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Abstract: This article discusses the basic design problems “accessible environment” for people with limited
mobility. The analysis of these issues and makes recommendations to improve the quality of design and construction
“accessible environment”.
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Oco06eHHOCTU NPOEKTUPOBAHUSA 3JIEMEHTOB «A0CTYNMHOMN
cpepnbl» A9 MaJIoMOOUJIbHbIX FPYNMN HaceneHnsa

Annoranms: B o101 cTaThe paccMaTpUBAIOTCS OCHOBHBIE ITPOOAEMbI IIPOEKTUPOBAHMS < AOCTYITHON CPEABI> AAS
MaAOMOOHUABHBIX IPYIIIT HaceAeHHs1. IIpOBOAUTCS aHAAM3 STHX BOIIPOCOB U AAIOTCS PEKOMEHAALIMH 10 YAYILICHHIO
KayecTBa IPOEKTUPOBAHMA U CTPOUTEAbCTBA IAEMEHTOB < AOCTYITHOM CPEABI>.

KaroueBble cAOBa: «AOCTYITHASI CPeAQ>, HHBAAUADI, 3aKOH, TIPOEKTHPOBAHUE.

Ha ceropHsmHuMit AeHb AKTYaABHOCTb IIPOOAEM AO-  IPYIII HACEACHHSI (pasee MFH) oueHb BeArKa. [Tpobae-
CTYITHOCTH 3AQHUI U COOPY>KEHUI AAS MAAOMOOHMABHBIX MBI 9TH CBSI3aHBI C HEOAHO3HAYHOCTBIO TPAKTOBOK HOP-
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Section 1. Architecture

MAaTHBHBIX AOKYMEHTOB B Pe3yABTaTe, KOTOPHIX CTPOUTCS
60ABLIOE KOAUYECTBO OO'BEKTOB HE COOTBETCTBYIOLIHX
AOAKHOMY YPOBHIO Ka4eCTBAa B 00AACTH «AOCTYITHOM
cpeAbI». AASI HadaAa HeOOXOAUMO Pa30bpaThCsi B TOM Ka-
KHe KaTeTOPHH AIOAEH TIOTTAAAOT ITOA TEPMUH < MAAOMO-
OmAbHbIe TpyIbl HaceaeHUst. K HUM OTHOCSATCS: HHBa-
AHABI C IOpa’keHHEeM OITOPHO-ABUTAaTEABHOTO aIlllapara
(BKAIOUASI HHBAAHAOB, HCITOAB3YIOIINX erCAa-KOASICKI/I);
MHBAAUABI C HEAOCTATKAaMHU 3PEHUS M CAyXa; AMIA
IIPEKAOHHOTO BO3pacTa (60 aer u CTapme) ; BPeMeHHO
HETPYAOCIIOCOOHbIE; GepeMeHHbIe XKEHIIMHBI; AIOAH
C AeTCKHMMH KOASICKAMH; A€TH AOIIKOABHOT'O BO3PacTa.
Kax BupHO B coBokymHocTH K Kareropuu MI'H ot-
HOCHTBCSI AOCTATOYHO OOABIIOe KOAMYECTBO IPasKAAH.
OvueHb 9aCTO MOXXHO BCTPETHTb MOAOAYIO MaMY C KOASI-
CKOH, KOTOpPasi He MOXKeT ITOIIACTh B Mara3vH HAHU 9eAO-
BeKa C TUIICOM B Pe3yAbTaTe IIePeAOMa HOTH, KOTOPOMY
TSDKEAO MOAHMMATBCS 110 CTYIeHSIM, MHBAaAMAQ Ha KO-
ASICKe, KOTOPBIN M3-3a OTCYTCTBHUS ITAHAYCA (uam u3-3a
HeIIPaBUABHO YCTPOEHHOTO naHAyca) He MOXeT IIO-
IacTh B 3AaHUe. Bce 9TO MPOMCXOAMT, IIOTOMY YTO IIPH
CTPOUTEABCTBE U PEKOHCTPYKIUH 0OBEKTOB He BCETAA
YACASIIOT AOAKHOE BHUMAaHHe BXOAHOH I'PYTIIe 3AQHHUS.
Kazaaoch 6l IIPOCTO KPBIABLIO AHIIb OBI CTOSIAO AQ CMO-
TPEAOCh XOPOIIIO, YTO ellle Hy>HO? boApmuHCTBO 3aKas3-
YHUKOB-3aCTPOMIITMKOB AQKe He 3aAyMBIBAETCSI O TOM, YTO
IIPOCTO KPBIABLIO SIBASIETCSI IIEPBBIM PyHexOM (a 32 4a-
CTYI0 €AMHCTBEHHBIM U HeHPEOAOAI/IMbIM) , KOTOpPBIA
npoxopsT MI'H. 3apymaiiTech Hap TeM, 4TO MHOTHe
AIOAYL XOTD Pa3 Ad TIOACKAAb3bIBAAMCDH, HA KPBIAbIIE Kpa-
CHUBO OOAOXKEHHBIM IIOAUPOBAHHON MPAaMOPHOI [TAHT-
KO, a KTO-TO IIPU 9TOM ellle ¥ TPAaBMy ITOAYYAA U Iepe-
XOAHA U3 Pa3psad OOBIYHOTO YeAOBEKa B paspsap MI'H
Ha ITapy MecsiIieB U HCIIBITHIBAA Ha ceOe Bce TPYAHOCTH
C 9THM CBsI3aHHBbIe. BceMy BUHOI He COOAIOAEHME apXU-
TEKTOPAMH, IIPOEKTHUPOBIIUKAMH, CTPOUTEASMHU IIPABHA

0 00eCIeYeHHI0 AOCTYIIHOCTH 3AQHHI U COOPY>KEeHHUIT
aast MI'H, koTopble MeXAy IPOYMM TaK ke IOBBIIIAIOT
YPOBEHb AOCTYITHOCTH U YAOOHOCTHU AASI PSIAOBBIX IPasK-
AQH.

ToBopst 06 OCOOGEHHOCTSIX NPOEKTUPOBAHUS AO-
CTYITHOM CPeAbI IIPEXAE BCETrO HEOOXOAUMO OOpaTUTh
BHUMAaHUe Ha IOKPbITHE ITyTeH U ITOAOB IO KOTOPOMY
nepepsuraorcss MI'H u Apyrue aropu:

— TOBEPXHOCTU IIOKPBITUN IeNIeXOAHBIX ITyTel
U TIOAOB ITOMEIIE€HUM B 3AAHUAX M COOPY>KEHHAX, KO-
TOpbIMU TOAB3YIOTCSI MI'H, AOASKHBI OBITH TBEPABIMHE
Y TIPOYHBIMUY;

— IOBEPXHOCTD IIyTH AOAXHA ObITh pOBHas1, 6e3
IIBOB M HECKOAb3Kas, B TOM YHCA€ IPH YBAQKHEHHH,
He AOITYCKaeTCs IIpYMeHeHHe TOANPOBAHHOIO TPaHUTA
U MpaMopa M APYTHX IIOPOA IIPOYHOIO IOAUPYIOIIEro
kaMHA (6a3aAbTa, AHAGA3A UT. A.);

