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MATHEMATICAL SCIENCES
ABOUT FEATURES OF REALIZATION OF SIGNATURE SCHEMES "BLIND"
Abdikalikov K.

Baishev University, Aktobe Kazakhstan

Ob OCOBEHHOCTISIX PEAJIE3AIIMU CXEM ITOAIINCH «BCJIEITY1O»

Abstract

Aonukaankos K.A.
Yuusepcumem bauwesa, Axmobe Kazaxcman

This paper discusses issues of electronic (digital) signatures based on traditional block ciphers and the vari-

ety of blind signatures in various fields.
AnHomayusn

B oannou pabome paccmampusaromes 60npocel 31eKMporHOU (Yu@dpoeotl) NoONUCU HA OCHO8E MPAOUYUOH-
HBIX ONLOYHBIX WUDPOS U PAZHOBUOHOCTIU PEATUAYUY NOONUCU «BCAENYIO» 6 PASIUUHBIX 0OIACHISX.

Keywords: cryptographic systems, information security, blind signature, electronic digital signature.
Knrouesvte cnosa: kpunmozpaguueckue cucmemvl, 3auuma uHGopmayuu, cienot noONUcs, IIeKMPOHHOU

Yugposou nOONUCh.

OO1Ien3BECTHO, YTO C KaXIBIM T'OZOM BCE aKTy-
aJbHEE CTAHOBHTCS MpoOJieMa HMCIOJIb30BaHUS KPHII-
TorpauIecKux MeTo0B B MH(POPMALMOHHBIX CHCTE-
Max M CeTsX. JTO CBSI3aHO, NPEXIE BCETO, C pacinpe-
HHEM HCIIOJb30BaHMS KOMIIBIOTEPHBIX CETeH, B
9aCTHOCTH, T7I00ansHON ceTu VHTepHeT, 0 KOTOPBIM
nepenaioTcs OompiIre 00beMbl HHPOPMALUK Pa3HOTO
XapakTepa, He JOIYCKaloLIero BO3MOXKHOCTh J0CTYIIa
K HEH TIOCTOPOHHHMX JIUII, U C TEM, YTO MOSBICHHUE HO-
BbIX MOMNIHBIX KOMIIBIOTCPOB, TEXHOJIOTUH CETEBBIX U
HEWPOHHBIX BBIYMCICHUI CIENaJo BO3MOXKHBIM JIHC-
KpE€AUTAIUIO KPUIITOCUCTEM CIIC HEAABHO CUHUTAaB-
IINXCSl HE PaCKPBIBAEMbIMH.

OCHOBHBIMHU HalpaBJICHUAMU IIPUMEHCHUSA KPUIT-
TorpaMuecKnX METOJIOB SIBIISIFOTCS: TTepeaadya KOHPH-
JICHIIMATBHOM MH(OPMAITHH 110 KaHaJIaM CBs3U (HampH-
Mep, JEKTPOHHAS M0YTa), YCTAaHOBJICHHE MOJTMHHO-
CTH nepeiaBaeMbIX coo01IeHHH, XpaHeHHe
nHpopmanny (JOKyMEHTOB, 0a3 JTaHHBIX) Ha HOCHTE-
JSIX B 321 (pOBaHHOM BHJIC.

Haubosnee mpocTbiM M pacnpoCTpaHEHHBIM HWH-
CTPYMECHTOM 3JIEKTPOHHOW TOJIHCH SIBISETCA ajro-
put™M RSA, co3nanHbIN B KOHIIE CEMHJIECATHIX I'O0B
XX Beka P.PuBectom, A.lllamumpom u JI.Ammema-
HoM([3], 1 npeacTaBiIsIONMi CO00I MepPBYIO KPUIITOCH-
CTEMY C OTKPBITBIM KJIIOYOM JUTS MNGPOBAHUS U I (]-
POBOI MOAMUCH, KOTOpasi OIMCBHIBACTCS B TEPMHHAX
3JIEMEHTAPHON Teopuu uucen. HaaeXHOCTh cucTeMbl
o0yciaBnuBaeTcsl MPaKTHYECKOH Hepa3pelmuMOCThIO
3aJaul Pas3oKEHUsT OONBIIOTO0 HATypaJbHOTO YHCIIA
Ha pocTble MHOXHUTeNH. Kpome Toro, 3Ta crcrema Bbl-
JeprKana UCIIBITAHUE TPAKTUKON U ABJSIETCS MPU3HAH-
HBIM cTaniaptoM de facto B MpOMBINUIEHHOW KPHUINTO-
rpadun, a caM aIrOpUTM 3aIIUIIEH PSIIOM ITaTEHTOB.

Cama mno cebe cxema HM(POBOM MOIIMHCH HIIH
3JIEKTPOHHO-IIM(POBOI TOANIMCH — 3TO Habop anro-
PUTMOB H MPOTOKOJIOB [1], MO3BOJSAIONIUX MOCTPOUTH
nH(pOpMaMOHHOE B3aMMOJCHCTBHE MEXIY IBYMS U
OoJiee yyacTHUKaMH TakuM 00pa3oM, 4ToObl (akT aB-
TOPCTBA MEPEIaHHOI0 MAcCHBa IAHHBIX, «ITOJIHCaH-
HOT'0» OJHUM U3 yYaCTHHKOB, MOT ObITh HaJEKHO MOA-

TBEPXKACH WU OIPOBEPTHYT TPEThEH CTOPOHOM, «HE-
3aBHCHUMBIM apbutpaxxem». [logoOHas cxema Heo0Xo-
IUMa Ui BCEX CHUCTEM DJIEKTPOHHOM 00pabOTKH aH-
HBIX, TJI€ HET IOJHOTO B3aUMHOTO JOBEPHUS MEXIY
yYacTHHKaMH HH(OPMALOHHOTO IpoLecca, Mpexe
BCET0 3TO Kacaercsi GPUHAHCOBOM cepsl.

B coBpemMeHHOiI1 kpuntorpadun ocoboe MecTo 3a-
HUMAKT CUCTEMBI 3HeKTpOHHOI>lI IOAIMNCH, TaK KaK IIH-
pOKOEe pacmpoCTpaHEHHE OSJIEKTPOHHBIX (OPM HOKY-
MEHTOB (B TOM 4YHCIe W KOHOQHUICHIHUAIbHBIX) U
CPEeNCTB UX 00pabOTKH MOPOIUIIO IPOOIEMY YCTAaHOB-
JICHUsI TTOJUTMHHOCTH U aBTOPCTBA 6e30yMaXKHO# JIOKY-
MeHTanuu. HecMoTpst Ha pa3HoOOpa3sie COBPEMEHHBIX
KpUNTOrpaguIecKux CUCTEM M MpPU BCEX NpPEHMYIIe-
CTBaX OHHU HE MO3BOJIIOT 00ECICYUTh ayTeHTH(UKA-
Mo JaHHbeiX. [loaTomy cpencrtBa ayTeHTH(UKALNU
JIOJDKHBI MCTIONB30BaThCSl B KOMIUICKCE C KPHIITOTpa-
(UUECKUMU aNTOPUTMAMHU.

CuHcTeMBl 31eKTPOHHOU (Wi IMQPOBOH) TOA-
MHCH HYXHBI, TIPEXK/IC BCETO, JUTS 3alllUTHl OT OTKa3a
(penecamcemea) n MackupoBKU (umumayuu) WA 1S
UCKIIFOYCHHS 3THX HapyILCHHUH.

JIrob6as cxema nuGpoBO MOMMUCH MPEANOIaracT
JN00aBIICHHE K «IIOJIIHCHIBAEMOMY» MACCHUBY HaHHBIX
JIOTIOJTHUTEIIBHOTO KOfIa — «H()POBOM MOMUCHY, BbI-
paboTaTh KOTOPHIA MOXKET TOJIBKO aBTOP COOOIICHHS,
00J1aaomuil CEKPETHBIM KIIIOYOM TOJIIHMCH, a BCE
OCTaJIbHBIE MOTYT JIUIIB IIPOBEPHUTH COOTBETCTBUE STOH
«MOJMUCK» TOAMMCAHHBIM JaHHBIM. [103TOMY Kaxaas
cXeMa JIOJDKHA MPeTyCMOTPeTh, KaAK MHHHMYM, OIpe-
JIeTICHHE TPEX aJrOPUTMOB:

— anropuTMa BHIPAa0OTKU Mapbl KIOYEH — MOA-
MHCH U MTPOBEPKH MO/IMHUCH,

— aITOPUTMA TIOJIIHNCH COOOIICHHUS C UCTIOIb30Ba-
HHEM CEKPETHOTO KITF0Ya MOIIHICH,

— aNropuTMa MPOBEPKH MOAMKCH C UCIOJIb30Ba-
HHEM KJII04a IPOBEPKH ITOIHCH.

Ha mpakTrke BO BceX U3BECTHBIX CXeMax LU(ppO-
BOU MOJNUCH Pe3yJIbTaT MOJIy4aloT CPaBHEHUEM KOH-
TPOJBHON KOMOMHALINH, BBIYUCIICHHOW IO HEKOTOPOMY
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ITOPUTMY C HCIIOJIB30BAaHHEM IOAIMCAHHOTO CO00-
meHus U UUQpOBOH MOANUCH, C KIIOYOM IPOBEPKU
MOJIINCH.

XOTs yKa3aHHBIX TpEX alrOPUTMOB JOCTaTOYHO
JUTSL peai3anny CXeMbl I(POBOI MOIIHCH, Ha MTPAK-
THKE JJ00aBJISIeTCS elle OJIUH:

— aJTOpPUTM BBIYHMCIECHUS HEOOpaTHMMOW X»II-
(GYHKIMH 7151 TOJNMCHIBAEMOTO MAaCCHBA.

3TO CBS3aHO C TE€M, YTO MOAIMUCHIBAETCS HE CAMO
coo0IIeHune, a ero X3UI-KoJ, TO €CTh PE3YJIbTAT BBIUHUC-
JeHus yHKIMU HEOOpaTHUMOTO CKaTHS JUIsl TOTO Mac-
CHBa, KOTOPBI MMeeT (UKCHPOBAHHBIA pa3Mep, UTO
HeoOxoauMo s obecrieueHust d(GEKTHUBHOCTH U
HaJIS)KHOCTH cXeMBI. [Ipn 3TOM aJlropuT™ BBIYHCIICHUS
X3UI-(OYHKIMK ¥ MIPOYUE ANTOPUTMBI CXEMBI HE 3aBH-
CSIT APYT OT JIpyTa M COTJIACYIOTCS TOJIBKO 10 pa3Mepy
0JIOKOB, KOTOPHIMH OHH OIEPUPYIOT. ITO IMO3BOJISIET
TIPHU HEOOXOMMOCTH MEHATH B CXEME TOAIUCH CIIOCO0
BBIYHCIICHHS XDII-3HAYCHUH.

YacTo 3/EeKTPOHHBIE CHCTEMBI MacCOBOTO 00CITy-
JKMBaHUS, B YACTHOCTH IUIATEXHBIE CHCTEMBI, IIpEey-
CMATPUBAIOT HACHTU(DHUKAIMIO MOIB30BaTeNs (KIH-
€HTa) U aBTOMATHYECKOEe COXpaHeHHe WH(OopManuu
OpraHM3aIe, ¢ KOTOpPOH OH UMEET JIeJI0, HO OpPTaHH-
3aLusl WK €€ COTPYAHUK MOKET 3JI0YIOTPEOUTD T0BE-
pHeM KIHMeHTa B KOPBICTHBIX Hensx. [loatomy [IPBuA
Yaym [2], oOHapyXuB, 4TO B OOJIBIIMHCTBE CIy4aeB
nAeHTH(UKAINS He SBIsSeTCs 0043aTeNbHON B On3Hec-
JIOTUKE OpraHu3ain Uin JaxXe B JIOTUKE q)yHKI_[I/IOHI/I-
pOBaHMS TOCYNApCTBEHHBIX CTPYKTYp, paspadoran
(1989) u 3anaTeHTOBAN «IIOJIHCH BCIECIYIO», II03BOJIS-
IOLIYIO «UEHTPY» OOpaIleHHs IMOIIHUCHIBATE LU(PO-
BbI€ TIOKYMCHTBI, HC BUAA UX COACPIKUMOE.

CyTp 00mIeH cXeMBl CIICTOH MOINHCH, MPEasIo-
xeHHor J[.YHaymom[2], 3akmrodaeTrcs B CIEAYIONIEM:
TIOJTb30BaTENb NPEIOCTABISET TOAIUCHIBAIONIEH CTO-
POHE OCJeIUICHHYI0 (HopMy

M=B(M,R)

HMCXOHOr0 coo0mmenus M,

rzre R — BeIOpaHHBIN NOJTB30BaTENIEM PaHJOMH3H-
POBaHHBIN OCHEIUIAIOMHI KiIto4, a B — ocneruistromast
(YHKIMS; MOJIMMCHIBAIOIIAS CTOPOHA IMPEIOCTaBISIET
TIOJTb30BATENIO IAaHHBIE TS ACOCIIEIUICHHS S, a MOJb-
30BaTeNb MONyYaeT MOAMUCH UCXOAHOTO COOOICHHUS
mocpencTBoM neocnervuiromeii Gyakmun U, xoTtopas
3aBUCHUT OT S U R, pu 9TOM J1aHHBIE S SBISIOTCS MO~
nucero M.

[lepBble KOHKpETHBIE CXEMBI CIIETOW ITOAMUCH
opumm  mpemnmoxkensl J.Uaymom [2] u sBismroTcs
HajcTpoiikamu Haj cxeMoit RSA, T.e. S siBnsieTcst RSA-
noamuceso M. DTo 03HAYaeT, 4YTo

S® =M (modN), rze E — skcrionenta, a N —

MOJyJIb TOTO OTKPBITOTO KJI0Ya, KOTOPOMY COOTBET-
cTByeT moanmuch S. OOBIUHO, MPEANosaracTcs, 4TO
MOJMNHUCHIBAONIass CTOpoHa oOpa3yeT Moayib N Kak
NpoM3BEICHUE ABYX NPOCThIX P u Q.

B cxeme, xoTopast obnagaer WieanbHONW HENpo-
CIIe)KUBACMOCTBIO, OCICIUIAIONIAs W JICOCICIUISIOmas
¢$yHKIMK 331a10TCsT GOPMYJIIaMU:

B(M,R) = REM (mod N),
U(S,R) = R*S(mod N).

SIcHO, YTO MNpPUMEHEHHE TMOJIKUCH «BCIICIIYIO»
HAMEET BAXKHOE 3HAYEHKME OCOOEHHO B TEX 00IaCTIX, TI€
HE0OX0AMMa AaHOHUMHOCTb i HEBO3MOXKHOCTD TIOBTOP-
HOI'O UCIIOJIB30BAHUA TOI'O XKE [lOKyMeHTa. OCHOBHOﬁ
chepoii e€ nmprMeHEHHs! SIBISIETCS DICKTPOHHAS KOM-
MepIUs: KIHCHT CHavyalla TeHEPUPYET HOMEpP M «MO-
HETBhI» U MEepeJi OTIPABICHUEM «MOHEThD) B OaHK st
ceprudukanyu (T.e. HAIOKCHHS MOIMUCH OaHKa) HO-
Mep «3areyaTbBacT B HEMPO3PAUHBIi KOHBEPT)» IMIyTEM
YMHOKEHUS Ha CTENEHb CIYYailHO CreHepHPOBAHHOTO
yuciaa r (3aKpbIBarOIIHI MHOXUTEJIb):

m’ =r°mmodn. Banx 3aBepsieT €€ B TAKOM BHIE,

' nd
HaKJIagbIBasl CBOIO MOMMUCE: S = (m ) . bmaronaps
W3BECTHOMY CBOMCTBY BO3BENIEHUSI B CTENEHb [0 MO-
nd e d
aymo (M) =(r*m)® modn, wment moxer 3a-

TEM «YyOAJIUTH» SaKpLIBaIOH_II/Iﬁ MHO>XHTCJIb, BEIYHNCIIUB
MOJIIMCH JUISt HICXOTHOTO HOMEpa m:
s=s'r " modn.

CO0OTBETCTBEHHO, UMEIOIIASCSI TEMEPh B Pacops-
JKEHWH KJIMEHTa Tapa (m,s) mpeicTaBiseT coOoi umc-
XOJHYI0 «MOHETY», 3aBEpEHHYI0 OaHKOM, MpUYeM
0GaHK MO>XET IPOBEPUTH CBOIO MOJIIHCH, XOTS CaMy MO-
HETy OH «BHIHT» B NEPBBIH pa3, KOrja OHa BO3Bpala-
eTcs eMy IoTydaTelieM IUIaTexa.

OnpeneneHHbIN HHTEpEC PEACTaBIAET IPUMEHe-
HUE ITOITHCH «BCIICIIYIO» U B IPYTUX 00JIACTSX: B 3JIEK-
TPOHHOM TOJIOCOBaHHHU JJISI «IMHCCUH» aHOHHUMHOTO
OroJUTeTEeHs IIPU COXPaHEHUH WACHTH(UKAINN JTHIHO-
CTHn I/I36I/IpaTeH$[ JUTA TIPEAOTBPAIICHUA TTOJTYYCHUS UM
Oomee oxHOro OIOJUIETEHS; B TOPrOBIE AaKUMSMH Ha
Omp:xe; B OECIIPOBOIAHBIX CETSAX JJISI BDEMEHHOM ayTeH-
TU(UKALUK KIMEHTa; B OECIUIATHBIX CEpPBHCAX B CETH
WnuTepHeT, mpeqHa3sHAYCHHBIX U pa3MemeHns Qaii-
10B 0€3 KaKoW-I00 perucTpanuy A NOCIenyomei
UX TEPeAadn IPyTrUM IT0JIb30BATEISAM C IIETbIO OTCIIe-
YKMBaHHS CKAUMBaHUS 110 BBIJAHHOM CCBUIKE.

ITpu 3TOM MOTYT OBITH HCIIOIB30BaHbI PA3HOBHI-
HOCTH peaJlU3aluy MOJIUCH «BCIEMYIO», TaKue, Kak
cucrema bpannca u cucrema ®@eprrocona. Ilepsas u3
HUX OCHOBaHa Ha KCIIOJb30BAaHUHU JIBOMHOIO MPOTO-
kona I1IHoppa, moapa3zymMeBaromiero NpUMEHEHNE JIUC-
KpETHOTO JorapupmMHupoBaHus, barogaps yemy apud-
METHYECKHX OIepalnii peamusyercs ObIcTpee, u mepe-
JacTCd MCHBIICC KOJIHMYCCTBO JAaHHBIX. 3]16CI) BMCCTO
JIUCKPETHOTO JIOrapu()MHUPOBAHHUS MOTYT HCIIOJIB30-
BaTbHCA aJITOPUTM Ha OCHOBEC JJINTMIITUYCCKUX KPUBBIX.
A BTOpas crucTeMa OCHOBBIBACTCS! HA WCIIOIb30BAHUN
anroputMa RSA u nporokona [Inoppa: obe B3anmo-
JICHCTBYIOIINE CTOPOHBI BHOCAT CIy4aifHOE YHCIIO IS
CO3JIaHMs1 IJIEKTPOHHBIX «MOHETY.
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ALGORITHM FOR FILLING HIERARCHICAL STRUCTURES OF EMOTIONAL ROBOTS. SOFT
AND HARD HYPNOSIS

Pensky O.
Perm State National Research University, Russia

AJIT'OPUTM HAITOJTHEHUSA UEPAPXUYECKHX CTPYKTYP SMOINOHAJIbHBIX POBOTOB.
MAT'KUU U )KECTKHUU T'NITHO3

Iencknii O.
Tepmckutl 2ocyoapcmeentbili HAYUOHATbHBIU UCCIe008ameNbCKull yHusepcumem, Poccus

Abstract

This article provides an algorithm for the formation of predetermined hierarchical organizational structures
of robots with equivalent emotions, where the main goal is the emergence of the possibility of psychological influ-
ence of higher-level robots-bosses on robots-subordinates. The algorithm is based on the ranking of so-called
robot influence factors. The proposed algorithm can be used to fill the hierarchical structures of groups of robots,
used, for example, in those situations where convincing or coercion by the subordinate heads when executing
hierarchical orders is required.

AnHomauyusn

B nacmosaweii cmamoe npusooumcs aneopumm opmuposanus 3a0aHHbIX UEPAPXULECKUX OPAHUZAYUOHHBIX
CmpyKmyp p060m06 C pA6HOYEHHbIMU IMOYUAMU, 20e 0CHOBHOU UEeJIvblo A6JIAencs NosA6lIeHUe 603MOICHOCMU NCU-
XoJjocuvecKkozo 81UAHUA 6bIULECOAUUX p050m06-Ha'laﬂbHuK06 Ha p060m06-n0()lluHeHHblx. AJZZOpMI’I’lM OCHOBAH
HA PAHIHCUPOBAHUU, MAK HA3bIBAEMBIX, KOIPPuyuenmos eiuanus pooomos. Ilpednazaemvlii anreopumm MO*CHO
UCNONIB308aMb OJIs1 HANOJHEHUS UePaPXUYECKUX CIMpYKmyp epynn pobomos, UCnoib3yemblx, Hanpumep, 6 mex cu-
myayusx, 20e mpedyemcst yoexcoerHue il NPUHYHCOeHUe HA4aIbHUKAMU NOOYUHEHHBIX NPU GbINOJIHEHUU Uepap-
XuyecKkux pacnopﬂofceHuﬁ.

Keywords: robot; mathematical models; algorithm; Artificial Intelligence; the influence of the robot; groups
of robots; hyponosis; hypnosis robots.

Knrwueesvie cnosa: po6om; mamemamudecKue Man]Zu,' aneopumm, ucxyccmeeHanZ UHmMeleKkm, 61udHue
poboma, epynnvl po60mos; UnHo3, UNHO3 pOOOMOS.

Brenenue
B pabotax [1, 2] npeanoxeHsl MaTeMaTHUECKUE
MOJICTIH, TaK Ha3bIBAEMBIX, KOI(D(DUIIMEHTOB BIUSHUSL
(k03 PHUIMEHTOB BHYILIAEMOCTH) SIMOLIMOHAIBHBIX PO-
0OTOB, SIBJISAIONIMXCS TCUXOJOTMYECKUMU XapaKTepH-
CTHKaMH pOOOTOB M ONPEJEISIONINX CTEeNeHb MCUXO0-
JIOTMYECKOT0 BIUSHHS POOOTOB IpyT HA Apyra Mpu Ux
B3auMHOM oOmecHUH. B paboTe [3] yrouyHEeHBI 3TH Ma-
TEMaTHYECKHE MOJICII U BBEJCHO CTPOTOE OIpeiese-
TeopeTnueckue MoJ0KeHUS
[L]

HHUE poOOoTa-TUITHOTH3Epa B rpynie poooToB. B HacTo-
SIIEH CTaThe MPUBOAUTCS AITOPUTM (HOPMHUPOBAHHSA
3aJ[aHHBIX MEPapXHUYECKUX OPraHMU3al[MOHHBIX CTPYK-
Typ poOOTOB C PaBHOLIEHHBIMH dMOITUsIMHU [ 1], e oc-
HOBHOU II€TIbIO HATIOJIHEHHUS POOOTaMU HEPAPXUIECKIX
CTPYKTYp  SIBJISIETCSI ~ TOSIBICHHE  BO3MOXXHOCTH
HauOOJIBIIErO ICUXOJOTMYECKOT0 BIUSHHUS BBIILIECTO-
SIIUX POOOTOB-HAYAIFHUKOB Ha POOOTOB-TIOAYMHEH-
HBIX.

Ilycte I - cobcTBeHHOE BeMeHTapHOE BocuTanue [3] pobora.

B paborte [3] mpemioskeHo CleAyomiee onpeaesicHiue Ko3dppuineHTa BausHus podoTa.
Omnpenenenne 1. Koaddurmenrom msirkoro Biusiaus (ko3(duiimeHToM BiausHus) OyeM Ha3bIBaTh HEKOE

j,L o
YUCIIO kEIJ 150 , IPHUCYIIIEE KaXKIOMY dMOIIMOHATTLHOMY POOOTY U SBIISIONIEECS €r0 MHIWBUYATLHOW TICHXO-

JIOTMYECKON XapaKTEPUCTUKON, TIPH 3TOM, OyJeM CUHTATh, 9TO POOOT L nommaercs Bmustnio pobota J , ECTH

() < kLt

[i]
+A f

il THE L+ j , A- MOPSIAKOBBIM HOMEpP TaKTa HEMPEPHIBHOTO OOIIEHUs poboTa L. pobotom

j , A=1LA, A -konuuecTso TakTOB HempepbIBHOrO 06MmEeHHs podota L ¢ poGotom J , UTO TIO3BOJISET JEIIaTh

. . i ’|_
3aMeHy 3MOIMH | poboTa L Ha COOTBETCTBYIOLIYIO SMOLIUIO POOOTA j, YMHOXKEHHYIO HA BEJIHUHHY k/[lJ I

Bynewm npennonarats, 4to poOOTH 001a1aI0T OAMHAKOBBIMHM PaBHOLIEHHBIMHU 3MouusiMH [1], To ecTs, cripa-

[ _

BeMBO paBeHctso I = (] = CONSt, L= ];_K/I ,rie M - konuuecTBo poGOTOB B rpyme.

Byzaewm cuurath, 4T0 mpu 0OLIEHHH POOOTA-HAYATBHIKA | ¢ POOOTOM-TIOA4HHEHHBIM L CIPaBEIIUBO CO-

[L] [iL1} L]
ri+/1 < k/l f

OTHOLICHHC A
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B paborte [3] BBeneHo onpeneneHre pod0oTa-THITHOTH3EPa U JOKa3aHa CIIEAYIOIIas TeopeMa:
Teopema. I'mnHotn3ep | B rpynne po6oTOB eAMHCTBEHHbII, €CIH JUIs JII060r0 poboTa L rpYIIbI CHpaBel-

i LILIL.j 7 ;
JIUBBI COOTHOIIIEHUS kEJ ]kg T<1, L=1M, L# ].
TaK KaK B HACTOSILEH CTAThe PACCMATPUBAIOTCS TOIBKO POGOTHI C OIMHAKOBBIMH PABHOLIEHHBIMH SMOLIHSIMH,
TO JIErKO BHIETh, 4TO IS TAKMX POGOTOB B FPYIIIE MOYXHO C(OPMYIIHPOBATH CIEAYIOMIEE CIEICTBHE H3 TEOPEMBI:
Cruexcteue. [mnHOTH3Ep | B rpynme poGOTOB ¢ OAMHAKOBBIMH PABHOLEHHBIMH SMOLHAMH JUISL K&XI0r0

po6OTa eqMHCTBEHHBIH, €CJIU 17151 1F000r0 podoTa L TPYTIIBI CIIPaBEUINBBI COOTHOIIEHHS kEJ’L] >1, kElL’J T<1

L=LM, L=j.
By,I[CM CYUTaTh, 4TO, €CIH pO6OT'Ha‘IaJ'IBHI/IK ABJISICTCA €AUHCTBCHHBIM pO6OTOM'FI/IHHOTI/I3epOM B IIOJ-
prHHe, TO OH O6J'Ia,[[aCT HaI/I6OHB].HI/IM BIIMAHHUEM B KOMAaHIOBAaHHUN pO6OTaMI/I'HOZI‘II/IHCHHLIMI/I.

o j,L
B JAJTbHCHUIIIEM 6y/:[eM CUUTaTh, 4TO KOB(i)(I)I/IL[I/IGHTLI BIIMAHUA kij ] HE 3aBHCAT OT MOPAAKOBOTO HOMEpPA

. j.L j.L
Taxta A HenpepbIBHOro o6meHus podota L ¢ podorom ] » TO eCTb, CTIpaBe/IIMBO COOTHONIEHHE kg’ 1= kUt

HUcnons3ys paboty [1] u ympomas pe3ynsTaTsl padort [3, 4], moxydmnm, 4To Ipu OOIIEHNH (KOHTAKTe) OBYX
9MOLMOHAIBHBIX POOOTOB BOCIIUTAHHUS KaXKIOTO U3 HUX, YAOBIETBOPSIOT COOTHOLICHHM
[L] [l
[L] _ . [LIR[L] ] LRl
Ri =riwz+605RG,,. R =ria+ 0 R,

rae
_ ] .
i ecnu S < kUl
I —_— 0, ecu r't = —klitglil
Fiet = max{ e 1 O }S|gn [ IM[L] [ L]I+[/JI']
recur ) =kt
L L L1
r, ec;m‘ri[M]‘ > kUt L]
[il [71] < [L 1] L
i comll < K
" ' i 0, ecau rl) = k-]
ri+/1 = maX{ rIE-JZ:,l ,k[L’J] rIE—Lﬂil }Slgn i+A i+

[il (i1 — [Tl
ri+ﬂ'ec'/1u ri+ﬂ, - k ri+ﬂ

[L]
r-iJrﬂ.

i, ecau || <k

rae k [ ) L] — ko3¢ duImeHT BiusiHUS poOoTa j Ha poboTa L, k [L' J] — k03¢ ¢unmenT BnustHus podora L Ha

(NIY)

pobora j , ri 4 1l -onemenTapubie BocHTaHuA poboToB L u J , ecnm Ob1 poGoThl Ha Takte | + A ne

001IaNMNuCh APYT C APYTOM.
[TycTb n3BecTHBI KOADPHUIMESHTHI BIUSIHUS KOKA0T0 podoTa rpymIisl Apyr Ha apyra. Takum oOpa3om, MOXKHO 3a-

MTUCATh MATPHILY K KO3 QHUIHUEHTOB BIUSHUS TPYIITE POOOTOB B BUAE
K= {k[i.L] }L=lvM
j=LM
Hepapxuyeckasi CTPyKTypa rpynibl po00TOB U aJITOPUTM €€ HANIOJTHEHHSI

ITycts 3amana mepapxudeckas CTpyKTypa IpyNmbl poOOTOB, TA€¢ Ha YpOBHE | HaxoIuTcs ml poboToB-
Ha4YaJIbHAKOB, KOJIMYECTBO n]_ HAYaJIbCTBYIONINX MOATPYII HAa YPOBHE | paBHO €AWHHIE, T.C. nl 21; Ha

YpOBHE 2 HaXOJHUTCS n2 MOJrPYII, B KaXJIOH U3 KOTOPBIX €CTh mz POGOTOB-HAYAIBHHIKOB; ...; Ha ypoBHE [J

Haxoautest N p TOArpYNIL, eCTh m p po6otos-nauansankos, P=1,N —1, rne N - obmee konuuectso nepap-

XMYECKHX 3BCHBEB I'PYIIIBI POOOTOB; HA CAMOM HIDKHEM HEPapXUIeCKOM yPOBHE N naxoaures N N noarpymi,

B Kak1104 u3 koTopbix ecth [T N POOOTOB-HAYaILHUKOB, K&XK/ast IOIPYIIIA HUKHETO YPOBHS COCTOMUT U3 M N

PpOOOTOB-IIOTYMHEHHBIX.
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Bynem Taxke cumTaTh, 4TO pOOOT-HAYATIBHUK BIMATENbHEE, YeM OoJbIIe ero K03()(UITMEHTH BIASHUS 110
OTHOIICHHIO K IPYTUM pOOOTaM.

Hcxonst U3 3THX YTBEPXKICHHUI, MOXKHO 3aIIMCaTh CICAYIOIIUI aIrOPUTM HAIMOJHCHHS pOOOTaMU HepapXuye-
CKOW CTPYKTYpBI I'PYNIIbI ¢ HanOoJiee BO3MOXKHBIM BJIMSIHHEM CO CTOPOHBI POOOTOB-HaYaJIbHUKOB Ha pOOOTOB-
MNOJYUHCHHBIX, UCXOA U3 TAKOM IICHUXOJIOTUYECKON XapaKTCPUCTUKU pO6OTOB, KaK UX MHAWBUAYaJIbHBIC KO3(1)-
(DUITUCHTHI BIMSIHUS.

1. 3Bamaercs marpuna K xosddummento Bausams po6oToB Ipyr Ha ApyTa.
2. 3amaercs mepapXmdecKas CTpyKTypa TPyIITbl pOOOTOB.

3. ®opmupyercsi BEKTOP S, re ero smeMeHTBI BEIYHCIISIOTCS 110 (hopmyie Sp = mpnp , Pp= LN.

- "L
4. ®dopmupyercs BEKTOp D , TJIE €ro JIEMEHTHI d J YJIOBJIETBOPSIIOT COOTHOLLIEHUIO d i= min k[J ],
L=1,M

j=1LM.
5. p=1.
6. BeKTOp D YHOopsaaA0o4rMBacTCA IO HEBO3PACTAHUIO €TI0 3JICMCHTOB.

7. Jlns HauanbHUKOB YpoBHS [) MepapXxmdeckoil CTPyKTYpbI IpyIIibl OTOMpArOTCs S p pOOOTOB, YbH KO-
3¢ ULHEHTHI BIUSHUSI CTOST Ha MEPBBIX S p MECTax Cpej SIIEMEHTOB BEKTOpa D . Bnementam Bexropa D,
COOTBETCTBYIOIMM 3THM BBIOpaHHBIM S p poboTaM, IPUCBaNBAIOTCS OTPUIIATEIIHLHBIEC YUCICHHBIC 3HAYCHUSL.

8. BriOpaHHbIe HaYaIbHUKK YPOBHs [0 messires Ha KoJutekTuBbl o M p poGoTOB.

9. M=M-s,.

10. p=p+1.

11. Ecmu P< N, warm x m.6.

12. OcraBmmuecs He BbiGpanHble B Hauanbaukn M poGoTo nensres ma N N TOArpymm, BO IJaBe K10k

N3 KOTOPBIX CTABUTCS KOJIJICKTUB HAYAJIbHUKOB U3 YHUCJIa BLI6paHHbIX S N pO6OTOB TIpH ITOCJIEAHEM BBIIIOJTHEHUN

MyHKTa 7.

13. Konerr.

OTMeTHM TO, YTO pEIICHHE 33aJadl O BBIOOpE POOOTOB, HA3HAYAEMbIX HAYaTbHUKAMU M TOAYMHCHHBIMHU B
MEPapXUIECKON CTPYKTYpe TPYIIIBI, MOXKET UMETh HE €AMHCTBEHHOE pemieHue. O4eBUIHO, 4TO 3agada Oyner

UMETh €JUHCTBEHHOE pEIlIeHHE, €CIIN JIEMEHThI BEKTOpa D moxno YIOPSI0YUTD IO CTPOrOMY YOBIBAaHHIO €r0
JJIEMEHTOB Ha MEPBOM IIare MUKJA mi. 5 — 11 onucaHHOro BHIIE aArOpUTMA.

Takske OTMETHM TO, YTO IPH N3MEHEHUH KOJIMYECTBEHHBIX MOKA3aTeIeH CTPYKTYpPBI TPYIIIEI (HAIpUMED, TIPH
MOJIOMKE OJJHOTO MJIM HECKOJBKHX POOOTOB, N3MEHEHHH MX KOA((HIIMEHTOB BIUSIHNUS, BBEACHHH B CTPYKTYpPY
HOBBIX pOOOTOB U T.JI.) MOXKHO, HCTIONIB3YS IPETIOKECHHBIH aJlTOPUTM, 3aHOBO ()OPMUPOBATH HATTOTHEHHIE HA4aJlb-
HUKaMH 1 TOJYNHEHHBIMU UEPAPXHUECKON CTPYKTYPBI TPYTIIEI.

OTMeTHM TakKe, YTO B IIOArPYIIe pOOOTOB, INIABHOTO HAYaIbHUKA M3 BCEX HAUYAJIbHUKOB HOATPYIIIBI MOXKHO
TaK)Ke Ha3Ha4aTh COTJIACHO MPEATIOKECHHOMY aJTroOpuTMy. [l 3TOro JOCTaTOYHO CYUTATh IPYIIIO poOOTOB MOA-

TpyTIy, COCTOSILYI0 M3 HAYaJIbHUKOB 3TOW MOJTPYMIBI MNP YCIOBHM, 4TO [P = 1, M= mp >1, N =1,
n,= 1.

MogeJb ecTKOro runHo3a podoToB

Omnpenenenre 1 onmuchiBaeT MATKHN THITHO3 pOOOTOB, TaK Kak BHyIIEHHE POOOTOB OCYIECTBIIsIETCS, Onaro-
Japs HerepLIBHOﬁ 3aMCHC 3JIECMCHTAPHBIX BOCHI/ITaHI/Iﬁ p060TOB.

BBeL[eM OIpCAC/ICHUC KOB(i)(i)I/IHI/IeHTOB KECTKOI'O BIIUAHUA pO6OTOB, Ipyu KOTOPOM B PE3YJIbTATC BOS):[eﬁ—
CTBUA pOﬁOTa-FI/IHHOTI/Bepa Ha 06LGKT, IIOJJTHOCTHIO U3MCEHSECTCSA BOCIIUTAHUEC 06”I>GKTa THUITHO34a.

_ L

Omnpenenenne 2. KoadhunmueHTom >xecTkOro BIUSHUS OylieM Ha3bIBaTh HEKOE YUCIIO K >0, [IpUCY-

e KaxkaoMy SMOIMOHAJIBHOMY pO6OTy U ABJIIOIICECS €T0 I/IHI[I/IBI/II[yaJ'IBH0171 HCI/IXOJ’IOFI/I‘IGCKOf/i XapaKTCpUCTu-

KOﬁ, opu 3TOM, 6y[l€M CYuTaTrb, 4YTO p060T L nognacTess KCCTKOMY  BJIMSIHUIO p060Ta j, CCIIN

[i.L]
‘Ri[l']‘ <K ‘I’[]]‘, e L # J. Ri[L]— BOCIIUTaHUE pobOTa L Tepe/] HaganoM ICHXO0JIOTHYECKOTO BIMSAHUS,
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il

poboTta L Ha 3;meMeHTapHOEe BOCITUTAHHE

TMOJTYYCHHOC B pE3YyJIbTATE | BOCIIMTATCIIbHBIX TAKTOB, - DJICMCHTAPHOC BOCIIMTAHUE po60Ta J , UTO I103-

BOJISIET JIENATh 3aMEHy BOCITMTAHHUS Ri[L] rl]
i
yuny K
OTMETHM, YTO KECTKHii THITHO3 OCYILECTBIIAETCS B TEYEHUE OIHOTO BOCTIUTATEILHOTO TAKTA, IPH KOTOPOM
OCYIIECTBIACTCS BIUAHHUE.
IlycTh Bce poGOTHI B IPyITIe ABISAIOTCS PABHOMEPHO 3a0bIBUMBBLIMH M PABHOLCHHBIMH SMOIMAMH KasKI0T0

poGorta ¢ snemenTapusivu Boctmranusmu ( [1].

