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ABUTPOMIIIMH (AZITHROMYCIN) TA TOT'O 3ACTOCYBAHHA
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Abstract

In today's world, the treatment of various infections in clinics and hospitals is not without the appointment
of antibiotics. Of particular importance are macrolides. They are an alternative to beta-lactam antibiotics due to
the wider spectrum of action, including atypical pathogens. Nowadays, macrolides have been replenished with
modern drugs, such as azithromycin, clarithromycin with higher antibacterial action. The new macrolides differ
from the old ones by higher and stable bioavailability after ingestion, a longer half-life, which reduces the fre-
quency of drug administration. The aim of the study was to present modern views on azithromycin, its structure,
spectrum of antibacterial action, relevance and indications for use, features of pharmacokinetics, bioavailability,
course of administration and side effects.

AHoTanis

VY cy4acHOMY CBITi JIiKyBaHHs Pi3HUX 1H(QEKIIH B KIIHIKax Ta JiKapHIX He 00XOIUTHCS Oe3 MpU3HAYSHHS
aHTnOioTukiB. Oco0iMBe 3HAYECHHS MAIOTh MAaKpOIiu. BoHU € abTepHATHBOIO OeTa-JIaKTaMHUM aHTHO10THKaM
3aB[ISIKM MIMPIIOMY CIIEKTPY Mil, BKIIFOYAFOUN aTHIIOBUX 30yTHUKIB. Y HaIll YaC MaKpOJiIX MOTIOBHIIIICS Cydac-
HUMH TpenapaTaMu, TaKUMH SIK a3UTPOMIIMH, KIAPUTPOMIIMH 3 BUIOK aHTHOAKTepianbHOI Hiero. HoBi Mak-
POJIN BiIpPi3HAIOTHCS BiJl CTApUX OLTBIT BUCOKOIO Ta CTAOUTEHOIO 0i0JOCTYIHICTIO MICHS PUHAOMY BCEpPEIUHY,
OUTBII TPUBAJIUM TIEPiOJOM HAMIBBUBEACHHS, 1[0 3MEHIITYE YacTOTY MpUHOMY mpemapary. MeTor JOCIiKeHHS
OyJI0 TMpenCTaBUTH CYYacHI TOTJISAN Ha a3UTPOMIINH, HOTO CTPYKTYpY, CIEKTp aHTHOAKTepialbHOI [ii, aKTya-
JMBHICTH Ta TIOKAa3aHHS JI0 3aCTOCYBAaHHS, OCOOJNMBOCTI (papMaKOKIHETHKH, OI0JOCTYIHICTh, KypCc MpHUHOMY Ta
no6iyHi eexTu.

Keywords: antibiotics, macrolides, azithromycin.
KoaiouoBi ciioBa: aHTHOIOTUKY, MaKpOJIi i, a3UTPOMILIUH.

BOJIHUX 3aJIHIIKIB. MaKpOiIud BIAHOCITHCS 0 KJIACY
MTOJIIKETI/IIB, CIIONYYCHHSM MPHPOTHOTO IMOXOKCHHS.

Beryn.
ABHUTPOMIIIMH € HAiBCHHTCTHYHHM aHTHOIOTH-

KOM, MEPIINM TPEACTABHUKOM MiAKIIACY a3allifiB, SKi
JIeKUJIbKa BIIPI3HAIOTHCA 3a CTPYKTYPOIO BiJ Kilachd-
HUX MakpodiniB. Po3poGiennii (¢dapmaneBTHIHOO
kommaniero Pliva (Xopsartis) [4].

MeTo1 pocaigkeHHs: Oyio MpeACTaBUTH Cydac-
Hi TIOTJIAIN Ha a3UTPOMILIH, HOTO CTPYKTYPY, CIIEKTp
aHTHOaKTepiaNbHOI Aii, aKTyaJ bHICTh Ta IOKAa3aHHS J10
3aCTOCYBaHHSA, OCOONMBOCTI (hapMaKOKiHETHKH, 0io-
JIOCTYIIHICTB, KypC MPUIOMY Ta MOOi4HI eeKTH.

Makpomniau - rpymna JiKapcbKuX 3aco0iB, 371e0i-
JBIIOTO aHTHOIOTHKIB, OCHOBOIO XIMIYHOI CTPYKTYpH
SKHX € MaKpOIMKIiYHI 14 - a00 16-uIeHHE JTaKTOHHE
KiJIbIIE, A0 SIKOTO MpHEIHAHI OMUH a0 KiJbKa BYTJIe-

MakpodiiHi aHTHOI0THKH AIISATHCS Ha KijbKa TPyl B
3aJIeKHOCTI BiJ crnoco0iB OTpUMaHHS Ta XIMiYHOI
CTPYKTYpHOi ocHOBH. XiMi4Ha Kiacudikauis nepen-
Oavae moxii mpemapaTiB Ha 3 TpPYIH, 3aJIEXKHO Bij
YHUClIa aTOMIB BYIJICHIO B JIAKTOHHOMY KiibIi - 14 -,
15 - i 16-unenHi, npudyomy |5-usneHHi mpenapaTi mpa-
BWIBHIIIE Ha3WBATH HE MaKpOJiJaMH, a a3allijamMH,
TaK SK B KUIblle BKIIOYEHUH aToM aszoty [18]. 3a mo-
XOJDKSHHSIM MaKpPOJIIA TAPO3IUISIOTHCS HA MPUPOJI-
Hi, HalliBCUHTETHYHi 1 mpomiku. J[o ocTaHHIX BigHO-
csTeest edip, couti 1 coni edipiB IPUPOIHUX MaKpPOJIi-
JlB.
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AzuTpoMinuH onepxkaHui Moxudikauiero 14-
YIEHHUX MaKpOJIi/IiB NIISXOM BKITIOYEHHS aTOMa a30-
Ty B JIAKTOHHE Kijblle MK 9 1 10 aromamu BYyTJIEIliO.
Kimpie mpu oMy TEpeTBOPIOETHCA B 15-direHHE,
Xo04a i mepecTtae OyTH JaKTOHHHM. J[aHa CTPYKTypHa
nepebynoBa 00yMOBIIOE 3HAYHE IIiIBUIICHHS KHCIIO-
tocrifikocti [19]. Lle anTHOakTepiampHUil 3aci® mmm-
POKOro cmekTpa Jii, i€ 0akTepiocTaTHYHO. 3B'A3yI0-
grchk 3 50S-cyO0oAMHUIICI PUOOCOM, MPUTHIYYE Mel-
TUITPAHCIIOKa3M Ha CTajii TpaHCIsuii, NPUTHIYYye
CHHTe3 OiJIKa, CIOBLIBHIOE PICT 1 PO3MHOXEHHs Oak-
Tepiil, y BHCOKHMX KOHIEHTPALisX BUSABISE OakTepH-
IUIHUHN e(eKT, 3aBIIKH 3AaTHOCTI CTBOPIOBATH IyXKe
BEJMKI BHYTPIIIHBOKIIITHHHI KOHIIEHTparii Ha Oara-
THOX MATOTEHIB, IO 3HAXOIATHCA BCEPEIUHI KIITHH
[39]. AKTuBHMIA OIOJ0 CHIAYIOYHX MIKpPOOPTaHi3MiB
[10, 12, 13, 14, 15, 20, 27, 38]:

- rpammo3uTHBHi : Streptococcus spp. (I'pyn C, F
i G, kpiM cTiliKMX 70 epuTpoMiluHy), Streptococcus
pneumoniae, Streptococcus pyogenes, Streptococcus
agalactiae, Streptococcus viridans, Staphylococcus
epidermidis, Staphylococcus aureus;

- TpaMHeraTtuBHi Haemophilus influenzae,
Moraxella  catarrhalis,  Bordetella  pertussis,
Bordetella parapertussis, Legionella pneumophila,
Haemophilus  ducreyi, = Campylobacter  jejuni,
Neisseria gonorrhoeae i Gardnerella vaginalis;

- anaepoOHi mikpoopranizmu: Bacteroides bivius,
Clostridium perfringens, Peptostreptococcus spp;

- inmi mikpoopraunizmu: Chlamydia trachomatis,
Chlamydia pneumoniae, Mycoplasma pneumoniae,

Mycobacterium  avium  complex,  Ureaplasma
urealyticum,  Treponema  pallidum, Borrelia
burgdorferi.

ABUTPOMIIIMH 3HAYHO TEPEeBEPLIYE ePUTPOMILINH
mo xii ma N. gonorrhoeae i M. catarrhalis [12, 14].
Bin B 2-4 pa3u HOCTYNAETHCS SPUTPOMIIIHY 32 aKTH-
BHICTIO in Vitro mMpoTH CTa(iIOKOKIB i CTPENTOKOKIB,
BKIIIOYArOYd S. pneumoniae, S. pyogenes i MeTHIH-
nmiHgyTauBi mTamu S. aureus [10, 38]. AsurpomimmH,
TaKOX 5K 1 EpUTPOMILINH, MPAKTHIHO HE Ji€ Ha Oilb-
IIiCTh [ITaMiB EHTEPOKOKIB.

ABUTPOMILIIH € HAHAKTHBHIIIUM Cepe MaKpoJIi-
nie mpotu H. Influenzae [20], Brmrouarounm b-
JIAKTaMa30MpOAyKyodi mTamMu. 3a ePEeKTHBHICTIO
IIOZ0 JAHOTO IaToreHa BiH B 2-8 pasiB mepeBepiiye
eputpoMinyH. TTOpiBHSHO 3 €pPUTPOMIIMHOM a3UTpO-
MmitmH zemo kpaiie fie Ha Legionella spp; H. ducreyi,
Campylobacter spp., E. corrodens i P. multocida [27].

A3BUTPOMINIIMH TiepeBepIye KJIAPUTPOMIIMH 10
akTuBHOCTI mpoTu Bartonella spp., sxi Bimirpatots
€TIOJIOTIUHY POJIb IPH XBOPOOi "KOTAYMX MOAPSIUH" 1
GanmnsipHOMY aHTioMaTo3i [5]. A3uTpoMinuH nepese-
pIIye KJIAPUTPOMIIMH 1O akTuBHOCTI mpotu C.
burnetii - pukerciii, MO BUKIMKAOTH ATHIIOBY ITHEB-
MoHit0. Tak camo, SK 1 KIapUTPOMIIIIH, a3UTPOMIIIUH
Jie Ha BHYTPINIHBOKIITHHHHI KomIuiekc M. avium,
II0 BOJIOJI€ TIPHPOTHOIO CTIHKICTIO 10 €pUTPOMILIUHY.
Ha BizmMiHy Bif epUTPOMIIMHY a3MTPOMIIMH AKTHB-
Huit ipotu T. gondii, npudomy nie i Ha uuctu [21]. B
EKCIIEPUMEHTAIBHUX JJOCHIKEHHSIX BUSBICHO, 110
asutpomiumu aie Ha Cryptosporidium spp. VHikaiub-
HOIO OCOOJIMBICTIO A3WUTPOMIIMHY € Te€, IO BiH, Ha

BIZIMIHY BiJl €pPUTPOMIIMHY Ta IHIIMX MaKpOJIiJiB,
3MaTHUH MIATH in Vitro Ha OKpPEeMHX TpEACTABHHKIB
ponunu Enterobacteriaceae, Takux sK KHIIKOBa Iia-
JUYKa, IIATeNH i, B MEHIIINH Mipi, campMonenn. [lo
asuTpoMminmHy HeuyTiamBi Pseudomonas spp. i
Acinetobacter spp. [34]. HeakTiBHMii BiTHOCHO Tpam-
MTO3UTHUBHUX OAKTEPil, CTIMKIX 10 ePUTPOMIIIIHY.

Haii0inpin BUCOKI KOHIEHTpAMii a3iTpOMilUHY
PO3BHBAIOTECSl B MUTJIAIMHAX, a/IeHOINaX, OpOHXialb-
HOMY CEKpeTi, CIM30Bili 000JIOHII OpOHXIB, piJuHI,
110 BUCTUJIAE ETIITENii abBeOJI, EKCYAaTi CepeHbOro
Byxa. BoHn HabaraTo nepeBHIIYIOTh MiHIMaJIbHI PH-
THIYyfO4dl KOHIIEHTpAIlii aHTHOIOTHKA Ui TATOTEHIB,
SIKI HAMOLTBIT YacTO BHKIMKAIOTH 1H(EKI BiAMOBiA-
HOT JTokamizarii [32].

[TopiBHSHO 3 €PUTPOMIIIITHOM a3UTPOMIIIIH 3HA-
YHO Kpalie MPOHUKA€E B MPHUIATOYHI Ma3yxu Hoca [11].
Uepe3 24-96 roawmH micis mpuidoMy a3iTpOMIIWHY B
n03i 500 Mr iforo KoHIEHTpalii B CIM30Bii OPOHXIB B
200 pa3, a B piJuHi, 110 BUCTUIIAE emiTeniii, B 80 pasis
MepEeBULIYIOTh KOHIIEHTpauii B cupoBarii. Baxknuse
KJIHIYHE 3HaueHHs HaOyBae TOH (akT, IO BHCOKI
KOHLIEHTpaLil a3iTpOMILMHY B Pi3HUX OpOHXOJIEreHe-
BUX CTPYKTypax 30epiratoThCs MPOTIrOM JEKIIBKOX
ITHIB TIiCJIS HOro BiIMIiHM.

31aTHICTE a3ITPOMINIMHY NMPOHUKATH B PIi3HI Op-
TaHU 1 TKAHWHH OPTaHi3My i HAaKOITMYyBaTHCS B HUX Y
BEJIMKNX KOHIIEHTPALisAX, SIKI 3HAYHO IIEPEBHUILYIOTh
CHpPOBATKOBi, 0OYMOBJICHA BHCOKOI JIMO(IIBHICTIO
npenapary. ¥ TKaHHHAX a3UTPOMHIH JIOKAJ3yEThCS
MepeBaYKHO BHYTPILIHBOKIITHHHO, HAKOMUYYIOYHCh
0CO0JIMBO Y BETUKUX KUTBKOCTSAX B JII30COMaX ajibBeo-
JSpHUX MakpodariB, HeWTpodiiaiB, MOHOLUTIB 1 (ib-
poOIacTiB, MPUYOMY OCTAHHI € HAWOLIBII 00'€eMHUM 1
CTabUIbHUM JIeNo TIpenapary. 3a CTYNEeHeM HaKOIIH-
YeHHS B JaHUX KIITHHAX a3iTPOMILIUH Ma€ IepeBard
mepe]] iHIUMU MaKpoJiJaMu. 3aBISKH aKyMYIALii y
(aromurax, 371aTHAX aKTHBHO 3aXOIUTIOBATH a3iTpo-
MIIIUH 3 KPOBI, IHTEPCTHIIANLHOT piauHM i (iOpodIa-
CTiB, TIpenapaT CEJICKTHBHO PO3MOALIIETHCS Yy BOTHHU-
mia iHQekmiifHoro 3ananeHHs. KonnenTpamii aHTrOi0-
THKa B ocepeakax iH(EKIll JOCTOBIPHO BHUIIE, HIX B
3I0POBUX TKaHMHAX, NMPUYOMY BOHHM KOPEJIIOIOThH 31
CTyTIEHEM 3amaibHOr0 HAOpsKY [23].

[ligBuiieHe HAKOTMYCHHS a3UTPOMIIMHY B KJIi-
THHaX 3a0e3neyye HOro BHCOKY KIHIYHY e(eKTHB-
HICTB TIpH JIiIKyBaHHI 1H(EKIIH, BUKIMKaHUX MIKpOOp-
raHi3MaMy, [I0 HaKOMHMYYIOThCS 1 PO3MHOXKYIOTHCS
BHYTPIIIHBOKIITHHHO. [Ipr OpoHXONEreHeBUX iH(EK-
ILiSIX [I€ CTOCYETHCS B MEPUIY YEepry TaK 3BaHHUX «aTH-
noBux 30ymHukiB» - Chlamydia pneumoniae,
Mycoplasma pneumoniae, Legionella pneumophila.
Came mpu BHCOKiHf HMOBIPHOCTI ITHEBMOHIH, BHKIIH-
KaHUX BUIIEBKA3aHUMHU MIKpOOpPTaHi3MaMH a3UTPOMi-
LUUH TPOJAOBXKYE 3aJMIIATHCSA IPernaparoM Mepuol
TiHIT B eMIipuYHii aHTUMIKPOOHOT Tepamii mo3amika-
pHSHHUX MTHEeBMOHIH [13].

BaxnnBoro ¢papMakOKiHETHYHOIO OCOOIUBICTIO
a3iTPOMIIIMHY € CTBOPCHHS BHCOKHX 1 CTaOUTBHHX
KOHLICHTpALi}l B TKAHMHAX 1 CEPEIOBHINAX PENPOIYK-
THBHHX OPI'aHiB, IPUYOMY II€ JOCSTa€ThCs HAaBITh NPU
oIHOpa3oBoMy mnpuitomi. Tak, yepe3 24 TOAWHU MiCHs
0JTHOPA30BOr0 NpHHOMY B 1031 1 T piBeHb Ipenapary
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B TKaHHHI IIEPEeAMIXypOBOI 3a1031 CTaHOBUTH 94 mr /
1, gyepe3 48 roauH - 54 Mr / 11 1 HaBiTh Yepe3 3 THXKHI
BiH 3asmmaetbea Bume MIIK mis C. trachomatis -
OTHOTO 3 HAWOUIBII YacTUX 30yTHHKIB HPOCTATHTY
[15].

Bucoki koHmeHTparii a3iTpoMinuHy, IO Tepe-
suntytots MITK ms N. gonorrhoeae, C. trachomatis i
U. urealyticum, cTBOpIOIOTBCS TAKOX B COKY MPOCTATH
i cepmi [3, 16]. Big3HaueHO HaKOMUYCHHS aHTUOIO-
THKa 1 B IHIIMX OpraHax MaJjioro Ta3y y *iHOK.

IIpu 3acrocyBanHi y BaritTHuX B 1031 500 wmr
KOHLIEHTpALlisl a3UTPOMIIIHY B CHPOBATI ITyIIOBHH-
HOI KpOBI Ta aMHIOTWYHIN piamHI Oynmm OMU3BKI 11O
piBHA B cupoBariii kposi matepi (0,028 mxr/mu). Haii-
OiMBII BHCOKAa KOHIICHTpAIis cIIocTepirajacs y Iuia-
meHTi (2 MKI/KT). A3WTPOMIIMH TOTaHO TIPOHUKAE
yepes rematoeHedanianuii 6ap'ep, CTBOPIOIOYHN TyKe
HU3BKI KOHIIEHTpAIIil B CTUHHO-MO3TOBIH pinuHi [8].

OcobnuBocTi (hapMakOKiHETUKH Tpenapary Jao-
3BOJISIIOTH 3aCTOCOBYBATH HOTO OAMH pa3 B A€Hb, LI0
3a0e3neuye BUCOKY KOMIUIAGHTHICTh JIiKyBaHHA. [Ipu
pecmipaTopHuX i MIKIpHUX 1H(EKIISX OJHAKOBOKO Mi-
pOIO JIIKyBaIbHUH €(QEeKT JOCATaeThCsl MPH NpU3HA-
YEeHHI aHTHOIOTHKA SK I'STH-, TaK 1 TPHUICHHUM Kyp-
CoM.

B ocranHi poKM HaKONMYEHO NOCHTH OaraTto jaa-
HHX, 1[0 CBiIYaTh MPO Te, IO BHUCOKA €EKTUBHICTH
a3iTPOMINMHY TpH IHPEKIIAX NUXATPHUX NUIIAXIB i
JIOP-opraniB 0o0yMoBiIeHa HE TUIBKH HOTO aHTHMIK-
poOHOIO akTHBHICTIO. CHpPUATINBI Pe3yIbTAaTH JIKY-
BaHHS MaKpoJilaMM MOXYTh OyTH B 3HauHIi Mipi
00yMOBJIEH] IX TPOTH3ANAIBHOI Ta IMYHOMOZYJIIOIO-
4010 ji€ro. | 1ie He MPOCTO TEOPETHYHI BUTAAKU: DAL
JIOCIIIJDKEHb BXKE€ MiJTBEPIUB BAXIIMBE 3HAUCHHS X
e(eKTiB y TaKuX Ipenaparis, sk a3uTpominux [35].

[epma ¢a3za iMyHOMOIYIOIOYOI Hii a3UTpOMi-
[UHY TOJATAE B CTUMYILALIT JeTpaHysail HeWuTpodi-
JIB i OKCHAATUBHOTO «BUOYXY», IO ONTUMI3Y€E QYHK-
[IOHYBaHHS 3aXHCHUX MEXaHi3MiB 3amaieHHs. [licis
JOCSITHEHHSI TTOYaTKOBOTO TEPAINEBTHYHOTO e(eKTy
(Hampuknax, epaaukamii OakTepill) Big3HAYAIOTHCS
3MEHILIEHHS! KOHLEHTpAIil IUTOKIHIB / XEMOKIHIB i
CTUMYJIALIS arnonTo3y HeWTpodiNiB, 110 3aTHA MiHi-
Mi3yBaTH BUPAKEHICTh 3amajibHOI peakiiii (apyra ¢asa
Iii azutpominmny) [2, 7].

JloBenieHa BUEHMMH KOPHCTb BiJl 3aCTOCYBaHHS
MakpoJiniB npu audysHoMy mnaHOponxiomiti [17]
CIIOHyKaJla JI0 OLIHKM IIEPCIICKTHB BUKOPHCTAHHS
OBOTO KJAacy AaHTHUOIOTHKIB TPH IHIINX XPOHIYHHUX
3anajJbHUX 3aXBOPIOBAHHSAX MUXAJbHUX HUIAXIB: MY-
KOBICIIM/1031, OpPOHXOEKTaTHUHIM XBOpoOi, OpoHXianb-
Hilf acT™i, 00JIiTEpYIOUOMYy OpOHXIOJITI, XPOHIYHOMY
00CTpYKTHBHOMY 3axBopioBaHHi Jierenb (XO3JI) Ta
XPOHIYHOMY PHHOCHHYCHUTI [9].

JloBeneHo, M0 HABITh Y HEBUCOKHUX KOHIICHTpA-
[iSX a3UTPOMILMH CHpHSAE PYHHYBAHHIO 1 TaJlbMYye€
Moiajibllie YTBOPEHHS OiOTUTIBOK, IO 3aXHINAIOTh MY-
koinui mrramu P. aeruginosa. Kpim Toro, mpu tpuBa-
JIOMY BUKOPHCTaHHI aHTHUOIOTUKM HaKOINYYIOTHCS
BCEpE/IMHI MIKpPOOPTaHi3MiB 1 OPYNIYIOTh B HUX CHH-
Te3 OijIKa, 1110, 32 JEIKUMH TaHUMH, MOX€ ITPUBOJIUTH
Jo 6akrepunuaHoro edekry [34]. AsurpomiuunH iHTi-
Oye y CHHBOTHIMHOI MaJIMYKN (PEHOMEH «KOOIIepaTHB-

HOI YyTJIMBOCTI» (quorumsensing) HUIIXOM 3HIKCHHS
MPOIYKINii ayTOIHAYKTOPIB 3 TOJAIBIIAM 3MEHIICH-
HsAM yTBOpeHHs 1J1-8.

B minomy 3actocyBaHHS MakpOJiAiB IIPH MYKOBi-
CIMI031 Mae SIK IepeBary, Tak i Heomiku. Jlo mepmmx
CITiJ| BiTHECTH 3HMKCHHS YacTOTH iH()EKIiHHUX 3aro-
CTpeHb, TOKpameHas ¢yHKHii ierens. Ha xanp, mo-
YaTKOBE TOJIMIICHHS (YHKLIi JIereHb 3HUKAE MpPU
TpUBAJIOMY JiKyBaHHi. Bibm Toro, y XBopux Ha My-
KOBICLIM/I03 BCTaHOBJICHO ()OPMYBaHHS PE3UCTEHTHO-
cTi S. aureus jo0 MakpoJijiB B Tpoleci JiKyBaHHS
[10]. KniniuHe 3Ha4eHHS HBOTO (DAKTY ILE HAJIEKHUTH
BUBYHTH.

3acTocyBaHHA a3WUTPOMINMHY TpH IHPEKIiAX
HIDKHIX BIIIUTIB pecIipaTopHOTO TPAKTy (3arocTpeH-
Hs XpoHiuHOTO OpoHXiTY (XbB), Mo3amikapHIHUX ITHEe-
BMmoHii (BII)) 3acHOBaHO, mo-riepiie, Ha HOTO 37aTHO-
CTi CTBOPIOBATH BHCOKi 1 JOBIOCTPOKOBO IiATPHMYIO-
Yi KOHIIEHTpauii B OpOHXiaJIbLHOMY CEKpETi, CIIU30Bii
OpOHXIB, JICTCHCBIN TKaHWHI 1 PigHHI, [0 BUCTHJIAE
emiTelNiil anbBeoll, a Mo-Apyre, Ha BUCOKIH aKTHBHOCTI
aHTUOIOTHKA, K MPOTH KiacuuHux (S. pneumoniae,
H. influenzae, M. catarrhalis), Tak i aTunoBux pecri-
paropuux marorexis (Chlamydia spp., Mycoplasma
pneumoniae, Legionella spp.). Bin BucokoedekTHs-
HMI 1 BOJIOJI€ HE TUILKKA BCiMa BIIACTUBOCTSIMH, BJIac-
THBMMH MaKpoJiJaM, a i 10JaTKOBMMHU HPOTH3AIab-
HUMH 1 TOCTAHTHOI0THYHIMH epeKTaMu [6].

BignoBigHO 10 mif0OYMX peKOMEHAALIN MaKpoi-
I € OOHHAM 3 KOMIIOHEHTIB KOMOIHOBAaHOI aHTHOAKTe-
pianbaoi Teparmii (ABT) y rocnitanizoBaHux XBOpHUX 3
no3ajiikapusHoo nHeBMoHieto (T1IT) - sx B 3aranbHO-
TEpaneBTHYHUX BIJMIJICHHAX, TaK 1 B BIIIUICHHIX
peanimanii ta intencuBHoi tepanii (BPIT) [1]. TIpus-
HaYyaroTh iX 3a3BUYAl pa3oM 3 JJaKTaMaMHu.

Sk Oyyo IOBENEHO 3aKOPAOHHUMHM JOCTITHUKA-
MU, JOJaBaHHI MaKpoliga Mo frakTaMHOTO aHTHOIO-
THKa TPU3BOAMIO 0 3HIKECHHS TOCIITAIBHOT JIeTab-
HOCTI y XBOpHUX 3 MTHEBMOKOKOBOIO BII i Gakrepiemi-
0. [IepeBaru MakpoIIiiB HE TOMIMPIOBAIUCS HA 1HIITL
aHTUOIOTHKH, sIKI aKTHBHI 110 BIJIHOIIEHHIO JI0 aTHIIO-
BuX marorexis [30].

Ha cyuacHoMy erami B ypoJIOTIUHIM NpakTUI
A3UTPOMILIMH 3aCTOCOBYETHCSI B OCHOBHOMY ISl JIIKY-
BaHHS 3aXBOPIOBaHb, [0 IIEPENAIOTHCS CTATEBUM
uwsxoM [25, 37, 40]. Onuiero 3 HalOLIBLI MPOOIEM-
HHUX ypOreHiTanbHUX iH(ekuii € xnamigios. Cedocra-
TeBa chepa ypaxaerbes ceporunamu C. trachomatis
D. K. Orpumani B pe3ynbTaTi KIiHIYHHX BHIIPOOY-
BaHb JaHi CBiAYaTh IPO Te, IO a3UTPOMIIMH — IIe
Ipenapar 3 rapHOI0 TKaHMHHOIO (hapMaKOKiHETHKOIO,
BiH y BHCOKOMY CTYIICHI HAKONNYY€EThCS B TKAHMHI 1
CEKpeTi MepeaMiXypoBOi 3aJl03W 1 JOBTHUH dYac Tam
30epiraetecs. Kpim TOro, s aHTHOAaKTepiadbHHUX
MpernapaTiB BaXXJIMBUNA HE TUNBKH PiBEHb Ipemapary B
KpOBi 1 TKaHWHAX, aje OULIBIIOI0 MIpOIO CIiBBiTHO-
IICHHS TKaHWHHUX KOHIeHTpamid i 3Hauenr MIIK
(MiHIMaBHO MPHUTHIYYIOUWX KOHIEHTpaii) ams 30y-
JTHHKA iHPEKITl.

[IpoBeneHi KTiHIYHI TOCTIIHKEHHS MOKA3aIH, 0
B JIaHM{ Yac asUTPOMILMH € MPEnapaToM BHOODY s
JIKYBaHHS YPOT'€HITaJbHOTO XJIaMiJi03y Y HEBAariTHUX
XKIHOK 1 aJbTEPHATHBHUM 3aco00M JUIS JIIKyBaHHS
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IIbOT'O 3aXBOPIOBAHHS B Iepiof BariTHOCTI. BiH Takox
rpa€ BOXIWUBY POJb B MPOMUIAKTHIN 3amaJIbHUX 3a-
XBOPIOBaHb OpTaHiB Majoro tasa [15].

ABWUTPOMIIIMH BHKOPHCTOBYETHCS B JIIKyBaHHI
3aXBOPIOBaHb, ACOIII{OBAaHUX 3 TCHITAIEHUMH MIKOII-
Ja3MaMH. Y YOJIOBIKiB T€HITAIbHI MIKOIUIA3MU € IIPH-
YMHOI0 YPETPUTy 1 HOT0o yCKIamHEHb: NPOCTATHTY,
BE3UKYIITY, CMiJUIUMITY, OAIaHOIOCTUTY, Y JKIHOK -
YPETPUTY, BariHiTy, LEpBILiTy, (OHOBUX 3aXBOPIO-
BaHb LMWK MaTK{, €HJOMETPUTY, CaJbIiHr00(popH-
Ty, TEPEAYaCHHUX IIOJIOTIB, CAMOBUIbHHX BUKHUJIHIB,
MEpPTBOHAPO/KEHb. Y CKIIaAHEHHSAMH 3aMalbHUX TPO-
1eciB, 0OyMOBIICHUX TeHITaJIbHUMH MiKOIUIa3MaMH B
OpraHax ypOTeHITaJbHOI CHCTEMH, € Oe3IUIiansd y 90-
JIOBIKIB 1 XiHOK [26, 41].

3a maHMMH HAyKOBOI JiTEpaTypH IKyBaHHS i3
3aCTOCYBaHHAM a3UTPOMINKHY (BpaxoBYIOUH HOTO
IMyHOMOZAYMIOIOUHI e(eKT, 0 BUABISETHCS, B TEp-
1y 4epry, B HOro mpoTH3anajbHil /i) peKoMeHIy-
€ThCS MAIliEHTaM 13 3HAYHOI a00 TPHUBAJIOKO JiMdae-
HomaTiero [24].

ABUTPOMIIIMH € €IMHUM 3 HAaMiBCHHTETUYHUX
MaKpoOJiiB, MO BIiTHOCATHCS 10 KaTteropii B, sika
BKJIFOYA€E MpENapary, 0 He BUKINKAIOTh HEOaKaHOTO
BIUIMBY Ha Tepedir BariTHOCTI 1 IDT B eKCIIEPHMEH-
Tax Ha TBapmHaXx [33]. 3'aBmivcS 1 KIiHIYHI JaHi, M0
CBiUaTh MMpo ¥oro OesreKy y BariTHUX [36].

«HoBi» Makpomian, Taki K a3UTPOMINKH i Kia-
PUTPOMILIMH, XapakTEPU3YIOTBCS ICTOTHO Kpamioko
MEPEHOCUMICTIO, IO IOB'SA3aHO 3 MEHII BHPaKCHUM
MPOKIHETHYHUM e(QeKTOM. 3a JTaHMMH KiIbKOX KOHT-
POJIBOBaHUX JOCIIKEHb, YacTOTa JUCHENTHYHHX
posnaniB (OUTb y JKHUBOTI, HyIOTa, OJtOBaHHS 1 / abo
Jiapes) Mpy NpU3HaYEeHHI a3UTPOMILIMHY CTaHOBUTH 6-
9% [6]. ¥V myxe piakicCHUX BHMAmKax MOXYTh Bim3Ha-
YaTHCs TOJOBHI OO, alepriyHi peaKilii, 3SMiHH aKTHB-
HOCTI mevinkoBuX (epMentis [4]. [Ipu BHYTpimIHBO-
BEHHIH 1H(Y3ii a3UTPOMINIIMH TIEPEHOCUTHCS Habarato
Kpalle, HikK epUTpoMiluH (pifire HyxoTa, OJFOBOTa) 1
KJIApUTPOMININH (MEHIIIE BHpa)KeHa OiNb y MicIli BBe-
JICHHST).

dakTopaMu PHU3UKY PO3BHUTKY KapiOTOKCHYHHX
peakiiii mpu 3acTOCYBaHHI MaKpONITiB Oyau JTHIN
BiK, BUCOKI JIO3H, IOBTOPHE MPH3HAYEHHS IIpenapary,
HasIBHICTb CYIIyTHIX CEPLIEBO-CYANHHUX 3aXBOPIOBAHb
i CIiJIbHE 3aCTOCYBaHHS IHIIMX JIKapChbKUX 3aco0iB,
sIKi OIOBXKYIOTh iHTepBai QT [28].