— IOBEPXHOCTU IOKPHITHI BXOAHBIX ITAOIIAAOK,
A€CTHHUII, TIOAbEMHBIX YCTPOMCTB Ha IYTAX ABMOKEHHS
yKa3aHHBIX 9AeMEHTOB AOAKHBI OBITD IIPOYHBIMH, He AO-
ITyCKaTh CKOAbXXEHHS IIPH HAMOKAaHHMU U He 3aTPYAHSTD
ABIDKEHHE MaAOMOOHMABHBIX ITOCETHTEAEH;

— AAS ITIOKPBITHH IMeIIeXOAHBIX AOPOXKeK, TPOTYa-
POB M ITAHAYCOB He AOITYCKAeTCsl IPYMMeHeHHe HACBIITHBIX,
4Ype3MepHO pUPAEHBIX MAU CTPYKTYPHUPOBAHHBIX MaTe-
puasos [1].

OTO O0YeHb BaXXKHbIE M B TO Xe BpeMs IPOCThIe Ipa-
BHAQ, KOTOpBIE 3aYaCTyIO NPOCTO He BOCIHPHHHUMAIOT,
a B pe3yAbTaTe B OCEHHE-BECEHHHH U 3UMHUMI IIEPHUOADL
BXOA B Pa3AMYHbIE 3AAHUS IPEBpAllAeTCs B IIPerpasy
AAsT GOABIIMHCTBA AIOAEH. APYIUM He MeHee BaKHbIM
MOMEHTOM SIBASIETCSL yCTPOMCTBO IMOPYYHel Ha AeCTHHU-
I1ax ¥ maHAycax. ITopydnu AecTHHI] M TAHAYCOB AOAYKHBI
MMETh C 00€HX CTOPOH Y4aCTKH, BBIXOASIIIUE 32 [IPEAEADI
AAVHBI AGCTHUYHOTO MapIla MAM HAKAOHHOTO Y4acTKa
na"pyca: Kak MuanuMyM, 300 MM BaH3Y 1 300 MM BBEpXYy.

PucyHok 1. — OBLwmin BUA, NOPYYHS
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AAsi yeaOBeKa C OrpaHMYEHHbIMHU BO3MOXKHOCTS-
MH CaMBIMH CAOXKHBIMH B IIPEOAOACHUH SBASIIOTCS: IIPH
MOAbEMe BBEPX — IIOCACAHSS BEPXHSS CTyIIeHbKa AeCT-
HUYHOTO Maplla, IIPH CITyCKe BHU3 — IIOCAEAHSIS HIK-
HSS CTYIIEHbKA. DTO CBSI3aHO C TeM, YTO IepeA HadaAOM
MOAbEMA Ha OYePeAHYIO CTYIIEHbKY PyKa BCETAA CTaBUTCS
nepep koprycoM yeaosexa (Pucynok 1). A mocae moab-
eMa Ha CTYTIeHbKY PyKa AOAXKHA HaXOAUTbCS Ha YPOBHE
koprryca. ITpu crrycke o AecTHuIle AGHICTBUS YeAOBeKa
aHaAOrMYHbL EcAM BbIXOASIIKE 32 TIPEACABI AAUHBI AECT-
HUYHOTO MapIla TOPU3OHTaAbHbIe y9acTKH B 300 MM OT-
CYTCTBYIOT, TO TIOCA€ TOAbEMA YeAOBEKa Ha BEPXHIOIO CTY-
MeHbKY MAM CITyCKa C IIepBOM CTYIeHbKH OIMPAIOIAsICS
Ha TIepHAa pyKa OKaXKeTCs 3a ero cnuHo. B aroit curya-
LIMH HEKOTOPBIM HHBAAHAAM ITOHAAOOUTCSI TOCTOP OHHSISI
noMos. TOYHO Tak >ke IepeABUraeTcs 1o MAaHAYCy BBEpX
Y BHU3 MHBAaAHUA Ha Koascke. IIpu nopabeme BBepX OH py-
KaMH XBaTAETCs 3 IIOPYIHHU [10 0OeUM CTOPOHAM ITAHAYCA
JyTb BIIEPeAH KOASCKH M Pe3KUM ABHKEHHEM BbITAAKHBAET
KOASICKY HaBepX. I Ipu cIrycke c maHAyca MHBaAUA IIPUTOP-
MKHBAET KOASICKY, AEPKACh 32 IIEPUAQ Uy Th BIIEPEAH CeOsL.
IToBepxHOCTD MOPyYHEF TAHAYCOB AOAYKHA OBITH CTPOTO
IapaAAeAbHA IIOBEPXHOCTH CAMOTO ITAaHAYCA C y4eTOM ITPHU-
MBIKAIOIIMX K HEMY TOPH30HTAAbHBIX y4acTKOB. I lopyunn
AOAXKHBI OBITh KPYTAOTO CEeYeHHsI ALAMETPOM He MeHee
30 mm (opyuHu Anst AeTeit) u He 6oaee SO MM (mopyuHU
AAS B3POCADIX) HAH TIPSIMOYTOABHOTO CeYeHHUsl TOAIMHO
oT 25 A0 30 MM. AMaMeTp MOPYYHeH AASL B3POCABIX —
40 mm. PaccrosiHue MexAy TOpy4YHeM U CTEHOH B CBETY
AOMKHO 6bITh He MeHee 40—45 Mm. TTopyunu AOAKHDI
OBITH HAAEXKHO U IIPOYHO 3aKperaeHbl. OHU He AOASKHBI
MIOBOPAYMBATbCS MAU CMENIAThCSl OTHOCUTEABHO KpeIex-
HOM apMaTypbl. KOHCTpyKIUS MOpydYHe AOAKHA HCKAIO-
4aTh BO3MOXKHOCTb TPAaBMUPOBaHUS Afoaeit. Heobxoau-
MO 06€eCrednTb OTCYTCTBHE BbICTYTIAIOLINX SAEMEHTOB,
CIIOCOOHBIX TIOPAHUTD UAU 3ALIENUTH IIePEABHUTAOIEr0-
cs ipu KacaHuu. KoHIbI opy4Heit AOAKHBI OBITH AOO

