mesocranial and brachycranial. It is almost the same in men with dolichocranial type of skull, and
women are characterized by the larger left hemisphere than the right one. The men with mesocranial skull type as
well as women have the longer left hemisphere than the right one. Men and women with brachyocranial skull type
have almost the same length of the right and left hemispheres, but men have a little longer hemispheres than women
do. The length of the right and left occipital lobes differs only in people with brachycranial skull type - the length
of the left occipital lobe is greater in men. Men with all the skull types have greater length of the occipital lobes
than women do.
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The obtained data can be used in practical neurosurgery, neurophysiology, neurology and neuromorphology,
in the pathological anatomy service in order to identify pathological processes of the occipital lobes and boundaries

of the brain damage.

Ki1o40Bi ciioBa: royioBHUIT MO30K, IOTHIIMYHA YacTKa, 1HJUBIyaJlbHa aHATOMIYHA MiHJIUBICTB.
Keywords: endbrain, occipital lobe, individual anatomical variability.

Berym.

TouHe i HTOBHE BU3HAYECHHS 0COOIMBOCTEH CTPYK-
Typu Ta YTBOPEHb LIEHTPAJIbHOI HEPBOBOI CHCTEMH €
OIHICI0 3 OCHOBHHUX IIp0oOJIeM cy4acHOi MOpQOIIOrii.
Cunin BU3HATH, 110 XapakTepHi MopdoJiioriydi oco0u-
BOCTI TOJIOBHOTO MO3KY 3 YPaxXyBaHHSIM IHIUBITyaib-
HOI MIHJIMBOCTI BHBYEHI HemocTaTHbo [2, ¢. 111; 4,
c.99; 5, ¢.10; 6, c. 41; 12, c. 78].

[MoTunuyHa yacTka TOJIOBHOI'O MO3KY BiApi3HS-
€TBCS OCOOJIMBOCTSAMU OYIOBH, CTPYKTYPHOI Ta (PYHK-
LIOHATBHOI OpraHi3amii i BETUKOI0 KUTBKICTIO 3B’ SI3KiB
3 {HIIMMH YTBOPEHHSMH TOJOBHOTO MO3KY [1, C. 8; 3,
€. 98; 10, c. 264]. BuBueHHS iHIMBIAyaIbHOI MiHIHBO-
CTi HOTHJIMYHOI YaCTKH TOJIOBHOTO MO3KY, peibedy ii
OOpO3H Ta 3BUBHUH, iX MOP(POMETPUIHHX Ta TOIOTpPa-
(hoaHaTOMIYHMUX OCOOIMBOCTEH Y Pi3HI BIKOBI Mepiou
¥ 3 ypaxyBaHHSAM CTaTi Ma€ BKpail Ba)KIINBE 3HAUCHHS
JuIsl HeHpoxipyprii, odransmonorii Ta MOpQOIOTiYHUX
HayK, OCKITBKY IIi 3HAHHS HEOOXiIHi JJI BU3HAYCHHS
ONTHUMAIEHOTO METOAY JIIKYBaHHS Ta MiJ 4ac BHOOpY
BapiaHTIB ONEpPATHBHOTO BTPYYaHHS Ha 30pOBii Kopi
[11,c¢.7;7,¢.2; 8,c.133; 9, c. 34; 13, c. 1964; 14, c.
145; 15, c. 656].

TakuMm 4nHOM, BpaxoBYIOYH BCE BHIIECHABEJCHE,
Hamu Oynma copMoBaHa MeTa JAHOTO JOCIHIKECHHS:
KOMIUIEKCOM TPAJHULIHHNAX Ta Cy4aCHUX METOJIIB aHa-
TOMIYHOTO TIpETIapyBaHH BCTAHOBUTH MEXI1 iHIWBITY-
aJIbHOI aHATOMIYHOI MIHJIMBOCTI TMOTHJIMYHOI YacTKU
BEJINKOT'O MO3KY 3 YPaxXyBaHHSIM ITOKa3HHUKIB TOBXHHHI
MIBKYJIb TOJIOBHOTO MO3KY, THITY 4Yepera Ta CTarTi.

Marepian Ta METOM AOCIIKESHHS.

3aranom BuBueHo 100 nmpenapariB roJoBHOTO MO-
3Ky Jroaeit (200 miBKyITb TOJIOBHOTO MO3KY), IO MeIII-
Kaiau B M. XapkiB Ta Horo ob6macti (Ykpaina), siki mo-
MEpJIY Bifl IPUYHH, HE TTOB’SI3aHUX 13 3aXBOPIOBAHHIMHI
LEHTPaIbHOI HEPBOBOI CHUCTEMH BiKOM Bix 21 — no 95
pokiB. Bukopucranuii y mociimkeHi marepian OyB
orpumanuii 31 KHIT XOP «OKJI» 3rimHo yknageHoro
JIOTOBOPY PO HAYKOBY CITIBIIPAIo Ta 3 GOHAY Kade-
JIpY aHaToMii JIOMUHM XapKiBCHKOTO HAI[lOHAJBHOTO
MEIMYHOTO YHIBEPCUTETY.

Buxopuctani MakpoCKOMIYHHA Ta MaKpOMIKpO-
CKOTIIYHUH, MopdomeTpuuHuid, TomorpadoaHaToMid-
HUI METOIW, CTaTUCTUYHUHN aHaii3. Mopdomerpuani
BUMIPIOBaHHS IPOBOIMIINCH 3 BAKOPUCTAHHSIM CTaH/a-
PTH30BaHOTO BHUMIPIOBAIBHOTO OOJamHAHHA (INTaH-
TeJbLIUPKYJIIb, JHIAKA) Ta 3 BAKOPUCTaHHSIM HUTOK, BH-
KJIaICHUX BIIPOJIOBIK BiZIPi3KiB MK KpaifHIMH TOUKaMHU
BUMIpIOBaHHUX 00’€KTiB. BUMipIloBaHHS JOBKUHU ITiB-
KyJIb TOJIOBHOT'O MO3KY Ta IIOTWJINYHOI YaCTKH BUKOHY-
BaJIM Ha IX MPHCEPEaHil MOBEPXHI.

PesynpraTi BIacHMX AOCHIHKEHB Ta iX 0OTrOBO-
pEHHSL.

Ha Bcix Hammx MakpOCKOMIYHHX MpenapaTax ro-
JIOBHOTO MO3KY 3Ti/THO 32 3arajibHONPHUUHATAMH KpH-
TepisIMH BCTAHOBJICHHS MEX MiX TUISHKAMH Ta yTBO-
PEHHSIMH TOJIOBHOI'O MO3KY BHOKpEMJICHI IMOTHIINYHI
YacTKH TOJIOBHOTO MO3KY.

Hamu Bu3HaueHi OCOOJMBOCTI I1HIUBIAyaIbHOL
AQHATOMIYHOI MIHJIMBOCTI JJOBXKWHH MiBKYJIb TOJIOBHOTO
MO3KY Ta MOTHJIMYHHUX YaCTOK FOJIOBHOTO MO3KY 3 ypa-
XYBaHHSIM THUITy 4epery Ta crarti (puc. 1).

Puc. 1. Makpoanamomiunuii npenapam 1ieoi nigkyii 20108H020 MO3KY Y0A08iKd, 58 poKie 3
Oonixokpannum munom uepena. Ilpucepeons nogepxusi.
1-nomunuuna wacmra 201081020 MO3KY.

Y 40NOBIKIB 1 XIHOK MOTHJIMYHA YacTKa TOJIOB-
HOT'O MO3KY Ma€ BUPa)KCHHH Jialia30H MIHIMBOCTI BCIX
po3MmipiB Ta ¢popMu 32 paXyHOK OCOOTMBOCTEH 1HIUBI-
JlyaJbHOT OyI0BH MIBKYJIb TOJIOBHOI'O MO3KY Ta Yepera.

Hamu BU3HaueHO, 110 TOBKWHA MPABOI 1 JTiBOI TIi-
BKYJIb TOJIOBHOT'O MO3KY SIK Y YOJIOBIKIB, TaK 1 y iHOK
3 JOJIXOKpaHHUM THIIOM Yepera Jenio Oiuiplie, HiX 3

ME30KpaHHUM Ta OpaxikKpaHHUM.

TakuM 4MHOM, y JOJIIXOKpaHIiB JIOBXHHA IPaBoi
MiBKyJi  TONOBHOTO MO3KYy Yy  UONOBIKIB —
M=168,44x103 M, y skinox — M=164,55x10"2 m; 110B-
JKMHA JTiBOI IMIBKYJi TOJIOBHOTO MO3KY y YOJIOBIKIB —
M=169,82x10° M, y xiHok — M=168,53x102 wm
(tabm. 1).
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Tabmuus 1

[HnuBigyansHa aHaTOMIYHA MIHIUBICTH JOBXKUHH (/) mpaBoi 1 J1iBO1 MiBKYJIb TOJIOBHOTO MO3KY
(TIT1, JIIT) Ta ripaBoi i sieoi notmimunux yactok (MIMY ta JIITY) nonixokpanis (x10°3m)

Tani T T JL T4 JLJITY

q X q XK q X q X

max 182,1 182,6 1932 187,7 54 49 51 48

min 153,2 147,3 161,4 157,6 36 33 37 36

M 168,44 164,5 169,82 168,53 45 41 44 42
D 6,09 8,36 719 6,67 5,35 4,77 4,19 3,61
S 37,11 69,89 48,54 59,23 28,63 22,78 176 13,08
Me 169,0 164,1 169,8 168,3 46 41,8 44,6 423

Y — YOJIOBIKH; 5K — JKIHKH.

3a HaBeJIEHUMHU JIaHUMH BCTAHOBJIEHO, IO JIOB-
JKMHA MIPaBoi 1 J1iBOT MiBKYJIb TOJIOBHOTO MO3KY Y HOJIO-
BIKIB 3 JIOJIXOKpaHHHM THIIOM 4eperna Maibke OofHa-
KOBa, a Y )KIHOK PO3MipH JiBOi MiBKYJIi TOJOBHOTO MO-
3Ky Jmemo Oinple, aje y TMOpIBHSHHI 3a CTaTEeBUM
JTUMOP(i3MOM y YOJOBIKIB JTOBKHWHA IPABOi MIiBKYII
TOJIOBHOTO MO3KY OiJTbIIIe, HiXK Y JKIHOK, a TOBKHHA Ji-
BOI MiBKYJIi TOJIOBHOTO MO3KY Maie OIHAKOBa y 9O-
JIOBIKIB Ta KiHOK.

3a pe3ysbTaTaMH BUBYCHHS IHIMBIITyaabHOI aHa-
TOMIYHOI MIHJIMBOCTI JOBXKWUHM TOTHJIMYHOI YacTKH
BUSBJICHO, IO Y JOJIIXOKPaHIB MPEBAIIOE JIOBXKHHA
NPaBOi MOTWINYHOI YaCTKH, TaK Y YOJIOBIKIB TOPIBHIOE
—M=45x1073 M, a y xinok — M=41x10% M Ta noBXH1HA
JBOT MOTUJIMYHOT YACTKH y YOJIOBIKiB — M=44x1073 M,

a'y %iHok — M=42x107 m. [Ipu upoMmy, y 40JIOBiKiB 10-
BXKHMHA TMPABOi 1 JTiBOT HOTHIMYHUX YACTOK Maike Of-
HaKOBa, sIK 1 Y )KIHOK JIOBXKHHA MPaBoi 1 JIIBOT HOTHIIH-
YHUX YaCTOK NMPAKTUYHO HE BiApi3HsIIacs.

Hamu BusiBneHO, 1110 y ME30KpaHiB TOBKHHA TIpa-
BOl MiBKYyJi TOJOBHOTO MO3KY Y UOJOBIKIB —
M=164,82x103 M, y xinok — M=159,27x10" m; n0B-
JKIHA JIIBOI MIBKYJIi TOJIOBHOTO MO3KY Y YOJOBIKIB —
M=167,34x103 M, y xinox — M=164,73x103 M (Tabu.
2). 3a HaBeJlecHUMH JaHUMH BCTAHOBJIEHO, 110 IOBKUHA
JIBOT MIBKYJII TOJIOBHOT'O MO3KY Y YOJIOBIKIB 3 ME30K-
PaHHUM THUIIOM ueperna OiNbllle HiXK IpaBoi, Taka cama
TEHJICHIIiSl XapaKTepHa IS )KIHOK — PO3MIpH JIiBOT MiB-
KyJIi TOJIOBHOTO MO3KY OiNbllle, HiX MPaBoi MiBKYJIi.

Tab6mums 2

[HnuBigyanpHA aHATOMIYHA MIHIUBICTH JOBXUHH (/) MpaBoi i J1iBOT MIBKYJb TOJIOBHOTO MO3KY

(III1, JIIT) Ta mpasoi i niBoi notunuuaux yactok (MY ta JITY) mesokpanis (X 10-3m)

Nani Jigin TUJI Jigiie JUJITY

q XK q K q XK q XK

max 180 177 187 181 48 44 46 45

min 147 142 146 138 35 33 38 35

M 164,82 159,27 167,34 164,73 41 38 42 40
D 7,39 7,01 7,92 7,74 3,9 3,35 2,48 3,06
S 54,68 62,54 64,78 61,37 15,26 11,24 6,18 9,39

Me 165,5 1593 168,5 165,3 415 38,5 42,5 41

9 — YOJIOBIKH; K — KIHKH.

3a pe3ynbTaTaMy BHBUCHHS iHAWBITyalbHOI aHa-
TOMIYHOI MIHJIMBOCTI JOBKHHH IMOTHIMYHOI YaCTKU
BUSIBJICHO, 10 Y ME30KpaHiB MPEBATIOE JOBXUHA JTiBOT
MOTHJIMYHOT YACTKH, TaK Y YOJOBIKIB JOPIBHIOE —
M=42x10% M, a y xinok — M=40x10" M Ta noBxkuHa
NpaBoi MOTHIMYHOT YaCTKM Y YONOBiKiB — M=41x1073
M, a y xkiHok — M=38x10% m. 3aramoM 10BKKHA TiBOT
Ta MpaBoi MOTHWJIMYHUX YaCTOK KOJIMBAETHCSA B HE3HAU-
HUX MexXax. Tak, y YOJIOBIKIB ME30KpaHiB JJOBXHHA
NpaBoi 1 JIiBOI MOTHIMYHNX YaCTOK Maike OJHAKOBA,
AK 1y XKIHOK JIOBXXHHA TIPABOI 1 JIIBOT MOTHIMYHAX Yac-
TOK 3HAYHO HE BiNpi3HsIAC.

Busnauena iHAWBiMyanbHA aHATOMIYHA MIiHITH-

BiCTB JOBXXHHH IIPABOI 1 JIiBO{ MiBKYJb TOJIOBHOTO MO-
3Ky y OpaxikpaHiB BKa3ye Ha Te, 1110 TTOKa3HUKU Maibke
OJIHAKOBI Y YOJIOBIKIB Ta KiHOK. TakuM 4rHOM, y Opa-
XiKpaHiB JJOBXKKHA MPaBoi MiBKYJIi TOJIOBHOTO MO3KY Y
40J10BiKiB — M=153%107% M, y xiHok — M=152x10"3 m;
JIOBXKHMHA JIiBOT MiBKYJIi TOJOBHOTO MO3KY Y YOJIOBIKiB
— M=152,3x10"3 M, y xinok — M=152,2x102 m (tabmn.
3). 3a HaBeJJICHUMU TaHNUMH BCTAaHOBJICHO, 10 ¥ Opaxi-
KpaHiB ITPEBATIOE JTOBKUHA JIBOT MOTHIMYHOT YaCTKH Y
4OJIOBIKIB Ta opiBHIOE — M=44,5x107 M, ipaBoi nopi-
BHIOE — M=40x10" M. V GpaxikpaHiB *kiHOK JOBXHMHA
MPaBoi i JIiBOI MOTHIMYHUX YaCTOK Maike OJHaKoBa i
nopiBHroe — M=40x10" M Ta M=39x10"% M BignosinHo.
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npagoi i iBoi notuanynux gactok (ITITY ta JINTY) 6paxikpanis (x103m)

Taomums 3
[HnuBigyanbHa aHaTOMIYHA MiHIUBICTH JOBXKUHH (/) mpaBoi 1 miBoi miBKyb rooBHOro Mo3ky (III1, JIIT) ta

Moxi T JUJII JU Y JUJITY
q K q K q XK q X
max 172 168 164 171 47 46 51 43
min 117 120 127 118 33 34 38 35
M 153 152 152,3 152,2 40 40 445 39
D 10,21 8,44 8,73 8,04 4,22 3,64 3,93 2,48
S 104,21 71,29 93,73 92,17 17,8 13,26 15,45 6,18
Me 154,5 152 153,1 153,2 41 40,5 44 40

Y — YOJIOBIKH; 5K — JKIHKH.

Haii6ip11i mOKa3HUKKM JOBXHWHH MPaBOi MiBKYJI
TOJIOBHOT'O MO3KY BiJI3HAa4€HI y JOJIIXOKPaHiB YOJIOBi-
kiB max=182,1x102 m, niBoi miBKyNi y MoNiXOKpaHiB
4oJIoBiKiB — max=193,2x107 M. Haii6inp1mi moka3HUKH
JTIOBKMHY TIPaBOi MiBKYJIi TOIOBHOTO MO3KY Cepel XKi-
HOK Bi/I3HaYCHI y JONiXOKpaHiB max=182,6x 1073 M, mi-
Boi miBKyi — max=187,7x107% m.

Hafimenmni moka3sHUKHM AOBXHHU TIPABOi MiBKYJIL
TOJIOBHOTO MO3KY Bi/I3Ha4€Hi y OpaxiKpaHiB YOJIOBIKIB
min=117x103 M i y nonixokpanis xiHok min=120x10"
3 M. HaliMeHIITi TOKa3HUKY JOBKMHH JTiBO1 HiBKYJI ro-
JIOBHOTO MO3KYy BiJ3Ha4eHi y OpaxikpaHiB >KIHOK
min=118x10% M 1 y j;omixokpaHiB 4YOJOBIKiB
min=127x10"3 m.

Haii6i1p11i MOKa3HUKY TOBXKHHU PaBOi HOTHIH-
YHOI YaCTKH TOJIOBHOTO MO3KY BiI3HAa4YeHi y ONiXOK-
paHiB YonoBikiB max=>54x10" M, niBoi miBKyni y Kosi-
XOKpaHiB Ta OpaxiKkpaHiB YOIIOBIKiB Ta JOPIBHIOE —
max=51x102 m. HaiiGijpuI X MOKA3HUKU JOBKUHU
MpaBoi MOTMJIMYHOI YACTKM TOJIOBHOTO MO3KY Cepel
KIHOK BiJ3HaueHi y jofixokpaHis max=49x103 m, mi-
BoOi MiBKyIIi — y onixokpanis max=48x103 m.

HatimeHIri moKa3HUKH JOBKHHU MPaBOi MOTHIIH-
YHOI YaCTKH T'OJIOBHOT'O MO3KY BiJI3HaY€Hi Y ME30Kpa-
HiB %KiHOK Ta GpaxikpaHiB 4oMoBikiB — min=33x10"3 m.
HaiimMeHmni >k MOKa3HUKU JOBKUHHU JIiBOT MOTHIMYHOT
YaCTKH TOJIOBHOT'O MO3KY BiJI3Ha4Y€HI Yy JONIXOIKpaHiB
40soBikiB min=37x10 M Ta y GpaxikpaHis i Me30Kkpa-
HiB *KiHOK min=35x1073 m.

BucHoBxku.

1. JlomxuHa mpaBoi i JiBOi MiBKYJh TOJOBHOTO
MO3KYy y YOJIOBIKIB 3 IOJIIXOKPaHHUM THIIOM deperia
MaiiKe 0JJHAKOBa, a y IHOK PO3MIpH JBOT MiBKYIIi ro-
JIOBHOTO MO3KY OlJIbIlIe, HIXK MPaBoi. Y YOJIOBIKIB 3 Me-
30KpaHHUM THUIIOM Yeperia JOBXKKHA JIiBOT MIBKYJ 0i-
JbIIIE HIX TPaBol, Taka camMa TeHICHIIIsI XapaKTepHa i
JUIs )KIHOK. Y OpaxikpaHiB Maiike 0JJHAKOBI ITOKa3HUKU
JIOBXKMHHU ITPaBoi 1 JIiBOT MIBKYJIb, SIK Y YOJIOBIKIB, TaK 1
y XKIHOK, aJIe Y YOJIOBIK OUTBII HiX Y JKIHOK.

2. JlosxwuHa mpaBoi 1 JTiBOT HOTHIMYHNX YACTOK
pi3HUTBCA NHIIe y OpaxikpaHiB — MPEBATIOE JOBKHHA
JiBO{ MOTHJIMYHOI YaCTKH y YOJIOBIKiB. Y UOJIOBIKIB
BCIX THIIIB Yeperry MOBKHWHA MPABOI 1 JIIBOT MOTHIINY-
HUX 9aCTOK OiNbIIe, HIX Y )KiHOK.

3. Haii0inpuii nokasHUKW JOBXKHUHH MiBKYJb I'O-
JIOBHOTO MO3KY YOJIOBIKiB: y JONIXOKpaHIB — MpPaBoi
max=182,1x10° m, miBoi max=193,2x10" M. Haii6i-
JbIII MOKA3HUKH JIOBXXUHH TIBKYJIb FOJIOBHOI'O MO3KY

XKIHOK: y JIOJTIXOKpaHiB — npasoi max=182,6x1073 m, 1i-
Boi max=187,7x107° m.

4. HaiOub1ui MOKa3HUKYU JOBXUHU IMOTHWINYHUX
YaCTOK TOJIOBHOTO MO3KY YOJIOBIKIB: Y JIOJIXOKpaHiB —
npapoi max=54x10" M, niBoi miBKyIi y J0MiXOKpaHiB
Ta Opaxikpanis — max=51x10"3 M. V xiHoK — y goixo-
kpaHiB npaBoi max=49x10° M, miBoi miBKyd —
max=48x103 m.

5. HaiimeHIn moKa3HUKHM JOBKHUHH MiBKYIb TO-
JIOBHOTO MO3KY Y YOJIOBIKiB: NpaBOi y OpaXikpaHiB —
min=117x10"3 m, niBoi y momixokpanis —min=127x10"
3 M., y KIiHOK: mpaBoi y jonixokpanis — min=120x103
M, JTiBOi y Opaxikpanis — min=118x107 m.

6. HaliMeHi NOKa3HUKK JJOBXKHUHH ITPABO MOTH-
JIMYHOT YaCTKH Bi/I3HAUEH] Y ME30KpaHiB jKiHOK Ta Opa-
XikpaHiB 40N0BiKiB — min=33x10 M., 1iBOT MOTHIMY-
HOT YaCTKM — Y JOJiXOiKpaHiB 40n0BikiB min=37x103
M Ta y GpaXikpaHiB i Me30KpaHiB xiHOK min=35x103
M.

[TpakTHYHE BUKOPHCTAHHS Ta MEPCIEKTHBU MOAa-
JBLIOTO AOCHiAKEHHS.

OTpuMaHi JaHi MOXYTb OYTH BHUKODHUCTaHi y
MpaKkTHYHIA HeHpoxipyprii, HeWpoddizionorii, HEBpPO-
jorii Ta Heiipomopdoiorii, y maToJoroaHaTOMIYHIH
CiTy’k01 3 METOIO BUSIBIICHHS MATOJIOTIYHUX IPOLECIB
MOTHJIMYHOT YaCTKH, JIeTali3alii MeX ypakeHHs ToJIo-
BHOTO MO3Ky. BynyThb BHKOpHCTaHI Ipu BHKOHaHHI
psiny HayKoBHX poOiT XapKiBChKOTO HaIliOHAIBHOTO
MEIMYHOTO yHiBepcuTeTy. BoHM NOMOBHATH icHyroUi
VSBJICHHS TIPO 3arajlcHONPHUHATI 3aKOHOMIPHOCTI
CTPYKTYpH GOpPO3H Ta 3BUBHH I'OJIOBHOTO MO3KY.
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AHHOTANUA

HecmMotpst Ha coBpeMEHHBIE METOABI ONTUMH3ALNH (PapMakoTepanuy OOJIBHBIX C KapAUOIOTHYECKOH IaTo-
JIOTHE! BBICOKAsE CMEPTHOCTB OT CEPICIHOCOCYAUCTHIX 3a00I€BaHNH OCTAaETCsI HAanboJee aKTyaIbHOM Ipo0IeMoit
3/paBooXpaHeHus 0onbIIMHCTBA cTpaH Mupa B XXI Beke. IIporHo3upyemslil cTaOUIbHO BBICOKHH YPOBEHb Cep-
JIEYHOCOCYAUCTON 3a00JI€BA€MOCTH U CMEPTHOCTH IO 3TOW NMPUYUHE HAXOIUT CBOE OOBSICHEHHE, B TOM YHCIIE U

CTapeHUEM HaCeJICHHUSI.
ABSTRACT

Despite modern methods for optimizing the pharmacotherapy of patients with cardiac pathology, high mor-
tality from cardiovascular diseases remains the most urgent public health problem in most countries of the world
in the 21st century. For this reason, the predicted steadily high level of cardiovascular morbidity and mortality is

explained by the aging of the population.

KaroueBble ci10Ba: cepIeYHOCOCYAUCTHIC 3a00JICBaHNS, CMEPTHOCTb.

Keywords: cardiovascular diseases, mortality.

ITo nannbpiM Bceemupno#t Opranuzanuu 31npaBo-
oxpanenust (BO3) cepaeuHococymucThie 3a001eBaHus
OTBETCTBEHHBI ITpUMepHO 3a 50% cmepTeil B cTpaHax
Espomsr [14, c. 125]. [lannas npoGiemMa TOCTaTOYHO
aktyanbHa u i Poccuiickoit @eaepanuu [3, c. 170].
CMEpTHOCTB OT CEep/IeYHOCOCYUCTHIX 3a00JIeBaHMi B
P® nponomxaeT ocTaBaThCs OJTHOM M3 CAMBIX BBICOKHX
B EBpore [5, c. 35]. Kpaitne octpo crout npobnema je-
YyeHus1 O0JIbHBIX apTepuabHON Tuneprensuei. [1o nan-
HBIM 3THIEMHOIOTUYECKIX NCCIIEIOBAaHUN HA CErOIHS
B Poccwuiickoit @eneparun 6omee 40 MitH. 60JIBHBIX ap-
TepHUaIbHON THIIepTEeH3NeH, IpK 3TOM y OoJbIIeH 4a-
CTH MAIMEHTOB HE mocTuraetcs 3G(GEKTHBHOTO KOH-
TpOJIs YPOBHS apTEPHAILHOIO JABJIIEHUSA, YTO MHOIO-
KpaTHO MOBBIIIAET pHcK pa3BUTHS
CepIIeYHOCOCYIUCTHIX ocnoxHeHuit [11, ¢. 4 — 9].

ApTepuanbHasi TUIEPTEH3US SIBISETCS TJIaBHBIM
(hakTOpOM pHCKa CEepJEYHOCOCYAUCTOM 3ab0sieBaeMo-
CTH M CMEPTHOCTH B3pOCJIOro HaceieHus B Poccwuii-
ckoil denepanuy, CHWXKAET TPYAOBOM IOTEHIUAN
cTpansl [5, c. 35; 7, c. 512; 8, c. 31 — 36]. Hannuwme
TUIIEPTOHNYECKON OOJIE3HN Y TPYAOCIOCOOHOTO Hace-
nerns PO crocoOCTByeT MopakeHHUI0 OPraHOB—MHUIIIE-

HEll, IPOrpeCCUPOBAHUI0 aTEPOCKIEPOTHIECKOTO MPO-
ecca B cocyiax ¥ pa3BUTHIO TaKUX 3a00JIeBaHMM, KaK
UuIeMu4eckas 00JIe3Hb Cepilia, [epeOpPOBaCcKyIIpHAs
Oosesnb, 3a0oeBaHus MepUpEPUIECKUX apTepun [2,
c. 36 — 39]. YcraHoBneHO, YTO apTepuaibHasi Tunep-
TeH3US M €€ OCIOXHEHUS — MH(pApKT MHOKapAa, WH-
cynbT — Ha 80% 3aBUCST OT pacCIpOCTPAHEHHOCTH B O-
MyJISIIUK (aKTOPOB PUCKA, K KOTOPBIM OTHOCSITCS OXKH-
peHune, HU3Kas (pu3MUecKas aKTHMBHOCTb, HapyIICHHE
JUMHATHOTO 0OMeHa, M30BITOYHOE YIIOTPEOICHHE TTOBa-
PEHHOI1 conn, KypeHHe, Ype3MepHOe yIOTpeOIeH e ajl-
Koroys. B mocnenHue roasl Ha TMEPBBIA TUIAH BBIIUIA
Takue MeTaboInyeckue (hakTophl, KaK OKHUPEHHE, ca-
XapHBIN Ara0eT, TUCTUIIHACMHUS ONPEACIEHHOTO THIIA
u ap. Bo3HMKHOBEHME NaHHBIX (PAKTOPOB PHCKA CBSI-
3aHO C MEHSIOUIMMCS 00pa3oM KHU3HH, KOTOPBIN BHO-
CHUT CYIIECTBEHHBIH BKJIaJ B COCTOSIHUE 3JIOPOBBSI 4e-
noBeka [14, c. 125 — 130]. Ycnex npodunakTuku apre-
pHAJIBHOW THIEPTEH3UHM BO MHOTOM 3aBUCHT OT
BBISIBJICHUS U YCIIEIIHOTO BO3JEUCTBHS Ha MOAUDUIIN-
pyeMbie (aKTOpbl pucKka W TpeOyeT MOITHOIIEHHOTO
aHajM3a 3MUAEMUOoNIOrnYeckoil cutyauuu. Ha cero-
MHSAIIHAN JEHb, apTepuaNbHas THIIEPTEH3US IOCTa-
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TOYHO YacTO IPUBOUT K JITUTENILHOIM HETPYI0CIOCO0-
HOCTH U CMEPTHOCTH B3pPOCJION YacTh HaceneHus [1, c.
261 — 263].