, YMHOXCHHOE€ Ha BEJIU-

Torz[a YCIIOBHUEC KECTKOCTH BJIUSAHUA p060Ta J Ha p060Ta L COIJIACHO OMPCACIICHUIO 2 MMPpUMET BUA!
[i.L]

RM <K q. @)

B CUIIy TOIro, 4TO IJIsI paBHOMEPHO 3a0BIBUMBBIX pO6OTOB C PaBHOLICHHBIMU SMOLMUAMU CIIPABECIIIUBO COOT-
HOIICHHUE

1-0M
L] _
R~ =0 1_g 2
re 7 [L] - koo durment namstu [1] podora L , L = J , TO HepaBeHCTBO (1) mpumeT Buj
1— H[L]‘ Ly
1o <K 3)

Taxum 06pa3oM, MOKHO c(HOPMYITHPOBATH CIEAYIONIYIO TEOPEMY:
Teopema 2. /{5 paBHOMEPHO 3a0BIBUMBBIX POOOTOB C OJTMHAKOBBIMU PABHOLIEHHBIMU SMOIMSMHU, €CJIH CIIpa-
[iLl

BeuMBO HepaBeHcTBO K > m , TO pOGOT | KECTKO IICUXOIOTMYECKH BIIHsET Ha poboTa L,L#j

JlokazatenbpcTBO TEOpEMEBI 2 09eBHIHO ciieayet u3 ¢popmyn (2) u (3).
BBenem cnenyromiee onpeneneHue.

Ompenenenue 3. Po6ota | Ha3oBeM poGOTOM TMITHOTH3EPOM C KECTKUM THITHO30M, €CIIU s JI0O0To po-

60Ta L y L #* J ,BXOIIETO B I'pyNIly paBHOMEPHO 3a6LIB‘~II/IBLIX pO6OTOB C OIMHAaKOBbBIMU paBHOIICHHBIMU 5MO-
[l 1
oMU, CripaBeAJIMBO HEPABCHCTBO K > m .

Teopema 3. JInst paBHOMEPHO 3a0BIBYMBEIX pOOOTOB C OAMHAKOBBIMHU PAaBHOIICHHBIMH YMOIMSAMHU pOOOT-THII-
HOTH3Ep j ¢ JKECTKHM THITHO30M €IMHCTBEHHbIH, eciu s moboro podora L, L # ] Bxonsmero B rpymmy
(L [Li]
poGoTos, cripaeuneo Hepasencteo K K < [(l— 22l Xl— o )}1
JlokazaTensCcTBO.
[Iyctb poGoT-THIHOTH3ED J HE eMHCTBEHHBINA B Tpymiie. Toraa cymecTByeT Takoi pobor (U, 94To crpa-

BCIJIMBO HEPABCHCTBO

] 1
K >—— (4)
1— 0[1]
Ho Tak xak pO6OT J TOXKE ABJIACTCA TMITHOTU3CPOM, TO BEPHO COOTHOIICHUE
il 1
K >— (5)
1-61

[epemuorkast cootHomieHus (4) u (5), noiaydnm Gopmyiry, KOTOpast IPOTHBOPEUUT YCIOBHIO TEOPEMBI.
o] [l 1 1

g gl - )o- o)}

Teopema 3 mokazaHa METOJOM «OT IIPOTHBHOTOY.

O4eBHIHO, YTO ANTOPUTM HAIOJIHEHHUS SMOLMOHAIBHBIMUA POOOTaMH HEPAPXUUECKON CTPYKTYpPHI pOOOTOB,
OMUCAHHBII BBIIIE JJISI MATKOTO THITHO3a, JJIs YKECTKOTO THITHO3a OCTACTCSI TEM JKE, 33 UCKIFOUCHHEM ILI.1 u 4,
KOTOPBIC JUIs )KECTKOTO FHITHO3a MIPUMYT BU/I;
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1. 3amaercs matpuna K xosdduumenTos xecTkoro BiusHus poGOTOB APYT Ha JPYTa.

4. dopmupyercs Bektop D, rie ero snementsr d j YAOBIETBOPSIOT

_ iy

cootHomenmio d i = min K
L=LM

00 3(ppeKTUBHOCTH MATKOI'0 U KECTKOI0 MIHO3a POo60TOB

CpaBHHM MSTKHI O )ECTKH THITHO3 110 HX 3(p(EeKTHBHOCTH BO3/eiiCTBHs Ha pobOTa-rumHOTH3epa | Ha

,j=1LM.

pobota L.
Kak 0but0 0OTMEUeHO BbIlIe, B O0ILIEM CiTydae BOCIHUTaHHE poOOTa MPU HKECTKOM THITHO3€E YIOBJIETBOPSET

COOTHOIICHHUIO

. [iL] -
5 . i
Ri=K r (6)
a TPU MATKOM THITHO3€ BOCIIHTaHHE POOOTa omuckiBaeTCs (hopMyioi [3]
[L] _ [t il [L1RIL]
Ri+ﬂL - k/l r/l + 0i+i Ri—1+/1 (7)
PaccmoTpuM paBHOMEpPHO 3a0BIBUNBEIX POOOTOB C OAMHAKOBHIMH PABHOIIEHHBIMH SMOIUSAMHE JJIS KaXKI0TO

[iL] | [iL]
po6ota rpynmsr. Takske GyeM mpenonaraTh ClpaBelTABOCTh paBeHCTBa K S = k .

[Tpwm aTux nomymeHusix corsacHo opmysiam (6) u (7) cripaBeAIMBEI COOTHOIICHHUS:

JJIs1 2)KECTKOI'O TUITHO34a:
il
w=RY=K q,

i+1

JJIA MATKOT'O THUITHO3a:
1-0"" 1-¢M 1
1-oU 1 g 1 gl

V=R =Kidg

Bynem cuntarh, 4TO XKECTKUIl THIHO3 2P (HEeKTUBHEE MATKOT0, €CIIU MIOCIIe CeaHca IMITHO3a CIIPaBEeIUBO He-
pasercto W >V 1, HaoGopor, msarkuii rumso3 s¢dexrnBHee sxecTKOro, eciu Boimonusercs yenosue W <V

Jlerko IMOoKa3aTb, 4YTO AJIA q > 0 COOTHOIICHHE W >V CIIPABCAJINBO, €CJIN BBITOJIHACTCA YCIIOBUC
i A A
Kuu>kuu1_¢u L 1-ov
1-"  (1—pf
Taxxe nerko nokasats, uro ana (>0 popmyna W <V sepna, eciu cipaseinso HepaBencTBo
[i]

K <ki9,

L
CoxpaHUM TpeXHHUE NOMYIICHHS, HO MPEIIOJIO0KIM CIIPaBEUIMBOCTh PABEHCTBA I’i[ = —(Q, rze 4> 0.

OTMCTI/IM, YTO 3TU AOMYLICHUA COOTBECTCTBYIOT ﬂeﬁCTBHﬂM pO6OTa-FI/IHHOTI/I3€pa, HalpaBJICHHbIM Ha U3MCHCHUC
COOCTBEHHOI'0 BOCIIUTAHUS p060Ta, KOTOpOC OBLIO Y HETrO 10 C€aHCa TMITHO34a, Ha BOCIIUTAHUC, ITIPOTHUBOIIOJIOKHOC
I10 3HAKY 3TOMY CO6CTBCHHOMy BOCITMTaHUIO p060Ta.

B sTOM cityuae BepHBI COOTHOIIEHUS
[iLl

w=R=K q,

i+1
1-6"" 11
1-g gt g
Jlerko BUACTH, UTO W >V , €CJIU CIIPpaB€IJIMBO HEPABECHCTBO

k_[i,L] i 1_9[L]" 1_(9[L]i 1_9['—]A
A g T g g

W3 cooTHOMICHMS (8) CJICAYCT, UYTO IIPH BLIIIOJIHEHUU IPOCTOTO, HO Ooitee JKECTKOr0, yCJIOBUA
_[i] KLiL]

T1om

V=R —kUYg

®)

BepHa hopMmyma W >V , T.€. ECTKUH TUITHO3 YPPEKTHBHEE MATKOTO THITHO3A.

[ycts W <V, rorna
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[iL] 1— o1 11— 1— 1"
K [iL] _
Koack TToom 91 g 1—gm ©
Jlerko BHIETH, 4TO COOTHOIIEHHE (9) crpaBeMBO IpH Oo0JIee MPOCTHIX, HO 0oJiee KECTKHUX, YCIOBHAX:
AN ) 1 1
K < k[J,L] _ k[J',L]
L 2 .
(L-of (-0

[Ipn cozmaHmym mMporpaMMHOTO 0OECIeYeHus po-
60TOB, MPOTPaMMHCT MOXXET CAMOCTOSTEIHHO 3aia-
BaTh KOA((HUIMEHTH BHYIIAEMOCTH KaXKIOMY poOoTy
1 KOd(pUIHEHTH maMaATH poboroB. IlosTtomy mpu
HAMOJHEHUH pPOOOTaMU HEpPapXUYECKUX CTPYKTYp
MOXXHO B 3aBUCUMOCTH OT OTHX IICHUXOJOTHYCCKHUX Xa-
PaKTEPUCTHK POOOTOB HCIIONB30BaTh WM AJITOPHUTM
(hopMHpOBaHUS HEpaPXUIECKUX IPYII pOOOTOB HA OC-
HOBE MSITKOTO BJIMSIHUSI HAYJIbHUKOB-POOOTOB Ha MOA-
YMHEHHBIX, WK aJITOPUTM (POPMHUPOBAHHS HEpapXHYe-
CKHUX I'PYIII pOOOTOB C yYETOM XKECTKOTO BIISHHUS, WITH
HEKUH «TMOpPHUIHBII» BapHaHT ajJroOpUTMa, B KOTOPOM
B MOATPYNIAX MEPAPXUH HCHONB3YETCS WM MSTKHUH,
WM )KECTKHUH TMITHO3 CO CTOPOHBI HA4YaJIbHUKOB K PO-
00TaM-II0TYNHEHHBIM.

3akn0ueHne

Takum 00pa3oM, B HACTOSAIIECH CTAaThe OIMMCAHBI
MAaTEMAaTU4YCCKUEC MOJCIIN U aJITOPUTM HAITIOJTHEHUS PO-
60TamM 3aJJaHHOM HepapXUUeCKOM CTPYKTYpHI TPYIIIBI
poOOTOB, I/e HadalbHUKAMH HA3HA4yaroTCsi POOOTEHI,
obJaaromue HauOOJIBIINM TICUXOJIOTHYECKUM BIIHS-
HHEM Ha poOOTOB-NIOJUYMHEHHBIX. [Ipe/araemplii an-
TOPHUTM MOXKHO HICTIOJIb30BATh JUIS HAIIOJTHEHHS Hepap-
XMYECKUX CTPYKTYpP TPYHIl pOoOOTOB, HCIIONB3YEMBbIX,
HampuMep, B T€X CHUTYalHsX, TA€ B 3aBUCHMOCTH OT
MSTKOTO HIIM JKECTKOTO THITHO3a TpedyeTcss MArkKoe
yOeXIeHHE HITH KECTKOE IPUHYKACHHIE TOJINHEHHbBIX
JJIA BBITIOJTHECHUS UCPAPXUICCKUX pacnopﬂmeHHﬁ.
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Abstract
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This article presents analysis of gender differences on the effectiveness of treatment with angiotensin-trans-
forming enzyme inhibitors (ATE inhibitors) and angiotensin receptors blockers 2 (BRA2) of 185 patients age 60 —

88 with arterial hypertension stage 3, degree 3.

The tasks, goals, materials, methods, and the results of the study are presented. We investigated .subjects
using daily arterial pressure monitoring, ECG, and echocardiography.
We analyzed the influence of the therapy with IATE and BRA2 alongside weather conditions on hemodynamic

parameters.

Differences in hypotensive effects of the therapy with IATE and BRA2 between women and men under the
influence of fluctuation in atmosphere temperature, relative humidity, atmosphere pressure and geomagnetic ac-

tivity (Kp-index) were noted.

Keywords: Earth and space weather factors , gender differences, angiotensin-transforming enzyme inhibitors
(IATE), angiotensin receptor blockers 2 (BRA2), coefficients correlation ,elderly patients, arterial hypertension.

The article is devoted to influence of Earth and
cosmic factors on hypotensive effect of IATE and
BRAZ2 in elderly women and men with hypertension
disease stage 3 degree 3.

We examined arterial blood pressure monitoring,
ECG, echocardiography in subjects.

Influence of the therapy with IATE and BRA2
considered alongside with weather factors in women
and men, suffering from arterial hypertension stage 3
degree 3.

Correlations were noted between hemodynamic
parameters and weather factors. Hypotensive effect of
BRA2 was more prominent in women, than in men.

There were no differences in hypotensive effect of
IATE between women and men.

Differences were revealed in hemodynamic pa-
rameters between women and men alongside of fluctu-
ation in atmospheric pressure, relative humidity, air
temperature, Kp -index of geomagnetic activity.

We observed correlations between meteo-geo-
magnetic factors and hemodynamic parameters.

INTRODUCTION

Among the tasks of paramount importance in the
treatment of arterial hypertension is to find out the
weather dependence of patients, as well as their reac-
tions to geomagnetic activity, which can nullify the re-
sults of hypotensive therapy.

It is known from previous works that about a third
of men and almost half of women are sensitive to
changes in weather conditions. Approximately 65 -

75% of patients with cardiovascular diseases suffer
from weather sensitivity. These patients may be de-
pendent on atmospheric variations in temperature and
pressure, relative humidity, and geomagnetic activity.

In recent years, the dependence of weather-sensi-
tive people on geomagnetic perturbation has been reli-
ably established by [1], [2], [3], [9], [10], [11].

In clinical conditions the treatment of elderly pa-
tients with arterial hypertension has shown that varia-
tions in atmospheric temperature (temperature waves),
as well as fluctuations in geomagnetic activity (mag-
netic storms) decrease the hypotensive drug effective-
ness. [5], [6], [7]. [4], [9]

Significant changes in atmosphere factors can lead
to a failure of mechanism of adaptation in patients suf-
fering from arterial hypertension.

The purpose of our research was to find out corre-
lations between Earth and cosmic weather factors and
hemodynamics parameters alongside therapy with
IATE (prestarium, noliprel) and BRA2 (lozap, Losar-
tan, lorista, blocktran) in elderly patients with arterial
hypertension stage 3, degree 3 and influence of terres-
trial and cosmic factors on hypotensive effect.

The task: to investigate the results of treatment of
elderly patients with hypertensive disease stage 3, de-
gree 3 of IATE and BRA 2 in the gender aspect and to
test the effectiveness of the receiving hypotensive ther-
apy alongside meteorological (atmospheric tempera-
ture, humidity, atmospheric pressure) and geomagnetic
factors (geomagnetic activity expressed by the total
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planetary Kp-index).It is known that the cardiovascular
system parameters are influenced by the parameters of
terrestrial and space weather. Despite a large number of
studies on the role of fluctuations in weather factors on
cardiovascular parameters, this question has not been
examined in the gender aspect in elderly patients with
hypertensive disease stage 3 degree 3.

Materials and methods: 185 elderly patients with
arterial hypertension were examined, including 79 men
and 106 women between the ages of 60 to 88. To ob-
jectify the detected gender differences in the function
of the cardiovascular system, clinical symptoms, it was
necessary to investigate not only the subjective sensa-
tions of patients with taking into account the gender,
but also to conduct a modern instrumental study of car-
diovascular function. To do this, a questionnaire was
used in which patients marked the frequency of head-
aches, episodes of chest pain, occurrences of heart fail-
ure, general well-being, activity, and mood (WAM).
The following instrumental methods were used: daily
blood pressure monitoring (BP), which determined the
daily profile of blood pressure, levels of systolic blood
pressure (SBP), diastolic blood pressure (DBP), pulse
blood pressure (PBP), average blood pressure (ABP),
heart rate (HR). Measurements were made during all
days hospitalization. For daily blood pressure monitor-
ing (DBPM) we used a portable device "Schiller AT 10
plus" manufactured by Switzerland. Factors of terres-
trial and space weather received from sites
ftp://ftp.ngda.gov/STP/GEOMAGNETIC-DATA-
INDICES/KP-AP and http://meteo.infospace.ru.

At the same time, we used information about at-
mospheric pressure, atmospheric temperature, relative
humidity, Kp-index ( index of geomagnetic activity) on
the first day, fourth day, and eighteenth day of the pa-
tients hospital stay. Further comparisons were made be-
tween changes difference in weather factors and differ-
ence (d) of systolic blood pressure (dSBP), difference
(d) of diastolic blood pressure (dDBP) and difference
(d) of heart rate (dHR) in the dynamics of the observa-
tions. In doing so, the correlations between the differ-
ence (d) of these indicators and the difference of
weather factors between the first day of arrival and the
second day, fourth and through the eighteenth day of
the hospital stay were examined in elderly men and
women, suffering from hypertensive disease before and
after therapy of IATE and BRAZ2.

Results: Elderly women receiving therapy have
been found to have statistically significant correlations
between difference in relative humidity and the heart
rate difference on the 10th day of hospital stay com-
pared to the day of admission (r= 0.199 ,p < 0.05). A
significant correlation between the difference in air
temperature and the SBP difference and DBP differ-
ence on the 16th day of treatment compared to the day
of admission (r=0.590, p < 0.03 and r=0.543, p < 0.05).
In addition, the difference between the KP-Index dif-
ference and the heart rate difference between the 4th
day and the day of admission (r=- 0.201, p <0.04) was
significant.

Analysis of correlations between difference in he-
modynamic parameters and difference in weather fac-
tors in men with arterial hypertension, receiving IATE

and BRAZ2,demonstrated significant difference be-
tween the first and fourteenth days of treatment for
change in HR and atmosphere pressure (r=0.484, p <
0.01).

Differences between the second day of hospitali-
zation and day of admission difference HR, difference
SBP and difference humidity were significant (r=-
0.234, p <0.03) and (r=0.224,p<0.03). Correlations be-
tween differences in humidity and HR between the
tenth day of hospitalization and the day of admission
(r=0.209, p < 0.05) in men was significant. Correlations
between differences in atmosphere temperature and HR
was significant when we compared the 8th and 10th
days to the day of admission (r=0.264, p < 0.01) and
(r=0.212, p < 0.05) respectively.

The correlation between the differences in Kp-in-
dex and in HR was significant on the 6th day compared
to the day of admission (r=0.209, p < 0.05).

There was negative correlation between difference
of atmospheric pressure, humidity, dHR, dSBP and dif-
ference Kp-index for elderly men. Analyses in compar-
ative efficacy of IATE and BRAZ2 in elderly men and
women with hypertensive disease stage 3 degree 3 dis-
covered gender differences in hemodynamic parame-
ters . Under an influence of BRA2 decreasing SBP,
DBP, average BP, pulse BP, heart rate , double product
(DP) in women was twice as frequent as in men. The
number of cardiac pain episodes decreased by two fold.
Under the influence of IATE gender differences in he-
modynamics in elderly men were absent. At the same
time differences were revealed between elderly men
and women in clinical symptoms.

Gender differences between daily profile of blood
pressure were absent. Both, IATE and BRAZ2, revealed
normalization in the daily profile of blood pressure.

DISCUSSION

Analysis of received data revealed differences be-
tween elderly men and women with hypertensive dis-
ease stage 3 degree 3 in reaction to changes parameters
(atmospheric pressure, relative humidity, air tempera-
ture, Kp-index (index of geomagnetic activity). Corre-
lation was noted between difference hemodynamic pa-
rameters and weather factors in elderly women and men
with arterial hypertension on the background of therapy
with IATE and BRA2. There were noted differences in
effects of IATE and BRAZ2 on clinical symptoms and
hemodynamics parameters in elderly men and women
with hypertensive disease stage 3 degree 3 with high
cardiovascular risk. Significant correlations were noted
between meteo-geomagnetic factors and hemodynamic
parameters (SBP, DBP, HR) alongside hypotensive
therapy. Weakening was revealed between changes in
hemodynamic parameters and meteo-geomagnetic fac-
tors. When air temperature increases, systolic blood
pressure (SBP) and diastolic blood pressure (DBP) in
men and women before therapy decreases. This de-
pendence in women was development more expressive
and safe after treatment. The difference was noted in
response of SBP and HR for change Kp- index, while
subjects received the therapy. The change in Kp-index
causes SBP increase in men, but it causes SBP decrease
in women. Kp-index increase causes HR increase in
men.


ftp://ftp.ngda.gov/STP/GEOMAGNETIC-DATA-INDICES/KP-AP
ftp://ftp.ngda.gov/STP/GEOMAGNETIC-DATA-INDICES/KP-AP
http://meteo.infospace.ru/
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CONCLUSION

1) We demonstrated the influence of changes in
atmospheric temperature, air pressure, humidity and
Kp-index of geomagnetic activity on heart rate and ar-
terial blood pressure alongside therapy with IATE and
BRAZ2 in elderly women and men, suffering from hy-
pertensive disease stage 3 degree 3.

2) significant correlations were noted in women
between

» change in relative humidity and change in
heart rate;

» change in air temperature and change in sys-
tolic and diastolic blood pressure;

» change in Kp- index and change in heart rate

3) Statistically significant correlations were noted
in men between

» change in atmospheric pressure and change in
heart rate;

» change in relative humidity and change in
heart rate;

» change in Kp- index and change in heart rate;
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Abstract

The article presents the results of measuring the absolute and relative thresholds of perception of increased
resistance to breathing. It is shown, that the magnitude of the sensation of the increase in the resistive load is
proportional to the logarithm of the acting stimulation (the magnitude of the increased resistance to breathing).

Keywords: increased breathing resistance, resistive respiratory loads, absolute and differential thresholds of

sensitivity.

Recently, the interest of physiologists and clini-
cians in the origin of sensations arising from difficulty
in breathing (respiratory psychophysiology) has in-
creased. Numerous tests are used to objectify shortness
of breath (questionnaires, analog scales, psychological
tests, etc.). However, the practical implementation of
these tests in a pulmonary clinic is clearly late from the
needs of medicine.

Since F. Rohrer [1] proposed a method for dosing
resistive respiratory loads, many studies of threshold
characteristics of resistive sensitivity have been con-
ducted. Thus, according to K. Killian 1992 [2], a
healthy person is able to see an increase in the resistive
load by only 0.5 cm water / 1/ s. The basis of most the-
ories of perception of resistive loads is the ratio of af-
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ferent stimuli coming from the mechano- and chemore-
ceptors of the respiratory system. Pulmonary pathol-
ogy, respiratory dysregulation, changes in the respira-
tory muscles significantly change the resistive sensitiv-
ity.

Meanwhile, there is still no clarity in the diagnos-
tic value of the thresholds of resistive sensitivity and
the level of self-assessment of additional respiratory re-
sistance for pulmonology. In this work, an attempt is
made, to study the basic psychophysiological charac-
teristics of the perception of respiratory effort while
overcoming additional resistance to breathing.

The research involved 36 healthy people, of both
sexes, aged 18 to 24 years.

The subjects measured absolute and differential
thresholds of resistive sensitivity. Absolute thresholds
were recorded in the interstimulus interval, before the
presentation of workloads. Testing of differential
thresholds of resistive sensitivity was carried out
against the background of "workers", constantly oper-
ating inspiratory resistive respiratory loads of 40; 60;
70; 80% Pmmax. The subjective component used to as-
sess the threshold was the sensation of an increase in
resistance.

The thresholds of resistive sensitivity were deter-
mined in a sitting position with calm breathing by pre-
senting a metered inspiratory resistive load, to the sen-
sation of which they reacted by giving a signal. Dosing
of resistive loads was carried out by a pneumatic shutter
of the original design, which made it possible to
smoothly change the additional breathing resistance in
the range from 0.2 to 76 cm water / | / s. Physiological
information through an information-diagnostic system
[3] entered the computer, where the most important de-
rivatives were calculated: the partial pressure of O, and
CO; of the alveolar air (PAO,, PACO,); alveolar venti-
lation (VA); breathing work (W); airway resistance
(Raw); total energy consumption (E); minute volume of
blood circulation (I0C), etc. The thresholds of percep-
tion of respiratory loads and the level of arising short-
ness of breath by Borg were directly measured. The ma-
terial was processed using the automated package
"Statgraphics 5.6".

The results obtained in this study indicate that the
dynamics of the absolute and differential thresholds of
perception of resistive loads had a clear dependence on
the magnitude of the applied additional breathing re-
sistance, i.e. described by psychophysical dependence.
To disclose this dependence, we correlated the differ-
ential thresholds for distinguishing the additional res-
piratory resistance with the current resistive load. In the
range of respiratory resistances from 40 to 80% Pmmax
used by us, the ratio “differential threshold - basic re-
sistive load” maintained relative constancy, i.e. the in-
crease in sensation when distinguishing resistive loads

was determined at the same level. This psychophysical
regularity is consistent with Weber’s law and correlates
the analyzer’s sensitivity range with the parameters of
the active stimulus.

In order to calculate the basic psychophysical
characteristic of the perception of resistive loads, we
measured the levels of self-awareness of additional res-
piratory resistance on the Borg scale (RPE). As follows
from our data, in spite of the relatively high variation in
the parameters of self-perception of the load, there was
a clear tendency to increase the feeling of shortness of
breath with an increase in the base resistive load from
0 to 80% Pmmax. We built a regression model of the
ratio of the intensity of the load sensation on the Borg
scale and the magnitude of the physical stimulus with
the thresholds for distinguishing it. The regularity ob-
tained after approximation made it possible to establish
that the magnitude of the sensation of the increase in
resistive load is proportional to the logarithm of the act-
ing irritation (the value of DLS). In psychophysiology,
similar logarithmic dependencies are established for
most analyzers; they are described by the basic psycho-
physical law of G. Fechner. The biological significance
of this nonlinear regularity, according to most research-
ers, is to expand the range of perception of stimuli with
an increase in the sensitivity of the sensory system in
the region of the most important stimulus parameters
from an information point of view [4].

Thus, the subjective parameters of the perception
of additional respiratory resistance have certain psy-
chophysical characteristics that are quantitatively re-
lated to the characteristics of the functional state of the
subject. Taking into account and analyzing the subjec-
tive perception of increased resistance to breathing can
bring us closer to understanding the mechanisms of
shortness of breath in various respiratory diseases.
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Abstract

This article presents an assessment of the quality of the internal fit of the frames of artificial crowns made of
lithium disilicate obtained using the KaVo ARCTICA CAD/CAM system from billets of ash-free polymer material
C-Cast and frames obtained using the ASIGA Max UV 3D printer from ash-free photopolymer material. The Image
j computer program was used to study the quality of the internal fit of artificial crown frames. The nonparametric
Wilcoxon V-test was used for statistical analysis of the obtained data. We found that the average value of the
cement gap between the tooth stump of the experimental model and the frames of artificial crowns made in CAD /
CAM ARCTICA from C-Cast blanks is 50,54 = 0,5957 microns. The average value of the cement gap between the
tooth stump of the experimental model and the frames of artificial crowns made using the ASIGA Max UV 3D
printer is 50,27 + 1,218 microns. The results of our study indicate that the frames of artificial crowns made of
lithium disilicate, made by pressing on milled blanks from the KaVo ARCTICA C-Cast block, and the frames of
artificial crowns made by pressing on blanks created using the 3D printer Asiga Max UV, have a statistically
indistinguishable value of the cement gap (p<0,05).

Annomauyus

B Oanmnoil cmamve npedcmasgiena oyenKa Kavyecmeo 8HYmpeHHe20 Npuiecanus KapKaco8 UCKYCCIMEEHHbIX
KOpOHOK U3 oucunuxama aumus, noayuernvix ¢ nomowpio CAD/CAM-cucmemvt KaVo ARCTICA u3 3aeomogox
6e33016H020 noaumepnozo mamepuana C-Cast u kapkacos, noayuennvlx ¢ npumernenuem 3D npunmepa ASIGA
Max UV u3 6e33010H020 homononumepro2o mamepuand. [{is uzyueHus Kauecmeda HympeHHe20 NPulecanus Kap-
Kacos UCKyCCMBeHHbIX KOPOHOK UCNOIb308AIU KOMNblomepHyto npozpammy Image J. /s cmamucmuueckozo ana-
JIU3a NONYYEHHbIX OAHHLIX NPpUMeHsIu Henapamempuydeckuti V-kpumepui Yunkoxcona. Hamu 6vino eviasneno,
umo cpeodHee 3Hayenue BeIUUHbl YEMEHMHO20 3A30Pa MeAHCOY Kyabmell 3y6a IKCHepUMEHMAIbHO MOOeIU U Kap-
Kacamu ucKyccmeeHHulx KopoHoxk, uszzomogneruvimu 6 CAD/CAM cucmeme ARCTICA u3z 3acomosok C-Cast, co-
cmagngem 50,54 £ 0,5957 mxm. Cpeonee sHauenue eruyunbl YeMeHmMHO20 3a30pa Medicoy Kyavmell 3y6a dKcne-
PUMEHMATLHOU MOOEIU U KAPKACAMU UCKYCCHBEHHBIX KOPOHOK, U320MOBNIeHHbIMU ¢ npumeHenuem 3D npunmepa
ASIGA Max UV, cocmaensem 50,27 + 1,218 mxm. Pesynomamul Hauie2o uccied08anus C8UOemerbCmayom o mom,
YMO KAPKACHL UCKYCCINBEHHBIX KOPOHOK U3 OUCUTUKAMA TUMUSL, U320MOBIEeHHbLE MEMOOOM NPECCOBAHUsL N0 (pe-
3eposannvim 3acomogkam uz oaoxa KaVo ARCTICA C-Cast, u kapracvl UCKYCCMBEHHbIX KOPOHOK, U320MOB/IeH-
Hble MemoO0OM NPecco8aHUs NO 3a20MOBKAM, CO30aHHbIM ¢ nomowbio 3D npunmepa Asiga Max UV, obraoaiom
CMamucmuyecku HepasiudumMsbiM 3HauyeHuem yemenmuoeo 3azopa (p<0,05).

Keywords: digital impressions, CAD/CAM, intraoral scanner, stereolithography, 3D printing, internal fit of
fixed prostheses, lithium disilicate crowns, digital technologies in dentistry.

Kurouessie cnosa: yugposvie ommucku, CADICAM, enympupomosoii ckanep, cmepeonrumozpagus, 3D ne-
uanmbv, 6HYmMpeHHee npuiecanue HeCbeMHblX npome306, UCKYCCMBEHHbLE KOPOHKU U3 oucunukama JAumus, uu(])po-
8ble MexXHOoI02UU 8 CMOMAMOJI0cUU.

Brenenne
IudpoBbie TEXHOIOTUH OBLTH BHEAPCHBI B CTOMA-
TOJIOTMYECKYIO MPAKTUKY, YTOOBI YIIPOCTUTH U3TOTOB-
JICHUE W YJYYIIUTh Ka4YeCTBO OKOHYATEJILHBIX PECTaB-
pamutii [5, 6]. B HacTosIee BpeMst OSIBIIACh BO3MOXK-
HOCTb NOJTy4YaTh U(POBBIE OTTUCKU 3yOHBIX PSIIOB IO
METOJIMKE BHYTPUPOTOBOTO Ja3€PHOT0 CKaHUPOBAHUS

[1, 2, 3, 5], KOTOpbIE TTO3BOJISIOT CO3ABATh TPEXMEp-
HBbIE BHPTYyaJbHbIE H300pa)KCHUS IpernapupOBaHHBIX
3y0OB, NPHUTOAHBIE Ui W3TOTOBJIECHHS HECHEMHBIX
npote30B ¢ nomouipo CAD/CAM-cucrem u 3D npus-
TepoB [5, 6]. Ha cerogusmHmii 1eHb CyIIECTBYIOT He-
CKOJIBKO LII/l(l)pOBl)IX MCTOJOB U3TOTOBJICHUA 3aIrOTOBOK
KapKacoB MCKYCCTBEHHBIX KOPOHOK U3 JUCHUIINKATA JIH-
THS € NIOCIIEAYIOIIEH 3aMEHOM Ha JTUTHEBYIO KEPAMUKY
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METOZOM npeccoBaHusl. [Ipy alTMTHBHOM METOIE BO3-
MoxHa 3D nedaTh 3aroTOBKH HECHEMHOT'O MPOTE3a U3
¢dorononmmmeproro  Martepuama. C  TOMOIIBIO
CAD/CAM-cucreM BO3MOXKHO (hpe3epoBaHKe 3aro-
TOBKM HECHEMHOI'0 IpoTe3a M3 0e330JIbHO BbIrapae-
Moro OJyioka TosiMMepHoro marepuaina. it oneHku
HECHhEMHBIX pECTaBpalLHii, H3ATOTOBJICHHBIX C IPUMEHE-
HHEM COBPEMEHHBIX IIU(POBBIX METOJIOB, HEOOXOAUMO
OLIEHUTH UX BHYTPEHHEE NMpUIEraHue K KyJbTe OIop-
Horo 3y0a [4]. Hayunsix myOnukanuii, MOCBAIIEHHBIX
M3y4YECHUIO KauecTBa BHYTPEHHETO MPHJIETaHUs HCKYyC-
CTBEHHBIX KOPOHOK W3 JWCHJIMKATa JIMTHSA, M3TOTOB-
JICHHBIX C MOMOIIBIO HU(POBBIX METOJOB, HEIOCTa-
TOYHO, YTO U SBUJIOCH 0OOCHOBaHHUEM HEOOXOIUMOCTH
MPOBEJICHUSI TAHHOTO UCCIIEIOBAHMSI.

Llens nccnenoBaHus — U3YYHUTh KadeCTBO BHYT-
PEHHETO MPUIIEraHus KapKacoB HCKYCCTBEHHBIX KOPO-
HOK, U3 qucuiukara autus [PS e.max, u3roToBIeHHBIX
C IIOMOIIBIO U(PPOBBIX TEXHOIOTH.

MatepuaJjibl 1 MeTOABI HCCJIeI0BAHUS

Jna m3yudeHusl kadecTBa BHYTPEHHETO IpHIIera-
HUSl KapKacoOB HCKYCCTBEHHBIX KOPOHOK M3 JMCUIH-
kata smtust [PS e.max namu Obia paszpaboraHa criernu-
anpHas cxeMa MpoBeieHHs uccienoBanus (puc. 1), B
KOTOpOH OBLiTa NCIOJIb30BaHa IKCIIEPUMEHTAIBHAS MO-
nens (puc. 2A) ¢ MOATOTOBICHHBIM IO/ MCKYCCTBEH-
HYIO KOPOHKY 3y0oM (2.7) ¢ UPKYJISPHBIM yCTYTIOM B
BHUJIE )Kes00a.

:_:.’H{‘IIEDIIMEHTHJBHHH MOOedb

Mudporoe mzodpazeane
IRCHEPHMEHTAIEHOH MOJeTH, OIy9eHH0e
€ MOMOIN LK BHYTPHPOTOROre cikaHepa ilero Cadent

JaroToBKH

koposok E.max

3D opuaTep
Asiga Max UV
m3 (oTomonamepa
Ieqr nua ob:xHEra H Npeccoeanns KepaMaxs Programat EP 5010

R:IIJ KAaChl HCKYCCTEEHHBIX

CAD/CAM
KaVo ARCTICA

@ pezepoBaHEbIE
3AFOTOBKH

Kapxackl HCKYCCTEeHHBIX
kopoHoK E. max

Puc. 1. Cxema nposedenus sxcnepumenma

Ha nepBom 3tane Oputi moydeHs! 10 mudpoBeIx
N300paKeHUI SKCIIEPUMEHTAIBHON MOIETH C TIOMO-
IMBI0 BHYTPUPOTOBOTO JIa3epHOro cKaHepa iTero
Cadent (CIIA). B mnporpamMmmHOM obecredeHne
Dental CAD 2.2 Valletta npoBoanin MoJeIUpOBaHKE
10 xapKkacoB HCKYCCTBEHHBIX KOPOHOK. [l Bcex kap-
KacoB TPH BUPTYJIFHOM MOJICIUPOBAHUN 3a/1aBalIl
BEIMYMHY I[IeMEHTHOro 3a3zopa 50 mkM. Ha BTOpOM
otarie B (pe3epHO-NUIMpOBAILHOM cTaHke KaVo
ARCTICA Engine u3 6yoxa 0€330JIbHOTO TTOJIMMEp-
Horo Mateprana KaVo ARCTICA C-Cast 6butn moiry-
yeHbl 10 3aTrOTOBOK KapKacOB HMCKYCCTBEHHBIX KOPO-
HOK (puc. 2C). [lanee ¢ momompto 3D mpunTepa Asiga
Max UV mertonom crepeonurorpadun (SLA) Opimm u3-
roroByieHsl 10 3aroTOBOK KapKacOB HCKYCCTBEHHBIX
KOpoHOK (puc. 2b) u3 doromnonaumepHoro marepuaina
Freeprint cast UV (DETAX, I'epmanusi). 3arem mero-
JIOM ITPECCOBAHUS C MTOMOIIBIO MeYH JJIs1 00KUTa Kepa-
muku Programat EP 5010 Obiu mmosry4eHsl U3 H3roTOB-
nennbix panee B CAD/CAM-cucteme u 3D mpunTEepe
3aroToBOK 20 KapKacoB MCKYyCCTBEHHBIX KOPOHOK M3
mucwnikata nutus [PS e.max (Ivoclar Vivadent, JInx-
TEHILTEHH).