CKPYTAEHbI, AN0O IIPOYHO IIPUKPEIIACHBI K IIOAY, CTEHe HAH
CTOMKaM, a IIPY TAPHOM HX PACIIOAOKEHUH — COEAMHEHbI
MeKAy co60#1. BeicoTa OXBaThIBa€MO¥ IIOBEPXHOCTH I10-
PY4HS AOAXKHA OBITh: — AASI BepxHero nopy4rs — 900 Mm
(mopy4eHb AAS BBPOCABIX); — AASL HIPKHETO IOPYYHS —
700-750 mMm (I‘[Opy‘lEHb AASL TIOAPOCTKOB U AeTeﬁ). Aast
AeTell AOIIKOABHOTO BO3pacTa IOPYYeHb YCTAaHABAMBA-
ercs Ha BpicoTe S00 mm. IloBepxHOCTD MOpPYYHA Mepua
C BHyTpeHHe! CTOPOHbBI AGCTHHII, AOCTYTIHBIX AASl MHBA-
AVIAOB, U [IOBEPXHOCTD [IOPYUHEH ITAHAYCOB AOAYKHBI OBITH
HelpepbIBHBIMU 11O Bcelt aanHe. IloBepxHOCTD 3axBaTa
NOPYYHS He AOAXKHA IIePEKPhIBAThCS CTOMKAMH, APYTHMHU
KOHCTPYKTHBHBIMU 9A€MEHTAMH HAU ITIPeISTCTBHAMH.
AoaxHa 6bITH OOecIedeHa cTabUAbHAS GUKCALHS PYKH
AASL KQXKAON KOHKPETHOM CHUTYALIMU B IIPOLIECCE TIOAB-
3oBaHms. PaccMoTpuM 6e30acHOCTh M CTAOMABHOCTD
¢uKcanuu pyku Ha IpUMepe Pas3HbIX CIIOCOOOB KpeliAe-
Hust nopy4reil. Ha prcynke 2 6 mpeacraBaeHO cedeHue
HarboAee TUIIMYHOTO CIIOC06a KperAeHNUsI MAPHBIX II0-
pyuHe# k cTo¥ikam. IIpu aToM moBepxHOCTb BepXHero Io-
PY4HS CBOOOAHA AASI 3aXBATA KMCTHIO PYKH IIO BCEH AAUHE.
OTOT HOpPyYeHb SABASIETCSI OCHOBHBIM U IIPEAHA3HAYEH AAST
B3pocAbIX. KpernaeHne BepxHero mopy4Hs COOTBeTCTBY-
eT HOpMAaTUBHBIM TpeboBaHmsIM. [I0BepXHOCTD HIDKHETO
IIOPY4HSI He YAOOHA AASI TOAB30BATEAS], TAK KAK OHA ITepe-
KPBIBAaeTCSI CTOMKAMH M He 00eCIieurBaeT CTabHABHYIO
PUKCaIMIO PyKH 110 BCeMy MOPYYHIO B ITPOLECCe UCIIOAD-
3oBaHust. Heo6xoanMO GyaeT Bce BpeMsI IIepeXBaThIBATh
PYKY, cKOAb34 110 nopy4Hio. [lopydyenp Ha Takoit BbicoTe
IpeAHa3HaueH AASl IOAPOCTKOB M aAereil. Ha pucynke
2 B 06a MOpy4Hs MpUBapeHbl K BHy TPEHHEH CTOPOHE CTO-
eK COO0Ky. DTOT BApHAHT KpeTAeHHs ITOPYJHe! K CTOMKAM
He poorycTuM. Bo Bpems ABIDKeHHS pyKH, KaK 110 BEpXHeMY,
TaK U [10 HIDKHEMY ITOPYYHSIM He 00eCIeqrBaeTcsi Helpe-
PBIBHOCTD “CKOABXKeHHUS . K TOMy ke, B MeCTax COeAMHEeHNUSI
HOPYYHS CO CTOMKAMM BEAHKA OIIACHOCTb TPAaBMUPOBAHMS
IIAABLIEB PYK.

HE JOMNYCTHUMO
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PucyHok 2 — Mpumepbl HENPaBUIBHOIO UCMOSTHEHNS MOPYYHEN
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Ha pucynxke 2 r mopy4Hu Kpernsrcs K CTeHe IpsMbl-
MU coeprHeHMAMH. Ha pucyHke 2 A mpeacTaBAeH TOT ke
CaMBbI¥ CIIOCO0 KpeAeHUsI [IOPYYHEl, TOABKO He K CTEHE,
a K BepTUKAAbHBIM CTOMKaM. B aTo# cuTyanuu nosepx-
HOCTH HOPY‘IHEﬁ HEPI/IA HeperbIBaETCSI IIPSIMIJIMI/I CO-

min

d=40

40-50

epnHeHnsIMU. CAEAOBATEABHO, IIPU CKOABXKEHHH PYKH
II0 [IEPHAAM ITAABIIBI PYK OYAYT YAAPSITBCS O KPEIIACHUSL.
Ha manpycax ¢ 60ABIIIM YKAOHOM MCIIOAb30BaHHE TaKO-
IO CII0co0a KperAeHus OpydHert He 6e30IacHO AASI PyK
MHBAAHMAA-KOASICOYHHKA.
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PucyHok 3 — PekomeHayemble crnocobbl KpenseHns NopyyHen

PexoMeHAyeMbIi1 CIIOCOO KperAeHH s IIOpyYHel Ha py-
cyHke 3 a 1 3 6. 3paech OKA3aH HACAABHBIN CIIOCOO Kpe-
IIA€HUS TIOPYYHETt, KOTOPBII YAOBAETBOPSIET BCeM TPebo-
BAaHMAM HOPMATUBHbIX IIPABHA U MOXET HCIIOAb30BAThCS
KaK Ha [IePHAAX AeCTHHI], TaK U Ha maHaycax. Heobxopu-
MO YTOYHHUTD, YTO STU IIOPYIHU AOAXKHBI HIMETb BHICTY-
Taromye ropusoHTasbHble yaactku (300 MM ¢ KaKAO#
CTOPOHBI), KOHIIbl OAUHOYHBIX TIOPYYHel AOAXKHDI GbITh
CKPYTAEHBI, a MAPHBIX — COEAMHEHBI MEXAY c060ii. Pe-
KOMeHAyeMbIii AnaMerp nopydseit — 40 mm. Ha pucynxe
3 B IIpeACTaBACH KOMOMHHIPOBAHHBII CIIOCO0 OCHAIEHIS
IIAHAYCOB MOPYYHSIMH: C OAHOM CTOPOHBI OHU KPEIsTCs
Ha CTeHe, C ApyToil — Ha croiikax. EcTp emre oAuH odeHb
YAOGHBII crioco6 KpenaeHus opy4Heii k crere (Prucyrox
3 r). O6BIMHO OH HCTIOAB3YETCS B TEX CAYUAsIX, KOTAQ Tpe-
fyercs HeGOABIIAS AAMIHA TIOPY4HS (Ha ACCTHUIIAX U3 TPEX
CTyTIeHeK, B CAHY3AaX H T. A.). VIHTepecHOe pellleHye aHa-