B Poccun ot cepieuHOCOCYAUCTHIX 3a00JIeBaHU
(CC3) exxeromno ymuparot 6ojee 1 MiIH. desioBex [ 5, c.
35; 7, c. 512; 8, c. 31 — 36]. IlokazaTenu cMEpTHOCTH
ot CC3 B Poccun B 2 — 4 pasa Bblllle, 4UeM B 3aMaJHO-
eBporeiickux crpanax [13, c. 39 — 42]. Craructuye-
CKH€ JIaHHBIC CBUIETEILCTBYIOT O TOM, 4TO B 90% city-
yaeB 3a0o0ieBaHMe apTepuanbHON rumepreHsuu (Al)

pa3BUBaeTCA B pe3ysIbTaTe BEACHHUS HE3IOPOBOTO 00-
pa3a xu3Hu, U Jumb B 10% — mo IpyruM nmpuarHaM.
Jlons HaceneHus B Bo3pacTe cTapiie 65 JieT, cTpajaro-
LIEro apTepualibHOM MMIIEPTEH3NeH, CoCTaBseT Ooee
50% oT 00uIero HaceneHus JaHHOW BO3pacTHOM Karte-
ropuu. PactipoctpaneHHOCTb 3a00J1€BaHusI apTepHab-
HOH TUIEepTEeH3HEeH B 3aBUCHMOCTH OT BO3pacTa Hace-
nenus npusenensl B Tabmuue 1 [8, c. 31 — 36].

Tabmuma 1

BospactHas xapakTepucTiKa 3a00J1eBaeMOCTH TPYIOCIIOCOOHOT0 HaceneHus PO apTepuanbHOl runepTeH3nei

Bo3pacTHble rpynnsbl, JeT IIpoueHT 3200/1€Ba€MOCTH
20-29 7,1%
30-39 16,3%
40-49 26,9%
50-59 34,4%

BrrsiBeHO, YTO ¢ BO3pacTOM yacToTa 3aboJieBae-
Moctu Al yBenuumBaercs. CaMblii HU3KMH IPOICHT
3a0oyeBaeMOCTH HabroaeTcs y JIoei B BO3pacTHON
rpynmne ot 20 1o 29 ner (7,1%), nangee mpoOUCXOIUT TO-
CTENICHHOE YBEJIMUEHHE TaHHOTO IoKa3zarens. Tak, B
Bo3pacte oT 40 10 49 neT ypoBeHb 3a007I€BaEMOCTH ap-
TepUarbHON runepTeH3ueil BozpacraeT nmout Ha 20%,
a ot 50 mo 59 ner — npakTryecku Ha 30%. AnHaMuka
pocTa 3a0071eBa€MOCTH HACETICHUsI OOJIC3HIMU ceped-
HOCOCYIIMICTOH CHCTEMBI 00yCIIOBIICHA B IIEPBYIO OUe-
peab  BO3PACTHBIMH  OCOOEGHHOCTAMH  OpraHU3Ma,
HaKOIUICHHBIMHU COIYTCTBYIOIIMMH 3a00JI€BaHUAMHU U
JPYTHMU IPUYHHAMH.

CpaBHHTENbHAS XapaKTePUCTHKA IOCYIapCTBEH-
HOM craructuku PenepanbHoOil ciryxkObl 110 3a00seBae-
MocTH HaceneHus PO runeproHuueckoil 00ie3HbI0 B
nepuon ¢ 2000 o 2017 rox cBUAETENBCTBYET O TOM,
YTO HaMMEHbIee KOJUYECTBO JIOJIEH, CTpajarolux
apTepHaJbHON TUNepTeHsued, Habmoaamocs B 2000
rogy u cocrasuio 17,1 coydae Ha 1000 uenosek. B
2005 romxy HaOMOMACTCS 3HAYUTEIBHBIA POCT cepaey-
HOCOCYIMCTOM 3a00/1eBaeMOCTH MpakTHYeckn Ha 6%
[7, c. 512]. B mepuoz ¢ 2006 mo 2012 rox mpoucxoaut
HE3HAYUTEIFHOE MOBBIIICHNE aHAIN3UPYEMOH 3a0071e-
BaeMocTH Ha 3%. Pe3koe yBennueHue urcia 3aboena-
Huit AI' B cpaBaenuu ¢ 2000 rogom ormeueHo B 2013
TOAy, IPUPOCT cocTaBmi npaktudecku 23% wa 1000
yelnoBeK. B HacTosiiee BpeMs [aHHBIN IOKa3aTenb
npoaoskaet pactu. [Iporuosupyemas nosns nui, cTpa-
JIAIOIIMX apTepUanbHOM THIIEpPTEH3UeH, cpeau MyX-
CKOT'O U JKeHCKoro Hacenenus P® B 2025 roxy Moxxer
coctaButh 29,0% u 29,5% coorBercrBenHo Ha 1000
yenosek. [lo manueiM BO3, 57% myxuuH, ctpagaro-
mmx CC3, BRIXOIAT Ha HHBAIUIHOCTH B TPYIOCIIOCO0-
HOM BO3pacTe, CpeAn MYKYMH HHBAIHIOB — OKOJO
43% mun Tpya0cnoco0Horo Bo3pacta. Cpeau KeHIUH,
BBINIEIIINX Ha HHBAJTUAHOCTS 110 iprunne CC3, uncio
JUI TPYZOCHOCOOHOTO Bo3pacTa coctaBisieT 47%, a
Cpely MHBAIHJIOB JKEHIIHMHBI COCTABJISIOT 0KOJI0 29%
[7, c. 512]. OueBuaHO, BEICOKasl pacpoOCTPaHEHHOCTh
3a0051€eBaHMI CEPAEUHOCOCYAUCTON CUCTEMBI, a TaKkKe
HEYKJIOHHBIN pocT cMepTHOCTH 1o npuunHe CC3 ompe-
JIETISIIOT aKTYaJIbHOCTh HACTOSILETO UCCIIEA0BaHNUS.

Ienb paboTHI — OIIEHKA MTOKA3aTeIe CMEPTHOCTH
B3pocinoro HaceneHus Poccuiickoit ®Penepanyu 10
MPUYHHE CEPACUHOCOCYTUCTBIX 3a00JIEBaHUI.

Marepwuaisl 1 MeTObI. B X071€ paboTh ObLTH TTPO-
aHaJIM3UPOBAHbl CTATUCTUYECKHE JaHHBIE CMEPTHOCTH
HaceJeHus, BKIIOYEHHbIE B ['ocy1apcTBEHHBII TOKIIa
Poccuiickoit ®eneparyu 3a nepuoxn ¢ 2017 mo 2018
roja Beimycka [3, c. 170; 10, c. 254]. JIns npoBeaeHus
OIIEHKH CMEPTHOCTH HaceJeHHs OT CepAedHOCOCYIH-
CTBIX 3a00JIeBaHUI NPUMEHEHbI TPAAWIHOHHBIE Me-
TOJIbI 5KOHOMHUYECKOTO aHAIN3a, 3 IMEHHO BEPTHKAIIb-
HBI CpaBHUTENbHBIN aHAIN3, IPUMEHSIEMBIN [IPH U3Y-
YEHHH OTHOCHTENIFHBIX TEMIIOB pPOCTa M IpUpocTa
ToKasartenei 3a HeCKOJIbKO JIeT [5, ¢. 35; 9, c. 479].

PesynbraThl uccnenoBanus. B pesynbrare BbIION-
HEHHOT'0 HCCIIeIOBaHMS MOKAa3aHO, YTO 3a MOCJIEAHUE
JIBa r0J1a ypOBEHb CMEPTHOCTH B3POCIIOTO HACENEHUS B
uesoM Ha Teppuropun Poccuiickoit denepanuu umeet
TEHJICHIIMIO K CHIKEHHI0. B pamkax mpoBenéHHoON
OILIEHKHM CTaTHCTHYECKUX JaHHBIX CMEPTHOCTH B3pPOC-
noro HaceseHuss P® ycTaHOBIEHO, 4YTO B MEPHOJ C
2017 mo 2018 rox B Poccuiickoit @enmepartuit OTMEUEHO
CHIDKEHHE CMEPTHOCTH OT BCEX IpWYMH. BeIABICHO,
9YTO CMEPTHOCTH B3pocibix cHm3miack Ha 0,4% (c
1243,3 mo 1238,5 cmepteit Ha 100 TBIC. B3pOCIOTO
Hacenenus Poccuiickoit denepanun) (Tabmuma 2). [o-
Ka3aHO, YTO CMEPTHOCTb JIMIl TPYAOCIHOCOOHOTO BO3-
pacta OT CepICYHOCOCYTUCTHIX 3aboneBanmii B 2018
rogy o cpaBHeHuto ¢ 2017 rogom cHu3mnace Ha 1,9%
(c 584,7 no 573,6 cmepreii Ha 100 ThIC. Bcero Hacele-
Hust Poccmiickoit ®enepannu). Mexny TeMm cmepr-
HOCTB I10 TIPHYHHE CEPACIHOCOCYTUCTHIX 3a00IeBaHNI
coctaBmia 47% ot o0mielt cMepTHOCTH BCETO Hacese-
HUSI M 3aHUMaja IEepBOE MECTO IPH PaHXHUPOBAHUU
MIPUYNH CMEPTHOCTH 32 aHANMM3UpyeMbIit mepuon (Tab-
nuna 3).

OLIeHKa CTaTUCTUYCCKUX JAaHHBIX ITPOJACMOHCTPHU-
poBaia, yTo Ha TeppuTopun PO cMepTHOCTH OT HOBO-
oOpasoBanuii ymensImiack Ha 0,2% (¢ 196,9 no 196,7
cmepret Ha 100 ThIC. paboTatoniero HaceneHus Poc-
cuiickoii ®enepanun). [IpouleHT CMEPTHOCTH OT HOBO-
oOpazoBanwuii, cocraBui 15,8% ot oOreit cmepTHOCTH
BCETr0 B3POCIIOr0 HAceleHHs, YTO COOTBETCTBOBAIO
BTOPOMY MECTY NpH PaHXHPOBAHMM IIOKa3areiei
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CMEPTHOCTH. 3a sSHBaph — gAekabps 2018 roma mo cpas-
HEHUIO C aHaJOTHYHBIM nepuogoMm 2017 roma cMept-
HOCTbD 110 IPUYNHE 60He3HeI>i OpraHoB JbIXaHUs CHU3U-
nack Ha 1,5% (c 41,3 cmepteit no 40,7 Ha 100 ThIC.

Bcero B3pociyioro HaceneHusi PD), mpu 3TOM cMepT-
HOCTb MO MPUYKHE 3a00JI€BaHUH OPraHOB JBIXaHUS 3a-
HUMasia 5 Mmecto. B yka3aHHBIM BpEeMEHHOW NEPHUO[
BKJIaJl CMEPTHOCTH OT OOJIe3HEH OpraHoB JIbIXaHUS B
CMEpPTHOCTh OT BCeX MpUYHUH cocTaBui 3,3%.

Tabimma 2
CwmepTtHOCTb B3pocioro HaceneHus: Poccuiickoit @enepanuu, 20172018 rr.
2018r. | 2017r.
HN3meHeHune moKka3aTessi CMEPTHOCTH,
IpuyuHbI cMepTH Ha 100 TbIc. Hacese- %
HUS

Bcero ymepiux oT Bcex NpUYUH 1238,5 1243,3 -0,4%
oT cepneqnococzflzpl[l;[ﬂux 3a00J1eBa- 5736 584.7 -1.9%
OT HOBOOOPa30BaHMIA 196,7 196,9 -0,2%

oT 0oJe3Hel OPraHoOB JABIXaHUS 40,7 41,3 -1,5%
OT 0OJIE3HH OPTaHOB MMUIICBAPCHUS 63,4 62,4 +1,6%
0T 0OJIe3HH HEPBHOW CHCTEMBI 76,8 68,4 +11%
0T 00JIe3HN YHJOKPUHHOMN CHCTEMBI 28,4 26,2 +7,7%

VYCTaHOBJIEHO, YTO YPOBEHb CMEPTHOCTH OT 0O-
JIe3He OpraHoB HEPBHOU cHCTEMEI 3a iepuoz ¢ 2017 —
2018 roma ysemuuminace Ha 11% (c 68,4 cmepteit no
76,8 ma 100 TBIC. B3pOCHOro HaceneHHus Poccuifckoit
®enepanuu). B 2017 romy cMepTHOCTh OT OoJie3HEH
OpTaHOB HEPBHOW CHUCTEMBI cocTaBmia 5,5% oOT o0rieit
CMEPTHOCTH TPyJIOCHocoOHOTrO HaceneHus, a B 2018
rony— 6,2%. Takxe ocTaércs JOCTATOYHO BBICOKUM U
HE CHI)KAeTCsl ypOBEHb CMEPTHOCTH OT OOJIe3HeH opra-

HOB SHIOKPHHHON CHCTEMBbI, aHATM3UPYEMBIil TOKa3a-
Tenb yBenuumics Ha 7,7% (¢ 26,2 no 28,4 cmepreil Ha
100 TBIC. B3pocnoro HaceneHus P®). 3a mepuox ¢ 2017
o 2018 rox cMepTHOCTE OT OOJIE3HEH OPTaHOB IHIIIE-
BapeHus yBenuumiack Ha 1,6% (¢ 62,4 cmepreit 10
63,4 Ha 100 TeIC. B3pocmoro HaceneHusi Poccuiickoit
®Denepanun). 3a saBapb — aexadpb 2017 roga cMepT-
HOCTB IT0 IPUYHHE O0JIC3HH OPTaHOB MUIIIEBAPECHUS CO-
craBmia 5,02% ot o01eli CMEpTHOCTH HACENICHHS, a 32
ananoruuHenid nepuon 2018 romga — 5,1%.

Tabmuma 3

IMpuMep paHKAPOBaHKE IPHYMH CMEPTHOCTH B3pOCIIOTo HaceneHus Poccutickoit demeparnn,
20172018 rr.

IIpn4yuHbI cMepTH 2017 r. 2018 r.
CepaeuHococyaucTbie 3a001eBaHUsI 1 1
HoBoobOpa3oBanus 2 2
3aboJeBaHNs OPTaHOB IBIXaHUS 5 5
3aboseBaHNs OPTaHOB MUIIEBAPEHUS 4 4
3aboseBaHKsl OPraHOB HEPBHOI CUCTEMBI 3 3
3aboseBaHusi OPraHOB YHJOKPHHHON CHCTEMBI 6 6

CepredHocOoCyIuCTEIE 3a00JeBaHUS W CMEPT-
HOCTB B3POCJIOT0 HACEJICHUS 110 IPUINHE CEPACTHOCO-
CYIUCTBIX 3a00JIeBaHUil OCTalOTCSA Haubojee CepbEés-
HOW Mpo6sieMoit 31paBOOXpaHEHHS A1 MHOTHX CTpaH
MHpa, a 3kcrepTsl BO3 naroT mporHo3 nanbHeiIero
pocta CC3, Kak B pa3BUTHIX, TaK U Pa3BUBAIOLIUXCS
cTpanax. Takas IWHaMHKa pocTa 3a00JIEBAEMOCTH U
CMEPTHOCTH OT CEpJCYHOCOCYAUCTOM MaTOJIOTHH 00y~
CJIOBJICHBI M3MEHEHHEM JIeMOTpa(MuecKUX MOoKazaTe-
Jel, poCTOM 4YHciIa HeMH(EKIMOHHBIX 3a00JeBaHMM,
0coOCHHOCTSIMU 00pa3a XXU3HU U JPYTHUMH IPUYIHHAMHI
[4,c.5;6,c.257; 12, c. 4—10]. OueBuOHO, CMEPTHOCTD
cpenu B3pocioro HaceneHus P® mno npuuune 3ab0e-
BaHUH CEPICUHOCOCYAUCTON CUCTEMBI 3aHUMAET BEIy-
€€ MECTO CPEAU APYTHUX IIPUYHH.
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AHOTALIA

Y po0oTi npoBeieHo aHalli3 TEXHOJIOTTYHUX PIllieHb AJIs HOAOBXKEHHS TEPMiHIB 30€piraHHst PiIKUX Xap4OBHX
MPOAYKTIB. 3a pe3ylbTaTaMu OIIHKU CIIOCO0IB Ta 00JIaJHAHHS JIJIS TIOJIOBKEHHS TePMiHIB 30epiraHHs Ta iHaAKTH-
Ballii MikpoopH 3apoNoOHOBAHO X Kiacu(iKaliio B IIMPOKOMY CIEKTP] XapaKTEPUCTHUK, SKi ChOTOJHI € TeXHi-
YHO JOCSDKHUMH. 3a3Ha4€HO, 10 BUKOPUCTAHHS TEPMIYHOI 00pOOKH € HalHOLIbII PO3MOBCIOIKEHOIO Ta TEXHIYHO
Ha,I[iﬁHOIO, Ipu ObOMY BOHA MMPU3BOAUTH 10 HOFipH.IGHHH Xap4OBHUX Ta OPTaHOJICOTUIHUX BJIACTHBOCTEH OTpHUMa-
HUX MPOAYKTIiB. PO3MIITHYTO CyTHICTH Ta OCOONHMBOCTI BUKOPUCTAHHS TaKUX (PI3UIHUX CIIOCOOIB 00POOKH PiIKuX
XapYOBUX TPOIYKTIB, SIK EIEKTPOMATHITHUM IOJIEM BHUCOKOI Ta HAJBUCOKOI YaCTOTH, iHPpAIepPBOHUM BHUIIPOMi-
HIOBaHHSM, BUCOKUM THCKOM, 10HI3YI0UNX BUIIPOMIHIOBaHb, YIbTpadibTpartii, 0e3KOHTaKTHOTO €JIEKTPUIHOTO 00-
POOGIIEHHS B MTOTOTII.

Oco6imBa yBara pUCBsIYEHA OIiHITI BUKOPHCTAHHS YIbTPa3BYKOBUX KOJHMBAHB AJIsi OOPOOKH piIMHHUX Te-
XHOJIOTIYHHX CepeAoBHI. Po3risiHyTO cxeMy il akyCTUYHUX KOJIMBaHb Ha XIMiKO-TEXHOJIOTUHY CHCTEMY, 30K-
pema Ha (i3uKo-xiMiuHi epeKTH Ta pe3yabTaTH 1X B3a€MOIil. 3a3HaUCHO, [0 MOEAHAHHS Pi3HUX (Qi3MUHKX edek-
TiB, 110 OJHOYACHO BIJIMBAIOTh Ha CEPCAOBUIIA JO3BOJISAE 3alIPOIIOHYBATHU 1HII1 HiI[XOI[I/I a0 peani3aui'1' TEXHOJIO-
TIYHMX MTPOIIECiB, 30KpeMa i 3 METOIO MOJJOBKEHHS TEPMiHiB 30epiraHHsI.

Y po6oTi IpOBEAEHO TOCIIPKEHHS BIUIMBY IHTEHCHBHOCTI, TPHBAJIOCTI TA TEMIIEPATYpPH yIBTPa3ByKOBOI 00-
PpOOKM Ha 3HIKEHHS] MIKpOOHOT KOHTaMiHaIlil MOJIOKA, BCTAHOBJICHO pallioHaJIbHI ITapaMeTpu o0poOku. Bukona-
HUMH €KCIIEpHMEHTAIBHIMH JTOCHIPKCHHSIMH BCTAHOBIICHO, 110 32 JIiT yJIbTPa3BYKOBOI KaBiTallii Ha >KHPOBY eMy-
JBCIIO CIIOCTEPIraeThes 1€ OAWH BAXIMBUI eeKT — rOMOTreHi3aris KupoBoi (aszu. BecraHosneHo, mo pamiona-
JBHI TapaMeTpu 0OpOOKH MPOIIeCy TOMOTeHi3alii y3roKYIOTECS 31 3HAYCHHSAMH TapaMeTpiB OaKTepUIMIHOT Mii.

3arponoHOBaHO TEXHOJOTIYHY CXeMy BUPOOHHUIITBA MTUTHOTO MOJIOKA 32 BUKOPUCTAHHS YIIbTPa3BYKOBUX Ka-
BITAIIIfHAX TEXHOIIOTiH Ha CTaJil mMacTepu3allii Ta TOMOTreHi3amii. Y MOpiBHAHHI 3 THITOBIMH BOHA Ma€ HU3KY TIe-
peBar: CIpoOIIEHHS NPOLIECY, 3HIKEHHS TEMIIEPATYPH, MTOKPAILEHHS SKOCTI IPOJYKTY Ta 0e3NeYHiCTh BUPOOHHII-
TBa.

ABSTRACT

The analysis of technological solutions for prolonging the shelf life of liquid food products is carried out in
the work. Based on the results of evaluation of methods and equipment for prolongation of storage and inactivation
of microorganisms, their classification in a wide range of characteristics is proposed, which are technically achiev-
able today. It is noted that the use of heat treatment is the most common and technically reliable, and it leads to
deterioration of nutritional and organoleptic properties of the products. The essence and features of using such
physical methods of processing liquid food products as electromagnetic field of high and ultrahigh frequency,
infrared radiation, high pressure, ionizing radiation, ultrafiltration, contactless electric treatment in the flow are
considered.

Particular attention is paid to the evaluation of the use of ultrasonic vibrations for the treatment of liquid
process media. The scheme of action of acoustic oscillations on the chemical-technological system, in particular
on physico-chemical effects and results of their interaction is considered. It is noted that the combination of dif-
ferent physical effects that simultaneously affect the environment allows us to offer other approaches to the im-
plementation of technological processes, in particular to extend the shelf life.

The study of the influence of intensity, duration and temperature of ultrasonic treatment on the reduction of
microbial contamination of milk, the rational parameters of processing are established. Experimental studies have
shown that the action of ultrasonic cavitation on the fat emulsion has another important effect - the homogenization
of the fat phase. It is established that the rational processing parameters of the homogenization process are con-
sistent with the values of the bactericidal action parameters.

The technological scheme of drinking milk production with the use of ultrasonic cavitation technologies at
the stage of pasteurization and homogenization is offered. Compared to typical ones, it has a number of advantages:
simplification of the process, lowering of temperature, improvement of product quality and safety of production.
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Kuro4oBi cjioBa: yinbTpa3ByK, KaBiTallis, AKiCTb MPOAYKTY, TOMOT'€Hi3amis, OaKTepuIiIHa Iisl, (i3udHi CTIo-
cobu, OIOBXKEHHS TEPMiHIB 30epiraHHs, MiKpoOHa KOHTaMiHaIlisl, MOJIOKO, TEXHOJIOTIs.

Keywords: ultrasound, cavitation, product quality, homogenization, bactericidal action, physical methods,
prolongation of shelf life, microbial contamination, milk, technology.

IocranoBka npodaemu. OCHOBHUM 3aBJIaHHSAM
BITYM3HIHOI Xap4OBOi Ta IIepepoOHOT IPOMHUCIOBOCTI €
3a0e3revyeHHs] HaceleHHs! YKpaiHu IPOAYyKTaMH Xap-
YyBaHHS BUCOKOI IKOCTI Ta IX KOHKYPEHTOCTIPOMOYKHO-
CTi Ha 30BHIITHHOMY PUHKY. BUpINIeHHS 3HAXOAUTHCS
B IUIOIIKHI pO3pPOOKH HOBHX TEXHOJOTIH, BIOCKOHA-
JICHHSA TEXHOJOTIYHUX IPOIECIB Ta amapariB, Iepexo-
JIiB HAa HOBI €KOJIOTIYHO YHCTI TEXHOJIOTIi Ta IMHPOKE
BUKOPHCTAHHS JIOCSITHEHb HAYKH 1 TEXHIKU Y BUPOOHH-
urBax. Cepes Xap4oBUX MPOAYKTIB 3HAUHE MicCIle Ha-
JISKUTH PIIKUM, 30KpeMa: MOJIOKY, 0€3aJKOrOJbHUM
HarosiM, NMUBY, COKaM, eKCTpaKTaM, HaTypaJlbHUM BH-
HaM TOILO.

Bimomi TexHONOTIi MOMOBKEHHS TEPMiHIB 30epi-
TaHHSA [UX MPOAYKTIB 0a3yIOThCS HA TEPMIYHOMY 00-
poOneHHi (macTepu3alis Ta crepmiizaiis). [lpu msomy
Xap4oBi Ta OPraHOJNENTHYHI BIACTHUBOCTI IX CYTTEBO
MOTiPITYIOTHCS BHACIIAOK JIeHATypallii OUIKiB, pyHHY-
BaHHS (PePMEHTHO-BITAMIHHOTO KOMIUIEKCY Ta 1HIITHX.
IlepcrieKTHBHIM HampsMOM IiIBUIIEHHS TEPMiHIB
30epiraHHs 1UX MPOAYKTIB € 3aCTOCYBAaHHS (PI3UUHUX
METOJIiB 00OpOOKH, 30KpeMa BUKOPHCTAHHS YIIbTPa3By-
KOBHX KaBiTallitHUX TEXHOJIOTIH.

OCHOBHUMH TIepeBaraMu yJIbTPa3ByKy €:

— IHaKTHBALig MIKpO(IIOpH NPH HU3BKUX TEM-
neparypax, 1o 3ade3neuye MoBHe 30€peKeHHs Xapuo-
BUX Ta CMaKOBHX BJIaCTHBOCTEH MPOIYKTIB;

— YHIBEpCaIBHICTh, KA TO3BOJISIE 3aCTOCOBYBAaTH
iX B pi3HUX TEXHOJOTIYHUX TpOIIecax;

— eKoJIOTigHa Oe3meKa 3a paXyHOK BUKIIFOUCHHS

80

BUKOPHCTAHHS TEIJIa i XIMIYHMX KOHCEPBAHTIB.

AHani3z pocaimkeHb Ta nyOJikamii. 3 MeToro
TIOJIOBXKEHHSI TEPMiHiB 30epiraHHs B Xap4oBiil mpomu-
CJIOBOCTI BUKOPHCTOBYIOTH Pi3HI criocoOn 06pookw [1].

Haii6imp1 nmipoKo B TEXHOIOTIYHIN MTPAKTHUII BU-
KOPHCTOBYETHCSI BIUTUB Ha OaKTepii BUCOKMX TeMIIepa-
Typ IPOTATOM BU3HAUEHOTO Yacy.

Ha Bubip pexxumy oOpoOKH MPOAYKTIB BILIMBA-
I0Th TaKi paKTOpH:

1. BumicT upy sSIKUil yTBOPIOE HABKOJIO OaKTepiit
KHUPOBY KarlCylly, IO 3MEHIIye e(eKTUBHICTh Aii Te-
ria. ToMy 31 30UIBIIEHHSM BMICTY XHpPY B IPOIAYKTax
BUKOPHCTOBY€ETHCS O1IBII KOPCTKUNA PEXUM 00pOOKH.

2. KucnoTHicTh cepeoBuia. Y KHCIOMY Cepeio-
BHIII MiKpOOpPTaHi3MH THHYTH MmBuAme. HaiOimbiri
OaKTepUIMIHI BIACTHBOCTI IPUTAMaHHI MOJIOYHIHA KH-
CJIOTi, MEHIIHI €(peKT Y MPUCYTHOCTI OI[TOBO] 1 TMMOH-
HOI KHCIIOT.