Ilo maHuM 3aKOPIOHHMX JOCIIIHHKIB PU3UK Te-
MaTOTOKCHYHOI il y 3B'A3KY 3 YTBOPEHHSIM pPEaKTHB-
HUX METa0OJITIB 1 JIKapCHKUX B3a€MOJIN HAWOLIBII
BUCOKHUH ISl €pPUTPOMILIMHY 1 BKpal Majuid Jjst a3u-
TpoMinHy. HU3BKHI MOTEHIiall renaToTOKCUYHOCTI
A3UTPOMINMHY MiATBEPIPKYETHCS 1 pesyapTatamu (ha-
pMakoemigeMionoriyeckix gocimkens [31].

YacToTa pO3BUTKY BOKKUX I'elaTOTOKCHYHUX pe-
akuit cxragae menmre 0,01 sumaaxy va 100 THC. pH-
3Ha4YeHb, a00 meHme 1 Bumaaky Ha 10 MuH. 3B'130K
MDXK a3UTPOMIIIMHOM 1 O€3CHMIITOMHHM TIiIBHIEHHSIM
AKTHBHOCTI TI€4iHKOBHX ()EPMEHTIB y Npoleci JiKy-
BaHHI JiTel 10Ope mokyMeHToBaHa [31].

BcMOKTYBaHHS  a3UTPOMILMHY Y  KIIIKIBHHKY
MOX€ HOpPYLIyBaTUCS IIPU CYIIyTHROMY IpPHU3HAYEHHI
AHTANUIIB, 1[0 MICTSTh MarHii i amrominiin. Tomy He-

00XiZIHO NOTPUMYBATHCS HEPEPBH B 2 TOJ MPH OJHO-
YaCHOMY 3aCTOCYBaHHI aHTanuaiB. He pexoMeHIyeTh-
Cs1 3aCTOCOBYBATH a3UTPOMIIIMH B IOEIHAHHI 3 ajika-
JoimaMH PiXKKiB, OCKUTBKH, X04Ya 1 HE € MiATBEepIKe-
HUX JaHMAX TIPO iX B3a€MOJiI0, HE MOYKHA IOBHICTIO
BHKITIOUUTH HEOE3MEKy PO3BUTKY eprotusmy [29].

B miteparypi BinCyTHI MEpeKOHINBI JOKa3H 3Mi-
HU NPOTPOMOIHOBOTO 1HAEKCY HPH CHUILHOMY IpPH3-
HaueHHI BapdapuHy Ta a3uTpoMiuuHy (y 3BHYaHHX
J103axX), ajie JJs TPynH MakpoJiliB B KOMOiHAIl 3
Bap(daprHOM 3a3HAYCHO MiJBHUIIEHHS aHTHKOAryJIsLii,
TOMY MaIlieHTaM HEOOXiMHMH OUTBII peTeNbHUH KOHT-
pois mpoTpombiHoBoOTO Hacy [13].

KombiHarist MakpomiiB 3 iHIIUMU aHTUOIOTHKA-
MH MOJKe 3a0€31eYHnTH CiHepTiyHy a00 aAUTUBHY Iil0.
Kombinaris MakpomigiB 3 0-makramamu, pudaMminm-
HOM BUKOPHCTOBYETHCS MPH Teparii BaKKUX IT03ai-
KapHSHAX THeBMOHiH. [IpuitHaTHa kKomOiHatis 3 GTO-
PXiHOJIOHAMHU 1 aMiHOTIIIKO3uAaMu. [22].

BucHoBku.

TakuM YMHOM, YHIKaJIbHI BJIaCTHBOCTI a3UTPOMi-
uUHYy (MOXIHUBICTE KOpoTKHX KypciB ABT (3-5 ni0),
IIPY BUKOPUCTAHHI 3 JIIKyBaJbHOIO METOIO 1 mpuiioM 1-
3 pasu Ha THXKJIEHb IiJ] 4ac aHTUOIOTUKONPOQIIaKTH-
KM, JOBelCHA CQEKTHBHICTh, HU3BKHHA MOTEHINAT
MDKITIKapCHKUX B3a€MOJIiH, BIACYTHICT KITIHIYHO 3HA-
YymuX 3MiH (apMaKOKIHETHKH TPH OTHOYACHOMY
3acrocyBanHi 3 TmedanocnopuHamu Il mokomiHHS,
rapHa TIEepPeHOCHMICTh, JOBEICHA Oe3meKa, iMyHOMO-
IYJTFOIOYXH Ta MPOTH3AMaIbHAN ePEeKTH POOIATH HOTO
MIPIOPUTETHUM NPENapaToM Ui LMIOAEHHOT KIiHIYHOT
MIPaKTHKH.

VY cydacHOMY BEIIMKOMY apCceHali aHTHOAKTepia-
JIBHUX TIpenapaTiB, MPU3HAUYEHHUX ISl JTIKyBaHHS Opo-
HXOJICTCHEBUX 1HQEKIH a3uTPOMILMH MPOJIOBXKYE
3aliMaTH BaXXIUBE Miclle. 3 ypaxXyBaHHIM Pi3HUX KIIi-
HIYHUX CHTYyalill a3MTPOMHUIIMH BUKOPHCTOBYETHCS B
pi3HEX TO3UMisfX (TMpemapar MepuIoi JiHii, ampTepHa-
TUBHHN aHTHOIOTHK, KOMOIHAIliA 3 O-JaKTaMaMu ).

PobGotn ocTaHHIX POKIB BHSBISIOTH BCE HOBI U
HOBI Tay3i KJIIHIYHOTO BUKOPHCTaHHS MaKpOJiMdiB, I1e
CBITYMTH NPO TE, MI0 MOXKJIMBOCTI JIaHUX ITIperapaTiB
e janexo He Buyepnani. [Ipudyomy crocrepiraerbes
Hepexi BiJy NepBICHOIO YHiBepcali3My B 3aCTOCYBaH-
HI MakpoJiaiB 10 1X aud)epeHIiiioBaHOrO MPU3HAYCH-
Hsl, BUXOJSIYM 3 MIKpOOIOJIOTiYHUX i (hapMaKOKiHEeTH-
YHUX JJAHUX, MIATBEPKEHUX KOHTPOJILOBAHUMH KIli-
HIYHUMH JTOCHTIIHKEHHIMH.

3 METO0 paIlioOHATEHOTO BUKOPHUCTaHHS aHTHOI0-
THKA MMOTPIOHO MPUHAMATH PIlICHHS PO NPU3HAYCHHS
a3UTPOMILMHY, BpPaxoBYIOUM Winui psax  dakropis
(xyiHivHA 1 emigemiosoriyHa cuTyanis, papMakokiHe-
TUYHI OCOOIMBOCTI TIpernapary, piBeHb Pe3UCTEHTHOC-
Ti, TaHi JOKa30BO1 METUIIMHHU, Ta 1H.).
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Abstract

The beginning of a series of articles on the history of the development of trau-matology of the maxillofacial
area is published in No. 39/2020-45/2021. The eighth part is devoted to the state of assistance to the wounded in
the maxillofacial region in Germany in the pre-war period and during the First World War. The contributions of
Anton Rudolf Hohl (1838-1872), Hans Korner, Carl Sauer (1835-1892), Hermann Schroder (1876-1942) and
others are noted. The illustrations of the applied methods of treatment are given. Brief information about the
American military surgeon Vilray Blair (1871-1955) is given. To be continued.

AHHOTANHSA

Hauaio IUKJIa cTaTeu mo HUCTOPUHN pa3BUTUA TPaBMATOJIOT U lIe.l'IIOCTHO-J'II/IIIeBOI‘/II obnactu 01'[y6J'IPIKOBaHO B
Ne 39/2020—45/2021. Bocemast 4acTh MOCBSIIEHA COCTOSHUIO MOMOIIM PAHECHHBIM B YCIFOCTHO-JUICBYIO 00-
nacTe B ['epMaHuy B npeBOCHHBIN Meproa U Bo BpeMs IlepBoit MupoBoii BoliHbel. OTMeueH BkiIax AHToHa Py-
nonbda Xomna (1838-1872), T'anca Képuepa, Kapna 3ayspa (1835-1892), I'epmana Illpénepa (1876—1942) u
npyrux. [IpuBeneHbl WLTIOCTPAalui IPUMEHAEMBIX METOJIOB JIeUCHUs. J|aHBI KpaTKue CBEACHUS 00 aMepHKaH-

cKOoM BoeHHOM xupypre Bunpee bmape (1871-1955). [Ipomomxenune cnemyer.

Keywords: history, maxillofacial traumatology in Germany, First World War.
KuiroueBble cj10Ba: UCTOpUS, YETIOCTHO-IUILEBas TpaBMaToJiorus B ['epmanuy, IlepBas MupoBast BoiiHa.

COCTOSIHUE TIOMOIIU PAHEHHBIM B YE-
JIFOCTHO-
JIMIEBYIO OBJIACTHh B TEPMAHMU B I1PE-
JIBOEHHBIN
IEPUO/J Y BO BPEMSI IIEPBOI MUPOBOM
BOWMHBI

JleueHune mepeIoMOB KOCTEH, a TakKe IepeIoMOB
yemocTei 1o BTopoit nmonoBuHBl XIX Beka B ['epma-
HUH TIOYTH HCKIIOYUTENBHO IPOBOIIIIOCH XHUpPypra-
miu. [IpuMensm HapyKHbIE TOBS3KH U MMMOOMIN3a-
IIMIO armapaTramMy, 0OCOOCHHO CIIMBaHHE KOCTHU IIPOBO-
nokotii [1].

C pasBuTHeM 3y0OBpaueBaHHs W IPHUMEHEHHUEM
BHYTPUPOTOBBIX MaTepHalioB, TAKUX KaK ryTTanepua,
Kay4yK U METaJUIMYECKHE UIMHBI BO BTOPOM TTOJIOBHHE
XIX Bexa MOCTOSTHHO MPUXOIMIN K BHEAPEHUIO OoJiee
I[eJIEBbIE METOABI JICYCHHUS! IIEpPEIOMOB YENIOCTEH,
KOTOpBIe TpeOoBamu 0coOyr0 3yOOBpaueOHYIO TEXHU-
Ky (HaBBIK) B oOparieHnu ¢ marepuaioM (Schroder H,
1911; Reichenbach E, 1935; Berenyi B, 1969; Hirle
F, 1989; Hoffmann-Axthelm W, 1995) [2, 3, 1, 4-5].

Anton Rudolf Hohl (1838-1872) moapo6HO
MpPe/ICTaBMII [IBa CJIy4asi JICYeHHsl MAlMeHTOB C Iepe-
JoMamH HIDkHeH demroctu (puc. 1). Ilepsslit cimyuait
OTHOCHWJICS K paHEHOMY Ha BOIHE CoJjgaTy C OTHe-
CTpENIbHBIM MEPEIOMOM HIDKHEW YeNIOCTH cjieBa NpHU

morepe OOKOBBIX 3yOOB. 3/ech X0JUT BOCCTAHOBUII 110
OTTUCKY OTJIOMKM HUYKHEH YENIOCTH U HENOBPEXKIEH-
HOH BEpXHEH YEIIIOCTU ¢ MOMOILBIO TUIICOBOW MOJENIN
HIDKHEYETIOCTHOM YT, a Takke COINOCTaBJICHUS B
MIPUKYCE, U YCTAaHOBHJI Ha MOJYYCHHYIO TaKUM 00Opa-
30M PEMNO3UIMOHHYIO MOJETIh Ha HIKHIOI UENIOCTh
IIMHY W3 BYJIKaHU3WPOBAHHOTO Kaydyka, Ha MecTe
repesioMa JKeCTKO HEPEKPBIBAIOIIYI0 M OXBaTHIBAIO-
myio B (opme THPISHABI ANbBEOISIPHBIA OTPOCTOK
HIDKE BBICMKH Ha JXEBaTEIbHOHM moBepxHoOCcTH. Yepes
SI3BIYHBIE W BECTHOYIAPHBIC YYAaCTKH IIMHBI HAa IIpa-
BOW MOJIOBMHE HIXXHEH YENMOCTH B 00JIACTH MEX3YO-
HBIX TIPOMEXYTKOB Mexny 3ybdamu 4.5 u 4.6 Obuia
MIPOBECHA YKpEIUIAioIas IUIaTHHOBAas IIPOBOJIOKA.
Urobbl 00ecreyuTh TOYHYIO TPHUIACOBKY IIHHBI,
XoJI MpHU MOCTAaHOBKE IIMHBI MOCJTE PENO3UIMU OT-
JIOMKOB B 3a30p MEXAy KaydyyKOBOW IIMHOM M IIEH-
KaMH 3y00B BHOCHJI pa3MATd4€HHYIO I'yTTanepuy.

C 9TOW OJHOYEIFOCTHOM IIMHONW OBUIM BO3MOXK-
HBl HOPMaJIbHOE OTKPBIBAHHE PTAa M OKKIIIO3MS, a TaK-
xe TpuéM kuakoil mumy. ITockoibKy B pesysbTare
MOTEpH KOCTHOTO BEHIECTBA H3-32 OTHECTPEIBHOTO
paHeHus o0pa3oBaHHE HOBOW KOCTH B 00JacTH mepe-
joMa ObUIO 3aMeIUICeHHBIM, PaHEHBIH HOCHJI UIMHY
6onee 4 Helenb, BIOCIEICTBUH €My H3TOTOBJIEH Ya-
CTUYHBIN NIPOTE3 Ha HUXKHIOK YEIIIOCTb.

.a) Orl, dor Fractur.  b) Phlluﬂnhl: o) Fest umklnmmu;tar &I.'olnril.

a) Ort der Fractor,

Puc. 1. Penpooyryus unmocmpayuii uz opueunanvhoti cmamou AR Hohl. IToxazvieaemes uepménnc kayuyrogoii
WUHbBL OJIS1 leYeHUsl NePelomMa meid HUMNCHeU Yellocmu; a — Mecmo nepeioma, b — niamunosas nposonoka, ¢ —
npounblil Kiammep, oxeamvisaiowuil moasap. Mn. no: Schubert J, 2011 [6]
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3aKaHYMBAET ONMCAHUE JICUCHHS MEPEIOMa HIK-
Hell 4enocTh XOJIJI HECUACTHBIM CIy4yaeM IpU pe-
MOHTE TapoBoii Mammubel B ['amme (puc. 1, cnesa).
Tlocne Toro, xak OOBIYHBIM CIIOCOOOM C ITOMOIIBIO
CJIETIKOB M MOJIENICH TPOW3BEACHO BOCCTAHOBICHUE
YEIIOCTHOM [Iyr'W, Ha BIPaBICHHYIO MOAENb ObuLia
YCTaHOBIICHAa KaydyKOBas IIHHA, BOKPYT IIeeK 3yOOB
HaHeCeHa pa3MsArdEéHHas ryTTanepya. YKe Ha clieny-
IOLIMH JIeHb NOCTPaJaBIIMK HE UCTIBITHIBAN OOJIb U €71
¢ WMHOHW BO pry. Yepe3 Tpu Hemenu mocie Havajia
JICYCHUS HACTYNWIA KIMHUYECKask KOHCOJIH AL

C ero OpUrHHILHBIMH METOAaMH OJHOYEIIIOCT-
HOTO MIMHUPOBAHMUS C MCIOIb30BAaHUEM COBPEMEHHBIX
JUIL TOTO BPEMEHH MaTepHaJiOB, YepPTexel (Mozemei)
u 3yOoBpaueOHOTO Marepmaia sl IIHHUPOBAHUSA
Xo1, HECOMHEHHO, SBIACTCS ITHOHEPOM B JICUCHUH
TepesoMoB 4emocTel mocnenueil Tpetn XIX Beka.
[To mpaBy 3Ta BhIIICONMCAHHAS MyOIHKAIMA O Jede-
HUU NEeperIoMOB demrocTel [7] BKIIOYEHA B COOTBET-
CTBYIOILIMI pa3liell PYKOBOJCTB IO 3yOOBpaueBaHUIO
(Bleichsteiner A, 1892) [8].

O/HOYETIOCTHBIE METO/bl LIMHUPOBAHMS, TaKue
Kak KaydykoBble WIMHbI BeOepa-Xayna (puc. 2) B
I'epMaHny MCTIONB30BaNM IIPU JIEYCHUH IIEPEIOMOB
YemoCcTel To3xke, 0cobeHHO BO BpeMs llepBoii Mupo-
Boii Boiiuel (Herber C, 1915; Hauptmeyer F, 1917,
Soerensen J, Warnekros L, 1917; Sonntag E, 1930;
Hoffmann-Axthelm W, 1995) [9-12, 5] mo BTOpO#
monoBuHbl XX Beka (Weiskopf J., 1969; Hértel J, Petz
R, 1981) [13, 14].

Bo Bpems IlepBoii MupoBoii BOHHBI IOKa3aHO,
KaKo€ HMCKIIIOYNTEJIbHOE 3HAYCHUE MMENIO COTPYIHH-
YEeCTBO MEXAY XUPypramMH M 3YOHBIMH BpadyaMu B
CHELHaIbHOM JICUCHHH YETIOCTHO-JMIEBBIX TPaBM,
MMOCKOJIBKY TOJNBKO TakUM O0pa3oM MOXHO OBLIO
OXHIAaTh  ONTHMAIbHOTO  pE3ysbTaTa  JICUCHUS

(Soerensen J., Warnekros L., 1917) [11]. B aTo Bpems
rOCyJapCTBEHHbIE M YAaCTHBIE OOJNBHHMIIBI, YHHBEPCH-
TETCKHE TIOMEIIECHH U 3ajbl KIIyOOB ObLTH Tepeobo-
pyZAoBaHbl B rocniutany (puc. 2—4).

Puc. 2. Mooupuyuposannas wuna Bebepa-Xayna u3z kayuyka u cymmanepyu Oas ie4eHus nepeioma HudlcHeu
ueniocmu U3 KOJIeKYuy KIunuku oonestnel 3y006, norocmu pma u wenocmeti ynugepcumema Mapmuna-
Jlromepa, 'anne-Bummenbepe. Kayuykosas yacms oxeamuléaem aib8eosApHbLIL OMPOCMOK U 3y0bl, 2ymmanep-
YQ 4ACTUYHO 3ANONHACM YHacmKu 6 obnacmu uteek 3y606. Un. no Schubert J, 2011 [15]. Ilybauxyemes ¢ pas-
peuienus

TeopeTrndeckoe U MpakTUUecKoe 00yueHne 3y0oBpaueBaHuIo B yHUBepcuTere B ['amie B3su1 Ha cebst B 1896

roxy nokrop "anc Képrep (puc. 3) [15].
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Puc. 3. Prof- Dr. Dr. h.c. Hans Korner (1862-1929), nepewiii npogheccop
3y008pauesanis u OUPeKmop CmomMamonocuyecko2o uncmumyma ynusepcumema I anne ¢ 1897 oo 1927 2., 3a-
6edogan wentocmuvim eocnumanem ¢ 1915 no 1920 2., unen «Jleononvounsly (Hemeyxkozo obujecmsa ecnmecmeo-
ucneimameneti) ¢ 1925 2. (Privatarchiv Prof. Schneider, Halle). Hn. no [16]

Bo Bpems IlepBoit mupoBoii BoitHbl K€pHep, Kak ~ MEOUIIMHCKUM HA4YaJbHUKOM CAaHUTAPHOrO I0€37]a,
1 OOJBIIMHCTBO HEMEUKHX 3yOHBIX Bpadeid, ObLT mpu-  aeiicTByromero Bo ®pannuu u Poccun — puc. 4 u 5
3BaH B MEIUIIMHCKYIO CITyxO0y u mepBoHayanbHo Obur  [17].

Puc. 4. Bviepysxa panensix conoam us canumapuo2o noe3oa 6 Ilepgyio muposgyio gouiny. Keneznasa oopoza
USpana 8ANCHYIO POb 8 MEOUYUHCKOU MAKMUKE MO20 BPEMEHU, KOMOPAsL NPedyCMampueand dbblcmpyio mpaHc-
HOPMUPOBKY panenvix 6 nazapemvl na poouny (Neuner, 2009) [17]
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Puc. 5. 3yonou epau uz I'anne 0-p Bpyno I'onmep (1879-1959), smopoii cnpasa, 6o epems Ilepgoii mupo-
801 60IIHbI PAOOMAL 80EHHBIM 3VOHBIM 8PAYOM 6 3y0b08pauebHom omoenenuu. 3anaousiii pponm. (Privatarchiv
Prof. Schneider

B Bo#iCKOBOM CyMKE HHCTPYMEHTOB HEOTJIONKHON
3y00BpaueOHON MOMOLIM TTOMHMO Habopa Ui BOCH-
HBIX 3yOHBIX Bpayeil ObLI M CHELUATBHBIA HHCTPY-
MEHTapuil JJisl JIeYeHHs MepeoMoB demtocted [18].
W3-3a HexBaTkM 3yOHBIX Bpaueil Takoil CyMKoW cHa0-
JKaJIUCh M NIPUKOMaHIUPOBaHHbIC BOHCKOBBIE BpayH.
Hapsimy ¢ munmamu s yaaneHust 3y00B, IOMOHpo-

BOYHBIMH MHCTPYMEHTAMM M MaTepHaJaMU, UMEJIUCh
TaKk)Ke ¥ IPOBOJOYHBIE IMJIOCKOTYOIbI, COHUPTOBKA, a
Tak)Ke MPOBOJIOKA IS IIMHUPOBAHUS NIPH IeperoMax
4yenocTel (2 MM TOJIMHA) U JUraTypHas MPOBOJIOKA
(0,45 mm) — puc. 6.

Puc. 6. Botickosoii nabop uncmpymenmog Ne 165, napao 5 ons eotickosuix epaueil. Konust pomoepagpuu noo-
JIUHHO20 IKCROHAMA U3 My3es ucmopuu cmomamonozuu 6 Yaopace (Privatarchiv Prof. Schneider, Halle). I1y6-
JIUKYEMCsL ¢ paspeuienus,

Bo BpeMsi BOWHBI rocylapCTBEHHBIC M YacCTHBIC
OOJNBHUIIBI, YHHUBEPCUTETCKHE YUPEKACHUS M OOIIe-
CTBEHHbIC O00BbEIUHEHHS ObUIM BKJIIOYEHBI B CHCTEMY
rocraraieit (puc. 7, 8) [19].

[ocne Bo3Bpamenus ¢ pponrta B 1915 roxy Kép-
Hep TOJIy4HJI TIOpYyYeHHE Ha OPraHU3alUio JOTOJIHH-
TEJILHOTO TOCIHUTAIISI TOPOJCKOM CTPEIKOBOM JIOME B
layute B Ka4ecTBE «YEITIOCTHOTO TOCHHUTAIS), B KOTO-

PBIF TIEPEBOMIIN BCEX BOCHHOCITYXAIUX C PAHCHHUSI-
MU yenmocTed u3 paiioHa IV apmeiickoro kopmyca.
Eme B 1916 rogy Képuep, KOTOpEIil B TO e BpeMs
nMmen TuTyn "TaiHBIH coBeTHHK", OB yJOCTOEH 3a
ato XKenesHoro kpecra. UemroCTHON rocmuraib BO
BpeMsi BOWHBI HacuuThiBal 10 250 KOek, mpocylie-
ctBoBasl 70 1920 roma m xypupoBaics KépHepom
BMECTE C TpeMs acCUCTeHTaMu ctoMatoiora [20, 21].
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Puc. 7. 30anue 6 2. I'anne (cecoouss Konepecc-yenmp), 6 komopom ¢ 1914 no 1920 200 naxoouncs oennuiii 20c-
numans (Scherer E, 2008). I1loo pyxosoocmeom Prof. Dr. H. Kérner ¢ mapma 1915 200a bvin cocnumanem na
250 Kkoex Ons neuenus conoam, Panernbix 8 uentocmuo-muyesyio oonacme. M. no: Schneider F, 2012 [16]. I1y6-
JIUKYEMCSL ¢ paspeuienus,

R - M

8 R .2 5 ' ..v : by’ ~
Koo o o & e LY

.” L4 2

Puc. 8. Panenvie conoamet (1914 200) 6 cocnumane cesmoii Enuzasemul 6 I'anne, komopulii, Kax u opyeue meou-
yuHckue yupescoenus 6 200vl Ilepeoti Mupogoii 6otinbt bl 6oennvim cocnumanem. (Privatarchiv Prof.
Schneider, Halle).

Ilybruxyemcs ¢ paspeuwienust

[TpuBoaMM HEKOTOpBIE N3 MHOTHX METOOB JICUEHHUS NIEPEIOMOB HIDKHEH ueiocTH (puc. 9, 10).
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Puc. 10. Pazoenvhas ¢ npomugonoiodiCcHo 0eUcmayouumu HakKIOHHLIMU NIOCKOCMAMYU NPOBOLOYHAS NOBAKA
3ayapa. Un. no [2]

PaznenpHast MPOBOJIOYHAS IIMHA AJSI PETIO3HIINI
U (UKcalMM TepesioMa Tejla HIDKHEeW derocTH [22]
OblJIa BapUAHTOM JKCTPEHHOW MPOBOJIOYHOU MOBS3KH
[23] u3 >xene3HON MM GPOH30-ATTIOMHUHHUEBOH ITPOBO-
JIOKM M IpUMEHssIach BO Bpems IlepBoil MupoBOH
BOWHBI s JieueHus: nepesiomoB uentoctu (Williger F,
Schroder H, 1915) [24]. Bonee moapoOHbIe CBEACHUS
o Kapne 3ayspe npencraBieHsl B 3 4yacTH HalIero
MKIiIa crareu [25].

Hemerkie BoeHHBIE CTOMATOIOTH MOTIIH 3 hex-
THUBHO JIEYUTH TPABMBI YETIOCTEH, IOTOMY YTO Y HHX
Obuta xopomast 6a3oBasi IOATOTOBKA, COOTBETCTBYIO-
mee o0oOpyJnOBaHME, a TaKXKe BOWCKOBBIE «3yOoBpa-

4yeOHbIC BOCHHBIE MHCTPYMEHTBI Uil JICYCHUS Tepe-
JIOMOB 4esrocTu npodeccopa a-pa lIpénepa u croma-
Tojiora xupypra OpHcta u3 bepauna» (Schulz CD,
1993) [18]. Knuru u cnenuanbHbie U3JaHUS 110 TPaB-
MaTOJIOTHH YENIFOCTHO-JIMIIEBOH 00JIaCTH, TaKHe Kak
«PykoBozcTBO 1O  3yOOBpaueOHO-XHUPYPrHYECKUM
moBsi3kaM u mpote3am» (Schroder H., 1911) [2], «3y-
O0oBpaucOHas momoms Ha ¢ponre» (Williger F,
Schroder H, 1915) [24] wiu «BoeHHBIH CTOMATOJIOTY
(Warnekros L., 1914) Obuti 4acThio cTaHgapTa mpo-
(hecCHOHANBHOM CTOMATOJIOTHYECKOM MOATOTOBKU B
Havaye BoiHH (puc. 11, 12) [26].
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s Aeliruagen o bibaiton suaem—

Puc. 11. B Bonnemene I'epmana Moiticepa (Bepaun, 1914) nomewenst ceedenusi 0 MOHO2Papusx u 8paueOHvIx
PYKOBOOCMBAX, CNPABOUHUKAX NO CTOMAMONo2uu npogeccopoe Cmomamonocuyeckozo uncmumyma Kopones-
cko20 Bepnunckozo ynueepcumema @. Bunnueepa u I'. llIpéoepa, b. Mépunea, 0-pa I'. Pymnens, npog. B. Huxa,

3y6Hn020 épaua Opncma [27]
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Puc. 12. Unnrocmpayuu uz monoepaguu F. Williger u H. Schroder
«3ybospauedbnas nomowp na pponmey. bepaun. 1914 2. [24]

HEMEIIKASI CTOMATOJIOI'NTYECKASI
JINTEPATYPA 1911-1914 rr.

1. Rof. Dr. F. Williger und Prof. Dr. H.
Schroder, Berlin:Die Zahnérztliche Hilfe in Felde. Mit
63 Abbildungen im Text. Preis Mark 3.60.

2. Bruno Mohling, Berlin: Zur Indikation und
Technik der Unterkiefer-Resektionsprotese. Mit 57
Abbildungen im Text. Preis Mark 3.

3. Prof. Dr. F. Williger, Berlin: Chirurgische
Verbandlehre fiir Zahnérzte. Prof. Dr. Dieck, Berlin:
Anleitung zur Rontgendiagnostik der
Schupverletzungen  der  Kiefer. Mit  vielen
Abbildungen im Text. Preis etwa 3 Mark.

4. Prof. Dr. H. Schréder, Berlin: Bericht und
Kasuistik der Behandlung von Schuf- verletzungen
der Kiefer.

5. Prof. Dr. F. Williger, Berlin: Kleine
Verbandlehre fiir Zahnédrzte. Prof. Dr. Dieck, Berlin:
Anleitung zur Rontgenuntersuchung der
Schupverletzungen der Kiefer. Beide Arbeiten in
einem Heft. Preis ca. 3 Mark.

6. Prof. Dr. H. Schroder, Dr. C. Rumpel und
Zahnirzt Ernst, Berlin: Bericht und Kasuistik iiber die
Behandlung von Schufverletzungen der Kiefer.

7. Prof. Dr. H. Schroder, Berlin: Handbuch der
zahnérztlich-chirurgischen Verbinde und Prothesen.
Band I. Frakturen und Luxationen der Kiefer. 191
Seiten in Quartformat. — Mit 121 Abbildungen. —1911.
Preis broschirt M. 13.50, gebunden M. 15. [27].

Ludpsl Mo TpaBMaM M paHEHHSM YENIOCTEH Y
COJIIaT HEMOJIHBIE W TOJBKO YCJIOBHO MOTYT OBITh
MpOaHATU3UPOBaHbl. B MmyOiaMKanuu sl BOCHHOMN
CTOMAaTONOTHKM BO BpeMs IlepBoi MHPOBON BOIHEI
npuBoAdTcss npuduHbl 29 740 paHEHHWI 4YeNOCTHO-
JIMIEBON 00IacTH:

- 52,20 % OT BUHTOBOUHBIX BBICTPEIIOB,

- 42,20 % OoT apTUIIEpUICKUX CHAPSIOB,

- 2,60 % oT pyuHBIX IpaHar,

- 0,25 % nucToieToMm,

- 0,16 % X0JIOIHBIM OPYXKHEM,

- 2,59 % ot Apyrux BBICTPEIIOB.

Ciydan cMepTH, BbI3BaHHBIC TpPaBMaMH YeEIIIO-
CTH, B 3TOM CITHCKe He ObITH yuTeHs! [18].

Bo Bpems IlepBoit MupoBOil BOIHBI TpaBMa ue-
JIIOCTHO-JIMIIEBOM 00JIacTH YK€ HOCHIA XapakTep
snuaemun. V.P. Blair (puc. 13) coobiian, uro y 6onee
yem 3000 monmyumBimmx panenns n3 8000 amepukan-
CKHX COJIAAT, UCXOJ] OBUI JIETAJIBHBIM.
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Puc. 13. Vilray Papin Blair (1871-1955) — npogeccop, soennviii xupype,
NUOHED AMEPUKAHCKOU NAACIUYECCKOU U 80CCIMAHOGUMETbHOU XUDYP2UL

Korma CHHA Berymuimu B IlepByro MHpOBYIO
BOVHY, biap ObuT BBIOpaH Al PYKOBOJCTBA BpayaMu
B JICUEHUH MMOBPEKICHUN, BBI3BAaHHBIX BOMHOW. biap
paboran ¢ momomHHKOM Pobeprom AiiBu, YTOOBI
00y4YNTh XHPYPTOB U CTOMATOJIOTOB JICYEHHIO TPAaBM
YENOCTe C TOMOINBI0 KHHUTH, OITyOJMKOBaHHOH
Bimspom B 1912 1. kak omepaTUBHOrO PYKOBOJACTBA.
bes meronuku noxropa biaspa MHOrue connaTsl HUKO-
raa He Kuiu Obl HOpMaiibHOU sku3HbI0. Korma biap
BepHyJcs B CoenuneHHble [lITaTtel mocne oxkoHUaHUS
BOIHBI, OH CO3/1aJ]1 OJMH U3 KPYNHEUIINX MYJIbTUAMC-
IUIUTMHAPHBIX  KoJutekTuBOoB CIIA ans  neueHus
CJIOKHBIX TpaBM B rocnurtaie Yourepa Pupa. bmap
ObUT M3BECTEH KakK JIM/IEP B BOCCTAHOBJICHHH IOCIIE]I-
CTBHM OTHECTPENLHON TPaBMBI, YIyUIIEHUH KauecTBa
JKU3HU MHOTUX TIOCTPAJaBIIHX.

BeayumiMu npuyMHAMH CMEpTH OBUIM acmlupa-
uust ¥ OOCTYKIHMSI JbIXaTeIbHBIX IyTed B mpolecce
TPAHCIIOPTHPOBKH B JIeUeOHBIE yUpekaeHus (puc. 14,
15).

JauHbIi QakT TpuBEN B MOCIEAYIOMEM K BO3-
HUKHOBEHHIO BO3JYXOBOZOB M OTKa3y OT TPaHCIOP-
THPOBKH PaHEHBIX B mojiokeHnH jié&xa Ha cnmae (VP
Blair). IlpensaTcTBUsIMH TpH JIEYEHUH NAalHEHTOB C
YENIOCTHO-JINIIEBON TPaBMOU  SBJISIIUCH  OOJIBINON
MPOMEIKYTOK BPEMCHU II0CJIE€ TIOJTYUCHUSA TPAaBMbI U
OKa3aHUWEM CIEeIUAIU3UPOBAHHON MEIUIMHCKON MO-
Mom (OT JHEHW J0 HeeNb), HeXBaTKa MOATOTOBIIECH-
HBIX Bpauel, OKa3bIBalOUIMX MOMOIIb Ha NEPEIOBOH,
U, KaK pe3yJbTaT, BO3HUKHOBEHHE CETICHCA MOYTH Y
Bcex nanuentos (M.B. Habal).