Jlnst OLleHKHM BHYTPEHHETO MPHJIETaHUs TOTyUYeH-
HBIX KapKacOB NCKYCCTBEHHBIX KOPOHOK ObIJIa HCIIOJb-
30BaHa cienylomas MeTonuka. Kapkacel 3amonHsmm
KOPPUTHPYIOLIMM OTTHCKHBIM MaTepuaioM Speedex
light body, Coltene (LlIBeiinapust) 1 ¢pukcupoBaiu Ha

KYJbTIO SKCIIEpUMEHTanbHOU Mozaenu. Ilo ncreuenun
BPEMEHH, HEOOXOIUMOTO ISl HOIUMEPHU3AUN KOPPH-
THPYIOIIETO OTTHCKHOTO MaTeprana, KapKachl CHH-
MaJIi C KYJbTH W H3BJICKAIN CUJIMKOHOBBIHA OTTHUCK,
0TOOpaXKaKOIINi KauyecTBO BHYTPEHHEIO MPHJICTaHuUs
KapKacoB MCKYCCTBEHHBIX KOPOHOK. Jlanee CHIMKOHO-
BYIO PEIIMKY TurcoBanu. [l Kakaoro kapkaca uc-
KyCCTBEHHOW KOPOHKHM IOJIy4ajH J1Ba OTTHCKA BHYT-
pennero npuiteranus. OJIHy peIuiKy pa3pe3ain B Me-
3MO-ANCTAIBHOM, IPYIYI0 — B BECTHOYJIO-OpaIbHOM
HalpaBJIeHUH, TIOTy4asi TeM caMbIM 4 nutida, oToopa-
KAIOMMX BHYTPEHHEE IPHIIETAHHME KapKaca HCKycC-
CTBEHHOH KOPOHKH. 3aTeM C IHOMOIIBIO OICpPaIMOH-
Horo Mukpockomna Leica M320 mox 40-kpaTHBIM yBe-
nuyeHneM nonydanu  ¢ororpadum  uurdos. B
KOMIIBIOTEpHOM IIporpamMMe Image J npoBoaunu usme-
PEeHMA BEJIMYNHBL CHUJINKOHOBOM PEIUIMKHA BHYTPEHHETO
MIpUJIEraHus KapKacoB HCKYCCTBEHHBIX KOPOHOK (pHC.
3). Ha kaxnom nuude npooaunu 10 usmepenwuii. Pe-
3yJIBTAaThl U3MEPEHHUH 3aHOCUITH B TaOJIMIIBI JUISl TTOCTIe-
JIYIOIIETO CTaTUCTUYECKOTo aHanm3a. [Ipu oreHke
BHYTPEHHETO MPHJIETaHUsl MOJYyYEeHHBIX KapKacoB HC-
KyCCTBEHHBIX KOPOHOK 0c000€ BHUMaHHE yJIeISUIN Be-
JMYMHE [EMEHTHOTO 3a30pa, PAaBHOMEPHOCTH PacIpe-
JICNICHNS] KOPPUTHPYIOLIET0 MaTepuaia Ha MOBEPXHO-
CTH KYJIBTH, PACIIOJIOKEHHUIO Kpasi KOPOHKM Ha yCTyIIe
KYJbTH 2.7 3KCIIEPUMEHTAIBHON MOZETN 1 He0OX0aH-
MOCTH IPHUITACOBKU KapKaca KOPOHKH K KyJIbTe 3y0a.
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Puc. 2. A. Dxcnepumenmanvras mooeius.
b. 3azomoexu kapkacoe uckyccmeeHHvlx KOpOHOK, norydeHHble ¢ nomouwio 3D npunmepa Asiga Max UV.
C. @peseposannbie 3a20MO8KU KAPKACOE UCKYCCMBEHHBIX KOPOHOK U3 OJ10KA 6€33016H020 NOIUMEPHO20 Manie-
puana KaVo ARCTICA C-Cast

1134648 131.000 141667 11.310

Puc. 3. H3mepenue eenuyunvl yeMeHmHo20 3a30pa KapKaco8 UCKYCCMBEEHHbIX KOPOHOK U3 OUCUTUKATA IUMUSL.
1-e2unc, 2 - cunuxonoeas peniuxa.
A. Benuuuna yemenmnozo 3a30pa kapraca, uzzomosienno2o ¢ npumenenuem 3D npunmepa Asiga Max
UV — 49,985 mxm. B. Benuuuna yemeHmno20 3a30pa KapKacad, u32omosieHHo20 ¢ NPUMEeHeHUueM 6e3301bH020
noaumepnoeo mamepuaia KaVo ARCTICA C-Cast— 50,344mxm

49985 107.985 97.727 123 -100.305 (G0.34D

Pe3yabTaThl HcciIeJ0BaHHS U UX 00CY:KIeHHE
Pe3ynbraTsl 0 M3MEPEHUIO BEJTMYMHEI IIEMEHTHOTO 3a30pa KapKacOB MCKYCCTBEHHBIX KOPOHOK W3 JHUCHIIU-
KaTta JINTHsI, IpeACcTaBIcHbI B Tabmwe 1.
Tabmuna 1
CpenHue BEeTHYHHBI [IEMEHTHOTO 3230pa KapKacOB MCKYCCTBEHHBIX KOPOHOK, M3JIOBJICHHBIX PA3HBIMU METO-
JlaMHd, MKM (N — KOJIMYECTBO KapPKAaCOB UCKYCCTBEHHBIX KOPOHOK)

n MeTo0/1 M3rOTOBJIEHHSI KAPKACOB HCKYCCTBEHHBIX KOPOHOK

KaVo ARCTICA C-Cast 3D npuntep ASIGA
1 49,95 52,95
2 50,72 51,54
3 50,24 49,73
4 51,63 49,58
5 50,71 49,02
6 49,58 49,01
7 50,88 50,24
8 50,92 49,80
9 50,01 49,98
10 50,75 50,85
Cpennee 3HaUeHHE 50,54 50,27
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OnwucarenbHbIe CTATUCTHKH (Tabnuia 2) u BU3Y-
aJBHBIN aHATTU3 THCTOTPaMM (pHc. 4) O3BOJISIOT Kade-
CTBCHHO OLCHUTH XapaKTCPUCTHUKU PACIPCACIICHUA
CPEIHUX 3HAYCHUI BEJIUYMHBI LIEMEHTHOTO 3a3opa. Ha
OCHOBAHHHU OTHUX AAHHBIX MBI CACJIAJIM BBIBOJA O TOM,
YTO paclpeieicHus 3HAYCHUHN MPH3HAKOB BO BCEX
TPYyMIax OTIMYAIOTCS OT HOPMAaJIbHOTO (HaOromaeTes

SIPKO BBIpa)KEHHasi acCUMMETpus). B cBsa3u ¢ 3TuM i
aHajw3a JaHHBIX Ieecoo0pa3Ho ObUIO NMPUMEHEHHE
HemapaMeTPUUECKUX CTaTUCTUYeCKHX MeTonoB (V-
KpUTEepHil YHUIKOKCOHA). B naHHOM HccienoBaHUM B
Ka4ecTBEe KPUTHYECKOTO ObUI MPHUHSAT YPOBEHb 3HAYM-
moctu p=0,05.

Tabiuma 2
OmnucarenbHbIC CTATHCTUKI pacnpeacicHns 3HAYCHHI BETMINHBI HEMCHTHOTI'O 3a30pa
(n — KOJIMYCCTBO KApKACOB UCKYCCTBCHHBIX KOpOHOK)
Meron usrorogste- Cpennee £ . . CrangapTHas
HUS KapKacoB UC- 25-it mpo- 75-i ipo-
n CTaHJapTHOE Menanana | Munumym | Makcumym ommbKa cpej-
KYCCTBEHHBIX KOPO- LICHTHIIb LEHTHIIb
HoK OTKJIOHEHHE HEro
C CAST 10 | 50,54 +0,5957 50,72 49,58 51,63 50,07 50,85 0,1884
3D npuntep Asiga | 10 | 50,27 +1,218 49,89 49,01 52,95 49,62 50,70 0,3852
C CAST 3D mpunTEp
wv - — vy o
<t < [
g o g o il
o} o
= [
9] Q
5] (5]
B B A~
~ ~1
- - \
o | o |

49 50 51 52 53
BeawuwHa eMeHTHOTO
3a30pa, MKM

49 50 51 52 53
BCIII/I‘IHHa OEMCHTHOIO
3330pa, MKM

Puc. 4. 'uicmoepammul pacnpeoenenus 3HaveHull npusHaKa « Benuuuna yemeHmnozo 3a3opay

Hamu 06110 BBISIBIICHO, YTO CpEIHEE 3HAUCHUC Be-
JIUYUHBI [IEMEHTHOTO 3330pa MEXKy KyJIbTel 3y0a 3KC-
MEePUMEHTAIbHOW MOJENU U KapKacaMU HCKYCCTBEH-
HBIX KOpOHOK, u3roroeieHHbiMH B CAD/CAM cu-
creme ARCTICA wu3 3arotoBok C-Cast, cocraBiseT
50,54 +0,5957 mxm. CpeiHee 3HaU€HHE BETMYMHBI 11e-
MEHTHOTO 3a30pa MEXIy KyJIbTel 3y0a IKCIepHUMEH-
TaJBHOW MOJIENM M KapKacaMH HMCKYCCTBEHHBIX KOPO-
HOK, W3TOTOBJICHHBIMH ¢ TpuMeHeHneM 3D mpuHTepa
ASIGA Max UV, cocraBuser 50,27 + 1,218 mxMm. Cra-
TUCTHYECKUH aHAIN3 MOTYYEHHBIX HAMU JAHHBIX T03-
BOJIWJI CAETAaTh BBIBOA O TOM, YTO KapKachl MCKYC-
CTBEHHBIX KOPOHOK, U3TOTOBJICHHBIE METOIOM TIPECCO-
BaHUs 110 (Ppe3epOBAHHBIM 3ar0OTOBKaM U3 0€330JbHOTO
nonumepHoro Marepuana KaVo ARCTICA C-Cast, u
KapKachl HCKYCCTBEHHBIX KOPOHOK, H3TOTOBJIEHHbBIE

METOJIOM TPECCOBAHMUS MO 3arOTOBKAM, CO3/IAHHBIM C
nmomotnbeio 3D mpunTepa Asiga Max UV, obnanmatot
CTaTHCTUYECKH HEPa3IUYUMbIM 3HAYCHHEM [EMCHT-
HOTO 3a30pa ¢ ypoBHeM 3Haunmoctu P<0,05 (V-kpure-
puii Yunkokcona =37, p=0,375).

Bce kapkachl HCKYCCTBEHHBIX KOPOHOK, H3rOTOB-
JICHHbIE METOOM MPECCOBaHUS 1O (hpe3epOBAHHBIM 3a-
TOTOBKaM M3 0€330JbHOTO IOJMMEPHOT0 Marepuaia
KaVo ARCTICA C-Cast 1 U3 3aroTOBOK, CO3JaHHBIX C
momotbio 3D mpuHTepa Asiga Max UV, He HyXnma-
JIMCh B IPHUIIACOBKE M UMEJIH CPEIHIOI0 BEIUYUHY Lie-
MEHTHOTO 3a30pa, COOTBETCTBYIOIIYIO 3aJaHHOW NpH
MOJEIUPOBAaHUN KapKacoB B KOMIIBIOTEPHOHW IIpoO-
rpamme Dental CAD 2.2 Valletta (50 mxm). Kpas kap-
KaCOB MCKYCCTBEHHBIX KOPOHOK IIOTHO MPUIICTAH K
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YCTYIy KyJbTH 2.7 3KCTIepuMeHTaIbHOH Moaenn. Kop-
PUTHpYIOIINIT MaTepuag paBHOMEPHO pacIpenesisics
Ha MMOBEPXHOCTH KYJIbTU 2.7 MPH MOTYyYECHUN CUIUKO-
HOBOM PEIUIMKU BHYTPEHHEIO IPUIIEraHusl KapKacoB
MCKYCCTBEHHBIX KOPOHOK.

PeSyHBTaTBI N3YYCHHUSI BHYTPECHHETO IPUIICTAaHUSA
HCKYCCTBEHHBIX KOPOHOK ITPEACTABIICHLI B Ta6n1/1ue 3.

Tabmmna. 3
Pe3ynbpTaThl H3yUeHHs] BHYTPEHHETO NPHJIETaHUs] KAPKACOB HCKYCCTBEHHbBIX KOPOHOK
Meton U3roToBIeHUs Kap- Bennunna nie- PaBHOMEpHOCTH IJIEHKH KOPPHUTH-
HeobxoaumocTsb N
KaCcOB HUCKYCCTBEHHBIX KO- | MEHTHOIO 3a30pa pEACOBKH PYIOLLETO cII0sl Ha BCell MOBEPXHO-
POHOK MKM CTH KyJIbTH
C CAST 50,54 + 0,5957 He myxHO PaBHOMEpHO
3D npunTep Asiga 50,27 £1,218 He nyxHo PaBHOMEpHO
B mnane monmydeHHBIX pe3yJIbTaTOB MPEACTaB-
JISIOT MHTEPEC MCCIIEN0BAaHUSA MHOCTPAHHBIX aBTOPOB, CIIUCOK JIMTEPATYPHI:

3aHAMAIOMINXCA HM3yYeHHEeM MaHHOH mpobiembl. B
gactHocTH, M. Revilla-Leon et al. [7] B cBoem mccie-
JIOBAaHHU T10 U3YYCHUIO BHYTPEHHETO IPUIIEraHus ¥cC-
KyCCTBEHHBIX KOPOHOK, M3TOTOBJICHHBIX W3 JWUCHIIH-
KaTa JIUTHUSI, TIPUIILTH K BBIBOJLY, YTO BEJTMYMHA [[EMEHT-
HOTO 3a30pa HECHEMHBIX IPOTE30B, U3TOTOBJIEHHBIX C
NPUMEHEHNEM aJTUTUBHBIX TEXHOJOTMH COCTaBUIIa
91,86+2,88 MKM, TaHHBIE 3HAUEHHUE CYIIECTBEHHO HE
OTIMYANUCH OT CPEIHUX BEIWYHMH [IEMEHTHOTO 3a30pa
HMCKYCCTBEHHBIX KOPOHOK, HM3TOTOBJICHHBIX CYOTpaK-
TUBHBEIM MeTonoM ¢ mnomompio CAD/CAM-cucrem
(96+1,97 mxwm). Ha Hamm B3risi, pa3nudus B TOJTYIEH-
HBIX pe3yNbTaTax, OOBICHAIOTCS, MPEXKIE BCETO, TEM,
4T0, MpuMensIch pasHsie CAD/CAM-cuctemsr u 3D
NpUHTEPBL. MBI HCHIOJIB30BAJIH /ISl OTYUYeHHUs HUPPO-
BOTO M300paXeHUS OSKCIEPHUMEHTAIBbHOW MOJeNn
BHYTPUPOTOBOI CKaHep, 3apyOexHbIE ke aBTOPHI CKa-
HUPOBAJIM TUIICOBYIO MOJIENb, MOJIyYEHHYIO MO CHJIH-
KOHOBOMY OTTHCKY SKCIEpUMEHTANbHOM MojenH, jaa-
60paTOPHBIM CKaHEPOM, YTO, O-BHIUMOMY, U IIPUBO-
JUT K YBEJIMYEHHWIO IIEMEHTHOTO 3a30pa MEXIy
HEChEeMHBIMH IIPOTE3aMH M KyJIbTEH 3y0a.
3aki0ueHue

PesynbraTel Hamero WCCIeOBaHUS CBHUICTEIb-
CTBYIOT O COITOCTaBUMOM Ka4eCTBE BHYTPEHHETO MPH-
JIeTaHMsI KapKacoB MCKYCCTBEHHBIX KOPOHOK, U3TOTOB-
JICHHBIX METOJIOM MpPECcCOBaHUs MO (pe3epoBaHHBIM
3aroTOBKaM M3 0€330JIbHOTO TOJIMMEPHOTO MaTepHaa
KaVo ARCTICA C-Cast, u kapkacoB HCKyCCTBEHHBIX
KOPOHOK, M3TOTOBJIEHHBIX METOJIOM IPECCOBAaHUS I10
3aroTOBKaM, CO3JIaHHBIM ¢ MoMolnbio 3D mpunTepa
Asiga Max UV.
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The article considers the problem of the spread of cholecystitis in pregnant women. An example of a clinical
case description analyzes the course and treatment of exacerbation of chronic calculous cholecystitis. The work
was carried out on the basis of the surgery department of the BUZ UR “The First Republican Clinical Hospital of

UR».
AnHomayusn

B cmamve paccmampusaemcs npobnema pacnpocmpanenus xoneyucmuma y bepemennuix sxcenwyun. Ha npu-
Mepe ORUCAHUA KIUHUYECKO20 CLyYas aHAIU3UPYemcs meyerue U jleyenue 000CmpeHUss XPOHUYECKo20 KalbK)ie3-
Ho2o xoneyucmuma. Paboma svinoanena na 6aze omoenenus xupypeuu bY3 VP «llepsas pecnybnukanckas kiu-

nuueckasn 6onvnuya M3 YPy.

Keywords: Chronic calculous cholecystitis, pregnancy.
Knrouesvie cnoea: Xponuueckuil KanbKyie3Hblll XOLeYUCMUM, OepeMeHHOCb.

OcTtpoe BOCHAJICHUE JKEITHOTO ITy3BIPS SIBISIETCS
OJTHMM M3 HauboJjee JacThIX OCJIOXHEHHH >KEITYHOKA-
MeHHOH Oone3Hn. OCHOBHBIMU NPUYMHAMH Pa3BUTHS
OCTPOTO XOJICIIMCTHTA SIBISIETCS: HAPYIICHUE OTTOKA
JKeIrgu (Jalie BCero Ipu Onokaze MISHKH FITH ITy3BIp-
HOTO TIPOTOKa KOHKPEMEHTOM), PACTSDKCHHE CTEHOK
ITY3bIpA U CBA3aHHasd C OTUM UIIEMUA CTCHKHU, MUKPO-
¢nopa B npocseTe 1my3bIps [4].

B nocneanue rozapl, OCTpbIi XOJEUUCTUT BCTPEYa-
ercsi y OepeMeHHBIX 4acTo, 4TO O0YCIIOBJICHO MPHCY-
11el 6epeMEeHHOCTH TUIIEPX0JIeCTEPUHEMHUEH, HapyIe-
HHEM JEATEIbHOCTH JKEITyJOYHO-KUIIEYHOTO TPaKTa,
00pa3zoBaHNEM KOHKPEMEHTOB B >KEITYHOM ITy3BIPE, TH-
MEepTeH3UEeH B JKEIYHBIX MYTSIX, HEKOTOPBIM CHHXKE-
HHEM aKTHBHOCTH MMMYHOJIOTHYECKHX (PaKTOpPOB, I10-
BBIIIICHUEM NPOKOAryJSIHTHBIX CBOICTB CHCTEMBI T'e-
MOCTa3a [1]. BepemennocTh SIBIISICTCSI
npenpacronararommM  (GakTopoM Kak K PasBUTHIO
KETYHOKaMEHHOM OO0JIe3HH, TaK M K MaHH(EeCTaluy ee
KIMHAYECKIX CHMIITOMOB H OCJI0XHEHUH. Ocobyro ak-

TyanbHOCTH pobneme ocioxxkHenuit JKKb y 6epemen-
HBIX TPUIAET PENUAMBUPYIOUIMH XapakTep TeUCHUS
3a00JIeBaHMs: 110 JAaHHBIM PETPOCHEKTUBHOTO HCCIe-
JIOBaHMS, 9acTOTa PELUIUBHPOBAHNSA CHMITOMOB XO-
JIENUCTONINTHA3a COCTaBISIET OKOI0 58 %, MpUMEpHO
27 % TpeOytoT MOoBTOPHOM rocnuTanu3anmu. [loxoxas
KapTUHA HaOJIOIaeTCsl U MPH OCTPOM MaHKpeaTuTe: B
cpenHeM OkoJio 52 % OepeMEeHHBIX C MaHKPEeaTUTOM
TpeOYIOT B AaJbHEHIIIEM B TCUCHHE OEPEMEHHOCTH I10-
BTOPHOM T'OCIIUTAIM3ALUH C PELUIUBOM 3a00IeBaHMs,
a TepeHeclIne OCTPhIi MaHKpPeaTHT B IEPBOM TPH-
MecTpe TPaKTH4YecKH 00s3aTeIbHO OyayT MMETh IT0-
BTOPHBIE NPUCTYIIBI B TEUCHNE AaNbHEeHIIel 6epeMen-
HoCTH [2,3].

Knmanaeckwii ciayvai. [lanmenTxka, 22 net, 6epe-
MEHHOCTb 20 HeZleNb, MOCTYIIMIIA B XUPYPIHUECKOE OT-
nenenue | PecrryOnukancKoi KITMHTYECKOH OOTHHUIIBT
¢ guarao3oM: «JKKB. OcTpblif KaabKyJIe3HBIH XOIeIH-
ctut». VI3 aHaMHe3a M3BECTHO, YTO NEPUOIUYECKUE
6onm B mpaBoM moapedepbe ManueHTKy CTaiu Oecro-
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KOUTh ¢ OKTsI0ps 2019 roma. B sHBape 6omu ygactu-
JINCh, CTaJld MHTEHCHUBHEE, OECIOKOMJIM OOIas cia-
00CTb, TOIIHOTA 110 TIOBOAY Yero 00paTuiiach B IPUEM-
Hoe otnenenue 1 PKb u Obuta rocnuranusupoBana B
Xupypruyeckoe oraenenne. OObeKTHBHO: P HOCTYII-
JICHUM COCTOSIHME yJIOBJIETBOpHTENbHOE. KoxkHbIE 1M0-
KpOBBI OJyiesiHble. J[pIXaHME BE3MKYJSIPHOE, TOHBI
cepana sicuple, putMmuunbie. AJl=110/70 Mwm.pT.cT.
Ilynbc-76 B muH. J)KUBOT HE B3AYT, IpU NaibIalUH
MSATKHH, OOJIC3HEHHBI B MpPaBOM IoApedepse, IoJo-
JKUTENbHBIN cuMnToM Jlenene. JKemuHbld My3blph HE
nanenupyercs. [lanuenTke 66utH ipoBeaeHsl: Y3 op-
TaHOB OPIOIIHOW TOJOCTH, TAe OBLIa BBIABICHA Kap-
THHA JKEITYHOKaMEHHOW 00JIE3HH, XPOHUYECKOTO KaJlb-
KYJIE3HOTO XOJICIICTUTA; MaTHUTHO-PE30HAHCHAS XO-
JIaHTHOTIaHKpeaTorpadus - MPU3HAKH
xonenucronuTrasa. [locie mpoBeneHns Bcex UCcieno-
BaHMH OBLIO PEKOMEHIOBAHO OINEPATHBHOE JICUCHHUE:
JarapoCKOIMYecKasi XoJIeucTIKToMusl. Takxe ObLI0
MIPOBEJICHO KOMIIJIEKCHOE KOHCEPBATHUBHOE JIEUCHHE.

IlannenTka BeINIMCaHa B YAOBJIETBOPUTEIIBHOM COCTO-
SHUW Ha aM6ynaT0pH0e JICYCHHC.
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Abstract

One of the important properties of technological environments is their density. Its value is used to assess the
quality of raw materials and finished products, to optimize the technological parameters of the process, in com-
mercial mass accounting, etc. All densitometers during operation are subject to verification and calibration pro-
cedures. Calibration is carried out by employees of the enterprise who do not always have the proper competence,
which reduces calibration’s quality. The article proposes a simulation BPMN model developed in the Bizagi Mod-
eler software environment. Using this model allows you to reduce the influence of the human factor in the calibra-
tion process and increase the reliability of its results.

AnHomayusn

OOHUM U3 BAINCHBIX CEOUCNE MEXHON0CUYECKUX cped aensemcs ux niomuocms. Ee suauenue ucnojivzyemcs
ons OYEHKU Kadecmea Cblpbs U 20MmoBblxX npo@ykmoe, onmumusayuu mexnojiocuiecKux napamempoes npoyecca,
KOMMepPUeCKOo2co mMaccoeoco yvema u m.n. Bce NJIOMHOMEPDL 68 npoyecce IKcniryamayuu nodeepzaiomm npouedy-
pam nosepku u Kaumubpoexu. Kanubposka npoeooumcst compyOHUKAMU NPeonpusimus, He 6ce20d UMerouumu
OOIICHYIO KOMINEMEHYUI0, Ymo CHUdIcaem ee kauecmego. B cmamve npeonazaemces umumayuonnasi BPMN-mooenw,
paspabomannas 6 npozpammuol cpede Bizagi Modeler. Hcnonvzosanue smoti mooenu nozeonsiem ymeHvuums
GJ/IUSIHUE YelloeeduecKo2o (j)aKmopa 6 npoyecce Kaflu6p06Ku Uu noevicumbv ()OCWlO@e‘pHOCWlb ee pe3yibmamoe.

Keywords: densitometer, calibration, BPMN-model.

Knrouesvie cnosa: nnommnomep, kanubposxa, BPMN-uooens.

BBenenue

II70THOCTE KMAKOCTEH M Ta30B SBISCTCA OYCHB
BaXXHbBIM d)HSHKO-XPIMI/I‘ICCKHM CBOﬁCTBOM, BIIUARO-
UM Ha pe)KI/IMI)I BCACHHUS MHOI'MX TCXHOJIOTUYCCKUX
nporieccoB. B HedTerazoBoi MPOMBINIICHHOCTH H3Me-
pCeHHE IIOTHOCTH HEOOXOJMMO Ha BCEX dTamax KH3-
HEHHOTO IMKJIa YTJIEBOJOPOJAOB, HAUMHAsI OT UX J0-
OBIYM U3 TUTACTA W 3aKaHYHBasl MepepabOTKOM Ha ra30-
1 HedTernepepadaTHIBAIOIINX 3aBoIaX. Tak, HampuMmep,
W3MEHCHHE IDIOTHOCTH OYpOBOTO pacTBOpa mpu Oype-
HUH CKBaXXHH MOXET CBHJICTEIHCTBOBATH O TIPOXOXKJIC-
HUH Ta30HOCHOTO WJIM BOIOHOCHOTO Iniacta. [Tpu mo-
CJIEZIOBATEIIFHON TepeKadke He(TEeIPOIyKTOB MO Ma-
THUCTPAIEHOMY TPYOOIIPOBOIY INIOTHOCTH HEMPEPHIBHO
KOHTPOJIUPYETCS Ui OIPEACICHUS MOMEHTAa CMEHBI
npoJykTa B TpyOe. VICKIIIOYUTEeNbHO BAXKHO U3MEPEHUE
MJIOTHOCTH MPU KOMMEPYECKOM yUETE YTIEBOI0POIOB,
TaK KaK X Macca ONpeJIeNIeTcs Mo pe3yibTaTaM u3Me-
peHHs 00beMa, IUIOTHOCTH M TEeMIlepaTypsl. B pse
TEXHOJIOTUYECKUX MPOLECCOB IUIOTHOCTD SIBJSIETCSI MO-
Ka3aTeyeM KauecTBa KOHEUHOTO MPOIAYKTa, U B 3aBUCH-
MOCTH OT €€ 3HA4YEeHHsI PEryJHPYIOTCS TEXHOJOTHYe-
CKHe TapaMeTpHI Iporiecca.

B Hacrosmee BpeMs M3MepeHne IIOTHOCTH IIPo-
W3BOJAUTCS PA3IMYHBIMU THUTIAMH IDIOTHOMEPOB, OJ-

HAKO BCE OHH NMEPUOTUICCKU IPOXOIAT KOHTPOIb MET-
porormdeckux xapakrepuctuk (KMX).

KMX mro6oro cpencta usmepenust (CH) moxer
MIPOBO/IUTHCS B OJHOM M3 IIBYX (hopmarax: MOBEpKH
i kanuopoBku. O6€ 3TH MPOLETyPhl HOPMUPYIOTCS
DdenepanbabiM 3akoHOM Ne 102-D3 PO [1]. OcHoBHoe,
MPUHIUNNATIBHOE OTIHYHe KATUOPOBKH OT MOBEPKHU
3aKJI0YaeTcs B LesIX uX mposeneHus. Eciou nosepka
MPOBOJIUTCS B LEISIX MOATBEPKACHUS COOTBETCTBHUS
CPEACTB N3MEPEHUIT METPOJIIOTHYECKUM TPEOOBAHUSIM,
TO KaJMOpPOBKA — JUIS ONpEETICHUs ICHCTBUTENBHBIX
3HAYCHUH METPOIIOTUIECKUX XapaKTEPUCTHK.

Kak mpaBmiio, BBHIYy OTCYTCTBHS CIICIIHAIBHBIX
METOJIMK, KaTMOPOBKA IMPOBOAUTCS TI0 METOAUKAM T10-
BEPKH Ha KaJauOpyemble MO0 aHaJOrMYHbIE UM CPEel-
cTBa u3MepeHuil. Tak, Hanpumep, B pse METOJUK I10-
BEPKU MpelyCMaTpUBaETCs NMOJTyueHHe JaHHBIX O Jei-
CTBUTEIBHBIX 3HAYCHUAX METPOJIOTHUECKUX
xapakrepuctuk CHU, a pamee — comocTaBieHHE 3THX
JITAaHHBIX C YCTaHOBJICHHBIMHM TEXHHMYECKUMH TpeOoBa-
HUSIMH, T.€. B IOBEPKE Ha ONPEAEIEHHOM 3TaIe IPOoBO-
JIITCSl KaJTMOPOBKa; TaKas METOIHMKA TIOBEPKHU IPHUEM-
JieMa JUTS UCTIONIb30BaHUS B KAITHOPOBKE.

KanmbpoBka MOXKET OTIHYATBCS OT MOBEPKH Kak
B CTOPOHY YIIPOLICHUS, TaK U B CTOPOHY yCIIOXHEHHUS
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npouenypsl. IIpu kanubpoBke BHONHE IpaBOMEPHA I10-
CTaHOBKA 3aJlaudl OIpPEICICHUS XapaKTEPUCTUK IIO-
TPEIIHOCTH CPEJACTBA M3MEPEHUH TONBKO B OJHOU
TOYKE Jualria3doHa I/ISMepeHI/Iﬁ 1 B YCJIOBUAX, OTJINYAIO-
MUXCsA OT HOpMaJIbHBIX.

[Ipouenypsl MoBepkH M KaTMOPOBKH HMMEIOT U
JpyTHe IPUHLIUITAAIBHBIE OTIIMYHS, Kacaroluecs 00s-
3aTeNibHOCTH  Tponenypbl, nepeunss CH, koTopsie
JIOJDKHBI 00s[3aTENIbHO MPOXOINTH HOBEPKY, OPraHOB,
HMMEIONINX TIPaBO NPOBOAUTH KAXKIYIO U3 MPOLEYp, U
T. 1. [Tpm 3Tom ouens gacto CU, koTopoe B 00s13aTeIh-
HOM TIOPSIZIKE TOMJIEKHT TTOBEPKE, B MEKIIOBEPOUHOM
MHTEpPBaJIe HECKOJIBKO Pa3 IOMOIHHUTEIHFHO IPOXOANUT
KaJTHOPOBKY.

TexHuvecku npoueaypsl KaTMOPOBKH M ITOBEPKH
a0COJIFOTHO TOXJIECTBEHHBI U CBOISTCS K OIperese-
HUIO TIOTPENIHOCTH CPEJCTBA U3MEPEHHS C UCIIONB30-
BaHHMEM JTAJOHA, IOTOMY 3a pyOeXoM BMECTO Tep-
muHa «verificationy» (moBepka) yaiie HCIONB3yeTCS
tepmun «legal calibration» [2].

Lenv u akmyansnocmo uccnedoeanus

JloOpoBOIBHEIN XapakTep KaTHOPOBKH HE OCBO-
00X1aeT METPOJIOTHUECKYIO CIIY)KOY TPEATIPHSTHS OT
HEOOXOIUMOCTH COOJIIOIATh ONpeieTICHHBIe TpeOoBa-
HUA. [71aBHOE U3 HUX — NPOCIIEKUBAEMOCTb, T.€. 005-
3aTelibHasl KIPUBSI3Ka» paboyero cpecTBa U3MEpEHUN
K HallMOHAJIbHOMY (TOCYJIlapcTBEHHOMY) dTaloHy. Ta-
KUM 00pa3oM, (QYHKIHIO KaTHMOPOBKH CIIEIyeT pac-
CMaTpUBaTh Kak COCTaBHYIO YacTh HAIIMOHAIBHOM CH-
CTeMBbl O0ecreyeHus] €IUHCTBA W3MEpeHuil. A eciu
YUYeCTh, YTO NMPUHIUIIBI HAIIMOHAIBHOM CHUCTEMBI 00ec-
TICYCHHS €ANHCTBA N3MEPEHNI TapMOHU30BAHbI C MEX-
JyHapOJHBIMH MTPAaBUJIAMH 1 HOPMaMH, TO KaTHOPOBKa
BKJIFOUAETCS] B MUPOBYIO CHCTEMY OOECTICUECHUsSI €TUH-
CTBa U3MEPEHU.

BrmonHenne yka3aHHOTO TpeOoBaHUS («IpH-
BSI3KI K OTAJIOHY) BOKHO M C JPYTOH TOYKH 3PECHUS:
HN3MEPCHUA — OTO HEOThEMJIEMAA YaCThb TEXHOJOTHYC-
CKHUX IPOLIECCOB, T.€. OHH HEMOCPEICTBEHHO BIHSIOT

[ 3]

Il

Ha Ka4yeCTBO NPOLYKUUH. B 3T0i1 CBSA3U pe3ybTaThl U3-
MEpEHUH JOJDKHBI OBITH CPaBHHMBI, YTO JOCTHUraeTCs
TOJILKO TIepejayell pa3MepoB €IWHHI[ OT ToCyAap-
CTBEHHBIX 3TAJIOHOB U COOJIIOZICHUEM HOPM M TpPaBHI
3aKOHOJATEIbHON METPOJIOTHH.

[lepeuncnennsle TpeOOBaHUS K KaTMOPOBKE O3Ha-
YalOT JIOCTaTOYHO BBICOKHE KBAJIH()UKAIMOHHBIE Tpe-
OOBaHMS K IIEPCOHATY METPOJIOTHUECKHX CITY>KO U TeM
CHeLHaIicTaM, KOTOpbIe HETOCPEICTBEHHO MPOBOAST
kamOpoBKy. [losToMy pa3paboTka JFOOBIX TpeHaXke-
POB ¥ MOJIeTIeH, IMUTHPYIOIIHX TPOIECC KATMOPOBKH,
SIBIISIETCS AKTyaJIbHOM Hay4YHO-TIPaKTHUUYECKOM 3a1aueil.
B cratse paccmarpuBaeTcs Takasi MOAENIb Ha IpUMeEpe
KaJIHOPOBKM BHOPAIIMOHHOTO IUIOTHOMEpA, YCTaHOB-
JICHHOTO Ha JIMHWM Yy4eTa HecTaOWIILHOTO Tra30BOI0
KOHJIEHCaTa.

Teopus

Br160p noaxopsiiero mioTHoMepa Al TOro Wi
HWHOTO TEXHOJIOTHYECKOTO TpoIliecca 00yCIOBIeH 001a-
CTBIO €TO MPUMEHEHUS M TEXHOJIOTHIECKUMH U (HHU3H-
YECKUMH MapaMeTpaMy HCCIEeAyeMoro ChIpbs. Jlis
obecrnieueHnst TpeOyemMoii 0E30MaCHOCTH W TOYHOCTH
aBTOMAaTHYECKUX M3MEPEHHI Ha 00BEKTax HedTeraso-
BOW MPOMBIIUICHHOCTH IIMPOKOE PaclpoCTpaHEHUE
MOJTYyYWJIN TUIOTHOMEDBI, OCHOBAaHHbIE HAa BHOpaIy-
OHHO-PE30HAHCHOM INPHHIIMIIE ISHCTBHS.

[TnoTHOMEpBI TAKOrO THIA BBITYCKAIOTCS MHO-
TMMU KOMITaHHUSMH, KaK OTE€UECTBEHHBIMH, TaK U 3apy-
OexxHbIMU. B HedTerazoBoil NMpOMBIIUIEHHOCTH MPaK-
THYECKH TTIOBCEMECTHO HCIOIB3YIOTCS IUIOTHOMEPHI
kommnanuu Solartron Mobrey Limited, npencrasien-
Hble MozesiMU 7835 u 7845 mpOTOYHOrO TUIA U MOJIE-
assmu 7826 u 7828 morpykHOro Tumna.

B kagectBe mpumepa Ha puc.l mokaszaH MIOTHO-
Mep cepun Solartron 7828. OH conep >KUT BCTPOCHHBIN
MHKPOIIPOIIECCOp, KOTOPBIH CaMOCTOSTEIHHO 00pabda-
THIBAET CUI'HAJIbI, PACCUUTHIBACT 33/[aHHbIE XapaKTepH-
CTUKH U TIPOBOJIUT CaMOJIMAarHOCTUKY [3].

-4

1 — ceapnas koncmpyxyus,; 2 — wmok; 3 — 6CmMpoeHHbIll 0amyuK memMnepanypbl,
4 — yyecmeumenvHulil deMeHm
Puc. 1. Buewmnuii 6uo nromnomepa Solartron 7828
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UyBCTBUTENBHBIHN 2JIEMEHT BUOPAIMOHHOTO TUIOT-
HOMeEpa BBINOJIHEH B BUJE KaMepToHa. B mpornecce n3-
MEpeHHsl KaMEpTOHHas BWIIKA KoJeOsieTcss Ha pe3o-
HAHCHOH 4acToTe, KOTOPasi U3MEHSETCS B 3aBUCUMOCTH
OT TUIOTHOCTH YKHUAKOCTH, IPOXOJIAIIEH uepe3 npeod-
pasoBatenb. KonebaHust mpoucxomsT B aBTOKoOJeOa-
TEJIFHOM PEXHMe, Pe30HAaHCHAs 4acToTa 3a1aeTcs aB-
Torenepatopom. [Lnmoraomep Solartron 7828 o6opymo-
BaH BCTPOCHHBIM JATYMKOM TEMIIEPaTypbl, KOTOPHIH
HEOOXOIMM [UIi WTOTOBOTO BBIYHMCIECHHUS IUIOTHOCTH
BEIIIECTBA C IIOMOIIBIO0 BCTPOCHHOTO MHKPOKOHTPOI-
Jepa ¢ y4eToM TeMIIepaTypHOH MONPABKH.

[TnotHOMEp Solartron 7828 mu3MepseT TUHEHHYIO
IJIOTHOCTH Y JIMHEWHYIO TEMIIEpaTypy U PaCCUUTHIBACT
6a30ByI0 IIOTHOCTH (ucmonb3ys APl mnm marpuiy
npuBenenus). IlocpencTBoM — crenuanbHONH — Mpo-
rpammbl ADView, paGoraromeid B cpene Windows,
MOJIJIEP)KUBACTCS. BBOJI M PETUCTpAls JaHHBIX, yJa-
NEHHAs IMarHOCTHKA U MePEeKOH(UTYpPHUPOBAHHE IIIOT-

HOMeEpa.
[orpyxuo# tiotHomep Solartron 7828 B pac-
CMaTpUBaeMOM Cllydya€ MOHTHPYETCS HENOCpea-

CTBEHHO Ha pabouyl0 M PE3epPBHO-KOHTPOIBHYIO IIH-
HUIO Y3712 y4eTa JuIs 00ecIedeHNs HEMPEPhIBHOTO pe-
JKMMa PabOThl CUCTEMBI aBTOMAaTHYECKOTO KOHTPOJIS
napaMeTpoB KoHzeHcara. Takas ycTaHOBKaA INIOTHOME-
POB IMO3BOJIACT MMPOU3BOANUTH KOHTPOJIb METPOJIOTHYC-
CKHUX XapaKTePHUCTHK CIIMUEHHUEM MOKa3aHUN TaTYMKOB
¢ paboueil U pe3epBHO-KOHTPOIHHON U3MEPUTEIHHON
nuHuH. Pa3HOCTh TMOKa3aHWi He JIOJDKHA MPEBBIIATh
CYMMYy JONYCTHMBIX aOCOJIOTHBIX ITOTPEITHOCTEH
npubdopos. Eciu 510 ycioBue He BHITOIHSAETCS, HE00-
XOJMM TIPOBECTH KOHTPOJIb METPOJIOTHYECKUX XapaK-
tepuctik (KMX) B popme xamnOpoBKH IIIOTHOMEDA.

KanmmbpoBka mpeobpa3oBarens MIOTHOCTH HE00-
XOAMMa JUISl TIPOBEPKU JTIOCTOBEPHOCTH METPOJIOTHIE-
CKUX XapaKTepUCTUK Mpubopa M Ui ONpeJesieHUs
MPUTOTHOCTH KOHTPOIBHO-U3MEPUTEIBHOTO 000PY10-
BaHUS K SKCIUTyaTalluu B pabounx ycioBusx. Kak yxe
0TMEYaJIoCh, TpolecC KaIMOPOBKH JIFOOOT0 CpescTBa
M3MEpEeHUs] 3aKIII0YaeTCss B ONpPENeNICHUH JeHCTBH-
TEJILHBIX 3HAYCHUH U3MEpSEMBIX MapaMeTpoB, TO3BO-
JISIFOIIMX OTIPEJIENTUTh JIOCTOBEPHOCTH €ro MOKa3aHHMH.
Ecnn mpu kammOpoBKe BbIABICHA pa3z0aIaHCHPOBKA
CH, npeBbimaronias J0MyCTUMbIE 3HAYCHUSI, OHO CUH-
TAeTCs] HETIPUTOAHBIM K 3KcILTyaTanuu. Ecim xe nsme-
psieMbIe TTapaMeTpbl HE3HAYUTEIBHO BBIXOIAT 32 TIpe-
JETTBl JOTTYCKa MM XKE KPUTUYECKH K HUM MpUOIIKa-
IOTCA, BO3MOYXHA Impoueaypa BBCACHUA MMOIMPABOYHBIX
k03¢ ¢unmento B CU is nonyueHus: JOCTOBEPHBIX
MOKa3aHuHM.