3. BMicT coui, y IpUCYTHOCTI SIKOi IIPOIIEC CTEePH-
mizanii BinOyBaeThCs OLTBII e(heKTUBHO.

4. BMicT NOBITp$, y IPUCYTHOCTI SIKOTO CTIHKICTh
MIKpOOIB i IBUIIYETHCS.

JlitepaTypHi AaHi 3a UM MHTAHHIM HaifuacTiiie
cynepewinBi [2—4], y3araJbHEHHS NaHUX Y BUIISII
rpadika 3aJeKHOCTI MIX TEMIIEPAaTypoOlO Ta TPHUBAi-
CTIO TEIUIOBOI 00poOKH mpezcTaBieHo Ha puc. 1. s
MTOPIBHSHHS TaKOX IMPEICTABIICHI BiAIOBIIHI KPUBI JUTS
pyiiHyBaHHS ()epMEHTIB Ta (Pi3MKO-XIMIYHUX BIIACTH-
BOCTEH TIPOITyKTiB.
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Puc. 1. I'paghix pesrcumise mennosoi 06pooKu
(1 — kpusa zazcubeni ougpmepitinoi nanuuxu; 2 — 3azubens mugosHoi naruuKu,
3 — 3azubeny mybepkynvbo3noi nanuuku; 4 — pyunysanusa pepmenmis; 5 — smina Qisuxo-ximiunux axocmei)

I'padiuni 3a1eKHOCTI OMUCYIOTh EMITIPHYHOIO 3a-
JIEKHICTIO TPUBAJIOCTI IIPOIECy ¢ Bim Horo Temmepa-
Typu t BULY:

hr=a-ft, (1)

ne o 1 ,B — YKCeINbHI KOehIIiEHTH, 110 MiIIsira-

IOTb CKCIICPUMCHTAJIbHOMY BU3HAYCHHIO.

Toxi yMOBa IOCATHEHHS 33/1aHOTO e(DEKTY TEeIIo-

BOT 00pOOKH Mae BUTIISIL:
0=1, )

Jie T— NIHCHHIA 9ac BIUTUBY Ha TEXHOJIOTIUHE cepe-
JIOBUIIIE.

3a yM0OB 0>T MOXXyTh BUHUKHYTH He0axaH1 3MiHU
BJIACTHBOCTEH MPOIYKTY, 32 YMOB 0<T edekT nacrepu-
3arii He OyJie JOCATHYTHI.
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OuiHky e(heKTHBHOCTI IpOLeCy TeIioBoi 00po-
OKM TIPOBOJATH MLUISXOM BH3HAYCHHS KOeQIilieHTy
HIBUJIKOCTI 3aru0eiti MikpoopraHizmis C:

c=tinNe
0 N

ne No— mouatkoBuii BMICT OakTepid B OJWHUII
00’eMy TpoyKTy, M3, Nx— KiHIeBuUii BMicT GakTepiil
HicyIs nacTepu3anii,m,

BuxopucraHss, IaHOTO KpHUTEpilo 0OyMOBIEHO
pealbHUMH YMOBAaMH TIOB’SI3aHUMH 3 BIIACTUBOCTSIMHU
TEXHOJIOTIYHOTO CEepEIOBHINA Ta HasBHOI K MiKpod-
JIOpH.

Jlo HeoMiKiB TEIIOBOI 00POOKH MOXKHA BiTHECTH
BUCOKI ITUTOMI €HEPrOBUTPATH Ha OJWHHIIO MPOIYK-
ii, He pPIBHOMIPHICTh HarpiBy NpOAYKTy B 00'eMi,
CKJIaTHICTh KOHCTPYKIIiT 1 HE3PYUIHICTh TEXHITHOTO 00-
CITyTOBYBaHHS YCTaHOBOK.

®)

[Tonpu HaiibimBIIE 3aCTOCYBaHHS TEIIOBOI 00pO-
OKHM 3 METOO IHaKTHBAIlli MIKpO(IOpH HAa CHOTOIHIIII-
HIl JICHB B1JIOMAa TaKOX I[iJIa HU3Ka IHIIUX AJIbTCPHATH-
BHHUX CIIOCO0IB 00pOOKH.

Amnani3z crnoco0iB Ta oONagHaHHS Uil TIO/I0B-
JKeHHSI TepMiHIB 30epiraHHs Ta iHakTHBaLii Mikpod-
JIOPU J]aB MOKJIMBICTH BHKOHATH iX Kiacuikamio B
IIMPOKOMY CIIEKTPi XapaKTepHCTHK, SKi CHOTOJHI €
TEXHIYHO JocspKHUMH (puc. 2) [1].

PosristHemMo OinbIn meTansHO (i3WYHI CHOCOOHM
MiABUINEHAS TEPMiHIB 30epiraHHs pPiTKAX XapUIOBHX
MIPOIYKTIB.

Obpobra enekmpomazHimHUM nojieM 8UCoKoi ma
Haosucokoi wacmomu. EJEKTpOMAarHiTHe IoJie SBIISIE
c00010 0COONMBUI BHJ] MaTepii, 110 BUSBIISIE CUIIOBHI
BILIMB Ha 3aps/DKEHI YaCTHHKH, 1 BU3HAYAETHCS SIK CY-
KYITHICTD 3MIHHHX B3a€MO3QJIS)KHHX, ENEKTPHYHOTO 1
MarHiTHOTO TIOJIiB, IO BIIMBAIOTH OJIMH Ha OJJHOTO.

Gi3usHi cnocodu nidbuueHs mepMHil
30eplzarHA pidkux xap4obux npodykmib

MeXaHI4H Tenno EnexmpogisU4H
] ]
1 Ynempadimmpaui (mepuni3auis Ynempadionemofie onpomHerHA
] A=180.350 M
Jbukobi konubarHs Macmepusayis

] 11060 13, =600-2500 Ty

Bucokoyacmomui ma
HadBucoxoyacmomel EMI]

1 Ynempasbuk f=20 k. 100My

Ut

Enexmpoickpobe oBpodnexHs
10°.10

o3

f=10 «Tu.300 MMy

3 b

(oCMIUHI ma 3MIHH eneKMpUYH

Bucokuu muck

nons U=1.40KB, U=20.1kB

p=400.900 Mg, t=20..25°C

PadiauiHe onpoMHeHHA
10 Mpad..1 Mpad

(TocmIUH! ma MNYCH MOZHIMH

—1{nong, f=0.150 KTy B=0,1.10 Tn

Puc. 2. @izuuni cnocobu nioguujenms mepminie 30epicantsi pioKux Xapuosux npooyKmis

EnexrpomarHiTHe mOJe XapaKTEPU3YEThCS [IOB-
JKUHOIO XBHJIi, M 200 yacToToro konuBanHs f, I'ii. [nTe-
pBaJ TOBXUH PagiOXBIUIb CTAHOBHUTH BiJl MUTIMETPIB J10
JIECSITKIB KLTOMETPIB, IO Bi/IMTOBIIa€ YaCTOTAMHU KOJIH-
BaHb B miana3oHi Bix 3x104 I'n o 3% 10 I'y . Iarencu-
BHICTh €JIEKTPOMATHITHOTO TONA B Oynb-sKidd TOYII

MIPOCTOPY 3aJIEKHUTH BiJl IOTY>KHOCTI TeHaparopa i Biji-
cTaHi BiJ HBOTO. J[XKepenamu eIeKTpOMarHiTHUX MOJIiB
€ HBY-npucrpoi.

HBUY-npuctpoi mmpoxo 3aCTOCOBYOThCA y AIep-
Hill Qi3WI A7 POTaHSHHS SIEMEHTAPHUX YaCTHHOK
IO IIBUAKOCTEH, ONM3BKHMX IO IIBHAKOCTI CBITJIA, 3a
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JTIOTIOMOTOI0 €JICKTPOMATiTHUX IOJIiB XBUIeBOiB. [11u-
poke 3actocyBaHHA 3HaxoauTh HBY-HarpiBanHs y xa-
PUOBIH MPOMHCIIOBOCTI 3 METOIO IPUCKOPEHOTO TOTY-
BaHHS DK, macTepu3allii, CTeprizaiii Ta 3HeBOJHCHHS
XapyuoBHX MPOJYKTIB.

Oco01BO MIMPOKE 3aCTOCYBAaHHsS OCTAHHIM Ya-
coM MaioTh xBwi HBU-nmianasoHy s crepumizarmii
xapuoBHX cepenoBuil. Taka TemnoBa 00poOka BUpoOiB
3IIMCHIOETHCS B CIIEIiaJIbHUX BHCOKOYACTOTHHX Iac-
Tepuzaropax. B akruBHii 30Hi HBY—macrepuzaropa,
3aB[ITKM BHUCOKIM KOHIICHTpAIIil SHEepTii eleKTpOoMarHi-
tHOro nons 800—1000 Br/cM3 Temn HarpiBaHHs cTaHO-
BuTh 200—400°C 3a cexyHny i OinbIe, TocTaTHIA Yac
BuTpuMKH ctaHoBHTH 0,05-0,08 cexynam, mpu npomy
cepemHs TeMIlepaTypa piguHu He nepeBuirye 65°C.
Leit pexum 3ade3nedye 99,9 % 3HuIieHHs OaKkTepii 1
iHII01 MiKpodIIOpH, 3aIHIIal0YH HEYIIKO/DKEHHUMH Ba-
JKJIMBI KOMITOHEHTH MPOIYKTY [6].

HesBaxarouun Ha cy0’ €KTHBHI IPUYMHU, Yepe3 SIKi
HBY-nacrepu3anis (crepuiizanis) He HaOyJa IUPO-
KOT'0 3aCTOCYBaHHSI, 3al[IKaBJICHICTh Y PO3BHUTKY IILOTO
HanpsMy IOCIi/KeHb He 3HUKa€. [ToscHIoeThCS 11e MO-
s»mBicTi0 ctBopuTH B HBU-TiprcTposix eHepreTnd-
HUH PeKUM, TKUH HEMOXIIUBUH y TPAAULIHHIX TEILIO-
BUX MAaCTEPU3aTOPax, TOOTO 3a0€3MEUNTH BUCOKY KOH-
[EHTpAIio eHeprii B Manux 00’eMax 1 HaI3BHYAHHO
KOpoTKuii gac nii Ha o0’ekt [7]. Kpim Toro, BmimB
HBY-eHeprii Ha MiKpOOpraHi3aMu Mae ocoOJIMBY CIie-
1 iky, sika mossirac B po3irpiBaHHi MiKpOOpraHismy 3
CEpe/IMHY 1 OJTHOYACHIH CHJIOBIHM il Ha KITITHHHI MEM-
OpaHu 1 Ha Bech OpraHi3m, IO, B PE3yJbTaTi, MPUBO-
JUTH 110 Horo mBuakoro pyinysanss. 1o Buma xoH-
LEHTpAIlisl Heprii, TO MBHIIE PyHHYIOTbCS 1 THHYTh
MIKpOOpTaHi3MH.

Oco0nMBiICTIO TETIOBOi OOpOOKH B EJIEKTpHUU-
HOMY TIOJIi HAJIBUCOKOi YaCTOTH € MPOTPIiB XapuOBHX
MPOAYKTIB OIHOYACHO TO BChoMy 00 eMi (00'emHMiA
MPOTPIB), HAA3BHUANHO KOPOTKHUN Yac il Ha MPOAYKT,
CHIIbHA OaKTEpUIMIHA s, pIBHOMIpHE BHUIJICHHS Te-
TU1a, aje NOPIBHSAHHI i3 TPAAUIIMHUM TEIJIOBUM 003~
HauHsM, HBY ycTtaHOBKM BiJpi3HSAIOTHCS IMTiIBHIIEHOO
CKJIJIHICTIO, 11O 1 € CYyTTEBUM HEIOJIIKOM.

Takum ymHOM, 3acTocyBanHs HBU-warpiBy mo-
3BOJISIE: TIPUCKOPUTH TIPOLEC TEIuIoBoi 00poOKu; mmo-
JINIITUTH SKICTH 1 30UTBIIATH BUXiJ] TOTOBOT MPOYKIIIi;
30UIBIINTH MOTYXKHICTH 1 MOJIMIINTH CaHITAPHO-TIrie-
HIYHI YMOBH MiANPUEMCTB; MOJETIINTH MPALIO Tpali-
BHUKIB BUPOOHUIITBA.

Iugppauepsone (I9) sunpominrosanns. ladpadep-
BOHE BHIIPOMIHIOBAHHS — CJICKTPOMATHITHE BUIIPOMi-
HIOBaHHSI, 1[0 3aliMa€ CIIEKTPAIbHY 00JaCTh MIX uep-
BOHHMM KIiHIIEM BHAUMOTO CBITJIA (3 JOBXKHHOIO XBHJII
A=0,74 MKM) 1 MIKPOXBHJILOBHM BUIIPOMIiHIOBaHHIM (A
~1-2 Mm).

3apa3 Bech Jiana3oH iH(PpPauepBOHOTO BHIIPOMi-
HIOBaHHS JTUIATH Ha 1Bl CKJIaJOBUX:

— KOPOTKOXBHJIbOBa 001acTh: A = 0,74-2,5 MKM;

— CepeTHhOXBIIIbOBA 007acTh: A = 2,5—50 MKM;

[adppadepBOHE BUIIPOMIHIOBAHHS TaKOX HA3HBa-
I0Th "TEIUIOBUM" BUTIPOMIHIOBAHHSM, TaK SIK iH(ppade-
pPBOHE BUIIPOMIHIOBAaHHS BiJl HArpiTUX NpPEIMETIB
CHPUIMAETHCS IIKIPOIO JIOAWHU SK BITIYTTA TeIUIa.

[Tpy 11bOMy TOBXKMHH XBUJIb, 1[0 BHIIPOMIHIOIOTHCS Ti-
JIOM, 3aJIeKaTh BiJ TeMIlepaTypd HarpiBaHHI: YHM
BUILIE TEMIIEpPaTypa, TUM KOPOTIIE JOBKHUHA XBHWII 1
BHIIC IHTCHCHUBHICTh BUITPOMIiHIOBaHHS [8].

HarpiBanusi iH(ppauepBOHUM BHUIIPOMiHIOBAHHSIM
3[IHCHIOETBCS HacTymHUM 4uHOM. /Dkepeno abo Y-
BUIIPOMIHIOBAHHSIM HArpiBA€ThCS BiJ| 3BUYAHHHX JIXKE-
pen (HanpHKiaj, eNeKTPUIHOIO SHEeprielo A CBITINX
BUIIPOMIHIOBAYIB 1 TCHIB, EHEPTIEI0 3TOPAHHS Ta3y UL
ra30BHUX NATBHUKIB 1 Tak qaii. ExekrpomaraitHe BUIIPO-
MIHFOBaHHS CIIPSIMOBAHUM IIOTOKOM OIIPOMIHFOE 00pO0-
JIIOBaHUM MPOAYKT.

[pu 3iTKHEHH] KBaHTIB BUIIPOMIHIOBAHHS 3 €JIEKT-
pOHaMH B MOJIEKYJIi MPOIYKTY BOHH IIE€PElaloTh BCIO
CBOIO €HEPTII0 €JIEKTPOHAM, SKi BHACIIIOK LILOTO Iepe-
XOMATh B 30y KEHHI CTaH 1 OTIM TIOBEPTAIOTHCS Ha OC-
HOBHY OpOiTy, BTpayalouu MpH IIbOMY HaJTHIIIOK eHep-
Tii y BUIVISLII TETUIa, B pe3yJIbTaTi 4oro BigOyBaeThes Ha-
rpiBaHHs npoaykry [9].

3actocyBanHs [Y—HarpiBaHHS 103BOJISE 3HAYHO
CKOPOTHTH TPHUBATICTh TIPOIECY TEIUIOBOI OOPOOKH,
3MEHIITNTH METAIOEMHICTP 1 PO3MIpH alapariB, aBTOMa-
TH3YyBaTH BHUPOOHMITBO, OTPUMATH IPOIYKT BHUCOKOT
sikocTi. [Hpauepsone (I4) BunpomiHOBaHHS 3HANUIIIIO
JOCHTH IIUPOKE 3aCTOCYBAHHS B PI3HHX Taly3dX Xap-
4oBOi mHpomucioBocTi. HeoOximHO 3a3HauuTH, IO
MPaKkTHYHO Y BCix Bunaakax [Y-o0poOku crocrepira-
€TBCS ITIIBUIICHHS SIKOCTI 1 BUXO/Ly TOTOBOT MPOAYKIIIT,
3HW)KEHHSI €HEPreTHYHUX BUTpAT, CHPOIIEHHS KOHC-
TPYKIIi anaparypH.

OxpiM 1pOro, IY-BUNIpOMiHIOBaHHS YMHUTH HA
MPOAYKTH CHeNU(iYHAN BIUTHB (OaKTCPUIMTHINA, Ka-
TATITHYHNH), 3aBJSIKK YOMY MO)KHA TapaHTyBaTH 0e3-
MEKy Ta BICOKi CTIO)KHBYI BIIACTHBOCTI TOTOBOI IPOITY-
KIIii.

[TepeBaramMu BOTO CIIOCO0Y € 3HIKECHHS CHEpre-
TUYHHUX BUTPAT, CIPOILEHHS KOHCTPYKIIi anaparypH,
MaJla METaJIOEMHICTh 1 PO3MIpH amnapariB, BUCOKA SK-
icth mpoaykiii. HemonmikamMu — Masa riimOuHa IPOHUK-
HEHHS1,HECTIPUATIINBA IMOKHA TpoHuKHeHHs [4 — npo-
MEHIB.

Bucoxuii muck. B octaHHI AECSATHIIITTS, alNbTepHa-
THBa TEXHOJOTSIM OOPOOKU TMPOAYKTIB, MPOIIOHYETHCS
JIO pO3IJISITy HOBA XapyoBa TEXHOJIOTIS, IPHHINI KO
3aCHOBAHMH Ha BIUTHBI BUCOKOro THcKy (BT) Ha xapuoBi
npoxykru [10]. O6pobka Xap4oBOro MpoayKTy Bindy-
BAETHCSI PIBHOMIPHO TIO BCbOMY 00'eMy 3aBaHTa)KEHHSI.
3a HeoOXiTHOCTI MOXJIMBA 3MiHA TeMmIiepaTypH. Buko-
PHCTaHHSI BUCOKOTO THCKY IPHU3BOJMTH JI0 1HAKTHBALT
MIKpOOPraHi3MiB i1 €H3UMIB, IIPH 1IbOMY 30epiraeThest 3a-
max, cMmak. [Iporec 00poOKH BUCOKUM THCKOM Ma€ HH-
3bKi BUTpaTH BOJH. MeXaHi3M BILIMBY BUCOKOTO THCKY
Ha MIKpOOPraHi3MH III¢ HE JI0 KiHI BUBUCHHUN. AJiC Bi-
JIOMO, TIIO0 THUCK Y Kiibka coteHp MIla ctumysroe B 6io-
CHCTEMax peaKllii, M0 MPOTIKAIOTh 31 3MEHIICHHIM X
00'emy. Peakiisi OUTKOBMX MOJIEKYJl Ha THCK 3a3BHYai
MIOB'SI3YIOTH 3 OCOOJHMBOCTSIMHE TiIpodoOHOI B3aeMOii,
TOJIi SIK IHAKTHBAISI (PEPMEHTIB MOSICHIOETHCST KOHDOP-
MaI[iiHAMH 3MiHaMH B X MOJIEKYJISIpHi# cTpykTypi [11].

OmHi 3 Iepmux MOBiZOMIIEHb PO 0OPOOKY COKiB
BT i MOXIUBOCTI BHUKOPHUCTaHHS IIi€l TEXHOJOTIi B
MIPOMHCIIOBOCTI OYJIM MPHUBE/ICHI B pOOOTaX SIMOHCHKUX
aBToOpiB. BoHu moBimomunu, mo ob6pobka BT moxe


http://znaimo.com.ua/Електромагнітне_випромінювання
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Sciences of Europe # 51, (2020)

49

CTEpHITI3yBaTH COKH, OTPUMaHI 3 Pi3HUX QPYKTIB i mu-
TpYycCiB, 6€3 MOMITHHX 3MiH B iX ITO)XKMBHOCTI, HaTypa-
JBHOTO apoMarty 1 cMaky. Y fnoHii, KpiM Toro, B npo-
MHCJIOBUX MaciiTabax BHPOOJSIOTh MaHIapHUHOBHN
CiK, SKMH 3 METOI0 30iJbLICHHS Iepioqy 30epiraHHs
(TpuBaicTIO 10 6 MiHIMAJILHUX TEPMiHIB) 00pOOIAIOTH
tuckom B 400 MIla 3a temneparypu 20-25°C. [lana
00poOKa 3011bIIy€E BapTICTh OJJHOTO JITpa COKy Ha 80-
90 ieH, B TOH Yac SIK BapTiCTh YCTaHOBKH JUII 00pOOKH
THUCKOM TIPHOJIM3HO JOPIBHIOE Til, IO BUKOPHUCTOBYE
Metop nacrepuzaiii [12]. [IpoxyKTHBHICTh YCTaHOBKH
ckiamae 4 1/mo0y 3a BCTaHOBICHOI MOTYXHOCTI 220
KBT.

Y €Bponi 3amaTeHTOBaHHWN SMOHCHKHI CHOCiO
cTepmitizanii PPyKTOBUX COKIB Ta 1HIIMX KHCIOTOBMIi-
cuux HanoiB BT (mpu 200-600 MIla B nmepion 10-30
xB.). KOHTpOJIb IepCcHKOBOTO 1 rpaHATOBOTO COKIB MPO-
TsiroM 5 pokiB micis aii BT OyB 3ailicHeHuid Tpynoro
TOJUIAaHACHKUX MOCHigHuKIB. CTaOUIBbHICTh TPOIYKTIB
3a0e3nevyBajiacs 3arnOesuTi0 MIKpPOOPraHi3MiB, JIpixk-
JUKOBHX KIIITHH 1 MOJIOYHOKUCIIMX OakTepii, siki Oymnn
Haiounem ayTnuBi 1o BT, a au3ekuit pH npurHidyBas
po3BuTok cniop. [lpuknanu HagiitHOT cTepmiTi3alii arme-
JECHHOBOTO 1 aHaHAcOBOTO cokiB BT mamu mpusig mpo-
MUCJIOBLSIM-XapYOBHKaM 3BEPHYTH CEPHO3HUH BILIUB
Ha 1eif Meto1 KoHcepByBaHH: [13].

OpHi 3 IepIIMX YCTAHOBOK HOBOT'O MOKOIIHHS TSt
BUBYCHHS MMOBEJIHKU Pi3HUX OioMarepiaiiB IpU THC-
kax 100-1000 MIla 3 Benukumu 00’eMamu poOOYHX
kamep (y ¢i3ulll BUKOPHCTOBYIOTHCSI KaMepH 3 00'e-
MaMy Ha MOPSIOK MEHIIe, aje MPaLIoI0Th P OLIbII
BUCOKMX THCKaXx) OyJM CKOHCTPYHOBaHI B MUHYJIOMY
necatiniTti. Cepenl HUX TepIIi KOHCTPYKTHBHI po3po-
Oxu Bxe cranmu knacnyHnME: «Standart for Treatment
of Microbial Cultures»; «Stands for Treatment of Food
Samples»; «High Pressure Food Processor»; «Gas
Pressure Cells» [14].

[IInpoke 3acTOCYBaHHS METOAY CTPHMYETHCS BH-
COKOIO BapTICTIO OOJIaHAHHS, CKJIAIHICTIO KOHCTPYK-
1ii4, ayie OUTBII BHUCOKA SIKICTh MPOAYKTIB POOUTH e
METO/ HEPCHEKTHBHUM.

Paoiayitine (ionizyioue) sunpomintosanns. Bimomo
OaraTo TUMIB pamiauiifiHuX (IOHI3YIOUMX) BHIIPOMIHIO-
BaHb, ajie OLTBIIICTh 3 HUX HE MOXKHA 3aCTOCOBYBATH IS
00pOoOKM XapuoBHUX MPOIYKTiB. 71t 11i€T MeTH BUKOpHC-
TOBYIOTbH TUIbKH PEHTTCHIBCHKE 1 Y—BUITPOMIHIOBAHHS Ta
TMOTIK IPUCKOPEHUX €JIEKTPOHIB. PEHTreHiBChKi Ta Y—BH-
NPOMIHIOBaHHS MalOTh EJIEKTPOMATHITHY XBHJIBOBY
npupoay [15]. Bonu, BitbHO IpoHKUKalouH yepe3 6arato
pedoBHH (AEepeBO, METANeBi IUIACTUHKH, JKUBY TKa-
HUHY), BHKIHMKAIOTH iOHi3amito, TOOTO mporec, mpu
SKOMY 3 HEHTpaJIbHUX MOJICKYJI 1 aTOMiB PEYOBHHH YT-
BOPIOIOThCS 10HU (TTO3UTHBHO 1 HEraTMBHO 3apsiPKEHi
YaCTKH).

Y—BHIIPOMIHIOBAaHHS HAMOUIBII IIFMPOKO 3aCTOCO-
BY€ETHCS B IPAKTHII IPOMEHEBOT 00pOOKH caMHX Pi3HUX
Xap4OBUX MPOAYKTIB. lle MOACHIOETHCS THM, IO JKe-
perna y-BUITPOMIHIOBaHHS MOPIBHSHO JiemieBi. B sakocTi
JDKEpeI y—BHUIIPOMiHIOBaHHS HailuacTille BHKOPHUCTOBY-
101 nnpenapati Co®’.Benuka NpoHUKaoya 31aTHICTb Y—
BUIIPOMIHIOBAHHS I03BOJISIE 0OPOOIISTH IPOYKTH BEIIH-

KOTO pO3Mipy 1 y BeJHKiii yrakoBii. EHepris y-Bumpomi-
mroBanHs Bifl Co®® 3HAXOUTECA B MeKax, NPH SAKUX HE
BUHHUKAE HaBEACHOI PallioaKTHBHOCTI B OMPOMIHEHHX
MPOJIyKTaX, TOOTO MPOAYKT HE CTAE PAIOAKTHBHUM.

3acTocyBaHHS 10HI3yIOUMX BHIIPOMIHIOBaHb BiJIK-
pHBaE HOBI MOXKJIMBOCTI 30€PEXKEHHS XapuOBUX HPOIY-
KTiB, TaK sIK TIPU [[,OMY HE BiIOYBAa€ThCS ICTOTHE ITi[BH-
IIeHHs Temrieparypu. Lle monoskeHHs 1ae MOXKIMBICT
BUPIIIUTH MO-HOBOMY IIMTaHHS YHNAaKOBKH, BUKOPUCTO-
BYIOUH IS M'SICHUX TPOMYKTIB MOJIMEpHI MaTepiaid.
OpnHak, MpoOJIEeMOI0 TIPH BUKOPHCTAHHI 10HI3yIOUHX BH-
MPOMIHIOBAaHb € 3aMo0iraHHsA CcaMOro TPOAYKTY BiX
BIUIMBY THX JI03 pajiarii, ki moTpiOHi I 3HUIICHHS
Mmikpooprasizmis [16]. Ha xwupwu, cymesi npoayktu io-
Hi3y104i BUIIPOMIHIOBAaHHS HAJIAIOTh IPSAMY Ail0, SIKE 1 €
OCHOBHOIO IPHYHMHOIO BCix 3MiH. Ha M'sico Ta iHmi mpo-
JyKTH, [0 MICTATh BEJIMKY KUIbKICTh BOJH, 10HI3YIOUI
BUIIPOMIHIOBAHHS HAJIAl0Th B OCHOBHOMY HETIPSIMY JIif0.
Lle noB's3aHo 3 TUM, IO MiJ Ji€I0 10HI3YIO4Ol pamiamii
3MiHaM MiIA€THCA B TIepILy Yepry Boza. BinOyBaeTbcs
pajiosni3 BOAM YTBOPEHHS BUIBHHMX PaJMKalIiB, SKi Ma-
IOTh BEJIHKI peaKiiiiHi MOXHOCTI. BoHM MOXYTH 3'€IHY-
BaTHCs HE TUTBKH OJWH 3 OJTHUM, aJIe i JITKO pearyBaTH
3 PO3YMHEHVMH y BOIi PEUOBHHAMH, YTBOPIOIOYH Pi3HI
ocobwucri 3'enHanHs. [Ipu BUKOpHCTaHHI 10HI3yIOUHX BH-
MIPOMIHIOBaHb 11 OOpOOKHM Oymb-sIKMX 00'€KTiB BHpi-
LIanpHe 3Ha4eHHsI Ma€ TOYHE BHU3HAYECHHSI KIJIBKOCTI 10-
HI3YI0UOTO BUITPOMIHIOBaHHSI, SIKE MOTJIMHAETHCS PEYo-
BHHOIO, TOOTO IMOTJTHHEHOT JO3H.

OpHi€ero 3 BigMIHHOCTEH MPOMEHEBOI cTepuTi3anii
BiJI TEPMIYHOI SIBJISITHCS T€, 110 MIXK OPOMIHEHHSIM ITPO-
JIYKTiB, a0COJIFOTHO CMEPTEILHHIM JIISI MIKPOOPTaHi3MiB,
13arnOeInTI0 OCTaHHIX MPOXOIUTH MPOMDKOK Yacy, Ipo-
TSITOM SIKOTO 1€ TPHBAIOTh TIPOIIECH OOMiHY PEUOBHH B
MIKpOOHUX KJIiTHHAX. BimMupaHHs MikpoopraHi3MiB Ti-
CIIL OTIPOMiHEHHSI aOCOJIOTHO CMEPTENbHUMH J103aMU
MOJKE TPUBATH IPOTITOM JEKIIBKOX JIECSATKIB TOMH.