Puc. 14.
Unniocmpayus uz knueu bBropa. Cxemamuunoe uzoopasicenue cmeueHus omiomKos nudickel weriocmu [28]
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Puc. 15. [Jucrokayus si3vika npu 08yCmMoponHem nepeiome HUNCHel Yeniocmus noaoxcenuu na cnute [29]

Takum o00Opa3zoM, cucTeMa OpTraHHW3alMH MEAu-
OUHCKON MOMOIIM PAHEHHBIM B YEIIOCTHO-THLEBYIO
obyacTe B TpeBOCHHBIE ToAbl M BO Bpems llepsoit
MHpPOBOW BOWHBI B ['epMaHuM mMena MPOOEIBI, HO
ObLTa 3HAYUTENIBHO BBIIIE, YeM B Poccuiickoil apmun
[29].
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HIV-infected drug users are doubly stigmatized by society. This study is devoted to the social adaptation is-

sues of HIV-positive injecting drug users and opioid substitution therapy (OST) program influence on this pro-
cess in Minsk. 211 HIV-positive people who inject drugs (PWID) took part in this study, they were divided into
2 groups: the experimental group which consists of OST program participants (n1=83) and the control group,
which includes HIV-positive PWID who don’t get OST (n2,=128). These groups were comparable in terms of
gender, educational level, marital status, and the presence of children (p>0.05).

It was established that among the respondents of experimental and control groups, there were no significant
differences in employment, the number of previous convictions and awareness about OST program (p>0.05). It
was found that the share of respondents from the experimental group with long-term (more than 16 years) drug
use experience significantly exceeded the share of HIV-infected PWID with a similar drug use experience from
the control group (p<0.05). ART tolerance among the participants from the control group was significantly better
than in the experimental group (p<0.05). Majority (97.59% (CI95% 91.57-99.71) in the experimental and
96.09% (CI195% 91.12-98.72) — in the control group) of respondents were treated by an infectious disease doctor.
37.35% (CI95% 26.97-48.66) of the respondents in the experimental group created family, 54.22% (CI195%
42.92-65.21) HIV-infected OST members found a job, 96.39% (CI195% 89.80-99.25) — improved their relations
with friends, family, and quality of life in general during their participation in the OST program.

Keywords: HIV infection, IDU, PWID, injecting drug users, questionnaires.
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Introduction. The HIV infection spread among
risk groups, including people who inject drugs
(PWID), is one of the most significant issue in the
Eastern Europe and Central Asia (EECA) region [10].
According to researchers’ data, the prevalence of HIV
infection among PWID in the region can reach 40-
50% due to the sharing of syringes and needles for
drug injection, as well as through unprotected sex
[9,10,16, 20].

Studies in the EECA region indicated high levels
of HIV-related stigma and discrimination. Thus, at
least 40% of respondents in different countries of the
region indicated that children living with HIV
shouldn’t attend the same schools as other children,
and at least 70% of respondents said that they
wouldn’t buy vegetables from an HIV-infected store
owner [2]. At the same time, many people who have
drug use disorders, even after attaining abstinence,
have difficulties in finding employment and repairing
relationships with family. A study conducted by WHO
in 14 countries showed that drug addiction is charac-
terized by the highest degree of stigmatization [12].
HIV-infected people with opioid dependence are sub-
ject to double stigmatization, which can lead to addi-
tional difficulties in all areas of patients' live and af-
fect their quality of life and social adaptation [11].

Several studies have shown that OST helps to de-
crease an activity of injecting drug use. The duration
of being in the OST program is a good predictor of
psychosocial adaptation also [3,4].

Materials and methods. A voluntary anony-
mous questionnaire was used to collect epidemiologi-
cal information from HIV-positive PWID. The popu-
lation sample consisted of 211 respondents: 83 people
were a members of the experimental group (OST pro-
gram participants) and 128 people — in the control
group (those who wasn’t OST program participants)
in Minsk, Belarus. The questionnaire included a list of
general questions and questions related to HIV-
infection and drug use [21].

The material of the epidemiological study were
data from the HIV-positive PWID personal medical
cards taking OST in Minsk in 2019 (N=91) also.
When analyzing the data, descriptive-evaluative, ana-
Iytical and statistical research methods were used.
Databases compilation and its statistical processing
was carried out using standard statistical software
packages Microsoft Excel 10, STATISTICA 10 [7].

Confidence intervals for proportions were calcu-
lated by the Clopper-Pearson method [22]. To check
the normal data distribution, the Shapiro-Wilk test was
used. The critical level of significance was 0.05 (5%).
Descriptive statistics are presented by median values
of indicators with the calculation of 25%-75% quar-
tiles (Me (Q25% -Q75%)). To assess the differences
between independent samples, the Mann-Whitney U-
test, X? test, and F-test (critical significance level was
0.05 (5%)) were applied [18,25].

Results. It was found that the proportion of men
in the compared groups was 68.67% (CI195% 57.56-
78.41) and 64.06% (C195% 55.11-72.35). This indica-
tor significantly exceeded the share of women in these

groups (31.33% (Cl95% 21.59-42.44) and 35.94%
(C195% 27.65-44.89)).

In the age structure of the respondents in the
compared groups, significant differences were re-
vealed (U=4080.00, p<0.01; Me=38 (30-40) years in
the experimental group, Me=35 (31-40) years in the
control group). The share of 36-40-year-old respond-
ents taking OST was 48.19% (CI95% 37.08-59.44),
and in the control group it didn’t exceed 30.00%
(27.34% (Cl195% 19.84-35.92)). In general, the age
structure of the respondents corresponded to that
among PWID in Minsk.

More than half (51.81% (C195% 40.56-62.92)) of
respondents in the experimental group and 42.19%
(C195% 33.51-51.23) of the control group respondents
had secondary education. There were no significant
differences in the compared groups for this indicator
(p>0.05). Secondary specialized education had
32.53% (C195% 22.65-43.70) of respondents from the
experimental group and 37.50% (CI195% 29.10-46.49)
— from the control group. The proportion of people
with basic and higher education in the compared
groups was 8.43% (Cl95% 3.46-16.61) and 7.23%
(C195% 2.70-15.07) in the experimental group,
14.06% (CI195% 8.55-21.31) and 6.25% (CI95% 2.74-
11.94) in the control group, respectively. These indi-
cators didn’t significantly differ in the studied groups
(p>0.05).

The share of single respondents in the experi-
mental and control groups was 69.88% (C195% 58.82-
79.47) and 64.84% (CI195% 55.91-73.07), respective-
ly. These indicators significantly exceed the propor-
tion of single drug users registered in Minsk in 2019
(53.39% (Cl95% 52.05-54.73)). 54.22% (Cl95%
42.92-65.21) of the respondents in the experimental
group and 45.31% (CI195% 36.50-54.35) of the control
group had children. 48.19% (CI195% 37.08-59.44) of
the respondents in the experimental group had stable
income and 39.84% (Cl195% 31.30-48.87) — in the
control group. 12.05% (CI195% 5.93-21.04) in the ex-
perimental group had occasional earnings and 15.63%
(C195% 9.81-23.09) of the respondents from the con-
trol group; not employed were 39.76% (CI195% 29.17-
51.10) of the respondents from the experimental group
and 44.53% (Cl195% 35.75-53.57) — from the control
one.

The attitude to criminal in the analyzed groups
was as follows: 67.47% (CI95% 56.30-77.35) of the
respondents in the experimental group and 53.91%
(C195% 44.88-62.75) — in the control group had 3 or
more convictions. 24.10% (C195% 15.38-34.73) HIV-
positive participant in the OST program was judged 1-
2 times. The same indicator in the control group was
31.25% (C195% 23.35-40.04) There were no statisti-
cally significant differences in these characteristics in
compared groups (p>0.05).

There were no significant differences in the level
of awareness of the OST program in the estimated
groups (p>0.05). From the other hand, incomplete
awareness (93.75% (Cl195% 88.06-97.26)) of HIV-
infected PWID in Minsk about the OST program indi-
cates the need for their additional informing in the
healthcare institutions.
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The respondents were asked to indicate the dura-
tion of drug use experience (table 1). The shares of
respondents with 6-10 years and 11-15 years of drug
use experience didn’t significantly differ in the com-
pared groups (p>0.05). The proportion of respondents
with up to 5 years of drug use experience is signifi-
cantly lower in the group of people taking OST
(p<0.05). The share of respondents in the experi-
mental group with more than 16 years of drug use

experience was significantly higher than the share of
less experienced respondents in this group and the
proportion of respondents from the control group with
drug use during 16 years or more (p <0.05). When
comparing the experience of drug use among the re-
spondents of the experimental and control groups,
significant differences were revealed (X?=24.43,
p<0.01).

Table 1

Duration of opioid addiction among respondents in Minsk

Experimental group Control group
Duration of opioid addiction o Cl195% Cl195%
Yo - % -

min max min max

Up to 5 years 1,20 0,03 6,53 16,41 10,45 23,98

6-10 years 15,66 8,61 25,29 29,69 21,94 38,4

11-15 years 26,51 17,42 37,34 24,22 17,09 32,58

over 16 years 56,63 45,29 67,47 29,69 21,94 38,4

Total 100,00 - - 100,00 - -

The revealed patterns indicate that HIV-positive
drug users with a long history of drug use more fre-
quent enter into the OST program in Minsk.

The analysis of the age at which the respondents
first became interested in drugs showed that, the larg-
est proportion among the interviewed HIV-infected
PWID who take OST were those whose interest in
drugs arose at the age of 16-18 and 19-25. The values
of these indicators reached 49.40% (CI95% 38.24-
60.60) and 33.73% (CI195% 23.72-44.95) among HIV-
infected OST program participants and were not relia-
bly differ from similar indicators in the control group
(35.16% (CI95% 26.93-44.09) and 38.28% (Cl95%
29.83-47.28) respectively). There were no significant
differences between the respondents of the compared
groups among those who started using drugs before
the age of 15: 13.25% (CI195% 6.81-22.48) in the ex-
perimental group, 15,36% (C195% 9.81-23.09) in the
control group. There is a similar situation with re-
spondents whose interest in drugs arose at the age of
26 and older: 3.61% (C195% 0.75-10.20) in the exper-
imental group, 10.94% (CI95% 6.11-17.67) in the
control group. In general, there were no significant

differences in the compared groups for this indicator
(p>0.05).

The injection route as the most likely route of
HIV transmission was indicated by 81.93% (CI195%
71.95-89.52) of the respondents in the experimental
group and 79.69% (CI195% 71.67-86.28) respondents
from the control group. Among other routes of possi-
ble HIV infection, heterosexual one was indicated.
The proportion of this route was 16.87% (CI195%
9.54-26.68) in the experimental group and 17.19%
(CI195% 11.10-24,86) — in the control group. The op-
tion “other” was noted in 1.20% (CI195% 0.03-6.53) of
the respondents in the experimental group and 3.13%
(C195% 0.86-7.81) — in the control one. There were no
significant differences in the answers of compared
groups (p>0.05).

Timely admission of HIV-positive patients to
dispensary observation, including drug users, is a pre-
requisite for maintaining an active life. When analyz-
ing the respondents’ observation duration by an infec-
tious disease doctor, significant differences were
found in compared groups (p<0.05) (table 2).

Table 2

Duration of respondents’ follow-up in HIV dispensaries in Minsk

Duration of respondents’ follow-up in HIV dispensaries | Experimental group, % | Control group, %
not observed 2,41 3,91
up to 1 year 0,00 17,18
1-5 years 32,53 60,16
6-10 years 22,89 10,94
11-15 years 22,89 3,13
over 16 years 19,28 4,68
Total 100,00 100,00

Among persons have a dispensary observation by
an infectious disease doctor for less than 1 year
(p<0.05), within 1-5 years (X?=14.28, p <0.00), 6-10
years (X?=5.45, p<0.05), 11-15 years old (X?=20.26,
p<0.01) and over 16 years (X?=11.48, p<0.01) signifi-
cant differences were revealed. Both among HIV-
infected PWID taking OST and among respondents
from the control group, the proportion of people un-
dergoing dispensary observation by an infectious dis-

ease doctor for 1-5 years was maximum and amounted
to 32.53% (CI95% 22.65-43.70) and 60.16% (C195%
51.13-68.70), respectively. There were no significant
differences in the number of people not being moni-
tored by infectious disease doctor in the study groups
(p>0.05).

Thus, the overwhelming majority of respondents
in the compared groups (97.59% (CI195% 91.57-99.71)
and 96.09% (CI195% 91.12-98.72), respectively) noted
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that they were observed by an infectious disease doc-
tor. The obtained results coincide with the literature
data: participation in drug addiction treatment pro-
grams, incl. OST, facilitated earlier access to medical
care by PWID diagnosed with HIV infection [8].

Depending on the length of life with HIV the re-
spondents from the experimental group have signifi-
cant differences with members from the control group
(U=3196.50, p<0.05). The median indicator was 6 (4-
12) years of life with HIV in the experimental group
and 4 (3-6) years in the control group.

Every third (33.73% (C195% 23.72-44.95)) re-
spondent in the experimental group and more than half
(57.03% (C195% 47.99-65.74)) of the control group
participants have been infected with HIV for 1-4
years, and 30.12% (CI195% 20.53-41.18) of the re-
spondents from the OST program members and
26.56% (Cl195% 19.15-35.09) HIV-positive PWID
from the control group were infected 5-9 years ago.
The proportion of PWID living with HIV for more
than 15 years was significantly higher among re-
spondents from the experimental group (20,48%
(CI195% 12.41-30.76)) compared with control group
members (5.47% (C195% 2.23-10.94).

Poor ART tolerance was reported by 42.17%
(C195% 31.40-53.51) of respondents in the experi-
mental group, while in the control group this indicator
didn’t exceed 16.41% (CI95% 10,45-23.98). Signifi-
cant differences were also revealed in terms of ART
tolerance in the compared groups (X?=17.14, p<0.01).
Comorbid pathology therapy reception, insufficient or
excessive daily methadone dose during HIV therapy
may affect the ART tolerance [5,6,13,17,26]. Accord-
ing to the medical records of HIV-infected PWID who
take OST in 2019, 89.01% of them were prescribed
ART regimens that reduce the serum methadone con-
centration by 15-53% [6]. Refusal to take ART was
observed in 3.30% (Cl95% 0.69-9.33) of HIV-
infected PWID receiving OST. The only reason given
by respondents to refuse HIV therapy is the fear of
ART side effects.

Analysis of the respondents’ participation dura-
tion in the OST program in experimental group
showed that 37.35% (C195% 26.97-48.66) of the re-
spondents took OST for 1-3 years and 30.12%
(C195% 20.53-41.18) — during 4-8 years. It indicates a
high motivation to participate in the OST program
and, as a result, contribute to high rates of patient re-
tention in the program.

OST program effectiveness in Minsk was charac-
terized by answering questions designed only for re-
spondents in the experimental group. The problems of
employment, family relations and the quality of life in
general were touched upon. 62.65% (CI95% 51.34-
73.03) of the respondents were unable to start new
relations and create a family during their participation
in the OST program. At the same time, 37.35%
(C195% 26.97-48.66) of the respondents managed to
change their marital status thanks to their participation
in the OST program.

More than half (54.22% (C195% 42.92-65.21) of
HIV-infected respondents found a job during their
participation in the OST program. This indicator

doesn’t significantly differ from the share of persons
who didn’t find a job during their participating in the
OST program (p>0.05). For comparison, the share of
employed persons who use drugs over the 10 years
fluctuated within the range of 20.09% (C195% 19.16-
21.05) in 2011 to 48.65% (CI95% 47.31-49.99) in
2019 in Minsk. Given the presence of multiple convic-
tions, a high level of stigmatization of HIV-positive
persons who use drugs, the employment rate of OST
program participants reflects a pronounced social ef-
fect, which is confirmed by literature data [14].

Improved relationships with friends and family
and an increase in the quality of life in general were
noted by 96.39% (CI95% 89.80-99.25) of OST pro-
gram participants, which is significantly higher than
the proportion of people who answered negatively to
these questions (3.61% (Cl195% 0.75-10.20)). The
obtained indicators coincide with the opinion of a
number of authors [15,24]. Improving the quality of
life for this category of patients is one of the main
reasons for participating in the OST program accord-
ing to the analysis of the medical cards data of HIV-
infected PWID receiving OST in Minsk. Due to the
strict conditions of admission to the OST program, the
selection of the most motivated PWID takes place on
the territory of the republic, which explains the high
retention rate in the OST program [1,19,23].

Conclusions. It was found that there were no
significant differences in the experimental and control
groups in terms of the number of convictions, em-
ployment, as well as awareness of the availability of
an OST program in Minsk, Belarus (p>0.05). The
proportion of people with more than 16 years of drug
use experience among the respondents from the exper-
imental group is significantly higher than among those
in the control group (p<0.05). Tolerance to ART
among the respondents in the experimental group was
significantly lower than in the control group (p<0.05).

The majority of respondents (97.59% (C195%
91.57-99.71) in the experimental and 96.09% (CI95%
91.12-98.72) in the control group, respectively) were
observed by an infectious disease doctor, however,
there were significant differences in the duration of
this follow-up (p<0.05). 37.35% (C195% 26.97-48.66)
of the respondents from the experimental group start-
ed a family and more than half (54.22% (CI95%
42.92-65,21) of HIV-infected respondents found a job
during their participation in the OST program. An
improvement in relationships with family and friends
and an improvement in the quality of life in general
was noted by 96.39% (CI195% 89.80-99.25) OST pro-
gram participants.
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Abstract

It is shown that the packing density of details in the cutting scheme has a direct proportional effect on the
percentage of material utilization. Taking into account the technological requirements for the use of sheet mate-
rial, algorithms have been developed for adding and removing details from the scheme. According to these algo-
rithms, software modules were written and tested in an integrated object-oriented environment Delphi.

Keywords: ray tracing method, the method of Graham, cutting scheme, adding and deleting details of the

circuit.

1 Introduction

At present day, the need for high-quality and
comfortable footwear has become one of the main
human physiological needs. And along with quality
and comfort, the need forthe quantity of this foot-
wear has significantly increased. According to statis-
tics and research, the world need for quantity of
shoes recent years has grown to more than 13
billion pairs per year.

To meet this growing demand, the footwear in-
dustry of light industry should improve the methods of
rationalizing nesting patterns. When designing rational
nesting patterns, the cutter must adhere to the rule of
tight placement of parts, while ensuring that they are
mutually non-intersecting. To solve this problem, it is
necessary to construct around the details the hodo-
graphs of vector-functions of the dense distribution
of the figures of these parts.

2 The object of research and its technological
audit

The object of research is shoe parts of various
configurations that are manufactured at the enter-
prises ofthe footwear industry of light industry. The

study of various variants of cutting is conducted,
the main feature of which is that around the details
are built hodograph curves.

In fact, the hodograph is the trajectory of the
movement of the pole of one figure around the other,
preserving the conditions for their mutual contact [1-
3]. Let’s illustrate the fulfillment of this condition by
the example of two polygons (Fig. 1).

For interactive extraction of the parts from a nest-
ing pattern, it is necessary to solve the problem of
belongingto a polygon point.

Let’s suppose that there is an abstract polygon
A givenby arrays of coordinates of the points d[i].
X, d[il.y, wherei = 0...n-1, where n is the number of
points, and some point C with coordinates (Xo, Yo)
(Fig. 2). It is necessary to prove that the point be-
longs to the figure.

In Fig. 1, 2, a convex-concave polygon is repre-
sented, however, the essential drawback of the
hodograph curves is precisely that they are correctly
constructed only forconvex-concave figures.
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Fig. 1. Construction of a hodograph around the figure:
A, B — figures; O, O, — poles of figures

Fig. 2. The problem of point belonging to a polygon:
A — polygon; C — point

3. The aim and objectives of the research

The aim of research is development of software
module for extracting parts from the nesting pattern,
which are manufactured at the enterprises of the shoe
industry of light industry. This software module, after
development, will become part of the developed soft-
ware.

To achieve this aim, it is necessary to perform the
following tasks:

1 To analyze algorithms for finding the point
belonging to the polygon.

2 To develop an algorithm for extracting
details.

4. The research of existing solutions of the prob-
lem

The problem of localizing a point has many sub-
species and they are solved by different methods.

Among the existing solutions of the problem, it should
be noted:

* ray tracing method [4, 5];

» summing angles method [6, 7];

» Graham circumventing method [8, 9].

In particular, the paper [4] is completely devoted
to the problem of the ray tracing method, its ad-
vantages and disadvantages, analysis of its complexity
and execution time.

As the author notes in [6], despite the complexity
of the method of summing angles, its simplified form
gives good prospects for its wide application.

The author of [10] states that when constructing a
convex simple polygon, the execution time of algo-
rithms can be reduced to O(cn), where c is a constant.
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However, this article explores the design of nest-
ing patterns, which means that the focus of the prob-
lem is somewhat different.

In the opinion of the authors [1-3], for construc-
tion of rational nesting patterns, a dense placement of
the details is necessary, that is, a hodograph must be
created. At the same time, the authors of [1] note that
an essential disadvantage of hodographs is that they
are constructed only for the same type of figures.

Methods of research

To solve the problem, there are many algorithms.
Let’s analyze the main:

The essence of the algorithm for finding point be-
longing to the polygon using the Graham circumvent-
ing method [4] is quite simple. A vectorais drawn
from first vertex to second, and a vectorbis drawn
from first vertex to the third. The direction of traversal
from vectorato vectorbwill show whether to remove
the vertex or not. If the direction of traversal from
vectorato vectorbis clockwise, then the point belongs
to the polygon, and if the direction of traversal from
vectordato vectorkis counter-clockwise, then the point
does not belong to the polygon. However, this method
does not provide a situation where the point lies coun-

ter-clockwise from the vectore, but is within the poly-
gon.

The essence of the method of angles lies in the
search for the sign of the sum of the angles [7]. From
the point, the belonging of which must be proved, rays
are taken to other vertices of the polygon. Angles be-
tween the rays are attached. The sign of this sum de-
termines the point belonging to the polygon. The dis-
advantages of the algorithm are the complexity of cal-
culating the angles and the uncertain position of the
reference point.

Ray tracing algorithm method looks for the point
belonging to the polygon by the number of intersec-
tions with the ray of the sides of the polygon [6]. From
some remote point to the point, belonging of which
must be proved, a ray is drawn, and the number of its
connections of polygon boundaries determines the
point belonging to the polygon. In Fig. 3 shows three
advantages of the ray method. Firstly, any ray that
passes through a given point is suitable for solving the
problem. Secondly, the order of intersection of the
sides of a polygon is not important, only the pairing of
their total amount is important. And, thirdly, most
importantly, it will be much easier to implement it
programmatically.

th

Fig. 3. Features of the ray method: S — figure; A, B — points; ra, rb — rays

5.1. ray construction. It is necessary to find the
number of intersections of the ray with the edges of
the polygon. Physically, in order to construct a ray (in
fact, a ray is a straight line segment), it is necessary

E-xy _ ¥-¥o
ip-xy  ¥P-Xg
where Xo, Yo — coordinates of search point;

Xp,yp — coordinates of detail center.

Let’s write general equation of this ray (2):

two points. The first point is the search point. The
second point is selected within the detail, and for sim-
plicity, the center of the detail. Then the ray equation
can be written in the form (1):

= (yp — ypJx+{xg — xply+y xp — vpx, 1)

Apx+Byy+C, =0 2
where 4; = (yp — 3).B, = (x;— xp).C, =y xp — ypx, ©)

And the equation of the polygon edge is in t[he form (4):
x-d[i

X

y-dlil y

A+t x—dll x  di+ly—dlly @)
= (dli+1] .y — dli y)x+{dlil x — dli+1] x) y+dlil ydli+1] x — d[i+1] ydlil x

Let’s write general equation of the polygon edge (5):

Ayx+Byy+C_ =0 (®)

where

Ay = (dlit1ly — dlidy) B, = (dld.x — dli+1] x),
C,=dlil ydli+1] x — dli+1] ydlil x

(6)
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Thus, the coordinates of the intersection point D will be the solution of the system of equations (2) and (5):

_ BiC3-Cy5

Cydz—A 65
, = St ™

- AyFa-Fy Ay’ T Ay B3 —ByAz

So, if the coordinates of the point D satisfy equa-
tion (7), the intersection is, but it is unknown whether
the point belongs to the polygon or not. To do this,
let’s find a point D for each edge of the polygon, and,
in each time, increments the number of intersections.
By the total number of intersections, it is possible to
see whether the point belongs to the polygon or not. If
the number of intersections is odd, then, as can be
seen from Fig. 2, the point C belongs to the polygon,
otherwise, it does not.

Mutual non-intersecting of details is possible on-
ly when it is provided the non-crossing of circles de-
scribed around them, that is:

R1+R2>=D, (8)
where R1,R2 — the radius of the circles described
around the selected detail,
D — the distance between their real poles.
Let’s illustrate the fulfillment of this condition

(Fig. 4).

Fig. 4. The fulfillment of the non-intersection condition:
a — dense placement; b — simple non-intersection; ¢ — cross section

An ideal variant is shown in Fig. 4, a, when the
details only touch. The variant when the parts are
placed too far is shown in Fig. 4, b. However, condi-
tion (8) is satisfied and, therefore, this arrangement of
details satisfies the non-intersection condition. The
variant when the parts are placed too close and inter-
sect is shown in Fig 4, c.

5.2. Procedure algorithm. As already noted, the
standard algorithm for the ray tracing method is modi-
fied according to the conditions of this problem. Let’s
emphasize that the edge in this algorithm acts as a
straight line, and the points on the ray will be on one
or the other side of the edge. Thus, to solve the prob-
lem of detail exclusion, let’s apply formulas:

D1=A1Xgi+B1yditCy, (9)

D>=A1Xdi+1*+B1Yydi+1+C1, (10)
D3=AxXp+B2yp+Ca, (11)
D4=AoXextBoyex+Co, (12)

where Xq;, Ydi, Xd+1, Yai+1 — coordinates of the
points of the beginning and the end of the edge; X,

yp — detail center coordinates; Xex, Yex — coordinates
of the exclusion point.

So, the algorithm looks like this:

1. set up zero to the contents of the cross section
counter;

2. draw a straight line Aix[1B1yIC1 between
exclusion point and detail center (2);

3. draw a straight line A2x+B2y[C, that is
equation of the edge of the polygon (5);

4. calculate the value of D1, D2, D3, D4
according to formulas (9)—(12);

5. if the result D1*D2<0 and D3*D4<0, then
the intersection is and add to the contents of the cross
section counter and go to step 2, otherwise — skip the
step;

6. repeat the steps from the second to the fifth
for each edge of the polygon;

7. analyze the contents of the cross section
counter and exclude or not exclude this detail.
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5.3. Procedure listing. This procedure describes
the steps from the second to the fifth of above de-
scribed algorithm.

{ ¥

function
peretyn(x1,y1,x2,y2,x3,y3,x4,y4:integer): boolean;

var A1,B1,C1,A2,B2,C2,D1,D2,D3,D4:integer;

begin

peretyn:=false;

Al:=y2-y1; B1:=x1-x2; Cl:=x2*yl-x1*y2;

A2:=y4-y3; B2:=x3-x4; C2:=x4*y3-x3*y4,

if (A1*B2-A2*B1<>0) then begin

D1:=A1*x3+B1*y3+Cl,

D2:=A1*x4+B1*y4+C1,

D3:=A2*x1+B2*y1+C2;

D4:=A2*x2+B2*y2+C2;

if (D1*D2<0) and (D3*D4<0) then
peretyn:=true;

end;

end;
{ }

This is just a software module, where, if peretyn
= true, the main program will exclude detail.

6. Research results

The procedure for the exclusion of details is part
of the developed program for the interactive formation
of cutout schemes. This software is implemented in
the EMBARCADERO Delphi RIO environment. This
program provides interactive addition and exclusion of
detail not only in the original position and turned to
180°, but also at a free angle.

REFERENCES:
1. Haines, E. Point in Polygon Strategies [Text]
/ E. Haines // Graphics Gems. — Elsevier, 1994. — P.
24-46. doi:10.1016/b978-0-12-336156-1.50013-6

2. Weiler, K. An Incremental Angle Point in
Polygon Test [Text] / K. Weiler // Graphics Gems. —
Elsevier, 1994. — P. 16-23. do0i:10.1016/b978-0-12-
336156-1.50012-4

3. Foley, J. D. Computer Graphics: Principles
and Practice [Text] / J. D. Foley, S. K. Feiner, J. F.
Hughes, A. Van Dam. — Ed. 2. — Addison-Wesley,
1990. — 1200 p.

4. Har-Peled, S. Approximating the Maximum
Overlap of Polygons under Translation [Text] / S.
Har-Peled, S. Roy // Algorithmica. — 2016. — Vol. 78,
Ne 1. —P. 147-165. doi:10.1007/s00453-016-0152-9

5. Landier, S. Boolean operations on arbitrary
polygonal and polyhedral meshes [Text] / S. Landier //
Computer-Aided Design. — 2017. — Vol. 85. — P. 138-
153. doi:10.1016/ j.cad.2016.07.013

6. Wang, Z.-J. Re2l: An efficient output-
sensitive algorithm for computing Boolean operations
on circular-arc poly- gons and its applications [Text] /
Z.-J. Wang, X. Lin, M.-E. Fang, B. Yao, Y. Peng, H.
Guan, M. Guo // Computer-Aided Design. — 2017. —
Vol. 83. — P. 1-14. doi:10.1016/j.cad.2016.07.004

7. Chen, D. Z. Computing the Visibility
Polygon of an Island in a Polygonal Domain [Text] /
D. Z. Chen, H. Wang // Algorithmica. — 2015. — Vol.
77, Ne 1. — P. 40-64. doi:10.1007/ s00453-015-0058-y

8. Chertenko, L. P. Matematychne zadannia
konturiv vnutrishnoi formy vzuttia [Text] / L. P.
Chertenko, V. P. Konoval // Visnyk KNUTD. — 2002.
—Ne 1. - P. 15-19.

9. Zalgaller, V. A. Ob odnom neobhodimom
priznake plotneishego raspolozheniia figur [Text] / V.
A. Zalgaller // UMN. — 1953. — Vol. 8, Ne 4 (56). — P.
153-162.

10. Gavrilov, T. M. Tekhnolohiia pidrakhunku
kompleksnoho pokaznyka yakosti materialiv dlia
vzuttia za dopomohoiu ekspertnykh otsinok [Text] / T.
M. Gavrilov // Lehka promyslovist. — 2011, — Ne 1. —
P. 27-29.



Danish Scientific Journal No46, 2021 29

SEA WATER DESALINATION TECHNOLOGY BASED ON HYBRIDIZATION OF THERMAL AND
MEMBRANE DISTILLATION METHODS

Agamaliyev M.,

Azerbaijan State Oil and Industry University,

doctor of technical sciences, professor, department “Energy production technologies”

Ahmadova J.,

Azerbaijan State Oil and Industry University,

Candidate of technical sciences, associate professor, department “Energy production technologies”
Farzaliyev R.

Azerbaijan State Oil and Industry University, master, department “Energy production technologies”

TEXHOJIOT WS ONMPECHEHWS MOPCKOM BOJIbl HA OCHOBE T'MBPUIA3AIIAA TEPMUYE-
CKOI'O 1 MEMBPAHHOT'O METOJOB JUCTHJJIAALINN

Aramaaues M.M.,

A3zepbatioscancKuil 20Cy0apCcmeentblll yHusepcumem Hepmu u npoMuluLieHHOCMU, 0.Mm.H.,

npogeccop kageopul « Texnonrozuu npouzso0cmea dsHepauu»

Axmenona J[LA.,

Aszepbatiodcanckuii 20Cy0apCcmeen blil yHusepcumem He@mu u RPOMbIULEHHOCTU, K.M.H., 00YeHm Kapeo-
bl « Texnonozuu npousgoocmea snepauuy»

®ap3aiues P.®.

A3epbatiodcancKull 20Cy0apCmeeH blll YHUSepCUmem He@mu u RPOMbIULLIEHHOCTU,

mazucmp kagheopul « Texnonoeuu npouzso0cmea dSHepuu»

Abstract

The article discusses the technological aspects of hybridization of a one-stage thermal distillation method
with mechanical compression of secondary vapor and membrane distillation using the heat of blowdown water
from the thermal distillation stage. The studies are of a computational and analytical nature and are carried out
on the example of the water of the Caspian Sea. To prevent the formation of calcium sulfate scale, it is proposed
to use the method of nanofiltration softening, which makes it possible to increase the boiling point and the value
of the distillate conversion. It is shown that high-temperature distillation contributes to a significant decrease in
heat consumption and a decrease in the required heating surface. At the stage of membrane distillation, it is pro-
posed to use a TF-450 membrane. It was found that, under the conditions under consideration, the production of
an additional amount of distillate by membrane distillation is from 2,5% to 10,5% of the amount of distillate
obtained at the thermal distillation stage.