Kanubposka npeoOpazosatens mmotHoctu (I1IT)
Solartron 7828 mpencrasnser co0oil mporeaypy KOH-
TPOJISi METPOJIOTHUECKUX XaPaKTEPUCTHK IMyTEM CIH-
YeHUs] MOKa3aHWH pabodero W pe3epBHOTO ILUIOTHO-
mepa. Ilpm kammbpoBke pabodero mpeoOpazoBarens
IUTOTHOCTH C UCTIOJIb30BAaHMEM PE3EPBHOTO MTPeodpa3o-
BaTeNsl IFIOTHOCTH IPOBOJAT HE MEHEE TPEX IOCIIEI0-
BareibHbIX M3MepeHuil. Pezynprater KMX IIIT siBiis-
I0TCSI TIOJIOKUTEIBHBIMHU, €CITH Ul KaXXJOro M3Mepe-
HHS BBIIIOJHSAETCS CIIEYIOIIEe YCIOBHUE:

ppa6i - ppe3i| <2 KF/M3 ) (1)

THE Ppasi — MoTtHOCTE KI'H, m3mepennas pabo-
ypm IIIT npu i-ToM usMepeHuu, Kr/ms;

Ppesi — mioTHOCTH KT'H, M3MepeHHas pe3sepBHbIM
III1 ipu i-ToM U3MepeHuH, KI/M°,

Ecmu ycnoswue (1) He BBITOTHSIETCS U OJHOTO U3
HU3MEPEHUH, pe3yIbTaT TOr0 U3MEPEHNUs U3 00padOTKU
UCKJIFOYAIOT U MPOBOMAT €IIE OJHO JOIOJHUTEIHEHOE
n3Mepenue. B ciydae HeBpImoaHEHNS yenoBus (1) ms
JIBYX U3MEPEHHH W B CIy4ac MOBTOPHOTO HEBBIMON-
HCHHA JaHHOI'0 YCJIOBUA NPU IMPOBECACHUH JOIIOJIHH-
TEJIbHOT'O UBMEPEHUS, ITOCJIC BBIACHCHHUA U YCTPAHCHUA
MIPUYHH, BBI3BABIIMX HECOOJIOCHUE YCIOBHS, ITPOBO-
JISIT KalnnOpOBKY B JIAOOPATOPHBIX YCIOBUSX [4].

KamnbpoBka mnpeoOpasoBaTesnst IUIOTHOCTH SO-
lartron 7828 B mabopaTOPHBIX YCIOBHSIX MPOBOIUTCS
10 METOAMKE TIOBEPKH JaHHOTO IIIOTHOMEPA U COCTOHUT
13 BHEUIHEr0 OCMOTpPA, OIPOOOBAHMS M ONPEETICHNUS
MOTPEIIHOCTEMH.

3aKIIIOUYUTENbHBIM U HauOoJee Ba)KHBIM 3TAIlOM
KaTMOpPOBKH, C TIOMOINBI0 KOTOPOTO OIPEIEIISIFOTCS
}IeﬁCTBPITeJ'[BHLIe METPOJIOTUYECKHUE XapPaKTCPUCTUKH
npeoOpa3oBaTensl IIOTHOCTH, SIBISIETCS Tall OINpeje-
JICHUS NOTrpE€HIHOCTH. Brruucnenus IIPOU3BOJAT B CTa-
THYECKOM PEXHME B TPEX TOUKaX Juaria3oHa U3Mepe-
auii: 800, 900 u 1000 kr/me,

KanmnbpoBka B TpeOyeMbIX TOUKaX Jrara3oHa u3-
MEpEHHH IIIOTHOCTH OCYIIECTBIIAETCS C ITOMOIIBIO
CTaHIAPTHBIX 00pa3IoB IUIOTHOCTEH >xuakocta POII-
3, POI1-4 u POII-5, npeacraBnsronmx co00i HHINBH-
IyalnpHBI Habop yraeBomopomoB [5]. [lanHbie 00-
pasmpbl SBISIFOTCS aHAJIOTaMU HECTaOMIIBHOTO Ia30BOT0O
KOHJICHCaTa, KOTOPHIN sBIseTcs pabodeit cpenoi ka-
nOpyeMoro npeodpazoBarels MIIOTHOCTH.

Pesynvmamot u ux oocyrcoenue

KonTtpons MeTponormueckux xapakrepuctuk CU
IIPY TIOMOILM NPOLEAYPhl KATMOPOBKH HMPOU3BOIUTCS
HEIMOCPEICTBEHHO Ha MECTE IKCIUTyaTalluy pudopa u
SIBJISIETCSl DKOHOMUYECKH OoJiee BBITOJHBIM, YeM I10-
Bepka. B pe3ynpraTe KannOpOBKH ONIPEAEIIOTCS JIeH-
CTBHUTEIILHBIC MTapaMeTphl IpHOOpa 1 P UX OTKIOHE-
HHUH OT 3HAYECHHUH, yCTAaHOBJICHHBIX COOTBETCTBYIOIINM
CTaHAAPTOM, MOTYT BBOJHUTLCS TPeOyeMbIE IOMPABKH,
KOPPEKTHUPYIOIIME IOKa3aHUs YCTpoiicTBa. BoBpems
BBISIBJICHHBII NpHU KanuOpoBke cOOW M MpOBeIeHHAs
KOppEKIUA MMOKa3aHWM MTO3BOJISICT 3HAUNTEIIHLHO YBEJIH-
YUTh KU3HEHHBIA IUKI U3MEPUTEITHHOTO 000pYI0Ba-
HUsI, MUHIMHU3HPOBAB CTOMMOCTh BO3MOKHOT'O JIOpO-
TOCTOSIIIIETO PEMOHTA.

OpHaKo Ha/I0 OTMETHTH, YTO MpoLeaAypa Kaauo-
POBKH SIBIISIETCS] HE CTOJIBKO CJIOKHOM, CKOJIBKO TpeOy-
IOMIEH CKPYITYJIE3HOTO BBIIIOJIHEHHUSI BCEX O€3 MCKIO-
YeHUs] MyHKTOB MeToMuKH. Ha y3max ydera ee 3aua-
CTYI0O TIPOBOJST  COTPYIHHWKHM, HE  HMEIOIINE
CHEHaTbHOTO METPOJIOTHYECKOTO 00pa30BaHMs, UTO
CHIDKAET JOCTOBEPHOCTD ITOJTyYEHHBIX PE3yIbTATOB.

JUis HarmsAgHOTO OMMCAHMS AITOPUTMA Kanuo-
poBKH TpeoOpasoBarens IotHocTr Solartron 7828
Obuta mpomsBeneHa pa3padbotka BPMN-monenn, pas-
pabortanHas B mporpaMmHOi cpene Bizagi Modeler.
Cpena npeHa3HadeHa JJIs HeIOCPEACTBEHHOTO MOJEe-
JIMpoBaHMsl Ou3Hec-mpoueccoB. PaszpaboraHHas Mo-
JIeNb SIBIISIETCSl HATJISIHOM IMOIIaroBOW MHCTPYKLUEH
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0 MIPOBEACHHUIO MPOLEAYPhI KATHOPOBKH MTPeodpas3o-
BaTells IUIOTHOCTH. Hapsiay ¢ ycTapeBIIMME HOTAIIH-
sMu MojnenupoBanusi, Takux kak €EPC u IDEFO,
BPMN siBnsieTcst oMM M3 HauOoJIee pacpoCTpaHeH-
HBIX METOJOB OMHCaHUs OH3HEC-TIPOIIECCOB, KOTOPBIE
B HACTOSIIEE BPeMs BOCHPHUHUMAIOTCS PA3IMYHBIMU
MPOTPAMMHBIMUA  TIPOAYKTAMH W  TOJH30BATEIISIMH.
CTaHZapTHBIN SA3BIK OMUCAHHUS IMO3BOJIIET CO3/aBaTh
HCTIOJTHSIEMbIE aJITOPUTMBI U IIUKIIBI BO BCEBO3MOMKHBIX

""
4

e Ny

L e R e B ]

chepax ympaBnenus [6]. Takum oGpaszom, BPMN-
MOJICIIMPOBAHKUE SIBISIETCS OJHUM M3  KIIIOYEBBIX
CPEJICTB, MO3BOJISIOIINX aBTOMATU3UPOBATH TPOIIECCHI
YIIpaBJEHUs, U MMOCTPOCHHbIE IO JAHHON KOHLIEHIUU
MOJCIN MOI'yT OJKCIIOPTHPOBATHCA B JAPYruc Ipo-
IpaMMHBIC TIPOIYKTHl B KAYECTBE HCIIOJHSICMBIX JaH-
HBIX.

OO01mas MoJIeNb ArOPUTMa KaTHOPOBKH TUIOTHO-
Mepa MpuBejieHa Ha puc. 2.

Puc. 2. Mooenv ancopumma karubposexu niomuomepa Solartron 7828

Moenb IpeCTaBIsIeT XapaKTePHYI KapTy Mpo-
[ecca, COCTOSIIETO U3 HECKOJIIBKUX B3aMMOCBSI3aHHBIX
MEXIy co0ot 3amad. 3amava «JlabopartopHas Kaimuo-
POBKay, B OTJIMYHUE OT HPOCTHIX ACUCTBHUI CUCTEMEI, SIB-
JISETCS MOIIIPOIIECCOM BCETO AlTOPUTMA U BKITFOUACT B
ce0st HECKOJIBKO ITATIOB, SBIISIOIIMXCS B CBOIO 0YEePE/Ib
BHYTPEHHUMH aNropuT™Mamu nenoi mozenn. Omuca-
HHE TIOAIPOIIecca MPEICTABICHO Ha puUC. 3.

[Moamponiecc  «JlabopaTopHast ~ KamMOpOBKa»
TaK)Xe COCTOMUT W3 TpeX MojmpoueccoB: «BuemrHuit
ocMoTp», «OnpoboBanue» u «OmnpeaeneHue morper-
HocTH». Havaso moamnpornecca HAaYMHAET BBITOJIHITHCS
B CITy4ae, €CJIM Pe3yNIbTaThl CPaBHEHHS Pabodero u pe-
3epPBHOTO IUIOTHOMEpPA HE YIOBIICTBOPAIOT 3aJaHHBIM
YCIIOBHEM TPeOOBAHIISIM.

BHEWHKIA ocMoTh

NMaGopatopHan Kanw6poBKa naoTHomepa Solartron 7828

COnpofoeaHue

-0

OnpeaeneHe NOrPEWHOCTIH

Puc. 3. I[Toonpoyecc «Jlabopamopras karubposkay»

Cocrapisroniye BbIIIEONUCAHHOIO MOAINpPOLecca
SBIISTIOTCSL TaKXKe IMOCIEIOBATEIBHBIMU TIOATIPOIEC-
caMH, KOTOpBIE OYAyT BHIIOTHEHBI TOJIBKO B CITydae CO-
OIIFOICHNST CTPOTOH TOCIIEIOBATEEHOCTH U BBITIOTHE-
HUS BCEX BHYTpPEHHUX omnepanuil. PazBepHyTbhie MO-
e MOAMPOLIECCOB «BHemnni OCMOTP»,

«OmpoboBanue» u «OrmpeneieHue MOTPEITHOCTI
MIpeIcTaBlIeHBI Ha pUC. 4 — 6 COOTBETCTBEHHO. JlaHHBIC
MOJIIPOLIECCHI, B CBOIO OYePeilb, COCTOST M3 psija 3a-
Jla4, KOTOPbIE JIOJKHBI BBITMOJIHATHCS B CTPOTO# TTOCIIe-
JIOBaTEJIbHOCTH, MPEJCTABICHHOW Ha COOTBETCTBYIO-
LIMX PUCYHKAX.
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B maHHBIX MOIEIIAX OTOOpa)KaeTCsi COMyTCTBYIO-
nras 3agadaM JOKYMEHTAIMs, HA OCHOBAaHUHM KOTOPOM
MOTYT OBITh MCIOJHEHBI TC¢ WJIM WHBIC OMEPAlUU Ka-
JUOPOBKH, a TAK)KE YKa3aHO BCIIOMOTaTeIbHOE 000py-
JIOBaHHUE M JaHbl KOMMECHTAPUH 110 KAKIOMY dTamy Ka-
TUOPOBKH B CITydYae, €CJIM OHU HEOOXOFMEI.

PaspaboTanHas MOenb alropuTMa KaIMOPOBKH
MOJKET SIBJISITHCS KaK MACCHBHBIM IPOIIECCOM B POIU
HATJISTHOM MHCTPYKIUK €€ MPOBEJICHUS, TaK U aKTHB-
HBIM TPOIIECCOM, MO3BOJISIONUM OTCIIC)KUBATH B Pe-
AIbHOM BPEMEHH, Ha KAKOM 3Tarle HaXOMUTCS BBIMOJ-
HEHHE TOU WJIM MHOHU 3aJa9H.

Jnst OTCeXKMBaHKS U KOHTPOJISI COCTOSIHUSI TOTO
WJIM UHOTO TIpoliecca TpeOyeTcs Crenualn3upoOBaHHOE
MPOrpaMMHOE 00eCIIeYeHUE, O IePKUBAIOIIee HOTa-
o BPMN 2.0 (ELMA, Bizagi u npyrue).

3aknrouenue

[IpoBeneHHBIC UCCITEIOBAHUS TTO3BOJISIOT CIICNIATh
CJICYIOIIHE BHIBOIBI.

IIIOTHOCTE SIBASETCS BaXXHBIM CBOMCTBOM, TOY-

HOE€ U3MEpPEeHHE KOTOPOT0 HEOOXOAMMO IS ONITHUMH3a-
LUN TEXHOJIOTHYECKHUX IPOIECCOB, BEICHUI KOMMEP-
4yeckoro yuera u T.1m. Kak u mr000e cpeactso usmepe-
HUS, TUIOTHOMEPHI JIOJKHBI IEPUOTUIECKH TPOXOAUTD
MMOBEPKY, & B MEKIIOBEPOYHBIH HMHTEPBAI — KaJIUO-
POBKY.

JIJiss yMEHBIIICHUST BIMSHUS 9€JI0BEYECCKOTO (hak-
TOpa B IpOIecce KATMOPOBKU BUOPAITMOHHBIX TUIOTHO-
MEpPOB PEKOMEHIYETCS HCIIONB30BaTh pa3padOTaHHYIO
B rporpammHuoii cpeze Bizagi Modeler BPMN-mozens.
[Ipu ee MCHONB30BAaHWUHM BHU3YAIM3UPYIOTCS NEHCTBHUS
BCEro IMepCOHaNa, IMPOBOMAIIETO OIepaluy Kalud-
poBku. IIpu B3aumMoaeiicTBUM BCEX COTPYIHUKOB C M10O-
MOUIBI0 €UHON KOMIIBIOTEPHON CETH U CEPBEPHOTO
000pyIOBaHUS MOSIBIIACTCS BO3MOXKHOCTh 0OJice TOU-
HOT'O BBISIBJICHUS! OTKJIOHEHUH Ha Ka)KJ01 CTaAuu Mpo-
1ecca U MOBBIIIEHHSI B Pe3yJIbTaTe TI0CTOBEPHOCTH pe-
3yJIBTATOB KaJTHOPOBKH.

B nenom mpenioxeHHble B CTaTbe MEPhI MO3BO-
JISIIOT TOBBICUTH KauecTBO npoBeaeHuss KMX minotHo-
Mepa.
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MAIN TENDENCIES OF CHANGES IN THE EMERGENCY OF ENERGY SYSTEMS
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OCHOBHBIE TEHJIEHIIAY U3SMEHEHUS ABAPUMHOCTH SHEPTOCUCTEM

Abstract

ABxumoB K.b.

AO «CO EO2C», Poccusa
Bynosckuii B.II.

AO «HTL] EDC», Poccus

The analysis of the main trends contributing to the growth of accidents of power systems. The empirical curve
of growth of the number of power system accidents is determined

Annomauyus

Tlpuseden ananus oCHOBHBIX MeHOEHYUIl 0OYCLOBIUBAIOWUX POCI asapuliHocmu dHepeocucmem. Onpede-
JIeHA SMAUPUYECKA KPUBAsl POCMA YUCIA ABAPULL IHEPEOCUCTIEM

Keywords: power system accident rate
Knrwuesuvie cnosa: aSClpuﬁHOCWlb SHepzocucmem

UenoBeuecTBO dYepmaeT HWHGOPMAIMIO B €CTe-
CTBCHHOM U HCKYCCTBCHHOM I/IH(I)OpMaLII/IOHHOM IoJIe
[1] meITasce u3y4yaThb M ONKCHIBAThH INPOUCXOAAIINE
MIPOIIECCHI PA3BUTHS TEXHOJIOTHI B BHJIC 3aKOHOB, (pop-
Mya u rpadukoB. OJHAM W3 NEPBBIX TAKUX HAYWHA-
HUM, ABJSLSICH HE (DU3MYCCKUM WIIM €CTECTBCHHBIM 3a-
KOHOM ecTh 3akoH Mypa. OH OCHOBaH Ha HaOIIOJICHUN
TOT0, YTO YHCIIO TPAH3UCTOPOB B TIOTHOW WHTETPAITh-
HOW CXeMe YABaWBacTCs MPUMEPHO KaXKIBIC JBa TOJA.
DTo sABICHWE HAa3BaHO B YecTh I'opyora Mypa, KOTo-
phIii B cTatbe 1965 roma omucain eXeroHOe YIBOCHHE
KOJIMYeCTBAa KOMIIOHEHTOB B HHTETPAJIbHOM cxeme. 3a-
KOH Mypa COXpaHsUICAd Ha MPOTSHKCHHH HECKOJIBKHX
necstuiaetuii. OH UCTIONB3yeTcs B MOTYTIPOBOJIHUKO-
BOH ITPOMBINUICHHOCTH JJId IPOTHO3UPOBAHMUA, 10JITO-
CPOYHOTO IJIAHUPOBAHUS M YCTAHOBKH IICJICBBIX TTOKA-
3aresiel B HayYHbBIX UCCIICIOBAHUSAX U MMPOU3BOICTBCH-
HbIX paborax. 3akoH Mypa HCIOJB30BAICT JIJIs:
pacdeTa IIeH Ha MHKPOIPOIIECCOPHI, pacyeTa 00EMOB
MaMATH U JTa)Ke KOJIMYECTBAa W Pa3MEpPOB MHKCEICH B
mUPOBBIX KamepaX. CyIecTByeT psij MOZOOHBIX 3a-
KOHOB, ONHCHIBAIOIINX IMITMPHYCCKHE 3aKOHOMEPHO-
ctu. 3akoH Keka — Kon4ecTBO OUTOB B CEKYHAY, KO-
TOpBIE MOTYT OBITH TIEPEAaHBI B HOBOM OITHYECKOM BO-
JIOKHE M BO3PacTacT B FCOMETPHUCCKOW MPOTPECCHH,
OvIcTpee, ueM 3akoH Mypa. 3akoH Bupra cBsi3aH ¢ paz-
BUTHEM MporpamMMmHoro obecrneucHus. OH COCTOHUT B
TOM, YTO KaXXJJ0€ HOBOEC MOKOJICHHE KOMITBIOTEPHOIO
MPOTPAMMHOTO OOCCIICUCHUS MPHUPACTACT HACTOJIEKO
OBICTPO, YTO KOMIIEHCHPYET IPUPOCT MPOU3BOAUTEINb-
HOCTH, IPEJCKa3aHHbIN 3akoHOM Mypa, BBeZieH B 2008
ToJy Ha TMpHUMEpPe TOCICJOBATEIBHBIX  BEPCHIA
Microsoft Office 2000 u 2007 rr. Kpupas Kapicona —
TEepMUH, BBeIeHHBIH xypHasioM The Economist B 2006
rojy, 9ToObl ONMUCaTh OMOTEXHOJOTHMYSCKUN SKBHUBA-
JEHT 3akoHa Mypa, Ha3BaHHBIH B 4YECTb aBTOpA.

Kapincon npenckasan, uro Bpemst yasoenus JJHK tex-
HOJIOTMU CEKBCHUPOBAHUA (HSMepHeTCH 110 CTOUMOCTHU
U TIPOU3BOAUTENFHOCTH) aHAJIOTMYHO 3akoHy Mypa.
Kpussie Kapiicona mnmoctpupyiot OsIcTpoe (B HEKO-
TOPBIX CIy4asX T'MIEPIKCIOHEHINAIbHOE) yMEHbIIe-
HHUE B CTOMMOCTH Y YBEIIMUCHUE TTPOU3BOAUTEILHOCTH
MHOXKECTBa OMOTEXHOJIOTHH, BKJIIOYAs CEKBEHHPOBa-
aue THK, cunareza JJHK, a Taxke psa ¢huszndeckux u
BBIYHMCIIUTENBHBIX CPEJICTB, HCIOIb3YEMBIX B SKCIIpEC-
cuu Oenka U B OMpezesieHus1 OCITKOBBIX CTPYKTyp. U3
BEIIIICTICPEINCIICHHOTO CIIEAYET, YTO TAaKOE Pa3BUTHE
TEXHOJIOTUH MUPOBOU MPOMBIIIJIEHHOCTH HE MOKET HE
OTpa3uTCsd Ha BCEX €€ OOJIACTSIX B TOM UHUCIE U JJIEK-
TPOIHEPTETUKH.

OCBOOOXIEHHBIE OT I'OCYAapPCTBEHHOI'O PETYIIH-
POBaHHMSI PHIHKH JIEKTPOIHEPTUH, CPOPMUPOBAHHEIC B
pa3IMUHBIX CTpaHaX, B 3HAYUTENBHOW CTENEHH CIIO-
COOCTBOBAJIM M3MEHEHUIO NIPABHJI DKCIITyaTallly dJIeK-
TpPOdHEpPreTHUeCKuX cucrteM. Kommanuu, mpousBozs-
o€ U PacHpefelsonne IEKTPOIHEPTUuio, B TOM
YHCIIe HOBBIE OPTaHU3AINH, TOMBITAJIMCH ONITHMHU3UPO-
BaTh SKCIUTyaTallMOHHBIC H3ACPKKU U 3aTPATHI HA TIPO-
H3BOJICTBO AJIEKTPOIHEPTHH B IENIAX COKpAIICHUS 00-
IIUX PACXOIOB U MTOTy4eHHs 00Jiee BEICOKON MPUOBLIH.

[TpuoOpeTeHHsIii 3a MPOIIEAIINE TO/Ibl ONBIT pa-
OOTBHI B YCJIOBHSIX PhIHKA BBISBIII Psifi KPYIHBIX U HO-
BBIX JJISI DJIEKTPOIHEPTETUKH TPOOIIEM, KOTOPBIE Tpe/i-
CTOUT pelIuTh s obecrieueHus 3(PQeKTuBHOU pa-
60TbI oTpaciu. YToObI caenaTh NMpaBUIbHBIE BBHIBOBI
Ha Oyay1ee, Hy>KeH CaMbli TIIATEIbHBIA aHAIN3 TLTI0-
COB U MHHYCOB JHOepa3aluy 1 JeperyInpoBaHus B
JJIEKTPOIHEPTE€THKE.

Ha oaHo U3 nepBBIX MECT, 110 CBOEH 3HAYUMOCTH,
CIIO)KHOCTH W MacIITaOHOCTH, BEIBUTAeTCs pobIeMa
obecrieueHns HaICKHOCTH YHEPTOCHAOXKEHHSI B yCIIO-
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BUSX phIHKA. Bee OoJibimee OeCIOKONCTBO CTaIN BBI3bI-
BaTh MPOOJIEeMBbl HAZC)KHOCTH B 0€301TaCHOCTH YHEPTO-
CHaOXXeHHsl, 0COOCHHO TOCle KPYNHEHINUX aBapuil
2003 ronma B 3Heprocuctemax CeBepHOIl AMepuku U
3anagHoit EBponsl.

Kpowme Toro, B mocieqane rogbl U3MEHMIIOCH pac-
IpeieIeHHEe TOTOKOB MJIEKTPOIHEPTUH MEXKITY B3aHMO-
CBSI3aHHBIMH CTpaHaMH. B 4acTHOCTH, 3TO MPOHU30IILIO0
B CHJIy AEHCTBUS KOMMEpUYECKHX (pakTOpoB, KOTOpHIE
OKa3bIBAIOT Ha MHTETPAIIMOHHBIC CBS3HM Oojee 3aMeT-
HOE BO3JIEHCTBHE, YEM B ITPOIILIOM.

[Ipounsomennye n3MeHeHUs NpUBEIH K (Gopmu-
POBAHHMIO CIEAYIOIUX KPUTHYECKHX (PaKTOPOB HECTa-
OMJIBHOCTH M PUCKA: CJIOXKHOCTH AJIEKTPOIHEpPreTHYe-
CKHUX ceTel, 0OMEH MOIIHOCTBHIO MEXy SHEPrOCHCTE-
MaMH PETHOHOB, HEOOXOIUMOCTh 00paObOTKH OOBIINX
00beMOB HH(OPMALINHU O PEXKUME CETH, HEONIpeIeNEH-
HOCTh YCJIOBHH SKCIUTyaTalluM SJIEKTPOdIHEepreTHde-
CKUX CeTeH, JacTasi HOBTOPSIEMOCTh HEHCIIPaBHOCTEH
BBICTYIIAET B Ka4eCTBE IPOBOLIMPYIONIETo (hakTopa s
3allycKa MeXaHHM3Ma aBapuu. Bce M3 BBIMICH3IIOKEH-
HOTO TOBOPHT O 3HAYHUTEIHHOM pOCTE CIIOKHOCTH
9HEPTrOCUCTEM 3a CUET IOCTOSHHOTO CTPOMTENIBCTBA
HOBBIX ¥ MOJIEPHU3AIMN JEHCTBYIOIINX 3JIEKTPOCTaH-
LUH U 2JEKTPUUECKUX CETEH, COOPYKEHUSI IPOTSHKEH-
HBIX JTUHUHN QJICKTPOIIEPEaaYu BBICOKOT'O U CBEPXBBICO-
KOT'0 HaIpsHKEHUsI IEPEMEHHOTO U IIOCTOSIHHOTO TOKA.

He cnegyet cOpackiBaTh ¢ yyeTa U BO3HUKAIOIIUE
MOJIMTUYECKHE OCIOXKHEHHS OTIpeIeIEeHHBIM 00pa3oM

OTpakaroIIuecs Ha PeXUM (PyHKIIHOHMPOBAHUS SHEP-
TOCHCTEM.

B Hacrosmeit pabore npeanpuHsATa IONBITKA
OIICHUTh MHUPOBYIO CTAaTUCTHKY CHUCTEMHBIX aBapHii,
BOCIOJIb30BABUINCh PECypcaMH COBPEMEHHBIX WH-
(OpMaLMOHHBIX TEXHOJIOTHI1, TOCKOJIBKY B HHTEPHET
MOTaal0T B OCHOBHOM COLIMAJIFHO 3HAYHUMBbIE COOBI-
THS1, UMEIOIMe OOIIECTBEHHBIH PE30HAHC, TO 3TH aBa-
puH ¥ OyIZyT COOTBETCTBEHHO B OCHOBHOM CHCTEM-
HBIMH.

Poct coskHOCTH 3HEProcucTeM MPUBOJNT K yBE-
JMYECHUIO PUCKA BO3HHUKHOBEHUS CHCTEMHBIX aBapHid,
9Ta TCHJACHIMSI WITFOCTPUPYETCS] POCTOM HX YHCIIA TI0
MEpE Pa3BUTHUS MUPOBOH AJIEKTpO3HEpreTuku. Ileppas
Takas apapusi Obuia 3adukcupoBaHa B 1950 rony
(Tabs.1), yucno ux mocTosgHHO pacteT (puc.la). ITpu-
BEJICHHBIE JAaHHbIE NPEACTaBISIOT TEHJEHIHIO, IO
MHEHHIO aBTOPOB, aHAJIOTHYHO 3aKoHy Mypa u otpa-
JKar0T 3aKOHOMEPHOCTH POCTa CYMMAapHOTO YUCIIa aBa-
puii, 0OyCJIOBIEHHOTO BO3pacTaHWEM CTPYKTYPHOU
CIIOKHOCTH SHEPrOCHUCTEM M MPOILECCOB, IPOTEKAI0-
KX B paOOYMNX M aBAPUHHBIX PEKUMAX.

Tak jxe ciemayeT OTMETHTh TEHACHLHUIO K Mac-
MTa0HOMY NEPEXOAY OT YIJIEBOJOPOJHOIO TOIIMBA
JUTS 3JIEKTPOCTAHINM K BO30OHOBISIEMBIM HCTOYHU-
kaMm sHepruu (BUD), xoTopble HaxomaTcs, Kak Ipa-
BUJIO, HA 3HAUUTEIFHOM PACCTOSHUU OT LIEHTPOB IO-
TpeOeHus.

Tabiuma 1
CHCTeMHBIC aBapHUU B SHEPrOCUCTEMaX MUPa
o nara MecTo
1950 | 6 utons CIIIA
1959 |17 aBrycra CIIIA
1961 | 13 urons CIIIA
1965 | 28 stuBaps CIIA
11 anpens CIIIA
9 HOs0ps CIIIA u Kanana
2 nexadps CIIA u Mekcuka
1976 | 4 urons CIIIA
1977 | 13 urons CIIIA
197818 mapra Taiinang
1983 |27 nexabps IIBerus
1987 |23 urons Slnonus
1989 13 mapra CHIA u Kanaza
1993 |4 mas ['py3us
1994 | 1 suBaps CIIIA
15 HOsIOpst I'py3us
1995 18 stHBaps ['py3us
1996 | 6 anpens AHrIHS
2 Ui CIIA, Kanana, Mekcuka
10 aBrycra CIIA u Mekcuka
1997 | 23 okTs10pst CIIA
1998 |20 mapTa HoBas 3enanaus
25 uoHs CIIA
8 nexabpst CIIIA
1999 | 6 urons CIIA
29 urons TaliBaHb
26 nexadps OpaHuus
20009 mas Iopryranus
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2001 | 2 suBapst Wuaus
18 ssHBaps ApreHTrHa
20 mas Wpan
1 uroHs Hurepwust
2002 | 24 Hos10pst ApreHTrHa
19 nexabps Poccus
2003 | 3 dheBpans Asxup
14 aBrycra CIIIA u Kanaga
18 aBrycra I'py3us
4 centsbps Mannaiizus
23 aBrycra OunistHINAS
27 aBrycra CIIIA
28 aBrycra AHrmus
23 centsOps | lIBerus u lanus
28 centsiopsi | Mranus u llBeiiapus
7 HOSIOPS Ynmm
2004 | 22 siuBapst Typuust
31 mas I'py3us
9 uroHs IOAP
1 mronst Wramus
12 nroHs I'perus
16 mrons Poccus
26 mrons Wcnanns
9 aBrycra Wopnanaus
23 aBrycra Koponescteo baxpeitn
24 aBrycra Bpazmmms
23 centsi0bpss | Hukaparya
22 HOs0ps [Tospmra
2005 1 siuBaps Manaiizus
24 mas Poccus
31 aBrycra CIIIA
2006 | 26 stuBapst I'py3us
5 deBpans Kanana
19 despans CIIIA
20 wrons CIIIA
14 aBrycra Snonus
4 HOSOps T'epmanus, benmmoxe, ®panunsd, Ucnanus, [lopryranusa, Uranus, Mapokko, ABcTpusl,
Xopartuu
2007 | 8 siuBaps Py™mbinust
26 sHBaps ABcTpanus
5 deBpans TakuKkrcTaH
27 anpens KomymOus
23 urons Wcnanus
9 okTs6ps ABcTpanus
11 nexabps CIIIA
2008 | 26 deppans CIIIA
13 utons CIIIA
2009 | 27 stuBaps Kanana
30 mapta [ToTnanaus
15 anmpens Keipreizcran, Kazaxcran
17 aBrycra Poccus
30 okTsA0ps Hosas 3enangust
5 HOSOps TamKxukucTan
10 HOSIOpS bpasunus u [Taparsait
29 nexabps Benopycus
29 nexadps YkpanHa
2010 | 30 staBaps ABcTpaust
5 anpens Poccust
21 wrons Wuponesus
20 aBrycra Poccus
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12 nexalps Bbpasunus
2011 |2 dhespans CIIIA
4 deppaiis Bbpaszwus
17 dheBpans Poccus
11 urons Kumnp
9 ceHTaopst CIIA u Mekcuka
16 cenTsiopss | FOxnas Kopest
24 centsa0ps | Ynm
2012 | 14 stuBapst Typuust
26 ssHBaps Poccus
4 ampens Kump
29 nroHs CIIIA
30 wutosst Wnpus
9 aBrycra I'py3us
10 centsibpss | Kyba
24 centsi0ps | Kazaxcran
30 okTs0ps CIIIA u Kanaga
7 HOSIOPS AprenTrnHa
15 HOs0ps I'epmanns
5 Mas DUINUNKHBL
21 mas Tawnmanng
201322 mas Boernam u Kambomku
3 ceHTs0ps Benecyana
24 centsabps | Typuus
2014 |27 despains DUIHITHHBI
12 aBrycra Mamnsta
4 centsOps Eruner
1 HOSIOpS Banrnagem
21 HOs0ps IOAP
2015 26 siuBapst [Nakucran
27 mapTa Tomannns
31 mapta Typuus
2016 | 7 utons Kenust
22 aBrycra Poccus
21 centsiops | [lyspro-Puko
28 ceHTsI0ps | ABCTpanus
15 HOs10ps Poccus
2017 | 13 stuBapst Dpannus
8 dempans ABcrpanus
8 mapra CIIIA
1 uronst ITanama, Kocra-Puka, CanpBamop
1 aBrycra Poccus
15 aBrycra TaliBaHb
10 centsiopss | CIITA
20 centsiopss | [Tyspro-Puko
1 oxTs0pst Poccus
2 HOSIOpS Kazaxcran
2018 | 14 despans Poccust
10 staBaps CIIIA
27 deBpans Cynpan
2 mMapra CIIIA
21 mapta Bpazmmms
25 MapTta Poccus
12 anpenst [Tyspro-Puko
18 anpenst [Tyspro-Puko
13 wronst Poccus
3 nrois A3sepOaiikan
24 centsiopss | Yexus
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BOoNBIIMHCTBO pPa3BUTHIX CTpaH B MEPCIIEKTHBE
IUTAHUPYET 3HAYNUTENBHYIO JOJI0 SHEPTrOMOTPEOICHNS
MOKPBIBaTh 3a cyeT BUD, uTo moBbImaeT HHTEpEC K
CO37aHMI0 TII00aIbHOU cymepcetd [2], a, ciieqoBa-
TeJIbHO, IPUBOJIUT K POCTY CIIOKHOCTH IHEPIOCUCTEM
U CHUXKEHUIO HAJIEKHOCTH.

B neyaru omyGimKoBaHBI MPOEKTHI YacTel IJIO-
OampHOM 3HeprocucteMsl: Desertec, Medgrid, Kuraii-
ckas cymepcers, Gobitec, cynepceru FOro-Bocrounoit
Aswun, IceLink, Tres Amigas, a Takke BapHaHTHl 00b-
€IMHEHVSI WX B TTI00ANBHYIO CyTIepPCEeTh.

Ennnas mammmonansHas cete EDC Poccun Moxer
CTaTb COCTABHBIM, CBS3YIOIINM 3BEHOM MEXIY a3hat-
CKOH M eBpOMNEHCKON YacTaMu TI00albHOH CeTH Ha
eBpasuiickoM KOHTUHeHTe. OHa BKIIOUaeT B ce0st CeTH
CBEPXBBICOKOT'O HaIPsKEHUS ITEPEMEHHOI0 TOKa, 3Ha-
YHUTEIbHBIE THIPOPECYPCHI, yraeBogopoas 1 BIO.

[IpuBeneHHbIE TEPCHEKTUBBI Pa3BUTUS MUPOBOU
3IEKTPOIHEPTETUKHU NPUBOAT K PE3KOMY POCTY pUCKa
BO3HHKHOBCHUSI CHCTEMHBIX aBapwii, WHTCHCHBHOC
pa3BUTHE IPOTHBOABAPUHHON aBTOMATHKH, KaK OKa3a-
JIOCh, HE TIO3BOJIICT YCTPAHHUTH BO3HHKHOBCHHE CH-
CTEeMHBIX aBapHi U POCT MX YHCIIA TIPOIOIIKACTCS.

160

140

120

100

80

60

40

20

0
O N S © 0O N WOWOWONTST OOWO
MWW OOWOWOUWORNNNREKO® ®
R R R R R R R R RO RO A e
L R o B B O TR O AR e O A O IO O R IO R B |

[TporHoO3 KpyNHBIX CUCTEMHBIX aBapuil Ha OJH-
Kaifree BpeMsi MOJKHO ITOJyYHUTh, IOCTPOUB HHTEPIIO-
JSIIMOHHYIO (OPMYJTy IO peajbHBIM JaHHBIM YHCIa
aBapuii, UCIIOIB3Ys METOJ] HAMMEHBIINX KBaJpaTOB

N = ¢072(t-1950) (1),
rae N — cymMmapHOe 4KCIIo CHCTEMHBIX aBapuii ¢
1950 rona o rona t.

WuTepnonsiunoHHas KpuBas yuciia aBapui 3a me-
puon ¢ 1950 mo 2018 rox npuBeaeHa Ha puc.10.

B cootBercTBuM ¢ BhIpaxenueM (1) B 2019 rony
MOXHO OBUTO OBl OkuAaTh N=9 KpyIHBIX CHCTEMHBIX
aBapui.