V 3B'3Ky 31 crieruiqHICTIO ii 10HI3yIOYHX BH-
MPOMiHIOBaHb Ha Mikpodiopy rpymnoro daxisiiB Mixk-
HApOJIHOTO areHTCTBA 3 BUKOPHCTAHHSI aTOMHOI eHepril
po3pobiicHa crerianbHa TepMiHosoris. [Ipomuciose
KOHCEPBYBaHHS 32 JIONIOMOI'OI0 10HI3YIOUMX BHIPOMI-
HIOBaHb 3aIIPOIIOHOBAHO HA3MBATH PalialliiiHOO armnep-
Tizamiero (3a iM’siM Armiepa, SIKMH 3alpoIioHyBaB Tel-
JOoBy crepumizainito). OO6poOKy, JOCTaTHIO JIMIIE TS
TIPOJIOBKEHHSI TPHBAIOCTI 30€piraHHs, 3alpOIIOHOBAHO
Ha3WBaTH pamypizamiero (radiare — BUTIPOMIHIOBATH 1
durare — mpoOBKyBaTH) 3aMiCTh TEPMIHIB «IIPOMEHEBA
MaCcTEpU3AIlisD», «OMPOMIHEHHSI HECTEPLTI3YIOUNMH JI0-
3amm». Kpim TOr0, 3arponoHoBanuii TepMiH pajicinanis
(radiare — BunpominroBatH i ocsidere — BOMBATH), PH3-
HA4YeHHUH Uil MO3HAYeHHS OOPOOKM 10HI3YyIOUMMH BH-
MPOMIHIOBaHHSIMH, 110 3a0€3MeYyI0Th IPHIYILICHHS Te-
BHHMX HeOaXaHMX MIKpOOpraHizMiB a0 HaWMPOCTIIINX
OpraHi3miB, HalPUKJIa, CATbMOHEI, TPHXiHeNa.

VY pesynbrari BIUIMBY iOHI3YIOUOTO BHITPOMIHIO-
BaHHS B J)KMBHX KJITHHAX BUHUKAIOTh PI3HOMAHITHI Ma-
TOJIOTIYHI 3MiHH, IPU3BOASATH JI0 MIOPYILEHHS HOPMaJlb-
HUX OiOXIMIYHHX, ()i310JOTIYHMX Ta IHIITUX TPOIIECIB.
Jist ioHi3yl0UNX BUIPOMIHIOBAaHB HAa MIKPOOPTaHi3MH
3aJIeXKHTH BiJ] MAPIIaIBHOTO THCKY KUCHIO, BMICTY BOIH
B IIPOAYKTi, HASBHOCTI B CEPEIOBHUIIII «3aXHUCHUX) PEU0-
BHH, TaKUX SIK IeSIKi aMiHOKHCIIOTH, OpPTaHidyHi KHCIIOTH,
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AJIBETI I, CITUPTH Ta 1H. Mae Takox 3HaueHHs (i3i0J1o0-
TiYHMUIA CTaH MIKPOOPraHi3MiB B MOMEHT OIPOMIHECHHSI.

MikpoopraHi3mu, 1110 3HaXOAAThCS B OydepHOMy
PO3YMHI, SK MPABUJIO, MEHII CTiKi JO OMPOMIHEHHS,
HDK B CEPEIOBUINAX, [0 MICTATh Y CBOEMY CKJIaJi TITIO-
KO3y, aMIHOKHCJIOTH Ta 1HIII CITOJIYKH, BOJIOIII0OUH 3aXH-
CHUMH BIIACTHBOCTSIMH.

Bionoriuna 1isi BUIPOMIHIOBaHHS 3aJICKUTh HE
TLTBKY BiJ] BEIMYMHM, aJIe 1 BiJl TOTY>KHOCTI T031. Xapa-
KTEPHOI0 OCOONMBICTIO Jii 10HI3yIOWOTO BHUIIPOMIHIO-
BaHHS € BEJIMKA PI3HUI B 103aX, TOTPIOHMX /IS TIPHITH-
HeHHs xkuTreisubHOCcTI 50 1 100% MikpoopraHi3is.
Slxmo B mepmoMy BWIAIKy MOTPIOHO KiJbKa COTEHb
JLx/xr, TO B ipyromy — HeoOXiiHa 7j03a cTaHoBUTS (1,5—
4,5) 101 Tx/xr.

Criopu 0akTepiii my’e CTIHKI 0 OMPOMIHEHHS,
TOMY JJIsl 3HW)KEHHS JI03M ONPOMIHEHHsI 0a)kaHO 3HH-
3WTH X pamiocTiikicTb. lle mocaraeTbess KOMOIHOBaHIM
BIUTMBOM HarpiBaHHsI a00 aHTHOIOTHKIB 1 iOHI3yI04OTO
ompomineHss. [lomepenHs TemaoBa o00poOka OiTBII
e(eKTHBHA, HiX TeruioBa 00poOKa, BUKOPHCTAaHA ITiCIIS
ompomineHHA. [li Hi€r0 10HI3YIOUMX BHIPOMIHIOBaHB
CTPYKTYPHI €JIeMEHTH KIITHH 3MIiHIOIOTECS, TOJIOBHUM
YHHOM SIIPO, 10 TIPH3BOAUTS 10 3HIHKEHHS iX ¢i3iomno-
TIYHOI aKTUBHOCTI 1 MOPYIIEHHS (YHKIH PO3MHOXKY-
BaHHSL.

IlepeBaroto pamiamiiiHUX BUIPOMIHIOBAHb € BH-
COKa SIKICTb TIPOIIECy, ajle BArOMUM HE/IOJIKOM € HasiB-
HICTh TOKCHMYHMX TPOAYKTIB 1 YCKJIaJHEHHS 0OpOOKH
HETIPO30pHX Ta B’SI3KHUX CEPEIOBHILL.

Yaempaghinompysanns. 3acTocyBaHHS MEXaHid-
HOI crepuitizanii — ynsTpadinasTparii 1ae MOXINBICTh
MIepEeBECTH TEXHOJIOTIYHI CXEMH OYHIICHHS, TEPEePOOKH
Ta 30epeKEHHS KOJIOiTHIX 1 MAaKPOMOJIEKYIISIPHIX PO3-
YHHIB Ha SKiCHO HOBUI TEXHIYHHUH 1 TEXHOJIOTIYHUH Pi-
BeHb [17]. Y mpomeci ynpTpadinpTparii 3a paxyHOK I11e-
penany THCKY 3 PiUHH BiJAUISIOTHCS YACTUHKH Majoi
MOJIEKYJISIpHOI Macoro. Lle BiacTUBICTH cnpusie Bino-
KPEMJICHHIO APIOHMX OIOJNOTIYHUX CTPYKTYp, B TOMY
YHCITi 1 MIKPOOPTaHI3MiB.

VYneTpadineTpaliis MikpoOopraHi3MiB MOB'si3aHa HE
TIJIBKH 3 MPOIECOM iX (IIBTPYBaHHS, a 1 3 MPOLIECOM
ascopOuii Ha MeMOpanHOMY (GuTbTpi. B manwii yac as
MEXaHIqHOI cTepmiti3amii nuIxoM yabTpadinbTparii
3acTocoByIOTh GuneTpu "Bnamimop" tnmy M®OA-A,
M®A-MA, M®LI, pinpTpyBanbHi €EMEHTH SKAX BH-
TOTOBIICHI HA OCHOBI aIleTaTiB IETIOI03U MEMOpaHH 3
kanpony MI®UI 1-2-0,2, ¢inprpyBambHi MeMOpaHu
tuty SWP, HAWP , DAWP, Millipor (CILIA) Ta in
[19].

3a Takoro crocody o0poOKH 30epira€Thcsi CMakK,
BiTaMiHM 1 apomar npoaykry. Hexonikom 1poro me-
TOJIY € CKJIJHICTh 00JIa[IHAHHA 1 TPYJOMICTKICTh HOTO

eKCIUTyaTallil; HEeBEIUKHA TepMiH ciyxOu MemOpaH
BHACIIIIOK YTBOPEHHS OCay B IOpax i Ha iX MOBEPXHI;
BHCOKA YYTJMBICTH IO 3MiHH 30BHIIIHIX YMOB: 4epe3
JIOCUTh BUCOKUX TEMIEpaTyp 1 TUCKY MeMOpaHa MOXe
CTHCKYBaTHCS 1 CIIOBUIBHIOBaTH Ipouec (uUIbTpy-
BaHHS; Marepiajl QUIbTPY MOBHHEH OyTH 0i0JIOTi4HO
iHEPTHUM, 3 HU3BKHM BMICTOM KOMIIOHCHTIB, SIKI MO-
JKYTh IIEPEXOIUTH B PO3UHH.

Beskonmaxmmue gucokosonvmue enrekmpuune 00-
pobaenns. Crioci6 G€3KOHTAKTHOTO EIEKTPUIHOTO 00-
PpOOJIEHHS PIAKIX Xap4OBHX MPOAYKTIB B MOTOII. Bin
0a3yeThCsl HA BIUTMBI €NMEKTPUYHOTO TIOJIS Ha MOBEPX-
HEBUI1 3apsAa MIKpOOPTaHi3MiB.

IIpu OGe3kOoHTAaKTHOMY O0OpPOOJCHI HediIbTpPOBa-
HOT'O [IHBA, CIIOCTEPIraBcs eeKT 301IbIIEeHHS KoaryJis-
il KOJIOIMHUX YaCTUHOK Ta IPLKIKIB B 1,5...2 pasu,
OUYEBHJHO, 32 PAXYHOK EJIEKTPOIIOBEPXHEBUX SIBHIIL 3
YaCTKOBUM DPYHHYBaHHSIM IOJABIHHOTO €IEKTPUYHOTO
1apy, BHACIiIOK YOT0 MIBUAKICTH (UIbTpalii nuBa 30i-
meIryBanack B 1,5 pasu [20]. 3MiH Qi3uK0-XIMIYHHIX Ta
OpraHoJEeNTHYHHX BIACTHBOCTEH IHMBa He BinOyBa-
JOCHL.

Vavmpazeykosi kasimayiiini mexuonoeii. YbTpa-
3BYKOBI KOJHMBAHHSA — II€ IpPY)KHI, MEXaHIYHI KOJH-
BaHHS 3 YaCTOTOIO BUIIE IOPOra YyTHOCTI JIFOACHKOTO
Byxa (Oinbie 20 k['11 a0 20000 xonMBaHb B CEKYHAY),
110 TOIIUPIOIOTHCS B PI3HUX MaTepialIbHUX CEPEIOBH-
13X i BAKOPUCTOBYBAaHI JIJIsl BIUTUBIB Ha PiJIKi, TBEPAI 1
ra3omnonioHi peuoBunu [21].

AKyCTHYHE TI0JIe CTBOPIOE HaIlpaBJIeHy [ilo Ipy-
JKHHX KOJIMBaHb Ha TEXHOJIOTIYHE CEpelOBHILE, SKi
CHPUYUHAIOTH (Pi3UKO-XiMivHI edekTH (puc. 3).

Haii6inpIm ycminine BUKOPHUCTAHHS YIBTPa3BYKy
OB ’s13aHE 3 OOpPOOKOIO PITUHHHUX CEpPEIOBHII, OCKi-
JIBKM caMe B HUX BUHHKAE SBUILE — YIbTPa3BYKOBOI Ka-
BiTaIlii, mo € eeKTHBHUM MEXaHi3MOM KOHIICHTpAIIii
eHeprii 3ByKOBOi XBWJII HU3bKOI LIUIBHOCTI y BHCOKY
HIJIBHICTD €HEPril, Ika 3yMOBJICHA MyJIbCAIliSIMU Ta 3a-
XJIOTYBaHHSAM KaBiTaIliiHUX Oypbaniok [22—24].

KagiTauisi, TOOTO pO3pHUB PiJMHU, € PE3yIbTATOM
3MIHHOTO THCKY B 00’€Mi, 1110 CTBOPIOE JKEPEIIO YIIbT-
Pa3BYKOBHX KOJMBaHb. YTBOPEHHs KaBiTaliHUX Oy-
TH0aIIoK BiIOyBaeThes y Pasi po3piKeHHS 32 HasiBHO-
CTI 3apoJKiB KaBiTamii (HEpO34YMHHI Ta3u, HE3MOUY-
BaHHI TBEP/i YaCTHHKH, IMapora3osi Oyiapdamikm) [25—
28]. 3axmomyBaHHSA iX BigOyBaeThCs y (hazi CTUCHEHHSI.
[Tpn npoMy mapa KOHICHCYEThCS, a Ta3 3a3HAE CHIIb-
HOTO amiabarnyHoTO cTUCHEHHS. [lynmbcamii kaBiTarii-
HUX Oynbp0aIoK Ta X 3aXJI0MyBaHHS CTBOPIOIOTh Y Mi-
KpooO’eMax IHTEHCUBHI MIKpOTeuil, yapHi XBUI, Ky-
MYJISITUBHI CTPYMEHI Ta JIOKaJIbHI TEMIIEpaTypH.
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YnbTpa3ByKOBi KOIMBaHHA

[

Di3nKO-XiMiYHi

B3aemogii Pe3ynbtaT Aii
edeKTn A Y A
o - nynbcawii
— KaBiTauin —  MeXaHiyHi —
TUCKY
. TpaHcdopmauia
—  PEe30HaHC — Tennosi (P ¢ p... H
eHeprii
aKyCTMYHaA . KYMYNATUBHUMN
— ) — XiMiYHi —
TYPOYNEHTHICTb yaap

Puc. 3. Cxema 0ii akycmuunux KOIUBAHb HA XIMIKO-MEXHOLO2IYHY CUCTIEMY

[oennaHHs HACTUTBKY pi3HUX Pi3MYHUX eEKTIB,
BIUIMBAIOTH OJJHOYACHO HA OOPOOJIIOBaHI CEpeIOBUINA
JIO3BOJISIE 1HIMIFOBATH HEBIJIOMI paHillle MPOIECH, IO
MPU3BOJIATH JI0 OTPUMAHHS HOBHX PEYOBHH 1 KOMITO3H-
il , @ TAaKOX J0/IaBaHHS BiJOMHM PEUOBHHAM HOBHX
YHIKQJIbHUX BIIACTUBOCTEH .

MexaHi3M CTepHITI3YIOYOTO il yIBTPa3ByKy IykKe
CKIaaHui 1 po3kputuii He moBHicTio [29-31]. JloBe-
JICHO, III0 OCHOBHUM (h)aKTOPOMBIUIHBY € KaBiTaIlisl.

[pu crepumnizanii pi3HUX PIAKHX CEPEIOBHUIIL Ylb-
TPa3ByKOM HEOOXIJIHO BpaxOBYBaTH HACTYIIHE:

51 GakTepuumaHa [is yIABTPA3BYKY 3aJ€KHUTh BiJl
CTaHy CepeIOBHIIA 1 Oro CKIIaJy, a TAKOXK BiJl IOYAT-
KOBOI KUJIBKOCTI MIKpPOOPTaHi3MiB.

51 3a ympTpa3ByKOBOi OOPOOKM B MepIly 4epry
THHYTH LBLT, MOTIM APLKIKI, CIU30yTBOpIOUl 1 B
OCTaHHIO Yepry CIIOPOHOCHI OakTepii.

[ py#iHyrOTBCS KHIIKOBa, AUQTEpiiiHa, CiHHA
MAIMYKY, Ol JW3EHTepii, MpaBIsd, CATbMOHEINH,
KOKH, TOHOKOKH, 30yIHUK mapaTudy, Tudy Ta iH.

[l 3 maroreHHWX MIKpOOPTraHi3MiB HaHOITBITY
CTIHKICTh MPOSIBIISIOTH ITaMH TyOepKyJIbO3HUX TaJH-
YOK.

Ha mizncraBi BUKIIaJ€HOIO MOKHA BBAXKATH, 1110 3a

BUKOPHCTaHHS YJIBTPa3BYKOBHX TEXHOJIOTIH CTEpHIIi-
3aI[il0 MO’KHA TPOBOJIUTH 3HAYHO LIBHJIIE, HDK 3BH-
YallHUMH CIIOCO0aMU, 3 MEHIITMMU €HEPreTUYHUMH BH-
Tpatamu, 30epiratroun 0i0JOTIYHO aKTUBHI PEUYOBHHH,
(epMeHTH, BiTaMiHH.

Meta pociimkeHHs. MeTor HOCITIKEHHS € Po-
3pOOJIEHHS TEXHOJIOTI U1 BUPOOHHUIITBA IIUTHOTO MO-
JIOKa Ha OCHOBI EKCHEPHUMEHTAIFHUX [OCIiIKCHb
BIDIMBY YJBTPa3BYKY Ha MPOIIECH iHAKTUBAIIIl MiKpod-
JIOPH Ta TOMOTEHI3alli1 JKUPOBOT EMYJICII.

Buknag ocHoBHOrO MaTtepiany.

st mocnipkeHb BUKOPUCTOBYBAIM MOJIOKO, SIKE
Bimnosigaio JCTY 3662:2018 «Moyoko-cCHpoBHHA
kopoB’siue. TexHiuni ymoBu» [32]. Momnoko Oyio Ha-
TypalbHAM He30MpaHWM, YUCTHUM, O3 CTOPOHHIX, HE
BJIACTHBHX CBIKOMY MOJIOKY MPHCMAaKiB i 3amaxis. 3a
30BHIMIHIM BHTIIIOM Ta KOHCHCTCHITIE€IO — OJHOPIAHA
piamHA Bifg OiIOTO O SICHO-KOBTOTO KOJBOpPY, 0e3
ocafy Ta 3TyCTKiB.

Byno mpoBeneHo cepito JOCTINIB 3 BH3HAYCHHS
palfioHaIbHUX MapaMeTpiB 00pOOKH MOJIOKA 3 METOIO
JIe3aKTUBAIll MIKpO(JIOPH, 30KpeMa PO3IJISTHYTO
BILJIMB HACTYMHHUX MOKA3HUKIB — IHTCHCUBHOCTI, TPHBa-
JIOCTI Ta TeMIiepatypu 06pooku, (puc. 4 — 6).
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Puc. 5. 3anescnicmo kinokocmi mMikpoopeauizmie y
Mooyl 8 3anedcHocmi 8i0 uacy oopooku (npu [=20
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Puc. 6. 3anexcricmo Kinbkocmi MIKPOOP2AHIZMIE Y MOLOYL 8 3ANeHCHOCMI 610 memnepamypu 0opooKu
(I=20 Bm/cm? ma t=40°C)

TakuMm 4nHOM, BiJIIOBIHO JI0 OTPUMAHUX EKCIIe-
PUMEHTANBHHUX JTAaHUX MOXKHAa PEKOMEH/yBaTH HACTy-
ITHI ITapaMeTpH TEXHOJIOTIYHOTO MPOIIECy ITacTepu3arii
MOJIOKa 338 BUKOPHCTAaHHS YJIbTPa3ByKOBHX KOJIHBAHB:

—  TpUBAJIICTH 00pOOKH — 8 XB.,

—  iHTeHCHBHICTB ybTpa3ByKy — 20 Br/cm?

—  Temneparypa 06pooku — t=40°C.

Taxox 3a Takoi 00p0OOKH MOJIOKA CTIOCTEPITAEThCA
TIe OIWH BaKJIMBHHA MTO3UTHBHUH €(EKT — TOMOTeHi3a-
1is1 )KUPOBOT (asi.

Y Moo1i XKHp PO3NOIICHNI y BUMIISI dKUPOBUX
KyJIbOK, OTOYEHHMX CKJIaJHOI O1IKOBOIO 00OJIOHKOIO,
TOOTO SIBJISIE COOOI0 EMYJIBCIF0 MOJIOYHOTO JKUPY Y BOJI
[33]. Po3Mip skMpOBHX KYJIBOK KONHUBAETHCS Bia 1 10 5
MKM. [Ipryomy, KiNBKICTh )KHPOBHX KYJIbOK, IO Ma-
I0Th po3Mip Ouble 2 MKM, ckianae oinbie 50% i 3a-
JISKUTH BiJ IIOPOJH Ta IHANMBIAYaIbHUX 0COOIMBOCTEN
TBapHH.

[ToxvBHA HIHHICTE MOJIOKA B 3HAYHIHN Mipi BU3HA-

Ya€eThCsl pO3MipaMH YaCTHHOK KHpY B Mosomi. Sk Bi-
JIOMO, HAJTOHKE JIPOOJICHHS XKHUPY B €MYJIbCIX AyKe
CUJIBHO 3MIHIOE BJIACTHBOCTI BUXITHOTO MPOJIYKTY.

Binpme 100 pokiB B IpOMHUCIIOBOCTI BUKOPHCTO-
BYIOTBCS IUTYH)KEPHI TOMOT'€Hi3aTOpH, KOHCTPYKTUBHO
MIPEACTABISIOTE COO0I0 HACOCH BUCOKOTO THUCKY 3 JI0-
JTATKOBHM HEBEJIIMKHUM TIPUCTPOEM Ha Buxomi. Y 1960-
X pp. OyB 3alIpOTIOHOBAHMI IIIe OJAWH THUI TOMOT€HI3a-
TOpa, B OCHOBI pOOOTH SKOTO 3aCTOCOBAHMU 1HIITHIA
NPUHIMO — 3aMiHa MEXaHIYHOTO MpOJABIIOBAHHS Ha
YJIBTPa3BYKOBI KoJIMBaHHS. He3Baxkaioum Ha CIIpUsT-
JIMBI pe3ynbTaTH nociipkeHb B 1960-1970-x pp. mpo-
MUCJIOBOTO BIIPOBA/DKEHHS ISl TEXHOJIOTisSl HE OTpH-
Mmasia. CaMuM c1aOKOI0 JIAHKOKO BUSIBUJIACS HA/IIHHICTh
poboTH, Tak SK piBeHb ifiei HabaraTto BUIEPEAUB elie-
MEHTHY 0a3y reHepaTopiB KOJIMBaHb 1 pOOOYNX OpraHiB
HOBOI TEXHIKH.

3aKOHOMIPHO BUHHKA€ MHUTAHHS: YOMY, BIIACHE
KaXy4H, Tpeba mock 3MiHtoBaTu? ToMy, 110 MeTaoe-
MHICTh 1 €HEPTOBUTPATHICTh TPANHUIIHHOTO IPOLECY
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roMoreHisaiii BeJiKi, a pe3yJabTaTH He 30BCIM BiAIO-
BIZIalOTh Cy4aCHHUM BUMOTaM JI0 MPOLECY 1 MPOAYKIIIi.

Tak, TpaauuiiiHi METOM T'OMOTCHI3aIlii MPU3BO-
JTh TIOpsi 3 PYHHYBaHHSAM J>KUPOBHX KYyJbOK 1 10
3MiHH TX CTPYKTYpH, 10 MIIBUILEHHS aKTUBHOCTI bep-
MEHTIB, 3HIDKEHHSI CTa0UTBHOCTI OUIKIB 1 BMICTY Kaze-
iHy B mia3mi [34]. Ha mpoTtuBary mpomy, 4ac ao3pi-
BaHHS CHPIB 3 BUCOKUM PIBHEM MOJIOYHOKHCIIOTO Opo-
IiHHS, 010 BUTOTOBIISIOTHCS 3 MOJIOKA, IO MPOWIIOB
YIIBTPa3BYKOBY TOMOT€HI3aIli0, CKOpouyeThes 3 30 mi0
10 20, oo J03BOJISiE 3HU3UTH CHEPreTUYHI BUTPATH, a
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TAKOX 3a0MIaNTH TOTIOMIXHI MaTepiaju, 1o HayTh Ha
BHPOOHHIITBO CHDY.

B po6oTi nmpoBeneHo gociiKeHHs piBHS e(eKTH-
BHOCTI YJIbTPa3ByKOBOi FOMOT'e€Hi3allii MOJIOKa, pe3yJib-
TaTH IPEICTaBIeHH] Ha puc. 7 — 9.

JlociimKeHHs palioHaIbHAX MapaMeTpiB peatiza-
il ynpTpa3ByKoBOi il Ha )KupoBYy (pazy Mosoka npo-
BOJIWJIM 10 BU3HAYCHHIO 3HA4Y€Hb IHTEHCHBHOCTI Ta
TPHUBAJIOCTI OOPOOKH, TEMIepaTypyu Ha KiTBbKICTh Ky-
JBOK JIiaMeTPOM MEHIIIe 2 MKM B eMYJIBCI.
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Puc. 8. Bnius mpusanrocmi 06pobKu yiempazeykom
Ha epexmugnicmv comoeenizayii
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Puc. 9. Bnaus memnepamypu 0o6pobKu Ha egpekmugHicms yibmpaszeyKoeoi 2omozeHizayii

Sk BHIUIMBa€ 3 HaBEJEHUX EKCIEPUMEHTAIBHUX
JIaHWX, ONITHMAJIBHI TTapaMeTpy 00poOKH JuIs peaniza-
1i1 roMoreHi3anii y3ro/pKyloThCs 31 3HaUCHHSIMH Tapa-
MeTpiB OaKTEepHIUAHO]I 11ii, 30KpeMa:

— Tpusamicts 00pobku — 8-10 xB.,

—  IureHcuBHicTh ynbTpasByky — 15 — 20 Br/cm?

—  Temneparypa 06pobku — t=40 — 45 °C.

TunoBuil TEXHONOTIYHUIT MpolleC BUPOOHHIITBA
YCiX BHIB MUTHOT'O MOJIOKA CKJIQJIA€ThCS 3 HACTYIHHUX
oreparliid: TpuiAMaHHS 1 MiArOTOBKa CHPOBHHH, OYH-
IIEHHs, HOpMati3auis (TIpy BUPOOHMITBI HOpMallizo-
BAaHOTO MOJIOKA), CKJIaJaHHsS Cymilnl (Ui JecepTHHX
BU/IIB MOJIOKA 3 XapuOBHMH J100aBKaMH), TOMOTECHi3a-
151, TacTepyu3alis 1 OXOJIOKEHHs], BiTaMiHi3awis (Ipu
BUPOOHMIITBI BiTaMi30BaHHOI'O MOJIOKA), PO3JIMBAHHS,

NaKyBaHHS, MapKyBaHHs, 30epiraHHs W TpaHCHOPTY-
BaHH# [35].

3riIHO0 TPOBEAEHUX EKCHEPHUMEHTAIBHUX JIOCIHi-
JUKCHb 3alpOoIIOHOBaHA TEXHOJIOTiS OTpHUMAaE IICBHI
3MiHH, 30KpeMa:

1. oOCKimTBKM YJIBTpa3ByKOBa MacTepW3allisi BiA-
HOCHUTBCS JI0 «XOJIOAHOI MacTepu3aiii», IM0 TaKOXK
OyJI0 MIATBEPIKCHO MOCTIMKCHHAMHU (BCTAHOBICHO
temneparypa npouecy — 40°C) y cxemi BiacyTHi ome-
pariii — miairpiBaHHs MOJIOKA JI0 HacTepu3allii Ta 0X0-
JIOJPKEHHST MOJIOKa TTiCJIs HacTepH3allii;

2. 00’enHaHHS MPOIECIB IMacTepu3alii Ta roMo-
TeHi3amii MOJOKa (BCTaHOBJIICHO, IO TapaMeTPH IHX
IIPOLIECIB 32 YIBTPa3ByKOBOI Aii CITIBIIAAIOTH).

[TprHOMIIOBA TEXHOJIOTIYHA CXeMa BHPOOHHUIITBA
[1acTEPU30BAHOI0 MOJIOKA MpeCcTaBiieHa Ha puc. 10.
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MpKMIAMEHHA MOAOKE |
MOICY HOICK POB M HKA

L

O MWEHHA MOAIOKE
(pinbTpyBaHHAa BoOBIALEHTPOBED
YHLWEHHA)

.

Oxonoa#eHHa monoka go 4..6°C

¥

THMYECOEE PEIEPBYBAHHA

¥

Hopmanizawia monoka

¥

IMIWYBEHHA Y EMHBOCTI
nonepenHbs po3paxoBaHny
KOMMIOHEHTIB CymiLi
¥
MigirpisasHA oo
TEMMEpaTYEW HODMEMI3aWii
¥
OyMIeHHA HopManiZoBaHol
CymiLLi

MigirpisaxHa oo
TEMMEPATYDM HODMAENI3aLWIT

|

Hopmanizawia monoka 38
MACCOBOK YACTHOK HUpPY B
CenapaTopax-HopMmanizaTopax

I

V/ILTPA3BYKOBA MACTEPM3AL|IA
TA TOMOTEHI3ALLIA
(10 XB., 20 BT/CMZ, 40°C)

|

MNpomixHe pe3epeyBaHHA
nepen GacyBaHHAM

¥

MacyBaHHEA NPOAYKTY

¥

S0epiraHHA roToBoro
NpooyKTY

Puc. 10. Ilpunyunosa mexnonoziyna cxema UpOOHUYMEA NACMEPUIOBAHO20 MOJIOKA

BucHoBkm.