AHHOTALUA

B craTtee 06cy)KZ[a}OTC$I TCXHOJOTHYCCKHUE aACIICKThI FI/I6pI/I,I[I/ISaLII/II/I OAHOCTYIICHYATOI'0 TCPMHUYCCKOI'0 ME-
TOAA JUCTUIIIAIIHUHU C MEXaHUYECKOH KOM]‘[peCCPIeﬁ BTOPUYHOT'O IMapa U M€M6paHHOﬁ Z[I/ICTI/IJ'IJ'I?II.IHéﬁ C HCIIOJIb-
30BaHUEM TCILJIA HpO,I[YBO‘IHOﬁ BOAbI CTaauK TepMH‘IeCKOﬁ JUCTUIIIIAIUHA. I/ICCHG,Z[OBaHI/IFI HOCAT pacCUCTHO-
AHATUTHYECKUIA XapaKTep M BBITOJHEHH Ha IpuMepe Boabl Kacrmmiickoro Mops. J{ist mpexoTBpaieHust 00paso-
BaHUS HAKUIIN cynLQ)aTa KaJbUA MPEAJIOKEHO HCIIOJIB30BATH METO/ HaHO(I)I/IJ'II)TpaL[I/IOHHOFO YMATYECHUA, YTO
TMO3BOJIACT MOBBICUTH TEMICPATYPY KUIICHUA U BCJIMYNHY KOHBCPCUU JUCTHUILIIATA. HOKa3aHO, YTO BBICOKOTEM-
nepaTypHas JUCTHLISIIHS CIIOCOOCTBYET CYIIECTBEHHOMY CHIDKECHHIO pacxojia Telja U YMEHBIICHUIO TpeOye-
MOil moBepXHOCTH HarpeBa. Ha ctaanu MeMOpaHHOM TUCTHIIISIINK NPEJIOKEHO UCTIONh30BaHe MeMOpanbl TF-
450. YCcTaHOBIICHO, YTO B PACCMAaTPUBACMbIX YCJIOBUSAX BBIPAOOTKA MOMOJHHUTEIBHOTO KOJIMYESCTBA JAUCTHILIATA
myTeM MeMOpaHHOW TUCTHWILISAIUU cocTaBiseT oT 2,5% no 10,5% oT xonndyecTBa AUCTUILIATA, MTOJy4aeMOTo Ha
craauu TepMH‘ieCKOﬁ JUCTHUIIIIALIMH.

Keywords: thermal distillation, mechanical vapor compression, membrane distillation, hybridization,
mathematical model, computer simulation.

KiroueBble ciioBa: TEPMUYICCKAsA AUCTUIUIANMSA, MEXaHUYCCKasd KOMIIpECCUA mapa, MeM6paHHaH JUCTHUILIIA-
s, m6pmm3aunﬂ, MareMaTudeckass MOJI€JIb, KOMIBIOTEPHAA CUM YIIAIUA.

1.BBenenmue.

YBenn4eHne YNCIeHHOCTH HACENICHUS, Pa3BUTHE
MIPOMBIIIJICHHOCTH, CEJIbCKOTO XO3AHCTBA M OTPaHU-
YEHHOCTh €CTECTBEHHBIX MPECHOBOJHBIX HCTOYHHKOB
JIENAl0T aKTyalbHBIM OIPECHEHUE MOPCKHX BOJI, 3ama-
Chbl KOTOPBIX MPAKTUYECKHU He orpaHuueHsl. CorimacHo
[1] HexBaTKa BOABI MPEACTABIACT Yrpo3y Iuisi Goliee
yeM 40% MupoBOTO HaceleHus. JTa mpobieMa Xxa-

pakTepHa W IS psiia permoHoB mobepexbs Kacmmii-
CKOT'O MOpsl.

K HacTosmemy BpemeHH Hambojiee IIMPOKOE
TPOMBIIIJIEHHOE MPUMEHEHHE HAIIUIH JABE TEXHOJIOTHU
OIPECHEHMsI: OOPaTHBIH OCMOC W pa3IMYHBIC MOJU-
¢dukanuu TepMudeckoro onpecHenus. Cpenu mocien-
HUX OJTHUM W3 HauOollee MHOTOOOCIIAIOIINX B TUIAHE
SHEPreTUIECKO 3(PPEKTHUBHOCTH SBISCTCS METOJT
TEPMHUUECKON IUCTWUSIIMM C MEXaHWYECKOM KOM-
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npeccuert napa — MKII ( B aHI0A3bI9HON IUTEpaType
MVC - Mechanical Vapor Compression) [2]. Cym-
HOCTb METO/a 3aKIIOYaeTCsl B TOM, YTO BTOPHUYHBIN
nap, MOJIyYE€HHBIH [IPU BBINAPUBAHUM MOPCKOW BOBI,
C)KUMAETCA B MEXaHHIECKOM KOMIIPECCOPE C COOTBET-
CTBYIOIIMIM ITOBBIIICHHEM TEMIIEPATyPhl U UCIIONIB3Y-
eTcsi B KadecTBe NepBUYHOTrO (Tperomiero) mapa. B
pe3ynbTaTe KOHJACHCALMM Map IIpeBpaiiaercs B
ONPECHEHHYIO BOMYy (AUCTHIUIAT), @ €ro TEIJIO Pacxo-
JIyeTcsl Ha OTIPECHEHNE HOBOM MOPLIUU MOPCKOIT BOJBI.
[IpenBapuTenbHbI HarpeB MHUTATEILHONW BOJBI MCIA-
pUTENST OCYLIECTBISIETCSl MYTEM pEKyIepaluy Teruia
JUCTWIIATA U MPONYyBOYHOM Boawl. Ha omHocTynen-
YaThIX YCTAHOBKAX yIEIbHBIA PacXol TEIJIOBOW 3HEp-
ruu coctaBisier 20-30 kBT'yac/mM3, 94TO 3HAYHMTEIHHO
HIDKE, 4YeM Ha YCTAaHOBKax 03 KOMIIPECCHHU Iapa.
Texnonorus MKII-onpecHeHHsI UMEET OINpENEIEHHbBIE
MPENMYIIECTBA Mepe] TEXHOIOTHEH 00paTHOTO 0CMO-
ca: IPU COMOCTaBUMOW CTOMMOCTH oOecrieunBaer 00-
Jiee BBICOKOE KayeCTBO OIPECHEHHOM BOJBI U HE Tpe-
OyeT peryjaspHOro OOCIyXHBaHHUS KOMIIaHHEH-
MPOM3BOJUTEIEM MEMOpPaH.

Hapsay ¢ TeXHOIOTHAME MTapOKOMIIPECCHOHHOTO
OIPCCHEHUA B IMOCICIHNUEC I'OJibl 3aMETHO BbBIPOC UHTC-
pec mccnenoBaTenell K TAKOMY METOIY OIPECHEHUS
Kak MeMOpaHHas aucTisinust M/] ( B aHTIIOS3BIYHOM
nuteparype MD — Membrane Distillation) [3]. Meton
OCHOBaH Ha TIOJIyYEHHWH YHCTOH BOABI M3 MOPCKOH
MOCPEACTBOM THAPO(GOOHONH MHMKPOIOPUCTOH MeM-
OpaHbI IpU JaBIeHUH OJM3KOM K atMochepHoMmy. [To
3TOMY METOIy O[Ha CTOPOHAa MEeMOpaHbI KOHTAKTUPY-
eT C IpeaBapUTeIbHO HarpeToi no temmepartypsl 40-
90°C coneHoit BOJOMH, NPU KOTOPOM M3-3a pasHUIBI
MaplHaIbHBIX JAaBJICHUH TapoOB BOJIBI, 00YCIOBICHHOI
nepenagoM TeMIepaTyp, MOJIEKYJbl BOISHOTO IIapa
ropsdeil BOJBI MEPEHOCATCS uepe3 MeMOpaHy Ha ee
XOJIOJTHYIO CTOPOHY. B 3aBHCHMOCTH OT yCIIOBHH KOH-
JICHCAllU TapoBOM (a3bl Ha XOJIOJHOM CTOpPOHE pa3-
JIMYAIOT HECKOJbKO pazHoBuaHOcTed MJI: ¢ mpsimoit
KOHTaKTHOW KOHJEHCAILMe! - B pe3ysibTaTe KOHTaKTa C
XOJIOIHBIM TIOTOKOM TII€pMeaTa, OMBIBAIOIIETO MEM-
OpaHy; ¢ KOHJEHCAIlMeH B BO3IYLIHOM WM IiepMeat-
HOM 3a30pe, OXJAXJAEMOT0 CIELHUAIBHBIM ITOTOKOM
XOJIOAHOH BOJBI; ¢ KOHACHCALMEH B OTAEIHHOM KOH-
JIeHCaTOpe, KyJa OTBOAMUTCS BOASHOW Map MyTeM CO-
3aHUsI BaKyyMa Ha XOJIOJHOH CTOpOHE WM OTBOJ
rapa OCYIIECTBIISIETCS IOCPEACTBOM HHEPTHOTO rasa.
OcHoBHble nocToMHCTBa M/] — 3TO mpoBeneHue Mnpo-
Iecca NpH HU3KHX TeMIleparypax C MNepCIeKTHBOM
UCIIONIb30BaHMSl ~ HU3KONOTEHINAIBHBIX  TETJIOBBIX
MCTOYHHMKOB (OpOCOBOE TEIJIO pPAa3IMYHBIX IPOU3-
BOJICTB, COJIHEYHAsi M TreoTepMalibHasi SHEpTHsi), BO3-
MOXXHOCTh IOJYYCHUA TUCTUILIATA C OYCHb HHU3KUM
comepxanneM cosied  (5+10 MKr/m), crmocoOHOCTh
OTIPECHEHUs] BOJl C BBICOKHM COJIECOAEpKaHUEM (10
100 r/m u Gonee), MOTYTHLHOCTD, H3TOTOBJICHUE MOY-
nei u3 wiactMacc u apyrue. K HemocraTtkam, orpaHu-
YUBAIOIIAM KOMMEPUYECKOE NPHUMEHEHHE METOoJa OT-
HOCSITCSI: BBICOKAasl CTOMMOCTb MeMOpaH, MX HU3Kas
ylesnbHas IPOU3BOAMTENBLHOCTh, PHCK 3arps3HEHUS
MeMOpaH OTJIOKEHUSIMHU (XOTSI M B MEHBIIIEH CTENeHH,
YyeM IpU OOpaTHOM OCMOCE), TO/BEPKEHHOCTb TEM-
nepaTypHOil W KOHIIEHTPAMOHHOM MOJSIpU3aluy, a B

Cllydae MCIOJIb30BAHUS TPAJULUOHHBIX HCTOYHHKOB
SHEPrUM — OYEHB BHICOKHE BHEpro3aTpars [4].

BrimonHeHB! UCCeOBaHNSA, TMOCBAIICHHBIE Pa3-
Jn4HbIM acniektaM TexHosioruid MKIT u MJI — onpec-
HEHUS B OTJAEIbHOCTH [5-8]. B wacTHOCTH, coriacHO
[5] nconp3oBaHMe HU3KOTEMIIEPATyPHOH MHOTOCTY-
NEHYaTON ITUCTWILIAUMOHHON ycTaHoBkM ¢ MKII mo3-
BOJIIET CHU3HMTBH 3Hepro3arpathl 10 17 kBruac/m®. B
pabote [6] obocHOBaHA HEOOXOAUMOCThH ydYeTa COJIe-
cojepxaHus HcxogHoi Boasl. IlokazaHo, 4To mpHU
temneparype kunenus 70°C onTuManbHas KOHIEH-
Tpalusl BBIIAPUBAEMOI0 PAcTBOPA YBEIMUUBAETCSA C
YBEIMYCHUEM COJICCOICPKAHNS UCXOTHON BOIBI M IS
Boabl UYepHOTO MOps ¢ conecoaep:kanueM 18 1/1 co-
craBmsier 72 /. B paGore [7] mpemmaraercst ocy-
LECTBIATh NuTaHue Moaynss MJI temnoil mpoayBod-
HOM BOJOM CHUCTEMBI OXJAXIEHUS C TPAlUpHIMH U
OTIPECHEHHYIO BOIY MCIONB30BaTh IS MOJIUTKH CH-
CTEMBI, YTO MO3BOJUT Ha 29,4 % yMEHBUIUTHb Pacxoj
HUCXOAHOW mpecHoW Boabl. [Ipensoxen meron ompec-
HeHus Ha Mozayine M/ ¢ ucrmonb3oBaHHEM OTpabOTaH-
HOTO TeIla M3 MOPCKOI'O JBHTaTelisi Ui OOPTOBBIX
CyJIOB M pacueTaMM IOKa3aHO, YTO YAEIbHBIM pacxon
SHEPTHU MOET OBITh CHMkeH 10 2,63 kBr/m® mia
BhIpaboTku 15 M%/cyT npecHoii Boaw [8].

B nocnemnue 10-15 ner B ompecHUTENBHOH
MPAaKTHKE BO3HWK HOBBIA TPEHH, OCHOBAaHHBIN Ha THU-
Opunmzanuu JAByX H 0Oollee METOHOB OIPECHEHHUS,
MTO3BOJIIOIINH HUBEITUPOBATh HEIOCTATKH OTIEIBHBIX
METOJIOB U MaKCHUMAaJbHO HCIIONB30BaTh UX JOCTOMH-
ctBa [9]. IlpuMepoM Takoro moaxoja SBJSIETCS OpH-
ruHanbpHas uaes rudpuansamun MKIT u MJ1 metonoB
oTIpecHeHwus, npeioxkeHHas B pabdore [10]. CornmacHo
9TOM HzeH, UId peKylepaluud Tervla MNpPOoAyBOYHOH
Boabl MKII-ucnapurens, BMECTO TUIACTUHYATOTO TEM-
J0OOMEHHHKA, B KOTOPOM OCYIIECTBISETCS MpEaBa-
PHUTETHHBIN HArpeB MUTATEIBHON BOJBI, HCIIOIB3YETCS
Moayinb M/l C BO3IYIIHBIM 3a30pOM . DTO MO3BOJISIET,
HapsAqy C HArpeBOM IUTATEIBHON BOJXBI, IIOJNYYaTh
JIOTIONTHUTEIBHOE KOJMYECTBO IUCTHIDIATA W3 TIPO-
JyBOYHOW BOJBI HcnapuTels. Ha mpumepe okeaHCKOH
BOJIbI aBTOPBI MMOKA3BIBAIOT, YTO TaKas FI/I6pI/II[I/ISaL[I/I$[
MOJKET MPUBECTH K CHIKCHHIO CTOMMOCTH ONIPECHEH-
HOH BOJBI MPUMEpHO Ha 9% IO CpaBHEHUIO C CHCTeE-
moii aBToHOMHON MKII. Ilpu 3TOM yuuThIBaeTcs He
TOJIbKO (DAaKT HCIOJIb30BaHKsI OPOCOBOrO TEIUIa MPO-
I[yBO‘IHOﬁ BOJBI, HO U 0ojiee HU3KHE KallMTaJbHEIE
3aTpaThl Ha MOAYJIb MJ] TO cpaBHEHHIO C TeII000-
MEHHHKOM.

B nuTepaTypHBIX HCTOYHHKAaX aBTOPHI OOHapy-
KHUJIM TOJIBKO OJHY padOTy, HMOCBSIIEHHYIO HCCIIEeN0-
BaHMIO cucTeMbl TnopuaHoro onpecHenns MKII-M/J]
" CHUTAIOT Ba’XHBIM MPOAOJLKEHUE HCCJ’IC}IOBaHI/Iﬁ 10
sToit TemaTuke. Llenbro HacTosmelH paboOTH! ABISAETCS
uccienoBanue d3ppexrusHocTH MKIT-M/I rubpugHOi
CHUCTEMBI OINPECHCHUA NPUMCHUTCIBHO K BOJIC Kac-
MMUICKOTO MOp#, B TMEPBYIO O4Yepeab C yIeToM Ooiee
BBICOKOTO TOTEHIIMANa 00pa30BaHUs HAKHUIN CyJb(ha-
Ta KaJblUs MO CPAaBHEHMIO C OKEAHCKOM BOIOH, 4TO
00ycoBneHo Gonee BHICOKOH monei momos Ca’* u
507" B HOHHOM COCTaBE BOJIBL. Kpome Toro, B oTiu-
Yhe OT YKa3aHHOW paboThbl, HpexycMaTpuBaeTcsi B
kauecTBe Moyt M/l U3y4HUTh BO3MOXKHOCTHU UCTIOJIb-
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30BaHUsI MEMOPaHHOTO MOJYJIS ¢ KOH/EHCAIMEH rapa
B TOTOKE IepMeaTa, OXJIaKAAEMOT0, YacThIO IMHUTa-
TENBHOM BOJBI HCIIAPHUTEIIS.

2. TexHoJioruyeckasi cxema ruOpuaHoii cu-
CTeMbl ONPEeCHEHHs] U MeTONKA NPOBeIeHUsI HC-
cJae10BaHUH

Kak Ob110 mokasaHo BbIlIe, Bojga Kacmuiickoro
MOpsI XapakTepusyercst 00jiee BEICOKMM MOTEHIIUATIOM
cynb(haTHOTO HaKWNeoOpa3oBaHUS, YeM OKEaHCKas U
yepHOMOpcKast. Bo Bcex ciyuasx, oOpazoBaHue Kap-
OOHATHOI HaKHITH JIETKO pelaeTcs METOJ0M MOAKHC-
nenust. Yrto ke kacaercst Oojee mpoOIIEeMHON HaKHIN
cynb(ara KaJbIUsd, TO HAUOONBIIMHA HHTEpEC Ipen-
CTaBJIAIOT CICIYIOIINE BAapUAHTHI: HCIOIB30BAHUE
AQHTUHAKUIIMHOB; MOHOOOMEHHOE YMSTYCHHE C pere-
Hepanued KaTHOHHWTa OCTATOYHBIM KOHLICHTPATOM
[11] u HaHO(WIBTPAIHOHHOE YMSTYCHHUE-
necynbdaruzanus (HD) ¢ dacTHYHBIM CHIDKCHHEM
coneconepkanus [12]. Kaxnaplii U3 3TUX BapHaHTOB
MMEeT CBOM JIOCTOMHCTBAa W HeAocTaTkKH. Mcmomb3o-
BaHUC AHTHHAKHUIIMHOB — HAWOOJIee MPOCTOW METO/I.
OnHako, Kak MOKa3blBaeT MPaKTHKa, MeToJ I heKTh-
BeH NIpHU Temneparypax kunenus <100°C u Hu3KHMX
BCJIMYMWHAX KOHBEPCUU (OTHOIHGHI/Ie KOJIM4YCCTBa
OIIPECHEHHOH BOJBI K pacXoay MUTATEIHHON BOJIBI) —
<50%, YTO COOTBETCTBYET BBICOKMM HOJISIM OCTaTOY-
HBIX pacTBOpoB. HaHO(uIbTpanus HameXHO pemraeT
npobaeMy Cyiab(paTHOTO HAaKHIIEOOPA30BAaHUSA H II03-
BOJISIET 3aMETHO YBEIMYHWTh KOHBEPCHIO HEIOCpEs-
CTBEHHO CTaJuM TepMHUUYecKoil auctmmmsinnu. OqHaKo
caM TpolecC HaHO(QWIBTPAUK XapaKTEepHU3yeTcs
cOpOCOM KOHIIGHTpaTa ¢ BbICOKo# mouneit: 20+30 %. B
IMPOTUBHOM CJiy4ya€, M3-3a SBJICHUA KOHUCHTPAIIMOH-
HOM MOJISIPU3ALUK, PE3KO IMOBBIILIACTCS PACcX0]] dJIeK-
TPOJHEPIUH M Ha HaHO(QUIBTPALMOHHBIX MeMOpaHax
00pa3yroTcst OTIOXKEHUs cyibdara Kanbius. HMoHo-
0OMEHHOE YMSTYeHHE TaKKe HaJeKHO pelIaeT Ipo-
O5eMy HaKWIH, HO XapaKTepU3yeTcs IPOMO3JKOCTHIO
obopynoBanus. Jlons cOpocHOrO pacTBOpa COCTABIISA-
et 15+20 % oT ncxoHOTO.

B Hacrosimux MccinenoBaHusX ObUIM paccMoTpe-
HBl /IBa aIbTEPHATUBHBIX BapHAHTAa PEIICHHUSA CYIb-
(datHOI TIpOONEMBI: BBEJACHUEC AHTHHAKHWIIMHA U
HaHO(WIbTpannoHHAsT 00paboTka. B obomx cimygasx
IUISL TIPEIOTBpAICHNS] KapOOHAaTHOW HAKUIM Tpery-
CMaTPUBAJIOCh MOAKHUCICHHE TUTATEIbHON BOIBIL.
[Ipennaraemast cucrema THOPHIHOTO OIPECHEHHUS C
HaHO(UIBTPAMIOHHOW TpeNBapUTEIbHON OYHCTKOMN
IpuUBeJieHa Ha puc.l.

CornacHO TpPUBEAEHHON CXEMbI OCBETJICHHAS
Mopckas Boja (OMB), nmocie noakucieHus, noasep-
raerca oOpaboTke B Moayie HaHoduibTpauu (HD),
T/Ie IeNUTCS Ha JIBa MOTOKa — mepmear (1) U KOHIeH-
Tpart (2). [lepmear menmuTcs Ha /ABa IOTOKA, OJWUH U3
KOTOPBIX TIpomryckaeTcs uepe3 Temiooomernuk (TO),
TJIe HarpeBaeTcs 3a cyer Terla AucTmuara (7) rpe-
fomiero mapa (6), a Ipyroi - depe3 Kamepy OXJIaxKae-
Hus nepmeara Monyias MJI, ¢ HarpeBoM 3a cueT Teria
MOJIBOJUMOrO U3 ropsueil xamepsl. OXinaxaeHHbII
quctiatr MKII-vmonyna orBoautcs no nauHuM - .
B xauectBe nuTaTenbHOM Boabl Moaysia M/ ucnosib-
3yeTcsl MpoyBovHas Boja (8) ucnapurens ¢ Temmepa-
Typoii 60+90°C. Ona mpomyckaercs uyepe3 ropadylo
xamepy Monynas ML, u3 xomonHONW Kamepsl KOTOPOH
mo jauHUM [l OTBOAWMTCA MOIMYYEHHBIH AWUCTHILIAT.
OcraTtouyHblii KOHLIIEHTpAT craguu MJI oTBOIUTCS 1O
suHun OK. Ilpu BBICOKHX 3HAUEHUSX TEMIIEPaTyphI
KHIICHUS] IPOyBOYHASI BOJIA UCTIAPUTENS] CMEIINBACT-
Csl C YacThIO YMSATYEHHON MOPCKOH BOJBI C JOBEICHHU-
eM TemIepaTyphl 10 AonyctuMbix 90°C (myHKTHpHAs
nuHud). IlutaTensHas Boga (Harpertsiii nepmear HO)
MIOCTYTAeT B OPOCUTEIHHYIO CUCTEMY TOPH30HTAIBHO-
mwieHouHoro ucnaputens (I'TIM) u crekaer mo mo-
BepXHOCTH TPYO (3), YaCTUYHO HCHAPSSCH 3a CUET
TEIUIa, KOTOPHIN BBIENAETCS NMPH KOHIEHCALUU Tpe-
foriero mapa BHyTpu Tpy0. Bropuunsrii map (5) ucma-
puTels, IPeJBapUTEIbHO OYHMIICHHBIH OT Karesb BO-
el B cemapatope (4), mocrymaer B kommpeccop (K),
I7le CKAMAaeTcs 3a CUeT HCIOJIb30BAHUS DJIEKTpHUe-
CKOH PHEPrHH 10 HEPETPEeTOro COCTOSHUS M HCIIOJIb-
3yeTcsl B Ka4eCTBE IPEIOIIEro mapa
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Puc.1. Texnonozuueckas cxema 2ubpuOHoll cucmemvbl ONPeCHeHUst MOPCKOU 600bl
MB — mopckas 600a; HO — modynv nanogurempayuu, OCB — oceemaennas Mopckas 6004,

TO — mennoobmennux;, MJ] — modyne membpannou oucmumisiyuu,; I'TIH — 2opuzonmaneHo-nieHouHbll UCnapu-
menv;, K — komnpeccop, 1, d> — oucmuniamel mepmuyeckoil u MemMOpanHot cmaouti OUCMULIAYUL, COOMEem-
cmeenno;, OK — ocmamouynviii konyenmpam; 1 — numamenvhas 6ooa ucnapumens, 2 —kouyenmpam H®, 3-
mpy6wsi eperoujell cekyuu, 4 — cenapayuoHHoe yCmpoucmeo, 5 — 6MOpuyHblil nap UCnapumens;

6 — eperowguii (corcamotii) nap; 7 — oucmuniam eperowe2o napa; 8 — npooysouHas 600a ucnapumerns.

UccrenoBanust OBUIH TIPOBEACHBI aHAIUTHYC-
CKHUM METOJIOM B HECKOJIBKO 3TarnoB. Ha nmepsom 3tane
ObuTa BBIOpaHa MaTeMaTH4YecKast MOJENIb MPEI0KEH-
HOM CHCTEMBI, COCTOSIIEH W3 Tpex uacTel: MOJENH
HaHO(MIIBTPAIMOHHONW OYHMCTKH MOPCKOM BOJBI, MO-
JIeIN UCHapUTeNs ¢ MapOKOMIIPECCHOHHBIM HCIapH-
TEJIEM COBMECTHO C TEIUIOOMEHHHKOM, a TaKXKe MOJe-
ma monynss MJ. Jlns MonenupoBaHMs Mpolecca
HaHOQWIFTPAUOHHON MPETOYUCTKH OBLTH UCIIONB30-
BaHa METOJMKa, npuseneHHas B [13], mpexycmatpu-
BaOIAsl HEKOTOPHIE YIPOIIAIOUIME JOMYLICHUS |
MO3BOJIAIOIIAS  IPOrHO3UpoBaTth  pacxon  HO-
mepMeara, a TaKke OCTaTOYHbIE KOHIICHTPAIlud HOHOB
B HEM, B 3aBHCHUMOCTH OT ycioBuil oOpabotku. [Ipu
HCCIIEIOBAaHUM ~ TIpoIlecca  IapOKOMIIPECCHOHHOTO
ONpecHEHUs] B KauecTBe 0a3pl OblIa MCIONb30BaHA
Mojenb, mpemnoxkenHas B [14]. OHa ocHoBaHa Ha
YpaBHEHHMSX MAaTEpHATbHBIX M TEIUIOBBIX OalaHCOB
KaXJ0ro U3 Y3JIOB CHCTEMBI, YPaBHEHHH Temjonepe-
JlauM, TeMIEepaTypHOU Nenpeccuu U psae JPYrux Bbl-
pakeHUH. B 1aHHOM HCClieI0BaHMM 3Ta MOJIEINb ObliIa
UCIIOJIb30BaHa JUIsl pacueTa pacXoJOB U TEMIEpaTyp
BCEX MOTOKOB, YJEIBLHOIO pacxoja 3JEKTPOIHEPTUH U
TEMJI000MEHHBIX TMOBEpXHOCTEH. J[isi McclieoBaHus
mporecca MJ] OblTa MCTOMBL30BaHA MOJENTh OCHOBaH-
Hasl HA KpUTepUaIbHOM ypaBHeHHWH Hplocenbaa u co-
OTBETCTBYIOIIAs METOJIMKA, HpeiyiokeHHas B [15],
MO3BOJIIIONIAS.  PACCUUTHIBATH PACXOJl IOIyYCHHOTO
quctmnsaTa — [z, TermnoByio s dexTuBHOCTD, TpeOy-
E€MYI0 TIOBEPXHOCTh MEMOpaH W psij APYTUX IOKa3a-

Tenei. J[Be mociemHHMe MOJEIM OBUIM JTOTIOJHCHBI
TAKXKe YCIOBHSMH OrpaHMYCHHS Ha O0Opa3oBaHHE
Hakumu CaSOs Ha TEIIOOOMEHHOW W MeMOpaHHOI
MoBepxXHOCTAX [16].

HemnocpencTBeHHoe uccieioBaHUE CUCTEMBI ObI-
JIO TIPOBEJACHO IIyTEM KOMITBIOTEPHOW CHMYJISIHH
BBEIOPaHHOW MaTeMaTHIECKOW MOJIECITH.

3. MaremaTnueckasi Mo/ieJib THOPUIHOI cH-
CTEeMBI ONIPEeCHEHHS

YpaBHEHHsS MaTepUaIBEHOTO OallaHCa IO TIOTOKaM
U COJISIM CTaJuH HAaHO(WIbTPALINH:

Gy = Gy + Gy )

Gp-Sip = Gp - Sin+ Gix " Six (2

rae Gg. Gp. Gy — pacxomsl HCXOTIHOM MOPCKO# BO-

IBl, TepMmeara (IUTATENbHOM BOABI HCHAPUTENS) U

KOHIICHTpAaTa, COOTBETCTBEHHO, KI/C; Sio, Sin U Six —

KOHIICHTPAIU MOHOB B COOTBETCTBYIOIIUX IMOTOKAX,
Mmr/omS.

YpaBHEHUS, CBA3BIBAIOIINE CONCPIKAHUE OTACIb-
HBIX MOHOB B IEPMeEaTe U KOHIICHTPATE C COJICPIKAHU-
€M MOHOB B MCXOJHOH BoJie M KO3(p(PHUIIMEHTOM KOH-
Bepcuu nepmeara — f3:

So=5p 1 -1 -p*R)p ©)
Six = Sio - (1— B)H (4)
B= Gy/Ge 5)
riae Ri — cenekTHBHOCTE MEMOpPaHBL.

YpaBHEHHS MaTepUAIBHOTO OaJlaHCa IO TOTOKaM
M COJSIMU CTaIUM TEPMUYECKON TUCTUIUISAINH, a TaK-
xe koadpunuenta kousepenn muctmwnista (KI1):
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Gn:GJ:[1+GK.H (6)
Gn'snzGK.n'SK.H (7)
KM= Gu/Gn (8)

rme So u Sy — conecomepykaHUs MUTATENbHON
BOJIbl U OCTATOYHOTO KOHIIEHTPATa UCIIAPUTEIIS, COOT-
BETCTBEHHO, MI/IM%; Gy 1 Gy — pacxoasl TUCTHILIS-
Ta M OCTATOYHOTO KOHIIGHTPATa UCTIAPUTEIIS, COOTBET-
CTBEHHO, KI/C.

CoBMecTHOE ypaBHEHHE TEIUIOBOrO OajaHca
npolecca HarpeBa MUTATEIbHOW BOABI MCHApUTENs B
TO monyne M/I:

GuCp(Tus~Tugp)=Ga1 Cp(Tu-To) + Giu(Ti - To) (9)

rne C, — yIenbHas TEIIOEMKOCTh BOJIBI,
kJIa/Kkr°C; Ty, T, Ti, To — TeMmepaTypbl MOpCKOii
BOJIbI, UTATEIHLHOM BOJBI UCTIAPUTENSI, KOHCHCAIINN
TPEIOIIEro Mapa UCIApUTENs, a TAKKE OXJIAKICHHOTO
JUCTHJUISATA U OCTATOYHOTO PacTBOpa, COOTBETCTBEH-
Ho, °C.

VYpaBHeHHe TeoBoro OanaHca HCIApPHUTENS —
I'TIn:

G Cp(TeTr)+Gai =G 15+ Gt Cpn( Trn-T 1) (10)

rae Tx, Tun — TeMIepaTypsl KUIEHUS BOJBI B HC-

napuresie, IEperperoro mnapa Iocie KOMIIpeccopa,

coorserctBenno,’C; r=f(Ty) u r,=Ff(T,) — ckpbiTbIE

TEIUIOTHl Mapoo0pa30BaHUsl MPU COOTBETCTBYIOIIMX

temnepatypax, KIx/kr; Cpn=F(Tu:) ymensHas Temio-
€MKOCTb TieperpeToro napa, kJIx/kr-°C.

VYenbHbI pacxoj AJNEKTPOIHEPTUH Ha CIKATHE
napa B komnpeccope, KBt u/m;

W=

1 P‘J(PP};]_]IHE,
‘.I'IH":VI':‘.I"_ :U ED BT (Ecﬂr BE:] - E (11)

1€ Puy ¥ Pyn — 1aBneHUs] BTOPUYHOTO U MEPBUY-
Horo (cxkartoro) mapa, klla; Ve — ynenpHbIE 00beM
BTOPMYHOTO Mapa, MY/Kr; Y — IOKa3arelb CTENeHH
CKaTus; 1 — K.I1.JI. KOMIIpeccopa.

Benmuuns! Pyn, Pun 1 Vi paccuuThIBaroTCs Kak
(YHKIIMM OT TeMIlepaTyp Ha OCHOBaHWM YpPaBHEHUH
perpeccun, npuBencHHBIX B [14]. [Ipu pacuere Py
YUUTBIBaeTCA TemIrieparypHas pnenpeccus — AT e,
omnpezensemast Kak GyHKus Sp u Tp, oC:

Ten=TxAT gen (12)

Pacuer nosepxnocteit HarpeBa TO u I'TIA BBI-
MOJTHSIETCS. HA OCHOBAHWHU YPAaBHEHUS TEIUIONEpeIaun:

Fi = Qi/K; - AT (13)
rae Qi — TeruoBble Harpy3ku, kBt; ATi — Temne-
parypuble  Hanopel, °C: Ui MCHapuTens

AT, = T, — T,.. dns rermoobmennnka AT paccuuThi-
BaeTCs M0 M3BECTHBIM (opMysaM, Kak Jorapudmude-
CKasl pa3HOCTh TeMIepaTyp ABYX cpen [14].

Jnst ucnapureneit paboraronux B 00JIacTH TeM-
neparyp 60+140°C xodddunuenT Temonepesaun
MOYeT ObITh paccunTan 1o gopmyse, kBr/m?-°C, [10]:

Keme = 0,83 -(3+0,05(T, — 60))  (14)

Jnst TemnooOMEHHHKa COOTBETCTBYIOIIMM ITOKa-
3arelib MOXKET OBITh PAcCUMTAH 110 YPaBHEHHIO pe-
IPECCUH TaK)Ke MPHUBEACHHOM B yKa3aHHOM HCTOYHH-
Ke.