AOTHYHOTO KpeIIAeHHUSI TOPYYHEH K CTONKAM H300paXkeHO
Ha pucyHke 3 A. ITpu TakoM pelneHu# yA00HO ITIOAB30BATB-
Cs1 KaK BepXHUM, TaK U HIDKHUM Topy4dssiMu. ITpu atom
CII0CO6€ AOITYCTHMBI TOABKO ABA MECTA KPeIIACHHUSI IOPY-
Hs — B HavaAe U B KoHIle. ITosiBA€HIE IIPOMEXXYTOIHOTO
MeXAy HUMU MeCTa KPeIIAeHVSI [IPUBEAET K HapyIIeHHIO.
Berie 6b1AH onmcaHs! 061iue TpeOOBAHMUS, KOTOPbIe
IPEADBSIBASIFOTCSI K BXOAHBIM TPYIIIAM IIPU YCTPOMCTBe
00DeKTOB “AocTymHOM cpeabl . [Ipobaema 3akarogaercs
B TOM, YTO 32 YaCTYIO AQXe obIiue TpeGOBaHNs He CO-
OAIOAQIOTCS He TOBOPSI YKe O AeTaAsix. B moaTBepikae-
HUe 3TOMY OBIAO IIPOBEAEHO HeOOABIIOE HCCACAOBAHNE
Ha [IPEAMET COOTBETCTBHUSI BXOAHDIX IPYIII TPeOOBaHUSIM
‘aocTymHO cpeabr . FlccAeAOBaHIS IPOXOAMAO B PailoHe
MoOCKOBCKOTO TOCYAQPCTBEHHOTO CTPOUTEABHOTO YHH-
BEPCUTETA 1 elile B HEKOTOPBIX pafioHax MOCKBbI pe3yAb-

TaTbI IPUBEACHDI HIDKE:
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Ha $poTorpadusix BUAHB MHOTOYHCAEHHBIE OLIHOKHY,
KOTOPbIE OIMCBHIBAAUCH B CTaThe: HEHOPMATUBHbIE TIaH-
AYCBI, HETIPAaBHAbHOE HICIIOAHEHHE TIOPy4HeH, IIOKPBITHE
CTYIIeHel U [IAHAYCOB, KOTOPOe He COOTBETCTBYeT Tpebo-
BaHMSAM TPOeKTHpoBaHus. K coxkaAeHHIO TaKUX IIpUMepOB
MOYKHO HalMTH 6OABIIIOE KOAMYECTBO He TOAbKO B MockBe
1 MockoBCKoit 00AACTH, HO U B APYTHX ropoaax Poccu,
[I09TOMY, He CMOTPSI Ha Pe3yAbTAThI, KOTOPBIE y)Ke OBIAH
AOCTHTHYTbI B OOAACTH AAAIITALIUH 3AQHHIT F COOPYIKEHHIT

args MI'H npo6AeM ocTraercs eme o4eHb MHOro. OCHOB-
Hasl M3 KOTOPBIX CBSI3aHA AQXKe He C IIPOeKTHpOBaHUEM
U CTPOUTEABCTBOM, a C co3HaHHeM Afopaeil. B CoBerckom
Coroze o101 IIpobAEME YAEASIAOCH HEAOCTATOYHOE BHUMA-
Hue. BpeMs IIpoIAo 6bICTPO 1 3aKOHBI U3MEHHAM, @ CO3Ha-
HHe AIOAeH IIPAKTUYECKH He U3MEHHAOCH C TOTO BpeMeHHU.
HOAO)KI/ITeAbHaSI AVMHAMHKKQ, KOHCYHO, €CTb, HO ABIDKCHIEC
UAET OYeHb MEAAEHHO, TIO3TOMY B 9TOM BOIIPOCE HaM Ti-
JKEAO AOCTUYb YPOBHS €BPOIEHCKUX CTPaH.
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Cnmcox AnTepaTypbi:

1. Aeonrsesa E.T. « AocTynHas cpeaa raasamu HHBaAuAa>, Exarepun6ypr, 63 c.
2. TI'papocrpounTesnpnsiit kopekc Poccuiickoit Oepeparmn.
3. TlocranoBaenue N¢ 87 «O cocraBe IPOEKTHOM AOKYMEHTALIMU U TPEOOBAHISX K HX COAEPIKAHHIO .




Physiological and biochemical parameters of the effect of elicitors of sustainability of the species Vitis vinifera to the defeat...
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Abstract: This article is dedicated to the determination of the physiological biochemical parameters of the action

of elisitorov furolane, methionine and their composition to the stability of the own-rooted plants of grapes of the

type Of bianka to the root form of the phylloxera.
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dusnonoro-o6MoxuMmyeckme napamMmeTpbl BIMSHUSA
3JIMCUTOPOB Ha YCTOMYMBOCTb pacTteHun Buaa Vitis vinifera
K NOpaXxeHuto KopHeBoin dopmoit dunnokcepsbl

AHHOTaI.II/IH: AaHHaﬂ CTaThs IMOCBAIIEHA OIIPEACACHHIO q)HBI/IOAOI‘O-6I/IOXI/IMI/I‘{eCKI/IX IIapaMeTpoOB BOSAefICTBHSI

OANCUTOPOB q)YPOAaH, METHOHHH 1 UX KOMITO3NITH Ha YCTOfI‘{PIBOCTb KOPHe€O6CTBeHHbIX paCTeHHfI BHHOTI'pPaAa CO-

pTa Buanka x KOPHCBOﬁ cl)opMe (l)I/IAAOKcepr. HpenapaTbI IIOBBINIAKOT YCTOIZ‘IHBOCTI) 9THUX paCTeHI/Iﬁ K IIOPa’XEHHIO

$HAAOKCEPOIT, 3BATPYAHSIOT €€ AOCTYTI K MCTOYHMKY IIMTaHUS.

KaroueBbie caoBa: BUHOrpap, pyposas, MeTHOHKH, PUAAOKCEPA, XAOPOT€HOBas KUCAOTA, AMTHUH, TAMLIUH, IIPO-

AWH, a6cu1/13013aﬂ KHCAOTaA.

BBepenne. Quarokcepa IPUBOAUT K THOEAU KOP-
HEBOI CHCTeMbI ITOYTH BCEX COPTOB U THOPHAHBIX pOpM
BrAa Vitis Vinifera B cBsi3u ¢ pa3BUTHEM BTOPUYHOTO ITa-
TOAOTHMYECKOTO IIPOLIeCCa, BBI3BIBAEMOTO pUTOMATOreH-
HBIMU MEKpOOprausmam | 1]. B kasecTBe HHAYKTOPOB
3aITUTHBIX PeaKIUi IIPEACTABASET HHTEPeC UCIIOAb30-
BaHuUe a6MOTeHHBIX (CHHTETUYECKHX ) SAUCUTOPOB (HH3-
KOMOAEKYASPHBIX UMMYHOMOAYAMPYIOIIHX COAHHEHHIL)
AHAAOTOB IIPHPOAHBIX BeI|€CTB, IIOBbIIAOIINX YCTONIH-
BOCTb PacTeHMH K IIOPXKEHHIO GUTOIATOreHAMH U 3a-
ITyCKAIOIMX B PACTEHNN MEXaHN3Mbl IMMyHHU3aLmH [2].
HampaBaeHHOe n3MeHeHIe OTAGAbHBIX 3BeHbeB 0OMeHa
BEIeCTB C COXPaHEeHHEeM M YAYJIIeHHeM YPOXKasi U ero Ka-
gecTBa OyA€T CLIOCOOCTBOBATH CO3AAHUIO CPEABI HeOAArO-
IPHUATHOMN AASI PAa3MHOXXEHHUS QUTONIATOreHOB U MUTAHUS
puanroxcepsl. MsyueHne Ppu3aHOAOro-OHOXUMUYECKHX
3aKOHOMEPHOCTe BAMSHIS AONOT€HHBIX SAHCHTOPOB
Ha MeTa0 OAMIeCKHe ITPOL[eCCHI TO3BOAUT BBIIBUTD CIIeLl-
npuyecKrie MeXaHu3Mbl GOPMUPOBAHUSA HEBOCIPHUHM-