IMox cucTteMHBIMEH aBapusMH OyIeM ITOHHMATh
aBapud, KOTOpBIC OBLTH CIPOBOLMPOBAHBI OTKITFOYEC-
HUEM €IUHHYHOTO OOOPYIOBaHUS, YTO IMPUBEIO K MX
JaNbHEHIIeMy pa3BUTHIO U PACIIPOCTPAHEHUIO HA 3HA-
YUTEIBHYI0 YacTh JHeprocucreMsl. KoHewyHo, Takas
(GOpMyJTHpPOBKa JIOCTATOYHO CYOBEKTHBHA, OJHAKO
aHaIU3 aBAPUIHBIX CUTYallUH C TAKOW TOYKHU 3PEHUS
JIOCTaTOYHO YOEANTENHHO MTOKA3hIBAET POCT YKCIA CH-
CTEMHBIX aBapuil B MUPOBOH 3JIEKTPOIHEPTETUKE.
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a — peanvHas Kpueas Yucia aeapull
6 — UHMEPNONAYUOHHASL KDUBASL
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Amnanu3 3a 2019 rox mo3BomseT roBOpUThH 0 12 Ta-
KHX aBapuil, 4YTO OCTATOYHO XOPOIIO COTNIACYEeTCs C
MpeICKa3aHHBIM 3HAYCHHUEM:!

v HAHAMA, 21 suBaps 2019 roxa, Gonpluas
gacth [laHambl, a Takke oTeibHBbIE paiioHbl Kocrta-
Puxkwu, I'Baremans! 1 Hukaparya ocranuce 6e3 anekTpu-
YyecTBa M3-3a cO0s B TaHAMCKO CHCTEME 3JIEKTPOCHA0-
JKEHUS
(https://regnum.ru/news/economy/2600101.html).

v' KAPAKAC, 7 mapra 2019 roxa, HaubGosee
KpYITHBIHA OaKayT npoun3somnien 7 MapTa, koraa Kapakac
1 OOJBIIMHCTBO MTAaTOB BeHecyanmsl ocramuch 0e3
sHeprocHabxeHus. [lo TaHHBIM MECTHO IPECCHI, pedb
uaet o 20 wim 22 u3 23 mraroB. Takum 00pa3oM, dJiek-
TPUYECTBO OTCYTCTBOBAJIO IIPAKTUYECKHU Ha BCel Tep-

puTopun pecryOIuKy.
(https://ww.newsru.com/world/19mar2019/venezuel
a.html).

v' KAPAKAC, 27 mapra 2019 roga, HeCKOJbKO

I'DC, Ipumopckoit 'POC, bnarosemenckoit TOL u
Heprourpunckoit I'POC. OTkimrodeHust ocTaBuim 0e3
sHeprocHabxeHus: mnorpedureneii Ha 2,5 'Bt B He-
ckoibkux pernoHax Jansnero Boctoka. OcTtaHOBIEHO
JIBUKCHHUE MOE3/I0B Ha ydacTke Moroya — XabapoBck
mmaoir 1500  xm  (https://www.vedomosti.ru/
business/articles/2017/08/02/727603-avariya-
energosisteme).

v CUM®EPOIIOJIb, 2 asrycra 2019 ropa, us-
3a cpabaThIBaHUA MTPOTHBOABAPUIHON aBTOMATHKH OT-
Kmounnuch auHAn dekrponepenaun @CK B KpacHo-
IapckoM Kpae. JeuuT MOIHOCTH Ha MOTyOCTPOBE
COCTaBUII 1000 MBT
(https://www.vedomosti.ru/business/
articles/2017/08/02/727603-avariya-energosisteme).

v' JIOHOH, 10 aBrycra 2019 , MHJIHOHBI JIHO-
Iiel o Bee BemnkoOpuTaHuy OCTaTUCh B TEMHOTE M3-
3a HenoJiaAok B HanuoHanbHOW SHEpPreTH4yeckou cH-
creMe. MacmraOHelii  O9KayT OXBaTHI _OOJIBIIYIO

MIUIHOHOB TpakIaH BeHecya Il 0CcTaanch 0e3 dIIeK-

yacthk Jlonnmona, JImeepnynsa, I'masro, Yamwsca, I'mo-

TpHYEeCTBa
(https:/fregnum.ru/news/accidents/2606912.html).

v' XAPTVM, 8 anpens 2019 roza, oTKII0YEHNE
DJIEKTPOIHEPIHH MPOU30MIIO0 1o Becemy Cynany. Hace-
neane Cynmana cocTaBisieT okoio 40 MIIH YeJoBeK.
(https://regnum.ru/news/accidents/2638648.html).

v' ABAKAH, 1 urons 2019 roza, cHavana us-3a
omubOku nepconana ®CK oTKIOYHIACH MTOICTAHIIUS
Ha 500 kB «O3naueHHOe» B Xakacuu. Beimn obecto-
yeHbl CassHOropckuil 1 Xakacckui allfoOMHUHHUEBbBIE 3a-
Boabl UC Rusal, cHmkeHre HArpy3ku coctaBmino 1433
MBT. A 3a TeM noj AeiicTBreM NPOTUBOABAPUIHHOM aB-
TOMATHUKH OTKIFOYMIACH HECKOJBKO BO3MYIIHBIX JTH-
auit ®CK B KpacHosipckom kpae. Bpatckmit, UpkyT-
ckuit u KpacHosipckuii amromuaneBbIe 3aBogsl UC
Rusal  mummmmes  warpy3km Ha 3,4 IBr
(https:/iwww.vedomaosti.ru/business/articles/2017/08/0
2/727603-avariya-energosisteme).

v' BYDHOC-AUWPEC, 17 uions 2019 rona, or-
KJIIOUEHHE DIEKTPOCHA0XKeHUs Ha OoJibleil yactu Ap-
TeHTHUHbL, YpyrBas u [Taparsas 3aTpoHyJio He MeHee 48
MITH YeNOBeK.
(https://regnum.ru/news/accidents/2648635.html).

v' HbIO-MOPK, CIIA, 14 mons 2019 rona, B
Manxatrene n Bepxuem Becrcraiine n3-3a macnirab-
HOW aBapmm 0€3 PIEKTPHUYECTBAa OCTAIHCH Oomee 45
THIC. JIIOAEH.
(https://regnum.ru/news/accidents/2665564.html).

v' KAPAKAC, 22 nrons 2019 rosia, OTKII0UYEHHE
3JIEKTPOIHEPTHHU U3-3a aBaApUH B CTOJIMIIC U 15 miTarax
Benecyasr MIPOI0JIKATIOCH JICBSTH 4acoB
(https://regnum.ru/news/accidents/2671438.html).

v' XABAPOBCK, 1 aprycra 2019 roxa, mon
JICHiCTBAEM POTUBOABAPUITHON aBTOMATHKA OTKITFOYH-
JIOCh IIATh BO3AYIIHBIX auHUM Ha 220 u 500 B, B pe-
3yJNbTaTe JBE YacTH DHEProCHCTeMBl BocToka okasa-
JIMCh W30JINPOBAaHHBIME. B pe3ynbpTare aBapuu OTKITIO-
qmmch dHeprobmokn Ha Bypetickoit I'DC, 3efickoii

crepmmpa u MaHYecTepa, B pe3ylibTaTe Yero CTpaHy
OXBaTHJI TPAHCIIOPTHBIN KoJUIamc. THICSYM Tacca)u-
POB B Te€UEHHUE HECKOJIBKUX YaCOB OKA3aJIHCh 3a0JIOKH-
POBAaHHBIMU B TEMHOTE B TPAHCIIOPTE, B MEPBYIO OUe-
penp B moe3ax. Xaoc MpoI0DKaJICs HECKOIBKO YacoB,
a3a/Iep>KKU U OTMEHBI TT0€3/10B MPOJI0JKAIHCH U TTOCIIE
BO300HOBIICHHUS MoJa4yu DJIEKTPUYECTBA
( https://regnum.ru/news/accidents/2686453.html).

v" MAHATI'VA , 16 cents6ps 2019 rona, B pe-
3yinbTaTe aBapum B CuHcTeMe IeHTpaJlbHOAMEPUKAH-
ckoil naekrpodHeprernyeckoil uurerpaunu (SIEPAC)
2JEKTPOCHAOKEHUE MpeKpaTiiiock B 'onaypace, ['Ba-
TeMane, Hukaparya m CanpBagope. ABapHsi BO3SHHKIIA
Ha TeppuTopun Hukaparya. bes cBera ocranach 00Jib-
mas yacth llenrpanbsHoii Amepuku. [lepBeie coo0iie-
HUs 0 cboe moctynunu m3 'onaypaca m Hukaparya
(https://regnum.ru/news/accidents/2720882.html).

Bce BbIlle MpHBeseHHOE TOBOPUT O CEPbE3HOM
HEOOXOAMMOCTH OLIEHKH PHCKa BO3HUKHOBEHHUS CH-
CTEMHBIX aBapHii SHEPTOCUCTEM NIPH IUNITAHUPOBAHNUH MX
pa3Butus [3].
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Abstract

Regardless long-time history of research in this field, as well as practical importance of vortex flows,
their general laws have not yet been researched enough. Thus, physical mechanisms of birth, origin, self-
renewal and disruption of vortex flows have not yet been completely revealed, Various approaches developed
within the framework of atmospheric vortices theory, vortex industrial equipment theory and magnetic hy-
drodynamics appear not to be enough for the construction of comprehensive theoretical model allowing to
make quantitative calculations with high accuracy to explain the results of in-situ measurements and to con-
sidering multicomponent character of media, complexity and tridimensionality of processes vital for the birth,
self-renewal and disruption of vortex, and non-linear character of equations describing these processes.
However, even now we have some empiric algorithms of processes occurring in vortex flows and the methods
of calculation of vortex devices and units, which for many decades have been used in various industrial
technologies. Vortex devices are distinguished by their simplicity, lack of moving components, fast response,
low weight and reliability of design. Vortex technologies are the sole case when turbulent energy is used for

performing work, heat generation, absorption and formation of pressure gradients.

Keywords: vortex; turbulent energy; cooling systems; hydraulic heat generator; vortex wind power plant;
vortex suction cleaner; vacuum pump; structured water; composite fuel.

Introduction. Background of research on vor-
tex phenomena

In an effort to find alternative energy sources that
do not harm the environment, many experts pay atten-
tion to vortex power engineering. The first brightest
scientist who drew the attention of mankind to the need
to search for unconventional approaches in energy was
Nikola Tesla. In 1892, he expressed the following
thought: "We pass with inconceivable speed through an
infinite space. Everything around us is in motion, and
energy is everywhere. There must be a more direct way
to utilize this energy than is currently known. When the
light comes from the environment around us, and when
all forms of energy from this inexhaustible source will
be obtained in the same way without effort, humanity
will go ahead in giant steps. "

This idea of N. Tesla can be considered a direct
message to the search for an alternative environmen-
tally friendly renewable energy. He urged "to connect
their cars to the very source of energy of the surround-
ing space." Today, mankind has almost come to realize
this very idea.

Many energy processes in nature are unique: they
require minimal energy to run. And as a result of the
realization or the course of the process itself, colossal
energy is produced. It should be especially emphasized
that all natural processes, without exception, are subject
to the classical laws of thermodynamics, the laws of
conservation of energy, physics, chemistry, mechanics.

Ideas of perspective alternative energy must be
sought in nature itself. The environment around us is
the main source of knowledge of mankind. The earth
has an inexhaustible source of low-potential clean en-
ergy - an atmosphere that accumulates the thermal and
potential energy of gases heated by the radiant energy

of the sun and compressed by gravity. Uneven heating
of gases, changing the pressure in the atmosphere, vio-
lates its equilibrium state. When the equilibrium is re-
stored, the potential and thermal energy of the air is
converted into the kinetic energy of the air streams.

Scientists have long paid attention to the fact that
only the vortex flows have the largest potential supply
of kinetic and thermal energy. At the same time, the en-
ergy potential of the vortex flows depends on many fac-
tors, including the composition of the gases. Therefore,
it is no accident that specialists are increasingly paying
attention in the prospective renewable energy sector to
vortex power engineering.

Vortex energy technologies are based on the laws
of classical thermodynamics and energy conservation.
The first direction of development of vortex power en-
gineering is connected with copying the natural process
of implosion and transformation of thermal energy with
low potential into kinetic energy. The most obvious ex-
ample of natural implosion are tornadoes. Observing
them for hundreds of years, scientists were convinced
that tornadoes possess a vast conditionally uncontrolled
energy, which is of an electrical nature. And the upper
tornado part is charged positively, the lower - Nega-
tively. In fact, a tornado is a huge natural motor-gener-
ator. In a tornado with a diameter of more than 800 m,
the energy of a large atomic bomb is concentrated. In
fact, the tornado process is strictly controlled, therefore,
it is possible to use the energy of the process [1].

Fundamentals of physics of vortex phenomena

At present, several dozen hypotheses have been
put forward on the mechanisms of the formation of vor-
tices. One of the most recognized is the hypothesis of
Professor A.Predovoditelev [2, 3]. The essence of it is
as follows. When a vortex forms in a calm compressible
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medium, a boundary layer forms between its outer sur-
face and the surrounding stationary air. The normal to
the outer surface of the vortex, through the boundary
layer, will be atmospheric pressure. In the moving outer
layer of the vortex, in accordance with the well-known
Bernoulli law, the static pressure will be less than at-
mospheric pressure. This will cause the vortex to begin
to contract, while the energy of the surrounding vortex
of air Q, which is equal to: Q = (Pa - Pv) « Al * S, where
Pa is the atmospheric pressure, N / m?; Pv - static pres-
sure inside the vortex, N / m?; Al - displacement of the
outer boundary of the vortex, m; S is the area of the
outer boundary of the vortex, m?. The compression en-
ergy Q causes an increase in the density and rotation of
the vortex, which in the course of its compression will
increase until a dynamic equilibrium is achieved. Cal-
culations show that, under certain conditions, the
amount of energy of the ambient air recycled in the vor-
tex can be thousands of times greater than the energy
expended for the promotion of the vortex. After giving
energy to the vortex, the pressure and temperature of
the environment decrease. These phenomena are ob-
served in strong vortex formations.

The vortex effect of the energy separation of
gases, discovered by J. Rankom in 1931, and then stud-
ied in detail by R. Hilsham in 1946, remains for 86
years in the center of the close attention of scientists. It
should be noted that even before the discovery of Rank,
the works of Maxwell, Schmidt, and K. Strakhovic give
theoretical premises for the energy separation of gas in
a swirling flow. Subsequently, as a result of the work
of Russian scientists, optimal designs for the main
types of vortex tubes were obtained [4, 5, 6, 7, 8, 9, 10,
11]. These include: dividing, cooled, self-evacuating,
two-circuit vortex tubes.

The vortex tube (VT) has an extremely simple
structure, but the processes taking place in it are so
complex and paradoxical that to date, perhaps only the
hypothesis of vortex interaction developed by Professor
AP Merkulov most fully reflects the physical essence
of the processes taking place in it Chamber of energy

-2

separation. [1, 2, 5]. A rather detailed review of the ex-
isting hypotheses explaining the Rank's vortex effect is
given in [12-17]. The most common physical model
that explains the temperature separation in a vortex tube
is the Fulton model [17]. According to this model, the
gas flow at the inlet to the vortex tube chamber is curled
according to the law of free vortex (wr = const) with
large angular velocities in the center of the vortex. The
static temperature varies along the radius of the vortex,
increasing toward the periphery, and the temperature of
the inhibition is uniformly distributed. During the sub-
sequent rearrangement of the flow from the free vortex
(with the law wr = const) to rotation with a constant
angular velocity w = const, heat fluxes are generated,
caused by a gradient of the static temperature and di-
rected from the periphery to the center, and flows of
mechanical energy from the axis k periphery, due to the
presence of viscous forces. As a result, the static tem-
perature of the gas is equalized along the cross section
of the pipe and the temperature of the braking increases
with increasing radius. The flow pattern of a gas in a
counterflow vortex tube is shown in Fig. 1. By securing
the removal of cold gas from the near-axis zone and
heated from the near-wall zone (flows 3 and 4 in Fig.
1.), a thermal separation in the vortex tube is obtained.
The efficiency of vortex tubes used for cooling and
heating is generally estimated to be temperature nj and
adiabatic un efficiency. The temperature efficiency,
sometimes called the coefficient of temperature effi-
ciency, can also be written in the form

CAT, AT,
TAT, [
P k
T 1_[x]
PO

where ATS is the decrease in temperature with an

isentropic decrease in temperature during the expansion
of the gas from to Py no Py ; ATy - Is the cooling

value of a part of the gas in the vortex tube.
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Fig.1. The picture of gas flow in a counterflow vortex tube:
1 - vortex tube; 2 - inlet of compressed gas; 3- the outlet of the cooled stream;4 - outlet of heated streamro

At the present time, numerical studies of this effect
are most actively conducted. Among them, we can
mention papers devoted to the analysis of the applica-
bility of the solution of the Navier-Stokes-Reynolds-
averaged Navier-Stokes (RANS) equations with the

closure of the system of equations by turbulence mod-
els [18], the use of the Large Eddy Simulation (LES)
method for calculating Various variants of the Rank-
Hilsch tube [19, 20, 21].

To date, the vortex effect, the geometry of the vor-
tex tube elements (nozzle inlet, the shape and the angle
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of the throttle opening, are being actively investigated,
new theories of the vortex effect are being proposed,
and the areas of rational use are being searched for).
That is, despite more than 80 years of experience The
explanation of the effect of energy separation and the
creation of a non-alternative mathematical model of the
vortex tube has not yet been solved.

Technology of vortex power engineering

Despite the long history of studying and the prac-
tical importance of swirling flows, their general laws
have not been sufficiently studied so far. So, until now,
the physical mechanisms of nucleation, self-mainte-
nance and decay of swirling flows have not been finally
clarified. The different approaches developed in the
theory of atmospheric vortices, the theory of vortex in-
dustrial devices, and magnetic hydrodynamics are in-
sufficient to construct a complete theoretical model that
allows one to make quantitative calculations with the
necessary accuracy, explaining the results of field
measurements and taking into account the multicompo-
nent nature of the media, the complexity, the three-di-
mensionality of the processes essential for nucleation ,
Development, self-maintenance and decay of vortex
formations, nonlinearity of the equations describing
these processes. Nevertheless, already now we have
some empirical algorithms for processes occurring in
swirling flows, and methods for calculating vortex de-
vices and installations that have been used for many
decades in various industrial technologies. A distinc-
tive feature of vortex devices is their simplicity, the ab-
sence of moving parts, inertialess, low weight and reli-
ability of structures. VVortex technology is, perhaps, the
only case when the energy of turbulence is used to per-
form work, to isolate and absorb heat, to form pressure
gradients ... [22-27].

In the development of vortex power plants, at one
time, V. Schauberger achieved considerable success.
He found that under certain conditions (the conical
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shape of the vortex, velocity, temperature ...), the vor-
tex flow becomes self-sustaining, that is, no artificial
external energy is needed for its formation. In this case,
it becomes possible to use the energy of the vortex itself
for the required purposes (for driving machines and
mechanisms, for generating electricity, etc.) [28].

The vortex effect is extremely wide, and its capa-
bilities and prospects are impressive. So, in some con-
structions of thermodynamic energy converters (vortex
refrigerators), the temperature on the axis reaches -200
° C at the initial room temperature. Using the unusual
possibilities of the vortex effect, vortex-power plants
are already working now to produce: "structured wa-
ter", composite fuel, cold cracking of hydrocarbon
fuels, vortex heat generators, seawater desalination,
vortex wind power plants, etc. Below are some devel-
opments in the field of vortex energy technologies [29].

Vortex air-conditioning and cooling systems
(VCO)

The main element of VCO is a vortex tube in
which the separation takes place Gas flow to high and
low temperature components. The use of a vortex
cooler is most preferable for the creation of cooling de-
vices up to a temperature of the order of °50 ° C [30,
31, 32, 33] The vortex refrigerator (Fig.2, 3), distin-
guished by its exceptional simplicity of construction
and reliability in operation, can function at a relatively
small expense And gas pressure, have small dimen-
sions. A vortex cooler is fed from a source of com-
pressed gas or from an incoming wind flow. Vortex re-
frigerators can be of interest to farmers, fishing organi-
zations, vegetable stores, etc. Air cooling is of
particular interest because it is possible to control the
level of air humidity, which helps to reduce weight loss
and ensure long-term storage of products. Maintaining
high relative humidity is especially necessary when
storing greens and leafy vegetables.

Fig.2. the vortex microchiller
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Fig.3. Vortex air conditioning: - working air preésure, MPa 10 - air inlet pressure, MPa to 6 - temperature.
Cold air, ° C -55 - air consumption, m* / min 3,0 - air flow, | / min 40 - temp. Cooling, ° C 3 ... 30 - overall di-
mensions, mm / mass, kg d18x50 / 0,15 - cooling capacity, kW 0,4 ... 3,0

Features of the properties of swirled gas-liquid
flows allow the use of vortex tubes (VT) as a source of
cooling, conditioning and thermostating. To determine
the actual characteristics of the VT and to evaluate the
influence of geometric relationships and regime param-
eters, detailed experimental studies are carried
out. When testing the main types of vortex tubes (divid-
ing, cooling and self-evacuating), the problems of
choosing the optimal geometric relationships, deter-
mining the influence of air parameters on the tempera-
ture characteristics and obtaining the necessary coeffi-
cients for calculating the sources of cold are
solved.Tests are carried out in a wide range of changes
in the input and output parameters of the working fluid:
pressure 0.01 ... 0.9 MPa, temperature 293 ... 450 K.
The vortex tube is a smooth cylindrical (or conical) pipe
with tangential nozzles at one end and the end is closed
by a diaphragm with a central hole. At the other end of
the pipe is a choke. Compressed gas is supplied to the
tangential nozzles and forms an intense circular motion
in the tube. With sufficient cover of the throttle, a part
of the gas fed into the pipe flows through the aperture
opening, which is noticeably chilled, and the flow
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The "nozzle" (Fig.4, 5, 6) is installed on the ex-
haust pipe of the vehicle and is intended to increase the
effective power of the internal combustion engine and
diesel engine, to reduce the specific consumption of hy-
drocarbon fuel, and also to reduce toxicity and noise of
the swirling flow of vehicle exhaust gases. At the heart
of his work is the realization of the peculiarities of aer-
odynamics of a swirling flow of exhaust gases in an aer-
odynamic concentrator and the improvement of the aer-
odynamics of collector systems of automotive tractor
means. In the design of the "nozzle" there is not a single
rotating part. The device provides: - an increase in the

« 1]
; Fig.5. for a city bus,

through the choke is heated. As a result of preliminary
tests of the dividing VT, its geometric parameters are
determined: the angle of conicity is y =3 °, the relative
diameter of the diaphragm is d» = 0.5, the relative
length of the BT is | = 14. Comparative tests of a cylin-
drical BT designMerkulov show an increase in the tem-
perature efficiency of conical DVT by 10 ... 15%. The
installation of the crosspiece of the turbulator in the en-
ergy separation chamber made it possible to shorten the
length of the conical DVT to 9 calibers without degrad-
ing its temperature characteristics. It was also found
that the cooling effect depends essentially on the degree
of expansion of the gas, especially in the initial region
of its change. Then this dependence becomes less obvi-
ous, especially for > 4. The cooling effect is slightly
affected by the air pressure at the entrance to the DVT:
a change in the inlet pressure at = = const changes the
0x by less than 2% by three times. With increasing air
temperature at the entrance to the DVT, the temperature
efficiency increases: when the Tvx varies from 300 to
450 K, the value of 0x decreases by 4 ... 11%, depend-
ing on the degree of expansion.

Vortex ejector nozzles for automotive vehicles

Fig..6. for a river tugboat

effective engine power by (10+12) %, - a decrease in
the hourly fuel consumption by (10+20) %,- decrease
in the percentage content of CO by (10+15) % and CH
— by (15+20)%. — reduction of exhaust noise by 5-6%
[34, 35, 36].

It is known from the theory of internal combustion
engines (ICE) that the power and economic character-
istics of the internal combustion engine are greatly in-
fluenced by the filling capacity of the cylinder hv,
which depends on the pressure Pr at the exit from the
exhaust system. The lower the Pr pressure, the greater
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the filling density hv, the better the cylinder displace-
ment of the engine, the greater the engine power and
the lower effective fuel consumption ge, which is in-
versely proportional to hv:

Hv=g¢/(e-1)- (Tm)/(Tm+ AT) - {¢ Pa/Pm-¢c
Pr/ ePm}; Ge = - 1/ hv, where ¢ is the compression
ratio in the cylinder; Tm, AT - temperature of the mix-
ture at the inlet and temperature increase during com-
bustion of fuel; ®- the degree of reduction in vol-
ume; Pa - atmospheric pressure; Pm - pressure at the
inlet; Pr is the discharge pressure. Nominal engine
power Ne=VhnvpanzkninmQ/(alL - 60), where
Vh is the cylinder displacement, m*; I]v - filling ra-
tio; Pa is the density of air; N - engine speed; Z is the
number of cylinders; I]i - indicator efficiency of the en-
gine, nm - mechanical efficiency, a - coefficient of ex-
cess air; L is the amount of air for burning the
fuel. From the above dependences it can be seen that
the power of the ICE increases: - increase of boost, be-
cause This increases the density of the engine's air
charge (pa), - increases the speed of the engine (n), -
improves the cleaning of the cylinder (due to the reduc-
tion of Pr) from the combustion products of the previ-
ous cycle.

A decrease in pressure Pr can be achieved if the
exhaust gases are passed through a device in which
flows around the ledges occur and additional air is
sucked by the ejector. Thus, when a plate is placed
across the flow, a discharge corresponding to the pres-
sure coefficient p = 1,2 is formed behind it. Installing a
body in the flow of exhaust gases in the form of a cone
and twisting this flow along the axis of the exhaust cre-
ates, on its bottom surface, practically the same dis-
charge. But, since the flow is subsonic, when placing
the cone and the flow swirl system, in the tube this pres-
sure extends over the entire cross section of the pipe in
the zone of the bottom surface. The cut for the cone and
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the exhaust pipe must be placed in the ejector - the way
it was done in the design of the "fuel-efficient automo-
bile vortex ejector nozzle". Then the air ejected and
swirled by the exhaust gases from the atmosphere is
sucked at an increased speed in a given section of the
cone, which leads to a decrease in the static pressure in
accordance with the Bernoulli equation:

Pa = Pr + (pb - V?b) / 2, where Pr is the pressure
in the section under consideration, pb and Vb are the
density and velocity of sucked air from the atmosphere
with pressure Pa.

In a vortex ejector-in a circular flow-the circum-
ferential velocity of the gas propagating to an ever
smaller radius can be brought to near the maximum ve-
locity and theoretically obtain any low pressure on the
flow axis.

Vortex hydraulic heat generator (VGT)

VHT is a device that generates heat by changing
physicomechanical parameters of a fluid medium dur-
ing its flow under the complex effect of swirling accel-
erated and hindered motion. Acceleration of the flow is
achieved by creating a vortex in the systems of twisting
the flow of the heat generator with simultaneous nar-
rowing of the flow in the confusor, and inhibition by its
subsequent expansion in the cavitation tube of the heat
generator and by the development of the flow at the out-
let from its cavitation tube. The temperature of the lig-
uid increases due to friction against the surface of the
body and the friction of the layers of liquid that are lo-
cated at different radii from the axis of the shell, but the
main role in the heating of the liquid is played by cavi-
tation. Due to cavitation, part of the water passes into
an ordered, colloid-like, close to liquid-crystalline state
and this transition is accompanied by intense heat re-
lease. The main element of the vortex hydraulic heat
generator (VGT) is the vortex hydrocavitator (Fig.7.).

Fig.7. Vortex hydrocavitator - variants of designs and design schemes
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The heat supply system based on the VGT (Figure

8) contains a swirl system 1, a cavitation pipe 2, a de-
veloping agent 3, heat transfer devices (heat exchanger,
=

batteries, heaters, etc.) 4, a hydraulic pump 5, an elec-
tric motor 6 and a heat generator control panel 7.

Features of vortex hydraulic heat generators: - the
device is environmentally friendly, there is no need to
burn hydrocarbon fuels (coal, oil, gas), there are no
electric heating elements, electricity is used only to
power the hydraulic pump drive, there is no need for
water treatment, can heat any kind of liquid (water, Gas
condensate), the appearance of deposits on the internal
surfaces of the heat generator is excluded, can be con-
nected to any heating system, | combine T in one device
the functions of heating and pumping, provide an auto-
matic maintenance of the temperature of the coolant in
a given temperature range, there are no moving ele-
ments, are economical in operation and maintenance.
The vortex hydraulic heat generator is promising to be
used as an autonomous heating and heat supply system
in various areas of life activity: agricultural facilities,
cottage arrays, storage facilities, etc. VGT ensures the
ecological purity of the heat production process, mini-
mal heat loss during transmission to the consumer and
high economic efficiency [37, 38, 39].

Vortex wind power plant (VVER)

The vortex wind power plant (VVER) is able to
use low-potential air currents moving in the atmosphere

Fig(.9, 10, 11, 12) Variants of vortex hydraulic heat generating plants

and water areas at a speed of 3-4 m / s, recycled heat
streams discharged into the external environment by in-
dustrial enterprises, and the possibility of converting
helium Geothermal energy in the form of thermally in-
duced ascending air jets. This device converts a uni-
form wind flow into vortex jets, is a wind power con-
centrator, organizes and accumulates wind energy and
low-potential heat fluxes, just as under natural condi-
tions the kinetic energy of the wind distributed in a con-
siderable volume is concentrated to huge values in a
compact core Natural tornado or tornado. At the heart
of the work of the WWER is the so-called "Vortex ef-
fect". As a result of many years of research using wind
tunnels, the theoretical foundations of vortex wind
power plants - algorithms and techniques for calculat-
ing devices, as well as models and prototypes - have
been created (Fig.13, 14, 15). The design of the VVER
(Fig. 16, 17, 18) contains: inlet and exhaust device,
guiding devices, rotor and deflector. The installation
automatically adjusts to the real wind speed and pro-
vides wind power conversion with high efficiency and
a wide range of winds [40, 41].
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Fig. 16. General view of the VVER Fig. (17, 18) Details of the VVER design

In Fig.19. The results of a computer study of continuous medium flows in the vortex and peripheral zones of

the VVVER are presented.

Fig.19. The distribution of the velocities of the working fluid going from the inlet to the outlet from the stator
part of the wind turbine

Advantage VVEU relative to traditional wind-
mills:

- 1.5 — 2 times less than the working wind speed
and weight and dimensions parameters;

- "rotor-generator" excludes the shaft, there is no
system "set to the wind";

- the design of the installation assumes its modular
execution from identical functional modules;

- the stabilization of the rotor speed is ensured by
changing the air intake area of the installation;

- coefficient of wind energy use & ~ 0,3;

- high speed Z2=1,5-2,0.

Desalination and purification of marine and
contaminated water

Desalination and purification is due to hydrovorti-
cal cavitation effects on marine and contaminated wa-
ter. The proposed method for purification and desalina-
tion of brackish and salt water has a number of ad-
vantages in comparison with the known methods:

- heating and separation of saline water is carried
out in one unit;

- high pressures in the flow of desalinated water
are achieved through the rotation of water at high
speed, which makes it possible to intensify the vapori-
zation And reduce energy consumption for evaporation
of water,

- the use of centrifugal forces in the vortex flow
allows separation of impurities and salts with the dis-
placement of them into the outer layers of the separated
stream.
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The plant consists of: 1 tank with salt water, 2 hy-
draulic pumps, 3 hydrovortex generator, 4 vacuum me-
ters, 5 separators, 6 heat exchanger, 7 water collector,

4

]

8 vacuum pumps, P and T sensors, manometers and
Converters of EMF.

1
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Fig.20. Scheme of a hydro vortex installation for cleaning contaminated and brackish water.

The proposed technology of water purification is
technically simple, effective, economical, does not re-
quire the use of chemical reagents for disinfection and
disinfection of water, ensures the decomposition of
harmful substances and the destruction of microorgan-
isms.

Technical characteristics:

- the water is cleaned of mechanical impurities,

- the salt concentration in the water decreases by a
factor of 300-400,

- the cost of purified water is 2-3 times lower com-
pared to cleaning by known methods,

- reducing energy consumption for cleaning and
desalination Lower in 1.3 ... 1.5 times (with desalina-
tion),

- about 0.3 kW of electricity is consumed for 1 liter
of fresh water) [42', 43].

Fig.21. Experimental plant for sea water desalination

Preparation of structured water

This is water having a structure similar to that of
water in blood plasma, lymph and intracellular fluid:
pure, easily assimilable (surface tension between water
molecules is ~ 43 dyne / cm), slightly alkaline (pH> 7),
ORP (oxidation- Recovery potential) of water ~ from -
100 to -200 mV, has the property of antioxidation and
therefore has the ability to derive free radicals; im-
proves the effect of antibodies; improves the ability of
cells to self-healing; enriches the cells of the body with

oxygen; neutralizes the pH of the human body; in-
creases the permeability of biological membranes of
tissue cells, which reduces the amount of cholesterol in
the blood and liver, regulates blood pressure, increases
metabolism [44, 45]. Vortex hydrocavity installations
(Fig.22, 23) allow to receive structured water directly
from tap water, simultaneously cleaning it from solid
particles, chemical compounds and biological compo-
nents. These plants can produce water with the required
(specified) parameters.



42

International independent scientific journal Ne15/2020

Fig.22. Rotary-pulsation installation Fig.23. Cavitator

One of the promising areas for increasing crop
yields and quality of crops is pre-sowing processing of
grain and vegetable seed with structured water. As a re-
sult, when processing various types of plants with
structured water:

- significant acceleration of plant growth,

- improvement of the chemical composition of
fruits (nitrate content decreases by a factor of 2),

- increase in plant productivity by 20-33%.

Composite fuel production

Composite fuel is a composition of a hydrocarbon
fuel with water in various proportions. This is a funda-
mentally new type of liquid fuel, distinguished from

hydrocarbon fuel by the features of burnout and heat
transfer. In the process of combining hydrocarbon fuel
and water at the molecular level, water becomes a kind
of catalyst that improves the combustion of fuel. Com-
posite fuel, consisting of 60% diesel and 40% water,
has a higher specific heat of combustion (11,000 kcal /
kg (m®) than diesel fuel (10,300 kcal / kg (m?) and
higher citric number "53" compared to " 35 "for solar
oil, in addition, has in its composition 2 times less sul-
fur, and when burned - reduces the amount of harmful
emissions into the atmosphere (soot by 30 ... 50%, CO
and NO in 2 ... 3 times) (Fig.24.) [46, 47].

Fig.24. Comparison emissions of fuel oil and composite Fig.25. Installation RPA

To produce combined activated fuel (composite
fuel), hydrocavitation and rotary-pulsation plants are
used (Figure 25.). The principle of operation of these
activators is based on intensive mixing of various hy-
drocarbons and water at the molecular level due to vor-
tex motion and cavitation.

Vortical vacuum cleaners and washing plants

A fundamentally new "vortex" method for clean-
ing and washing flat and slightly curved surfaces has
been developed on the basis of vortex devices [48]. The
main principle of the vortex washing plant is the crea-
tion of a circular movement of air over a surface area
covered with a vortex washing head, which has a fast-
rotating brush-activator. Due to the vacuum created in
the pipeline, together with the washing products, the

volatile constituents are also intensively removed, en-
suring the cleanliness of the atmosphere in the washing
area. The vacuum also provides the necessary pressing
of the cleaning head to the surface being treated: for the
treatment of any surface, it is only necessary to move
the cleaning head over the surface to be treated, which
greatly simplifies the cleaning process. The main work-
ing element of the vortex washer is a vortex washing
head (Fig. 26, 27.), which has an overturned disk cas-
ing, equipped with a brush crown and tangential noz-
zles along the periphery. The inner part of the head
through the central branch pipe is connected by a flex-
ible hose with a vacuum system, a flow tube of the
washing liquid is passed inside the hose. In the inner
cavity of the cleaning head there is a rotating brush-ac-
tivator.
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Fig.26, 27. Vortex washing head

The vortex washing vacuum cleaner "RAINBALL" has been developed on the basis of the technologies of
vortex washing systems (Fig.28.).

Fig.28. Vortex washing vacuum cleaner

Technical characteristics of the washing vacuum
cleane:

- electric drive power - 0,8-1,2 kW,

- created vacuum - 1000+1500 mm of water. Article,

- a second air flow rate of 50+30 1 /s,

- washing capacity - 2+4 sg.m / min,

- volume of washing liquid - 8+25 1,

- consumption of washing liquid - 0,01 ,2 0,2 1 / m2,

- installation weight - 15-30 kg,

e

Fig.29. Airp

Vortex vacuum pump

This device uses the property of vortex tubes to
create a zone of reduced pressure in the near-axis region
of a swirling flow [49, 50, 51].

Features BBH:

lane washing device

- diameter of the vortex washing head - 130+165 mm,
- size - 600mm x 400mm x 500mm.

Vortex washers are especially suitable for cleaning in-
dustrial premises with high fatty contamination (meat
processing plants, fat plants, dairy plants, etc.), where
special detergents must be used for cleaning, as well as
for cleaning aviation and automotive equipment (Fig.
29.).

- the ability to create high discharges in vacuumed
volumes that are not available for conventional single-
stage jet ejectors - all-mode. (Unlike a jet ejector, it
does not require a change in the geometry of the nozzle
and other elements when operating over a wide range
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of compressed gas pressures and pressures Evacuated
medium). Technical characteristics of BBH (Fig.30.):
- overall dimensions................. D=250mm, L=120mm,

- created discharge .......cccoeevevveiernennn, - 0,02+0,1 MPa,
- compressed air pressure at the inlet ........ to 4.0 MPa,
- Ejection coefficient .........cccocevevvievcvnininnnnns 0.1+0.3,

- compressed air CoNSUMPLION........cccvvivevreerierierenereens
....................................... .to 2.0 cubic. meters / minute.

Unlike the jet ejector, it does not require a change
in the geometric shape of the nozzle and other elements
when operating over a wide range of pressures of com-
pressed gas and the degrees of pressure increase of the
medium being evacuated.

A-b

Fig.30. Vortex vacuum pump

Vortex electrodischarge CO2 - laser

Unique thermodynamic and heat and mass ex-
change characteristics of a special class of vortex de-
vices-self-evacuating vortex tubes (SVT) [52, 53, 54],
in which the maximum cooling and rarefaction effects

of gas in the vortex are achieved, as well as record val-
ues of turbulent viscosity. Type of laser by cooling
method - vortex electric-discharge CO2 laser (VEL)
[55, 56, 57, 58]. From Fig. 31. It can be seen that the
electron temperatures are high enough and reach their
maximum on the discharge axis.

T4 K
3000
c=2.4

2000 /
L
=l

1000 / c=35

o i BTt
100 200 300 I CN'J

Fig.31. The dependence of the vibrational temperature of nitrogen on the electric power density averaged over
the discharge region: gas-N2; P * 1 = 0.5 Mpa, I1 = 5; IT * = 30;

Ocpwerpade
cixr

-27e8

Fig.32. Schematic diagram of VEL
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When working on nitrogen, VEL enters the regime
for 5 + 10 ms, the regime of the quasistationary regime
is T ~ 5-10 ms, and the breakdown of the vortex flow
occurs in 10-20 ms. In Fig. 33 a, b show oscillograms

0me

P,'.MPa -~

of the variation of the averaged pressure over the dis-
charge region Ps as a function of time for the operation
of the CBT on the gas Ar. The criterion of optimality is
to achieve a minimum pressure on the discharge axis.

CMC

-

Py, Topp

T, ,MC

6)

v)

Fig.33.The dependence of pressure on time at the input to the VEL (a) and in the near-axis region of the VEL (b)

The vortex laser (VEL) belongs to a separate class
of lasers by the cooling method-convective-diffusion
and has increased specific energy characteristics: the
density of the invested energy In the discharge is two
orders of magnitude greater than in the sealed laser. The
overall characteristics of a vortex laser with equal out-
put power are two to three orders of magnitude lower
than for known types of gas-discharge electrodes. At
present, applications of a vortex plasmatron are mainly
developed for strengthening metal surfaces and devel-
oping chemical technologies.

Whirlwind air spring

Air Vortex Spring An alternative autonomous
non-volatile installation for producing fresh water from

atmospheric air — it effectively extracts moisture from
atmospheric air using the “Vortex Generator”, a lami-
narized swirling air stream and cooling this air stream
to the “dew point”. Moisture condensate builds up in
the catchment block. To increase the efficiency of the
installation and the intensity of fresh water extraction,
the design of the active extractor in the "Air Spring" can
be supplemented with a heat pipe or a ground heat
pump and alternative sources of electricity - a vortex
wind power installation (look Fig. 16 “General view of
the VVEP)) or a solar photomodule with a power of 0.5
- 1,0 kw.