V enbHas HOBEPXHOCTH TEMI0o0OMeHa, M%/(Kr/c)

§F = (Fe + F1,)/G, (15)

JIIs OLCHKM BIWSIHUS TEMIIEPaTypbl KHICHUS
(Tx) ¥ comeconepkaHusi OCTATOUHOTO PAcTBOPa (Siu)
Ha Tpoliecc HaKUIeoOpa3oBaHUs IO CyJb(ary Kaib-

LSl TIpeJJIaraeTcsl MCIOoJIb30BaTh TaKOM IOKa3arTels,

KaK CTENCHb HACHIIICHWS IO YKa3aHHOM comu —
Kiasp, %0 - [16]:

Kiasp, = AKpasp, -100/MPresp,  (16)

rae Akpgsp, — MPOM3BEACHHE AKTHBHBIX KOH-

nentpanuii monos Ca®* wu 50%-, BBIPQKCHHBIX B
moiw/am%; TIP — npousBeeHre pacTBOPUMOCTH CYJlb-
(ara xanbuus, (Mosn/am’)2,
Bennuunbl AKp.zn, U [IPgazg MOTyT OBITH pac-
CUUTAHBI [0 BBIpaXKeHUAM, (MOJIL/1M3)2:
AKgasn, = Aga?+Sgat+ @ Agpz-Sgp2- fif (17)
MPgasp, = 215, 13exp (—0.034- T,)- 1077 (18)
e Agg?+ M Agp2- — KOOQQUUHMEHTDI, yUNTHIBAIO-

[IMe HaIM4YMe acCcolMaToB B  MOPCKO#H  Boe:
Aggrs = 0845 Agpz- = 097 [17]; iy — xoodpduument

aKTUBHOCTH IBYXBAJICHTHBIX
HOHOB; 3gg2* M Sgpz- — KOHUEHTPALMH  COOTBETCTBY-

IOLIMX MOHOB B KOHIIEHTPATE MCHAPHTENs, MOJIb/am®,
CBsI3aHHBIC ¢ KOd(dunmenToM kousepcun — KJI1 BbI-
paKEHHEM:

Si =5 +/(1- Kly) (19)

VYnensHbIll pacxon auctwiisata craauu MJI mo-
JeT ObITh paccuuTaH no gopmye, Kkry {m?c):

J = Cy (P1( ty1)” -Pa(ty2) - AP1) (20)
rae Cy — K03 (HUICHT NPOHUIIAEMOCTH MeMOpa-
uel, kry (M?cr I1a); Py(t1)" — naBnenue BojasHOro mapa
HaJ 4MCTOM BOAOM IIpU TEMIEparype ropsdyeil Io-
BEpXHOCTH MeMOpanbl — ty1 , [la; Po(ty2) — maBnenue
BOJSIHOTO Tapa IpHU TeMIIEpaType XOJOTHON MOBEpX-
HOocTH MemOpanel — tyo, [la; AP:- mompaBka Ha me-
MPECCUI0 Mapa U KOHIEHTPAIMOHHYIO MOJISAPHU3ALNI0
Ha ropsiueil cropone, Ila. Benuunna AP; 3aBucut ot
peXnMma TeYeHHs, a TakXkKe TeMIepaTypbl Topsder
MOBEPXHOCTH M MOKET OBITh pacCcUMTaHa IO JaHHBIM
[15].

Bennunna C, MoxkeT ObITh ompejiesieHa Ha OCHO-
BaHUM 3KCIIEPHUMEHTAIBHBIX JaHHBIX, JIM0O 10 aHAIIU-
TUYECKAM 3aBHCHUMOCTSIM, YYHUTHIBAIOIIUM TEXHOJO-
THYECKUE IIOKA3aTeNM HCIIOJB3YeMOil MeMOpaHBl U
MexaHu3Ma audy3un mapoB BOIBI Yepe3 MeMOpaHy.
Hcxons u3 COOTHOMICHHS JUTMHBI CBOOOHOTO podera
MOJIEKYJT BOJIBI M TUAMETPA 0P MEMOpaHBI OOJBIITHH-
CTBO HCCIIEJIOBATEINICH CUUTAIOT, YTO TU(PPYy3Hs TapoB
HOJUUHSETCA CMEIIAaHHOMY KHYACEHO — MOJIEKYJIISIp-
HOoMy MexaHusMmy u C, MOXeT OBITh paccuuTaH IO
dopmyre (21) u3 [19]:

Co=(1/Cint1/Cy) (21)

rie Ciu U Cyy — KOOPPUITUSHTHI TPOHUTIAEMOCTH

0 KHYJICEHOBCKOMY M MOJEKYJIIpHO an((y3HOHHO-

My MEXaHU3MaM:

Cin =2:€1/(361)( 8'Mp/(TL 'R TM)>>  (22)

Cuv =€'PD'M3 /(1 * 8'R* T Pa) (23)

r7ie € — MOPHUCTOCTb MEMOpaHbl, B JOJAX; [ —

CpeiHMi pajuyc mop, M; & — TOJIIMHA MEMOpaHbI, M;

T — M3BWINCTOCTH ITOP MEMOpaHBI, B 10JX; My — MO-

JIsIpHas Macca BOJBL, I'/MoIb; R- yHUBepcasbHas ra3o-

Bas moctosHHasg, Jx/(rmone'K); Ty — cpemHsst Tem-

nepatypa memOpansl, K; Pa — maBnenme BO3gyxa B

mopax, paBHoe atMochepHoMy naBieHuio, [la; PD, —

MIPOU3BEICHNE OOIIETO MABJICHUS B TOPaX MEMOpaHBI
Ha koapduument qudPysun, Mar M2 c:
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PD, =1,895-10-T%072 (24)
JlaBneHue nmapa Ha JUHMM HACBILEHUS NPH H3-
BECTHOH TEMIIEpaType MOXKET OBITh PAaCCUHTAHO II0
dopmyre Auryana, [1a, [19]:
P = exp(23,1964 — 3816,44/(T-46,13)) (25)
rae T — temneparypa napa Ha ropsiueil u XoJyoa-
HOU TIOBEPXHOCTAX MeMOpaHbI B KenbBrHaX.
C yueTroM TemIepaTypHOH HONApH3ALMHA TEMIIC-
patypsl ropsueit u xonoaHoH moBepXHOCTAX (Tywi, Two)
MOTYT OBITh paccuuTansl o Gopmymam, K [14]:

+8-(hy Tg x—TAH]

e
KM.IZTR.H+H:T&H_;

T = irc,,;l+hu-|_f_|3+ﬁ:j (26)
iy | T a2 T o 8- T #1080
Ty = 5 (27)

(x,)+h n-fﬁ+ﬁujl
h £

Iz Ky — KOOQQUIMEHT TEeIIONpOBOAHOCTH MEM-
6pansbl, Br/(M* C) Tyn, Tax — CpemHue TEMIepaTypsl B
SAapax MOTOKOB IepMeaTa (AUCTHIUIATA) HA XOJIOTHOU
Y KOHLIEHTpaTta Ha ropsyeil croponax moaynsa M/, K;
hu ,he — KO3 PHUIEEHTHI TEITONPOBOIHOCTH NepMeaTa
¥ KOHIIEHTpara cooTBeTcTBeHHO, BT/(M% L) AH(T.)
— CKpbITas TEIuIoTa MmapooOpa3oBaHUsI IPH CperHEen
TeMIIepaType ropsidei CTopoHsl MeMOpaHsl, KJDK/KT.

Pacuer Ky, hy, he, AH npoBoautes o popmymnam:

Ky = (1- &)Kyw T+ €K; (28)
hn :Nun'Kn/D3K (29)
hK =Nu 'KK/sz (30)

IJIC Kuw B Kr — KO3(QOUICHTHI TEIIIONPOBOJHOCTH
MaTepHaja MeMOpaHBbI U ra30B (BO31yXa, HapOB BOBI)
B nopax memOpansl; NuU;, NUx — cooTBeTcTByIOIINE
yucia Heiocenpaa, 3aBucsIne OT pekuMa TeUEeHU:

JAnst TaMUHApHOTO peXnuMa:

Nu=0,097-Re®73-pr0.13 31)
J1s TypOyJIeHTHOTO peXKuMa:
NU:0,036'R60’8'PI’0’33 (32)

rae Re u Pr — uncna Peitronmsaca u [panaris,
COOTBETCTBEHHO.

KoaddumreHTH TemI0nNpoBOJHOCTH IIepMeaTa
KOHIICHTpATa PACCYUTHIBAIOTCS 1O eAWHOU (opmyie
(33) B 3aBHCHMOCTH OT CpEIHHX TEMIIepaTyp COOT-
BETCTBYIOLIMX MOTOKOB, BHIpaXeHHBIX B °C, a CKpbI-
Tas TeIUI0Ta napoobpasoBanus — o popmysie (34):

K = 9.0 lﬂ‘ﬁtf.p +21- lﬂ‘gt:p + 0.36 (33)
AH=2448,7-2,412(T\1-273,15) (34)

CornacHO nHTEpaTypHBIM IAHHBIM B OJHOIIPO-
XOJHBIX MOIynsix MJ] BelwmyMHAa KOHBEPCHH HE MO-
ket mpeBsimath 10 % oT pacxoga nUTaTeIbHON BOJIBI
(B maHHOM cilydyae — OT pacxoja KOHIIEHTpara ucria-
puresst). [loaTomy k03¢ UIMEHT KOHBEPCUU CTaAuU
M-onpecuenus (K/{2) MoxxeT OBITH IPUHAT B TIpee-
nax 7+9%. Torma obumii ko3 UIMEHT KOHBEPCHH
(KHO) onpenenutcs o popmyse:

KO =K1 +KJ1>—0,01 K1+ K[>, % (35)

OCHOBHBIM TIOKa3aTeJleM KalHWTaJbHBIX 3aTpar
M/I-mMonynst siBisieTcst Tpedyemasl Iomanb MeMopa-
uel (Fy, M?), a TeroBoii s3QpdexTnBHOCTH — KO3 HHU-

uueHT temreparypHoit noysipusannu (KTII), a Taxoke

teroBor KII/I mpomecca (7uq,%), KOTOpas COOTBET-

CTBYET YacTH TOJHOM HEpPruu, Nepemenmei oT ro-

pSYETo K XOJOZHOMY HOTOKY MOCPEICTBOM MacCoIle-
penadu:

Fu= Gl J (36)

KTP: (TS{.K - TMI)/( Tx_n - TMZ) (37)

Nun = " AH-100/( J-AH+0,001kw( Tyi- Ty2)/8) (38)

B uccnegoBanmsax cocraB Boxael Kacmuiickoro
MOpsl IPUHAT XapakKTepHBIN IS ATMIIEPOHCKOrO MO-
JyocTpoBa A3zepOalKaHCKOW pecHyOINKH, CO cpel-
Heli temneparypoit 15°C, conecomepxanuem 12767
Mmr/om®;

Spa = 320; Sy = 728:5y, = 3177; 5 =
2034, SSD‘E = 3264: SHEDg = 244, FI'H =3.2

Kak u B OompmmHCTBE pabOT, MOCBSIIEHHBIX
JAaHHOH TEMaTHKe B HCCIENOBaHMAX BemmuuHa G
ObUIa TIpHUHATA paBHOU 1 KI/C, ¢ BO3MOKHOCTBIO TIepe-
CueTa BCEeX MOTOKOB Ha MPOM3BOJIBHOE 3HAUCHHE ITO-
TO ITOKa3aTes.

HccnenoBannsi ObLIM BBITIOJIHEHBI B JIBYX Bapu-
aHTax pelleHus cynb(paTHOW NPOOJIEMbl Ha CTalUH
TEPMUYECKON NUCTUIUIALUHN: OTPAaHUYCHHUE BEIMYUHBI
kouBepcun (KJ11<0,5) u ucnonp30BaHUM aHTUHAKH-
MMHA, a TaK)Ke HaHO(QUIBTPALMOHHOI 00pabOTKOH,
no3BoJisronieit  moBeicuth KJI1 mo 0,8+0,85. Jlns
MIPEAOTBPALICHUs] KApOOHATHON HAKHMITK B OOOMX CITy-
Yasgx MpeIyCMaTpUBAJIOCh MOIKHUCICHHE C JOBEICHH-
eM ocraTouHoro coaepxkanus wonos HCOZ mo 0,3 mr/
e,

B kadecTBe BXOJHOTO BapbHpyeMoOro Qaxropa
CTamul HAaHOPIIbTpANH KO(D(UIHEHT KOHBEPCHUH
mepmeaTa npuHAT — $=0,5+0,8. CereKkTHBHOCTH MEM-
OpaHbl TI0 OJIHOBAJICHTHBIM M JBYXBAJICHTHHIM HOHAM
— 0,6 u 0,98 coorBercTBeHHO. OCTAaTOYHBIE KOHIIEH-
Tpaiuu HoHOB craauu HO paccuuteiBanmck 1o ¢op-
mynam (3) u (4), pacxosl IepMeaTa U KOHIIEHTpaTa —
Ha ocHoBaHMHU dopmyI (1), (2) u (5).

IIpu wuccrnemoBaHMM CTaaWM TEPMHUUECKOW IH-
CTWISIINM  BapbHPOBAINCH: TEMIepaTrypa KHIEHUS
T,=60+90°C; Ttemneparypubiii Hanop ATuen(Tr
TK)=1+5°C; BEJIMUMHA KOHBEPCUU AMCTUIUIATA —
KJ1=30+50% mnpu HCHOIb30BAHWM aHTUHAKUIIMHA U
KI1=50+80% - mpu ymsrdeHuH HaHOQMIbTPaLUEH.
ITokaszarens crenenu cxatus, y=0,32; K.IL.J. KOM-
npeccopa N=0,75. [lo npuBeACHHBIM BBIIIIE 3aBHCUMO-
CTSIM OIPEICNISUINCh DJHEpreTHdyeckue IoKa3aTely,
yIelbHbIe TOBEPXHOCTH HArpeBa, MpOBEPSUINCH yCIIO-
BUsi oOpasoBanus cynbpartHoW Hakumu — W,
EFEKE-’ KE&SD‘_'

Cragua MJI uccrnenoBanach Ha IpUMeEpPE MIOCKO-
paMHOTO MOAYIS ¢ TpeMsl MapkamMu MeMOpaH (Tabiu-
na 1), KoTopble XapaKTepU3YIOTCsl BHICOKOUW yIenbHON
MIPOU3BOIUTEIHEHOCTBHIO.
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Tabnuna 1.
TexHoJOTHYECKHE TTOKA3aTEIn MEMOpaH
_ Tomuunaa Paanyc nop [Topuctoctn
®upmMa-npou3BOAUTEND Mapka Marepuan 8, MKM . MKM e %
Gelman TF-450 PTFE/PP 60 0,225 80
Milipore Durapore PVDV 125 0,1 75
Gore - PTFE 77 0,225 89
Vladipor M®ODK-4 PTFE/PP 130 0,325 80

IIpmmeganne:PTFE — Iomurerpadnopatunen; PP- [omumpommnen; PVDV- IomuBuannaenedaopun

B HccleoBaHUAX BAPbUPOBANAch: tr,=50+90°C,
purcupoBanuch ty px=30°C, tysx=20°C, t; s OpUHH-
maics Ha 10°C MeHbIne 4eM tru. PaccunthiBammch —
k03¢ ¢unuent nponunaemoctu memopansl (C,) Tpe-
Oyemas moBepxHOCTh MeMOpaH (Fy), TEMIOBO#H K.I1.1T
(nun) mpouecca MJI u psn mpyrux nokasareneid. [Ipu
pacueTe TeMIepaTyp ropsiueil u XoJa0AHOI MOBEpPXHO-
cTeil MeMOpaHbI HCIIOJIb30BAJICS UTEPATHUBHBIN METOI.

3.00cy:xaeHue pe3yJbTATOB HCCIeT0BAHMIT

Kak Obut0 OTMEUEHO BBINIE OJHA W3 TJIABHBIX
0COOCHHOCTEH HACTOSAIIMX HCCIICTAOBAHUMA CBSA3aHA C
TaKkoW 0coOEeHHOCTBhIO Boabl Kacmmiickoro mops, kak
BBICOKMI moTeHIMan oOpa3oBaHus Hakumu CaSOy
npu Temnepatype kunenus 6onee 90+100°C u Bemu-
yuHe Kod(duuueHTe KoHBepcuu muctmiuiata - KJli

(ko3¢ ¢ureHTe W3BICUCHUS YUCTOM BOABI U3 MOp-
ckoit) 6omee 50%. [lnsg opraHmsanuu mporecca B 00-
mactu OoJiee BEICOKUX TEMIIEPATyp KHUIICHUS KO3 Pu-
LIMEHTOB KOHBEPCUH, TIO3BOJISIFOIEH CHU3HUTH 3aTPaThl
Ha OIPECHEHME, INpelularaeTcs pelaTh NpodiIeMy
Cynb(paTHOTO HaKUIEoOpa3oBaHUS METOJAOM HaHO-
¢buIbTpalMOHHOTO yMsArueHus. B tabmuue 2 mpuBe-
JICHBl PpE3yNbTaThl KOMIBIOTEPHOW CUMYISILIMH, IO
KOTOpOW MOYKHO CYAWMTh O BIMSHHMU KO3((uuneHra
KOHBEpCHH IepMeaTa — 3, Ha OCTaTOYHBIE KOHLICHTpa-
MM KOMITIOHEHTOB CyNb()aTHONH HAKHUITM M oOLiee co-
JecoAepKaHue IMepMeara, KOTOPBIH HCIONb3yeTcsl B
KaueCTBE MUTATEILHON BOJIBI HCIIAPUTEIIS.

Tabmuma 2
Brusinue xoagppuyuenma xoneepcuu nepmeama H® na noxazamenu ezo kauecmea, M/Om*
B Sca Smg Ss0, Sn
0,5 8,8 20 94,8 4128
0,6 9,7 22 104,2 4367
0,7 10,9 24,6 117 4674
0,8 12,7 28,8 136 5098

Kak cienyer u3 Tabnuupl mpU HUCXOJHOH KOH-
[EHTPAIMH HOHOB KaJIbIUSI, MATHUS U CYJIb(aT-HOHOB
320, 728 u 3264 mr/aM® MX OCTATOYHBIE 3HAYCHUE
cHmKaoTCcA B cpeaueM o 10,5; 23,8 u 113 mr/mm®
COOTBETCTBEHHO. UTO KacaeTcs OOINEro CoAepiKaHHsI
COJIeH, TO OHO CHIDKaeTcs B cpenHeM B 2,8 paza: oT
12767 mo 4557 wmr/n. IloBBIIIEHHE BENWYHHEL [ CIIO-
COOCTBYET HEITMHEHHOMY POCTY OCTATOYHBIX KOHICH-
Tpauii. IT0 OOBSICHICTCS TEM, YTO C MOBBIIICHHEM [3
YBEIMYHBACTCS KOHICHTPAIMS HOHOB B OCTATOYHOM
KOHI[EHTpPATe, YaCTh KOTOPHIX MPOHUKAET Yepe3 MeM-
Opany B kamepy nepmeata. B uccnemyemoii obmactu
JUIS JBYXBAJICHTHBIX HOHOB 3TOT POCT COCTaBJISIET

43+44%, a nna conecoaepkanus B nenom — 24%. Ta-
KO€ pa3lInuue OOBSCHSAETCS HU3KOU CENEKTHBHOCTHIO
HAaHO(UIBTPALMOHHBIX MEMOpaH IO OAHOBAJIEHTHBIM
HOHaM.

O TOM HACKOJIBKO IMpEIBapUTENIbHOE HAHO(DWIIb-
TPaLIMOHHOE yMAT4eHHE CIOCOOHO PEeIIUTh NpobiIeMy
cynb(aTHONH HaKUNK B 007IaCTU BBICOKMX TEMIIEpaTyp
KuIeHus U Kod(P@ULUUEHTaX KOHBEPCHU AUCTUILIATA
MOXKHO CY[JHUTbh IO BEJIMYMHE CTENEHU HACBHIIIECHMS -
Kiasp,, 3HaueHns kotoporo meHee 100% sBisroTest

yCJIOBHEM OTCYTCTBHS HakuIieoOpa3oBauus (puc. 2).
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Puc.2. Biusnue memnepamypul Kunenus u Kod(hguyuenma KOH8Epcul Ha CMenetb HACLIUWeHUs No Cyabpany
xanoyus: 1-K/[1=50; 2-60; 3-70; 4-80; 5-Kcasoa=100%

W3 mpencraBieHHOr0 pUCYHKAa CIIEAYET, 4YTO
JUIIb TIPA OJHOBPEMECHHOM BBIIIOJIHEHUU YCJIOBHH
T>130°C u KJ11>80% MOKHO IIPOrHO3MPOBATH 0Opa-
30BaHUE HAKWUIK CyIb(paTa KalbIUsl W3 KaCIHUHCKOU
BOJBl YMATYCHHOW METOAOM HaHO(IIbTpammu. Bo
Bceil octampHON 007acTH oOecrieynBaeTCsi Oe3HAKHUII-
HBIN peXUM PaOOTHL

VBenuuenue KJI1, HE3aBUCUMO OT TeMIlepaTypbl
KUIICHUsI, CIIOCOOCTBYET CHMIKEHHIO pacxoja KOHIICH-
Tpara ucnapureis - Gy oT 1 10 0,25 Kr/c U oTHOBpE-
MEHHOMY TIOBBIIIEHHIO COJIECO/ICPIKAHUSI KOHLIEHTpa-
Ta - Siu 0T 9,38 10 23,4 /71, UTO OOBLICHIETCS BEITE-
karorruM u3 opmyn ( 6), (7) u (8) cobmaromneHuem
MaTepuaigbHoro 6ananca (puc.3).

CornacHO pe3ynpTaTaM WCCIICAOBAaHUNA CTaJHA
TEPMHUYECKOTO OIPECHEHUS C MEXaHHYECKOW KOM-
Mpeccrel BTOPUYHOTO T1apa ¢ MOBHIIICHHEM TeMIlepa-
TYpBl KUTICHUS U TEMIEPATYpPHOTO HAINOpa MPOHCXO-
JUT CHIKCHHE PACXOda SJICKTPHUYECKOW SHEprud Ha
paboty kommpeccopa (puc.4). B obmactu Temmeparyp
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Puc.3. Bausnue ko3¢ uyuenmax xongepcuu Oucmui-
JISIMA HA pacxo0 KOHYeHmpama UCnapumes u e2o
conecooepacanue: 1-Guy; 2-Swy
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kunenus 60+140 °C pacxoj amekTposHepruu Ha pa-
00Ty KoMIpeccopa cHmkaeTcs oT 28 10 19,4 kBr-u/m3
npu AT,=4°C u or 19,2 no 13,4 xBr-u/mM® npu
ATu=1°C, T.e. npumepno Ha 30 % HE3aBHCHUMO OT
BEIMYMHBI TeMIepaTypHoro Hamopa. Ilpm sTom
Hanbolee CyIIECTBEHHOE CHIDKCHHE MMEET MECTO IO
TemnepaTypsl kunenus 110+120°C u naHHas 3aBucH-
MOCTh OnM3Ka K runepOonmyeckoil. Biausaue temme-
paTypHOTo Hamopa MOJYHHSACTCS JUHEHHOMY 3aKOHY
U B MccieayeMoii oonactu nossienne W cocrasisier
6+9,2 kBt u/M® npu Temneparype kunenus 140+60°C,
COOTBEeTCTBeHHO. CHMKEHHE pacxojia dHEprHH C IOo-
BBIIICHIEM TeMIIEPaTyphl KUIICHHUS OOBSICHIETCS TeM,
YTO CHIIKEHHUE YJIeNIbHOTO0 00beMa nmapa mpeBajupyeT
HaJl TIOBBIIIEHHEM €ro JaBlieHus. TakuM o0pa3zoM ¢
TOYKH 3PCHHS] MMHUMHU3ALMN PAcXoja SHEPIHHU Iieje-
co00pa3HO OpraHM30BaTh MPOIECC TEPMHUYECKOW JH-
CTIIIISIINN 00JIaCTH TeMIepaTyp IpU BBICOKHUX TEM-
nepatypax: 120+130°C u HU3KHX TeMIIEpaTypHBIX
manopax: 1+2°C.
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Puc.4. Bruanue memnepamypsi Kunenus u memnepa-
Mypbl HANOPA HA YOENbHbIU PACX00 NeKMPOIHEPLUU

(KI1=70%)
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Koapuunenr koHBepcHH IUCTHILISNTA OYEHb
cmabo BIMSAET Ha JHEpro3arparel (puWc.5), Tak Kak
KOHIIGHTPAT HCIApUTEIIl XapaKTePH3yeTcs HU3KUM
conecoxepxanueM (9,38+23,4 1/11), COOTBETCTBEHHO —
HU3KMMH 3HAYCHHSMH TEMIICpaTypHOH IenpeccHH, B
OTJINYHME OT OKEAaHCKOW BOJBI, COJIECOAEpIKaHHe KOTO-
potii coctasisieT 35 1/11.

Koa¢puunent koHBepcHn IUCTHIUITA TPaKTH-
YEeCKH HE BIMSIET TaKKe Ha YJEJbHYIO MOBEPXHOCTh
TeII000MEHa, a TeMIeparypa KHIEHUS U TeMIepa-
TYpPHBIH Hamop B COBOKYITHOCTH OKa3bIBAIOT CyIIe-
CTBEHHOE BIIMSIHUE HA ITOT IOKa3aTellb, YTO CIEIyeT
u3 puc.6. YBenMYeHHe TeMIIepaTyphl KHIICHUS H TeM-

IepaTypHOTO  HAmopa CHOCOOCTBYET — CHIDKCHHUIO
18
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=
B 16 1—1
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Puc.5. Brusnue kosgpguyuenma xoneepcuu oucmuii-
nsama na snepeozampamot (4T,.=2°C): I - T,=60°C; 2
- T=120°C

[epBBIii 3Tam wucciaeqoBaHMN 10 MeMOpaHHOM
JUCTWIISIUM OCTaTOYHOIO KOHILICHTpaTa UCIApUTEIIs
OBLIT MOCBSIIEH CPAaBHUTEIHLHOMY aHAJIN3Y TPeX THIIOB
MeMOpaH, TEXHHUYECKHE XapaKTEPUCTHKU KOTOPBIX
npuBelieHl B Tabiuie 1. B aTux wnccnenoBaHUSX

YIEJIBHOM TOBEPXHOCTH, YTO OOBSICHSETCS MOBBILIE-
HUEeM K03(h(HUIIEeHTa TeIIonepeadn B COOTBETCTBUN
¢ opmymnoii (14), a Takke 00paTHOH 3aBHCUMOCTHIO
MOBEPXHOCTH HAarpeBa OT TEMIEpaTypHOIo Haropa,
YTO BBITEKaeT W3 ypaBHEHHUs teruronepenaun (13).
Obpamaer BHIMaHHE Ha ceOs TOT BaxT, YTO BIUSHUEC
TeMIIepaTyphl KUIIEHHS IIOBBIMIACTCS IIPH HU3KHUX 3Ha-
YEeHUsIX TemIiepaTypHoro Hamnopa. [Ipuuem Hauboiee
3aMETHOE BJIMSHHE HaONIoJaeTcs [0  BEIHYHMH
T,=100+110°C. [lambueiimee mnopbimuenue Ty, OCO-
OEHHO B 00JIaCTH BBICOKHMX 3HA4E€HWH TeMIepaTypHO-
r0O Hamopa, c1abo BIUAET Ha YAEIbHYIO TEILIOOOMEH-
HYIO IIOBEPXHOCTb.
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Puc.6. Brusnue memnepamypuvl Kunenus u memnepa-
MYPHO20 HANOPA HA YOENbHYI0 MEeNJ000MEHHYIO No-
sepxnocmu (KJ[1=75%)

cpedHsisi Temmeparypa MeMOpaHbl IPHUHUMAIACh
40+70°C. o ¢opmyne (21) paccuursiBanuch Kodd-
(ULKEHTHl TPOHUIAEMOCTH MeMOpaH, 3HaueHHs KO-
TOPBIX IIPUBE/ICHBI HA PUC.7.
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Puc.7. Kosppuyuenmol nponuyaemocmu memobpam

npu memnepamypax:1 — t=4OOC; 2-— t=700C

Kak cienyer W3 mojy4eHHBIX JaHHBIX, HANOOIb-
mee 3HaueHue Kod(PPUIMEeHTa MPOHUIAEMOCTH Xa-
pakrepHo Ui MemOpanbl Mapku Gelman: (1,62-
1,73))10° xr/(m*c’Tla). C noBeleHHEM cpeaHeit
TeMIepaTypsl MeMOpaHbl KO3(QQHIMEHT NpOHHLAae-
MOCTH yBEJIMYMBaeTCs mpumepHo Ha 7%. Mcxons us

9TOTO B JAJBHEHWINNX HCCIENOBAHMAX IIPEeIyCMaTpH-
BaJIOCh MCIIOJI30BAHNE TAHHON MEMOpaHEbI.

IIpu pacuere monynst M/l y4uTsIBanoce, 4To Co-
TJIACHO JIUTEPAaTyPHBIM JAaHHBIM BBIXOJI ONPECHEHHON
BOJIbI JIaXKe TEOPETHUUECKU HEe MOKeT mpesbimath 10%
OT IUTATEIbHON, B KaUecTBe KOTOPOH B paccMaTpHBa-
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E€MOM Cllydae HCIOJIB3YETCsl KOHICHTPAT (MPOIyBOY-
Has Bojaa) ucnapures. [103ToMy BBIX0OJ OTIPECHEHHON
BOJBI OBUT MPUHAT PaBHBIM 8%-aM OT MHUTATEIBHOH,
T.e. Gy;=0,08G.. Ha mepBoMm sTame mcciemoBanoch
BIMSIHHAE TEMIICpaTyphl KWICHHWS B HCIIApHUTENIE Ha
TEXHOJOTHYECKHUE noKa3aTeju CcTaguu M-
OTIPECHEHU B CIIydae perieHus cyibhaTHOI mpobiie-
MBI TOJIbKO MHTHOMPOBAHUEM KHUCIOTHI M AHTHHAKHU-

IIMHA, KOT/Ia MaKCUMaJIbHOE 3HaYeHne Kod(ppHULneHTa
KOHBEPCHH orpaHuunBaeTcs BenmmauHon <0,5. Temme-
paTypa KHIIEHHS BapbUpoOBalack B HHTEpBase
60+90°C, a TemmepaTypbl OCTATOYHOrO KOHIIEHTpaTa
M/I, xoJ0aHOTO TIepMeaTa, HarpeToro nepmeara Guk-
CHPOBAJINCH KaK MTOKa3aHO BbINIE. Pe3ymbTaTsl npuse-
IIEHBI B Ta0IAIE 2.

Tabnuma 2
Bausnue memnepamypuvl numamensHou 60061 MoOyisi M/ Ha ocHogHbie
mexnono2uyeckue noxazamenu npoyecca (KJ1=50%, K/>=8%)
IMokazarenu T, °C
60 70 80 90

Gy, KT/C 0,08 0,08 0,08 0,08
Tw, K 313,3 318,3 322,3 328,6
Cy 108, xr/(m? c'Tla) 1,62 1,64 1,66 1,68
Ju, KT/(M% ) 10,3 13,4 17,2 21,8
Fu, M 31,5 24,9 19,8 16,0
fu, M?/(kr/c) 393,8 311,3 247,5 200,0
n,% 48,8 52,0 55,1 58,1

Kak crnemyeT u3 moJyueHHBIX pe3yIbTaToOB IO-
BbIIIEHHE TeMIepaTypsl kunenus Ha 30°C B ucnapu-
TeJe TIPUBOANT K YBEIWYEHHIO CPETHEH TeMIepaTyphl
meMmOpanbl Ha 15,3 K m HesnaumremsHOMy (1,2%)
JWHEHHOMY pOCTy KO3(QHUIMEHTa NPOHUIAEMOCTH
MeMOpanbl. BMmecte ¢ Tem mmeer mecro Ooiee dem
JIBYXKpaTHOE TIOBBIIICHUE 3HAYCHMS YAEIBHOH mpo-
M3BOJIUTENILHOCTRIO MeMOpaHsI (Jy) ¥ IOYTH TaKoe JKe
CHI)KEHHE TpeOyeMoi oOmiel W yJnenbHOH IuIomanm
memb6pansl (Fy, fy). [oBbIIeHHE TEMIIEpaTyphl KHIe-
HHUSl CHOCOOCTBYET MOBBINICHHIO K.ILJ. Ipoliecca Ha
19%. Yxa3aHHBIH XapakTep BIMSIHUSA TEMIIEPaTyphl Ha
BEJINYMHY Jy OOBACHIETCS TEM, YTO C YBEINUCHHEM
TeMITepaTypbl MUTATENHHON BOABI Moyt M/] yBenn-
YMBAETCS Pa3sHOCTh TEMIIEPATyp Ha ropstdei M XOoJIoa-
HOM CTOpOHaX, KOTOpas SIBISIETCS JBHXKYLIEH CUIION
npouecca. CHIWKEHHE IUIOMAId MEMOpaHbBI C IOBBI-
meHneM Jy OOBACHSeTCs 0oOpaTHOH 3aBHCHMMOCTBIO

9THX MoKa3aTeneil. Kak u ciaemoBano OXuIaTh, JTyd-
e TOKa3aTed XapaKTepPHBI UIA TEeMIIepaTyphl KH-
nenus 90°C, KOoTOpas CUMTAETCS MAKCUMANIBHO JOITY-
CTHMOM HCX0s M3 (YHIAMEHTAIBHBIX OCHOB TIPOIIEC-
ca M.