YMBOCTU K QUTONATOreHaM U PpHAAOKCEpPe, CylleCTBeH-
HO CHHU3HUTD IMOPAXKeHHe pacTeHuit BuAa V. vinifera, xak
¢uronmarorenamu, Tak U puarokcepoit. K mpemaparam,
IIPOSIBASIFOIIIMIM CBOMCTBA SAUCHTOPA, MOT'YT OBITH OTHe-
ceHbI pypOAaH, a TAKKE er0 KOMIIO3UIIHS C METHOHUHOM
[3]. Moaekyaa pyporaHa COAEPIKUT B CBOEH CTPYKType
$ypaHOBbII LIMKA, KOHAEHCUPOBAHHbIN C 9TUAEHOBBIM
¢pparmeHTOM, a B IMpoLjecce MeTAOOAM3ALMY AMHHOKHC-
AOTBI METHOHMHA 00pa3yeTcsi ITHAEH, AEHICTBHE KOTO-
POTO CBS3aHO C peryAsiIyes Ipo1jeCCOB, TP OMCXOASIIIMX
B KAE€TOYHOIT CTEHKE, CHHTe3a CTPeCCOBBIX OEAKOB H B3a-
FIMOAEVCTBHUE C APyTHMH $UTOrOpMOHamu [4].

Ieap Hamreil pabOTBI — OIPEACAUTH PU3HOAOIO-
OHOXHMIYEeCKIe [TAPAMETPBI BAMSHUE IPEapaToB JAU-
CUTOPHOTO AeMCTBHA $YpPOAAH, METHOHHH M UX KOMITO-
3UIIUM Ha YCTOMYUBOCTD pacTeHui BUAa Vitis Vinivera
K IOPa’KeHMIO KOPHEBOH GpOPMOM PHUAAOKCEPDI

Marepuaasi u meToabl. B 2013-2014 rr. Ha BuHO-
rpaanuke, Haxopasmemcs B 3AO «ITpumopckoe, moc.
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ITpumopckuit Temprokckoro pariona Kpacroaapckoro
Kpasi, KOpHeCOOCTBEHHbIE PACTEHUSIX BUHOIPAAA COPTA
Buanka, nocasxerssie B 2005 r., 65141 00paboTaHb! a61-
OTeHHBIMU SAHCHTOPAMHU B MEAKOAEASIHOYHBIX OIIBITAX.
dopmupoBKa KyCTOB BUHOTPAAQ — OAHOCTOPOHHMIT
BBICOKOIITaMGOBbII KOPAOH [ S ].

OO0paboTKy pacTeHHil BHHOIPapd IIPOBOAMAH
6 urons, 3 nioas1, 30 HIOAST BOAHBIMH PAcTBOpaMH abu-
OTeHHBIX JAUCUTOPOB C IIOMOIIBIO PAHIIEBOIO OIpPHI-
ckuBareass CHAMPION PS 257. Pacxop >XHAKO-
cra — 1000 a/ra. PoHOBbIE 06PabOTKU PYHTHIIAAMU
He [IPOBOAMAH. 32 KOHTPOAD B3SITHI pacTeHus 6e3 obpa-
OOTKH IperapaTaMy, 3TAAOH CPABHEHUSI — PaCTeHus,
obpaborannsie muperponupoM Pacrax KO pupmsr BASF
B Ao3e 360 r/ra. Cxema ombira: 1. — KorTpoas, 2. - Qa-
crak, KO - 0, 36 a/ra — araaoH, 3.— ®ypoaan, 10 r/ra,
4.— Metuonun 101/ra, 5. - @ypoaan 10 r/ra + Merno-
mue 10T/Ta (1:1). IToBTOpPHOCTD OIIBITOB YETHIPEXKpaT-

Has. B xaXXA0i MOBTOPHOCTH IO S KyCTOB BUHOTPaAQ.
Cxema nocapku kyctoB 4,0 x 2,5 M. B 2014 r. BapuaHTHI
pasMellleHbl Ha TeX XK€ pacTeHusx, yto u B 2013 r.

CopeprkaHMe XAOPOTEHOBOM KHMCAOTBI, TAMIIHMHA,
IIPOAMHA, A0CLU30BOM KUCAOTBI M KATHOHOB KAABIIHS
B AMCTBSIX BUHOTPaAQ OTIPEAEASIAM METOAOM KaIlUAASIP-
HOTO aAekTpodopesa Ha mpubope Kameas 105 M, coaep-
JKaHUe AUTHUHA B KOPHSX — BECOBBIM METOAOM [ 6; 7.

PesyapTaThl H 006Cy)KAeHHe. AAS BbBISBACHHS
$pU3NOAOrO-OHOXHMMHUYECKUX 3aKOHOMEPHOCTEN BO3-
AEFICTBUS AOMOTEHHBIX dAUCUTOPOB QYpPOAAH, METHO-
HUH U UX KOMIIO3UIIUHU Ha yCTOMYUBOCTD BUAQA Vitis Vi-
nifera K MOpa>xeHHI0 KOPHEBOI GOPMOT GPHAAOKCEPDI
BIIepBbIe AASL PACTEHMI BUHOT'PaAA YCTAHOBAEHDI OII-
THMAaABHBIE [TAPAMEeTPHI HANOOAee 3HAYUMBIX PU3UOAO-
ro-O0HOXMMUYECKUX KPUTEpUEB (cerpmaHne AVTHUHA
B KOPHSIX, XAOPOT@HOBOM KMCAOTHI B AUCTDSIX M KOPHAX
BuHOTrpapa) (Taba. 1).

Tabnvua 1. — MapameTpbl coaepXXaHMs XI0POreHOBOM KMCNOThI B IMCTbAX
M KOPHSIX U IMTHUHA B KOPHSAX BUHOrpaaa, 2013 -2014 rr.