1. Cepen Qi3muHUX METOMIB 3HE3apAKEHHS Xap-
YOBHX CEpPEIOBHII HAOYIIM BUKOPUCTAHHS: TETIOBA 00-
poOKa, HAABHCOKHH THCK, YJIbTPa3BYyK, yiabTpadioe-
TOBe Ta iH(payepBOHE OMPOMIHEHHS, EIEKTPUYHI Ta
MAarHiTHI oS, pamiamiiine BumpomiHroBanus, HBY-
BUIIPOMIHIOBAaHHSI, YJbTPa3ByK. 3aCTOCYBaHHsS 3a3Ha-
YeHUX (Pi3UYHHUX CIIOCOOIB B XapuoBiii MPOMHUCIOBOCTI
JIO3BOJIUTH B Psii BUIAJKIB I10-HOBOMY IMOOYIyBaTu
TEXHOJIOTIYHUM TIpoliec, 30UIBIINTH MPOIYKTUBHICTH
Tpali, MiABUIUTHA BHUXiJ TOTOBOTO MPOIYKTY i IMOJIII-

muTH Horo sKicTe. [Ipu mpoMy X MIHMPOKE BHKOPHC-
TaHHS CTPUMYETBCS IIEBHUMH HEIOTIKAMH.

2. OmauM i3 edekTUBHHUX (I3UYHUX METOJIB
BIUIMBY Ha TEXHOJIOTiIYHI CEPEJOBUILA 3 METOI 3HH-
YKEHHsI KOHTaMiHaIlii Mikpo(JIOpH € BUKOPUCTAHHS Me-
XaHIYHUX KOJIMBaHb yJIbTPAa3BYKOBOTO JiaNa3oHy.

3. IlpoBeneHO eKcCriepUMEHTAIBHI TOCIIIKCHHS
10 BU3HAYEHHIO PALliOHAIBHUX ITapaMETPIB YIIbTPa3By-
KOBOT /i1 3 METOFO peajti3allii mpoIieciB macTepu3ailii Ta
roMOTeHi3alii Moyoka. Pe3ymbTat HOCHiKEHb MiAT-
BEpAWIIM JOUIIBHICTh BUKOPHCTAHHS yJIbTPa3BYKOBUX
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KaBITAIIHHUX TEXHOJIOTIH JJIT MOJIOYHOT IIPOMHCIIOBO-
CTi, 30KpeMa MOJOBKEHHS TepMiHy 30epiraHas Ta ro-
MOTeHi3allii )KUPOBOT eMYJIbCii.

4. 3anpoIrlOHOBaHO HOBY TEXHOJIOTIYHY CXeMy
BHUPOOHHUIITBA ITUTHOTO MOJIOKA 32 BUKOPUCTAHHS YJIb-
TPa3BYKOBUX KaBIiTAllIHHUX TEXHOJIOTIN Ha CTajil mac-
Tepu3alii Ta roMoreHizarii. Y HOpiBHSHHI 3 THIIOBUMHU
BOHA Ma€ HU3KY TIEpEeBar: CIPOIICHHS MpOIeCy, 3HH-
JKSHHSI TeMIIepaTypH, MOKPAIICHHS SIKOCTI TPOLYKTY Ta
0e3rneyHiCTh BUPOOHUIITBA.
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SYSTEM
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B cratne MnpuBCJcHa METOAUKA ONIPCACTICHUS HOTpC6HOl"O 3alraca THAPOIJICMCHTOB CUCTEMbI CMA3KU BUTA-
Tenei aBTO6y00B, KOTOpad ABJIACTCA aKTyaHBHOﬁ JJIg IOAACPIKAaHUA 3al1aCOB HAa OITUMAJIbHOM YPOBHC, ITIO3BOJIUT
MOCTABJIATH UX € HCKOTOPBIM ONCPEIKCHUCM 1TO OTHOUICHUIO K BO3ZHUKAIOIIEMY CIIPOCY U CBOCBPEMEHHO €T0 YJ0-

BIIETBODSTE.
ABSTRACT

The article presents a methodology for determining the required stock of hydroelectric elements of the bus
engine lubrication system, which is relevant to maintain the stock at an optimal level, will allow to supply it with
some advance in relation to the emerging demand and timely meet it.

KiwueBble cioBa: MeTOHKa, MOTPEOHBINH 3amac, THIPOIIEMEHT, JBUraTelb, CHCTEMa CMa3KH, aBTOOYC,
OKCITyaTanus, Hp06er, 3aracHas 4acCThb, TeKyIlII/Iﬁ 3ariac, HECHH KaeMBIH 3arac.

Keywords: methodology, required stock, hydraulic element, engine, lubrication system, bus, operation, mile-

age, spare part, current stock, minimum stock.

[Ipexae Bcero HEOOXOTUMO OTPA3UTH CYNTHOCTH
paccMaTpuBaeMoi ccTeMbl cMa3ki. OHa CXeMaTHIHO
MOSICHSIETCS] HA PUCYHKeE 1.

JIBuraTens cComepKUT MEXaHN3M ra3opacipeerne-
HUS |, KpUBOIINITHO-IIATYHHBIH MEXaHU3M 2, CHCTEMBI
OXJIXKICHUS, TUTAHUS U CUCTEMY cMa3Ku [1].

ITocnenmusis BkItOUaeT MoAMOH (KapTep) 3 ¢ mac-
JIOTIPUEMHUKOM 4, MacJIIHBIA HAacOC 5 ¢ MepemyCKHBIM

KJIaraHoM 6, COeAMHEHHBIN yepe3 o0paTHBIi KiiamaH 7
¢ maeBmoruapoakkymysitopoMm (IIITAK) 8, conepxa-
MM pasfelieHHble ynpyraM OamtornoM 10 razoByro 9
u xugkocTHyO 11 xamepsl. Pabounit oteon 12 TINAK
OCHAaIlleH MaHOMETpOM 13, pydYHBIM [BYXXOJOBBIM
KpaHoM 14 u sBnuseTcs JMHHUEH THUAPOYHPABICHUS
JBYXJIMHEHHBIM JBYXIIO3ULIHOHHBIM PACIPEEIUTEIEM


https://www.researchgate.net/journal/0033-2097_Przeglad_Elektrotechniczny
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15, BX0 KOTOPOTO MOACOEANHEH K HACOCY 5, a BBIXO] Ounmiennoe B puiabTpe 19 Macio mocrymaer B
— K CIIMBHOH JINHIH (TIOAI0HY 3). TJIAaBHYIO MacisHyo Maructpans 20 u mo xaHamam 21
Pa6ouwnii oo 12 [II'AK Takke THAPABIMYSCKH  TOJACTCSA K CMa3bIBACMBIM COTPSKCHUSM JIBUTATEIIS.

COeJIMHEH Yepe3 MPOTUBOIPEHAXKHBIN KiianaH 16 ¢ mac- JlaBneHue Macia B MarucTpaiv KOHTPOJIHPYETCS
JSHBIM QuiabTpoM 19, copepxamyM (QUIBTPYIOUIMHA — MITATHBIM AaTYMKOM JaBJeHUs 22, a ypOBEeHb Maciia B
axeMeHT 17 u nepernyckHoi kiamnaH 18. MO/JIOHE — MAcJIOU3MEPUTETHHBIM CTEPHKHEM 23.

0.

-

Puc. 1. Cxema nacocHo-akkymynsamopHou cCucmembl CMA3KU 08U2amesis
1, 2 — cazopacnpedenumenvhbiil U KPUSOUWUNHO-ULANYHHBLI MEXAHU3MbL, 3 — MACIAHBIU NOOOOH;

4 — macnonpueMHUK, 5 — MAcasAHbIN HACOC, 6 — NEPenyCKHOU (NPe0OXPAHUMEeNbHbI) KIanaH, 7 — 00pammblil
kaanawu, 8 — kopnyc (cocyo) nnesmocudpoaxkkymyramopa, 9 — eazoeas kamepa, 10 — 6anion (Ouagpaema); 11 —
arcuokocmuas kamepa, 12 — pabouuii omeoo; 13 — manomemp, 14 — kpan pyunou 2-xo0oeoii, 15 — 2-1unetinwiii

2-no3uyUoHHbIL pacnpedeiumens ¢ uopoynpasienuem; 16 — npomueoopenasicuviti Kianam,
17 — gunomposnemenm, 18 — nepenycknoii knanau, 19 — kopnyc macaanozo punrempa, 20 — enasnas macianas
Mmazucmpans, 21 — kananwt, 22 — damyux daenenus; 23 — MACIOUIMEPUMETbHDILL CINEPICEHD

KirroueBbIM IMOKa3aTeneM IUIAHMPOBAHMS 3araca  IIUH SBJISETCS CPEAHET0JI0Basi UHMEHCUBHOCb OMKA-

3amacHbIX yactedt (3U) a1 rpymnnbl OqHOTHIHBIX Ma- 306 A(L) paccmatpuBaembix 3U, onpeesnsemast o clie-
nyrorneit popmyie:

)\(L) = NOTK/[(Na - NOTK) X L]: OTK‘/KM’ (1)
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re Now — ancno otkazasmux 34 3a mpeamecTBy-
FOLIHH TUTAHUPYEMOMY TIEPHOAY TOJ (MK TObI);

N, — cpeaHee uuciIO aBTOOYCOB OIHOTHITHOW
rpynrbl, SKCCYTOUYHO HaXOJAINIUXCA Ha MapupyTe 3a
nepuo. HaboaeHus (Toxn);

L — cpeaneronoBoii mpoder aBToOyca aHAIH3UPY-
€MOU TPYIIIBI, KM/TOI.

ITapameTp moToka OTKa30B Ka) 0 3armacHoi va-
CTH 715 aBTOOYCOB OAHOTHITHOW TPYTITHI B 3aBHCHMO-
CTH OT Tpo0era ¢ Hayalia KCIDTyaTallly B IEJIOM TIpH-
HUMAETCs KaK CPEIHsIsI BEIMYMHA OT OTKAa30B (TO eCTh
moTpeOHOCTEH 3aMeH) JaHHBIX 3allaCHBIX YacTed 3a
HaOJII01aeMBIN TIEPHOA SKCILTyaTaIiH.

B »TOM citydae B nepBbli IEPUOJ, IKCILTyaTalUH,
Korna (akTHYECKHH TapaMeTp IOTOKAa OTKAa3oB Ag¢
MEHBIIIE CPEIHETO Acp, MOJIENb CUCTEMBI CHaOxeHus 34
paboTaer ¢ HEmOrpy3KoH (TO €CTh MPOU3BOIUTEIIh-
HOCTB BBIIIIE, YeM TPeOyeTcs).

ﬁ(;) b OTE KM

J|I'|_.|:.I:|1|-— —

Bo BTOpOM 3Tamne sKCIuTyaTanuu, Koraa Ay > Acp,
MOJIENIb CUCTEMBI CHAOKEHHS 3aITaCHBIMH YaCTSIMHU pa-
0oTaeT ¢ Teperpy3koil (pacueTHas MOIIHOCTb €€
MeHbIIIe TOTPeOHOI), puc. 2 [2].

Takum 00pa3oMm, B 000HX MEpPHOAaX IKCILTyaTa-
LIMM HAa3BaHHAS! MOZIENb CHAa0XKeHHs, KOTOpasi OCHOBaHa
HA aHaJIM3¢ HHTCHCUBHOCTH MOTOKA 0TKa30B A(L) koH-
KpeTHOH 3Y 11 TpyNITel OTHOTHITHBIX aBTOOYCOB, pa-
0oTaeT He B ONITUMATILHOM PEKUME, a, CIIeT0BATEIBHO,
TpeOyercst ee mepuoandeckas KOPPeKTHPOBKa C yde-
TOM YBEJIHUYCHHS CPEIHETOIOBOTO IMpodera aBTO0yCcOB
W BO3PACTHOTO COCTaBa Mmapka MarmmH. [lapamerp mo-
TOKa OTKA30B MIPH 3TOM MOXKHO JIEJHTH IO dTaraM pa-
00THI aBTOOYCa ¢ Havaa SKCILUTyaTalluk, HallpuUMep, Ha
YeThIpe Meproia W ANl KaKAOro dTala ONpeAeNsiTh
cpeiHee 3HaYeHHe WHTEHCUBHOCTH OTKAa30B Ai 3aJlaH-
HOM 3aIlacHOM 4acTH.

L., kM

FkF--—-—-———————
= — e e e e e e —

4

I, L L,

[:""‘I
I

1-W nepyog

Z2-neprog

Puc. 2. I'paghux usmenenus ghynxkyuu onacnocmu omrasoe (nompeornocmu ¢ 349) 6 sasucumocmu om npobdeza
asmo6ycos 0OHOMUNHOU SPYNNbL C HAYANA IKCNIYAMayUl

Taxum 06pa3oM, Ha/Ie)KHOCTb aBTOOYCOB CBSI3aHA
C Ha/IS)KHOCTBIO UX CTPYKTYPHBIX d5ieMeHToB. HecBoe-
BpEMEHHAas 3aMEHa 3JIEMEHTOB, HaJEKHOCTh KOTOPBIX
CHIKAETCS B MPOLIECCE IKCILTYaTalUH, TPUBOJIUT C OA1-
HOHM CTOPOHBI K HEJOHCIOIB30BaHUIO pecypea, ¢ apy-
TOH, B CBOIO OY€pe/ib, — K 9KOHOMUYECKOMY yIepOy OT
BHE3AITHBIX OTKA30B U CBA3aHHBIX C HUMH ITPOCTOSMH.

[ToTpeOHOCTS B 3amacHBIX YaCTSIX HOCHUT 3ada-
CTYI0 HEONPEACIICHHBIH, BEPOSITHOCTHBIA XapakTep.
Takum o6pazom, 3 JOKHBI TOCTABISATHCS C HEKOTO-
PBIM OIEPEKEHUEM 110 OTHOLICHUIO K BO3HUKAIOILEMY
CIPOCY U JIOJDKHBI TIOCTOSIHHO HAaXOAUTHCS B 3aracax
JUISl CBOEBPEMEHHOTO YJIOBJIETBOPEHHS NOTPEOHOCTH B
HUX. AHaIU3 U3MEHEHHs BeJIMYMHBI 3anaca 34 Bo Bpe-
MEHHU 3a IUIaHUPYEMBbIil TIepHoJl JaeT OCHOBAHHE ISt

pacueta. Hanbosiee 00beKTUBHBIC JaHHBIC 00 HCITOJb-
3oBanuu 3Y monyyaroT mpu cOope U 00pabOTKe IKC-
IUTyaTallMOHHON HH(pOPMAIHH.

3amacHbple 4acTH NPHU XpaHEHHM Ha CKIIaJe CO-
CTaBIISIIOT /IBA BH/IA 3aI1aCOB:
TEKYIIMH 3arac, KOTOPBIHA MpeaHa3HaueH /s
TUIAHOBOTO 00ECTIeYEeH!sI PEMOHTOB;
CTPaxoBOM 3amac, KOTOPBIA MpeIHa3HAaYeH
IUTsE oOecTiedeHs] peMOHTa aBTOOYCOB B CiIydae TOJ-
HOT'O MCIOJIb30BAHUS TEKYIIIETO 3amaca.

3ajaya ONpeneneHus BEJINYNHBI TEKYIIEro U He-
CHI)KAeMOT'0 3aI1acoB JOCTaTOYHO clIoxkHa. OmuOKu B
IJIaHUPOBAHUM MOTYT BbI3BATh ABA BUa HOCHGHCTBHﬁ:

1. HemocraTok 3amacHBIX Y4acTei, KOTOPHIA BbI-
3bIBa€T MPOCTOH aBTOOYCOB M (DMHAHCOBBIE IOTEPU
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BBHUJIy HEBO3MOXXHOCTH 3aMEHBI BBIICALICH U3 CTPOS
JIeTalu.

2. M30bITOK 3amacHbIX 4acTeil, KOTOPbIi rapaH-
THPYET OTCYTCTBUE H3JIUIIHUX MPOCTOEB aBTOOYCOB,
HO TIPH 3TOM BBI3BIBACT [TOTEPH MPEIITPUATHS, KOTOPHIC
CBs3aHBI C XpaHEHHWeM m3nuiika. Kpome toro, ¢u-
HAHCHI, BIIOXKCHHBIC B m3nmuinmHue 3Y, «3aMopakuBa-
IOTCSD» M HE MOTYT OBITh MCIIOJIF30BaHbBI B APYTHX IIe-
TISIX.

AHanu3upyst BBIIIEH3I0KEHHOE, MOKHO TOBO-
PUTH 00 aKTyadbHOCTH pEIICHHs 3a[aud CO3JaHUs B

aBTOOYCHOM IPEIPHATHI CUCTEMBI YIIPABIICHNUS 3a1a-
camu 34, 11enb10 KOTOPOH SABJISIETCS TTOAJEPIKAHUE 3a-
ImacoB Ha ONTUMAJILHOM YPOBHC.

Hcnonp3yst craTHCTHYECKUE IaHHBIE aBTOOYC-
HOTO TPENPUATHS, PACCMATPHBACTCS CIICIYIOIIAS MO-
JieTIb ITaHupoBaHus 3anaca 34 Ha npuMepe 3J1eMEHTOB
cucmembl cMA3Kuy s OMHOTUITHON IPYIIIBI aBTOOYCOB
JInA3 Ha ocHOBE BEpOSTHOCTHOTO mojxona (cM. Tabd-
mary 1).

Tabmuma 1

[Tpumep pacyeTHbIX MapaMeTpoOB MOJIENU ITAHMPOBAHHMS 3AITaCOB 3aIIaCHBIX YaCTEH Uil YCOBEPIIEHCTBOBAHHOM
CHCTEMBI CMa3Ku JBUTartens aBTooycos JIMA3

() [Inanupyemoe uncio
Ne 0 A <108, i ' 1 0 3amacHbIX yacTeil Ha
/o AMMCHOBAHME dJICMCHTa orc/km | 1078A(t),— ' KBapTai ¢ 5%-M 3ana-
H COM, Ny
Hacoc H macnssslif mecrepes-
1 HBII C TIEPEITyCKHBIM KJIaIlaHOM 0,98 0,041 0,959 6 K-TOB
KIT11
2 PaguaTop macnsiabiiit MP 0,33 0,014 0,986 2 K-Ta
3 T'unpopacnpenenurens P2 0,176 0,0074 0,9926 1,0
4 Knamanssii 610k (K1, K2) 0,587 0,025 0,975 4,0
5 Knanan obparasiiit KO 0,044 0,00185 0,9982 1,0 ma 0,5 roma
6 Knanan nepenycknoii KI12, KI13 0,587 0,025 0,975 4,0
7 Pene nasnenus PJ11, P/12 0,587 0,025 0,975 4,0
8 ITaeBMorunpoakkymynstop AK 0,147 0,0062 0,9938 1,0
9 DKBHUBaJIEHTHBIN OIIIUITHUK KO- 1,925 0,081 0,919 12 K-ToB
JICHYATOrO Bajia ABMrarelns 7—8

1. Cpennee 3a Tox 4HCIO aBTOOYCOB HAaHHOM
TPYNITBI, KOTOPBIE €KECYTOYHO HAXOIMINCh Ha Maplil-
pyte: N, = 564 mMammHeL.

N TL
2. CpemneromoBoii mpober aBToOyca L = — =

42000 kM

3. NnTencuBHOCTh 0TKa30B A(L) 3amacHoii yactu
K@XXI0T0O HAMMCHOBAHHUS HAXOIUTCS 10 BBIPAKCHUIO
(2).

4. BeposaTHOCTh OTKa3a (OTpeOHOCTH B 3aMeHe)
KaXJI0T0 HanMeHoBaHusI 3Y B TeueHUE IAHUPYEMOTO
nepuoja (roaa):

q;(D =N XL )

5. BeposiTHOCTH 0€30TKa3HOM pabOTHI THIPOIIIC-
MenTa (34) B TeueHune romaa:

Pi(D=1-q1 @)

6. Ilnanupyemoe dYHCIO 3amacHBIX YacTedl Ha
KBapTal ¢ 5%-M 3amacom:

Ny = 1.05 % Naql(l)/4 (4)

Nya1 = 1,05 x 564 x 0,041/4 = 6,07, npuaumMaeM 6
KOMILJICKTOB;

Ny2 = 1,05 x 564 x 0,014/4 = 2,07, npuaAMacM 2
KOMIIIICKTA;

Ny3 = 1,05 x 564 x 0,0074/4 = 1,1, npuaIMaeM
1,0;

Nyua = 1,05 x 564 % 0,025/4 = 3,7, npuanmaem 4,0;

Nyus = 1,05 x 564 x 0,00185/4 = 0,27, npuHIMaeM
1,0 Ha 0,5 roxa;

Nsus = 1,05 x 564 x 0,025/4 = 3,7, npunumaem 4,0;

Nse7= 1,05 x 564 x 0,025/4 = 3,7, npuaumaem 4,0;

Nyg = 1,05 x 564 x 0,0062/4 = 0,92, npuaIMaeM
1,0

N9 = 1,05 x 564 x 0,081/4 = 11,99, npuanmaem
12 KOMITJIEKTOB.

PazneneHne HOMEHKIIATYphI 3allaCHBIX YacTeH 1O
arperataMm, MeXaHHW3MaM W CHCTEMaM OJHOTHUITHOM
IPYMITbI aBTOOYCOB U COOP CTATUCTUYCCKUX JAHHBIX T10
OTKa3aM (3aMeHaM) OTJCIBHBIX 3aMacHbIX YacTeH 1M03-
BOJIUT ONTUMHU3UPOBATh MOJIETh pacyeTa 3anacoB Tuj-
PO2JIEMEHTOB HAa OCHOBE BEPOATHOCTHOI'O TIOJIXO/1A.

[Ipu M3MeHEHHN KOMMYECTBA OJHOTHITHBIX aBTO-
0yCOB, HAXOAIINXCS B DKCIUTyaTallld, TUIAHUPOBAHUC
JUTSE HAX 3a1macoB 3Y MOXKHO OCYIIECTBIIATH TIO CPE-
HUM 3HAYEHUSAM TTOTOKA OTKA30B U KAXKIOTO HamMe-
HOBAHUS TUAPOIICMEHTOB.

B xoneuHoM uTOTE mMpenanonaraeTcs pa3padoTaTh
METOJIUKY OPTaHU3AINH MTPOIIECCOB MaTEPUATLHO-TEX-
HHUYECKOTO 00eCHeueHHsT aBTOOYCHOIO MPEANPHSITUS
(MTO AII) ¢ moMOIIbI0 aBTOMATH3UPOBAHHON HHGOP-
MAI[MOHHOW CHUCTEMBI YNpPaBICHHUS TCXHUUCCKOW IKC-
IUTyaTaluei.
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AHOTALIA

B cratTi po3risiHyTO NMuTaHHs OOy I0BH MaTeMaTHYHOT MOZIENI PO3BUTKY aOCTPaKTHOI emifieMii 3a BU3Have-
HHX TI0YaTKOBUX yMOB. Bin3HaueHo 110 enigeMii CynpoBODKYIOTH JIIOJICTBO HA MPOTs3i BCHOTO HOTO iCHYBaHHS.
Eninemii i manaemii BUCTYNatOTh SK OOWH 3 Ai€BUX (PaKTOPIiB PETryINIOBaHHS KiTBKOCTI HaceneHHs Ha 3emui. Ha-
JKaJb BCI IOCATHEHHS Cy4acHOT MEJMIMHN HE MOXYTb IIEPEIIKOANTH BUHUKHEHHIO 1 PO3IIOBCIOPKCHHIO CTapHX 1
HOBHX XBOP00. {7151 60p0oThOM 3 HIMH TOTPiOCH CHCTEMHHH MiAXi] , IKH IIependadae, B TOMY YHCIHI, 1 CTBOPEHHS
MaTeMaTU4HUX MOJIEJIEH SIKi OMMCYIOTh TMHAMIKY PO3IOBCIODKEHHS eMijieMiid. 3BUYaiiHO, CKJIaJHICTh TPOOIeMH
(HEOTHO3HAYHO BUPAXKEHI MOYATKOBI YMOBH, CTOXACTHYHMIN XapakrTep Iepediry Moii Tomo) He J03BOJNSIOTH
CTBOPUTH yHIBEpCallbHy MaTeMaTH4Hy MOJIEJIb sika O aJleKBaTHO ONMUCYBaJla TUHaMIKy nepe0iry eminemii. [Tepuri
CIpoOH CTBOPEHHS MaTeMaTHYHUX MOJIEJIeH IS omucy repediry emigemiid Oynu 3pobieni me B XIX cropiudi B
Amrmii. 3BU4aifHO, 3 Cy4acHOT TOYKH 30py BOHU OYJIM HEJOCKOHAIMMH, HE BPaXOBYBaIM 0arato »HUTTEBUX (ak-
TopiB. B monanpimoMy, 3 po3BUTKOM KOMIT IOTEPHUX TEXHOJIOT1H, MOJIEITi CTaBajIM BCE OLIBII JOCKOHATUMU. AJle,
SK BiZI3HAYAIOTh CyYacHI JOCIIIHUKY, Hapa3i IIle¢ He CTBOpPEHA yHiBepcallbHa MaTeMaTHYHa MOJICJIb PO3BUTKY €Tli-
IEMIH.

B nmaniif craTTi po3riagaeTbes OKpEMHH BHUITAIOK 31 CBOIMM JOMYIICHHSAMH 1 TOYaTKOBUMH yMOBaMu. Best
TIOITYJIAIIS JIFOJIe YMOBHO TOJIEHA HAa TPU TPYIH: TEpIa — 0COOM CHPUHHSTINBI 10 XBOPOOH, aie MOKH II0
3/I0pOBi; Apyra — iH(piKOBaHI 0coOH sIKi cami XBOpi 1 € JKEPEIOM PO3MIOBCIOKEHHS CTieMiif; TPETs — 3I0POBi
JIOAM SIKi MAIOTh IMYHITET 10 IaHOi XBOPOOH. 3poOJeH] IPUIYIEHHS 0 MIBUIKICTh 3MiHN CHPUHHITINBHX 10
XBOPOOH JIFOZICH MPOMOPIIiiiHA TOYaTKOBOMY YHC/IY CIPUHHATIMBHUX OCI0, a TAKOXK 110 IBUIKICTh 3MIHU 1H(IKO-
BaHMX ayie BUIYKYIOUHUX oci0 Oy/e mponopiiiiiHa yuciy iHpikoBaHuX nroneil. Takoxk 3po0JieHO MPUITYIIEHHS 1110
KOe(QIIIEHTH 3aXBOPIOBAHOCTI 1 BUAY)KyBaHHS OAHAKOBI. J[JIs1 JaHUX YMOB CKIIaJICHI Ta BHUpileH] audepeHiiiiui
PIBHSHHS 1 Ha TX OCHOBI OOy JOBaHi rpadiuHi 3aJIeKHOCTI SKi OKA3yIOTh TUHAMIKY 3MiHH YHClIa 0Ci0 B KOXKHIH
i3 TppOX rpyn Jtoaeld. OTpuMaHuii BUpa3 AJsl BU3HAUCHHS Yacy MPH SIKOMY KUTBKICTH iH]ikoBaHMX 0ci0 Oyze
MaKcUMallbHa. B 11eif MOMEHT Yacy KUTBKICTh CIPUSATIUBUX IO XBOPOOH 0Ci0 CHiBIamae 3 YuCIOM iHQEKIIHHIX
mozieit. OTprMaHo piBHSHHS JUIS IIPOTHO3Y Yacy 3aBepUICHHs emifemii. BiH 3anexuts Big criBBigHOMIEHHS 0Ci0
B TIepIIii Ta Apyrii rpynax. I[ToOynoBani rpadiky 3MiHH B 9aci KiJIbKOCTi 0Ci0 B YCiX TPhOX Tpymax.

ABSTRACT

The article deals with the problem of constructing a mathematical model for the development of an abstract
epidemic under certain initial conditions. It has been noted that epidemics accompany humanity throughout its
existence. Epidemics and pandemics act as one of the effective factors in regulating population size on Earth.
Unfortunately, all the achievements of modern medicine cannot prevent the emergence and spread of old and new
diseases. To combat them requires a systematic approach that involves, inter alia, the creation of mathematical
models that describe the dynamics of epidemics. Of course, the complexity of the problem (ambiguous initial
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conditions, stochastic nature of the events, etc.) do not allow to create a universal mathematical model that would
adequately describe the dynamics of the epidemic. The first attempts to create mathematical models to describe
the course of epidemics were made in the nineteenth century in England. Of course, from the modern point of view
they were imperfect, they did not take into account many factors of life. Subsequently, with the development of
computer technology, models have become more sophisticated. But, as today’s researchers point out, a universal
mathematical model for epidemic development has not yet been created.