Fig. 39.

The efficiency of the installation and the extrac-
tion rate depend only on the speed of the wind flow, the
temperature of the outside air and the amount of mois-
ture in the air. In Fig. 39. The physical 3D model of the

“Vortex Generator and Vortex Refrigerator” - the main
elements of the “Air Vortex Spring” is presented.
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Fig. 40. The scheme of "Air Vortex Spring"
(1 - air ejector; 2 - vortex cooler; 3 - heat exchanger; 4 - exhaust air outlet; 5 - hill (embankment);
6 - pond; 7 - heat pipe; 8 - vortex wind turbine; 9 - solar panel; 10 - to to the consumer).

Currently, one of the large-scale prototypes of the
“Air Vortex Spring” is located in the Crimea (Fig. 41.)
In the Yalta Botanical Garden. Its dimensions: - height
1.2 m, diameter 1.2 m, material - plastic. During the
day, it gives out a little more (0.5 -0.7) m* of pure cold
water.

Conclusion

Vortex (swirling) flows of a continuous medium
are one of the most important and extremely difficult

sections of the mechanics of liquids and gases. They are
characterized by specific features that fundamentally
differ from axial motion, such as the appearance of sec-
ondary currents, active and conservative effects on the
structure of the medium, the three-dimensional nature
of the averaged and pulsating parameters, the anisot-
ropy of the heat transfer and momentum transfer char-
acteristics, high velocity and pressure gradients,
etc. Swirling flows of liquid and gases are widespread
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in various phenomena of nature: they occur during the
formation of cyclones, tornadoes and tornadoes in the
atmosphere, during the flow of rivers and the emptying
of large bodies of water, when large-scale jet flows oc-
cur in the seas and oceans, in hydrobiology, in zoology
and . The use of swirling flows in recent years is be-
coming more widespread: in aerospace engineering, in
technological heat and mass exchange processes and
devices of the chemical, food and medical industries, in
the technologies of the agroindustrial and communal
complex, and also: vortex control valves in rocket pro-
pulsion control systems, vortex Refrigerators, vortex
purification systems, gas drying in the gas industry,
vortex gas treatment systems for the needs of pneumo-
gas automatics. A distinctive feature of vortex devices
is their simplicity, the absence of moving parts, non-
inertialess, low weight and reliability of struc-
tures. Vortex technology is, perhaps, the only case
when the energy of turbulence is used to accomplish
work.
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FORECASTING THE EARTH'S DEFORMATION BASED ON GEOINFORMATION MODELING

Solovyov M.
NUST MISIS, Russia

MPOIHO3UPOBAHUE JIE®@OPMAILIMM 3EMHOM MOBEPXHOCTU HA OCHOBE
I'EOMH®OPMAIIMOHHOI'O MOAEJINPOBAHUS

CouoBbéB M.
HUTY MUCuC, Poccus

Abstract

Modern production of oil, gas and other natural resources cannot do without geoinformation research of this
or that territory. In the 21st century industry, information technology, combined with radar imaging, saves time
and resources of the enterprise, as the search for deposits requires satellite images and an analytical department
for geographic information exploration. Also, when finding a deposit, further study of the displacement of the
earth's surface over a certain period of time is required, since in the long term there may be problems with mining
in situ.

Annomauyus

Cospemennas 0obblua Hegpmu, 2a3a u Opy2ux nPUPOOHLIX UCKONAEMBIX He Modicem 0boumucy be3 ceoungop-
MAYUOHHO20 UCCIe008aAHU MOU Ul UHOU meppumopuu. B undycmpuu 2 1-o2o cmonemus unghopmayuonHsle mex-
HOJlocUU 6 COBOKYNHOCMU cpaduwzomuuozmoﬁ CbeMKOU IKOHOMSM 6peMs u pecypcol npe()npu;lmuﬂ, MAK KAk Ha
NOUCKU MECMOPONCOCHUL HYHCHBI CHUMKU ON CHYMHUKO8 U AHATIUMUYEeCKUL 0MOel No 2e0UH@POPMAYUOHHOU pa3-
seoke. Taxoice npu HAX0AHCOEHUU MECTOPOIHCOeHUS Mpebyemcs OanbHeliliee UCCIe008aHUe CMeWeHUs 3eMHOU No-
6EPXHOCMU HA NPOMAdNCEHUU onpeaeﬂeimoeo B6peMeEHU, MAaK KAK 6 OOJZZOCPOHHOIJ nepcnekmuee Mocym 603HUKH)YNb
I’lp06.7l€Jl/lbl ¢ 000blYell NONe3HbIX UCKONAEeMbIX HA Mecme.

Keywords: radar survey, geographic information research
Knrouesvie cnosa: paouonokayuonuas cvemKka, 2e0UHQOPMAYUOHHOE UCCIe008aHUE

B Poccuun uccnepoBaHue 3eMHOM MOBEPXHOCTHU
TIPHU HAXOXJICHUH MECTOPOXKICHUS SBISCTCA aKTyallb-
HOM 3aayell, Tak KaK Halla 3KOHOMHUKA MPaKTHYECKU
3aBHCHT OT HEPTH, Ta3a U JPYTUX MOJIE3HBIX HCKOMae-
MBIX, YTO TMpPEIIoiaracT 3aMHTEPECOBAHHOCTH BCEX
CTPYKTYp M OpraHu3aluil B JajbHEHIIEM PEIICHUU U
YIAYYIIEHUA METOAMKH PELICHHUS HAaHHOI'O0 BOIIpPOCa.
Benp uem Gosnbliie 3a7€iICTBOBAHO PECYPCOB U TEXHO-
JIOTUH, TeM CKOpee pelIaeTcsi BOMPOCHl ¢ Mpeaymnpe-
JKJICHUEM OMPEACICHHBIX MPOOJIeM Ha TEPPUTOPHUSIX
IJIe PacIOIOKEHO Hale OOJIBIIIOE TOCYAaPCTBO U BeE-
JIyTCSl MUJUTHOHBI pa0OT MO TOOBIYE MOJIC3HBIX HCKOTIA-
€MBIX.

CocTosiHMEe MECTOPOXKJIEHUSI KOHTPOJIUPYETCS pa-
JAPHBIMU CITYTHUKOBBIMU TaHHBIMHU. C IOMOIIBIO TEX-
HOJIOTHH paJapHOil MHTep(epOMETPUN BBHIOIHICTCS
n3MepeHue aeopmarin 3eMHOH TOBEPXHOCTH C TOY-
HOCTBIO JTO MHJUTUMETpPA ITyTEM COITOCTABJICHHUS PaIno-
JIOKAI[MOHHBIX CITYTHUKOBBIX N300paKEeHHIA, OTyUeH-
HBbIX B pa3jIM4Hble Mepuoabl BpeMeHu. [Ipu nmomomu
CHCIHATBHOTO MPOGECCHOHATBLHOIO MPOrPaMMHOIO
oOecricucHHsI OICHUBACTCSI COCTOSIHUE TEPPUTOPUU U
cTpoutcs rpaduk e€ CMEIICHHS B TCYCHUE BCETO MEPH-
ola HaOIIoAcHUS 32 00BEKTOM. TaKoe UCCICIOBaHUE
MO3BOJIACT MONyYUTh MHPOPMAIUIO 0 AedopMariusx
36MHOM MOBEPXHOCTH C LEIbIO JaTbHEUILIEro HCIIOJb-
30BaHUs B paboTax MO ONTUMH3AINH TOOBIYH YTIIEBO-
JIOPOJIOB, 8 TAKXKE BBIIBJICHUIO H MOHUTOPUHTY CMETIe-
HUS 3€MHOH IIOBEPXHOCTH IIPH PealTu3allid TEXHOJIO-
TUYECKHUX OTepaIiii Ha MECTOPOKACHHSIX.

B pamkax noctaBiieHHOW 3a/1a4d UCIIOJIb30BAaHUE
PaINOIOKAIMOHHBIX CITYTHUKOBBIX JAaHHBIX OOOCHO-

BaHO UX BBICOKON TOYHOCTBIO OT HECKOJIBKUX MUJIIH-
METPOB JI0 METPOB, YTO MO3BOJSAET OCYLIECTBISATh Pe-
TYJISIpHBIE MOHHUTOPHUHT JleopManiy BceX OOBEKTOB
HHPPACTPYKTYPHl 0€3 yCTAaHOBKH JOIIONHHUTEIHHOTO
HM3MEPHUTEIBHOT0 000PYIOBaHMs Ha MecTHOCTH. Camast
KOppeKTHas M nHpOpMaTUBHAS ChEMKa MOTy4aeTCs Ha
OCHOBE PaJMOBOJIHEI B paJioIMana3oHe, KoTopas HH-
Kak He Torjiomaercss Hu aTMocdepoid, Hu o0navyHo-
CTBI0, HI TYMaHOM, B JTFO00H OCBEIIEHHOCTH U TIPH JIFO-
OBIX KJIMMaTHYECKUX YCIOBUSX. biaronapst Takum xa-
PakTepUCTUKaM Ha CHUMKAaX OYE€Hb YETKO BHUJHBI
HEPOBHOCTH peiibeda, MOBEPXHOCTH, a TaKXKe BIIaXK-
HOCTB ¥ CTPYKTYpBI IO/l HOBEPXHOCTBIO.

Pemenne naHHoro Bompoca KpoeTcs B CBOEBpE-
MEHHOM OTIPEIEIEHUY U MOHUTOPUHTE CMEILEHUH 3eM-
HOM MOBEPXHOCTH HAa MeCTax NpeArojaraeMoil pa-
0O0TBHI, T7I€ YK€ BELYTCs paOOTHI U I'/Ie YXKE BBITOIHEHBI.
B mepBom ciydae ecnu 3apaHee BBIIBUTH MEHEE I10-
JABWXHBIC 30HBI, TO MOXXHO B JIaJ'lI)Hef/'IH_IeM 9KOHOMMUTH
Ha JIOTIOJIHUTENBHBIX padoTax mo oOciayxuBaHu0. Bo
BTOPOM M TPETHEM CIIy4assX MOKHO IPEIOIpPEAEINTh
npo0JIeMbl Ha IaHHOW TEPPUTOPHH U HCIIOIB30BaTh CO-
BPEMEHHBIE METO/bI I MPEAYNPEkKICHUS U PEeLIeHUs
JTATBHEHIINX Mpo0IeM. YUHUTHIBasi 3aBUCHMOCTh BCeE-
MHUPHOH TOpHO-, He(TH- 1 Ta30100bIBAIONICH IPOMBIIII-
JICHHOCTH JIaHHBIE MEpONpHATHE Oyay aKTyaJbHBIMH
OYEHB JIOITOE BPeMs, a 000py10BaHIE U METOANKA BhI-
SIBJICHUS] TaKUX MPOOJIEM yiIydInaercss U gopadaTbiBa-
eTcs C Ka)XXIbIM JHEM C IPUMEHEHHEM BCEX M3BECTHBIX
COBPEMEHHBIX TEXHOJIOTHH.

JlaHHOE HCclleIoBaHHE TaK)Ke HaleT cBoe MpH-
MEHEHHE B Pa3JIMUHBIX OTPACIAX HAPOJHOTO XO3SIH-
CTBa: ropHas MpPOMbBIINIJICHHOCTb (OLICHKa COCTOSAHUA
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OOPTOB KapbepoB, IIAXT, OTBAJBI IOPOA), HedTera3o-
Basi MPOMBIIUIEHHOCTh (KOHTPOIIb 32 COCTOSIHUEM Me-
CTOPOXKEHHHA W TpPyOONPOBONOB), TeOTepMalibHas
9HepreTrka (MOHHTOPHHI TEKTOHWYECKOH nedopma-
U1, aKTUBHBIX Pa3jiOMOB U CMeLlIeHPIﬁ, CBA3aHHBIX C
MIPOM3BOJICTBEHHBIMH ITPOLIECCaMH), 00BEKTH HH(Dpa-
CTPYKTYpHl  (TIPOEKTHPOBAHUE JKEJIE3HBIX  JIOPOT,
METPO, MOCTOB, TOHHEJIEH), a TAK)KE TOCYAapCTBEHHBIE
MPOEKTHI (M3yYeHHE OMACHBIX NPUPOJHBIX SIBICHUIA,

MOBBIIIIEHHE 0€30MacCHOCTH, TPELYNIPEKICHUE O KaTa-
crpodax). IlporHozupoBanue nedopManiu 3eMHOU
MOBEPXHOCTH HA OCHOBE reOMH(OPMALIIOHHOTO MOJIe-
JIMPOBAHHUE SABJISETCS AKTYaJbHOU HAYyYHOM 3a1aueil.
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MATHEMATICAL DESCRIPTION OF HYGROSCOPIC PROPERTIES OF DRY DAIRY PRODUCTS
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MATEMATHYECKOE ONIMCAHUE T'MI'POCKONWYECKHAX CBOMCTB CYXHUX MOJIOYHBIX
MNPOAYKTOB
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Abstract

Method of termorgafic analysis is used in experimental practice for the determination of moisture forms of
communication. Its application is limited to conditions of slow isothermal drying of thin samples of material. On
the basis of the general provisions of the thermodynamic method of describing the product equilibrium moisture

isotherm has been proposed.
Annomauus

B skcnepumenmanvrotl npaxmuxe 0 onpedenenus opm cesasu eiasu UCHOIb3Yemcs mepmopaguueckutl
memod. E2o npumenenue, 00HaKo, 02panudeHo yCciosuamu MeoieHHOl U30MePMUYECcKoll CYuWKYU MOHKUX 00paszyos
mamepuana. Ha ocnosanuu oowux mepmoouHamMuieckux nOI0ACEHUN Npeodniodcena MemoouKa OnUCAHUs U30-

mepmbl PABHOBECHOU BILANCHOCU NPOOYKMA

Keywords: equilibrium moisture content; binding energy ; adsorption isotherm.
Knroueewie cnosa: PABHOBECHAS 6]IAINCHOCNb, DHEP2UA CEA3U, U30meEPMA ac)cop614uu.

o BenmumHE M MPUPOIE SHEPTUH CBSA3U IIPHHATO
pa3nuuaTh 4YeThipe (HOPMBI CBSI3M BOJBI C AWCIEPC-
HBIMH cucTeMaMH. XMMHUYECKHU CBSI3aHHAs BOJ1a BKJIIO-
YacT BJIary CBA3aHHYIO MOHHO M BJary COC}]I/IHCHI/If/'I
THUIIa KPUCTAJUIOTHIPATOB. ANCOPOILIMOHHO-CBs3aHHAs
BJIara oOpasyercsi pu aJcopOLUK MOJIEKYJI rapa Mo
BO3/ICHICTBHEM MOJICKYJSIPHOTO CHJIOBOTO TIOJISI BElle-
cTBa. BHavane oOpa3yercsi MOHOMOJIEKYIISIPHBIN CIIOH,
KOTOpBIM CBsi3aH Hamboiee cuiabHO. [lociemyromme
CJIIOM JKHUAKOCTH (HOJMMOJIEKYJISIpHAst — ajcopOrIys)
yIEpXKHUBAIOTCS MeHee NMpodHo. KammuuispHo-cBsizaH-
Hasl BOZA, 3aKIIOYCHHAs B KalMJULIpax, SBJISIETCS CBO-
00IHOIT BO/IOH, OJJHAKO JaBJICHUE Mapa B KaMMJULIPax
OTJIMYAeTCs OT AABJICHUS HaJ IUIOCKOH MOBEPXHOCTHIO
Y OTIpeAeNsIeTCs JUaMeTpoM Kanmmuisipa. OCMOTHYECKH
CBsi3aHHas Biiara oOycJIOBJIEHAa M30MpaTeNbHOM Jud-
(y3ueil Biaru u3 okpyKamuiel cpeabl, K 0CMOTHYE-
CKHU-CBSI3aHHOW OTHOCHTCSI Tak)Ke Bjara, 3aXBauCHHas
npu 00pa3oBaHUM CTPYKTYPHI resisi. OCMOTHYECKH CBSI-
3aHHasl BJIara XapakTepU3yeTcs SHEPTUeH CBI3H MaJoi
MHTEHCUBHOCTH, OHA CTAHOBHUTCS 3aMETHOH IIPH OTCYT-
CTBHH JIPYTHX 0OJIee MPOYHBIX cBsa3ell. K HecBs3aHHOM,
CBOOOAHOH BIIare MPUHSTO OTHOCHUTH BJIATy MaKpOKa-
MIJUIIPOB ¥ KalWIIIPOB, PAANYC KOTOPBIX MPEBBIIIAET
10"M u makpomop. DTa Biara Kak clIeIyeT W3 Ha3Ba-
HHS, HE MMECT CBSI3H C CyXHM BEILIECTBOM U MOXET
OBITH yaJeHa MEXaHMYECKIM CIIOCO00M

B paborax Pebummepa moka3aHO, YTO HAYYHO
000CHOBaHHBIM METOJIOM OLICHKHU CBSI3H BJIAard C Mare-
puajioM ABJIACTCA ONPCACICHUE BCIMYUHBI ODHEPIrun
CBsI3H, T.€. pabOTHI COBEpIIAEMOil P OTpbIBE 1 MOIb
BOJBI OT BCHICCTBA IMOCTOAHHOI'O COoCTaBa C JaHHBIM
BJIaroCOZEPIKaHUEM TIPH 00PATHMOM H30TEPMHUYECKOM
nporuecce. [1]:

P
_ N 1)
A=RTIn =

rae A - Heprus cBs3H;

R- yHnBepcanbHas ra3oBas MOCTOSTHHAS

T- abcouoTHas TEMIIEPATypa;

P- naBieHue mapa HajJ MPOAYKTOM;

Pn— maBnenue mapa Haj BOZOH IpHU TeMIlepaType
MPOAYKTA.

B skcnepumeHTanbHOM MpaKTUKE AJS OIperese-
HUsI OPM CBSI3U BJIATH HCIIOJIB3YETCS TepMorpaduye-
ckuil meto Kazanckoro [2], OCHOBaHHBII Ha COBMe-
LOIEHWU KPHUBOH CYyIIKM C TepMOIrpaMMOHl Ipouecca,
CHHTYJISIPHBIE TOYKH KOTOPOM MOTYT OBITH COOTHECEHBI
C OIpE/EeNICHHBIM BHIOM CBSI3H BJIarW C CyXHMM Belle-
ctBoM. [IprmeHeHne ero, 0JJHAKO, OTPAaHHUUYCHO YCIIO-
BUSIMM MEJUICHHON H30TEPMHUYECKON CYLIKH TOHKUX
00pasioB MaTepuana.

Hanbonee nonxyo nHGOPMALUIO O CBA3H BJIarH C
MaTepHaJioM JaeT H30TepMa PABHOBECHBIX BIIAXKHO-
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CTEH, ONMUCHIBAIOLIAs 3aBUCUMOCTH BJIQXKHOCTH MPO-
JIyKTa OT JaBJICHUS MApOB BOAbI HaJl HUM B yCTAaHOBHB-
meMcst coctosiun. OHa Kak He TPpYAHO BUAETH U3 CO-
otHotieHus (1), MO3BOJISIET ONPEAEIUTh BECh CHEKTP
SHEPreTU4ECKUX CBA3CH BIIaru B IIPOJYKTE.

PaBHOBecHas! BIQXKHOCTH MPOAYKTa MOXET OBITh
Ipe/ICTaBIIeHa KaK Bilara paBHOBECHBIX TEPMOJHMHAMHU-
YECKHUX CHUCTEM, KaJas U3 KOTOPBIX COOTBETCTBYET
orpeieNieHHOH (hopMe cBs3M Biark B HeM. Mcxons u3
O0IIMX CTAaTHCTHYECKHX COOOPaXEHUH, MOXKHO Tpea-
MIOJIOXKUTh, YTO PACIpPEICNICHNE BIAXKHOCTH 10 DHEP-
THAM CBA3M OyIeT cleqoBaTh 3aKOHY aHAJIOTHYHOMY
KaHOHMYECKOMY PaCIpEeAEICHHIO YHEPTHHA MEXITY 3IIe-
MCHTaMH SaMKHyTOﬁ CHCTCMBI.

g—g ——cexp[—pA| @
rie U- Konn4ecTBo CBS3aHHOM BIIary;

C ¥ / — KOHCTaHTHI onpenesieMble (OPMOH CBSI3U
BIIarH.

W3 ananmmsa pasMepHOCTEH cienyer, 9To S nmeer
pasMepHOCTb [3Heprus] ™, mo aHajsoruu ¢ pacupeene-
HHEM SHEPTUH MEXAY YacTHLAMH HICaIbHOTO ra3a
MOXHO PacCMaTpHUBATh [ KaK XapaKTEPUCTHKY Cpen-
Hell DHEpruu TaHHOW ()OPMBI CBSI3H BJIArH.

N3 cooTHomeHus (2) cneayeT, 4TO 3aBUCUMOCTh
BJIQKHOCTH IIPOAYKTA U SHEPTHHU CBSI3U JOJDKHA CIIE0-
BaTh COOTHOUIEHUIO

InU="C— A ®
Yz,

U TIPEJCTAaBIISATh, B rpaduecKoil HHTEpIPETAINH,
OTPE3KH TNPSIMBIX, Ka)KAasi U3 KOTOPBIX COOTBETCTBYET
OTIpeJIeTICHHOM (opMe CBS3M BJard, a KodpduiueHt f
XapaKkTepu3yeT SHEPTuio 3TOH cBs3u. CHHIYISIpHBIC
TOYKH rpaduka OyayT ONpPEAEIATh «IPAHUIBD BIIATH
Pa3IHYIHBIX (POPM CBS3H.

C uensro onpexneneHus (HopM CBSI3U BIATH C Cy-
XHMM MOJIOYHBIM OCTaTKOM, HAMH ObUIa IPOBEACHA 00-
paboTKa JUTEpaTyPHBIX JaHHBIX [3] O paBHOBECHOMU
BJI&YKHOCTH CYXOT'0 00€3)KHPEHHOT0 MOJIOKa.

Beiio ycranoeieHo, uro rpaduk InU =f(A) mpexn-
CTaBJIsIET COOOM TPU MPSIMOJIMHEHHBIX OTpe3Ka, COOT-
BETCTBYIOUIMX BJIare MOHOMOJIEKYJIIPHOW W MOJIMMO-
JIEKYJIIPHOW a7icopOLMK M BiIare KalUIIPHO-CBS3aH-
HOH. B mporecce MoHOMOJNEKYJISIpHOH ancopOunu
mpUcoeauHsIeTCs Biara B quanasone 0-5%, momumorne-
KyJsipHast a/icopOnusi OXBaThIBaeT nHTEpBaI 5-15%, a
KanwuIsipHO-CBsi3aHHas -15-35%. Cpennss sHeprus
CBS3M KaMMIULIPHOW BJard OKaszajach paBHON 850
JIx/Moutb; monuMoIeKy sipHor ancopOruu 1270 Jhx/
MOJIb U BJIaTM MOHOMOJIEKYJISIpHOH ajcopOiuu 3410
JIx/Moutb.

B Hacrosiee BpeMst M3BECTEH LIENBIH Psil SMIIH-
pryeckux (OpMyJT ONMCHIBAIOIINX CBS3b PABHOBECHON
BII&KHOCTH OOBEKTa M OTHOCHUTEIIHLHOW BIAXXHOCTH
BO3JlyXa; UX CTPYKTYpa OIpeaesieTcs], I0-BUANMOMY,
KaK CBOICTBaMM OOBEKTa MCCIEAOBAHUS, TaK U MaTe-
MaTHYECKUMH MPEIIIOYTCHUSIMI HCCIIeIoBaTeNe, 1mo-
cllelHee HE MOXKET HE 3aTPYIHATh COINOCTAaBICHHE U
aHaJIM3 MOJTYYEHHBIX PE3YIIbTaTOB.

Meskny TeM IO HalleMy MHEHUIO Ha OCHOBaHHUHU
o0IIMX TEPMOAMHAMHUYECKUX TOJOXKEHHH MOKHO

MIPEUIOKUTE POPMYITy, aAEKBATHO OTIMCHIBAIONIYIO 3a-
KOHOMEPHOCTH COPOITUH U IECOPOIIHH.

PaccMoTpuM BnaKHBIA IPOAYKT Kak TBEpAbIU
pactBop. B cocTosiHuMM paBHOBECHS! JOJKHO BBITION-
HATHCSA PABEHCTBO XMMHUYECKHX MOTEHIIMAIOB BOJbI B
JKUJIKOM U Ta3000pa3HOM cocTossHuu. Eciii mpuMeHuT
K BJIQXXHOMY HPOAYKTY 3aKOHOMEPHOCTH HJEAJIbHBIX
pPacTBOpPOB TO

o= 1*-RT INN @)

TJI€ L — XUMIYSCKUH MTOTEHIINA pacTBoOpa;

W* - COCTABISIOMIAs XUMIUECKOTO TIOTCHIINANA HE
3aBHCSAIIASA OT COCTaBa PacTBOPA;

N — MosTbHas! KOHIICHTpaLHUs pacTBOPA;

R — razoBas mocrossHHas

T — abcomoTHas TemiepaTypa

PaccmatrpuBas map Haj NPOAYKTOM, KaK HJI€aib-
HBIHA ra3 uMeeM

= w+RTInP (5)

Te [ — XUMUYECKUI MOTEHIMAI 11apa;

W — COCTaBIAIOIMIAs XMMHUYECKOTO MOTEHIIHANA,
3aBHCSAIIIAS OT TEMITEPATYPHI.

U3 4 u 5 cnenyer, 4TO B COCTOSIHUU PaBHOBECHUS
HMEET MECTO COOTHOIIIEHNE

P
Ih—=IhK
N (6)

rne K-dpyHkums He 3aBHcsIas oT cocTaBa pac-
tBOpa [In K= u*- wo=f(T,P)]

ockompky npu N—1 P—Po hyrkmmro K criegyet
MIPUHATH TOCTOSTHHOW M paBHOH eauHUIE. TakuMm oOpa-
30M,

P=P¢*N (7)

ITpuMeHUTENBHO K BIAXHOMY NPOAYKTY 3TO CO-

OTHOILICHHE MOKET OBITh MPEICTABICHO KakK

U
= 8
= avU ©

rae U — xonmuuectBo Biard Ha 100r. abCcoarOTHO
CyXOTO IPOAYKTA;

A — KOHCTaHTa, ompenessieMasl CBOWCTBaMHU CY-
XOT0 MPOJIYKTA.

CooTHolleHHe 8 mpernosaraet, Kak CleayeT U3
H3JI0KCHHOTO0, YTO CBOICTBA BIIAXKHOTO MPOIYKTA aHa-
JIOTUYHBI CBOMCTBAM HU3KO KOHLIEHTPUPOBAHHOI'O pac-
TBOpAa, JOMyIICHHE OOoJiee YeM CMENoe, TIO3TOMY IS
OTIHMCAHUSI U30TEPMBI TIPOTYKTa UCIIOB30BaH IBYWICH

¢>=—-(1+B-L) ©)
A+U A+U

rae B — xoHcTaHTa Takxke omnpezenseMas CBOM-
CTBaMH IMPOIYKTA.

O6paboTka pe3ynpTaTtoB MakcumoBa [3] o ompe-
JICJICHUIO PABHOBECHOW BIIAYKHOCTU CYXOT'0 O0OE€3)KH-
PEHHOT'O MOJIOKA M HAIlMX COOCTBEHHBIX HCCIICIOBA-
HUI MOJIOYHOTO OeJTKa KaJBIUCBON KOATYJISIMU TTOKa-
3ana:

JUTSL CYXOr0 00E3)KUPSHHOTO MOJIOKA

~_ Y 1+024-—> ) o
TR osu)

IUTST MOJIOYHOTO O€enKa

(1+491- L) (11)

¢= 454+U

454+U
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Ha rpaduke crmiiomHble JUHUM PacCYUTAaHBI CO-
TJIACHO BBIBEACHHBIX OTHOLICHHH, TOYKAMH MOKa3aHbI
9KCIEPUMEHTAJIbHBIE JAHHBIE.
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Takum 06pa3oM, pemnoaraeMasi METOIUKa OTIH-
CaHWs M30TEPMbI PABHOBECHOW BIIAKHOCTH 3aCIyKH-
BaeT BHUMaHUs. K ee JOCTOMHCTBAM MOXHO OTHECTH
TO, YTO OMPENEIIHB TI0 PE3yJbTaTaM TOJIBKO IBYX OMbI-
TOB mapaMeTpbl 4 U B MOXHO 3aTeM pacCUUTaTh BCIO
KPHUBYIO, a CJICJIOBATENILHO OMNPEACIUTh AKTUBHOCThH
BJIATH MPOJYKTA.
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USE OF ELECTROMAGNETIC PROCESSING IN THE PRODUCTION OF BIOM ICE CREAM
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Abstract

The article is devoted to improving the process of production of ice cream with probiotic microflora.

One of the possible areas of technology improvement is the magnetic processing of milk raw materials and
the intensification of the flow of technological processes in a magnetic field with specified characteristics. The
optimal mode of magnetic processing during compilation of the mixture was selected, which ensures the best
dissolution of the dry components. The regularities of changes in technological and microbiological indicators of

the production process as a result of the use of electromagnetic processing are established.

Annomauyus

Cmamos nocesieHa cCoeepueHcmeo8atHuIo npoyecca npouseo()cmea MOpPOIHCEHO2O C npo6uomuqecm)ﬁ MUK-

pogopoti.

OOHUM U3 B03MOJICHBIX Hanpasﬂeyuﬁ COBEPULEHCMBOBARUA MEXHOTIOCUYECKO20 npoyecca sA6isemcs oMacHu-
yueaHue MOoa04YH020 Cvlpbs U uHmechqbuKauuﬂ NpoOmeKanus mexHoai0cuUYeCKux npoyeccos 6 yCilo8usax MacHum-

HO20 NOJISL C 3A0AHHbIMU xapakmepucmuxkamu.

Ilooobpan onmumanvublil pexcum MASHUMHOU 0OpAbOmMKU NpU COCMABLeHUU cmecl, obecneyusauuii
Hauyyuiee pacmeopenue Cyxot KOMIOHEHmMos. Y Cmanosienvl 3aKOHOMEPHOCIU USMEHEHUS THEXHOIOSUYECKUX U
U MUKpOOUONO2UYECKUX NOKA3AMeNell npoyecca npou3eo0Ccmaad 8 pesyivmame npUMeHeHUsl 1eKmpoMacHUMHOL

obpabomxu.

Keywords: : magnetic processing, tension, ice cream, restoration, pasteurization. milling, fermentation, pro-

biotic microflora

Knrouegvle cnoea: maznumnas oopabomxa, HanpsAsCeHHOCMb, MOPOJICEHOE, B0CCMAHOBIEHUE, NACMePU3a-
yus. gpuzeposarnue, hepmenmayus, npobuomuyeckas Mukpoguopa

[Ipon3BOACTBO MOPOKEHOTO BO3MOXKHO OJIHA W3
Han0oJee TUHAMHUYHO Pa3BUBAIOIIMXCS OTPACIIeH MO-
JIOYHOW TMPOMBIIIIIEHHOCTH. ACCOPTUMEHT MOpPOXKe-
HOTO HETIPEPBIBHO PacTeT, KAX/IbIH CE30H KOJIUYECTBO
HAaUMEHOBAHUM MOPOYKEHOIO0 YBEJIWYUBAECTCS IIPU-
MepHO Ha 20-30%. DToMy B HEMaJIOi CTEIIEHH CII0CO0-
CTBYET TO, YTO B KOHEYHOM HTOTE K 3TOMY IIPOIYKTY
NPEABSBISIOTCS TOJBKO TPU TPEOOBAHMS: MPOIYKT
JIOJDKEeH OBITh 0€30MacHBIM, CTOYKH 3PEHHS KOHTPOJIH-
PYIOIINX OPraHoB, BKYCHBIM U MOJIE3HBIM, C TOUKH 3pe-
HUS IIOTPEOHUTEIIS 1 SKOHOMHYECKH BBITOJJHBIM C TOUKH
3peHus npousBogutens. CilemayeT OIHAKO 3aMETHTh,
YTO MPOTrpecc B 3TOH OTPaciu HIET B OCHOBHOM B 00-
JACTH CO3JaHUS HOBBIX U COBEPIICHCTBOBAHUS CyILe-
CTBYIOIIMX PELENTYpP, UCIOJIB30BAHUS HOBBIX, 4acTO
HE TPpaANIHUOHHBIX KOMIIOHCHTOB U PEAKO 3aTparuBacT
CaMH TEXHOJIOTUYCCKHUE ITTPOLECCCHI. OIIHI/IM N3 TaKUuX
HalpaBJICHUH, CTAaBIIMX B HACTOsSIIEE BpeMs BeCbMa
MOMYJISIPHBIM  SIBJISIETCSI  TTPOM3BOACTBO OMOMOpOXKE-
HOT'0, COJIEPIKaIero NPOOHOTHIECKYI0 MUKPOQIIOPY.

To, uTo TexHONIOTNU M 000PYIOBaHUE HE TIPETEp-
NEBAIOT PAJUKAIBHBIX M3MEHEHUI €cTh MpOsIBICHUE
3IpaBoro KoHcepBatuzMa. OIHAKO U 3[1eCh HaOII0qa-
eTcsl NpOsIBJICHHE HMHTEpeca K COBEPIICHCTBOBAHMIO
TEXHOJIOTUYECKUX IIPOLIECCOB HA OCHOBE HOBBIX IPHH-
unoB. OJHAM U3 BO3MOXKHBIX HAlIPaBJICHHI Takoro
COBEPILECHCTBOBAHUS SIBJIACTCS OMarHWYMBAaHHE MO-
JIOYHOTO CHIPbS ¥ MHTEHCH(UKALMA MPOTEKAHUS TeX-
HOJIOTUYCCKUX IMPOLECCOB B YCJIOBUAX MArHuTHOI'O

MOJISL C 3aJaHHBIMU Xapaktepuctukamu [1]. PaGoTsr B
TOM HampaBlIeHUH BemyTcs Ha kadenpe «IIpomykxToB
MUTaHUS ¥ TUIEBOH OnoTexHonorumy» OMI'AY.

CriexTp JeiicTBUSI MATHUTHOTO T10JIs1 Ha OMOJIOTH-
YECKHE JKUJIKOCTH U KOJUIOWIHBIC PACTBOPHI UPE3BbI-
YalfHO MIMPOK KakK MO BBIPAKEHHOCTH, TaK U IO HaIpaB-
JIeHU10. BOBIIMHCTBO U3 HUX B TOW WM MHOM CTENIEHU
MOTYT TPEJICTaBIATh WHTEPEC IJIsi MOJIOYHOM Mpo-
MBIIIJICHHOCTH B LIEJIOM U JUIsl TIPOM3BOJICTBA MOPOXKE-
HOTO B 4acTHOCTH. Takue 3(QeKThl MarHNTHOH 00pa-
OOTKM KaK U3MEHEHHE BA3KOCTH, TEKYyUECTH, PacCTBOPSI-
IOIIEeH CIIOCOOHOCTH, aKTUBHOCTH KHCIOPOAA M APYTHX
ra30B, TEIUIOMPOBOIHOCTH, CKOPOCTH M TEMIIEPaTyPHI
($a30BBIX TEPEXOAOB: '"pacTBOP-KOJUIOMI-KpHCTAILT",
TUIpaTAIH, TTOBEPXHOCTHOTO HATSDKEHUS | JIp.[2] Mo-
T'YT HaWTH MPUMEHEHHUe Jisi pa3pabOTKU HOBBIX U CO-
BEpPLICHCTBOBAHUSI TPAIUIIMOHHBIX TEXHOJIOTHIA, TOBBI-
IICHUS KOHOMHUYECKUX TOKa3zareneil paboTel 000py-
JIOBaHMS.

Ieab u MeTOAMKA MCCAeTOBAHNI

Llenpto 1aHHOW PabOTHI OBLIO OILEHUTH BO3MOMX-
HOCTb M II€JIECO00PAa3HOCTh HMCIOJIB30BAHUSI MarHUT-
HOM 00pabOTKH B TEXHOJIOTHIECKUX MPOIIeCcax MPOn3-
BOJICTBAa MOPOXKEHOTO. B X011€ paboThl OMarHMYMBaHUE
MIPUMEHSUIOCH Ha dTallax COCTAaBIICHHSI, TEIUTOBOH 00pa-
60TkH, (QepMeHTalMH U (Qpe3epoBaHus cmecH. Ilpu
3TOM HOMHUMO (PU3NKO-XMMHYECKHIX MOKa3aTenell KOH-
TPOJHMPOBAIH TIOJHOTY PACTBOPEHHS KOMIIOHEHTOB,
KOJIMYECTBO OTJIOKEHUN Ha IPEIOLIEH ITOBEPXHOCTH
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CTeIeHb B3OUTOCTH M OPraHOJNENTHYECKUE TI0OKa3aTeIn
MPOJYKTA.

B npouecce paboThl UCTIOIB30BATUCH TEXHOJIOTH-
YECKUE PEKUMBI U perentypbl OMCKOTro XJ1aJJOKOMOH-
Hata «MHMapko» u J1aboparopHoe o0opynoBanue da-
kynbrera «llumesbix npousBoacte» OMI'AY. Mar-
HUTHYIO O00pa0OTKy OCYIIECTBIISIIIM TE€PEMEHHBIM
nojneMm ¢ yactoroil 50I'n, HanpskeHHOcThI0 H= 6 KA-
(cormacHO paHee MPOBEICHHBIM HCCIIETOBAHUSIM 3TO
ONITHUMAaNTbHAsI HANTPSKEHHOCTH TOJIS ISl BOCCTAHOBIIE-
HUSI MOJIOYHBIX TIPOAYKTOB), BpEMS BO3JEHCTBHS Baph-
upoBany oT 5, 10 25 cek. [Ipu npoBeneHnu pabOTHI HC-
MOJTb30BAIUCh CTaHIAPTHBIE METOIBI HMCCIIEIOBAHUM,
NpeJyCMOTPEHHbIE HOPMATUBHBIMH  JOKYMEHTaMH.
Jist uccnetoBaHyst OJTHOTHI PACTBOPEHHST KOMITOHEH-
TOB MOPOXEHOTO MOIU(DHIUPOBATH HEHTPU(YKHBINA
METO/I OTIPE/ICTICHUS PACTBOPUMOCTH CYXUX MOJIOYHBIX
NpoIyKToB. B ieHTpndyx)Hy0 NpodupKy BHOCHIA MO-
JIOYHYIO CMECh, COCTAaBJIEHHYIO COTJIACHO PEIeNTYpBL.
Pexxnm BbIIEpKKH (TeMIepaTypa U IPOJOIDKUTEIb-
HOCTB) U IICHTpU(yTUpoBaHUs (BpeMs 1 CKOPOCTH) CO-
OTBETCTBOBAIM HOPMATHUBHBIM JOKyMeHTaM. Ha BTo-
POM 3Tare ONbITHBIE U KOHTPOJbHBIE 00pasIbl cMecH
LUPKYIUPOBaIH B TeueHHe 30 MHHYT MEXIy TPEIOLINX
TUTaCTHH ¢ Temreparypoi 95+2 °C. KomudecTBo 0oTi10-
JKSHUH OTIPeIeIIsTH BECOBBIM METOIOM.