CopepskaHHe XAOPOTEHOBOI KMCAOTBI, MI'/T | CopaeprxkaHne AUTHUHA, %
BapuanT onbita
B AMCTBSIX B KOPHSIX

KOHTPOAB 0,13-0,19 17,4-52,6 2,06-13,7
Qacrak 0,16-0,26 19,2-19,3 2,81-14,2
DOyporan 0,22-0,41 2,7-11,4 14,91-23,4
MeTuonux 0,23-0,28 2,6-36,5 18,91-24,0
Oyporan + MeTnoHunn 0,22-0,28 1,0-17,7 16,5-21,93

YCTaHOBAEHO, YTO B aBI'yCTe CaMOe BBICOKOE COAEp-
>KaHHE XAOPOT€HOBOM KHCAOTBI — IPEAIleCTBeHHHKA
AWTHHHA B AUCTDSIX U AUTHHHA — B KOPHSIX PaCTeHUH BU-
HOT'PaAd OTMEYAeTCs B BAPUAHTAX C IPHMEHEHNEeM SAH-
cuTopoB. BoAblee copepskaHue XAOPOTeHOBOM KUCAOTHI
B KOPHSX OTMEYAeTCs B BAPUAHTAX KOHTPOABHOM, C IIPH-
MeHeHHeM METHOHMHA U KOMITO3HIIUH QypoAaHa C Me-
THOHHMHOM, YTO XapaKTepPH3yeT MeHbIIee PaCXOAOBaHHE
ee B KOPHSX Ha CHHTe3 AUTHHMHA. boApmiee copepsxanue
XAOPOTE€HOBOM KHCAOTHI B AHCTbSIX U AUTHHHA — B KOp-
HSIX BUHOTPAAQ CO3A2€T YCAOBHSI HeOAATOTIPUSTHbIE AASK
MOpa’KeHUsI UX GUTOIATOTeHaMU U PUAAOKCEPOiL. DTO
IIOATBEPKAQETCS Pe3yAbTaTaMH OIIPEACACHHS ITOBPEXK-
ACHUS KOpHel KOpHeBO# popMOil PHAAOKCEPBL

UHCACHHOCTD IOBPEXACHHUI KOpPHeH KOPHEBOMH
¢$opmbl Pprarokcepsl npuxoasmuxcst Ha 100 BcacriBato-
IMX KOPHEH AnaMeTpoM Ooaee 1 MM OKa3aAach caMoi
BBICOKOM B KOHTpOAe — 15 1 B BapuaHTe ¢ IpenaparoM
®dacrak. B BapuanTax c npuMeHeHHEM SAMCHTOPOB KOAH-
4eCTBO [IOBPEXAEHHII OBIAO MeHbIIIe B CPABHEHUH C KOH-
TpoaeM B 1,9-3 paza.

MeTab0AOMHASI OLIEHKA YCTOMYUBOCTH PACTEHMUI BU-
HOTPaaa K KOPHEBOH popMe PUAAOKCEPHI ITO3BOAHAA YCTa-
HOBHTB, 4TO OHA OOYCAOBAEHA YBEAHYEHHUEM B AUCTBSIX CO-
Aep’KaHHS AMUHOKHMCAOTBI TAMITMHA, BXOASIIIETO B COCTaB
GRP-6eAxoB 1 ipoanHa — Bxopsiero B coctas PRP- 6ea-
KOB — OCOOBIX CTPYKTYPHbIX 0EAKOB, KOTOPbIE YCHAUBAIOT
KAETOYHbIE CTeHKH [PH BO3AEHCTBIM natorenHa (Taba. 2).

Tabnuua 2. — MNapameTpbl cogepXaHue NpPosnHa, FuumnHa, abCcumM30BO KUCIOThI
1 kaTnoHoB Ca?* B NIUCTbSAX pacTeHnii BUuHorpaga copta bruanka (2013-2014 rr.)

BapuanT ombira Coaeprxanue Copeprxanme Coaepsxanne abcyusosoit | CopeprxaHue
IIPOAMHA, MI'/KI' | TAWITMHA, MI/KT KHCAOTBHI, MI'/ KT Ca*, mr/xr
KOHTPOAb 68,9-82,7 5,6-2,9 1,4-1,6 0,28-0,97
Qacrak 52,0-87,8 12,1-8,2 0,8-4,2 0,33-0,94
Qyposan 128,4-149,2 21,6-2 1,4-2,5 0,26-1,14
MeTuonun 132,3-119,1 6,7-0,5 2,9-3,0 0,45-0,85
Dyporan+MernoHud 99,9-91,2 17,4-1,3 2,7-3,6 0,36-0,92
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IIpu Bo3peiicTBUU cTpecc-paKTOpOB (BAB, IMaTOTEHHbI 1 AP-) B IIUTO30A€ KAETOK BO3PACTaeT COACPIKAHHE Ca*
1 a6crm30Boit kucaoTsl (ABK), akTHBUPYIOIMX KacKaAbl 3aI[MTHBIX META60AMYECKUX peakijuit. Daucutops 1 Pacrax
MOBBINIAIOT COAEP>KaHMe KaTHOHOB Kaablus 1 ABK B AMCTBSIX pacTeHuit BuHOrpaaa copTa buanka.

YcTaHOBAGHO, YTO Ay4IlKe pe3yAbTaThl IO YCTOMYMBOCTH BHAQA Vitis Vinivera k mopaskeHuio KOpHeBoi popMoit
duarokcepn (mopaxenue kopHeit — 0 6aAA0B, B KOHTPoAe — 4 6aAAa) U 1O YCTOMYMBOCTH K MOPAXKEHHIO PUTO-
narorenamu (Alternaria mopasxenne 0% u Apoxoxu — 5%, Penicilium — 5%) pocTurHyTHI € TOMOIIBIO 06PabOTKH
pacTeHHi1 BHHOTPaAa KOMITO3uIuei mpenaparoB Pyposan u MeTHoOHUH.

Takum 00pa3oM, yCTaHOBAEHbI pUIHOAOTO-ONOXUMUYECKUE [TAPAMETPhI BAMSIHIS SANCHUTOPOB Ha YKpeIlAeHUe
KA@TOYHBIX CTEHOK B KA€TKAaX BUHOTPAaAHBIX AMCTbEB U CHIDKEHHE IOBPEXAEHHs KOPHeH, 4TO 3aTPYAHSET AOCTYII
$HAAOKCEPDI K HCTOUYHHUKY IUTAHMs, U MOBBIIAIOT YCTOMYMBOCTD PACTEHUH K opakeHHIo ¢puarokcepoit. ITo coeit
2 PeKTUBHOCTU SIAMCUTOPHI He YCTYHAIOT npenapary Pacrak.
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Physiological differences and morphological similarity of nerve terminals

Abstract: In the living preparations fails to show and explain how and why nerve terminals, regardless of the
completely different functions, can acquire the same structural form and whether the likely separation pre- and
postsinapses of live fibers. It has been shown that the reduction of the living neural processes pre- and postsinapses
can be separated, to break away, forming a retraction bulb. The process of transformation in the growth cone retraction
bulb was investigate.