Uzmenenne K/I1 B uaTepBae 30+50% (puc.8,a)
OTpakaeTcss B OCHOBHOM Ha BEIIMYMHE OOIIETo KO-
¢unuenta kousepcun (KJ/I), koTopblii yBenmnunuBaercs
MPUMEPHO B J[Ba pa3a HE3aBUCHMO OT TEMIICPATypPhI
KHUIICHHUSI B UCIIAPHUTENIC, a TAaK)KEe Ha TPEOYeMYIO ILIO-
maap memOpansl (F), koTopas ymeHbmaetcst Ha 56%
U 3aBHUCHUT TaK)Ke OT TeMIepaTypsl kureHus. Kak Buj-
HO M3 PUCYHKA yBEJIHMYCHHE TEMIIEPATYPhl KUIICHUS OT
60°C 0 90°C CIOCOOCTBYET CHIKEHUIO F, B cpeiHeM
B 2 pa3, 9TO OOBSCHICTCS MOBBIIICHUEM MapIHaAIBEHO-
rO JaBJCHHUS Tapa Ha Tropsdeil MOBEPXHOCTH MeMOpa-
HBI U3-32 MOBBIIICHUS TEMIICPaTyPHI.
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Puc.8. Hexomopowie mexnonocuueckue nokazamenu npoyecca MJ] npu Huskux (a) u evicoxux (6) 3nauenusx
KO3 uyuenma Koneepcuu 8 ucnapumere.

Kak Obu10 mMoOKa3zaHO BBbIE, MpEABAPUTEIHHOE
HaHO(MIIBTPAIIMOHHOE YMATYSHHE pPEeIIaeT MpodiaeMy
cynb(haTHOW NpOOIEMBI M TO3BOJIAET OPraHU30BAThH
IpoLecc TEPMUIECKOW AUCTHIUISIMU B OOJACTH BBI-
COKHX TeMmmneparyp kunenus — 10 140°C u xosdpuru-
€HTOB KOHBepcuu auctuiuiara — a0 80%. B stoit cBs-
31 Ha puc.8,0 mpuBeneH rpaduK, OTpaKarOUIMH BIIH-
He kodpduuuenta kousepcuu (KJ{1) Ha BbIXOAHBIE
nokasarenu MJI npyu MakCUMaJIbHO JOILyCTUMOMW TE€M-
nepatype kunenus B ucnaputene — 90°C. M3 moiy-
YEHHBIX PEe3yJIbTaTOB CIEAYET, YTO C YBEIUYCHUEM
K1 ot 50% mo 80% pacxox auctuiuiara craguu MJ]
camxkaerca ot 0,08 mo 0,02 kr/c, yro 0OBsCHsAETCS
YMEHBIIIEHNEM pacxoja MpoJAyBOYHON BOJIBI UCTIAPH-
Tens. B cBOO odepenp, 3TO NPUBOANT K CHIDKEHHUIO
TpeOyemoii momianu MemoOpanel (F.). [Ipm 3ToMm,
CYMMapHBIM BBIXOJA AMCTUIUISATa CHIbKaercs or 1,08

1o 1,02 kr/c, a cymmapnas xousepcus (KJI) — Hao6o-
poT, noBeimaetcst oT 54 no 82%, Tak Kak ¢ MOBBIIIE-
aueM KJI; cymecTBeHHO CHIDKaeTcs pPacxopd IUTa-
TENLHON BOJBI ucaputens. YTo kacaercst K. (M),
TO 3TOT MOKAa3aTeNb NMPAaKTUYeCKd HE M3MEHSIOTCS H
COCTaBIAIOT 63%.

C yd4eToM TeMIepaTypHOrO  OTpaHHYEHUs
(<90°C) npousBomuTensHOCTL cTaguu MJI Moxker
OBbITh MOBBILIEHA TIPH TEMIIEPAType KUIICHUS] B UCIIa-
putene =100°C myrem cMemMBaHMS TPOTYBOYHON
BO/JIbI UCHIAPUTEISI C YMSATUEHHOW BOJIOM IOCJE CTaAuK
HO® (mynkTupHas TUHHUA Ha puc.l) U MOBBIIIEHUS Ta-
KM 00pa3oM pacxojia muTaTeIbHON Boabl. B Tabiuie
3 mpuBeIeHBl XapakTepHBIE I JaHHOTO PEXUMa
pacxon rutaTenbHON BOIBI (Gyvy) B TIPOU3BOIUTEIH-
Hocte Moyt M1 (Gyy).

Tabmuma 3
[oxa3zaTtenn Mmoxynst M/I ipu muTaHWUU pa30aBIeHHBIM KOHIIGHTpaToM ctaguu MITK
K1, %
T,.°C 50 60 70 80
Gl‘LMﬂ GM;“ Gl‘LMﬂ GMLU GnAMu GMZU GH.M,EL
G, Kr/C

e Kr/C Kr/C Kr/C M2 Kr/C Kr/C Kr/C

100 0,089 1,11 0,059 0,737 0,036 0,479 0,022 0,28
110 0,098 1,22 0,065 0,817 0,042 0,529 0,024 0,31
120 0,107 1,33 0,071 0,887 0,046 0,569 0,027 0,33
130 0,116 1,44 0,077 0,967 0,05 0,619 0,029 0,36
140 0,124 1,55 0,082 1,037 0,053 0,669 0,031 0,39

W3 maHHBIX TaOMIHUIBI CIETyeT, YTO C YBEJINYCHH-
€M TeMIIepaTypsl KUIICHHUS B HCIIApUTeNie U MOCTOSH-
HBIX 3HaYEHUSIX Kod((PHIMeHTa KOHBEPCUH TIPUMEPHO
Ha 40% yBenmumBaeTcs KaK pacxoJ MUTAaTEIHHON BO-
Jbel Moaynsa MJI, Tak U pacxoj MOJy4eHHOTO JUCTUII-
JISITA, 9TO OOBSCHSAETCS MOBBILIEHHEM Pacxola yMsr-
YEHHOM BOJBI JUIS JOBEIEHHs] TEMIIEPATyphl KOHIEH-
Tpara ucnapurens o gomnyctumbix 90 °C. Bmecre ¢
T€M, HE3aBUCHMO OT TEMIIEPATypbl KUIEHUS B UCIMA-
purene, ysenuuenue K ot 50 o 80 % nmpusoaut k
4-0X KpaTHOMY CHIDKEHHIO pacxoja IIOTy9eHHOTO

JUCTUILIATA, 9TO OOYCJIOBJICHO CHIDKEHHEM pacxoja
OCTaTOYHOTO KOHIIEHTpaTa M, COOTBETCTBEHHO, pac-
X0/1a MUTATENIbHON BOBI MOyJIst M.
4. 3akai0ueHne
Tepmuueckoe omnpecHeHue Boabl Kacnuiickoro
MOpsI C MEXaHHYECKOHM KOMIIpeCCHEed BTOPUYHOIO
mapa B COYETAaHWH C TNPEABAPUTEIBHBIM HAHOQWIb-
TPALMOHHBIM YMATYEHUEM MCKIIOYAET BO3MOXKHOCTh
BEIITAJICHAS HAKUIIH CyJIb(ara KaJblusi Ha OBEPXHO-
CTH HarpeBa M IO3BOJSET OPraHHU30BaTh IIPOLECC
TEPMHUUECKON JNUCTUIUISAIUU B 00JACTH BBICOKUX TE€M-
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nepatyp (130+140°C) u BenMYMHAX KOHBEPCUH M-
criuara (70+80%). YBenmuueHue TeMmepaTypbl Ku-
MIEHUs! 10 yKa3aHHBIX BEJIMYMH, B CBOIO OYEPEb, CIIO-
COOCTBYET CHIDKCHHMIO PacXoja 3JEKTPO’HEPTHH Ha
paboTy MEXaHHYECKOTO KOMIIpECCOpa B CPEIHEM Ha
30%, a TemooOMeHHOH moBepxHOCTH — Ha 20+25%.
Bo3moxHa pexkynepanus TeIuia IpOAYBOYHOMH
BOJIbl MICTIAPUTEIISI C MOIYTHBIM HMCIOJIb30BAHUEM IS
BBIPAOOTKH JOTOJHUTEIFHOIO KOJIMUECTBA TUCTUILISA-
Ta B MOJIyJle MeMOpaHHOW aucTwuimu. Jns s1oi
eI 11e1ec000pa3HO HCIOJIb30BATh MEMOpaHy MapKH
TF-450, dupmer Gelman, xapakTepH3yIOIIYIOCS BbI-
COKHM 3Ha4eHHEM KO3((UINEHTa NPOHUIIAEMOCTH.
[Ipn paccmarpuBacMoM, OZHONPOXOJHOM, PEXHUME B
Moxyne MJI MoxeT ObITh BBIpabOTaHO TUCTHILIATA B
KomdecTBe 10 8%-0B OT pacxofa MOCTyHaromei
MPOAYBOYHOH BOMBI, TeMIleparypa KOTOpOH Oymer
BIIHATH Ha TpeOyeMyIo MOBEPXHOCTh MeMOpaHsL. [lpu
penieHun cysb(haTHON NpoOIIeMBbl TyTeM HCIOJb30Ba-
HHSI aHTHHAKUIIMHOB W JIOIyCTUMOM BEJIMYMHE KOH-
Bepcuu auctwata Ha ctaauu [TKU pasroit 50%-awm,
C MOBBIIICHUEM TEMIIEPaTyphl IPOIYBOYHOW BOJBI OT
60 10 90 °C ynenbHas niomans MeMOPaHbl CHHKAET-
ca ot 394 o 200 m?/(xr/c). Tlpu HaHO(PUILTPALIUOH-
HOM METOJIe PEeIICHHs CyJIb(haTHONH MPOOIEMBI U BO3-
MOXHOCTH TTOBBIIICHNS KO3 HUINEHTa KOHBEPCHH 10
80%-oB, TemmepaTypsl KUINCHHS B HCHApUTENE 10
140°C, ms cHEHKEHHS STOH TeMIepaTyphl Ha BXOJE B
Moaynb M/l no nomycTHUMBIX 90°C MoxeT ObITh HC-
MOJNB30BaH NepMeaT cTaguu HaHowmisTpanuu. Ilpm
3TOM, BBIPAOOTKa JIOMOJHUTEIBHOTO KOJIMYECTBA AHU-
crwara cocraBut 0,02+0,03 kr/c npu Beau4yHHE
KOHBepcuM AucTmiuaTa Ha craauu [TIKM pashoit 80%
u 0,09+0,12 xr/c — npu BemuunHe KoHBepcuu 50%.
Takum obpasom, B ormmyme OT ganHubix [10], mpwu
HaHO(MIIBTPAIIMOHHOM METOZE PEIICHUS CyIb(paTHOH
poOJIeMbl, CTAHOBUTCSI HE COBCEM OUYEBHIHOM Iieie-
CO00pa3HOCTh WHTErPHPOBAHMS TEXHOJIOTHH Mapo-
KOMIIPECCHOHHOW W MEMOpaHHOW IUCTHLLAIMH. B
9TOH CBSI3M JNailbHEHIINE HCCIENOBaHMS MOTYT OBITh
MOCBSIIICHEI BONPOCaM  H3Y4YEHUs]  TEXHUKO-
HKOHOMHYECKHX M ONTUMH3AaLUOHHBIX aCIEKTOB pac-
CMaTpHUBAaeMON THOPHUIHON CHCTEMBI OIIPECHEHUSI.
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Abstract

2. hwanbe

The article describes the features of such a unique method of using unmanned aerial vehicles in conjunction

with the traditional method of collecting geospatial data in large engineering structures. Currently, infrastructure
facilities with a large territory are found in all cities and regions of the Republic of Tajikistan and other countries
of the World. This approach to collecting geodata allows you to speed up the process of collecting, processing
and creating three-dimensional models of objects, as well as a digital model of the terrain situation. Based on the
results of the data obtained, it is possible to solve engineering problems during the construction and exploitation
of unique structures.

AHHOTAN NS

B craTbe paccMaTpuBarOTCs OCOOEHHOCTH TAKOT'O YHHUKAJIBHOTO METOJIa UCIIOIb30BaHUsI OSCITUIIOTHBIX Jie-
TaTCJIbHBIX alrapaToB COBMCCTHO C TPAAUIIUOHHBIM METOJOM c6opa reonpoCTPaHCTBCHHBIX JaHHBIX B KPYITHBIX
HWH)KCHEPHBIX COpY)XKEHUsX. B HacTosIee BpeMs 00beKThl HHPPACTPYKTYP ¢ OOJBINON TEppUTOpHUEHi BCTpeua-
I0TCS BO BCEX ropojax W paiioHax PecmyOnuku TapKuKucTaH W Apyrux cTpaH mupa. JaHHbIH moaxon coopa
TCOAaHHbIX IMO3BOJIACT YCKOPUTH ITPOLECC c60pa, O6pa60TKI/I Hn CO3aaHUusA TPECXMCPHBIX MOI[CJ'Ieﬁ OG’LGKTOB, a
TAKKE€ MOJACJIb CUTyallul MECTHOCTU B I_II/I(I)pOBOM BUJIC. Ilo pe3yiibTaTaM MNOJYYCHHBIX JAHHBIX MOXXHO pEeIIATh

HWHXXCHCPHBIC 3aa4H IIPU CTPOUTCIBCTBC U SKCIUTyaTallul YHUKAJIbHBIX coopymeHHﬁ.

Keywords: large engineering structure; three-dimensional model; geodata; unmanned aerial vehicles; digi-
tal model; unique structure; geodetic point; geospatial; exploitation.

KiroueBblie cioBa: KPYITHOC HMHIXCHCPHOC COOPYIKECHHE; TPEXMEpHasd MOACIb; I'COJAHHBIC, OECIIMIIOTHBIE
JIeTaTeNbHBIE ammnapatsl; UGpPOBas MOAETH; YHUKAIHHOE COOPY)KEHHE, Ie€0Je3NUeCKUil IMyHKT; reonpoCTpaH-

CTBO; OKCILTyaTanus.

B cdepe reonesuueckoro obecrieueHus TOPHON
MPOMBIIIJICHHOCTH, 3a mocieanue msaTh jaer BIUIA
CTaJl E€IMHCTBEHHBIM YCICIIHBIM METOAOM cbopa
TEONPOCTPAHCTBEHHBIX JMaHHBIX. OHH OCHAIIEHBI
IUPPOBBIMU KaMepaMu s obecniedeHus a’podoTo-
CHIMKOB BBICOKOTO pa3pelIeHus, KOTOpPEIe 3aTeM 00-
pabaTbIBaOTCs ISl TIOJIyYEHHUS! BBICOKOTOYHBIX OPTO-
(dhoTtocHHMKOB, 0Onaka Touek U 3D-moxeneit [2]. Otn
JTaHHBIE MOTYT HCIIOJIB30BAaThCA Ui MOACYeTa 00be-
MOB 3eMJISTHBIX Macc, CO3JaHue IHU(POBBIX Mojeneit
TEONPOCTPAHCTBA U PSAA APYTHX HWH)KEHEPHBIX 3aad.
BIJIA MoryT Takke Wrparh OIpPENCICHHYIO pOJIb B
TTOBBIIIIEHUH YPOBHSI 0€30MacCHOCTH pabo4yuX mpu cO6o-
pe TaHHBIX B JIFOOBIX CIOJKHBIX YCJIOBHSIX MECTHOCTH.

B Hacrosimee BpeMmsi Ha PBIHKE Ie0Je3UUECKOTrO
000py/IOBaHUsI TMOSBWIINCH pPa3HbIE YIBTPAKOMIIAKT-
HBIC U JIETKUE OCCHIUIOTHBIC CUCTEMBI TUCTAHIIUOHHO-

ro 3oHaAMpoBaHM. HebmarompusaTHble YCIOBHS OKPY-
JKaroIeH Cpepl U TPYAHOIOCTYIHBIE MECTa, IENaloT
BIUIA wupeanbHBIM peUICHHEM JUIi  TOJXy4eHUS
T€ONPOCTPAHCTBEHHBIX JIaHHBIX M CO3JaHusl LU(PO-
BBIX MoJienell reonpocTpancTBa. HoBast coBMenieHHas
TEXHOJIOTHsl B IIUPOKOH T€ONPOCTPAHCTBEHHOW HHITY-
cTpum, sBiseTcs oobeauHeHneM BIUJIA u Tpamuiu-
OHHOTO MeETOJa WU3MepeHUuil. J[aHHyI0 TEXHOIOTHIO
MOJKHO TIPUHUMATh IIPH Te€0Ie3UIECKOM COIIPOBOXK/IC-
HHEM M MOHHTOPHHIE KPYIHBIX WH)XEHEPHBIX COOPY-
JKEHUH.

IIpumenenue BIIJIA sBisiercss caMbIM 5KOHOMH-
YEeCKH IIeJIecOOOpa3HbIM, MOOWJIBHBIM M HaMMEHee
TPYIOEMKHM CIOCOOOM TIpU cOOpe MaHHBIX B TOPOJI-
CKHX 00BEKTax MHPPACTPYKTYP, TAKHX KaK CIIOPTHB-
HBIX KOMIUIEKCOB B ropoae [lymanoe (pucyHok 1).



42 Danish Scientific Journal No46, 2021

=y B - % K b e
. (4 - A
- ‘.. ol
b st ‘%
. £ L ¥ .
15 @ R
j & h:
X \ B
e 9 - & <
— _—
e
9 L
i
2 :
(34 Y > e
W i P X
i e - )
(4 3 i = V. A
i ; = i
X3 i
% N Z 3
%
4 F
a3
i
g

o

Puc. 1 Cnopmusnoiii komniiexc 6 2opooe [ywanbe (a- opmogpomonian, 6- 06wuil 6uo)

Jist obecnieyennst a3poOTOCHEMKH ONOPO Ha  KOMIUIEKCA, KOOPJMHATBI KOTOPBIX OMpe/esieHbl B
3eMJie 3al0KCHBl 7 TOCTOSHHBIX TEOAE3MYECKUX  YCIOBHOH CHCTEeME KOOPIMHAT C HCIIOJIb30BaHHEM
IIYHKTOB BOKPYT KaXIOro OOBEKTa CIIOPTUBHOTO  TaxeoMeTpa (PHCYHOK 2).
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Puc. 2 Cxema pacnonosicenusi onopHvlx NyHKmMog

B KkauecTBe MCXOOHBIX U NPUBS3KH CHEMKH  KHPOBAINCH CIICIMAIbHBIMH 3HaKaMH M 0003HAYEHH-
CIy’KHJI 3aJIOKCHHBIE T'€0JE3MYECKHE ITyHKTBI II0  SIMH JUI1 aBTOMaTHYECKOTO PACIO3HABAHUS U MPUCBO-
BceMy KOHTypy coopyxkenwus: I1.1, I1.2, I1.3, 1.4, 1.5,  eHus uM HyMmepariu IyHKTOB (puc. 3a u 30).

I1.6 u I1.7. IlocTosTHHBIE T€0Ie3NIECKHE ITyHKTHI Map-
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Puc. 3 Mapxuposka onopHuvlx mouex na 3emie

IIpen HavanoMm monéra HEOOXOAUMO B IPOrpaM-
M€ YNpaBJeHUs IPOHOM 3aJaBaTh BBICOTY U CXEMY
COIJTaCHO KOTOpPOMYy OyAeT coBeplleH moneT. B
HaIlIeM IpuMepe a’dpodoTocheMKa ObLTa IpOBEIeHA C
BBICOTHI 50M COTJIACHO 3aJaHHOMY MapIIpyTy HOJiéTa

OO OO~ O—O—0—O0—O0=0=0—0

OO~ O O=O—=O—O—0—0

(©)

O—0—0—0—0-0—0

a

(puc. 4a). YnpaBneHue NpPOM3BOAMIIOCH ITPOTPAMMOM
Pix4d. [nst momyveHus: TOYHOH MOJENH 0OBEKTa Tak-
K€ YCTAHOBIICHBI KOJBIEBBIC MapUIPYThI, C HAKIIOH-
HOM KaMmepoil NepneHANKYIIPHO CHUMAeMON IOBEpX-
HOCTH (pHc. 40).

Puc. 4. Mapwpymoer norema u yewmpul pomoepaghuposanus

O0paboTka MPOBOAMIACH B MPOrPAMMHOM KOM-
miekce Agisoft Photoscan [4,5] mo camoii TouHOM

MOKa3aHa MOJETh CHOPTHBHOTO KOMIUIEKCA C MapKe-
paMu ONOPHBIX W CB3YIOMUX To4eK. I[loapoOHbIe
nmapaMeTpbl CheMKH IIPOBEICHBI B Tabmumax 1 u 2.

Puc. 5 Mooenv cnopmugnoeo xomniexca
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Tabuumna 1
Kpatkasi XxapakTepucTHKa 00J1aKa TOUEK
Hara CHHMKOB I'paneii Touex Paccrosmme
MEXXIY TOUYKaMH, M
15.08.2019 159 308135 622346 0.085
Tab6muma 2
[TapaMeTpsl cheMOK 1 00paboTKH
Hata XapaKkTepucTHKa ChEMKH O6paboTtka
CHEMKH
Bcero m3o0paxennii: 159 [TapameTps! BepaBHUBaHMA: TOYHOCTE BBI-
BricoTa nonéra:74.1m cokas
Paszpemenue crémku: 1.74 cm/mukc Ilnomans Oo6mast mepeceneknus Ja [Ipecenexiust mo
15.08.2019 nokpeiTus:0.0367xkm? npussiske Ja
o Ilo3unmii ceéMkm:159 Makc. konundectBo Touek 40,000 Makc. ko-
Cassyronux Touek: 69,320 nuuecTBo npoexuuit 4,000
[Mpoexnwuii: 393,065 Bepcus 1.4.0 build 5076
Ommbxka penp-s:1.04 ke

Cpennne KBapaTHIeCKUE OTKIOHEHHS Ha OTIOPHBIX M KOHTPOJIBHBIX TOYKaX NMPHUBEACHBI B Tabnuie 3.

Tabmuma 3

TouHOCTh 00pPabOTKH a3pOHOTOCHEMKHU

CpéMKa CKO X, mm CKO Y, mm

CKO Z, mm O6mas, Mm DoT0, NUKC

1 55 6.1

8.5 11.8 0.393

[NomxygeHHsle MaTepHanbl MOTYT OBITh UCIIOIB30-
BaHbl B PA3IMYHBIX OTPACIAX HAPOAHOTO XO3AHCTBA,
HalpuMep, B FOPOJCKOM CTPOUTENILCTBE NPH IMPOCK-
TUPOBAaHMM WJIM TEOIEC3MUECKOMY COMPOBOXKACHUIO

AKY A S

SV N\ “.--zk
S
SO

! 5 7

JlaHHasi TEXHOJIOTHS TMO3BOJISIET JIOCTUTATh TOY-
HocTd B 1 cMm. Takasg TOYHOCTH BIOJIHE JOCTaTOYHA
JUIS TT0JIcYeTa 00BEMOB 3EMIISIHBIX Pa0OT, TOCTPOCHUS
JIETAILHON MO MECTHOCTH, a TaK)Ke HaOJIIOACHMS
3a nedopManueil KpymHbIX HHKEHEPHBIX COOpYXKe-
HUH, PACHOJOKEHHBIX B CIOXKHBIX T€OJOTHYECKHUX
YCIIOBUSIX U B 30Hax IIOBBIIIEHHOW CEHCMHYHOCTH.
s moctpoeHuss Mojaenu aehopManrdid M PEHICHUS
JIPYTUX 3alla4, He0OXOIUMO IKCIOPTUPOBATh CO3IaH-
HyI0 MoJienb B popmat dxf. Jns onpenenenus 0CHOB-
HBIX KPUTHYECKUX 3JIEMEHTOB, KOTOPBIE HEOOXOIMMO
YYUTHIBATh MPH YIPABICHHU CTPOUTEIHHBIMH Pado-

{ ar 7 ! i
Puc. 6 Onpedenenue koopounam u ommemox 60 pemsi MOHMANCA NPOCMPAHCMEEHHON KOHCIMPYKyuu

OOJIBILICTIPOJIETHBIX COOPY)KEHHM, T/Ie HaXOXKICHHUE
4enoBeKka (PEeYHHKa) C IENBI0 ONpPEeNICHIs] KOOPIH-
HAT TOYEK OYeHb OMmacHo (puc. 6).

=y

D

<X/
Vel

TaMH, B TPRXJAHCKOM CTPOHMTENILCTBE JAHHBIH METO]
SIBIISIETCSL JOCTATOYHO aBTOMATH3MPOBAHHBIM M 3-
(EeKTUBHBIM.
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Expediency of the use of poliheksamethyleneguanidine (PHMG) salts is reasonable as the antiseptic in alcohol
production from starch-containing raw materials. In working environment its influence on the course of microbi-
ological and biochemical processes, quality of semiproducts and alcohol was investigated and efficiency of the
preparation « PHMG » for inhibition of contaminating microflora growth was confirmed.

Keywords: alcohol production, contaminating microflora, antiseptic preparation (antiseptic).

Introduction

Intensive introduction of the newest energy- and
resource-saving technologies in alcohol production
predetermined a transition of a number of enterprises
in the industry to the technology of the low-
temperature boiling and wide utilizing of unconven-
tional and untraditional raw materials that is the basic
source of infecting microorganisms in a manufactur-
ing process [4,5]. It is known that products of metabo-
lism of external microflora have a negative influence
on the vital functions of yeasts, enzyme activity and

predetermine the super rational growth of wort acidity
, that results in decrease of alcohol output and worsen-
ing its quality [1,2,3]. In the case of the thermal fer-
ment processing use of grain raw materials, the prob-
lem of microbiological purity of production takes on
the special significance.

For a long time the only way of the problem solv-
ing was periodic temperature sterilization of yeast
fermentation equipment with the use of disinfectants
[5]. Nowadays in alcohol production from starch-
containing raw materials the use of antiseptics is gain-
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ing greater popularity to inhibit the contaminating
microflora development and decrease its activity.
However, despite the spectrum of antiseptics being
used in alcohol production technology is wide enough
nowadays, information about technological and eco-
nomic efficiency of their use, influence on the final
product quality is absent. In this case there is a neces-
sity to conduct researches towards that goal and to
elaborate the recommendations for the use of antisep-
tics in alcohol industry.
« PHMG » in the ethanol production.

The implementing of the continuous fermentation
mash method from starch-containing raw materials in
the industry is limited by excessive growth of wort
acidity . The use of the effective antiseptic preparation
« PHMG » provided mash fermentation in conditional-
ly-sterile environments, receiving the regulated index-
es of fermented wort, that will allow to pass on the
continuous way of mash fermentation from starch-
containing raw materials.

Nowadays the antiseptic preparation «PHMG» is
one of the most widespread in food industry, which
basic descriptions are brought in table. 1.

Table 1.

Description of the antiseptic preparation « PHMG »

Active substance

Concentration of the
active substance, %

Solubility in water pH of solution

Poliheksamethyleneguanidine

(PHMG) 20

good 6,0...9,0

The advantage of such preparations is a wide
spectrum of antimicrobic action on gram-negative and
gram-positive bacterium, viruses, yeast-like fungies
and dermatophytes. In addition, the given preparation
is characterized by good solubility and high inertness
to metallic surfaces, glass and rubber, that eliminates
possibility of equipment corrosion as a result of its
using.

We investigated the influence of the antiseptic prep-
aration «Polidez» on the techno-chemical indexes of the
productive yeasts, mash in the process of its fermenta-
tion and chemical-technological indexes of fermented
wort. The marked indexes were determined by the meth-
ods generally accepted in the industry [1].

The research of the use efficiency of the given anti-
septic preparation was conducted in the conditions of a

state enterprise (SE) "Martynivskiy spyrtovyi zavod™ (vil-
lage Martynivka, Vinnytsya region) [2].

Corn is a basic raw material for the alcohol produc-
tion on this enterprise. Indexes of raw material quality are
brought in table 2.

For preparation of a batch maize was milled on a
hammer crusher. Granulometric composition of grade
was characterized by a passing through a sieve with
the diameter of apertures 1 mm — 85...92%. The tem-
perature of the batch was 38...40° C.

The batch was boiled at a temperature of
155...158° C during 40...45 min. Boiled mass was
sugared at a temperature of 57...58° C during 35...40
min.

Table 2.

Indexes of raw material quality (maize)

Starchiness, %

Humidity,%

Impurity, %

59,1...59,7

15,0...15,5 2,0

The sugaring of the batches was accomplished with
the use of enzyme preparations BAN 480 L, San-Extra
240 L, which charges made up according 180 and 800
sm3/t of conditional starch. Mash fermentation was
conducted with the use of sulphate yeasts of K-81
race. Duration of productive yeasts growing made up
15...18 hours at a temperature of 28...34 °C.

The content of dry substances (DS) of basic mash
and mash for productive yeasts growing folded
16,5...17,5 %.

The techno-chemical indexes of semiproducts in
alcohol production were determined in 10 yeast seed
vessels and 10 fermenters without adding an antiseptic
preparation ( a control), and in the same amount of
fermenters and yeast seed vessels, with adding the
antiseptic preparation " PHMG " with the concentra-
tion 20 sm3/m?® of mash into them.

Mash fermentation and preparation of yeasts was
accomplished by a periodic method. The capacity of
one fermenter made up 110 m® and 120 m?, yeast seed
vessels — 12 m?.
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Draw. 1. The biomass accumulation of productive yeasts during growing them on mash: 1 — without the antisep-
tic 2 - with adding the antiseptic preparation "PHMG" with the concentration 20 sm3/m?® of mash (average
value).

It is determined that adding the mentioned anti-
septic preparation into mash for productive yeasts
growing slightly reduced the reproduction speed of
yeast cells (draw. 1).

But after 3 generations process intensification of
yeast biomass accumulation passed during all period
of their generations by 6,7...10,6 %, as a result of
their adaptation to the antiseptic, comparing with the
control. Furthermore, in all experienced yeast seed
vessels, in which the antiseptic preparation " PHMG "

was added, dead yeast cells were absent. The concen-
tration of yeast cells made up 120...125 mln/sm® [2].

Adding the antiseptic preparation "Polidez" to
mash repressed the accumulation of acid-formed bac-
terium substantially, that was confirmed by accumu-
lation speed decrease of mash acidity. Eventual acid-
ity of productive yeasts with addition of the antiseptic
was lower in comparison with the control, by 0,04 gr.
(draw.2).
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Draw. 2. Fermentation of DS and accumulation dynamics of titred acidity of productive yeasts during growing
them on mash: 1 — without the antiseptic 2 - with adding the antiseptic preparation " PHMG " with the
concentration 20 sm3/m3 of mash (average value) .
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During the researches it is determined that adding
the antiseptic preparation "Polidez" in fermenters in
amount 20 sm®m? of mash at the beginning of the
fermentation process largely influenced on motion of
biochemical processes and chemical-technological
indexes of fermented wort (table.3).

It is determined that the mentioned antiseptic use
in the concentration marked above repressed the pro-
cess of acid accumulation in mash comparatively with
the control model, accordingly by 31...46% during all
process of its fermentation and reduced eventual acidi-
ty of fermented wort by 0,18 gr. (draw. 3).

Repressing the acid-formed bacteria development
in mash with the use of the antiseptic preparation
"Polidez" in the mentioned concentration helped more
active growth and reproduction of yeasts that was con-
firmed 6 % higher content of yeast cells, than in fer-
menters without the antiseptic. Lower, comparatively
with the control, content of unfermented carbohy-
drates and insoluble starch (table. 3) in fermented
wort with the mentioned antiseptic confirms the
increase of yeast fermentation activity and higher,
comparatively with the control, activity of enzyme
preparations.
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Draw. 3. Fermentation of DS and accumulation dynamics of titred acidity of productive yeasts during growing them on
mash: 1 — without the antiseptic 2 - with adding the antiseptic preparation " PHMG " with the concentration 20
sm%m? of mash (average value) .

Table 3.

Chemical-technological indexes of fermented wort.

Indexes Without an ,3 gﬁl)septlc (con- With the antiseptic «Polidez»
Insoluble starch, g/of 100 cm® 0,0925 0,0861
Unfermented sugars, g/of 100 cm® 0,3260 0,3120
Ethanol, at. % 8,9750 8,9857

It is necessary to mark that decline of the micro-
biological pollution level of productive yeasts and
fermented wort assisted the process intensification of
mash fermentation and the alcohol output increase,
comparatively with the control — mash without the
antiseptic, by 0,12 %.

The decline of the productive substrate infection
and the increase of yeast fermenting activity influ-
enced on composition and quantitative content of al-
cohol fermentation side products.

During research of composition and content of
fermentation side products in fermented wort it is de-

termined, that the use of the antiseptic preparation
"Polidez" in the concentration of 20 sm3/m? assisted
the decline of acetaldehyde content, comparatively
with the fermented wort, got from mash without an
antiseptic, in 1,5 times, that affirms about more com-
plete fermentation of carbohydrates, and also the de-
cline of ether content in 1,4 times, that obviously re-
lated with smaller content of higher alcohols and acids
than in the control, which products of interaction in
fermented mass are complex ethers (table. 4).
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Table 4.