Ha tpetbem 3rTame uccienoBaHUM HCIIOIb30BAIN
OaxkTepHaIbHBIE MOHOIpEnapaThl MPOOMOTHYECKHUX
Mukpoopranu3Mos: Lbm. acidophilum u 6ruomaccy 6u-
¢bunobakrepuit (uramm Bifidobacterium bifidum Ne

1).. B macrepnzoBaHHyI0 CMECh BHOCHIIA PaBHOE KOJIH-
4eCTBO (B COOTHOIICHNH 1:1) aKTHBU3UPOBAHHBIX ITpE-
naparoB B koyimuectre (5,0+0,1)% ot eé Macchl.

[Mpouecc ¢puzepoBanust ObUT CMOJECIUPOBAH MO-
CpeACTBOM COMBAHUS ONBITHBIX M KOHTPOJIBHBIX 00pa3-
LIOB TP OXJI&XKJICHUH JIHJI0-COJIEBOH CMECHIO.

Pe3yabTaThl HcCIe10BaHUH

[Tpn nccnenoBaHNM BIUSIHUSL OMAarHUYMBAaHUS HA
MIOJTHOTY PacTBOPEHUSI KOMIIOHEHTOB TP COCTaBICHUN
CMECH, JIOCTOBEPHBIX pa3iuuuii B (DU3UKO-XUMHUE-
CKMX M OPTaHOJIENITUYECKUX MOKA3aTeIsIX OMBITHBIX U
KOHTPOJIBHBIX 00pa3LoB He BBIABIEHO. B 3aBucHMoOcTH
OT BpPEMEHH BO3JIEHCTBHSA IOJISI MarHUTHAs 00paboTKa
MO3BOJIMJIA CHU3UTH KOJIMYECTBO HEPACTBOPHUBILIETOCS
ocajka Ha BeTMuuHy oT 27 1o 60 nporeHToB. YTo 005-
SICHSIETCSL YaCTUYHBIM pa3pyLICHUEM IOJ JNEHCTBUEM
MarHUTHOTO IOJISI aCCOIIMATOB JHIIOJIEH BOJIBI M Kak
CJIE/ICTBHE, YBEINYEHHEM UX MOJBIXHOCTH. JlaHHBIN
(akxT, B CBOIO 0Uepelb BEJIET K POCTY CMauynBaIOIIEeH 1
pacTBopArOIIeH cIocOOHOCTH BOAEL. [3,4].

MarnutHass 06paboTka cMecH IpHUBeNa K CyIie-
CTBEHHOMY, 10 70%, CHIKCHHUIO KOJIMYECTBA OTIIOKE-
HUM. Pa3Huna B COCTOSHMM TPEIOLIEN MOBEPXHOCTH
BUIHA OblIa BU3yanbHO. Ecim \mociie 06paboTku KOH-
TPOJBHBIX 00pasioB HabmMomancs paBHOMEPHBIH
CJIETKa KPEMOBBIN CJIOW OTJIOKEHWM, B CIydae OIIbIT-
HBIX 00pa310B (Y MaKCUMAIIbHOM AJTUTEILHOCTH 00-
paboTKHM) HAOIIOAAINCH OTIEIbHBIE MEJIKHE KPYITHHKA
Oenoro 1Bera. B ycmoBusx mpou3BojACTBa ClienyeT
OKUJIATh yJYYIICHHUS YCIOBUI TErI00OMEHa 1 S9KOHO-
MHUYECKHX IT0Ka3aTelied paboThl macTepu3aropa.
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PUC.2 33BUCHMMOCTD KONTMHECTBA OTNOKEHKIA HA NPEIOWEN NOBEPXHOCTH OT
NPOAC/IKUTENBHOCTH BO3ASHCTBMA MAarHMTHOTO NONA

IMocne 8 yacor pepmenraruu npu 37-39 °C ObuTH
HCCIIeIOBaHBl ~ MHUKPOOMOJIOTHYECKHE  ITOKa3aTeln
OTIBITHBIX M KOHTPOJBHBIX 00pa3IoB CMecH, OINpere-
JeHO oOIee KOJIMYECTBO NMPOOMOTHYECKOH MHKPO-
(iopsl, a TakkKe OTACIBHO — KOJIMYECTBO OU(HI00aK-
tepuid. Kak BUITHO U3 JaHHBIX NPECTaBICHHBIX Ha PU-
CyHKE 3 ToOCIe »3JIeKTPOMarHuTHON 00paboTku B
OIIBITHBIX 00pa3Iax MpoLece pa3BUTHI MUKPOOPTaHH3-
MOB IPOTEKaJl HHTCHCHBHEE. DTO B YACTHOCTH MOXKET

55
y=-0,031x- 2,169x - 1,428
R? « 0,988
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S
g
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OBITh PE3YJIETATOM HW3MCHCHUS CBOMCTB BOJBI Kak
cpemsl pa3BUTHs OakTepwid. BonbImas MOIBMKHOCTH
MOJIIEKYJT BOZBI, BO3MOXHO, 00JeT9aeT TPAHCIOPT K-
TaTEeNFHBIX BENIECTB B KICTKY U YAaJCHUE U3 Hee TPo-
ITyKTOB JKU3HEAEATENLHOCTH. B TOM Uncie 310 BeJeT K
MTOBBIIICHUIO aKTUBHOCTH (DEPMEHTHBIX CHCTEM MUK-
POOPTaHU3MOB, 4TO B CBOIO OYepenb MHTCHCH(UIHM-
pyet npouecc ¢pepmenTanuu [2,3].
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ITo mepe yBennueHUsI BpEMEHHU BO3AECHCTBUS Mar-
HHUTHOTO TIOJIS1 HA UCXOJHYIO CMECh KOHEUHAs CTEIICHb
B30MTOCTH MOpPOXKEHOro Bo3pactana (puc 4). Ilocne
JIByX CYTOK BBIJEpPXKKH Ipoaykra mpu munyc 20 °C,
OIBITHBIE 00Pa3Ibl ITOJIyYHIIH 00JIee BHICOKYIO OLIEHKY
32 KOHCHCTEHIIHIO.

5 = et -
“ll “I I‘I “I “I |‘|
0 5 10 15 20 25

NpPoaoAHUTENBHOCTL BO3ASMCTEBUA MAarHMTHOIO NOAA, C

npobuoTnueckas mukpodnopa

Puc.3 3asmncmmoctes obulero konuuecTea MUKPOOPraHmMamoes ot
npoaomMKnTeNnbHOCTM UOJAG;‘CTUMH MArHMTHOro nonsA

-

m ondpragobakTepun

HecMoTpst Ha HECOBEpIIEHCTBO HPHOJIMKEHUS
JaHHOM MOJIEN K PeasIbHbIM YCIOBUAM BO (pusepe u
3aKaJlOYHOM KaMepe MOXKHO C/IeNIaTh BBIBOJ O IOJI0XKHU-
TEJILHOM BIIMSIHUM OMarHUYMBaHUS Ha MPOLECCH PpH-
3ePOBaHMUS U 3aKAIKU MOPOKEHOTO
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MpofoMKUTEABHOCTL BO3A4EMCTEMA MAarHMTHOrO NOANA, C

PUcC. 4 3aBMCMMOCTE CTENEHM B3OMTOCTH MOPOXEHDOIro oT
NPOAOAHMTENLHOCTHM BO 4[“—'[:1(’ TEMH MArHMTHONrO NONA

M&1 oT1aeM cebe OTUET, YTO MOBBIIIEHUE B30HUTO-
CTH MOPOXXEHOTO He BCeria HeoOXO0AMMO, Pedb B JIaH-
HOM Cllyyae MOXET WATH CKopee 00 o0serdeHuu pa-
00ThI (hpHu3epa, U UCMONIL30BAHUH JTAHHOTO P QeKTa B
TEXHOJIOI'MH HOBBLIX MPOAYKTOB M3 YHUCJIa B36PITI)IX 3a-
MOPO>KEHHBIX JIECEPTOB.

BeiBoab!

HccnenoBaHo BIUSHNS MarHUTHOW 00pabOTKH Ha
MPOIIECCHI TIPOU3BOJICTBA MOPOKEHOTO € MPOOHOTHYE-
CKOW MHUKPOQJIIOpOH.

Jnst IpUTrOTOBIICHUST CMECH MOPOXKEHOTO U3 CY-
XHUX MPOIYKTOB MEJIeCO00pa3HO HCIMOIb30BaTh BOIY
MIPOIIEANTYTO IIEKTPOMAarHUTHYI0 00padoTky. [Tpu mc-
MOJb30BAaHUK MATrHUTHOTO TOJS HANPSHKEHHOCTHIO
(6£1) KA/M. ONITUMATIBHOE BPEMSI IKCIIO3UIHH COCTAB-
nsiet 25-30 ceyng

DeKTpoMarHuTHas 00paboTKa crocoocTByeT 00-
Jiee TIOJTHOMY PAacTBOPEHHIO KOMIIOHEHTOB ITPU HPUIO-
TOBJICHUM CMECH MOPOXKEHOT0, CYIIECTBEHHOMY CHH-
JKCHUIO OTJIOKECHHUH Ha IMOBEPXHOCTH IPH ee HacTepH-
3!, MTOBBIIIECHUIO CTETIEHH B3OUTOCTH MOPOKEHOTO.

OnekTpoMarHuTHas o0paboTKa BEIET K yBeIHde-
HHUIO Ha TOPSJOK KOJIMYECTBA KU3HECTIOCOOHBIX KJIe-
TOK MHKPO]IIOPHI IPH PepMEHTAITH CMECH.

[Mony4eHHbIe pe3yIbTaThl CBUIETEIBCTBYIOT O 1ie-
JIeCO00Pa3HOCTH MEPEHECEH S TAHHOTO UCCIIeJOBAaHUI

y = 0,067x2- 0,409x+ 70,93 o
R*=0,994

20 25 30

w
w

B YCJIOBHS IPOM3BOJCTBA, YTO ITO3BOJIUT «BCTPOHUTHY
MarHUTHYIO 00pabOTKy B peasIbHBIN TEXHOIOTUIECKHUI
MPOILIECC, peaTi3yeMblii HA KOHKPETHOM TEXHOJIOTHYe-
CKOM 00OpYJOBaHUH U AaTh €€ MPUMEHEHHIO 000CHO-
BaHHYIO SKOHOMHYECKYIO OLICHKY.

CIIUCOK JIMTEPATYPBI:

1. ®wuanko /.M., lsanor B.JI. Bnusaue mar-
HUTHOH 00pabOTKHM Ha Ka4eCTBO CHITY)KHOTO CTyCTKa /
AM. @uankoB, B.JI. Hsanos: IlepcnexkTuBHbIe
HaIpaBJICHUS HAYYHBIX UCCIIECJOBAHUM MOJOABIX yde-
HeIx CeBepo-3amaga Poccu: CO. Te3MCOB MEXKBY30B-
CKOIl Hay9HO-TeXHWYecKol kKoH(epeHnnu. Bomoraa. -
Mormnounoe. -1999.-C. 76-77.

2. Owuankos /.M., UBanos B.JI., ®uankos M.A.
Bo03MOXHOCTh U 11€7€CO00Pa3HOCTh HCIOIb30BAHMUS
MAarHUTHOTO TOJSI B MOJIOYHOM MPOMBIIUICHHOCTH. /
JI.M ®uankos, B.JI.1BanoB, M.A.®uankoB: BecTHuk
OMCKOI0 TOCYyAapCTBEHHOTO arpapHOro YHUBEPCH-
teta. Ne2. 2001 r. C 66-67

3. Kiaccen B.M. OMaranumBanue BOJHBIX CH-
creM. M.: Xumus.1982.196 c.

4. CrexuH A.A. CTpyKTypupOBaHHas BoJa: He-
muHerHbIe 3G dextsr M: N3a-so JIKU. 2008. 320 c.



International independent scientific journal Ne15/2020 57

INCREASING THE EFFICIENCY OF TECHNOLOGICAL PROCESSES OF SUGAR BEET
PRODUCTION THROUGH THE APPLICATION OF ALUMINUM AND CALCIUM-CONTAINING
REG

Khomichak L.

Doctor of Technical Sciences, Professor,

Head of the Department of Sugar, Sugar-Containing Products and Ingredients Technology,

Institute of Food Resources of NAAS of Ukraine

Olishevsky V.

Candidate of Technical Sciences,

Associate Professor of the Department of Technological Equipment and Computer Design Technologies,
National University of Food Technologies

HIIABUINEHHA E@OKTUBHOCTI TEXHOJIOI'TYHHUX ITPOLECIB HYKPOBYPAKOBOI'O
BUPOBHHUIITBA IIJISIXOM 3ACTOCYBAHHS AJTIOMIHIN- TA KAJIBIIMBMICHUX
PEATEHTIB

Xomivak JI.M.
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3a8i0y8ay 6i00iIy MexHON02iT YYKPY, YYKPOSMICHUX NPOOYKMI8 ma inepedicHmis,

ITnemumym npooosonvuux pecypcie HAAH Vkpainu

Ouaimescbkmii B.B.

KaHouoam mexHiuHux HayKx,

Odoyenm xKageopu mexHon02iuH020 0ONAOHAHHA MA KOMN TOMEPHUX MeXHON02ili NPOeKmy8aHHs,
Hayionanvuuii ynigepcumem xapuo8ux mexmonozitl

Abstract

The article analyzes the use of additional chemical reagents (gypsum, aluminum sulfate, GOAES coagulant)
in the process of sucrose extraction from beet chips in sugar beet production. It was found that all the studied
reagents improve the structural and mechanical properties of beet tissue, resulting in an increase in the purity of
diffusion and sulfite juices, pulp water and dry matter content in pressed pulp. The coagulant GOAES has the best
complexing properties, and is a promising reagent for improving the efficiency of the diffusion-press method of
extracting sucrose from beet chips.

Anomauin

B cmammi npoananizosano 3acmocysanns 000amKkosux Ximiunux peazenmis (2incy, cyibghamy amominiio,
koazynsaumy F'OAEC) ¢ npoyeci excmpazysanus caxaposu 3 6ypaKko8oi CmpyiucKu y yykpoOypaKoeomy eupod-
Huymei. Bcmarnosneno, wo 6ci 00Caiodicysanti peazeHmu NOKpawyoms CMpyKmypHo-MexaHiuni enacmueocmi 0y-
PAKOBOI MKAHUHU, 8 Pe3YIbMAmi 4020 CNOCMEPI2AEMb s NIOBUWEHHS YUCMOmU OUPY3iliH020 ma cy1bpimosa-
HO20 COKi8, HCOMONPECO8Oi 800U MA BMICIY CYXUX PEUOB8UH 8 npeco8anomy dtcomi. Ipu yvomy xoazynsinm ' OAEC
6on100ie Kpawgumu KOMNJAeKCOYymeoprodumu 61acmueocnsimu, ie nepcneKmueHUM peacenmom ons nideuu;eHHﬂ

eexmusrocmi Ouy3itiHo-npeco8oco cnocody GUIYYEHHs caxapo3u 3 OYpsAKO8oL CIMPYICKU.

Keywords: beet chips, reagents, extraction, purification effect.
Knrwowuosi cnosa: 6ypsixosa cmpydicka, peazenmu, eKCmpazy8anHs, eqreKm oOUueHHs.

Ilocmanoska npoénemu. SIKicTh ofepKaHUX ITy-
KPOBMIiCHHUX PO3YHHIB B yMOBaX I[yKpOOYPsIKOBOTO BH-
POOHHIITBA BU3HAYAETHCS €(PEKTUBHICTIO OUHIIICHHS Ha
BCiX 11 eramnax, MOYMHAIOYH 3 MPOLECY eKCTparyBaHHs
[1, 2]. IIpu 1ibOMy e(heKTUBHICTH €KCTpPAryBaHHS CyT-
TEBO 3aJICXKUTh B MIEPILy YEPry BiJI TEXHOJIOTIYHUX Bia-
CTHBOCTEH OYpPSKOBOT CTPYXKH 1 Pi3MKO-XIMIYHHX I10-
Ka3HUKIB EKCTpPareHTa, M0 HaaXOIATh B TUQY3iiHMI
amapar.

Ha mBuakicTs Ta SKiCTh MPOTiIKaHHSI MAacOOOMIH-
HUX TIPOIIECIB Mijl 4ac eKCTparyBaHHs caxaposu 3 Oy-
PSKOBOI CTPY>KKH HAaHOUIBII CyTTEBO BIUIMBAIOTH CTPY-
KTypHO-MEXaHI4HI BIACTUBOCTI OYPSIKOBOI TKAaHIHU, a
came ii MIIHICTB, IPYXKHICTh Ta CTiKKicTh. HU3bKI 3HA-
YEHHSIX [IMX MOKA3HHUKIB BEAYTh A0 3JIUIAHHA Ta 3MCH-
IICHHS PO3MIPY CTPY’KKH BCepeanHi Tudy3iiHHOro ama-
pary, BimOyBaeTbcs 301TBIIEHHS KITBKOCTI Opaky B co-
KOCTPYXKKOBiI ~ cymiln, B  pe3yJbTaTi  4oro

BiIOYBAETHCS YIIUIFHEHHS MIapy OYpSAKOBOI CTPYKKH.
S HaCTiAOK, 3MEHIITY€THCS JKUBUH TIepepi3 COKOCTPY-
’KKOBOTO IIapY 1 3aTPYAHAETHCS MPOXOHKEHHS eKCTpa-
renTa B audy3iiHOMY anapari, 1110 B pe3yJIbTaTi BIIH-
Ba€ Ha 3pOCTaHHs BTPAT caXxapo3H B JKOMi, TPUBAJIOCTI
MPOIECY €KCTParyBaHHs 1 MOTIPHICHHS SKOCTI audy-
31HHOTO COKY BHACIHIZIOK IHTEHCHBHOTO MEpPEXOay B
HBOTO HEIYKPIB.

Tpanuniinuii Tudy3iitHO-ITpecoBuii criocio BUITY-
YEeHHsI caxapo3u 3 OypSKOBOI CTPYXKKH 3 TOBEPHEHHSM
’KOMOIIPECOBOi BOJIM Ha EKCTPAryBaHHS HE 3aBXK/H 3a-
Oe3neuye HEOOXiTHUIA CTYIIHG 1 BIUTydeHHs. Bigomo,
10 XiMiYHI peareHTH Ha OCHOBI IOJIIBAJICHTHUX METa-
mis (Ca?*, Mg?*, Fe?*, Fe®*, Al¥*1a in.) BonoziroTs Korl-
JIEKCOYTBOPIOIOYMMH BIIACTHBOCTSMH 1 37aTHI 3B’S3y-
BaTH IMOJIiCaXxapuIay KIITHHHUX CTiHOK OYypsKOBOIi
CTPY)KKH B HEPO3UYMHHI KOMIUICKCH, 3HIDKYIOUH THM
caMmMM Iepexiji HeykpiB B nudysiitauii cik [2].
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OnHUM 13 CydYaCHMX HANpPSIMKIB IiJBUIICHHS
CTPYKTYPHO-MEXaHIYHHX XapaKTEPUCTHK OypsSKOBOi
TKaHHHY € 3aCTOCYBaHHS JI0JIaTKOBHUX XIMIYHUX peare-
HTIB B npolieci ekcrparysansst [3...8]. JocuTs mupo-
KOr0 BUKOPHUCTAHHSI B Halll 4ac ISl TOKPAIEHHS CTPY-
KTYpHO-MEXaHIYHHX BJIACTHUBOCTEH OypsiKoBOi cTpy-
KK Ta MiJBUIICHHIO YUCTOTH MUQY3IHHOTO COKY B
MpOILIeCi eKCTparyBaHHsl HaOyJla TEXHOJIOTIsl BUKOPHC-
TaHHs PO3YHHIB TilICy YW TIHHO3EMY (CyIb(ary airo-
MiHit0) [6, 9]. OnHak, aHaNi3 JITEPaTypHUX AaHHUX Ta

pe3ysbTaTy 3aBOJCHKUX BHUIIPOOYBaHb MOKA3ajH, L0
MOPSIA 3 MO3UTHBHUM BIUTHBOM CITOCTEPIrarOThCs 1 Ime-
BHI HEJIOJIKH, 5IKi B KIHLIEBOMY BapiaHTi 3yMOBIIOIOTh
JI0 3HIDKEeHHS e()eKTHBHOCTI iX 3acTocyBaHHs (Tadu.1).
3 omisAy Ha Lie HA ChOTOAHIIIHIN A€Hb aKTyallb-
HUMH € IIUTaHHS BUKOPUCTAHHS €KOHOMIYHO- Ta TeX-
HOJIOTIYHO- TONUIBHAX XIMIYHUX PEareHTiB HOBOTO I0-
KOJIIHHS, SIKi JO3BOJIATH BUPINIUTH MUTAHHS IIiJBH-
ImIeHHS e(eKTUBHOCTI TPOIECIiB COKOZOOYBaHHS Ta

COKOOYHIIICHHS.
Taomuns 1

BB 3acTocyBaHHS JOJATKOBHX PEArcHTIB HA TEXHOJIOTIUHI IIPOLIECH

Pearenr TeXHOJIOTIYHICTH

Henomixu 3acTocyBaHHS

Cynbdar
ANIOMIHIO
[Al2(SOs)s] |-

HOTO Ta CyNb(ITOBAHOTO COKIB;

OYMCTKU,

BaHOMY JKOMI.

Tinc
[C&SO4X2H20]

MiIBHUIY€THCS YUCTOTA TUQY3iii-
- INIBUIIYETHCS 3araibHUN edekT

- IIBUIIYETBCSA TPYXKHICTH Oyps-
KoBo{ cTpysxku Ta BMicT CP B mpeco-

- HEBHCOKHI BMICT Ail04Y01 pEUOBHHH B IIEpepaxy-
HKy Ha Al,O3(15...18 %);

- XIMIYHUH TiAKACTIOBAY JUQy3iHHOTO COKY;

- 3HWXKYE KOPO3iiHYy CTIHKICTH OONIaIHAHHSI Ta
TpyOompoBoaiB (B 7...8 paz);

- chopuse HeWTpamizamii BamHsAHOro Mojioka (1 T
HEMpopearoBaHoro peareHTy Ha Iudy3ii HeWTpai-
3ye 6 M® BalIHSAHOTO MOJIOKA);

- JKUTTeBOHeOE3Ne4Huil (CyBope JOTpHMaHHS 3a-
MOOIXKHUX 3aX0JIiB O€3IeKn);

- HeoOXIiJHICTh BCTAHOBJICHHS JI0JJATKOBOTO 00I1a-
JIHAHHS JJIS1 TIATOTOBKH Ta I10/1a4i 10r0 po3unHy.

- HH3bKa PO3YMHHICTH TBEpAOi (a3u Ta HU3BKUI
(8...16%) BMmicT nitodoi pedoBHHH B IepepaxyHKy
Ha CaO;

- «3aropaHHS» BHUIAPHOI CTAHIIIT;

- cenMMeEHTallifHO-HecTilika  ApiOHOAMCIIepCHA
CyCIleH3is;

- HeOoOXIJIHICTH BCTAHOBJIEHHS IOIATKOBOr'0 00Ja-
JTHAHHS JJIs1 TIATOTOBKH Ta IMOIavi HOro CycreHsii.

MeTtoro naHoi poOOTH OYyJI0 MOCTIIKCHHS KOM-
IIEKCOYTBOPIOIOYHMX BJIACTUBOCTECH alfOMiHIN- Ta Ka-
JIBI[IEBMICHUX XIMIYHHX PEAarcHTIiB B MPOIIECI COKOJIO-
OyBaHHS OYPSKOIIYKPOBOTO BUPOOHUIITBA, a TaKOXK
aHaJIi3 eKOHOMIYHOI- Ta TEXHOJIOTIYHOI- TOMITBHOCTI TX
BUKOPHCTAaHHS Y BUPOOHUIITBI.

Buxnao ocnoenozo mamepiany.

VY cupoBuHI 1 IPOIYKTax IyKPOBOTO BUPOOHUII-
TBa MicTAThCI BMC 1 KOJOiTHI pedOBUHH Pi3HOI JHC-
TIEPCHOCTI SIK 3 IO3UTHBHUM, TaK 1 3 HETaTUBHUM €JICK-
TPOKIHETHUHHUM 3apsaoM, TiapodiiabHi 1 TiapodoOHi.
Jo Hux, KpiM OLIBLIOCTI 3a0apBieHUX 1 TEKTUHOBHX
PCUYOBHMH, HAJEKATh TAKOX OLTKOBI PEUOBHHH, EMYJIb-
cii xxwupis Tomro [10, 11].

Po3BuHeHa kamiisgpHa cucTemMa OYpsSKOBOI TKa-
HUHHU CTBOPIOE BEJIMKY MOBEPXHIO 3ITKHEHHS MIX CTPY-
KKOIO Ta EKCTPAareHTOM, IO MOXKE CTaTH HPUYUHOIO
nepexoy B PO3UMH MEKTHHOBMX PEYOBHH Ta PI3HHX
rpyn BMC, ski mia BIJIMBOM BHCOKHX TeMIeEparyp
EKCTparyBaHHS YacTKOBO TiPOJIi3yIOThCA 1 CTAIOTh PO-
39uHHUMU (pHc. ).

Ha mBunakicTs Ta SKicTh IPOTiKaHHS MAacOOOMIH-
HUX TPOIIECIB MiJI 9ac eKCTparyBaHHS caxapo3d 3 Oy-
PSAKOBOI CTPYKH HAHOIIBII CYyTTEBO BIUIMBAIOTH CTPY-
KTYypHO-MEXaHi4Hi BIACTUBOCTI OYPSKOBOI TKAaHWHH, a
came 11 MIIHICTh, TPYXHICTh Ta CTIHKICTh. 3HIKSHHS
MPY>KHO-MII[HICHUX XapaKTEPUCTUK CTPYKKH B MHPO-
Leci eKCTparyBaHHsl B pe3yJIbTaTi Tipolizy MEeKTHHY
TIOTIpIIy€ SIKICTh TUQY3iHHOTO0 COKY BHACIIIOK 1HTEH-
CHUBHOT'O NIEPEXOJIY B HHOTO HEIYKPIB.
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Puc. 1. Knimuna yykposozo dypsxa

[exTrH cxamaersest i3 3anumkKiB D-ranakTypoHOBOI KUCIIOTH, 3'€THAHNX Yepe3 o-1,4-TIIiko3uTHHH 3B'I30K

B MOJTIMEPHHH JIAHIIOXKOK (pHC.2).

Q-

Puc.2. Cmpykmypna ghopmyna nexmumny

[lexTnH, AK MONIMEpHA KHUCIOTA, BOJOIIE ITiIBH-
MIEHOI0 KOMITJICKCOYTBOPIOIOYOI0 3/IaTHICTIO 10 Oara-
TO3apsHUX 10HiB NosTiBaneHTHUX MeTanis Ca?*, Mg?*,
AP, Fe3*. TIpu npOoMy OKCHUI€HH MEKTUHOBOI JIAHKH
BUTICHSIIOTh MOJICKYJIM BOJHM 1 KOOPIUHYIOTHCSI Ha-
BKOJIO 1OHIB JaHUX METAIB 3 YTBOPEHHIM CTIHKHUX TIe-
KTHHOBUX KOMIUICKCIB, HAMPUKIAJA MEKTATy KalbIIil0
Y™ anroMiHiro (puc.3).

AHami3 pe3ysbTaTiB JOCHIIKEHb BHKOPHCTaHHS
TPaAMLIIHNX XIMIYHUX peareHTIiB B I[yKPOBOMY BHPO-
O6HnnTBI (prc.4, puc.5) [7] mokasas, 0 HA SKicHI MO-
Ka3HUKH HAIiBIPOAYKTIB COKOJOOYBHOTO BiIiJICHHS

BIUTMBAIOTh ApaMeTPH eKCTparyBaHHs, a came pH ce-
pPEIOBHINA Ta KUTBKICTh TOIATKOBHUX XIMIYHHUX pearcH-
TiB.

Mamepianu ma memoou.

[Tpu mpoBeneHHI MOCHIIPKEHb BUKOPHUCTOBYBAIIU
BOJIHI PO3YMHHU SIK TPAAWIIHHUX pEareHTiB - TiNcy
[CaSOsx2H,0] [12] Ta cymsdary amoMiHioO
[Al(SO4)s] [13], Tak i peareHTYy HOBOTrO TIOKO-
JiHHS - HaHOpo3MipHOTo KoaryisiaTy TOAEC [14], mo
OJIEpPKaHUIA eNEKTPOICKpOBUM criocoboMm [15], sk ok-
pemMo, Tak i KoMOiHaIsIX. XapaKTepUCTHKN JaHUX pea-
TeHTIB MPECTaBIeHO B Tab.2 Ta Ha puc.6, puc.?.
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Puc.4. 3anescnicms emicmy cyxux peuosun (CP) npecosarnozo scomy 6i0 pH scomonpecosoi eoou (JKIIB) [7]
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Puc.5. B3aemo36 30Kk Midic 6UKOPUCMAHHAM 2INCY MA CYIb@aAmom antomMinito 6 ougysiunomy coxy [7]
Tabmus 2

XapaKTepuCTUKH pearcHTiB

XapakTepUCTUKH PO3UHHIB pea-
Ne HaiimenyBanns Jlosa pea- [CHTIB
. 1?1 carenT TEHTY ¢ pO3Mip-HiCTh Tadopmaris npo peareHT
: P y mr/ame rorer- gactuHok, | pH
uiai, MB MKM
I'imc Mapxka I'-5, ICTY Bb.B.2.7-
1 [CaS04x2H,0] 400 *25 130 96 82:2010, TIAT «I'imcoBuK»
Cymnbdat Ounmiennii, Oe3BOASHUM,
2 AITIOMIHIO 200 -3,7 0,45 3,8 | CAS Ne 10043-01-3, TIAT
[Al2(SO4)3] «CyMuximMITpomM»
IT'OAEC, TY VY 20.1-
3 [};%E)C] 20 +28 006 |58 |41063292-001:2017, TOB
8 «Kopynarpeiiay

Jnst mocnipkeHHsT BIUTUBY JI0JIATKOBUX PEareHTIiB
Ha IIPOILleC COKOOOYBaHHS, BUKOPHCTOBYBAJIH METO-
JMKy, onrcany B [16]. Bi3HaueHHs TeXHOIOTTYHUX O-
Ka3HUKIB HAITiBIPOYKTIB I[yKpOOypsIKOBOTO BUPOOHH-
LTBa BU3HAYAIH 3 JIOTIOMOTOI0 METOAUK, PEKOMEH/I0-
Banux B [17, 18].

Pesynvmamu ma 062060penns.

PesynbraTy 1ociIKeHb BIUIMBY TaHUX PEArcHTIB
Ha SIKICHI TOKa3HWUKH HAIIBIPOAYKTIB IyKPOOypsKO-
BOTO BUPOOHUIITBA MIPE/ICTABIICHO Ha prC.8 Ta B Ta0m.3.

OTpuMaHi pe3ynbTaTH CBII4aTh MPO Te, IO BCi
JIOZIATKOBI peareHTH MOKPAIYIOTh NOKa3HHKH COKIB Ta

MIPECOBAHOTO KoMy, Ipu IboMy koaryissHT 'OAEC
BUSIBUB Kpallll KOAryJOYi Ta KOMIUIEKCOYTBOPIOOU]
BiacTHBOCTI. JlocATHYTHI €eKT MOsSCHIOETHCS THM,
mo ionu metanis Ca®* Ta AP* posuunis ganux gogar-
KOBHX PEareHTIB B MPOLIECi EKCTparyBaHHs [0 KaHAIaM
MOMIKO/DKEHUX MiJl 4ac pi3aHHsS MMOBEPXHEBUX KIITHH
OypSIKOBOI CTPYXXKH IPOHHUKAIOTH B 1X OyIOBY, YKpiI-
JOIOTh KIITHHHI CTIHKH (TIPYXHO-MIIHICHUH KapKac)
3a paXyHOK YTBOPECHHSI KOMIUIEKCIB 3 TICKTHHAMH, 1 SIK
HACITIZIOK, 3HWKYIOTh BMICT B TU(Y31HHOMY COKY He-
LYKpIB Ta CHPUSIOTH MiBUIICHHIO HOTO YUCTOTH.

_antlll] "“l .

I

Puc.6. Jucnepcruii cknao 2inlcy mapku -5
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Puc.7. Koaeynsinm 'OAEC:
a i 0 - 8i0n0GiOHO 306HiWHIN 6uena0 ma mikpogomozpagia TOAEC
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Pearexsmv ans obpobin Dypsxosoi CTpymwIM

Puc.8. Bniug 000amrosux peazeHmis Ha ROKAZHUKU HANIBNPOOYKMIE YYKPOOYPAKOB020 BUPOOHUYMEA

Kpim Toro BcTaHOBIIEHO, IO HAa CTYIiHb TaKOi
B3a€MOJI{ BIUTMBAE NIPHUPOJIA JOAATKOBOTO PEAreHTy, a
caMme 10HHA 3[aTHICTh Ta BaJEHTHICTh XIMIYHOIO €Jie-
menty (Ca2+ un Al3+), po3mipHicTs TBepaoi Gasu (Ha-
HOPO3MIPHICTh YM MIKPOJHUCIEPCTHICTD) Ta €JIEKTPO-
MIOBEPXHEBI BJIACTUBOCTI PO3UMHY (3HAK J3€Ta-IIOTEH-
miainy).

TakuM YMHOM Ha OCHOBI IPOBEICHUX JOCITIKEHb
MO>KHA 3pOOMTH BUCHOBOK, 110 KoarysstHT TOAEC mo-

PIBHSHO 3 CyJb()aTOM aJIFOMIHIIO Ta TiIICOM B TEXHOJIO-
TIYHOMY IIJIaHI € MEePCIEKTUBHIIINM 10 3aCTOCYBAaHHS
B IUQY3iiHO-IPECOBOMY CIIOCOO1 3HECONIO/PKHHS Oy-
PSIKOBO1 CTPYKKH.

ba3yrounce Ha pe3ysbTaTax BUIEHaBEIEHHUX J0C-
JiDKeHb 3alpOINOHOBAaHA AalapaTypHO-TEXHOJIOTIUHA
cxema anQy3iiHO-IIPECOBOTO CIIOCO0y BHIIy4YEHHS ca-
Xapo3u 3 OyPSIKOBOT CTPYIKKH 3 BUKOPUCTAHHSIM KOAry-
msaty TOAEC (puc.9). 3anponoHoBaHa cxema Bii3Ha-
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Ya€ETHCS MIPOCTOTOIO Ta 3PYUHICTIO, MiHIMAJIbHIM BTPY-
YaHHAM B THUIIOBY CXE€MY I[yKpOOYpSKOBOTO BHPOOHH-
IITBA.

B nitouy amaparypHO-TEXHOJIOTIYHY CXeMy Oyps-
KOIEPEpOOHOTO BiIIIICHHS BCTAHOBIIIOETHCS MEM-
OpaHHMIA HACOC-1103aTOp 4 JUTS JO3YBaHHS KOAryJIsSHTY
I'OAEC 3 emkocti 3 B 30HY mojadi »OMOIPECOBOI
BoaM moxwmitol nudy3iitHol yctaHoBKH 2. OnepxaHuit
JKOM HampaBJIETHCS HA IPECYBAaHHSA HA MPECH TIHU-
0okoro BimxuMaHHA 6, a Muy3ifiHUIN CiK Ha OYH-
IICHHS 33 THIIOBOIO CXEMOIO.

[IpoBeneHO MPOMUCIOBI AOCIHIIKEHHS BUKOpPHC-
taHH KoaryisiHTy T OAEC TOB «¥Oxkpeitnian Lly-
rap Kommani» (2016 p. [19]) ta pearenris (rincy,

cyibdary amowminito, koarymsiaty [OAEC) va TOB
«HapxkeBuipbknii irykposwuii 3aBoa» (2018 p.).

Amnaniz pesynbrariB  gocinipkens Ha TOB
«lOxpeiinian lllyrap Kommani» nokasye (puc.10,
Tab61.4), mwo BukopucranHs koaryiasaty 'OAEC no-
3BOJISIE MIJIBUIIUTH YHUCTOTY Au(y3iiiHOro coky Ha
1,13 %, uncroty cynbditoBaHoro coky Ha 1,9 %, 30i-
aemuty BMicT CP y mpecoBanomy >xomi Ha 9,6 %,
edexT ounmieHHs angysiiHoro coky Ha 44,9 %, uuc-
TOTY CyIb(iTOBaHOTO COKYy Ha 52,3 % Ta BUXIA IyKpY
Ha 1,15 %.

Tabmuns 3

BruiMB 101aTKOBHX peareHTiB Ha IKiCHI MOKa3HUKH HAIIBIIPOAYKTIB I[yKpOOYpsIKOBOTO BUPOOHHUIITBA

Criocib excTparyBaHHs caxapo3u 3 OypsKOBOI CTPYKKH
. 3 IOJJaBaHHAM PO3UHHIB
Tumnosuii 6e3 Ci
ITokazHuku J0JJaBaHHS lmcy IPHAHOKHEIOT0 Koarymssaty TOAEC
ATIOMIHIIO
3Ha- % 1o Tu- % 1o TH- 3Ha- % 1o tu-
3HAYCHHS . | 3HaueHHs N N
YeHHS HOBO{ OBO{ YeHHS HOBO
BN.IICT B eKCTpare- i 0,04 ) 0,02 i 0,002 )
HTi, % 10 M.0.
Bypsikosuii cik, Lix/CP/Yucrora %: 17,20/ 19,35/ 88,9
Ouuwenuii (cynvghimosanuii) cix:

1k, % 15,19 15,40 +0,21 16,06 +0,87 16,10 +0,91
CP, % 16,47 16,60 +0,13 17,30 +0,83 17,25 +0,78
Yucrora, % 92,23 92,77 +0,54 92,83 +0,60 93,30 +1,07
OEA)CP"KT OFHULCHI, 20,60 21,77 | +117 | 21,71 | +111 | 2576 | +516
KompopogicTs,
o ICUMSA 1006,20 984,70 -2,14 946,7 -5,91 907,0 -9,86
MyTHICTB, ) ) )
o ICUMSA 108,30 92,40 14,70 84,17 22,3 68,50 36,75
Yucrora XKIIB, % 85,20 85,90 +0,70 86,20 +1,0 86,80 +1,4

Kpim Toro, B pe3ynbraTi Takoi B3aeMoii Mmokpa-
IIY€THCS arperyBaHHs MO BCHOMY CHEKTPY KPYITHOCTI
Jicriepcii, B T.4. B 00JIaCTi YaCTHHOK, 110 YTBOPIOIOTh
KanamyTHicTh [1pH 11boMy HaJIcOKOBa pinka (a3a nepe-
Jie(eKOBAaHOTO COKY B OCTaHHIW 30HI mepenuedexa-
TOpa BiI3HAYAETHCSI MPO30PICTIO 38 PAXYHOK 3HIKCHHS
BMICTY KOJIOiZTHUX YaCTHHOK.