Keywords: living neurons, retraction bulb, pre- and postsinapses, sensory terminals, growth cone.
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dusmnonornyeckue pasnuunsa u mopgdonornyeckoe
CXOACTBO HEPBHbIX TEPMUHaNemn

Annotanus: Ha sxuBbix mpemaparax yaaeTcs IOKasaTb U OOBSICHUTD, KaK U II0YeMy BCe HepBHbIE TePMUHAAN,

He3aBHCHMO OT COBEPUIEHHO PA3AHUYHBIX (YHKIHIL, MOI'YT IPHOOPETATh OAUHAKOBYIO CTPYKTYPHYIO GOPMY U Be-

POSITHO AM Pa3obieHe Impe- U IMOCTCHHAIICOB XXUBBIX BOAOKOH. IT0Ka3aHO, 4TO IPHU COKPAIleHUH KUBBIX HEPBHBIX

OTPOCTKOB IIpe— K IIOCTCHHAIICHI MOTYT OTAEASITbCSI, OTPBIBATHCSL, 06pasyst KoAOsI peTpakuuu. FlccaepoBaH mporiecc

IpeBpaljeHIsE KOHYCOB POCTa B KOAGBI peTPaKI[UH.

KaroueBbie cA0OBa: XUBbIe HEMPOHBI, KOAGA PeTPAKIINH, IIPe- X [IOCTCHHAIICHL, CEHCOPHBIE TEPMHHAAH, KOHYCBI POCTA.

Hcropus nccaepoBaTeAei KOAO peTpaKIUK Ype3BbI-
JaiiHO MHTepecHa U npopoaxureabHa. Eme M. P. Duval
(1895), a Taxxke ero rpynma [6; 15], cpopmyanposasu
TUIIOTE3y O TOM, YTO CHHAIICBI MOTYT PaCCAAMBAaThbCS
U OTAGASITHCS OT MOCTCHHAIICOB. M3BecTHO Takke, 4TO
OKpYTAEHHe HEPBHOI'O OKOHYAHHS yMEHbIIAeT IIAOIAAb
ero cBsi3u ¢ MeMbpaHoi mocTcuHanca. Ilpeamoaaraer-
Csl, 4TO B pe3yAbTaTe MOABASETCS GPH3NOAOTHYECKOE CO-
CTOSIHHE B BUAE CHA MAHM HAPKO033. JDKCIIEPUMEHTbI OBIAK
BBIITOAHEHbI Ha QUKCHUPOBAHHBIX IIPEIapaTax u HO3TOMY
BBI3bIBAAU MHOTO CITOPHBIX BOITPOCOB. Tak, B YaCTHOCTH,
9TO SIBAEHHE CYMTAA TAYOOKO [TATOAOTHYECKUM HAIll Hell-
porucroaor S.A. Soukhanoff (1898), oanako A.C. Ao-
reab (1896) moaAepkaa 3Ty OPUIHHAABHYIO MOPO-PH-
3HOAOTHYECKYIO THIIOTe3y. B paAbHeieM, OAHAKO, OHA
He IIOAYYHAQ IOATBEPXKAEHHUS U ObIAa 3a6biTa. B TO Xe
BpeMsi TOSIBA€HUE CBOOOAHBIX KOAD peTPaKIUH y aKCOHOB
IPEeATIOAATaeT, YTO Pa3obIeHe CHHAIICOB BO3MOXKHO,
AQKe eCAM 9TO KacaeTcs MaToAOTHH. EcAu uMeTh B BHAY
TOABKO HAaYaAbHBIE KOAOBI PeTpPaKI[UM, HEeAb3sl He Bep-
HyTbCsI K cTapunHOI runiotede M. R. Duval, J. Demoor
u M. Stefanowska, Tax kax IpHINHOM KOAD peTpakuuy,
AQXe B CAMOM HadaAe, II0 HallleMy MHEHUIO, IBASETCS pe-
TPaKTHABHOE HAIpsDKeHue CHHarca [4].

MeToAHKa HCCACAOBAHHS

1. Memoduxa svideserus 0duHouHbIX HelipoHos npydo-
8uUKA 1Sl OCHPBIX ONBINOB

MccaepoBanus nposeaeHbl Ha 194 5KUBBIX M30AH-
POBaHHBIX HeflpoHax 52 MoAArockoB Limnaea stagnalis
C COXpaHEHHBIMH (pparMeHTaMH HEPBHBIX OTPOCTKOB.

KaAeTku BbIAGASIAM M3 OKOAOTAOTOYHBIX TAHTAMEB ITyTeM
ux HHKyOaru B Tedenne 40 muH B 0,4% pacTBope mpo-
nasbl (Serva, USA). ITocae MOBTOPHOTO BCACHIBAHUS
HA YaCOBOM CTEKAE C TOMOII[bI0 U30THYThIX CTEKASHHBIX
IUIIeTOK TaHTAMU AMcconuupoBasu. IloBpexpeHHbIe
TAMAAbHbIE Y HEpBHbIE KACTKH YAAASAH C TOMOIIBIO AO-
IIOAHUTEABHOH ITIPeIapoOBKU IaHTAMEB M HEOAHOKpaT-
HOTO IPOMbIBaHMS IIOAY4eHHOM CYCIIeH3UU PacTBOPOM
Punrepa pas MOAAIOCKOB. B pesyabraTe opAHOBpeMeHHO
BbIAeASAUCD OT 100 Ao 300 HelpOHOB C OTPOCTKAMH Pa3-
AUYHOM AAMHBL O4HIleHHBIE TAKHM 0OPa3oM KAETKH
IIOMEIlaAU B MEKPOKaMepy 06beMoM 0KoAO 1 cM?, AHoM
KOTOPOH CAY>KHAO TOHKOE IIOKpOBHOe cTekao. CBepxy
KaMepy IIOKPbIBAAM IOKPOBHBIM CTEKAOM, KOTOpOe
IPEAOXPAHSAO PacTBOP OT MOACymHuBaHus. Kccaepo-
BaHUsA IPOBOAMAKCH C IOMOIIbIO MHBEPTHPOBAHHOTIO
dasoBokonrpacrHoro muxpockorna (BUOMEA-3 U,
Poccus). [ToBepeHne HeIPOHOB PETHCTPUPOBAAU B Te-
venue 2-18 wacos Bupeoxamepoit (ACM-300, Kurait),
CBSA3aHHOM C KOMIIBPIOTEPOM.