This article deals with a specific case with its assumptions and initial conditions. The whole population of
people is conditionally divided into three groups: the first is persons susceptible to the disease, but so far healthy;
the second is infected persons who are ill and are the source of epidemics; third - healthy people who are immune
to this disease. The assumption is made that the rate of change of susceptible people is proportional to the initial
number of susceptible persons, and that the rate of change of infected but recovering persons will be proportional
to the number of infected people. It has also been suggested that the morbidity and recovery rates are the same.
For these conditions, differential equations are drawn up and solved and graphical dependencies are constructed
on their basis, which show the dynamics of change in the number of persons in each of the three groups of people.
An expression was obtained to determine the time at which the number of infected persons would be maximal. At
this point in time, the number of people favorable for the disease coincides with the number of infectious people.
An equation was obtained to predict the timing of the epidemic. It depends on the ratio of people in the first and

second groups. Graphs of time changes in the number of persons in all three groups were constructed.
Kiro4oBi ciioBa: MmaremMaTHyHa MOJIEINb, enifemis, iHdeKis, tudepeHiiiine piBHSIHHS, IMyHITET, II0YaTKOBI

YMOBH.

Keywords: mathematical model, epidemic, infection, differential equation, immunity, initial conditions.

Formulation of the problem. Throughout life to-
gether with the person there are various diseases. The
actual and average life expectancy of a person is much
less than the potential laid down in it, largely due to ill-
ness. Out of all known diseases, epidemics are of par-
ticular importance to humans, that is, diseases that are
new to the population and spread at a rate far exceeding
that expected. Until recently, epidemics and pandemics
have been the most effective factors in regulating pop-
ulation size (since they are derived from the Greek "de-
mos" — the people). Despite all the advances in medi-
cine, epidemics and pandemics continue to threaten hu-
manity. There are no longer enough medical measures
and remedies to combat these phenomena. At present,
the magnitude and diversity of new and "old" epidem-
ics requires a systematic approach to studying the
causes of their occurrence and spread. And here is the
basic science of humanity — mathematics, which helps
to describe the course of the epidemic, the dynamics of
its growth and attenuation, and so on.

Of course, the complexity and versatility of the
problem does not allow to make a full forecast of the
situation. That is, at the moment there is no universal
model that adequately describes all aspects of the epi-
demic. It should also be borne in mind that the epi-
demic’s development processes are highly dynamic.
Therefore, the issues of modeling the dynamics of the
epidemic are currently very relevant.

In this paper an attempt is made to build a mathe-
matical model of the dynamics of epidemic develop-
ment with a number of limitations and assumptions that
reproduce the real life situation.

Analysis of recent research and publications.
Attempts to simulate the process of the epidemic were
first made in the 19-th century in England [1]. How-
ever, these models were relatively simple and did not
take into account the stochastic nature of the processes
they described. Further development of epidemic mod-
eling was obtained in the second half of the 20-th cen-
tury in the works of scientists of the USSR [2; 3]. Ran-
dom factors of epidemic processes have already been

taken into account in these works, but they were rather
abstract in nature and little account was taken of the re-
alities of epidemics.

A detailed analysis of the experience of creating
mathematical models for forecasting the epidemic on
the territory of the USSR and the Russian Federation is
made in [4]. The paper notes that mathematical com-
puter-aided prediction of influenza outbreaks for large
territories was realized due to the following three con-
ditions:

— was developed a mathematical model of the
influenza epidemic;

— was constructed a matrix of passenger flows
for the 100 largest cities of the USSR;

— was established an epidemic surveillance sys-
tem throughout the country.

In [5] it was noted that the most common approx-
imate (rough) models for describing the epidemic are
linear, exponential and logistic. The first two models
adequately describe well-studied processes in a limited
space of input quantities. When modeling the situation
with several stages of the life cycle, the S - like logistic
model is more adequate [6]. Almost all authors note the
presence of various difficulties in the construction of
models due to the inability to take into account all the
factors that affect the process and their great stochastic-
ity.

For example, in [7] the statistical characteristics of
epidemic processes were evaluated, and it was noted
that the variations in the numbers characterizing the
process can reach significant values, and this should be
taken into account in the analysis of the epidemic scales
and concluded, by the way, as in many other works, that
further improvement of the mathematical model is re-
quired, in particular, a more reliable and objective
method of setting the model parameters is required.
Therefore, most papers on this topic are devoted, for
example, to [8; 9], on specific issues of epidemic mod-
eling.

An analysis of recent publications shows that there
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is currently no universal mathematical model to de-
scribe the dynamics of the epidemic. In this paper, an
attempt is also made to mathematically model the spe-
cific situation of the abstract epidemic with appropriate
assumptions in the formation of initial conditions.
Research results. We construct a mathematical
model of the epidemic of one of the individual cases
that are common in life. Suppose that a population of
people consisting of N persons is divided into three
groups. The first includes individuals who are suscep-
tible to a particular disease while still healthy. The
number of such persons at a given time t is denoted as
A(z). The second group is people who are infected -
they are sick themselves and are a source of disease
spread. The number of such persons in the general pop-
ulation at time t is denoted as B(z). And the third group
are people who are healthy and immune to the disease.
The number of such people at time z is denoted as C(z).
So:
A(t)+ B(t) + C(t) = N. 1)
Suppose that when the number of infected people
exceeds a certain fixed number B*, the rate of change
in the number of people susceptible to the disease will
be proportional to the number of the most susceptible
persons. We also assume that the rate of change in the
number of infected but recovering persons will be pro-
portional to the number of infectious people. Of course,
these assumptions somewhat simplify the real situation,
but in the case they reflect the true situation. According
to the first assumption, we will assume that when the
number of infectious people is B(z)>B*, then they are
capable of infecting susceptible people. This means that
the isolation (up to some point in time) of infectious
persons in quarantine is taken into account, or they are
at a considerable distance from susceptible persons to
the disease. Thus, we arrive at the differential equation:
da _ (—aA,if B(t) > B* ’
5_{ 0,if B(t) < B* @)
It must be borne in mind that every person suscep-
tible to the disease, after becoming ill, becomes infec-
tious. Therefore, the rate of change in the number of
i~

.I?I"l' ______________________________________

infectious persons is the difference in unit time between
those who have just become ill and those who are al-
ready recovering.

So,
i (@A — BB,if B(t) > B*
e NC)
dr —BB,if B(t) <B

We call the constants a and p the morbidity and
recovery coefficients, respectively.

The rate of change in the number of people recov-
ering is given by the equation:
—=pB (4)

To solve these equations uniquely, you must set
the initial conditions. We assume that at time =0, there
are no persons immune to the disease, that is, C(0)=0
and B(0). Also assume that the coefficients of morbid-
ity and recovery are the same, that is a=8. We will look
at this simple version of the situation. In real life, in
most cases a # £. We will cover this case in the next
article.

Once these assumptions are made, there are two
cases to consider.

Case 1. The number B (0) <B *

In this situation, with increasing time, individuals
in the community will not be infected, because in this

case % = 0 and according to equation (1) and the con-

dition C(0)=0, for all 7 is true equality:
A(t) = A(0) =N — B(0) (5)
The case we are considering corresponds to the sit-
uation when most infectious persons are in isolation. In
this case, from equation (3) we arrive at the differential
equation:
2= —aB (6)
Hence B(t) = B(0) exp(—at) and, respectively,
C(t)=N—-A(t)—B(r) =B(0)[1 -
exp(—at)] ()
In Fig. 1 graphically shows the time change in the
number of persons in each of the three groups.

B(7)

-

L

T

Fig. 1 Dependence of change of number of persons in each of three groups at B(0)<B*

Case 2. The number B(0)>B*.

In this case, there must be a time interval 0<¢<T,
for all values of z, the inequality B(z)>B* holds, since
the content of problem B must be a function of time «.
From which it follows that for all = from the interval [0,

T] the disease will spread to susceptible persons. Thus
from equation (2) it follows that:
A(7) = A(0) exp(—ar) ®)
for0<z<T.
Substitute the value of A(z) from (8) in equation
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(3) and proceed to the differential equation:
Z—i + aC = aA(0) exp(—art) 9)

If we multiply both parts of equation (9) by
exp(ar), then this equation will take the form:

%[B exp(at)] = aA(0)

After integration (10) we will have:

B exp(at) = aA(0)T + K

and accordingly the set of all solutions of equation
(9) is given by the relation:

B(t) = Kexp(—art) + aA(0)t exp(—at) (11)

If we take here z=0, we choose K=B(0), and thus
equation (11) takes the form:

B(t) = [B(0) + aA(0)7] exp(—ar)
for0<7<T.

In the future we need to find the true value of T
and find the time point zmax at which the number of in-
fectious persons will be maximum.

Finding the time T is important because at this
point the morbidity of susceptible persons stops. If we
take 7=T in equation (12), then taking into account the
previous conclusion, we can see that its right part takes
the value B*, that is:

B* = [B(0) + aA(0)T] exp(—aT)

But A(T) = Tlf?o A(1) = A() is a number.

Susceptible persons who have escaped the disease
and for whom the following equations are fulfilled:

(10)

(12)

(13)

A(T) = A() = S(0) exp(—=aT)  (14)
From the last equation we can find T:
_ 1, A0
T=- In ) (15)

Thus, if we can specify the number of persons
A(), we can thus use equation (15) to predict the time

2

of epidemic completion. After substituting T from (15)

into equation (13) we obtain the equation:
* — AW) ] A=)
B* = [B(0) + A0) In A(w)] -
B*  B(0) A(0)
T A) A0 T A
which can be rewritten as:
B’ _ 5O
m + lTlA(OO) = A0) + lTlA(O) (16)
Since B* and all terms in the right-hand side of
equation (16) are known, we can use it to determine
A(o).
To find the time zmax at which the number of in-
fected persons will be greatest, consider equation (12),

from which you can go to equality:

28 — [2A(0) — aB(0) — a?A(0)7] exp(—az) =

ar =
0(17)
From this equation we can find the time zmax for

which B reaches the maximum value:
1 B(0)

Tmax = - [1 - m (18)

Now substitute the value max from the last equality

in (12) and obtain:
— B(0)

Bnax = A@exp (= | 7 0V} = 4tna) 19)

The obtained equation shows, in particular, that at
time zmax the number of disease-prone individuals coin-
cides with the number of infectious people.

When z > T, susceptible persons no longer become
infectious and:

B(t) = B*exp[—a(t — T)] (20)

Figure 2 schematically shows the change in the
number of persons in each of the three groups at
B(0)>B*.

¢

A

Lmex T

B(y)
—

Fig. 2 Dependence of change of number of persons in each of three groups at B(0)>B*.

Conclusions. According to the results of the re-
searches, a model of the epidemic development dynam-
ics in the form of differential equations was con-
structed. An expression was obtained to determine the
time at which the number of infected persons would be
maximal. An equation was obtained to predict the tim-
ing of the epidemic. It depends on the ratio of people in
the first and second groups. The graphical interpreta-
tion of the change in the number of persons of three
population groups is given.
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K BOITPOCY O ITIPOCTPAHCTBE 1 BPEMEHU

Bouuunckuit B.A.

Hnemumym xubepuemuru um. B.M. I'nywkosa HAH Ykpaunul,
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TO THE QUESTION OF SPACE AND TIME

Vyshinskiy V.
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AHHOTALIUA

Kiev

CoBpeMeHHBIH 3Tal Pa3BUTHSI HAYKH M TEXHUKH MPEIIIONIAracT pa3pemeHne IpooiieM CBSI3aHHBIX, KaK MU-

HUMYM, C TIO3HAHWEM OpTaHU3aly WHPOPMAITMOHHONW 00pabOTKH, KOTOpas pa3MeIIaeTcsi B eCTECTBEHHOM HH-
TEJUIEKTE. A TaKke HaCyI[HOM MPOoOIeMOii BBICTYIIAET CO3/IAaHNE CPE/ICTB MEPEBHIKEHHUS CO CKOPOCTSIMH, KOTO-
PpBIC HE 3aTATHUBAIOT BPEMA Hpe6blBaHI/I${ YEeJIOBEKAa KOCMOCE. Bezu) OHO MOKET OTPHUIATCIILHO CKa3bIBATHCA HA €0
3J0POBLE U CYHICCTBCHHO OI'paHUYMBATh BPEMs IMO3HAHUA. bes ajleKBaTHOﬁ pupoac OPUCHTAIUU B TAKUX ITOHA-
TUAX, KaK MIPOCTPAHCTBO U BPEMA, HAYYHOMY COO6IlIeCTBy pa3peuinTb, OTMCUYCHHLIC BBIIIC HpO6J'IeMLI 3aTpya-
HeHo. B cratbe HCCIICAYIOTCA COBPEMECHHBIC MMOAXO0/AbI B CO3AaHUN CUCTEMBI IIPOCTPAHCTBA U BPpEMEHU U TPEAJIO0-
JKCHa MOMNbITKA MOCTPOUTH aICKBATHYIO IPHUPOJAC MOIECIIb.

ABSTRACT

The current stage in the development of science and technology involves solving problems related, at least,
to the knowledge of the organization of information processing, which is located in natural intelligence. And also
an urgent problem is the creation of vehicles with speeds that do not delay the time a person spends in space. After
all, it can adversely affect his health and significantly limit the time of knowledge. Without an orientation adequate
to the nature in concepts such as space and time, it is difficult for the scientific community to resolve the problems
noted above. The article explores modern approaches to creating a space and time system and suggests an attempt
to build a model adequate to nature.

KiroueBble ¢jioBa: TpexMepHOE MPOCTPAHCTBO, BPEMSI MaTepHalIbHAs TOYKA, MaTepralibHas JINHUS, MaTe-
puajibHad mjionaiab, MrHOBEHHC, 0ECKOHEYHOCTh

Keywords: three-dimensional space, time material point, material line, material area, instant, infinity

1. Beenenue

B xonne 19-o u nayane 20-o croneruii B Gpuznke
pa3pasmicsl Cepbe3HBIH KpPU3HUC, M €r0 pa3pelieHue,
CyZsI TIO BCEMY, MOXHO OBLIO OBI OCYIIIECTBUTH aKCHO-
MaTH4YeCKUM METOIOM HCCIEJOBAaHHWH, 3TO KOTAAa Ha
OCHOBE CHCTEMBI aKCHOM B aireOpe JOKa3bIBAIOTCS
Tr00BIE JIEMMBI U T€OpEMBL. IHBIMU CIIOBaMH, HCIOJb-
3ysl aHAJIOTHYHYO CUCTEMY, HO yXKe aKCHOM B (hH3HKeE,
MMEHYEMBbIX MOCTYJIaTaMH1, IO3HATh JIt000€ SBJICHUE B

npupoae. [lo-Bunumomy, ¢ 31oil uensio B 1900 roxay,
cpenn 23 npobnem, . I'misbept chopmynuposain me-
CTYIO TIpoOJIEMy, B pa3pellieHHH KOTOPOU Iperoara-
JIOCh «MaTEMaTHYeCKH OOOCHOBAaTh CHCTEMY aKCHOM
¢u3ukm». Kak moTom BBISICHHUIIOCH, Takylo (pUKcHpo-
BaHHYIO CHCTEMY aKCHOM €CTECTBO3HAHUS IOCTPOHTH
HEBO3MOXHO [1], a BOT «OTKPBITYIO» CHCTEMY, KOTO-
pasi, Mo Mepe MO3HaHMS, OMIOTHAETCS HOBBIMH ITOCTY-
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JaTaMH — BO3MOXHO. Kpome Toro, kak 0ka3anoch, Kax-
JIBI TaKOW TMOCTYJAT JOJDKEH OBITH €lle W 3aKOHOM
MPUPOJBI, & K MX YUCIY CIEAYET OTHECTH TaKKE U He-
KOTOpBIE IOHSTHS, KOTOpPbIE, OOBIYHO, K 3aKOHaM He
OTHOCATCA, XOTA, CYIIECTBOBAHUEC IPUPO/IbI 663 HUX
HeMbICIUMO. VccnenoBanuio, IMEHHO, 3TUX MOHSITHH
Y TTOCBSIIIIEHA HACTOSIIAS CTaThsl.

2. Obs3aTeIbHbIE aTPUOYTHI IPUPOABI

CorylacHO MaTepHaTNCTHYECKOMY MHPOBO33pe-
HUIO TIPUPOJIA 3TO — MaTepHsl, HaXOIIEHCs B TIOCTO-
SIHHOM JIBI)KEHHH, U JII000€e ee MpeACTaBIeHne B IPo-
CTPaHCTBE M BO BPEMEHH, HECMOTPS Ha «OOMIETIpH-
3HAHHBIE» JIOCTIDKEHUS B TO3HAHUHM NPHPOIEl 21-0
BEKa, Y HayYHOH 0OIIeCTBEHHOCTH BBI3BIBAIOT CIIOPHI.
[To cymiectBy, pazHoriacuss B HOHUMaHUU TOTO, UYTO
TaKkoe TPEeXMEpPHOE MPOCTPAHCTBO U OJHOHAIIPABIICH-
HOE «TEYeHHE» BPEMEHH, HaXOIATCS BOKPYT IBYX MH-
POBO33pEHHH — MaTEPHAIUCTHIECKOTO U U/IeaTCTHYE-
ckoro. HaBepHoe, 15 BBISICHEHHS CYTH TIpeMeTa yKa-
3aHHBIX pasHOTJIACMH HE CIIeAyeT YXOIUTh B
HCTOPUYECKUHA SKCKYpC, IMOCKOJIBKY MPOIIIOe Hamen
OUBWJIM3ALUH TAJIEKO HE OJHO3HAYHO U Y MHOTHX HC-
cllefloBaTeNiell HATaJIKMBAETCd HA HECOBMECTHMBIC
MPOTHBOPEUHsL. DTa OCOOCHHOCTH MO3HAHUS KacaeTcs
HE TOJBKO HCTOPUYECKUX COOBITHH, OTHOCSIIHUXCS K
JKHU3HU COO6I_[IeCTB, HO M K UX HAYYHO-TCXHUYCCKOMY
pazButuio. B 000mx ciydasx JOMHUHHPYET CyOBEKTH-
BU3M, ApIYMEHTUPOBAHHBIN CYIIIHOCTBIO Halllel LIUBU-
nu3anud. Mcxons M3 3TOro, OCTAaHOBHMCSI Ha COBpe-
MEHHOM ITOHMMaHUH, HE TOJIBKO, YTO TaKOE TpeXMep-
HOE TIPOCTPAHCTBO M OJHOHAIIPABIEHHOE TEUCHHE
BpPEMEHH, HO 1 Ha TAKHUX UX IIPOSIBICHUSX, KAK MAaTCPH-
aNbHasg TOYKA, MaTephalibHasi JMHUS, MaTepHaIbHas
IUIOIIAIb, MTHOBEHHUE M OECKOHEYHOCTH BO BPEMEHHBIX
¥ TIPOCTPAHCTBEHHBIX H3MEPEHHSAX.

JlocTrxkeHNsIMH B HayKe IBAILIATOTO BEKa, MO Ce-
TOJIHSIIIIHUM J1I€Hb, HUYETrO aJIEKBATHOIO MPUPOJIE B MO~
HUMaHHH TPEXMEPHOTO MPOCTPAHCTBA U OJHOHAIPAB-
JICHHOTO TE€YEHHsI BpeMEHH He ObIJI0 BHECEHO. DTO OT-
HOCHUTCSl U paboTaM YYEHBIX C MaTepHaTHCTHYECKUM
MHpOBO33peHHeM. VX BepHOE yTBEpKIEHHUE, YTO NPO-
CTPAHCTBEHHOE M BPEMEHHOE U3MEPEHUE UMEET MaTe-
pHaTbHYIO MPUPOJNY, HUKAKUMU HAayYHBIMH (aKTaMH
He OBUTO MOATBEPXKICHO.

[To cymecTBy, «MaTepuamicTHIeCcKasD) HayKa, KaK
MOJIO/1asi OTpacib YelIoBeuecKoi aestenbHocTH B Co-
BeTckoM Coro3e, onmpanach Ha MHOTOJICTHHH OTIBIT 3a-
MaJHOM HayKu, KOTOpasi, 110 CBOEH CyTH, «IIPOU3POCIIay
M3 PCIIMTUO3HOI0 MOHUMaHHUA OKPYXaroIIEro Mupa, u
C KOTOPOIO €i1 CerogHs 04eHb TPYAHO «YHUTH» OT MH-
CTUKH, OT CYObEKTHUBHOT'O MMOHUMAaHMs MPUposl. Oka-
3aJI0Ch, UTO B 001IecTBe (CTpaHbl BOCTOYHOM EBpomnbI),
HACKBO3b IPOHM3aHHOM MaTEpPHAIM3MOM, HE MECTO B
HAayYHBIX HCCIIC/IOBAHUSX CYOBEKTHBH3MY M HJea-
m3My. OHaKo, B (GU3HKE, a 3TO ee IPeporaTuBa OTBe-
THUTb Ha BOIpoc «YUTo Takoe ITPOCTPAHCTBO U BPEMA?»,
YUCHbIE MaTEePHAIIMCThl U3 3TUX CTPAH JBUTAIUCH CIIE]
B ClIeJ 1O 3amagHoMy IyTH. MM ObLIO HEBMOTOTY, B
HayKe, 4YTO-TO a/IeKBaTHOE NPHPOJE IMPOTUBOIOCTA-
BUTH TEOPUHU OTHOCUTEILHOCTH M KBAHTOBON MEXAHUKE
— (pyHEaMEHTY COBPEMEHHOT'O TIOHMMAHUS IPHPOJIBL.

H3BecTHO, 4YTO DWHINTEHH TPETOKIIT a0CTPaKT-
HYIO MOJIeJIb TPEXMEPHOTrO MPOCTPAHCTBA U BPEMEHH,

OnuparoIuecs Ha BEChbMa COMHUTEIIbHbBIE TEOPUHU OT-
HOCHUTEJIBHOCTU. Eciu B crieuabHON TE€OpUU OTHOCH-
TEJILHOCTH OH OOOCHOBBIBAET 0053aTEILHOCTD ITOCTY-
JlaTa, OTpHLAIONIETO HajIu4Ke 3¢pupa (BaKyyma) B IIpH-
pole, TO B TMOCIEAyIOUIed  oOmedl  Teopuu
OTHOCHUTEJIBHOCTH CUTYalus CKIIAAbIBACTCS YK€ WHas.
B 1920 rogy o, xacasch 3TOH TeOpUH, IPU3HAETCA,
«4TO B IpocTpaHcTBe Oe3 adupa ... He TOIBKO ObLIO OB
HEBO3MOXHO PAcIpOCTPAHEHNE CBETA, HO HE MOTJIN OBl
CYIIECTBOBAaTh MAcIITAOBI ¥ Yachl, M He ObIIIO ObI HUKA-
KHX TPOCTPaHCTBEHHO-BPEMEHHBIX PacCTOSHHUN B QH-
3UYECKOM CMBICIIE cloBay [2].

Kpome Toro, 00e 3TH TeopuM NpHUIEPKUBAIOTCS
00111ero /It HUX MOCTYJ1aTa, (PUKCHUPYIONIEro NOCTOSH-
CTBO U MaKCHMaJbHYIO BEIMYUHY CKOPOCTHU CBETa, KO-
TOpBIﬁ COCTaBJISCT «CHOID» DJICKTPOMAriMTHBIX BOJIH —
¢doronoB. B [3] n0Ka3aHo, YTO BOJHA SABJISETCS COCTO-
SITHUEM Cpefbl M OTpaXkaeT TONBKO €€ CBOMCTBA, T.€.
CKOpOCTH ()OTOHA 3aBHCHUT TOJBKO OT CPEAbl, B KOTO-
poii OH pacnpocTpaHseTcs. A UMEHHO, €CJIN HCTOYHUK
CBETa HAXOIUTCS Ha ABIXKYIIEMCS OOBEKTE, TO €ro
CKOPOCTH HE MOXET YBEIMUHUTH, THO0 yMEHBIIUTh CKO-
POCTh PAaCIIPOCTPAHEHHS CBETOBOTO JIyda.

OWHIITENHH B yMO3PUTEIbHBIX OIBITAX, HE yUUTHI-
Bas, OTMEYEHHYIO BBIIIE HE3aBUCHMOCTH CBETOBOTO
IIOTOKA, YTBEP>KAAET, YTO B3aUMOJEICTBUE Tena ¢ IIy-
YOM CBeTa M3MEHSAET €ro IpOCTPaHCTBEHHO-BPEMEH-
Hble TI0Ka3aTenu. boree TOro, MIaBHbIM NOCTYJIAT TEO-
PUH OTHOCHUTEJIBHOCTH, COIJIACHO KOTOPOMY HUYTO B
MIPUPOJIE HE MOXKET JIBUTAThCSI CO CKOPOCTBIO IPEBBI-
HIAlOIEl CKOPOCTh CBETA, OKA3bIBAETCS HE BEPHBIM.
Benp ewe Jlamnac [4] gokasai, 4To pacrnpocTpaHeHHE
IPaBUTAIMK TIPEBBINIAET CKOpOCTh cBeta B 107 pas.
VYaxe B atom cronerun (2006 — 2011 r.r.) npu uccnemo-
BaHUH ITy9Ka HEHTPOHOB, KOTOPBIN OBLT HATIpaBJICH U3
HEPH B mom3emHyro iaboparoputo B Uramun I'pan-
Cacco (paccrostHue 732 KHWJIOMETpa), 0Ka3ajloch, YTO
CKOPOCTh HEWTPHUHO BBIIIE CKOPOCTH CBETa YXe B
2x10% pas. TTpuuem, 5TOT ONBIT ITPOBOAMICS 15 ThIC.
pa3, T.e. HaOpaJl BHYIIUTEIBHYIO MOATBEPKIAIONIYIO
SIBICHHE CTAaTUCTHKY.

B mocnennee Bpems psia 1OOPOCOBECTHBIX yue-
HBIX JIOKa3aJId HECOCTOSTEIBHOCTh TEOPHH OTHOCH-
TEJIFHOCTH, KOTOpas HE MOXKET OBITh (DyHIaMEHTOM
JUIs TIOHMMAaHUS TIPUPOJIBI, BKIFOYAs CYIIHOCTH MpO-
CTpPaHCTBEHHO-BPEMEHHOM ero cucreMsbl. boiee Toro, k
9THM J0Ka3aTelIbCTBAM MOKHO IPUCOCANHHUTH €IIe
psi MaTepuanoB, HO MMOCKOJIBKY HacTosmas pabora He
MOCBSIIIEHA Pa3BEPHYTOH KPUTHUKE TEOPHH OTHOCH-
TCJIBHOCTH, TO IJISI HUX Tpe6yIOTC$[ OTACJIBHBIC Hy6J'lI/I-
Kaluu.

CoBpemeHHast (pU3MKa B Ka4yecTBE CBOETO (DyHAa-
MEHTa UCHOJb3YEeT, KPOME TEOPUH OTHOCHTEIBHOCTH,
eIle ¥ KBAaHTOBYIO MEXAHHUKY. XOTS 3TH JIBE€ TEOPHH,
MIPOTUBOpEYAT JAPYT APYTY, OIHAKO CUUTACTCS, YTO
00BSICHUTB OKpY>Karoluii MUp 0€3 HUX HEBO3MOXHO, B
TOM YHCJI€ U TPOCTPAHCTBEHHO-BPEMEHHYIO €TI0 CH-
creMy. [TOKIIOHHUKH TEOpUH OTHOCHTEIBHOCTH, C Of-
HOH CTOPOHBI, 1 KBAHTOBOM MEXaHUKH, C IPYTOM, HE
MBICJISIT IIPOCTPAHCTBO-BpeMsl 0€3 IpaBUTallMOHHOTO
moJisi. OMHAKO eCly KIIF0OYEBBIM MOMEHTOM B SHHINTEH-
HOBCKOHM MOJIENH 3TOM CUCTEMBI IPUCYTCTBYET HEIIpe-
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PBIBHOE TPAaBUTAIIMOHHOE T0JIE, TO B KBAHTOBON MeXa-
HHKE MOJIs (B TOM YHCIIE W TPAaBUTALIMOHHBIE) HMEIOT
JIPYTYIO U Y’Ke KBaHTOBYIO NpHupoy. Bo3Hukaer ecre-
CTBEHHBIH BOIIPOC, KaK COIJIacOBaTh 3TO NPOTUBOpEUHE
— BCJIb O9TU ABE TCOPHU, 11O OTACIIBHOCTHU, TaK XOPOUIH
Y TaK KPacUBBI C MAaTEMaTHYECKUX MO3UIHMH, YTO BO3-
HUKAEeT y>ke OTMeUeHHBIN B [5] cunapom [Turmanuona,
U MUMO HETr0 HMKAaK HEe MOXXET IPOWTU COBpPEMEHHas
¢u3MKa. DTOT CHHIPOM «IIPOU3PACTACT» U3 U3BECTHOMH
rpedeckoil MU(OJIOTHH, COTIIACHO KOTOPOH Iapb, M3-
BasiB M3 CIIOHOBOM KOCTH OYEHb KPACHBYIO >KEHIIMHY,
BIIOOJISIETCS B HEE, W 3aTeM C IO3BOJICHHS OOTMHH
JOOBH JKeHUTCA Ha Hei. Tak 1 MaTeMaTHK MpHUIyMaB
OYeHb KpacuBylo (hopMyIly, IPUCBAWBAET €€ CBOICTBA
MIPUPOJIE, KOTOPBIE, B TO JK€ BPeMs, Yy AbI IPUPOJIE.