B mporieci pocnimkens Ha TOB «HapkeBuipkuit
LYKPOBHUIl 3aBOJ» BHKOPHCTOBYBAJIM HACTYIHI CXEMHU
eKCTparyBaHHs:

- THIOBA 3aBOJICbKA CXeMa — BUKOPUCTAHHS Ti-
nicy B kinbkocti 0,04 % 10 M.0. Ta cynbdary aaroMiHio
B kimbkocTi 0,02 % 1o M.0. Ha nudy3io;

= TUIIOBA 3aBOJACHKA 3 JOAABAHHAM KOAryJIAdHTY
I'OAEC — Bukopucranss rincy B kinbkocti 0,04 % 1o
M.0. Ha audysio, cyabdaTy aarOMIHIIO B KIIBKOCTI
0,02 % no M.06. Ha mudysito, koarynsaty ['OAEC B ki-
apkocti 0,0024 % no m.6. Ha nudy3ito, B KUTBKOCTI
0,0024% no m.6. Ha mepeanedexatop.
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Puc.9. Cxema nooaui koazynaumy I'OAEC 6 oughysitinuti anapam:
1, 5, 7 — cmpiukosi konseepu,; 2 — noxuna ougyszis, 3 — emxicms 3 I OAEC; 4 — Hacoc-0ozamop, 6 — npec

|
A

Puc.10. Bnnus koacynanmy I OAEC na énacmugocmi coxy nonepeonvoi npoepecughoi oegpexayii' y upooHu-
yux ymosax TOB «FOkpetinian Llyzap Komnaniy (na pomoepadhinx sniea na npaso 3pasxu no 30Hax nepeode-
gexamopa): a i 6 — 8ionogiono be3 ma 3 0ooasanuam I OAEC 6 npoyeci ekcmpazy8anms

Bcranosneno (ta0:1.5, puc.11), 1o BUkoprcTanHs Ko-  BiAmoBigHo Ha 45,3 %, 26,8 % ta 8,7 %, 3HIWKECHHIO
arynmsiaty TOAEC crpusie 36inpmienHio Bmicty CP 'y BUTparT mpupomHOTro rasy Ha CYLIIHHS IPECOBAHOTO
HnpecoBaHoMy *koMi Ha 4,4 %, 3HIDKEHHIO KalaMyTHO- KoMy J10 4,65 Tuc.M/100y.

cTi coky I - T caTypaiiii, CyTb(iTOBAHOTO COKY Ta IIYKPY

Tabmums 4
B xoarynsaty TOAEC Ha npogyKTH IyKpoOypsSIKOBOTO BUPOOHHIITBA
TOB «IOxpeitnian Hyrap Kommani»
- S _ o >
E “ Hepe/:me(peKOBaHHH X Unerora, % Edexr OliI/I ;:O( <
3 3 CIK ; meHHs, % X B
! Q ) i . . X0
Z & g5 | ®lg | g|ka%gde |5 | Es
g, < 2245 | §|18 8|88 58 g.]5.|¢2¢8
2 & EZ1Se| E| 28 28| e O ET| 2|
) =z pHzo .Emc 89 g =2 g E5 22 28| E8| &
: S84z |22 E|EE e T E S
5 . 5 9 &5 | R & | EF =8 X >
TumoBa cxema - 11,2 31 | 253 250|750 86,0 882|898 17,8 | 151 | 13,17
3 ZI0/IaBaHHSM
FOAEC 0,0005 | 11,2 26 |332 274823860892 |915| 258 | 23,0 | 13,32
Pizaunst y % 192 1312 ] 96 | 97 0 [113] 19 | 449 | 523 | 1,15
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KpiM TOro BCTaHOBJIEHO, IO BHKOPUCTAHHS
T'OAEC B mpolieci eKcTparyBaHHsI Ta COKOOUHUILIEHHS
CrpHsie SIK pyHHYBaHHIO cTilikocTi KonoiniB BMC, Tak
1 YTBOPEHHIO XIMIYHUX KOMIUIEKCIB 13 HEIlyKpaMH 3 Tie-
PEBEICHHSM iX i3 PO3UMHEHOI'0 CTaHy B TBepAy (azy
ocany. Tak, Bukopucranus ' OAEC B nmoennanHi 3 cy-
CIIEH3I€I0 BAITHSIHOTO MOJIOKA Ta BAITHSIHUM MOJIOKOM B

Ipoleci COKOOUHIIEHHS 103BOJISIE TOKPAIIUTH arpery-
BaHHS 10 BCHOMY CIIEKTpY KPYIHOCTI Jucepcii, B T.4.
B 00JIaCTI YaCTHHOK, 1110 YTBOPIOIOTH KOJIBOPOBICTH Ta
KaJaMyTHicThb. B pe3ynbrari Takoi B3aeMoii B catypa-
LWIfHUX COKax YTBOPIOIOTHCS MIlENIH KaJbLi€BOTO
ocay OLIbII LIITBHOT Ta YIOPSAKOBAHOT CTPYKTYPH Ta
IIPO30POI0 PizKoro (ha3oro.

Tabmurst 5

B xoarynsaty TOAEC Ha npoayKTH IyKpoOypsSIKOBOTO BUPOOHHIITBA
TOB «HapkeBHLIbKHI1 LIYKPOBHI 3aBOI»

IIpecoBanuii >xoMm KamamytHicts, o1. ICUMSA
3HMKECHHS BU- dinpTpoBa- .
Cxema Tpart npupo- Hu# cik [ ca- Cix na
CP, % e . umapuay | Llyxop
THO-TO ra3y, | Typarii 3i 30i- .
3 CTaHIIi0

THC.M°/100Y pHHKA
Tunosa 3aBOJCHKA 25,2 0 392,4 99,5 46,0
Tumnosa 3aBoJCbKa 3 10JaBaHHIM
FOAEC 26,3 4,65 2145 72,8 42,0
Piznuig y % 4.4 100 45,3 26,8 8,7

Puc.11. Ilpodyxmu cokoouucnoeo 6iodinennsi TOB « Hapkesuyvkuil yyKposuil 3a600x»:
I — munoea cxema: a — inomposanuti cik I camypayii 3 kanamymuicmio 495 00.ICUMSA;
6 — cynvghimosanuil cix 3 kanamymuicmio 149 00.ICUMSA,
11 — munosa cxema 3 dooasanns FOAEC: 6 — ¢hinomposanuii cik I camypayii 3 kanamymuicmio
167 00.ICUMSA, 2 — cynvgpimosanuii cix 3 karamymuicmio 69 00.ICUMSA

3a Bech Iepiof] A0CIIIHKEHb EPePOOKH OYPSKIB 3
JIOZIaBaHHSM HaHOPO3MIPHOTO TIIPOKCHIY aJFOMIiHIIO
CIOCTEPIrajoch CTabiIbHE MiABUINCHHS YUCTOTH M-
(y3iiiHOTO COKY. 3 HaBEJCHUX JTaHUX BUJIHO, IO OTPH-
MaHUi 32 BJIOCKOHAJIEHOIO TEXHOJIOTIEI0 OUUILICHUH CiK
Y TIPECOBAHUI KOM MalOTh OUIBII BUCOKY SIKiCTh. Tak,
yrcToTa AU(y31HHOTO COKY BHINE Y MOPIBHAHHI 3 TH-
noBoto cxemoto Ha 0,4...1,6%, a BMICT CyXnX pe4oBHH
y IIpecoBaHOMY koMi 3pic Ha 3,4...9,4%. B pe3ynbrari
YIOCKOHAJIEHA TEXHOJIOT1sI CIIpHsi€ 301TBIICHHS 3arajlb-
Horo edekTy ounmieHHs Ha 9,1...23,5% BimHOCHO TH-
MIOBOI.

Takum yuHOM, po3poOieHa TeXHoJOris audy-
31 HO-TIPECOBOT0 BIJIYUYEHHSI CaXxapo3H i3 3aCTOCYBaH-
HSIM HaHOPO3MIPHOTO TIIPOKCHIY alIOMiHIIO J03BO-
Jsi€e:

®  BHUKOPHCTOBYBATHU y TEXHOJIOTTYHOMY ITpOLIECi
eKCTparyBaHHs caxapo3M pearcHTy HOBOT'O TIOKOJIHHS
3 HAaHOPO3MIPHICTIO YaCTHHOK 5...90 HM Ta MO3UTHB-
HUM €JICKTPOKIHETUIHUM TOTeHIianoM +32,3 MB;

® 3HM3UTH TIIPOJI3 NEKTUHY Ta Mepexia BUCO-
KOMOJIEKYJISIPHUX PEYOBHUH Y AN(Y3iiHUH CiK;

® MIJBHIIMTH YHCTOTY AWU(Y3iHHOrO COKy Ha
0,4...1,6 %, a ounienoro coky Ha 0,4...1,3%;

® MiJBHIINTH BMICT CyXHX PEYOBHH Yy IPECOBa-
HOMY >xoMi Ha 3,4...9.4 %.

BucHoBku.

B xoni nocnipkeHb HAMU BCTaHOBJIEHO, [0 BUKO-
pHUCTaHHS XIMIYHUX peareHTiB (Tircy, Cyabdary ajro-
MiHito, koarynsaTy T OAEC) B porieci ekcTparyBaHHs
caxaposu 3 0ypSIKOBOI CTPYKKH MOKPAILYIOTb CTPYKTY-
pHO-MeXaHIYHi BJIaCTHBOCTI OypsIKOBOT TKaHWHH, B pe-
3yJIBTATi YOTO CIIOCTEPIra€ThCs MiIBUIEHHS YUCTOTH
nudy3iitHoro Ta CyJb(iTOBAHOIO COKIB, KOMOIIPECO-
BOT BOJIY Ta BMICTY CyXHX PEUOBHH B IPECOBAHOMY
xomi. IIpu npomy koarynsat OAEC Bonogie kpa-
LIMMH KOMIUIEKCOYTBOPIOIOYMMH BJIACTUBOCTSIMH, 1 €
MEPCIIEKTUBHAM PEareHTOM Ul BHKOPUCTaHHS B
JQy3iiHO-TTPECOBOMY CIIOCO01 BIITyYEHHS Caxapo3u 3
OYpSIKOBOT CTPYKKH.
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OTpumaHHI pe3yJabTaTH J1a0OPATOPHUX TOCHI-
JUKeHb MiATBEPKEHO y BUpoOHNIUX yMoBax Ha TOB
«fOxkpeiinian llyrap Kommnani» ED&F Man rta
TOB «HapkeBuubKuii IIyKpoBUil 3aB01» ArponpoMxo-
anuHry «Acrapra-KuiB» min yac intencudikauii npo-
I[eciB COKOJOOYBaHHS Ta COKOOYMIIEHHS caxapo3d 3
OypSKOBOT CTPYIKKH.
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Bocmouno-Cubupckuii 2ocyoapcmeentviil yHugepcumen mexnonro2ull u ynpasienus, Poccus

JAbuireiposa S.A.

Bocmouno-Cubupckuii 2ocyoapcmeeHHblil yHUgepcumem mexuono2uti u ynpasnenus, Poccus

Abstract

Ilustration of pages, flyleaf book and book cover are drawn. Book format is chosen. Also the color, decor

and type of book of legends are chosen and justified.
AnHomauyusn

B xo00e gvinonnenus pabomul 6viiu ompucosanvl unocmpayuy 0 Cmpanuy, gopzaya u 0010H#CKU KHUSU
Jle2eHo, 8blopan hopmam KHu2u, a maxdice no00OPanvl U 0OOCHOBAHBL YBen, OPHAMEHN U WPUpm.

Keywords: book, illustration, design, Buryatia

Knroueewie cnosa: knuea, unniocmpayus, ouzaun, bypamus

Hcrtopuueckue M TOIMOHMMHUYECKHE JIETEHIBI H
npefaHus OypsAT OMU3KO NPHMBIKaIOT K Mudam. Jle-
reHap! ¥ MU(DBI Bypsarun Obuin 1u1st OypsiTCKOTro Hapozaa
cBOcOOpa3HOi (hopMOW TMO3HAHUS MHUpPa U XYHOXKE-
CTBEHHBIM BOCHpPHUATUEM OKpyXKaromed xusHu. OHu
TIOBECTBOBAJIM O HENPOCTOH HCTOPHH OYpATCKOTO
HapoJa, WX TpapoanTesix — Oxupure, bymarate u
Byxa-HolioHe, 00 AMHYECKNX T'epOsAXx, pealbHBIX JINY-
HOCTSIX, MPOCIABUBIINX HCTOpHIO Kpass — boiinb-6a-
Tope, bankxun-xaran, Yunrucxane. B Hux tecHo ne-
pEeIUIeTAI0TCS CKa3KH O 0OraThIpsIX M paccKa3bl O peajib-
HBIX MPaBUTEIAX MIPOILLIOTO, o0magaromux
(haHTaCTUYECKUMHU CIOCOOHOCTSIMH, DPa3roBapUBaio-
MMX Ha S3bIKE NMTHI[ M 3BEpPEeH, KOTOpHIE MOTJM 00-
maThes ¢ 0OraMu M JJaKe CaMu, 10 MX JKENaHHIo, CTa-
HOBHJTUCH HeOOKuTeNsIMHU [1].

B Ksaxtunckom paiione Pecriyomuku Bypsitus ne-
pemieratoTess OyAnu3M M IIaMaHW3M, TyXd TMOYHTa-
F0TCsI, ¥ OOraM MOKJIOHSIOTCS, JOBOIAMTCS BCsiKoe. Jlei-
CTBHUTENIbHASI Marusi WM )K€ NIyTOYKU MPUPOTHBIX SB-
JICHUH HUKTO HE 3HAET, HApOJ BCEIrZa pacCKasbIBal,
YTO IPHUPOJA KUBAS U YTO B MPUPOJIE BCe xkuBoe. Jle-
TeHJIBl TeX MECT, B OCHOBHOM, TIOCBSIIIEHBI CaKpajb-
HBIM U CBATBIM MeCTaM. B ¢Bs31 ¢ 3THM, 111610 paboTHI
SBJISIETCSI pa3paboTKa COOpPHUKA KHUTH JICTSH]I.

I'opox Ksxta — aiMuUHHUCTpaTUBHBIN LEHTp paii-
OHa, ObUT OCHOBaH B 1728 romy poccuiickuM qurmioma-
toM C. JI. Pary3unckum-BnaaucnaBuyem, paHee yepes
HEro IPOXO/AWJT BEMKMH JaitHbli myTh (puc. 1) [2].

B cocraB Ksaxtunckoro paiiona Bxoaut 17 cenb-
CKHX TIOCENICHWH M 2 TOpOoACKuX. PaiioH mepecekaroT

kpynsble peku Cenenra u Yukoid. ['opHble XpeOThI —
Bypryryiickuit, buuypckuit, Kanunossiit, bazanbro-
Bl 1 Kynapunckuii. B nonunax pex — crenu, XpeOTsl
MOKPBITHI B OCHOBHOM COCHOBBIMU Jecamu. Ha Teppu-
Topuu KAXTHHCKOro pailoHa COCpeJOTOYEHO OTPOM-
HOE KOJIMYECTBO CBSITBHIX MECT, HCTOUYHHKOB M HE3a0bI-
BaeMBIX MEH3aKeH.
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Pucynox 1. Yainwiti nymo, npoxoosuuii uepes
2. Kaxma

B coBpeMeHHBIX H3JaHHUAX OYEHb MAJIO KHUT IO-
CBSIIICHHBIM JIETEHJaM. B OCHOBHOM Ha MOJKax mara-
3WHOB MO’KHO YBHIIETh CKa3KH BEJIMKUX OYPATCKHX ITH-
carened B COBPEMEHHOM WJLIIOCTpUpoBaHuU. [Ipume-
pOM MOXXHO IIPUBECTH CEpPHI0 KHUT O Oypsrax
«3onotast kHura o Oypsitax» (puc. 2a), «CepeOpsiHas
KHUTa 0 OypsTax» (puc. 20) u «bponsosas kuura o by-
psATax» (pHc. 2B), aBTOpaMHU KOTOPBIX siBistoTcs [letp
u Bukrtopust Anaryessl.



68

FEGFRAHAR K

International independent scientific journal Ne15/2020

t 2
COM308Rs

KMHrA
BYERTA X

SYPRTAX

Pucynox 2. Cepus knue Ilempa u Buxmopuu Anazyesoi:
a — «3onomas knuea o 6ypsimaxy, 6 — «Cepebpsinas knuea o Oypsmaxy,
6 — «bponzosas knuea o bypsamax»

SIpKkUM NIpUMEPOM TaK)KE MOMKHO NPHBECTH XY-
noxuul, Mpuny n Onery EpraxaHoBbl, KOTOpBIE Ha

JPEBHIOI0 CKa3Ky «AunraH-Xailia — 30JI0ThIe HOX-
HUIBD» CO3/[aJIi aBTOPCKYIO BEPCHIO M3BECTHOM OIHO-
UMEHHOM OypsiTcKol cka3kH (puc. 3).

Pucynox 3. Obroscka u unmocmpayus x ckaske «Arman Xaiiwa — 3010muie HOHCHUYBLY

Bri6op mpudra B kaure nan Ha «BookAntiqva» u
«CambriaMath, kak y10004UTaEMBbIii U TPUMEHIEMbII
B M3TOTOBJICHUH CYBEHHPHOW M IMOJAPOYHOI MPOIYK-
. Dopmar Oyayuied KHUTH OyaeT COCTABIATH
60%84/16. I1pu BEIOOpE (popMaTa OCHOBHBIMU (HaKTO-
paMu, OBIHSABIINE HA pelieHHe ObUTH:

1. Majoe KOJIMYECTBO JICTCHT,

2. TPaKTUYHOCTH B TOJIb30BAHUM;

3. YKOHOMHYHOCTB IIPH I1€YaTH;

4. momapovHOE W3aHHE.

OOmas xoHmenuus pa3padaTeiBaeMONd KHUTH —
sto mpupona Ksaxtunckoro paiiona. Ilpu orpucoBke

WILTIOCTpAlMid ObUIM BKITIOYEHBI MEH3a)KH U CBSIIICH-
HBIE MECTa paiioHa, N300paKeH s JTIOJICH.

IIpu pa3paboTke KHUTH JIETEHJ WILIIOCTPALUN
CHayajla CO3JaBaIMCh BPYYHYIO (ICKH3), 3aTe€M OHH
o1 (POBBIBAIIUCH, JaJIce PUCYHKH 00padaThIBAINCH B
nporpamme Adobe Photoshop. [list momydenust Myb-
TAMIHOTO 3((heKTa NCIOIB30BATIN TPACCUPOBKY B MPO-
rpamme CorelDraw. [Ipumep rotoBoii WILTIOCTpavy U
MIOCJIEI0BATEILHOCTD €€ CO3/IaHMS ITOKa3aH Ha PUCYHKE
4.

&

Pucynox 4. Smanel coz0anus urmocmpayuu
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Pucynox 5. Unnrocmpayuu x necendam Kaxmumnckoeo pationa:
a - «[lepsoe obpazosanue 2opy, 6 - «IIpo nowadeiiy, 6 — «IIpo pexy Aneapy»

Ha unnroctpanuu K Jierense, OCBAICHHO 00pa-
30BaHHUIO TIEPBBIX T'Op, M300paXKeHbl HOBOOOPa30BaB-
LIAeCs TOPBI, U3-32 KOTOPBIX BOCXOJMT COJHIE (PHUC.
5a). Jlomane ans OypsAT ¢ AaBHUX BPEMEH SIBIISICTCS
BEPHBIM CIIyTHHKOM, IO3TOMY MHOT'O PAacCKa30B U Jie-
TeH]I MOCBAIIEeHs UM (puc. 50). B xuury Bxomur me-
reHna mpo o3epo baiikan u ero modepu peke AHrape.

Yuratenb, OTKPBIBAs MEPEILICTHYIO KPBIIIKY, BH-
JIUT CJICIYIONIYI0 YacTh KHUTH, KOTOpas Ha3bIBACTCS
(hop3all — IMCT U3 IIBETHOM U TOCTATOYHO IIOTHOH Oy-
Mard, MPUKIJICHBACMEIA ¢ OJTHOW CTOPOHKI K TIEPETIIET-
HOM KpbItike. Dop3all coeTUHACT KPBIMIKY 1 KHIKHBIHA
6mok. 3amauit pop3al Ha3pIBaeTCS — HAaX3all. 3a9acTyIo

Pucynox 6. JJonoanum

BypsThI ¢ 1aBHUX BpEMEH NPUCBaUBAIIK TOPaM U peKam
YenmoBeueckuil oonuk. Ha pucyHke 5B mpejcTaBicHa
AHrapa B 4eJIOBEUECKOM 00JINYHeE.

JlononHUTENbHBIE WUTIOCTPAllMM K JIETEHIaM
HAPUCOBAHBI B JBYX CTIJISX — [BETHBIC MEH3aXH U
YepHO-0eIbIe KapTUHKY JIIOACH U JKUBOTHBIX (pHC. 6).

€JIbHble uanocmpayuu

dop3al 1 Hax3al CoAepKaT XyA0XKECTBEHHOE 0(hOpM-
nenue B Buae wimoctpanuu. Ilpu cozpanuu dopsana
W Hax3ala KHUTH ONupainchk Ha dororpaduro bypry-
Tylickoro xpe0Ta (puc. 7a), nanee MPOBEIU €€ OTPH-
COBKY (puc. 7 «0 1 B»).

Pucynox 7. I[Ipoyecc ompucosku gopszaya kHueu ieceno: a — ucxoonas gomoepaghus,
0 — NPOMEIICYMOUHDIL BAPUAHM, 8 — KOHEUHbIU BAPUAHTI

[Ipu pa3paboTke 0OJOKKH KHUTH OYpSATCKHX Jie-
TeH/l OTTAJKHBAIIKCH OT COZCPIKAHUS CaMOT0 M3JaHUs
U OBUIO pEIIeHO CAeNaTh OOJIOKKY B HAIMOHAILHOM
CTHIIE B TBepIoM neperiere. Ha oGmoxke B ieHTpe Oy-
JIET pacIiojioKEHO OPHAMEHT, KOTOpPBIA B IOCIENYIO-
MM OyZeT BCTPEeYaThCsl B KHUIE; OPHAMEHT PacIioyo-
JKEH MEXJy Ha3BaHMSMH KHUTH Ha OypsITCKOM M pyc-
cKOM s3bIKax (puc. 8). O010XKa N3yMPYAHOTO IL[BETA.

BriOupast 11BeT, OTTaNKUBAIUCH OT OOLIEeH KOHLIEIINT
KHATH OypsTCKUX JereHn. 'oBops o Bypsrun, B T.4. 0
KsxTHHCKOM paiioHe, B TOJIOBE BCIUIBIBAIOT KapTUHKU
BBICOKHX T'Op, PEK, YUCTOr0 HeOa, OKyTaHHbIE 3€IEHOMH
TaWroi, B KOTOPOM PacTeT MATKUNA MOX, CIIEKTP KOTO-
PBIX TIpeoOIaiaeT 3eTeHBIH, N3yMPYIHBIH [IBET.
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Kaura Aereita

Pucynox 8. Obnooicka knueu nezeHo

JlaHHBI OpHAMEHT, KOTOPBI OyIeT B KadecTBe
y30pa, Ha3bIBaIOT «Jyryit x33» (KpyT) — 3TO APEBHUMA
OpPHAMEHT, CHMBOJHM3UPYIOIIUI BEYHOCTb, LUKINY-
HOCTh U OECKOHEUHOCTb. AHAJIOTUS CMEH LIUKIIOB CO-
OBITHI B IPUPOHBIX SIBICHUAX, YepEeIOBaHHS BpeMEH
rojia HMEPEeHOCUTCA Ha OOIIECTBEHHYIO >KU3Hb YeJo-
BeKa. DTOT O4EHb MMOYUTAEMBIH U PACIPOCTPAHEHHBIN
y30p HMeeT MHOXeCTBO Bapuanuii. Hanbonee pacnpo-

CTpPaHEHHBIN — JECATUIIA3KOBBIN y3es «YI3bD», KOTO-
pBIfi OyIeT MPUMEHSATHCS Ha CTPAHHULAX KHUTU. YII3BI
HaHOCHTCS B IIEHTPE KOMIIO3UIIUH B BUJE CUMMETPHY-
HOTO WM KPHUBOJUHEHHOTO TEperieTeHUs JTUHHM,
HMHOTJ]a KaK JIOTIOJIHEHUE OIUIETAeTCsl PACTUTEIbHBIMU
y3opamu. Takke B KHHUI€ HCIHOJB3YETCS CHUMBOJI
«FOumHY, npuieammii 3 Kutas u onuieTBopsIonmii
B Oynm3me ynady, Besenue (puc. 9) [3].

T
a4
4

b

Pucynox 9. Cmpanuya kuueu neeeno

Ha cTpanuniax ¢ TeKCTOM JIEreH 1, IPUMEHSIIMCH PACTUTENBHBIE Y30Pbl, OKPALICHHBIE B L[BETA Xa1aKoB (puc. 10).

Pucynox 10. [Jeema xadaxos

CTpaHHMIIBI KHUTH C TPUMEHEHHEM dTHX LIBETOB U300pakeHbl Ha pucyHke 11.

iy, | 2=

Owmpo Man Xapas

-

Kaaw cromnss s pean

Chupeo Karpare

Pucynox 11. Cmpanuyvl knueu re2eno
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B nmponenanHoii paboTe MOXKHO OTCIEIUTH, YTO
CO3JaHHBIE WUTIOCTPALMU ISl KHUTH OYpATCKUX Jie-
reH/1 BoOpaiu B cebsi Bce TperiecTH neisaxeit byps-
THH, CaMa k€ KHHTa OTPaXaeT STHHYECKYIO KPacoTy,
BBIP)XEHHAS B [IBETOBOI raMMe, y30pax, pacioiokKeH-
HbIC Ha 00JIOKKE U HA CTPaHHUIAX KHHUIH.
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IMPROVEMENT OF THE METHOD FOR DETERMINING THE CONTENT OF BENZOIC AND
SORBIC ACID
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"Central Scientific and Methodological Veterinary Laboratory”, Russia

BETEPUHAPHO-CAHUTAPHAS DKCIHEPTU3A KOHCEPBUPOBAHHOM UKPHI JIOCOCEBBIX
MOPO/] U YCOBEPIIEHCTBOBAHUE METO/A OIIPEJEJEHUSI COJAEPKAHUSI
BEH30MHOM U COPBMHOBOM KUCJIOT

JleBomko A.B.

Dedepanvroe I'ocyoapcmesennoe Brodacemnoe Yupesicoenue
«L{enmpanvhas nayuno-memoouyeckas eemepunapuas rabopamopusy, Poccus

Abstract

This article is devoted to the issues of veterinary and sanitary examination of canned salmon caviar on the
basis of the Federal State Budget Scientific Institution “Central Scientific and Methodological Veterinary Labor-
atory”. An improvement of the method for determining the content of benzoic and sorbic acids was carried out.

AnHomauyusn

Hannas cmamvs noceswena 60npocam 8emepuHapHO-CaHUMAapHOU IKCNEPMU3bl KOHCEPBUPOBAHHOU UKDbI
Jlococesbix nopoo Ha base DedepanbHo20 20CY0apcmeeHH020 OI00HCEMHO20 HAYYHO20 YupedxcoeHus «Llenmpans-
HAs HAYYHO-Memooudeckas eemepunapras nabopamopusy. [Iposodunacy paspabomxa yco8epuieHCmeo8anus.
Memooa onpeoeneHus CO0epHCanuust 6eH30UHOI U COPOUHOBOU KUCTOM.

Keywords: canned caviar; veterinary sanitary examination; benzoic acid; sorbic acid; MVI technique. MH

806-98; HPLC method.

Kntouesvle cnosa: KoHcepaUPOBAHHAS UKPA, 6EMEPUHAPHO-CAHUMAPHAS IKCREPMU3A, OEH30UHASL KUCIOMA,
copbunosas xucroma; memoouxa MBU. MH 806-98; memoo B)KX.

Wkpa— nydmmii MICTOYHUK TOJHOIICHHOTO OeTKa,
BUTaMHHOB, )KHPOB M MHHEPAJIBbHBIX BEMICCTB. SIBIIs-
€TCsI IEHHBIM THIIEBBIM NPOIyKToM. [1o muraTensHOM
[EHHOCTH WKpa MPEBOCXOAUT MHOTHE IMMHUIIECBEIC TPO-
IYKTBI, B TOM YHCIIE MSCO pbIObl. OCOOCHHO LIEHUTCS
HKpa JIOCOCEBBIX MOPOJI PbIO, B KOTOPO HAXOAUTHCS 1-
2% NEIUTHHA, UMCIOIIETO OOJIBIIIOC 3HAUCHUE IS TTH-
TaHUsA HEPBHBIX KJICTOK.

[IpumMeHsieMbIe TS TIPOU3BOICTBA MPOYKTOB MH-
TaHUsI THUIIEBbIC T00ABKHA M BKYCOAPOMATUYCCKUC XU-
MHUYECKHE BEIICCTBA, SBISIOTCS KCCHOOMOTHKAMHY ISt
OpraHM3Ma YeNIOBeKa, HApPYIIAIOIIUMH MeTaboimde-
CKHE TIPOIECCH U MEXAHHU3MEI CTPYKTYPHOTO TOMEO-
cTasa, 9To, 0e3yCIOBHO, OTPAXKAETCS Ha 3JIOPOBEE.

KoncepBauter E200 (copOmHOBas KucioTa) M
E210 (Gen3oiftHas KWCIOTA) MPUMEHSIOTCSA C IICIBIO
KOHCEPBUPOBAHMS W TPENOTBPAICHHUS 3arlIcCHEBE-
HHUA.

AHTUMHKpPOOHOE IeicTBHE OCH30WHOW KHCIIOTHI
(E210), oOycrnoBieHO CIOCOOHOCTHIO TOAABISATH B
MHUKPOOHBIX KJICTKaX aKTUBHOCTh (DEPMEHTOB, OTBET-
CTBCHHBIX 33 OKHCJIHTCIBHO-BOCCTAHOBHUTEIILHBIC PE-
aKIUU. AKTUBHOCTH KaTasla3kl O] BO3JICHCTBUEM OCH-
301HOM KUCIIOTEI CHIKaeTcs Ha 50 %, a aMUHOKCH1a3k]
- Ha 60 %. OT0 MPUBOIUT K HAPYILIEHUIO MEXaHU3MOB
PEeTyISIUA MPOIECCOB MUIIEBAPEHHUS W OCHOBHBIX
JKU3HEOOECIIEYNBAIOIIIX CUCTEM OpTaHU3Ma YeJIOBEKa.

CopounoBas xucinora (E200) wm3BecTHa CBOWM-
CTBOM pa3pymIate BUTaMuH B12, KoTopbIil HeoOxoanm

OpraHW3My JJIsi HOPMAaJIbHOTO (DYHKIIMOHWPOBAHUS
HEPBHOI cucTeMbl. UpesMepHoe ymoTpeOiIeHne mpo-
IyKTOB, COIEP)KalINX COPOWHOBYIO KHCIIOTY, MOXET
CIIPOBOLIMPOBATH AJUICPTHUECKIE PEAKIINH U BBHICHITIA-
HUS Ha KOXKE BOCMAIIMTEIFHOTO XapaKTepa.

JlaHHBIE KOHCEpBAaHTHI MOI'YT IIPUCYTCTBOBATH B
KOHCEPBUPOBAHHOW HWKpE JIOCOCEBBIX Tmopoxa. s
onpeenenus ucnoin3yercs metoq BXXX mo metonvke
MBU MH 806-98. JlanHblif MeTOA JUIUTEIEH U TPYJIO-
€MOK.

[TosTomy, pazpaboTka OoJiee 4yBCTBUTEIBHOIO,
OBICTPOTO H TOCTYITHOTO METOTa OIIPE ICIICHIUs OCH30M-
HOW ¥ COPOMHOBOM KHCJIOT BeChMa aKTyaibHa. TOoNbKO
HOBBIN MOAXOJ K Tpo0IeMe MO3BONHT CYIIECTBEHHO
CHU3UTHh PHCK BO3HMUKHOBEHWS THIIEBBIX HH(EKIHH
cpenu JroAcH.

MaTtepuajibl 1 METOABI

Pabora mpoBogunace B denepalibHOM TOCYap-
CTBEHHOM OIO/KETHOM YyupexaeHun «lleHTpanbHas
HAYYHO-METOINYECKasl BETCPUHAPHAS J1a00paTOpus».

MarepuanoM JUis HCCICIOBAHUS CIYXWIH 00-
pasiibl Pa3TUYHBIX BUJOB JIOCOCEBOW KOHCEPBUPOBAH-
HOW WKPBI, MOCTYIABIINE B JTA00OPATOPHUIO JJISI HCCIIe-
JTIOBaHUS.

UccnenoBanus nposoawiu no meroguke MBU.
MH 806-98 «MeToauka ompeneneHus: KOHIEHTPaIui
CcOpOMHOBOM 1 OEH30WHON KHCIIOT B ITHIIEBBIX MPOTYK-
TaX METOJOM BEICO((PEKTHBHOM KHUAKOCTHOH XpoMa-
Torpaduu.
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OmnbIThl TpoBOaMIKCH Ha pubope Agilent Tech-
nologies 1200 — sto crexyroiiee MOKOISHHE KHIKOCT-
HBIX XpoMarorpagoB, KOTOpbIe pa3paboTaHbl I yBe-
JIMYEHUS] HAJIGKHOCTH BMECTE C YJIyYLIEHHEM HpPOU3-
BOIUTENbHOCTH M 3ddekTuBHocTH. B ero cocras
BXOJ/IUT CHIEKTPOPOTOMETPUIECKUH AETEKTOP Ha TUOA-
Hoit Marpuue cepun Agilent 1100, koTopblii 1aeT BO3-
MOXHOCTh PErHCTpalUy CIIEKTpa B MIMPOKOM AHarna-
30He ¢ yactoToit 80 I'1y, 4TO HEOOXOUMO [IJIS JETEKTHU-
POBaHUS IIPH CBEPXOBICTPHIX Pa3ACICHHX.

Merton onpeneneHust XMMUIECKUX KOHCEPBAHTOB
copOHMHOBOI 1 OEH30MHOM KMCIIOT OCHOBAH HA H3BIIE-
YEHUH OIIPEAEIAEMBbIX BELIECTB BOJOH, 00E3KUpUBaA-
HHUH DKCTPAKTOB T'€KCAHOM C IOCIICIYIOINM aHATH30M

AJMKBOTHOW 4acTU BOJHOTO PacTBOPA METOJIOM BbICO-
KO3 (PEKTUBHOM JKUAKOCTHON Xpomarorpaduu B pe-
KHME M30KPAaTHYECKOr0 Pa3/ieIeHUs] Ha KOJIOHKE ¢ 00-
pamenHo# ¢aszoit Hypersil ODS (Cis) ¢ ucmons3oBa-
HUEM YJIbTPaQHOJIETOBOIO WJIM JHOJHO-MaTPUIHOTO
JIETEKTOpA.

JIyis mosrydeHus CMECH TpalyupOBOYHBIX PaCcTBO-
POB COPOMHOBOI M OEH30MHOM KHCIOT COOTBETCTBYIO-
HIUX KOHIIEHTPALUH OTOMPAIOT ATMKBOTHBIE YaCTH OC-
HOBHBIX CTaH/IAPTHBIX PACTBOPOB COPOMHOBOM U OeH-
30MHOM KHCIOT B COOTBETCTBHM C TaOmuuen 3,
CIMBAIOT HOHNAPHO B MepHbIe kKonbbl Ha 100 cM® u mo-
BOJIST BOJIOH IO METKH.

Tabmuma 1
IIpuroTtoBiieHne TpayupPOBOYHBIX PACTBOPOB
Ne rpagyupoBou- KonuenTpauus cop- AnuKBOTHas Konrnenrpanus OeH- ATNUKBOTHAs
HOTO pacTBOpa OMHOBOW KUCJIOTBI B | YacTh OCHOBHOTO 30MHOM KUCIOTHI B 4acTh OCHOBHOT'O
TpayupOBOYHOM CTaHAApTHOTO rpagyupoOBOYHOM CTaHJAapTHOTO

pacTBope, Mr/cm®

pacTBopa copbu-

HOBOM KHCIIOTEHI,
3

pacTBope, Mr/cm®

pacTtBopa OeH301-
HOM KHCIIOTBI, CM°

cM
1 0,25 0,5 1,0 1,0
2 1,0 2,0 2,0 2,0
3 2,0 4,0 4,0 4,0
4 50 10,0 8,0 8,0
5 10,0 20,0 10,0 10,0
6 15,0 30,0 15,0 15,0
7 20,0 40,0 20,0 20,0

C nomomsto mpubopa Agilent Technologies 1200 Gsuta mocTpoeHs! TpaduKH rPaLydPOBOIHEIX PACTBOPOB

OeH30iHON 1 COPOMHOBOH KUCIIOT.

-n
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Pucynox 1. I'padyuposounvle epagux copoburo8ol Kuciomuol

Ha npu6ope Agilent Technologies 1200 6wt mo-
JTy4eHbl Xpomarorpaduueckue rpauKy BbIICICHHS
OCH30HHONH ¥ COpPOWHOBOM KHCIOT II0 METOTUKE

MBH.MH 806-98 u ycoBepIIeHCTBOBAaHHON METOAUKE
¢ 1o0aBleHNEM AlleTOHUTPHIIA.
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Pucynox 2. Xpomamoepamma evidenenus 6eH30UHOU u copounosotl kuciom no memoouxe MBU.MH 806-98.
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Pucynox 3. Xpomamoepamma evidenernus OeH30tHOU U COPOUHOBOU KUCIOM NO YCOBEPULEHCIBEHHOU MEMOOUKe
MBHU . MH 806-98 ¢ dobasnenuem ayemonumpuia.
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IIpu mpoBeieHNH ONBITOB YCOBEPIIEHCTBOBAHHON
metoaukoir MBHU.MH 806-98 moBsImaeTcst 9yBCTBH-
TEJILHOCTD BBISIBJIIEHHS OCH30MHON ¥ COPOMHOBOM KHC-
JIOT ¥ COKPAIIIAeTCsl BpeMsi HCCIIeIOBaHUI B CPaBHEHUN
C METOAMKOM OITpe/ieIeHUs] KOHLIEHTPAaLUKH OEH301HON
¥ COPOMHOBOI KHCJOT B IHIIEBHIX NPOIYKTax METO-
JIOM BBICOKO((EKTUBHO JKHJIKOCTHOH XpOMaToHpa-
¢un.

Vcxons u3 MpuBEIEHHBIX BBINIE TAHHBIX, MOKHO
C/IeNaTh BBIBOJ O TOM, YTO JAaHHBIM YCOBEpIIEHCTBO-
BaHHBIA METOJ OIpEACICHHs COIepKaHUsI OEH30HHOM
U COpPOMHOBOM KHCIIOT PEKOMEHAOBAH K HMCIIONb30Ba-
HUIO B JIA0OpaTOpHsX, TaK Kak SBISIETCS Hamboiee
6])ICTpI)IM U KQUECTBCHHBIM.

O0630p 1 aHAIMU3 JUTEPATYPHBIX UCTOUHUKOB I1O-
Ka3zaJl, 4To UKpa COJEPIKUT OOJIBIIIOE KOTHYECTBO HEOO-
XOANMBIX OpPTaHM3MY BEIIECTB M 00JaJaeT BBHICOKOH
Ouosoruyeckoi IeHHOCThI0. Ha kauecTBo HKpHI 00JIb-
I10€ BJIMSIHUE OKa3bIBAET KAUECTBO MCXOIHOTO CHIPHS,

KOHCEPBUPYIOIINX BEUICCTB, CO6H}0,Z[BHI/IC TCXHOJIOTHHU
MIPOU3BOJICTBA U XPAHECHHUS.
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