Accumulation of volatile admixtures in fermented wort, mg/dm?®

Index Control (without the antiseptic) With addition of the antiseptic « PHMG »
Aldehydes 90,45 59,91
Ethers 32,50 23,06
Acids 168,60 94,50
Higher spirits 455,30 330,45

Conducted comparative evaluation of alcohol
quality got without the use of the antiseptic and with
the use of the antiseptic preparation « PHMG » has
shown, that content and physical and chemical indexes

of the alcohol sample, got with the use of the antisep-
tic, corresponded to the requirements of his state
standard (table.5).

Table 5.
The physical and chemical indexes of rectified ethyl alcohol
Control . . .
Name of index (without the With a_dd'l'ng t.he a’r’m-
L septic "Polidez
antiseptic)
Volume part of ethanol, at a temperature of 20 °C, % 96,4 96,4
A test on cleanness with sulphuric acid passes passes
Test on oxidability at a temperature of 20 °C, min 21,0 23,0
Mass concentration of fusel oil, in a count on mixture isoamyl and 29 19
isobutyl alcohols (1:1) in a waterless alcohol, mg/dm?® ' '
Mass concentration of aldehydes, in a count on an acetaldehyde in a
3 1,0 0,8

waterless alcohol, mg/dm
Mass concentration of ethers, in a count on acetethyl ether in a water-

3 2,8 2,5
less alcohol, mg/dm
Volume part of methanol in a count on a waterless alcohol, % 1,8 103 1,6 103
Mass concentration of free acids (without COy), in a count on acetic 9.0 75
acid, in a waterless alcohol, mg/dm?® ' '

Conclusion REFERENCES:

Conducted researches affirm efficiency of the an-
tiseptic " PHMG " use for repressing the acid-formed
microflora progress in mash. The antiseptic prepara-
tion « PHMG » stimulates the production yeasts devel-
opment during the optimal concentration of the anti-
septic in productive substrate 20 sm3/mq.

Using the investigated antiseptic preparation for a
continuous method will allow to provide microbiolog-
ical cleanness of alcohol production semiproducts and
to bring down the side product content of alcohol fer-
mentation that will provide the improvement of etha-
nol quality indexes.
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FRACTAL BLOCK TRUNCATION CODING

Abstract
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Proposed hybrid fractal block truncation coding (BTC) scheme - a lossy method to compress digital images.
General fractal approach with fixed partitioning can't preserve fine-scale details well whereas block truncation
coding preserves the first and second moments of each block and fits for texture encoding. Proposed scheme
splits an image info structure and texture bands. Image structure is coded with an iterative system of affine trans-
forms. If strong texturing is present in a block a texture is coded with BTC additionally otherwise the texture is
omitted. This compression approach is a simple extension of fractal method that improves essentially decoding
result quality without complex techniques like quadtree partitioning.

Keywords: video compression, fractals, block truncation coding

Introduction

This article represents a hybrid scheme of BTC
and fractal coding. Firstly consider both approaches to
understand possibilities of improvement.

BTC is a simple and fast lossy compression tech-
nique initially developed for digitized gray scale im-
ages. The original algorithm has been known since
1979 [1] and achieves a constant bit rate of 2 bpp.
Generally, BTC provides good reconstructed image
quality however, high bit rate is its main drawback.

BTC algorithm can be highlighted as follows.
The image is divided into blocks of typically 4x4 pix-
els. Moment preserving quantization for blocks of
pixels retains visually smooth perception of nearest

image blocks. For each block the mean X and stand-
ard deviation o are calculated. Then two level quanti-
zation on the block is per-

1, X>X
=g }
formed During reconstruction

every 0 in the bitmap q is replaced with low value and
1 with high value:

X, =X— o Wi/(m=n), x,=X+ o \(m—n)/n h

ere m is the total pixels quantity in a block and n is a

X, Xy
number of zeros. Values “L’'"H s selected to pre-

serve the first and second momentum of the block.

Researchers are still interested in this algorithm
improvement due to its simplicity and good result on
photographic images. The number of modification and
derivatives of the algorithm has been proposed [2] to
reduce bit rate required for compression. Let consider
several modifications useful for further consideration.

In absolute moment block truncation coding
(AMBTC) [3] each block is quantized in such a way
that each resulting block has the same sample mean
and the first absolute central moment of each original
block so that low and high values are:

Z X Xy= Z X
X< m=n This modi-

fication highly S|mpI|f|es calculations and at the same
time increases reconstruction quality. Multi-level
quantization [4] suggests more thresholds that increase
reconstruction quality as well. Quadtree segmentation

improves compression rate significantly taking into
consideration local properties of each block. AMBTC
is applied for a block if only the difference between
the higher and the lower mean is less than some

threshold *H ™ EY! otherwise the block is divid-
ed into 4 sub-blocks. More sophisticated approach is
quadtree-segmented AMBTC with bitmap omission
(AMBTC-QTBO) [5]. There if the difference is less
than threshold the block is encoded with mean value
only. When maximum quadtree depth is reached the
block is encoded with AMBTC.

Fractal compression was introduced later in 1987
by M. Barnsley and A. Sloan [6]. The fractal approach
is based on Barnsley's hypothesis that self-similarity is
inherent to images, and the idea of representing an
image in the form of contraction mapping so that an
image is represented by the coefficients of some con-
tracting transformations rather than individual pixel
properties.

With this article we are going to extend the frac-
tal coding approach represented in our recent fractal
JPEG coding scheme [7]. That algorithm uses visually
salient points detection and descriptor matching in-
spired by image registration problem to find similar
range and domain blocks.

Pure fractal approach with fixed range block size
has the following quality limitation. As a range block
has definite size for example 8x8 there is no way to
reconstruct fine-scale details properly. Therefore we
have low reconstruction PSNR for blocks having
strong textures when their significant spatial frequen-
cies are about the range block size. It was proposed to
code such textured blocks with JPEG [7].

During calculation of affine transform a
range/domain block residual is evaluated as well to
check if the transform fulfils the condition of the col-
lage theorem. If calculated collage PSNR value is be-
low than some target threshold this block should be
compressed with JPEG otherwise the contractive map
factor is too high.

Alternatively in this research we are going to
overcome fractal coding quality problems by using an
image decomposition into structure and texture com-
ponents [8]. In contrast to the previous approach
where blocks split in the spatial domain the frequency
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domain is used now. An image splits in two bands that
are compressed separately. The general concept is that
an image | can be regarded as composed of a structur-
al u part, corresponding to the main objects in the im-
age, and a textural part v, containing fine scale details,
usually with some periodicity. Ideally structure and
texture should be decorrelated corr(u,v) = 0 for inde-
pendent coding. The definition of texture is vague and
highly depends on the image scale. We admit a hy-
pothesis that the structure component can be well rep-

resented with fractal coding if proper texture scale is
selected.

Probably the simplest approach for splitting is a
low-pass filter applying. For example, by convolution

with Gaussian kernel of a proper size one can obtain
u=G(o)xIl,v=1-u

Reconstruction quality estimation for structure
component u for Lenna image in dependency on ker-
nel ¢ is represented in the table 1. The data confirms
the fact that fractal compression with fixed block size
suits better for smooth pictures.

Table 1
Fractal decoding PSNR, SSIM dependency on Gaussian smoothing o for Lenna.
- PSNR, SSIM PSNR, SSIM
block size 8x8 block size 4x4
0, original image 27.9 30.429
' 0.79 0.88
28.59 31.71
05 0.84 0.92
1 30.37 34.20
0.89 0.95
32.14 36.55
15 0.91 0.96
5 33.6 38.19
0.93 0.97
4 34.2 40.91
0.89 0.97

If texture variance is too high it is needed to en-
code the texture for this block as well otherwise the
textural part can be omitted. Texture has short-length
spatial correlation only and can be effectively quan-

tized. Distribution for v seems to be close to Gaussian
one (Pic. 1) with entropy < 4 that correlates with a half
of spatial frequencies holding.

Texture value distribution

0.14 7 [ Lenna

1 Baboon
0.12 4

0.10

0.08

prob density
o
o
[}
1

0.04

0.02

0.00

T T
=100 =50

T T T
] 50 100

Pic. 1 Distribution of v for Lenna (std 6.85) and Baboon (std 20.3) images.
Smoothing filter splits spatial frequency into two equal bands so that
u holds f € [0,N/2) v holds f ¢ [N/2,N).

The texture block v can be effectively com-
pressed with 2-level AMBTC and splitting texture

values into 3 bands. Low and high thresholds oty
are selected such that final decoding error is mini-
mized. Firstly, the v block is divided to the positive
v>0 and negative v<0 parts. Threshold values are cal-
culated as the standard deviation for these parts:

t:

‘\Fnluzo(v v, )V, = nlLvva
t —\j—zb(v v,)2,v,= zo

Correspondlngly Iow and hlgh values are:

ZV V= ZV

v<tL v>tH
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As it was mentioned before, texturing for a block
is needed if only PSNR of the fractal restoration is less
than target PSNR. Restoration PSNR for a block is
calculated by the collage theorem. If the distance d
between the original image | and the collage W(I) is
less than ¢, then the distance between the original |
and the fixed point I, (the restored image) is less than

d<e/(1=s) , here s is a contractive mapping fac-
tor. We assume it is equal to 0.5 for simplicity. Dis-

tance d is calculated as MSE between transformed
domain and target range blocks.

By its nature AMBTC is a lossy method therefore
it is impossible to restore texture better than AMBTC
quality capabilities (see table 2). Therefore, for fractal
BTC approach decompression quality is also limited
by the listed values and it is feasible to apply a quality
threshold less than BTC capability in 35dB for Lenna
and 30dB for Baboon.

Table 2

PSNR, SSIM for Lenna, Baboon images encoded with AMBTC

Image Lenna, PSNR, SSIM Baboon, PSNR, SSIM
Block size 8x8 (1.25bpp) 34.28dB, 0.89 30.13dB, 0.82
Block size 4x4 (2bbp) 36.5dB, 0.94 30.94dB, 0.88

We propose to use binary prefix codes to encode
v bitmap blocks. Let '0' means v is around zero, '10' -
less than the low threshold and '11' - above the high
threshold. In these codes any value out of the zero
band requires an additional bit. Assuming entropy of v
Huffman codes can be effectively applied for encod-

ing IVl IVl , giving estimation in 4 bits per value.
Indeed, for symmetric distribution retaining only a
single value should be enough, however we keep both
of them for better quality. Finally, texture part encod-
ed by this scheme requires b = {2-4+k+count(v#0)}
bits per block, here k is a number of pixels in the
block. It is just one of possible BTC schemes and fur-
ther bitrate improvement like block prediction or in-
terpolation is still possible and is out of scope of this
research.

1. Experiment setting up and conclusions

Two images 512 x 512 x 8 namely Lenna (low
texturing) and Baboon (strong texturing) are selected
to make a comparative study of the proposed com-
pression technique.

The algorithm in the python language was devel-
oped using the OpenCV computer vision library. At
the original image 1000 domain blocks are detected by
ORB [9] algorithm with following parameters: first
level = 4, levels = 5, FAST threshold = 15, edge
threshold=20. For every domain and range block a
descriptor is calculated as follows. The corresponding
patch is rotated to align with a feature dominant direc-
tion (calculated as average gradient over the patch)
and resampled to 5x5 from its original dimension.
Resampled values are smoothed by 3x3 blur kernel.
Then the table values are shifted to its mean and nor-

malized by variance similarly to Mahalanobis dis-
tance. After this processing the descriptors should be
scale and rotation invariant and have normalized in-
tensity distribution. Descriptors are matched with
FLANN kd-tree algorithm [10]. To improve fractal
decompression quality, domain 8x8 block pose are
adjusted with exhaustive patch matching algorithm to
minimize local MSE by patch angle and center ad-
justment. By applying domain block alignment, PSNR
is higher in 1~2 dB [7]. For blocks of 4x4 size this
alignment is not essential and requires too much com-
putational time.

Every decoding iteration includes affine trans-
form step and texture applying step. To reduce block-
ing effect after transforms 3x3 blur filter is applied
improving the result PSNR.

Compression rate is estimated in assumption that
affine transform has 8 parameters, namely spatial x,y
shift, scale, angle and intensity shift and scale. We
suppose with proper quantization the parameters data
require not more than 8 bytes per block. Texture pres-
ence bit is also included into these 8 bytes. If the tex-
ture part presents it requires b bits additionally, as it
has been described above.

Compression rate (here CR = 100 - compressed
size / original size) for target quality threshold in
30dB and 35dB are calculated for blocks size of 8x8
and 4x4. Texture block rate is the ratio of block num-
ber where texture should be preserved (a texture
block) to total blocks number (that are 4096 and
16384 correspondingly). The result is represented in
table 3.
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Table 3
Compression rate and decoding quality estimation for Lenna and Baboon images encoded with fractal BTC
Texture blocks# Collage PSNR PSllglR SSIM Bit per CR
block rate % PSNR estimation . . pixel
iterations
Lenna, 30dB, 1030 0
88 2506 34.58 28.56 32.83 0.90 1.43 17.90%
Lenna, 35dB, 1757 o
88 43% 35.10 29.08 33.45 0.93 1.73 21.65%
Lenna, 30dB, 3455
Axd 21% 35.45 29.43 34.56 0.92 4.47 55.87%
Lenna, 35dB, 6132 o
Axd 37% 36.31 30.28 35.59 0.94 4.82 60.29%
Baboon, 3333 o
30dB, 88 81% 30.43 24.40 27.15 0.86 2.41 30.09%
Baboon, 3982 o
350B, 88 97% 30.89 24.87 27.33 0.90 2.67 33.43%
Baboon, 12500 o
30dB, 4x4 76% 31.37 25.35 29.20 0.90 5.66 70.81%
Baboon, 15463 o
350B, 4x4 94% 31.83 25.80 29.77 0.94 6.05 75.66%

The result shows that texture information adding
dramatically improves reconstruction quality of fractal
encoder without segmentation to the smaller range
blocks. Also fractal BTC coded image looks more
natural and closer to the original than pure AMBTC
result and has better SSIM however blocking effect is
observable at contrast edges.

Compression rate is about 20% for 8x8 blocks
and 70% for 4x4. The result can be improved more by

-

0)

The result for Baboon (Pic. 3) and Lenna (Pic. 4)
shows that feature point approach with limited number
of domain blocks in conjunction with BTC texture
handling is applicable for image compression and

applying proper quantization, value prediction and
passing the result codes to the entropy coder. On Pic.2
decoding result of AMBTC, fractal and hybrid scheme
for the equal block size 8x8 is represented. It is seen
perceptual quality improvement for the proposed
scheme. Capability of the hybrid fractal BTC ap-
proach seems to be better than both fractal and BTC
methods considered separately.

d)

Pic.2 Fragment of original Lenna image (a) compressed with AMBTC 8x8 (b) (1.25bbp, PSNR 34.28dB, SSIM

0.89), Fractal 8x8 (c) (1 bpp, PSNR 28.58dB, SSIM 0.82), and Fractal BTC 8x8 (d) (1.68bpp, PSNR 33.08dB,
SSIM 0.92)

needed further investigation. Next investigation step is
applying no search fractal coding [12] for structure
component encoding as it is a simple and fast ap-
proach suitable for on-device implementation.
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Pic.3
Baboon image compressed with Fractal BTC t=35dB, block size 8x8, PSNR 27.33dB, SSIM 0.90, CR 33.43%

Pic.4
Lenna image compressed with Fractal BTC t=35dB, block size 8x8, PSNR 33.45dB, SSIM 0.93, CR 21.65%

REFERENCES:

1. E.J. Delp, O.R. Mitchell, “Image Compres-
sion using Block Truncation Coding” IEEE, Trans.
Communications, Vol . 27, 1979, pp.1335-1342

2. P. Franti, O. Nevalainen and T. Kaukoranta,
“Compression of Digital Images by Block Truncation
Coding: A Survey” The Computer Journal, Vol. 37,
No. 4, 1994.

3. Maximo D.Lema, O. Robert Mitchell, “Abso-
lute Moment Block Truncation Coding and its Appli-
cation to Color Images”, IEEE Transactions on Com-
munications, Vol. COM-32, No. 10 (1984).

4. K.Somasundaram, S.Vimala, “Multi-Level
Coding Efficiency with Improved Quality for Image
Compression based on AMBTC”, International Jour-
nal of Information Sciences and Techniques (1JIST)
Vol.2, No.2, 2012

5. Wu-Lin Chen, Yu-Chen Hu, Kuo-Yu Liu,
Chun-Chi Lo and Chia-Hsien Wen, “Variable-Rate
Quadtree-segmented Block Truncation Coding for
Color Image Compression”, International Journal of
Signal Processing, Image Processing and Pattern
Recognition, Vol.7, No.1 (2014), pp.65-76

6. Michael F. Barnsley, Alan D. Sloan, “Meth-
ods and apparatus for image compression by iterated
function system”, US4941193A, 1987

7. G. Kis, V. Cherevyk, “Using Fractal Com-
pression In JPEG”, Danish Scientific Journal (ISSN
3375-2389), Vol.1, No 42, 2020 pp. 25-32

8. Jean-Frangois Aujol, Guy Gilboa, Tony
Chan, Stanley Osher, “Structure-Texture Image De-
composition—Modeling, Algorithms, and Parameter
Selection”. International Journal of Computer Vision.
67 (2006) pp.111-136.



Danish Scientific Journal No46, 2021

55

9. Ethan Rublee, Vincent Rabaud, Kurt
Konolige, Gary R. Bradski “ORB: An efficient alter-
native to SIFT or SURF”. ICCV 2011: 2564-2571.

10. Marius Muja and David G Lowe. Fast ap-
proximate nearest neighbors with automatic algorithm

truncation coding and block prediction technique”,
Imaging Science Journal, Vol. 56, No. 5, (2008), pp.
254-270.

12.S. Furao and O. Hasegawa, “A Fast No
Search Fractal Image Coding Method,” Signal Pro-

cessing: Image Communication, vol. 19, no. 5, pp.
393-404, 2004

configuration. In VISAPP (1), pp. 331-340, 2009.
11.Y. C. Hu, B. H. Su and P. Y. Tsai, “Colour
image coding scheme using absolute moment block

CONDITIONS FOR EFFECTIVE APPLICATION OF RELIABILITY ASSESSMENT METHODS OF
THE FUNCTIONING OF ELECTRICAL DEVICES

Kyselov V.,

Senior lecturer

Cherkassy state technological university, Ukraine
Kyselova A.,

Senior lecturer

Cherkassy state technological university, Ukraine
Klyuchka K.,

Cand. of Eng. Sc.; Associate Professor
Cherkassy state technological university, Ukraine
Protasov S.,

Cand. of Eng. Sc.; Associate Professor
Cherkassy state technological university, Ukraine
Semko 1.

Cand. of Eng. Sc.; Associate Professor
Cherkassy state technological university, Ukraine

YMOBH E®EKTUBHOI'O 3ACTOCYBAHHS METO/IB OIIIHIOBAHHA HAJIIMHOCTI ®YHK-
OIOHYBAHHAA EJIEKTPOTEXHIYHUX NIPUCTPOIB

Kucenavos B.B.,

cmapwutl euK1aday

Yepracbkutl 0eparcasrull mexnoro2iunull yHigepcumem
Kuceasona I'.O.,

cmapwiuil 6UKna0ay

Yepracokuil 0epicasHuil MexHoA02IYHULL YHIBepcumem
Kuarouka K.M.,

K.M.H., O0YeHm

Yepracokuil 0epicasHuil MexHoA02IYHULL YHIGepcumem
Hporacos C.10.,

K.M.H., OOYeHm

Yepracbkutl 0eparcasrull mexnoio2iunull yHigepcumem
Cemko I.B.

K.M.H., OOYeHm

YepracbKutl 0eprcasrull mexnoro2iunull yHigepcumem

Abstract

Electrical devices as parts of modern electrical systems have complex circuit and structural nature, a large
number of components, units and blocks. As electrical devices become more complex, the requirements for their
reliability are constantly growing. Any failure is accompanied by significant losses due to the high cost of
equipment and the importance of performed functions. To ensure the reliable operation of electrical devices, it is
important to use effective methods to calculate their reliability. The information available in the literature on the
reliability calculating methods is often quite generalized and does not always fully take into account the specifics
of the operation of electrical devices.

The article is devoted to the application of the reliability assessing method of the operation of electrical de-
vices, taking into account their operating features.

AHoTanis

EJ'IGKTpOTCXHi‘{Hi HpHCTpOL 10 BXOAATh A0 CKJIAAy Cy4YaCHUX eJ'IeKTpOTCXHi‘IHI/IX CHCTEM, BiIlpi3H$IIOTI)C$I
CXEMHOIO Ta KOHCTPYKTHBHOIO CKJIAJIHICTIO, BEJIMKOIO KUJIBKICTIO JeTalield, By3JiB Ta OJ0KiB. B Mipy yckiamgHeH-
HSl €JIEKTPOTEXHIYHUX MPHUCTPOIB, MOCTIHHO 3pOCTalOTh BUMOTH JI0 iX HamiiHOCTI. Bynp-ska iX moiomka cympo-
BOJDKY€ETBCS 3HAUHUMHM BTpaTaMH i3-32 BHCOKOI BapTOCTI amapaTypH, Ta 3HAYYIIiCTIO BUKOHYBAaHUX (YHKIIiH.
[Ipu 3a0e3neueHHi HaaiifHOTO QYHKIIOHYBaHHS €JIEKTPOTEXHIYHUX NPUCTPOIB, BAXKIMBA POJIb IOJISITA€ Y BUKO-
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pucTaHHI e(heKTUBHUX METOJIB PO3PaXYHKY IX HajiiiHOCTi. HasBHI y JiTepaTypi BiJOMOCTI PO METOIU PO3pa-
XYHKY HaJlIHHOCTI, 9aCTO € JOCHUTh y3araJILHEHUMH Ta HE 3aBXKIH B IMOBHINA Mipi BpaxoBYIOTh crieluiky (yHK-

IIOHYBaHHS €JIeKTPOTEXHITHIX PUCTPOIB.

CraTTs mMpuUCBSYCHA 3aCTOCYBAaHHIO METOJY OIIHIOBAHHS HAAIHHOCTI (DYHKIIOHYBAaHHS EJICKTPOTEXHITHIX
MIPUCTPOIB 3 BpaXyBaHHAM 0CcOOIHMBOCTEH IX (DyHKIIOHYBaHHS.

Keywords: electrical devices, reliability indicators, estimates of calculation accuracy, normal distribution.
KoaiouoBi cioBa: enexkTpoTexHiYHI MPHUCTPOi, MOKA3HUKH HAAIWHOCTI, OLIHKK TOYHOCTI OOYMCIIEHb, HOP-

MaJIbHUH PO3IOJILI.

IMocranoBka mpo6aemu. IIpoGnema 3abesne-
YCHHS HAQJIMHOCTI OXOIUTIOE BCi €Talyd CTBOPCHHS
enekTpoTexHiyaux npuctpoiB (EIT) i Bech mepiof ix
MPaKTUYHOTO BUKOPHUCTaHHA. UWHHUKH, IO BIUIMBA-
I0Th Ha HaAIMHICTh, MOKHA PO3TJISIIATH BiIOBIIHO 10
HACTYITHUX TpboX eramiB cTBopeHHs EIl: mpoekty-
BaHHS, BHTOTOBJICHHS Ta eKCIUTyaTarii. BimmoimHo
IOMY METOAM MiABHINEHHS HafiiiHocTi EIT Takox
pPO3NOAUISIIOTECS ~ HA  TPU  TPYNH:  CXEMHO-
KOHCTPYKTHBHI, TPOMHCIIOBI Ta eKcIutyartariiiai [1,
2].

CXEeMHO-KOHCTPYKTHUBHI ~METOJM  ITiBUIIICHHS]
HagiitHocti EIl MoOXHa pO3MONUIMTH Ha JBI BEJHKI
rpyIu:

1) 6e3 BBEICHHS HATHITKOBOCTI,

2) 3 BBEJCHHIM HaUIMIIKOBOCTI (BBeaeHHs B EIT
JIOJATKOBOTO 00NagHaHHS a00 30UTBIICHHAM TEPMiHY
BUKOHAHHS 32/1a4).

Jlo nepmioi rpynu BiTHOCATHCS HACTYITHI METOMIH:
BHOIp MAXOAANIUX PEKUMIB POOOTH IJI €IEMEHTIB
CXEMH; PO3pO0Ka CXEeM 3 IMUPOKUM JOMYCKOM Ha Bif-
XWICHHS TNapaMeTpiB; CTaHAapTu3auis 1 yHidikaris;
JIOCTYIHICTh JeTajC, By3JIiB 1 OJOKIB JUIS OTJISIIY Ta
PEMOHTY; 3a0e3MeucHHsI MIHIMyMY amapaTypHHX 3a-
Tpat Ha peanizamiro EII.

Hpyra rpymna cXeMHO-KOHCTPYKTHBHHUX METOJIB
IMABUINEHHS HAQIMHOCTI 3aCHOBAaHA BBEICHHI TUX YU
IHIIMX BUJIIB HA[UIAIIKOBOCTI HA PI3HMX eTamax Ipoe-
kryBaHHs EIl i ans pi3HUX THUIIB BiIMOB, Tak SIK JJIs
EIl xapakTepHa HasBHICTh BHUIIAJKOBHX BiaMoB. He-
OOXITHO PO3PI3HATH TPY BUAM HAUTHIIKOBOCTI: CTPY-
KTypHy, iH(opMmauiiiny i yacoBy [1]. Meroau, 3acHo-
BaHi Ha CTPYKTYPHIN HaJJTUIIKOBOCTI 3aCTOCOBYIOTHCS
JUTSL 3HAXOJDKCHHS 1 BUIIPABJICHHS BiIMOB 1 3001B. Me-
TOJM, 3aCHOBaHI Ha BHUKOpPHCTaHHs iHQOpMauidHOI i
9aCcOBOI HAJIMIIKOBOCTI, 3a3BHYail BUKOPHCTOBYIOTh-
cs Uit KoHTpono nparne3aatHocti EIT 3a oboma Tu-
maMu BiZMOB (300€M Ta BHITAJKOBUMH BiIMOBaMH),
JUTS 3MEHIIICHHS Yacy TONIYKY 1 JIOKaslizallii Hecrpas-
HocTe# [1].

3BHYAHO, 110 TAKUH PO3/IN METOMIB ITiBHIIECH-
Hs HaJ[IHHOCTI Ha TPH TPYIH, HE 3aBXKIU OC3YMOBHUM,
YacTo JIeSIKi METOJN TePETUHAIOTHCS Mix coboro. O-
HaK B NEPIIOMY HAOJIDKEHHI MOJKHA KOPHCTYBAaTHUCS
HaBeJICHOIO Kiach(iKaliero.

AHaJIi3 OCHOBHHUX JOCJHiIKeHb i myO.ikamiid.
Sk yxe 3a3Haydanocs, 3 TOYKH 30py HAIIHHOCTI BCi
MPUCTPOI OUITBHO PO3AUTUTH Ha JIBi TPYIHU: BiTHOB-
JIOBaHI Ta He BigHOBIIOBaHi [1, 2]. B cBoro uepry B
KO>KHIH TpyIi HEOOXiZHO BUAIIMTH IPUCTPOI 3 OCHO-
BHUM 3’€JIHAHHSM €JIEMEHTIB (B CEHCl HaailHOCTI) 1 3
pe3epBHUM. Ilpu OCHOBHOMY 3’€HAaHHI EJICMCHTIB
BiZIMOBA IPUCTPOIO HACTYIIAE IIPH BIAMOBI OY/b-SIKOTO

esleMeHTa. BiqMoBa pe3epBOBaHOrO MPHCTPOIO HACTY-
Ia€ NpU BIZIMOBI OCHOBHOTO 1 YCiX pe3epBHHX IpH-
cTpoiB [ 2 ].

JIOWiTbHO BHIUTUTH TaKOXK BUTAIO0K PO3PaXyHKY
EII 3 xonTponem. [Tpu BUSBICHHI BiIMOBH KOHTPOJIEM
HE JOIYCKAE€ThCS BUKOPUCTAHHS HETPABIIBHUX pe-
3yNbTaTiB QYHKIIOHYBAaHHA Ta CKOPOUYYETHCA Yac BU-
SIBJICHHS BiIMOBH [3].

Bupgisiennss HeBHpillleHUX paHillle YACTHH 3a-
rajbHoi nmpo6JjieMu. BuBueHHsS HamiifHOCTI eNeKTpo-
TEXHIYHUX MPHUCTPOIB SIK MPABUIIO 0a3ye€ThCS HA MpPHU-
MyIIEHH], 1110 TOTIK BiJMOB IPUCTPOIO HAUTIPOCTIILIHUA,
TOOTO 33/I0BOJILHSIE YMOBaM CTal[lOHAPHOCTI, BIACYT-
HOCTI MiCISAAIl Ta OpAUHAPHOCTI.

[Mopsimok po3paxyHKy BeICThCsA B HACTYITHIH MmO-
CITIIIOBHOCTI:

1. OOYMOBIIOIOTBCSA Ta YITKO (OPMYITIOIOTHCS
(yHKIIT, AKi Mae BUKOHYBaTH MPHUCTPIiH, 3 BKa3iBKOIO
TpaHNYHUX 3HA4YCHb MApaMeTpiB, IO BHU3HAYAIOThH
BUKOHAHHS WX (YHKIIH; YTOYHIOIOTHCS YMOBHU €KC-
Iutyarauii IpucTporo i GOPMYIIOEThCS MOHATTS Bij-
MOBH.

2. IIpoBOUTECS PO3IICHHS TPUCTPOIO Ha OJIOKH
(By3nH, Kackaau) 3 TMOJAJbIIUM CKIaJaHHSIM CXEMH
pO3paxyHKy HajiiHOCTi. EjleMeHTH cXeMH MOBHHHI
MaTH BIIACHI IMOKa3HUKH HAIIIHOCTI, a cCXeMa IMOBHHHA
BKITFOYATH TUTBKU Ti €IEMEHTH, BiIMOBA SIKMX BUKJIH-
Ka€ BiJIMOBY BCHOTO IIPUCTPOIO.

3. V koxHOMY OJIOII NPOBOAUTHCS IETaIbHUN
aHaJi3 CNeKTPUYHUX 1 TEeMIEPaTypHUX PEKUMIB, BU-
3HAYEHHS KOEMII[IEHTIB €IeKTPUYHUX HABAHTAXXCHb 1
TeMIepaTypu BcepeanHi 610Ky, OHOTUITHI €1eMEeHTH
3 OJIHAKOBHMH PEXUMaMU POOOTH IPYNyIOThCS 1 BH-
3HAYAETHCSI X KiJIBKICTh B KOXKHIH Tpymi.

4. Ins xoxxuoi rpymu 3 rpadikamu abo dopmy-
JIaMH BH3HAYa€ThCS IHTEHCUBHICT BiIMOB MPH BiAIO-
BIZTHUX PEIKUMAX.

5. Bu3HauaeThCs IHTEHCUBHICTH BiZIMOB OJIOKIB.

6. Ha xoxHOMY eTami pe3yibTaTH PO3PaxyHKY
CHIBCTaBISAIOTECA 3 HEOOXITHUMHU 3HAUYCHHSIMH 3 TEX-
HIYHAX YMOB (SKIIO BOHH 3a/IaHi) i MOXJIMBI IUIIXU
IiIBUIIEHHS HaJiHHOCTI MPHUCTPOIO 3 ypaxyBaHHSIM
pizHEX (haKTOPIB.

Po3paxyHok 3arajgpbHOi iHTEHCHMBHOCTI BiZMOB A
3IIHCHIOETHCS 32 BUPA30M

A@)=2 04 (), )

Jie Nj — KUTbKICTD €JIEMEHTIB KOXHOTO THUITY 3 OJ1-
HaKOBUMHM PEXHMaMHu;

Ai(@) — IHTEHCHBHOCTI BiJMOB €JIEMEHTIB Pi3HHX
THITIB TIPH BiJIIOBITHUX pEeXMMax poOOTH;
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M — KiABKICTh TPYI OJHOTUITHHX CIIEMCHTIB 3
OJTHAKOBHMH PEIKMMAMH.

MeTo10 1aHOI CTATTi € BU3HAYCHHS YMOB e(eK-
THBHOTO 3aCTOCYBaHHS METOIB OIlIHIOBaHHS Hamii-
HOCTI (QYHKIIIOHYBaHHS SJIEKTPOTEXHIYHUX IPUCTPOIB.

BHKJIaA OCHOBHOTO MarTepiajy HAOCJiIKeHHS.
BigoMo, 110 SKIO €IeMEHTH MPUCTPOIO 3 €THAHI TOC-
JIOBHO (B CEHCI HaIIHHOCTI) BiIMOBa MPUCTPOIO BiJI-
OyBaeThbCs MpH BiIMOBI Oyab-sKOro eneMeHTa. Yac
0e3BIIMOBHOI pOOOTH 3HAYHO OiNbINE Yacy BiJHOB-
JICHHS I[UX CJICMCHTIB. Y I[bOMY BHIIQJIKY JOMYCTHMO
BBa)KATH, IO BIAHOBJICHHS 3IIMCHIOETHCS MUTTEBO.
Take MpHUITyIIEHHS 3HAYHO CIIPOIIYE PO3PaXyHOK Ha-
MIAHOCTI ENeKTPOTEXHIYHUX NPUCTPOiB. IlokazHUKH
HAJIHHOCTI 3aJeXaTh Bifl pSKHMY, B SKOMY 3HAXO-
JIATBCST €IEMEHTH TP BiTHOBJICHHI OJHOTO 3 €JICMCH-
TiB, 10 BIAMOBMIM. BiamoBigHO DO IIBOTO MOYKHA BH-
JIUTATH JTBA peKUMHU [2]:

1) npu BimHOBIEHHI OYyIb-SIKOTO €leMEHTa iHIIi
HE MOXYTh BIJIMOBHTH, TOOTO IHTEHCHBHICTH BiJIMOB
CIPaBHUX CJIEMCHTIB JOPIBHIOE HYJIIO;

2) mpu BiIHOBJIEHHI Oy[Ib-SIKOTO €IEeMEHTa iHIII
3HAXOATHCA B POOOUYOMY pEKHMI, TOOTO IHTCHCHB-
HICTPh BiJMOB CIIPaBHHX CIIEMEHTIB HE JOPIBHIOE HY-
JIFO.