OCHOBHBIE TIOJIOKCHHUSI KBAHTOBOM MEXaHHMKH, KaK
U TEOPUU OTHOCHUTEJBHOCTH, B COBPEMEHHON HayyHOH
JUTEpaType XOPOIIO OCBEILIECHBI, U B UX Pa3BUTHU MHO-
rHe ydeHble ynoctoeHbl HoOeneBckux mpemuii, ox-
HaKo, K HUM TPHUPOJOH «CTaBATCS» BECbMa HEJUIIE-
MIpUATHBIE BONPOCHL. Tak (hu3nMKaMn KBaHTOBOH Mexa-
HUKH Ha CETOJHS MOACUYNTaHA, KAK OHU yTBEPXKIAIOT,
camasi Masiast 00JIaCTh MIPOCTPAHCTBA, 32 KOTOPOH yKe
HH4Yero He cymecTtByeT. OHa COOTBETCTBYET MUHH-
MaJbHOMY pa3Mepy 4acTHUIbI Iepes €€ MaJeHUEM B,
UMH XKe MPUIYMaHHYI0, COOCTBEHHYIO YEPHYIO JBIPY.
Ee nnuHa BeIUMCIsieTcs mo cienyouiei Gpopmysie

hnG
L, =\— 1),
Cc

rne G — mocrostHHas KoHcTaHTa TsroreHus G
CKOPOCTh CBeTa C M nocTosiHHas [1nanka 7i . 3neck yep-
TOYKa yKa3bIBAET Ha TO, YTO 3Ta IOCTOSIHHAS pa3AeiIcHa
Ha 2 /T . Ee nosiBneHuto Hayka o0s3aHa CleAyroleMy
YTBEPIKACHHIO: «IPUIYMAaHHOMY (U3HMKaMHU-TEOPETH-
KaMH, KOTOPbIE CUUTAIOT, YTO 3Ta MaJIEHbKasl UepTOUKa
Ha OykBe h «zenaer ee neraHTHONY.

U B 3TOM MecTe Hallero U3J10KeH s, CHOBA, BCIO-
MHHaeTcsi CHHApoM [IurmManmoHa, KOTOPBIA yIOpHO
MPOPBIBAECTCSl HApPYXy Yy HCCIenoBaTene (QU3NKH.
Kpome Toro, BO3HMKAaET €CTECTBEHHBIII BONPOC — I1O-
yeMy, IpU OIICHKE CaMOW MaJjiol 00JacTh MpoCTpaH-
CTBa, UCHOJIB3yeTcs unHa Ly, a He MIocKoCTh, MU
00BEM.

Tenepb, MOMbITACMCA YCTAHOBUTH COCTOATCIIb-
HOCTH opMysbl (1), MpoaHATM3UPOBAB UCTIONIB3yEMbIE

B HEH KOHCTAHTHI. TaK, BCJIMYKWHA h, SABJIAACH OCHOB-

HOM KOHCTaHTOI KBaHTOBOM TEOPHUH, CBA3BIBAET JHEP-
rucro kBanTta E B popmyie
E=hv (2)

ITo yrBepxkaenuto Ilnanka, koTOphIil ee mpuay-
MaJl, OHa «SBIISIETCSl BCETO JIMIIb YAaUHbIM MaTeMaTH-
YECKUM TPIOKOM, HO HE UMECT (PU3MYECKOTO CMBICIIAY.
WubiMu cnoBamu, nocTosiHHas [lnaHka ¢ 4epToOUKoO B
BEIpakeHUH (1) B3sTa «OT IMOTOJIKA», U HUKAK HE OTpa-
JKaeT COCTOSIHUE MPUPOJIBIL.

Crnenmyromasi KOHCTaHTa, Hcnonb3yemas B (1) sB-
JSeTCs MOCTOSHHOM TpasuTtamuu G, MpHHAIIIEKAIICH
(dhopmyne BcemupHOTO TATOTeHHS HBIOTOHA, KOTOpas
MOJIydeHa SMIMPUYECKH, T.€. €€ BBIBOJ OTCYTCTBYET.
Cunraercs 4To OHa MPaBWIbHAs, IIOCKOIBKY IO YTBEp-

YKIEHUSIM MaCTHTBIX YUCHBIX Ha €€ OCHOBAHHUH BBITIOJN-
HEHBI pacyueThl TPaBUTAIIMOHHBIX CHJI 3eMJIM Ha pac-
CTOSIHUM HECKOJIbKMX MMJUIMOHOB KUJIOMETPOB U OHU
BeChMa TOYHO COBINAAAIOT ¢ 3KcIepuMeHTamu. [Ipasaa,
BO3HUKAET €CTECTBEHHBIH BOIIPOC K 3TUM IKCIIEPUMEH-
TaM — Be/Ib OINBIT KOCMOHABTHKH IIOKA3aJI, YTO yKe Ha
pacCTOSHUM OJIMH KWJIOMETP OT IIeHTpa 3eMJIH ee Tpa-
BHTAIHS OTCYTCTBYET [6]. U3Mepenuem G 3aHMMaNKCh
MHOTHE SKCHEPUMEHTATOPHI, WCIONB3Ys pPa3IHYHBIC
TEXHOJIOTHH, OJHAKO HX PE3yIbTAaThl OKA3aJIHCh TOXKE
caMmblIe pa3JInJHbIE.

U, nHakoHem, moclemHsAs HCIoib3yemas B ¢op-
Mmye (1) koHCcTaHTa — OCTOSIHHAS CKOpOCTH cBeTa. Ee
HCIOJIb30BaHUE B BEIYUCICHUH CaMOT0 Mayoro (TjiaH-
KOBCKOTI'0) pa3mMepa IpoCTpaHCTBa He 000cHOBaHO. Bo-
NIepPBBIX, HE MOHITHO, KAKMM 00pa3oM 3TOT pazMep, KO-
TOpEIH M3MepseTcs uuciaoM nopsaaka B 102 zapucwur,
OT TaKOM, JJaJIEKO HE COU3MEPUMOI C HUM KOHCTAHTOU
ckopoctu cBera (300 TIC. KM. B cek.). Kpome Toro, Ha
OCHOBaHHMH YE€ro B paccMaTpuBaeMoil (opmyie oHa
HAXOJAWTCS B 3HAMEHATEIE, Ja CIIle, B TPEThEH CTEIICHH.

Takum 00pazomM, aHANMH3 TPEX KOHCTAHT, HCIOTh-
3yembIX B (opmyre (1) ompemeneHHs caMbIX MalbIX
IUTAHKOBCKUX pa3MEpOB YaCTHIBI B IPOCTPAHCTBE,
CBUJETENBCTBYET 00 X HECOCTOSATEIEHOCTH.

OreHuBass KBaHTOBYIO (PHU3HKY, KOTOPYIO €€ Io-
KJIOHHUKH HCIOJB3YIOT A CO3/JaHUS MOJENH IIpo-
CTPaHCTBA ¥ BpPeMEHH, clieyeT 0OpaTUTh BHUMaHHE Ha
€e OCHOBY OCHOB — ypaBHeHue lllpenunrepa

h oY h?
——x—=——-AY+U(X,y,Z,t)x¥ (3).
I ot 2m

OT0 ypaBHEHHE HE BBIBOAWMOE, a CIPaBEIIIH-
BOCTh €T0 JOKAa3bIBACTCS TEM, KaK yTBEPXKIOAOT (Pu-
3UKH, YTO C €r0 IMOMOIIBIO MOTyYarOTCs BHIBOJIBI B XO-
poIIIeM COTJIacHH C OMBITOM. B TO ke BpeMs K 3ToMy
YPaBHEHMIO BO3HUKAIOT €CTECTBEHHBIE BOIIPOCHI, KOTO-
pBI€ HE COTJIACYIOTCS C CYThIO CaMOll KBAaHTOBOM Mexa-
HUKH. Jle710 B TOM, 4TO ee pelIeHHeM sBisieTcs: QyHK-
mus V', koropas

1) nomxHa OBITH KOHEYHOI, HENPEPHIBHOW H OJ1-
HO3HAYHOM;

oY oY oY

ox ' oy oz

2) MpOW3BOJIHBIE JIOJIKHBI

OBITh HETIPEPHIBHEI;
2
3) dynkimsa |\P| JIOJDKHA OBITH MHTErpHpyeMa,

T.€. € TPOIHOI MHTEerpal, OT MHHYC OECKOHEYHOCTH
JI0 TUTIOC OECKOHEYHOCTH, TI0 TPEM KOOpIUHATAM IpPO-
CTPaHCTBA JOJDKEH OBITh KOHEYHBIM.

CornacHO YCIIOBHIO HENPEPBIBHOCTU BOJIHOBOM
(GYHKIMM Y4acTHIBI M, €€ MPOU3BOJHBIX, OHA JIOJDKHA
o0ecrieuynBaTh MPUPOIC MPUIMHHO CIICACTBECHHBIN Me-
XaHU3M, KOTODBII HE MpexycMaTpUBaeTCsd KBAaHTOBOM
MEXaHUKOM — TOMY MPEMATCTBYET €€ MPUHIIUII HEeOoTIpe-
nenenHocts Hlpenunrepa. UTo kacaeTcs OCTalbHBIX
CBOMCTB QyHKIIMU |/, TO OHU TOXKE HAXOAATCS B IIPO-

TUBOPEYUHU C KBAHTOBOI MOJEJBIO UCCIIEYEMOM MaTe-
PHATBHON cpefibl. DTO, MPEKAE BCETO, OTHOCUTCS K OI-
HO3HA4YHOCTH (YHKIMHU, KOTOpasi He IPEIyCMaTpUBAET
BEPOSITHOCTHOE IOBEJEHUE HYacCTUIBI B NPUPOAE CO-
IJIACHO KBaHTOBOI MEXaHHKE.
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[Tornmast GecriepCrieKTUBHOCTD, U TEOPHH OTHO-
CUTETFHOCTH,  TEOPHUH KBAaHTOBON MEXaHUKH B CO3/1a-
HUM aJIeKBATHOW TPHUPOJAE CHCTEMBI IPOCTPAHCTBA U
BpEMEHHU BO BTOpOM mosioBuHe 20-0 BeKa TEOPETUKU
NpeJIOKMIN HallpaBjieHue B pHU3KKe, KOTOpoe 0003Ha-
YEeHO Teopuei cTpyH. bospne Hagex bl BO3Iaraauch
Ha Hee — Be/Ib €€ «MaTeMaTHKa» IpeiaraeT CyIecTBO-
BaHME IIEJIOT0 MHOXKECTBa (HECKOJIBKO JECSATKOB) B
Tpupojie ipocTpancTB. OTHAKO U 3Ta ITOTBITKA B HAYKE
OKazajlach He yayHOW. B cBoeil craTbe akTUBHBIN ee
paspabotunk JIu CMONMH MPUXOANT K HEYTCIIUTCIIb-
HOMY BBIBOJY, COJIEpKaHHE KOTOPOTO B C)KATOM BHIIE
COCpEeI0TOYEHO B ee Ha3BaHUU — «HempusataocTn ¢ pu-
3UKOI: B3JIET TEOPUU CTPYH, YIAaIOK HAyKHd U 4YTO 3a
ITUM CIIEOYEeT».

3. IlonbITKa cO3JaHMsA AIeKBATHOW HNpHpoOJe
MO/IeJIM POCTPAHCTBA U BpeMEHH

AHanu3 3HaHUH (QU3UKH, UCTIOIb3YEMBIX CETOIHS
JUISL TIOCTPOCHUSI MOJENM CHCTEMBI NMPOCTPaHCTBA U
BPEMEHH, IMOKa3bIBa€T MX HECOCTOSATEIHFHOCTH. Teo-
pUH, B KOTOPBIX OHU HAXOIATCS, IOCTPOCHBI HA «UH-
CTO» aOCTPaKTHBIX PACCYKICHUAX B allllapaTe MaTeMa-
THUKH, ¥ HUKaK HE COTJIACOBAHHBI C MAaTepHUAILHON MPH-
poznoii.

Braugane 21-o cronerus Opiia mpeioskeHa mpuH-
[IUMIHAIBHO HOBas MOJIeJh MaTepHalbHOTO Mupa [7],
Ha OCHOBE KOTOPOH IOIBITAEMCS IIPeIyraiaTh HEKOTO-
pble CTOPOHBI CHCTEMBI IPOCTPAHCTBA M BPEMEHH.
YunThIBass OMIMOKM MNpPEALIECTBEHHUKOB, He OyaeMm
OPHEHTHPOBATHCS Ha T€ TIPOCTPAHCTBEHHBIE U BPEMEH-
HBIE Pa3MepBbl, Te MaTepHUaAlIbHBIE U YHEPTETUIECKHIE UX
COCTAaBJISFOLIME, KOTOPBIE HE MOIAIOTCS H3MEPCHUSAM
npudopaMy, UMEIOIIMM MECTO B HAIIEM pacHopske-
HUHM. B maHHOM ciygae pedb WIET O BEIIECTBEHHBIX
npubopax, pa3pemaronas CII0COOHOCTh KOTOPBIX
OTPAaHWYHMBACTCSI PETUCTpAIel, CHH3Y, DJIeMEHTap-
HBIX yacTull BemiectBa. Oco00 MOTUEpKHEM, YTO 3TH
YaCTUIbI IPUHIUIIHAAIBHO OTJINYAOTCA OT 3JIEMCHTap-
HBIX YaCTHULl MATEPUH, KOTOPBIMH, TAK YIIOPHO CETOAHS
3aHUMaeTCsl (PU3HMKA dJIEMEHTAPHBIX YaCTHII.

B [7] mpemnioikena Moaenb BaKkyyma, COCTOSIIast
13 HEBELIECTBEHHOHN (DOPMBI CYILIECTBOBAHUS MATEPHH,
MaTeprallbHBIE CI'YCTKU B KOTOPO# (popMHUPYIOT 0/1HO-
POIHYIO U «3acTHIBIIYIO» cpeay. Takoe ee cocTosHHe
00J1a/1aeT yrpyrocTsio, MPUBOSIIEH, P ONIpeeIeH-
HBIX YCJIOBHUSX, CTYCTKH MaTepPHAIBHON CyOCTaHIINH B
IBIDKEHUE, B pE3yJIBTATE YETo MOSBIIICTCS TIepBast dJie-
MEHTapHas YacTHIIa BEIIeCTBa — (POTOH. DTO SBIICHHE
B [1] 0603HaueHo 3akoHOM U Ha3BaHo «IlepBbiM Hava-
oM Bemectsay.

3arem, eciu oOecredeHbl YCIOBUS ISl JCUCTBHS
3akoHa «Broporo Hauana BemecTtBa» B Bakyyme
«pOXKJIaeTcsl» BTOpasl dJIEMEHTAapHas yacTHla Belle-
CTBa — 3JIEKTPoH. B [1] paccMOTpeHb! ycn0BHs BO3HUK-
HOBEHHMS JEBATH TaKHX 3JIEMEHTapHBIX YacCTHI] Belle-
CTBa, B3aUMO/ICHICTBIE MEXYy KOTOPBIMHU ¥ TIPUBOIUT
K TIOSIBJIEHUIO BCEX DJIEMEHTOB Tabmumel Menneneena.

Takum 00pa3oM, OKpyXkaromasi Hac cpeia, KOTo-
PYIO MBI OIIyIIaeéM €CTECTBEHHBIMHA OpTraHAMU YyBCTB
M ACKYCCTBEHHBIMH MPHUOOpaMH, MPEACTABISAET COO0H
pa3iuuHble MarepuaibHble (HOPMHUPOBAHHUS, COCTOSI-
M€ U3 3JIEMEHTAPHBIX BEIIECTBEHHBIX YaCTHII, KOTO-

pBI€ HAXOJSITCS B TIOCTOSIHHOM JBIKEHUH. DTO JBHKE-
HHE, CONPUKACASCh C AaHAJIOTMYHBIMU YAaCTHLAMH Be-
LIIECTBEHHOI'0 00pa30BaHMsl, BHI3BIBAET y HEr0 peak-
LUI0. DHepreTudeckas COCTaBIAIONIas ACHCTBUS dJe-
MEHTapHOM YacTUIBI SIBJISICTCS HIDKHUM IIOPOTOM, B
9TOH peakunu, Juisl 9yBCTBUTEIBHOCTH BELIECTBEHHOTO
oOpazoBanus (mpudopa Wi OpraHa 4yBCTB) M COCTaB-
JISIET U3BECTHYIO €r0 pa3pelaronlyio criocOOHOCTb.

W3 sroro cienyer, 4TO paclno3HATh NPHCYTCTBHE
B IIPOCTPAHCTBE M BO BPEMEHU CTyCTKOB MaTepHalb-
HOH CyOCTaHIIMM BaKyyMa, MOIEPKUBAIOIINX €TO CO-
CTOSTHHE ITOKOSI, C IIOMOIIBIO BEIIECTBEHHBIX IIPHOOPOB
HEBO3MOXHO. UTO KacaeTcsi 4aCTUI] MEHBIIHUX IO CBO-
eMy 00beMY 1 DHEPreTHUECKOMY HACBILIEHUIO, HEXEITN
OTMEYEHHBIE BBIIIE CTYCTKH MaTepHalbHON cyOcTaH-
LI1H, TO UX B «CBOOOJTHOM» COCTOSTHHU CPEIH CTYCTKOB
Bakyyma HeT. OHHM «3aBsi3aHbI» JEHCTBHEM IPHPOIBI
BHYTpU CTYCTKOB.

Hccnenyemast HaMu paspelnaronasi CocoOHOCTh
BEIIECTBEHHBIX MPHUOOPOB OTPAHUYUBAET PACIIO3HABA-
HHE TaKuX 00pa30BaHNi, KaKk MaTepHalbHAs TOUKa, Ma-
TepuaabHas JUHUS, MaTepHalbHas IIOCKOCTh, MIHO-
BEHHE BPEMCHH, a TAK)K€ IO3BOJISIET MONTYyYUTDh MpPEa-
CTaBIIEHHE O OECKOHEYHOCTH B TOM 7K€ ITPOCTPAHCTBE U
BpeMeHH. VITak, camoe KOpOTKOE BpeMsl, pETUCTPUPYE-
MO€ MpH JIBWKEHHU O3JIEMEHTapHON YacTHIBI Belle-
CTBa, OTHECEM K MTHOBEHHIO BpeMmeHH. llox martepu-
aJbHOM TOUYKO# Oy/IeM MOHUMATh 00BEM TPEXMEPHOTO
IIPOCTPAHCTBA, B KOTOPOM pa3MelIaeTcs dIeMeHTapHas
YacTHIa BEIeCcTBa, HANpUMep, 0003HAUCHHAs pa3Me-
pamu anekTpoHa. Hamm mccnenoBanus OKa3alu, 4To
(hOTOH M 3IEKTPOH, JBIKYIINECS BJIOJb CBOUX JIyUeH,
pasMeIalTcs Ha CrycTKaX MaTepHalbHON cyOcTaH-
IIIH, COBOKYITHOCTh KOTOPBIX COCTaBJISIIOT MaTepPHaIb-
Hble TuHUH. Kpome Toro, u (hoTOH, 1 3IeKTpOoH, NBHUTa-
SCh B BaKyyMe, pa3MEIIaloTcs B IIACTHHE BaKyyMa,
KOTOpasi ¥ MPECTaBIsAeT COO0H MaTepHaNbHYIO II0C-
KOCTb.

B pabore [1] cpeiut cCTEMBI TOCTYJIATOB, SIBIISIO-
1Ieicst peleHneM 1IecToi npoodnemsl [ mibbepra, ecth
Takoil U3 HMUX, KOTOPBI OTpa)xkaeT 3aKOH MO3HAHMUSL.
CornacHo eMy, MUp [TO3HABAaeM B IIPUHIIHIIE, HO HE I0-
3HAaBacM B KOHKPETHOM KOHEYHOM MeECTE IpOCTpaH-
CTBa M BpeMeHH. HIDKHSI rpaHnIia pa3peraroeii cro-
COOHOCTH BEIIECTBEHHBIX NMPHOOPOB, C MOMOIIBIO KO-
TOPBIX BEIETCS PETUCTPALM MaTepHabHOW CpEBI,
OTpaHMYMBACT HAIllE TIO3HAHUE HA YPOBHE BEIIECTBCH-
HOTO CYIIeCTBOBaHUs Matepu. st nccienoBanust 060-
Jiee M3MEIbUEHHOTO IPE/ICTaBJICHUS MaTepHUalbHOTO
MHUpa HE0OXOIMMO TI03HATh CYIIECTBOBAHUE MATEPHH,
13 KOTOPOH MpHpoaa copMUpOBaa CryCTKH MaTepH-
aNbHOM cyOCTaHIIMYM Bakyyma. DTO CJICIYIOLIUH JTar B
0ECKOHEYHOM Mpoliecce MO3HAHUSI MUpa HalleH IUBH-
JM3anuel, ¥ KOTOPHIH yXe B KaueCTBE MpeaMeTa Mc-
cienoBaHuil OyneT UMETh JeJI0 ¢ MOCIEAYIOIIM H3-
MEIIbYEHHEM MaTepHAJIBHOIO COAEPKHMMOTO CTyCcTKa
Marepuu. IHBIMU ciToBaMH, sIBICHHE OECKOHEYHOCTH B
JTAHHOM CJTy4ae OTHOCHTCSI M K CaMOMy IIPOIIECCY I10-
3HaHUS, M K 0ECKOHETHOMY APOOIICHIIO MaTepHATEHON
cyOcCTaHIIUM, KOTOpasi MO3HAETCS. AHAJIOTUYHAS CUTY-
amys CKIIAaJbIBACTCS U B CIIydae C yBEIHMUCHUEM MaTe-
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pHANBHON CHCTEMBI, TPEBBIMIAIONIEH OOBIYHBIE pPa3-
MEpBl BELIECTBEHHBIX OOpa30BaHMi, KOTOpBIE OKpY-
JKAIOT YelloBeKa

Kak yxxe orme4anoch, GopMHpOBaHHE B BaKyyMe
BEIIIECTBEHHBIX 3JIEMEHTApHBIX YaCTHIl, B KOHEYHOM
UTOr€ BEILECTBA, B KOTOPOM MBI HAXOJAUMCS, BBI3bIBA-
etcst 3akoHaMu — [lepBeiM 1 Bropsim Hauanamu Berme-
cTBa. B pe3ynbrarte neficTBUA 3TUX 3aKOHOB, IPOHCXO-
JUT JBIDKCHUE 3JIEMEHTapHBIX YaCTHI[ BEIIECTBA HX
nepeMenIeHne, KOTopoe H MposiBisieT (0003HaYaeT) U
pa3mepsl. B koHedHOM HTOTE, COBOKYITHOCTD 3THX Ya-
CTHII, T.€. CaMO BEIIECTBO (TeJ0) MPHOOpeTaeT Bce TPH
U3MEPCHUSL.

PaccmaTpuBaeMoe JBIDKEHHE, KpOME OTOOpaxe-
HUS YKa3aHHBIX IMPOCTPAHCTBEHHBIX Pa3MEPOB COIMPO-
BOXKJJAETCS €Ille U TaKUM €ro CBOHCTBOM, KaK BPEMEH-
Has 3a7epkka. Tak, KaXkJ0oe MTHOBEHHE B JIBUKEHUU
BEIIIECTBA CONPOBOXKJIAETCSA NPOMEXKYTKOM BpPEMEHH,
3aTpauyuBaeMbIM Ha OCBOEHHUE 2JI€MEHTapHBIMU YaCTH-
[IaMH BEIIECTBA, OKPYIKAIOIIET0 eT0 TPEXMEPHOT0 MPo-
CTPaHCTBA, U, B KOHEYHOM HTOT'€ TeJIa, U3 KOTOPBIX OHO
coctouT. Ilo cBoell cyTu KaxkAbld BUJ COBOKYITHOCTH
3JIEMEHTApHBIX TAaKUX YaCTHUIl B TEJIE€ MMEET «CBOIO
MIKaTy» BPEMEHH, T.€. B HEM TE€UET CBOE BpeMs, 00y-
CJIOBJICHHOE OCOOCHHOCTSIMH IBIDKEHUSI DIIEMEHTap-
HBIX YaCTHII, €r0 cocTaBistomux. Hamra nusminzanus
3TU «CBOM WIKAJBI», KaK Obl «YTHIM3HPOBAJIA» CBEIS
UX K BpeMeHHU paboThl, KaK OOBIYHBIX YaCOB, TaK U 0O-
Jiee TOYHBIX — AaTOMHBIX.

4. BoiBoabI

B cratee paccMoTpeHa HECOCTOSTENBHOCTH TEX
3HaHUI{, HA KOTOPBIX OCHOBBIBAIOTCS TOIBITKU COBpPE-

MEHHOH HayKH IIOCTPOUTH MOJIENIb CHCTEMBI ITPOCTPaH-
cTBa M BpeMeHHU. [lokazaHo, 4TO 3TH 3HAHUS HCIIONb-
3yIOT B CBOE€Hl OCHOBE HaJlyMaHHbIe aOCTpaKIWH, HE
HMMEIOIIME HUYETO O0IIETo ¢ OKPYIKaIoIel HaC CPeIoi.
DTO, PeXk i€ BCEro, OTHOCUTCS K U3BECTHBIM TEOPHUSIM
OTHOCUTEIBHOCTH U KBaHTOBOM Teopuu. [Ipeqnoxena
MOMBITKA, HA OCHOBE HOBOM MOJIE€JIN IOHUMAHUS MaTe-
PHUH, CO3MaHUS CUCTEMBI OOBSCHSIIOIICH, YTO TaKOE
TpPEXMEpPHOE IPOCTPAHCTBO U BpEMs, B KOTOPOM CYIIe-
CTBYET BEIIECTBO.
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AHOTAIISA

O0’exkTOM I[OCJ'Ii,Z[)KeHHH € CUCTCMHU IMPOMUCIIOBOIO MPU3HAYCHHA, 10 MICTSTH HpOMI/ICJ'IOBI/Iﬁ KJIIMaT KOHT-
OB TIPOIIECY BUTOTOBIICHHS Pi3HOI poayKIii. Po3pobisimacsk cucreMa KiriMaT-KOHTPOITO JIST MOJIOYHOTO BHUPO-
OHMIITBA, a caMe JJIs CHpOBapiHHA. Posrisnaroun mitepaTypy Oylio BHABIEHO, mo po3podka [oT pimens B Moio-
YHOMY BHPOOHHIITBI MajIo MpelcTaBlieHa. BpaxoByroun BUANMI ITepeBary, MPHUHHATO PillIeHHS 00paTH I po3-
pPOOKH CHCTEMH KIIIMaT KOHTPOJIIO Kamepu no3piBanHs cupiB Wi-Fi mogyns ESP8266-01. Bukopucrano raty
Arduino Nano V3 Tta pi3ni qaBaui, 1o 3a0e3rneuye aBTOMaTHIHe KePYBaHHsI KJIIMaTOM.

OcHoBHUMH BUMOTamH J10 cuctemu 10T pilieHp Al KIiMaT KOHTPOJIO MPOLECy BUTOTOBICHHS MOJIOYHOT
MPOAYKIIT € MPOCTOTA peaizailii, JOCTYIHICTh 0 arapaTHO-MIPOrPAMHUX TEXHOJIOTISX Ta IIiHI.

HaBe[[eHO CXemMy Mepe>1<i 3B’H3Ky cucremu loT JJIA KiiMar KOHTPOJIIO INPOUCCY BUTOTOBJICHHSA MOJIOYHOT
MPOJYKIIi Ta ONMCAHO aJrOPUTM POOOTH CHCTEMH KIIIMAT KOHTPOIIO JJIsl KamepH 30epiranns cupis. PoboTa cuc-
TEMH KJIIMAT KOHTPOJIIO JUIs KaMepH 30epiraHHs CHpiB, BiOyBa€ThCs MOPIBHIHHS HOMIHAJBHUX Ta TEHEPIIIHIX
3HAYCHb. 3@ PE3yNIBTaTOM, ITOJIA€THCSI CUTHAJ ISl aKTUBaii moTpiOHoro npomnecy. [is BinoOpakeHHS yCiX aKTH-
BHUX TIPOIIECIB BUKOPUCTOBYETHCS 1HIMKAIIIS.

[IpoBeneno SWOT-anani3 pe3ynsTariB JOCITIIKEHb.

ABSTRACT

The object of the study is industrial systems that contain industrial climate control of the manufacturing pro-
cess of various products. A climate control system was developed for dairy production, namely for cheese-making.
Examining the literature, it was found that the development of 10T solutions in dairy production is poorly repre-
sented. Given the visible advantages, it was decided to choose for the development of climate control system
cheese ripening chamber Wi-Fi module ESP8266-01. The Arduino Nano V3 board and various sensors are used,
which provides automatic climate control.

The main requirements for the system of 10T solutions for climate control of the dairy production process are
ease of implementation, availability of hardware and software technologies and price.