[Ipu MUTTEBOMY BiJHOBJIICHHS MOMEHTH BiIMOB
KOXKHOTO €JIeMEHTa YTBOPIOIOTH IMOTOKU BiAMOB. [Ipu
BEJWKIN KUIBKOCTI €JIEMEHTIB Il ITOTOKM MOJKHAa BBa-
JKaTu HesanekHnMU. CyMma TTOTOKIB BiTMOB €JIEMEHTIB
YTBOPIOE MOTIK BiIMOB IIPUCTPOIO.

OCHOBHOIO XapaKTEPUCTHKOIO TOTOKY BIJIMOB
OPHCTPOIO CITYXKHUTh MapaMeTp MOoToky Bimmos h(t),
10 JOPIBHIOE CEPEIHBOMY YHCIY BIIMOB 32 OJUHHIIIO
yacy (SKIIO 1151 OAUHHIIT MaJia).

SKmo mpuCTpii TpaIioe TPUBANHM 9ac, TOOTO
Maiike BCl eIEMEHTH BCTHTAIOTh BiIMOBHTH I10 KiJTbKa
pasiB, TO

limh (1) == =h; limh(t)= 2 =h,
| R

n -1 n

Ty = Zi. H

i=1 i=1

3araybHi MOJOKEHHS i METOAM TeOopii HaiiHOC-
TI TEXHIYHUX 3aCO0IB B JaHWH Yac JOCHUTHh TIIMOOKO
po3poliieHi, mpore Oe3mocepeqHe X BUKOPHCTaHHS
JUTSL PO3PAaxyHKY HQTIMHOCTI €NEKTPOTEXHIYHUX TPH-
CTPOIB YCKJIQJIHEHO 3 Py npuduH. Jlo HUX B Iepiry
Yepry CiiJl BiIHECTH ApiOHOCEpiHHMI XapakTep BUPO-
onnnrea EIl, ocobnmuBocTi 3acTocoByBaHOro (ByHKIi-
OHAJILHO-BY3JIOBOT'O METOJIy IIPOEKTYBaHHS, BUIAJIKO-
BUIl XapakTep 4epryBaHHsS poOOYMX 1 HEY3TOJDKEHHX
PEKUMIB BHKOPHCTAHHS CJIEMEHTIB 1 T.J. 3a3HAYMMO
TaKOX HEAOCTAaTHIO PO3BUHEHICTh TAKUX METOIIB TIijI-
BumeHHs HaxiHOcTi EIl, K pe3epByBaHHS Ta KOHT-
POIIb.

Bce e roBopuTh 1mpo T€, IO OIiHKH JACSIKHX I10-
Ka3HMKIB HaJIHHOCTI €IEeKTPOTEXHIYHHX HPUCTPOIB
MOBHHHI BUKOHYBATHCS 3 YPaxyBaHHIM OCOOJIMBOCTEH

1+ |1, K. =]1] 1+ 4]
i=1 H;
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ze hi (t) — rapameTp IOTOKY BiIMOB i-TO eJie-
MEHTA;
Ti — cepenniif yac 6e3BiIMOBHOI POGOTH i-TO
SIIeMEHTA;

h(t) — mapameTp MOTOKY BiZIMOB IIPHCTPOIO;
N — KUIBKICTH ITOCJIIIOBHO BKJIIOYEHNX €JIEMEHTIB
(y ceHci HamiiHOCT).

Toxi

=

ile
G

vy TOMY BUIIAJIKY, KOJIH YaCOM Bi}_'lHOBJ'IEHHHM HC

MOXHa 3HEXTyBaTH, AJIA NEPLIOro pPCKUMY CIIpaBCI-

JIMBO
1

P(t)ze‘mze*zinﬂ}*t, T=%= anxl, ,
i=1

4
n h n 1, 2’
T :ZFI Bi — Z& Z_I’
i=1 i=1 i=1 /ui (5)
K, = ]r; = : )
L+ hTe S0 4
THi g

nie Aj — IHTEHCHUBHICTH BIIMOB I-I'0 €JIEMEHTA;
Mi — THTEHCHUBHICTb BiTHOBJIEHHS i-TO €JIEMEHTa.

Just npyroro pexxumy 3uauensst P(t) i T 36ira-
IOTBCS 3 MIEPIIMM PEKUMOM, a CepelHil 4ac BiTHOB-
JICHHA 1 KOe(iI[ieHT TOTOBHOCTI BU3HAYAIOTHCS 3a (o-
pMyIaMH

-1

H @

ix ¢yHkmionyBanus. s oO4YUCICHHS WMOBIPHOCTI
0e3BiJIMOBHOT poOOTH HEOOXIJHO BpaxoBYBaTH 00CST
BUKOPHUCTOBYBAHOI amaparypu, i SIKICTb 1 pexHuMH
poboTH.

[TepBUHHOIO MaTepiajbHOK OCHOBOIO EIEKTPO-
TEXHIYHUX TPHCTPOIB CIYXATh EIEMEHTH: PE3UCTOPH,
KOHJICHCAaTOpH, TPaH3MCTOPH, MeXaHiyHi By3nmu. Ta-
KOXX TPUITYyCTHMO MOXJIMBICTh PO3IIISLY AESKHX TH-
TIOBUX EJIEKTPOHHUX CXEM, 0COOJIMBO B iHTETPajJbHO-
MY BUKOHaHHI, SIK IEPBUHHHX €JIEMEHTIB.

Po3paxyHok HaJiHOCTI Ha piBHI €JIEMEHTIB HE
MOJKHA BBa)aTH IIJIKOM 3aJ0BIILHUM, OCKIIBKH BiH
Jae MpUONN3HI pe3yabTaTH, 10 HE BPaXOBYIOTh IPO-
LIECH B EIEKTPOTEXHIYHUX MPUCTPOSIX B LIJIOMY.

Pobounii pexxum GIIOKIB €IEKTPOTEXHIYHUX MPH-
CTPOIB 3a0€3MeYyEThCS 3aralibHOIO Il HUX YaCTHHOIO
amapaTypu — CHCTEMOIO0 3abe3mnedeHHs (YHKIIOHY-
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BaHHS, sIKA CKJIAJJAEThCS 3 CHCTEMH OJIOKIB JKUBJICHHS,
MIPUCTPOIB 1HAMKAIT i BUMIPIOBaHHS, CUCTEMH KOMY-
Tari TOIIO.

3a3HadycHe Ja€ MiJACTaBH I PO3MIBIIY NUIAXIB
pPO3paxyHKy TOKa3HWKIB HajifiHocTi EIT mist Takmx
BHIIAJIKiB: 1) BHUPINIYETHCS KOHKPETHE 3aBAAaHHSA 3a
JTIOTIOMOTOIO BiZIOMOTO KOMITICKCY OJIOKiB; 2) BHPIITy-
€TBCS SIKECh 3aBJaHHS OJHOTO THUIY; 3) BHUPINIYETHCS
JIOBUTHHE 3aBJaHHSI, IO CTOCYETHCS JAHOTO EJICKTPO-
TEXHIYHOTO mpucTporo. [Ipu oMy mnependavaeThes,
10 3a MEBHUH NPOMDKOK Yacy BHPIIIYETHCS TUIBKH
OJTHC 3aBJIAHHS.

BBeneMo no3HaueHHs: Mjj— KUIBKICTB OJIOKIB i-ro
THITy, 100 BXOOATH JO CKIaay j-oi Mozeni

(i=12 ...mj=1 2 ...k); & - na

paMeTp MOTOKY BiAMOB i-ro OJ0Ky j-0i Momenmi (s
OJIHOTHITHHX OJIOKiB, BiH OIWH 1 TOH Xke); A — mapa-
METp MOTOKY BiZIMOB CHCTEMH 3a0e3IedeHHs (YHKIIi-
OHYBaHHSI.

Bynemo BBakaTu, mo BenwmduHU A i A Bimowmi,
TOOTO OTPHMaHI EKCIIEPUMEHTAILHO a00 PO3paxoBaHi
3a37alIeTiab OyAb-IKUM MeToIoM. KpiM Iboro MmpHiA-
Ma€eMo, IO MOTIK BiZIMOB KOXKHOI MOJIENTI IMyacCOHiB-
cekuii. Toni MOoXHA BH3HAYUTH HMOBIpHICTH Oe3Bif-
MOBHOI po6GOTH j-0i MOIET

n
P (t)=exp| (D Am, +Alt; |, o
Zie tjj — 4ac BUKOPUCTaHHs MOJIENi, TOOTO Bimpi-

30K 4acy BiJl MOMEHTY IiIKIIOYEHHS IO >KUBJICHHS,
BUKOPUCTOBYIOTBCS B MOZETI OJIOKiB J0 BiAKIIOYCH-
HiL.

SIKIO BBECTH TOHSTTS CEpPeHBOT KiIbKOCTI BH-
KOPHCTOBYBaHMX OJIOKIB y KOXXHIH MoJenmi, sika BH-
3HAYA€ETHCS BUPA30M

_ 1 k
Mij :_Zmij
k<

i cepeTHIM YacoM BUKOPHCTAaHHS MOJIeel

f:imj,

i1

TO KWMOBipHICTE Oe3BimMoBHOI pobotu EIT mpm
BUpIIIEHHI 0yIb-SIKOTO i3 3aBAaHb, MOXHA ITPHOIHN3HO
BHU3HAYHTH 32 BUPA30M

Eij(t)EeXp — iﬂflﬁij'i‘/\ t
= ©)

Jlnst oTpuMaHHST HAOJIMKEHOI OIIHKKA HAJiHHOCTI
EIl npu BupimeHHI AOBUTBHOTO 3aBIAHHS IOIIIBHO
BUKOPHCTOBYBATH TOHATTS (-MipHOTO XapaKTePUCTH-
yroro Bekropa {Pi} KOMIoHeHTaMu SKOro € WMOBIp-

HicTh Pi HaOopy mopeni. Toxi MOBipHICTE Oe3BiaqMO-
BHO1 poboTu EIl Moxke OyTH ormiHeHa BUpa3oM

— q -
Pi(t)=exp| —| D MR +A |t

=1 (10)

N _
e M :Zi=lﬂ1 Mij, t — cepenniit wac

PO3B’SI3aHHS JIOBUILHOTO 3aBJIaHHS.

[HIi Moka3HUKKM HamiHHOCTI (HampaIllOBaHHS Ha
BimMOBY To 1 Koe(imieHT roToBHOCTI K;) y KOXKHOMY 3
[UX BUMAAKIB MOXYTh OyTH 0OYHCIIeHI depe3 Bimamo-
BiIHI ¥MOBipHOCTI 0e3BiAMOBHOI poOoTH. TakuMm Um-
HOM, 32 JI0TTIOMOTor0 00Ky ocobmuBocteii EIT MmoxxHa
OTpUMAaTH YTOYHEHHS OLIHKU HAAiHHOCTI.

3a3HauuMoO, MO0 OUTBII TOYHI PE3yJabTAaTH IS
omucy npouecy ¢pyHkiionyBanns EIl MmoxxHa oTpuma-
TH IIISIXOM BHKOPUCTAHHS TEOPii BUIMAIKOBHX IPOIIC-
CiB, IIPOTE IX OTPUMAaHHS BUXOJAUTD 3a PAMKH IIi€l po-
0OTH 1 TYT HE PO3TIIAAAETHCSL.

[To 3akiHYeHHI PO3paxyHKiB HaJIHHOCTI MpPaKTH-
YHO TIPH BHUKOPHCTaHHI OYyIb-SIKMX PO3PAXYHKOBHX
(hopMy)T BUHUKA€E HEOOXiTHICTh OIIIHKH TOYHOCTI 00-
ymcaeHb. e 00yMOBIEHO THM, IO BUXIiTHI JaHI I
pO3paxyHKy (A — XapaKTepHCTUKH Ta iH.) BH3HAYa-
IOTBCSl CTAaTHCTUYHUM MUITXOM Ha OCHOBI BHIIPOOY-
BaHb OOMEKEHOTO YHCJIa KOMIDICKTYIOUHX IeTaiel
(pianre BUpOOIB) 1 € BHACIIIOK LIHOTO HAOJIMKCHUMH.

PosrnsiHeMO HaONMMKEHUH METOM OI[IHKH TOYHOC-
Ti 00YHMCIIEHDb Ul PO3PaxyHKOBUX BHpa3iB. 3a BHpa-
3amu (2) — (7) cepeqHbOCTATUCTUYHE 3HAYCHHS IHTCH-
CHBHOCTI BIJIMOBU NPHUCTPOIO A BHpa)KaeTbCs depes
CepEeAHbOCTATUCTUYHI IHTEHCUBHOCTI BiIMOB Ai

A= z:(:l/lini !

Jie Ni — KiIIBKICTh OJHOTUIIHUX AeTanei, K — Kijb-
KiCTh OJTHOTHUITHUX HAWMEHYBaHb.

(11)

Bynemo BBakaTH, 110 IHTCHCUBHOCTI BIZIMOB, SIKi
Oyny BUKOPUCTAHI IIPHU PO3PaxyHKY, SIBIAIOTH COOOI0
cepellHi 3Ha4YeHHS 13 CyKyHHOCTI A — XapaKTepHCTHK

ﬂ’l ' POSKI/I,I[ 3HaYeHb A — XapaKTCPUCTHUK BHU3HAYUCHO

. 2 .
mucnepciero Oy po3nozin A MOXHa BBaXKaTH HOp-

MaJbHUM [5]

1
A )=—"F¢8X
¢( |) O'i\/zﬂ' p
11)

BBaxkaroun ﬂi HC3AJIC)KHUMHU BHUIIAJIKOBHMU BC-
JIMYUHAMU, OTPUMAEMO
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_ 1 exp (A—Ziﬁi )2 (12)
\/Eﬂ-\/z iK=1 Giz 22 iK=1 O-iz |

o(A)

ae Ziilzi =M (A) (M — 3nak mMaTemaru-

YHOTO CIIO/TiBaHHS).

3azarounce 10Bipyoko HiMosipHicTio (X = O 32

JIaHUMHU [4], 3HaX0IMMO KBaHTHJIb HOPMaJbHOI'O PO3-
NOAITY st 1€l WMOBIPHOCTI Ag, @ MOTIM HIKHIO 1
BEPXHIO JIOBIpUi MeXi At A

Ay A=Ao(A) A 2 A+A0(A). g

Toni 3HaueHHs A mepeOyBaTHMeE 3 IOBIpYOIO
IMOBIpHICTIO 0. Y MEKaX

A=A, o(A)SA<A+A,O(A).

Sxmo ans A 3amaHoO cepeqHe 3HAYCHHS ﬂ,ﬂfl,

BEPXHS 1 HWOKHS OBipYl Mexi Ajs, A 1 1OBipUa WMoO-
BIPHICTb @, 0j MO’KHAa BU3HAYUTH MPUOJIHM3HO 3 BUKO-
pucTaHHsM Bupasy (14).

HeBucoke 3Ha4YeHHS JTOBIPYOT HMOBIPHOCTI 1 IIIH-
POKi MeXi Ui A CBiT4aTh MpPO HU3BKY TOYHICTH pe-
3yJabTaTiB OOYMCIICHb 1 HABIAKH, HEBEIMKUH PO3KHU]I
TpaHUIp MOAO0 A TPH BUCOKHX 3HAYCHHAX IOBIPYOi
imoBipHocTi (0,8-0,96) cBimuaTh PO AOCTATHIO TOY-
HICTh PO3paxyHKY.

BucnoBku. TakuM 4WHOM 3aIPOIIOHOBAHO JIOIIi-
JIbHI YMOBHU 3aCTOCYBaHHS HaOJMKEHOTO METOJY OIli-
HKHM TOYHOCTI OOYHCIIeHb HAMIHHOCTI (QYHKITIOHYBaH-
HA CNEKTPOTEXHIYHUX TpHCTpoiB. [Ipm 1mpoMy, mIs
KOXKHOTO KOHKPETHOTO THITY €NEKTPOTEXHIYHUX IPH-
CTPOIB PEKOMEHIYETHhCS PETENBHO aHANMI3yBaTH BCl
TUTIA BiIMOB, a TAKOX iX BIUIMB HAa Pe3yJIbTaTH (HYHK-
LIOHYBaHHA 3 YPaxyBaHHSIM BaXJIMBOCTI BHKOHYBa-
HUX 3aBJIaHb 1 4acy, IPOTATOM SIKOTO HEOOXiTHO BH-
PIIINATH 3aBIAHHS.

[Ipu mpoekTyBaHHI, B IKOCTI OCHOBHHX MOKa3HHU-
KiB HaIilHOCTI BUKOPHCTOBYIOThCS: HMOBIpHICTH 0e3-
BiZIMOBHOi POOOTH, HAIpAIfOBaHHSI HA BiIMOBY, KOE-
(imieHT TOTOBHOCTI, & MPH eKCITyaTallii — e, 0aat-
KOBO, IMOBIipHiCTs poOoTH 6e3 3001B.
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Abstract

The article is devoted to the study of the main indicators of electric energy. The most detailed consideration
is given to the problem of voltage asymmetry, its sources and its influence on electrical equipment. The analysis
of data from the study of 0.38 kV networks was performed.

AHHOTaLUA

CraTbsa MOCBAIICHA U3YUYCHUIO OCHOBHBIX IoKasaTeiei BHGKTPHQCCKOIZ OHCPIruu. Hawubomnee HO,Z[pO6HO pac-
CMOTPCH BOIIPOC HECUMMCTPHUU HANPSIKCHUSA, €0 UCTOYHUKU W BJIMAHHUC Ha 3J'IeKTpOO60py,I[OBaHI/I€. HpOI/BBe-

JIEH aHaJIW3 JaHHBIX ucciaenoBanusa cereit 0,38 kB.

Keywords: electric energy, quality of electric energy, quality indicators, voltage asymmetry, voltage

asymmetry coefficient.

KnrodeBble ciioBa: 35eKTpUYECKash 3HEPIHs, KAUECTBO INIEKTPUUECKON SHEpPruu, MokazaTeld KadecTBsa,
HECUMMETPHUSI HaNpsDKeHUs1, KO3 OUIIMEHT HECUMMETPHH HAIIPSIKEHHSL.

OrexTpuuecKasi YHepTus, Kak ToBap, MPUMEHSET-
cs BO Bcex cdepax KUIHEISATCIHHOCTH YEIOBEKa,
UMeeT crenupuyeckue CBOWCTBA M HEMOCPEICTBEHHO
YYacTBYeT MPU CO3MAHUU APYTUX BHUIIOB MPOIYKIIHH,
BIIHSA HA UX KadecTBO. [IoHATHE KauecTBa 3IeKTpHUe-
CKOHM PHEpPTUM MMEET OTIUYHS OT IOHSTHS KadecTBa
JIPYTUX BHJOB MpoAyKuuu. Kaxmsril snexTpomnpueM-
HUK TpeIHa3HA4YeH i1 paOOTHl MPH 3aJaHHBIX Mapa-
MeTpax 3MEeKTPUUECKON IHEPTUH: HOMUHAJIBHBIX TOKE,
4acToTe, HANPSDKEHUH U T.I1., TIO3TOMY JJIsI HOpMAallb-
HOH ero paboTHl Ka4yecTBO 3JIEKTPOIHEPTHH JIOJDKHO
OBITH COOTBETCTBYIOIIUM. TakuM 00pa3oMm, KauecTBO
AJIEKTPUYECKON SHEPTHH — 3TO COBOKYIHOCTBIO Xa-
PaKTEPUCTHK DIICKTPOIHEPTHH, TPH KOTOPBIX DIICK-
TPONPUEMHHUKH MOTYT HOpPMalbHO paboTaTh M BHI-
TIOJHSTH 3aJI0)KEHHBIC B HUX (DYHKITHH.

Cormacuao 'OCT 32144-2013 «Hopmsr kagecTBa
JJIEKTPUUECKOI PHEPIHU B CHCTEMaX 3JIEKTpOcHa0xe-
HUS OOIIEro Ha3HAYEHHS» YCTAHABJIMBAIOTCS CIIEHY-
IolMe MOKa3aTenu kauecTna [1]:

® OTKJIOHCHHE YaCTOTHI;

MEJICHHBIC U3MEHCHHUS HANPSKCHUS,
KoseOaHus HaNpsDKEHHS U QIIHKeD;
HECHHYCOUIAaTbHOCTb HANPSKEHUS,
HECHMMETPHS HATIPSKEHIS,;
MIPEePBIBAHMS HATIPSKCHHUS,

MIPOBAJIBI HATIPSKECHNUS;
MIEPEHATIPSKCHUS;

HMMITYJIbCHBIE HAIPSHKEHUS.

HecummeTpus HampsiKeHHU SBISIETCS OJHUM M3
OCHOBHBIX I1apaMETPOB KadyecTBa JJICKTPOIHEPTHH.
TpexdazHoe HanpsoKEHUE SIBISETCS CUMMETPUYHBIM,
€CJIH OHO MMEET OJMHAKOBYIO BEITMYMNHY Y HAXOTUTCS
B (asHoM cmemienuu B 120°. B obpatHOM ciydae —
HamnpsHDKEHWE HECUMMETPUYHO. [IprunHa BO3HUKHO-
BEHHUSI HECUMMETPHUH HAMPSIKEHUI — 3TO MOTPEeOUTENH
C HECHMMETPHUYHOH HArpy3KoM, T.e. MOTPEOMTENH C
HEPaBHOMEPHOM 3arpyskoil mo ¢aszam. McrouHnkaMu
HECUMMETPHH HANPSOKEHUH  SABJISIIOTCS  3JIEKTPOCBA-
pPOYHBIE MAIMHBI, TYrOBbIE CTaJeTUIaBUIbHBIE TEYH,
PYIHOTEPMUYECKUE TICYH, HHIYKIIUOHHBIC IUIABHIIb-
HBIE TIEUH, TATOBBIC TOJCTAHIIMM NIEPEMEHHOTO TOKa,
oJIHO(a3HbIE NEKTPOTEPMUICCKUE YCTAHOBKU M JPY-
rue oaHodasHele, AByX(a3Hble M HECUMMETPUYHBIE
Tpéxda3Hble TOTPEOUTEIH 3IEKTPOIHEPTUU, B TOM
yrciae ObiToBole [2]. Hecummerpuunble pesxuMBI
HATIPSOKCHUAN B JIEKTPUUCCKUX CETAX HUMEIOT MECTO B
ABApUIHBIX CUTYAIMSIX — NPH HECHUMMETPHUYHBIX KO-
POTKUX 3aMBIKaHUSAX WX Tpu o0pwiBe (as3wl. Taxke
MPUYMHAMU HECUMMETPH MOTYT CIY)KUTh HETMOJHO-
(a3Has paboTa JIMHUIA WIK IPYTHX SJIEMEHTOB B CETH
U pa3IMYHbIC TApaMETPHI JIMHUN B Pa3HBIX (a3ax.

HecumMeTpust HampspkeHUE  XapaKTepusyercs
HAIMYMEM B Tpex(pa3HOW IIIEKTPUIECKOH CceTH
HalpspKeHUH 0OpaTHOW MM HYJIEBOW IOCIEI0BaTENb-
HOCTEH, KOTOPbIC 3HAYUTEIBHO MEHBIIIE 10 BEIUYUHE
COOTBETCTBYIOIIUX COCTaBISIONINX HAMPSHKCHUS TIPSi-
Mo# (OCHOBHOH) HoclieioBaTesbHOCTH (puc.1, puc.2).
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Pucynox 1- Bekmopras ouazpamma HanpsasiceHuil
nPAMOU U 06PAmMHOL NOCIE008AMENLHOCIU

Pucynox 2- Bexkmopnas ouazpamma HanpsaiceHuil
nPAMOU U HY1e80U NOCIEO08AMENbHOCTNU

[NokazaTtens mMu KadyecTBa SJICKTPHUUSCKOW IHEp-
THH, OTHOCSIIAMUCS K HECHMMETPHU HAIPSDKSHUH B
Tpex(a3HbBIX CHCTEMaxX, SBISIOTCI KOA((UIHECHT
HECHMMETPUH HaNpsDKEHUH 10 HYJIEeBOH IOCIeZoBa-
tenbHOCTH KoU W KO3 PHIIMEHT HECUMMETpHU
HanpsOKeHUH 1Mo oOpaTHoM mocnenoBaTenbHOCTH Koy
[1].

T'OCT 32144-2013 ycranaBnuBaeT CJETYIOIINE
HOPMBI JUIsl JAHHBIX TI0Ka3aTeei:

v\ 3HayeHuss KOIPQUIMEHTOB HECUMMETPHU
HarpsbKeHui 1o oOpaTHOW mocienoBarensHocTH Koy
U HECUMMETPHUM HANPSHKEHUN MO HYJIEBOM MOCIEno-
BaTenpHOCTH KoU B Touke mepenauu 3JIeKTpUYECKON
SHEpPrUU, YCpPEJHEHHbIE B MHTEpBane BpeMmeHu 10
MUH, HE JOJKHBI TpeBbIath 2 % B TeueHue 95 %
BpPEMEHH MHTEPBAJIA B OIHY Henelo[1];

v’ 3HaueHus KOI(PQDUIMEHTOB HECHMMETPUU
HanpspKeHHH 1o o0paTHOH mocnenoBatenbHOCTH Koy
1 HECHMMETPHH HAIPSHKEHUH MO HyJEeBOW IOCIeno-
BatenbHOCTH KoOU B TOouke mepemauu 31eKTpU4ecKoM
SHEPTUH, YCpETHEHHbIE B HHTepBane Bpemenu 10
MUH, HE JOJDKHBI mpeBblmath 4 % B Teuenue 100 %
BpPEMEHH HHTEpBaia B 0fHy Hezaemo[1].

®Dopmynel pacdera KOI(P(OHUIMEHTOB HECHMMET-
pUM HANpPSDKEHHS 110 OOpaTHOW M HYJIEBOM IOCIelo-
BaTEJIBHOCTSIM TIPHBE/ICHBI HIKE:

Uag)

K, =—= « 1009, 1)
Dipay

rre Koy — k03 urmenT HecuMMeTpHun HanpsKe-
HUH 110 00paTHOW TIOCTIEA0BATENBHOCTH, %0,

U2 (1) - IeficTByroIee 3HaYCHUE HAIPSDKEHHUS 00-
patHoii, B [2];
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Ui () - ZeicTByloliee 3HAYCHUE HANPSDKCHMS
MpSIMO TIOCIIeI0OBATEILHOCTH, B.

A3 Lor
Eow =

— L, 100%, 2)
RETed]
rae Koy — k03¢ durmenT HecumMmeTpun HampsKe-
HUH 110 HYJIEBOH MOCIIEA0BATEIFHOCTH, %0;
Uo (1) - AelicTByOlIEE 3HAUCHUE HANPSDKEHUS HY-
JIeBOH TocnenoBareibHoCTH, B [2].
[To omyOMMKOBaHHBIM JAHHBIM, BEJIHYHHA KO-
¢dunrenTa 00paTHOW MOCIICAOBATEILHOCTH TOKOB Ce-
1ax 0,38 kB mocturaer 30 —40 % [3]. Ilpu sTom, Ha

3aXKUMaxX SJICKTPOIMPUEMHHUKOB BO3HUKACT HECUMMCT-

pus HaIIpsDKEHUH, npeBblaromas B 2...2.5 pasa gomy-
ctumoe 'OCTom 3HaueHHe, a OTKIOHEHUE HampsDKe-
HUSI OT HOMHHAJIBHOTO cocTaBiseT —23...+18 % Bme-
cro pgomyctumbix 15 %. Ilo pesympTatam 3amepos,
IIpY TOMOIIM KOMIIbIOTEpHOM mnporpammbsl «Hecum-
METpHA», ObII MPOMU3BEICH pacyeT M MOCTPOEHBI Bpe-
MEHHBIE JHarpaMMbl KO3(Q(HUIMEHTOB HECHMMETPUHI
o0paTHOH W HYJEBOW MOCIIEIOBATEIHLHOCTEH HAamps-
JKEHUsI OT BpEMEHH IPOBEJICHUS DKCIIEPUMEHTA B JICH-
ctByromux cetsx 0,38 kB.
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Pucynox 4 - Bpemennvie ouacpammol ko3 duyuenmos

nyneoii nociedosamenvrocmu nanpscenusi K,

Amnanmu3 rpa)uKOB BO BpEMEHHOH QYHKIIUH (pHC.
3, 4) mOKa3pIBacT, YTO B HCCIEAYEMOM IIPOMEXKYTKE
BPEMEHH MAaKCHUMaJibHOE 3HaueHue Kod(h(duIHeHTa
00paTHOW MOCIE0BATENLHOCTH HANpPSDKEHUST B JIeH-
ctBytomiei cetn 6e3 CY cocraBuio 5.35 %, marema-
tuueckoe oxunanue - M(Kau) 3.86 %; st xoaddu-
[MEHTa HYJEBOH IOCIEI0BATEILHOCTH HAIPSHKSHUS
cootBeTcTBeHHO - 12,07 % u M( Kou) - 9.02 % [6].

Briusinne HecMMMeETpHHU HAIpsHKEHUH Ha paboTy
3JEKTPOOOOPYAOBAHUS:

O B JJIGKTPUYECKUX CETAX BO3PACTalOT IOTEpU
9JIEKTPOIHEPTUH OT JOTIOJHHUTEIBHBIX MOTEPh B HYJIE-
BOM npoBoze[S];

O TIpU HECUMMETPHH HANpsHKEHUI M TOKOB, B
MaCCHUBHBIX METAJUIMYECKHX YacTsIX POTOpa CO3Jar0T-
Csl BUXPEBBIC TOKU, KOTOPbIE BHI3bIBAIOT MTOBBIIICHHBII
HarpeB poTopa, W IYyJIbCUPYIOUIMNA JIIEKTPOMarHHT-
HBIi MOMEHT, KOTOPBI BBI3bIBAE€T BHOpAIMIO Bpalia-
FOITIEHCS YacTH MaIlIHbI,

O 0COOEHHO HEOIAroNpHUATHO HECHUMMETPHS
HaIpsOKEHUsI CKa3blBaeTCss Ha paboTe aCHMHXPOHHBIX

nsuraresieil. Tok oOpaTHOM MOCe10BaTeIbHOCTH BbI-
3bIBa€T JOTOJHUTEIBHBI HAarpeB poTopa M CTaTopa,
YTO MPUBOJUT K OBICTPOMY CTapeHHIO HW30JIALUH U
YMEHBIICHUIO DPACIoyiaraéMoil MOIIHOCTH JIBUTaTe-
mA[S];

o Omaronapst 00paTHO WJIM HYJEBOW MOCIENO-
BaTEJIFHOCTEH HANPSIKEHUH (TOKOB) MPOHMCXOAAT He-
TOYHBIE U3MEPEHHS Y U3MEPHUTEIBHBIX IPHOOPOB;

O W3-3a HECUMMETPUU HANPSDKEHHS CHUIKACTCS
CPOK CIIyKOBI JIaMIl, TaK KaK CBETOBOH IOTOK CBe-
THJIHUKOB OJIHOW (pa3bl yMeHbIIAeTcs, a Ipyrou yBe-
JIMYMBACTCS;

O HECHMMETpHsSI HalpsDKeHUS HE OKa3bIBaeT
3aMETHOTO BJIMSHHS Ha pabOTy BO3YIIHBIX U KaOesb-
HBIX TUHUHA. B cBOIO ouepenp mis TpaHchOpMaTOpoB
HaOII0aeTCsl  3HAYMTEJBHOE COKPAIIeHHE CPOKOB
ciryx0ObI[5].

JlaHHBIE O COKpAmIeHWH CPOKOB CIYXOBI NpH
HECHMMETPUH HanpspkeHui B 2%: aCHHXPOHHBIX JIBH-
rarened — Ha 10,8 %; cuHXpoHHBIX — Ha 16,2 %;
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TpaHcdopmaropoB — Ha 4 %; KOHAEHCaTOpOB — Ha 20
% [5].

BriBon: Hecummerpusi HampspKeHHS  SIBISIETCS
aKTyaJIbHOH  TIPOOJIEMOM  BJIEKTPOIHEPTETHUSCKHUX
cucteMm. Koaduruentsr oOpaTHOH W HYJIEBOH MOCIIe-
JOBAaTEIbHOCTH HANPSDKCHMS, XapaKTepPH3YIOIIUE Ka-
YECTBO HJIEKTPOZHEPTHH, 3HAUUTEIBHO IPEBBIIIAIOT
ycranosneHHble 'OCTom 3nauenus. Kaxnoe us me-
PEUYMCIIEHHBIX BIUSHUN HECHUMMETPUH HalpsDKEeHUH
CO3/1a€T IOMHUMO JOTIOJIHUTEIBHBIX 3KOHOMUYECKHX
3aTpaT Ha SKCIUTyaTalUio ¥ 00JIy)KHMBaHHUE, POOIIEMbI
¢ 0e30MacCHOCTHIO PHEPTOCHCTEMEI.
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