The scheme of the 10T communication network for climate control of the dairy production process is given
and the algorithm of operation of the climate control system for the cheese storage chamber is described. Operation
of the climate control system for the cheese storage chamber, there is a comparison of nominal and current values.
As a result, a signal is given to activate the desired process. An indication is used to display all active processes.

A SWOT analysis of research results was conducted.
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IMocranoBKka npodjieMu

[IpomucnioBuii InTEpHET peueii — e peBooLis B
TEXHOJIOTIYHIH Tany3i. OCHOBHHUMU HACTIIKAMU € TTOB-
HICTIO aBTOMAaTHYHI OOCIyTOBYBaHHS, MiarHOCTHKA,
KamiOpyBaHHS Ta IHCTpYMEHTH. [HTEpHET pedeid mormo-
Marae CTBOPIOBATH HOBI TEXHOJIOTii IJIS BUPIMICHHS
mpobJeM Ta MigBUIIEHHS IMPOAYKTHBHOCTI HA BHUPOO-
HUIITBI.

Hes3Baxaroun Ha BUCOKHII piBeHb BIPOBAKEHHS
InTepHeTy pedeit Ha BAPOOHUIITBI, BCE 11Ie HE BUCTAYAE
€KOHOMIYHO epeKTUBHUX Mixo/iB. Ha cboroHi ocoo-
JIMBO aKTYaJIbHOIO TEMOIO, Ha MO0 JAYMKY, € IPOMHC-
JIOBUH KJIiMaT KOHTPOJIb IPOLIECY BUTOTOBJIEHHS Pi3HOI
MPOAYKIli. AJKe HEOOXITHO BHIYYHTH MOMIIUBICTH
BiXWJICHHS BiJl HOPM Ta BUMOT IIi/I 9ac BUPOOHUIOTO
mporuecy.

[IpoBoxsATs OaraTo KOCIiIKEHb, 100 3pOOUTH aB-
TOHOMHI, CAMOKOHTPOJIbOBaHI Ta €Heproe()eKTUBHI CH-
CTEMH, IO KOHTPOJIOBATUMYTh NPMIAAH Pi3HOTO
THITY.

AHaJIi3 0CTaHHIX J0CTiKeHb Ta myOJikanii

Knayc 111Ba6 numie y kuusi [1] : «Ongaum 3 roo-
BHUX MOCTIB MiX ()i3M4HOI0 Ta IH(POBOIO peabHi-
CTIO, SIKUH CTBOPEHUI YETBEPTOIO IPOMUCIIOBOIO PEBO-
mromiero, € [HTepHer peueit». [lilicHO, cbOroaHi BUPOO-
HUYl CHCTEMH IIEpPETBOPIOIOTBCS Ha  IM(POBI
exocucteMH. ¥ 1iil TpaHchopmaliii ToJIOBHY pOJIb Bifi-
rpatoTh [HTEepHeT pedi Ta Benuki nani. 3 miero MeToro
MPOMHUCIIOBI ITIIIIPHEMCTBA BCTYIIAIOTh B HOBY €pY «Be-
JUKUX JaHUX», € 00CAT, MBHIKICTh Ta PI3HOMAHIT-
HICTb JaHUX, SKHMH BOHU KEPYIOTh, BUOYXaIOTh 3 IyXKe
BUCOKMMHU TeMIiamu [2]. [HTepHeT pedi, M0 OMUCYIOTh
Mepexy B3aEMOIIOB’sI3aHUX OO0’ €KTIB 3a JOMOMOIOIO
BOY/ZIOBaHMX TEXHOJIOTIH, Oe3MmocepesiHb0 MOEAHY-
I0ThCS 3 KOHILENUielo Bennkux naHux, 1Mo J103BOJISE
30upary e Oibnie indopmarii [3]. Bee Oinbie npu-
CTpOiB, BUPOOHMYOT0 OOJIaJHAHHS Ta IHCTPYMEHTIB,
TPaHCIIOPTHUX 3aCO0IB CTAa€ OCHAIICHE PI3HUMH JlaBa-
YaMH.

V crarti [4] ctBepmKyOTh, 10 IHTEpHET Peueit
HaOLIbIIIe PO3BUBAETHCS 3aBISKN CKIANOBIH y cdepi
npomucioBocti (IIpomucnosmii IaTepHeT peueit). Le
CYTTEBO TimBuIIye e(eKTUBHICTH BHPOOHHWIITBA 3a-
BISIKM BOY/TOBaHUM J]aBayaM 3 MOXKJIMBICTIO aBTOMAaTH-
3arii Ta BiJIaIeHOr0 KOHTPOITIO 0€3 yJacTi JIF0ICHKOTO
(axTopy. OQHUM 3 SICKpaBHX MPHUKIIA/IIB € BUPOOHUII-
TBO 6puTB Philips, o BinOyBaeThCs 3 BUKOPUCTAHHAM
128 poboTiB y TeMHOMY npuMinieHHi [5]. [Hmmit npu-
KJa] — BUpoOHUITBO MoTorukiiB Harley Davidson, na
SKOMY CYTTEBO CKOPOTHJIH 4ac rpocroro. ITicis pexo-
HCTPYKIii BUPOOHNYNX MaiJaHYMKIB Yyac Ha BUTOTOB-
JICHHS 3MEHIMBCS 3 28 aHiB 10 16 roauH [5]. 3aBasku
IIpomucmoBomy I[HTEpHETY pedelt y BUPOOHUKIB 3’ SB-
JSIETBCS TOCTYII 10 IEPEIOBHX aHAJITUYHHX 1HCTpyMe-
HTIiB, IITYYHOT'O 1HTEJEKTY Ta MAIIMHHOTO HaBYaHHS,
1110 IIPHUIIBUAIIYE IPUHHATTS PIlICHb Ta MOMIMIIY€E BU-
POOHWYI TOKa3HUKH.

V crarTi [6] npuBeneHO OCHOBHI NPUHLMIY, IO
BIUIMBAIOTH Ha PICT Ta PO3MOBCIOJUKEHHS [HTEpHETY
Peueit. Lle noTprmanHs Oe3nexu Ta KOH}igeHIIHHOCTI
JIaHUX; TOJIOBHE — SIKiCTh, 8 HE KUIBKICTh TAHUX; PO3BH-
TOK PO3YMHHX MiCT i OYIOMHKIB Ta Koiaboparis 3 0i3-
HecoM. [IpuKiianoM npoBigHOTO PO3YMHOTO MiCTa MO-
Ha mpuBectn bapcemnony, mo 3 2012 poky BmpoBa-
mwxye 10T [7]. BecranoBieHO po3yMHi CBITHIIBHUKH, SIKi
3MIHIOIOTh SICKPaBICTh, KOJIM MIIIOXiJ] IIOPYY, BUMIpIO-
10Th Tpadik, SKICTh TOBITPS, PiBeHb IIYMY Ta HATOBITY
Jrofiell 1 HaBiTh MPOTOHYIOTH OE3KOLITOBHUIT JOCTYII
1o micekoi Wi-Fi mepexi. Takox BOyZOBaHO JaBadi B
aBTOMOOIIBHI MicLsl JJIsl TTApKyBaHHs, BIPOBAPKECHO
uudpoBi aBTOOYCHI 3yIIMHKH, PO3YMHI CMITHUKH Ta Jja-
Bayi I ONTHMI3aIlil 3pOMICHHS IapKOBOI 30HU. 3a
CTaTHCTHKOIO, 110 HAaBeJeHA Y CTaTTi [7], 6iu3bko 26%
kopuctyBadiB B iHTepHery B CIIA BomoxiroTe mpu-
CTpoeM po3yMHOro OynuHKY. Lle cBiTHIBHUKH, K Bij-
MOBITHO J10 Bammoro rpadiky po6oTH BMUKAIOTh Ta BH-
MHKAIOTh CBITJIO, XOMOIMIBHUKH, 110 aHAJII3YIOTh CBil
BMICT 1 CTBOPIOIOTH CITHCOK MOKYIIOK, KABOBAPKH, SIKi
aBTOMAaTUYHO MOYMHAIOTH BAPUTH, KOJIU B MIPOKUIAE-
Tech Ta Oarato iHmoro. TexHosoriyne MaiiOyTHE, sike
HIXTO HE MIr YSIBUTH, HACTYITHIIO BXXE CHOTOIHI.

Pi3Hi momysnsipHi Ta iHHOBauiiHi pimenHs [HTep-
HETy pedeil, Taki sSK mepepoOKa BiAX0/1iB, MOHITOPUHT
SIKOCTI MOBITPSI, PO3YMHE 3eMJIEpOOCTBO PO3IIITHYTO B
po6oTi [8] B KOHTEKCTI Mporpecy TEXHOJIOTiH Ta mepc-
MIEKTUB MIPOMHUCIOBOTO puHKY. Ha BeecBiTHROMY €Ko-
HOMIYHOMY (OpyMi MPEACTaBICHHUHN 3BIT IIOI0 HACTI/I-
KiB, MOXIIUBOCTEH, TepeBar Ta 3arpo3 [IpomucioBoro
Iarepuety peueii [9]. Ile cipudnHATE HOBY TEHCHIIIO
PO3BUTKY, IO J03BOJMTH MPUIIMaTH aBTOMAaTH30BaHI
pIILICHHSI Ta BXXWBATH 3aXOJU B PEXHMI peajbHOIO
yacy. Y po6oti [10] aBTOp mpeacTaBUB pi3Hi acMEeKTH
Ta TEXHOJIOT1YHI IEPCIIEKTHBHU B ITPOMHUCIIOBOMY 3aCTO-
cyBaHHi [HTepHery peueii. Pizauus [IpomucioBoro Iu-
TEpHETy pedei Bi/l CIIOKMBAHOTO B CTBOPEHHI IepeBar
Juis Oi3HECY 3a paxyHOK ITiAKITIOUEHHS PO3YMHHX Jie-
BaliciB Ha BUPOOHHUIITBI.

VY po6ori [11] npencraBieHo cucteMy pO3yMHOTO
OyIOHMHKY, SIKa Kepye MOOYTOBOIO TEXHIKOIO Oy IMHKY 3a
JOIIOMOTOI0 KoMIT totepa. [IpunagamMu MoxkHA Kepy-
BaTH TOJOCOBUMH KOMaHJaMH abo TaiimepoMm. Y po-
60Ti [12] po3po0biieHo cucTeMy, Ae MOOYTOBI MpHIaan
KepyBajucs 4epe3 BeO-CTOpiHKY ab0 A0aaHoK st An-
droid cmaptdonis. [IpoTe y mux cucremax BUKOPUCTO-
ByBanaCh Texuosoris Bluetooth, ska mae obmexeny
JanpHICTh (Ha TOH vac MakcumyM 10 M) Ta HH3BKY
IIBUJKICTH TIEpeavi JaHUX.

VY po6oti [13] npencTaBiaeHO AOCTYIHY IO IiHI
CHCTEMY EKOJIOTIYHOTO MOHITOpPHHTY. Bukopmcrano
BOYIOBaHWH MiKpO BeO-cepBep Ha 0a3i MIKpOKOHTPO-
nepa Arduino Mega 2560. Lle nae 3Mory KepyBaHHS CH-
CTEMOIO €KO-MOHITOPHUHTY 3 MOJJIHMBICTIO iIAKIIIO-
4yeHHs 3a |P-agpecoro Ay BigganeHoro 1ocTymy.
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V¥ pobotax [14-15] po3pobieHo crcteMy aBTOMa-
THU3allii OyIMHKY, BIPOBaJUBIIH AJIsl KEPYBaHHS 1M00Y-
TOBOIO TEXHIKOKO MiKpoKoHTpoJiep Arduino Due ta mo-
nynab 3B’s3ky ESP8266-01, mio oTpumyBaB naHi 3i
cmaptdony udepes mepexxy WI-FI. Cepen moximBoc-
Tel NPEACTaBICHO YIIPABIIHHS CBITIOM, BEHTHIISIIEI0
Ta CHTHAJIi3aIlisl BATOKY ra3y 3a JOIMOMOTOI0 BiIIIOBI-
HuX naBaviB. Moayne ESP8266-01 mo3Bomnse mepena-
BaTH AaHi 31 mBUAKICTIO 10 11 MOit/c Ta aiama3oHoM
3B 53Ky 150 MeTpiB, 0 3HaYHO OiNbIIe 3a HASBHUX
KOHKYpeHTiB [16].

BpaxoByroun BuauMi IepeBard, NpUHHATO pi-
mIeHHsT o0patu g po3poOKH CHCTEMH KIIIMaT KOHT-
POJII0 KaMepH J103piBaHHs cupiB Moaysis ESP8266-01.

Merta Ta 3aga4i gocaixKeHHs

MeTor0 IOCHIIKEHHS € TIPOIIeC MPOSKTYBAHHS Ta
MpakTUYIHOI peaizanii cucremu loT pimens st Kiti-
MaT KOHTPOJIIO MPOIECY BUTOTOBIICHHS MOJIOYHOT ITPO-
JIYKUI1 Ha IPUKJIaJi KaMepy JI03piBaHHS CUPIB.

J11st MOCSITHEHHS TOCTaBIICHOT METH HEOOXiHO:

1. BukoHaTH TOCHTIIKSHHS TEXHOJIOT11 3B’ 3Ky CH-
cremu 0T i1t KiIiMaT KOHTPOJIO MPOIECY BHTOTOB-
JICHHSA MOJIOYHOI IIPOTYKIIii.

2. OnmcaTy JIOTiYHI 3B’S3KH BY3JIIB CHCTEMH Ha
eTar MPOeKTYBAHHS CUCTEMH.

[aBay ocBiTneHocTi

[asay Temnepatypu

T

[asa4 BonorocTi

Hasau CO,

T T

)

Arduino

e

3. HaBecTn CTpyKTypHY CXeMy pPOOOTH CHCTEMH
[oT piens it KIiMaT KOHTPOJIO MPOLECY BUTOTOB-
JICHHS. MOJIOYHOT TPOTYKITiI.

5. Buxonaru Bepudikaiito gaHux.

OcHoBHUMH BuMoramu o cuctemu loT pireHs
JUIS KJTIMaT KOHTPOJIIO MPOLIECY BUTOTOBJICHHS MOJIOY-
HOI NMPOAYKILIi € MpocToTa peaizarii, T0CTYIHICTb 110
anapaTHO-TIPOrPaMHHX TEXHOJIOTISX Ta IiHi.

CxeMoOTexHiYHe IPOEKTYBAHHS

BignoBigHO 10 OCTABIEHOI METH, OIHUIIEMO aj-
TOPUTM POOOTH CHCTEMH KJIIMaT KOHTPOJIIO ISl Ka-
Mepu 30epiraHHs CHPIB.

1. Bka3aTu HOMiHaJIbHI 3HAYCHHS TEMIIEPATYPH Ta
BOJIOTOCTI B 3aJIe)KHOCTI BiJ| TUIy CHPY. 32 HOpMaMH
JICTVY 6003:2008, cupu 30epiratrotTe y IpuMIiIIeHHi 3a
Temnepatypu Bix Minyc 4 °C 1o 6 °C Ta BiZHOCHOI BO-
sorocti moBiTpst — Big 80 % 10 90% [17].

2. 3HSTH NOKa3HUKHY, 110 XapaKTepU3yIOTh HABKO-
JIMIITHE CepeIoBHUINE. [ 0TOBHUMH € TeMIiepaTypa Ta Bo-
JOTiCTh TOBITPs. J{0aTKOBO 3YMTY€ThCS KOHIEHTpa-
ist CO, B OBITPi Ta OCBITIICHICTD.

3. IlopiBHATH 3HAYEHHS HOMIHANBHI Ta PEajbHi.
BinnoBigHO 10 pe3ybTaTy, MOJATH CUTHAT TSI BUKO-
HAHHS MPOIECIB: 00IrpiB, 0XOIOMIKEHHS, 3BOJIOKECHHS,
OCYIIYBaHHS MOBITPS, BEHTWIALS, YIPABIiHHS OCBIT-
JICHHSIM.

Mogynb Wi-Fi

O )

Cuctema ynpasniHHA
Habopowm perne

Y

N J

Pucynoxk 1. Cxema cmpyxmypHa npucmporo

3rigHO 3 OMMCAHUM aJrOPHUTMOM, HPHUCTPIH Mae
CKJIaZIaTHCh 3 MiKpOKOHTposepy Arduino, 1aBady ocBi-
TJICHOCTI, IJaBa4yy TEMIIEpaTypH, AaBady BOJIOTOCTI, Ja-
Bauy piBHs CO2, cicTeMH ynpaBiiHHS HAOOpOM pele,
moymo WI-FI.

CxeMma CTpyKTypHa IJIsi aBTOMaTH30BaHOTO KIIi-
MaT KOHTPOJIO Kamepw 30epiraHHsi cHpiB 300pakeHa
Ha PUCYHKY 1.

Bukonaemo BHOIp eeMeHTHOT Oa3u.

MikpoxoHTpoJiep

OCHOBHI BUMOTH I BHOOPY MOJIENTi MIKPOKOHT-
poustepa Arduino e miarpumka inrepoeiicie UART mst

«cminkyBauus» 3 [IK, 12C mis migkirodeHHs qaBada
OCBITJICHOCTI Ta HaIBHICTh JOCTATHHOI KITBKOCTI BUBO-
niB.

Oo6pano MikpokoHTpoJep i3 cepii Arduino Nano
V3 na 6a3i ATmega328P [18].

OcnHoBHumu nepesaramu MK e:

- JOCTaTHs KUIBKICTh aHaI0roBux (8) ta rud-
poBux (14) miHis;

- 32 k6 flash-mam’siri;

- 2 k0 SRAM,;

- TakrtoBa 4yactoTa 16 MI'1;

- wnassuicte UART, 12C, SPI inTepdeiicis;
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- MaJICHBKHI po3Mip;

- JIOCTyIIHA IliHA.

JlaBau ocBiTJIeHOCTI

Hasau GY-302 npu3Ha4eHuit U1 BUMIpIiB OCBIT-
JICHOCTI Ta Ma€ BUCOKY Uy THBicTh. [liamma3oH BUMipro-
BaHUX naHux Bix 0 10 65535 Jlrokc. Jliana3zon po6oumnx
temmeparyp — Bix -40°C no 85°C [19].

JlaBau TemmepaTypH Ta BOJIOTOCTi

Hasau AM2320 nmpu3HaYeHHH U BUMipIOBAHHS
TeMIepaTypu Ta BoJorocTi. Jliama3oH BUMIpIOBaHUX
temnepatyp Bix -40 no 80°C ta Tounicts +0.5%. Jliama-
30H BUMIpy Bojorocti Bifg 0 1o 100 % Ta Tounicts £2%
[20].

Jasau piBus CO2

HaBau MQ-135 mpusHaueHHH A7 BU3HAUYCHHS
BMICTY Ta KiJIbKOCTI IIKIJUIMBHX 1 HeOE3MeYHNX Ta3iB B
noBiTpi Takux sK: NHs, NOy, mapu CO,, Gensumy,
qumMy i 1.0 [21].

Wi-Fi moayan

Mopnyns ESP8266-01 — mikpokoHTpoJiep 3 iHTep-
deticom Wi-Fi. [To3Bosisie iepeaaBaTy IaHi 3i MBHAKI-
ctro 1o 11 MGit/c Ta nianazonom 3B’s3ky 150 merpiB,
1110 3HAYHO OijbIlle 32 KOHKypeHTiB [21].

Jlyist KIliMaT KOHTPOJIIO KaMepH 30epiraHHst cUpiB
mikpokonTposiep Arduino Nano V3 3untye HeoOXiaHi
JIaHi PO CTaH HABKOJMIIHBOI'O CEpe/IOBHIIA 3 BOYI0-
BaHux nmaBauiB (AM2320, GY-302, MQ-135) Ta mepe-
nae ix Ha [1K kopuctyBava. BinmoBinHo 10 pe3ynbraTy
MOPIBHSAHHS 3UUTAHUX JAHWX T4 HOMIHAJTBHUX (ONTH-
MaJbHI JaHi i 30epiraHHs CHpiB, BCTAHOBIIOIOTHCS
Ha [1K B nmporpami kepyBanus), MK nonae curaan ams
aKTHBAIll BIAMOBITHOTO peje s BUKOHAHHS MEBHOI
orepanii BiIHOCHO HOpMaJi3alii HaBKOJIUIIHBOTO Ce-
penoBuma. Cxema Mepexi 300pakeHa Ha PUCYHKY 2.

[Oasay
Temnepatypu

[asay BonorocTi

5] Oxonopxysay
noBiTpA

» Harpisay nositpa

A Ocywysay

nosiTpA
» MikpokoHTponep [€«—>» Wi-Fi moaynb [€ Mepexa <

Hasay 3Bonoxysay

OCBITNEHOCTI nosiTpA

> Namnun

[asau pisHA CO2
> BeHTunAauia
Pucynox 2.

Cxema mepeorci 368 ’a3xy cucmemu loT dnsa knimam KOHMPORO npoyecy 8U0Mos8ieHH MOJIOYHOL NPOOYKYil

VYci KOMIOHEHTH 00paHO y HU3BKOMY IIIHOBOMY CETMEHTI Ta BiJTIOBIIalOTh MOCTABICHIH MeETi.

Nasay pisHa CO,

ImiTauia yBiMKHeHoro
OCBITNEHHA

[asau Temnepatypu

MikpokoHTponep e horee

IHAMKaUIA aKTUBHUX

[Nasay ocBiTNeHoCTi S
npouecis

Pucynox 3. 3o0bpasicenns npomomuny cucmemu 05t K1iMam KOHMPOO Kamepu 30epieants cupie
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[Iporotun cucremu 3i0paHo Ha oOpaHiii paHile exeMeHTHii 0a3i (prucyHOK 3).

JaHi 3 anapaTHOI CHCTEMH MEPEAA0ThCs 0 1HPOPMAIIHOT cHCTeMH, 1110 30epirae iX Ta aHaJi3ye.

.

MovaTok

[ S —

Y

IHiuianisauia
HOMiHaNbHUX
3Ha4yeHb

>

<
-
A
34MTYyBaHHA 3HaYeHb
3 HaBKOMLLIHBLOIO
cepeposuia
Tak Hi Tak Hi
Temn<Temnoy Bon<Bon, oy
A Y A Y
G g 3ynuHnuTn 3ynuHnTn
3ynuHnTH 3ynuHnTK obirpisay Y y
ocyLlyBaHHA 3BOJIOXXEHHA
oxonoaxysay 3anyctutn
. 3anyctutn 3anyctutn
3anycTuTtu obirpisay 0X0NnoAXyBay
3BOJIOXXEHHA OCYyLUyBaHHA
Tak Hi
OcB<OcCByon
Y Y A Y

3ynuHnTH 3anyctntn "BUMKHYTO "YBIMKHYTO
BEHTUNALIO BEHTUNALIO OCBITNEHHA" OCBITNEHHA"

A

KiHeupb

Pucynox 4. bnox cxema pobomu cucmemu [oT piwiens 015 K1imam KOHMPOIO NPOYeCy 8UeOMOBIEHHS MOIOY-
HOI npooyKyil

IIporpamua peanizaniss cucremu IoT pimens
JJIS1 KITIMAT KOHTPOJIIO NMPOoIecy BUTOTOBJIEHHS MO-
JIOYHOI POAYKIUil

BinmoBiaHO 10 OMMCAHOTO AITOPUTMY POOOTH CH-
CTEMH KJIIMaT KOHTPOJIIO [UIsl KaMepH 30epiraHHs CHpiB
CTBOPEHO MPOTpaMHHI MPOAYKT. biiok cxemy pobotu
nporpamu 300pakeHO Ha PUCYHKY 3.

PoGora cucremn KiiMar KOHTPOINIO Uil KaMepu
30epiraHHs CUpiB, BiOyBaeThcsl MOPIBHAHHS HOMiHA-
JBHUX Ta TETIEPilIHiX 3HaYeHb. 3a pe3yJIbTaToM, Moja-
€TBCS CUTHAJI JUIsl aKTUBalii motpioHoro mpouecy. At

BiTOOpaXeHHS yCiX aKTUBHUX IPOIIECiB BUKOPHUCTOBY-
€THCS 1HIUKALIIS.

Cucrema [oT pimieHp 11 KiiMaT KOHTPOJIO TIPO-
1[ECY BUTOTOBJICHHS MOJIOYHOI MPOAYKILi po3podsicHa
3a JOMMOMOT 00 cepenoBHiia po3podku Qt Creator (pu-
CYHOK 4).

Ha pucyHnky 5 300paxeHo mnpukian rpadigHoro
inTepdeticy cuctemu loT pimeHs uis KiIiMaT KOHT-
POJTIO MpOLIeCy BUTOTOBIICHHS MOJIOYHOI IIPOTYKIIII.
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B " Climate Control Tool

HomuHanbHbie 3Hauenns

BnaHOCTb: |60 | %

TeMnepatypa: |4 | °C

Yposenb CO,: [500

3arpysuTb 3Ha4eHUA

NHavKaumsa aKkTUBHbIX npoueccos

Harpes Oxnaxpexune YBnaxcxHenue

| nr/aom’

. O X
Texyume 3HaueHuns
BnaxxHocrb: 27.40 %
Temnepatypa: 28.00 °C
YpoBenb CO,: 275 mr/gw?
Crapt I
Cron
Ocymenne BenTunayus Ocseuwjenne

Pucynox 5. I'onosua ghopma cucmemu IoT piwensv 0 knimam KOHMPOAO npoyecy 8U20Mo81eHHs
MONOYHOT NPOOYKYTT

SWOT-anauni3 pe3yabTaTiB 10CTiIKEeHb

Strengths. Cunbhoto croponoto cuctemu loT
pillleHb Uit KJIiMaT KOHTPOJIIO HPOLECY BHIOTOB-
JIEHHS] MOJIOYHOI NPOIYKLIT € 11 CTpYKTypa. 3aBIsKu
po3raiyKeHiil CTpyKTypi, B Iporpami HapajeibHO
OTPUMYIOTECS Ta OOPOOISAIOTHCS JaHi 3 JaBaviB CBi-
TJa, TUCKY Ta BOJIOTOCTI.

Weaknesses. HeonikoM cTBOpEHOTO Iporpam-
HOTO MPOAYKTY € MOYATKOBHH €Tall BIPOBA/KEHHS
CHCTEMH, IO MOTpedyBaTHME IONATKOBHX KOIITIB
Ha 3aKyMiBJIIO JaBadiB Ta MOHTYBaHHS MeEpPEexi
3B’A3Ky SIK amapaTHOI YacTHHM 3a0e3NedeHHs po-
6otu cucremu loT pimeHb as KIiMaT KOHTPOIIO
MIPOIIECY BUTOTOBJICHHS MOJIOYHOT IPOAYKILT, aje 1e
OKYIHUTBCS B TIPOLIEC] eKCILTyaTallii.

Opportunities. B moganbaioMy jgaHa cucTeMa
JIO3BOJISIE ZI0O/IaBAaTH MOJTYJIi ISl aHAJIi3y BUTOTOBJIE-
HOI IPOAyKIIii ab0 cucremMy 30epiraHHs.

Threats. 3arpo3amu, [0 MaTUMYTh HETaTUBHI
Haciiaku st cucteMu [oT pimmens s kiriMaT KOH-
TPOJIIO MIPOIIECY BUTOTOBJICHHS MOJIOYHOT IPOTYKIIi{
MOJKHA BBaKaTH:

— HeJocTaTHe (iHAaHCYBaHHS;

— BUTpPATH HA HABYAHHS [IEPCOHAIY;

— HeOoOXiJTHICTh BBEJCHHS JIO0 MEPCOHATY 3a-
Boay (axiBIls, MO BIAMOBITaTUME 3a CYMPOBO-
JOKEHHSI TIPOTPaMHOTO TIPOAYKTY.

Po3pobnennii mporpaMHnii NPOIYKT BPaxoBye
TiepeBart aHaJIoTiB Ha pUHKY, aJIe Ma€ JeHIeBIy Ba-
PTiCTh Ta Mae mepeBard B MPOCTOTI BUKOPUCTaHHS,
10 HeoOXiTHO T BUPOOHHUIITBA CUPIB.

BucHoBku

OTxe, po3poOIeHO aBTOMATH30BaHy PO3YMHY iH-
(dopmaliiiiHy cucTeMy KIiMaT KOHTPOJIIO Kamepu 30e-
piranus cupie Ha 0a3i 10T pimens. Bukopucrano
mwraty Arduino Nano V3, Wi-Fi moayms ESP8266-01

Ta Pi3Hi JaBadi, 10 3a0e3ledye aBTOMAaTHYHE Kepy-
BaHHS KiliMaToM. [100yJ0BaHO Ta ONMCAHO CTPYKTYpPHY
cxeMmy npuctporo. [IpoBeneno BuOip eneMeHTHOI 0a3u
Ta po3pobiieHo rpadiuHuii iHTepdelic KopucTyBaya Ta
MIPOBEJCHO YCIIIIIHE TECTYBaHHS Mpale3aTHOCTi CUC-
TEMH.

[TnanyeTbcst BOPOBAIKEHHS! CUCTEMH Ha BHPOO-
HUIITBO.
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