2. Memoduxa evtdeseHust 00UHOUHbLX HelipoHo8 npydo-
BUKA OAS OAUMEALHO20 KYALMUBUPOBAHUS

M3BAedeHHBIN MOST IIPYAOBHKA ITOCAe pepMeHTaTHB-
HOI 06pabOTKM pa3pe3aAr Ha FaHTAMH. BbiaeAeHHYyI0 Ta-
KHMM CIIOCOOOM CYCIIeH3HI0 HePBHBIX KACTOK H ITIOTUOIIHX
TAMAABHBIX KAGTOK MHOTO Pa3 IPOMBIBAAM PACTBOPOM
Punrepa paast Moaarockos. IlocaepHee mpoMbiBaHMe Ipo-
BOAMAU CT€PHABHBIM PaCTBOPOM IUTATEABHOM CPEABL.
AASL KyABTHBHPOBaHMS HEHPOHOB HCIIOAB30BAAN MOAH-
¢urmpoanHbIi cocys Kapeas, KoTopbiit mpeacTaBaseT
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co6011 KaMepy 00beMOM 4 MA C ABYMsI KPYTABIME OTBEp-
CTUSIMU Ha BepXHel U HIDKHEH CTeHKe. AAS COXpaHeHHUs
CTE€PUABHOCTH OTBEPCTHS 3aKPhIBAAM TOKPOBHBIMH CTe-
KAAMU U 3a[laBaAM CMEChIO ITapadpHHa ¥ Ba3eAHHA (3:1).
KaeTku BpIceBaAM Ha HIDKHee IIOKPOBHOE CTEKAO. AAsS
CBOMX MCCAEAOBAHHI1 MBI HCIIOAB30BAAU 0€CCHIBOPOTOY-
HYIO IUTATEABHYIO CPEAY C OIIPeACACHHBIM XMMHIeCKIM
coctasom (RPMI-1640 uau Viraa MEM (Sigma). Auc-
COLIMMPOBAHHBIE HEMPOHBI NepeHocuan [-06pasHo u-
nerkoi. CBepXy KaMephl 3aIlaBaAX BTOPBIM TOKPOBHBIM
CTEKAOM TOM e CMeChbIO Ba3eAWHA U MapaduHa, BO U3-
OexxaHue ucmapeHus cpepsl. Kyabrypa nccaepoBanacsy
B TeyeHHe 5-6 pAHeil. HabAroaeHue 3a HefipoHaMH ¢ 1ep-
BBIX MHHYT IIOCA€ IOCAAKH OCYIIECTBASIAOCH Ha KOMIIbIO-
TepHOM aBTOMATU3UPOBAHHON MUKPOBUAEOYCTAaHOBKE.,
IIpousBopuaacs neiTpadpepHas BUAeOCheMKA — 1 Kaap
KaxAple 10 MuHyT.

3. Memoduka umnpeznayuu mxaret a30mMHOKUCAbIM
cepebpom

W3 ¢uxcuposanHbx B 12% pacTBOpe HEHTPaAbHO-
ro ¢opMaAMHA TKaHeH M3rOTAaBAMBAAM CPe3bl TOAIU-
HoM 60-70 MKM 1 UIMITpeTHUpOBaAH uX B 20% pacTBope
a30THOKHCAOTO cepebpa o Buapmosckomy-I'poc B Mo-
auduxanuu B. A. Aoaro-Cabyposa (1958), B obpaborke
UCIIOAB30BaH Takke 20% pacTBop ¢popmaauna. [Ipu npu-

FOTOBAEHHH AMMHAYHOTO CepeOpa HCIIOAb30BAAU TOABKO
MaKCHMaAbHO KOHIIEHTPHPOBAHHbBIM aMMHAK, BbI3bIBAIO-
IUI AeTKOe HarpeBaHKe YaCOBOTO CTeKAQ.

4. Memoduxa okpauusanus mxaHu mMemuAeHoBbIM
CUHUM

AAs IpM>XKU3HEHHOM OKpacky ucnoab3osad 0,001-
0,02% pacTBOp METHACHOBOTO CHHETO IO MEeTOAMKE
A.C. Aoreas (1902) B Mopuduxarun A. A. ITopoas-
ckoit (1996). PacTBOp HaHOCHACS Ha paclAaCTaHHbBIN
MOYeBOM ITy3bIpb AAT'yIIKH. FlccaepOBaHMA IPOBOAMAKCD
B OCEHHE-3UMHUM IIepUoA IIpu Temmeparype 18-20 rpa-
AYCOB, P MUHMMAaAbHO BO3MO>KHOM OCBeIlJeHHH, CTPO-
roM cobaropeHnu pH ¥ II0CTOSIHCTBE KOHIJEHTPALHHU [IPH
CMa4MBaHUU Iy3bIpsl pacTBOpoM Punrepa.

Pe3yabTaThI M 06CyKACHHE

Kax aaBHO oTMedueHO MOp¢oAroramu, B 06AaCTH
TPaBMbI AF0OOTO HEPBHOTO BOAOKHA BCErAd 0OpasyroT-
cs KoAGOBUAHBIE (TIOPOIO KPYTIHbIE) BHIITYMBAHUSL. DTO
HabAaoparoch HeopHokparHo Kamilo Golgi (1874),
Ramon j Cajal (1995) u MHOTHMM APYTUMHU KAACCHYe-
CKUMH HEHPOTUCTOAOTAMHU KaK ITPU 3a00A€BaHUSIX, TAK
¥ IPH IOBPEXAeHUAX akcoHOB (puc. 1 a). OpHaKo 6b1A0
TaKke OTMEYEHO, YTO TaKHe CTPYKTYPHI, IIOAyYHBIIHE
Ha3BaHHe “KOAOBI PeTPAKIIUK, BCTPEYAIOTCS U B HOPME,
¥ TIpH CKpbITOI matoaoruu (puc. 1 6).

e g St ir— R T

Puc. 1. KonboBuaHble Mopdonormieckme N3aMeHeHns TepMuHanem
HEMPOHOB NPW CMOHTAHHOM peTpakumn 1 ABHOM naTtonorum

a — OBaAbHBIE U KOAOOBHAHBIE [IPECHHANTHIECKHE TEPMUHAAN B TOHKOF KUIIIKe HOPMAABHOR KOIIKH; 6 — KOAGBI

peTpaKIMH HIEBOAA IIPH TybepKyAese; 1 — IMpecHHANTHYECKUE TEPMUHAAM; 2 — IMTAHTCKUE KOAOBI peTpaKifiu

MOpPaXKeHHbIX CHHANITUYECKUX TpeTepMuHaAeil. Buasmosckuit-I'poce. O6. 40, ok. 10.

HexoTopsie MexaHU3MbI yAUBUTEABHBIX HAXOAOK CTa-
AY IMEHOBATh «HaTeKaMHU>» akcomaasmsl [2; 4. Ho mo-
JKeT ObITh IPUYKHA BCEH ITOM YAUBUTEABHOM OOIHOCTH
$OpMBI KOHI|EBBIX CTPYKTYP COCTOUT B MIX EAHHOI CO-
KpaTUTeAbHO! QyHKIMU?

OTa GpopMa 0OBIMHO HATIOMHUHAET KOAOY PeTpaKIInH,
HOSIBASIFOIIYIOCSL IIOCAE [IEpPEPE3KH HEPBHOTO BOAOKHA
(puc. 2). Ona 06bIYHO ABASIETCS MAPKEPOM MECTa CO-

KpalleHHs U XapaKTepH3yeT HA4aAO COKPaTHTEAbHOM
AKTUBHOCTH HEHMPHUTA.

B nmpomaoM MHOrne MOoppoAOry MOAATaAH, YTO Ta-
KHe KOAOBI KaK-TO CBSI3aHBI C POCTOM aKCOHOB, IIOTOMY
YTO OHHM YACTO BCTPEYAIOTCSI B 0OAACTH HEPBHOTO 1IIBA,
A€ ITMPOKO PAaCIIPOCTPAHEHB], XOTS UMEIOT U Pa3AUYHbIE
HaITpaBAEHHUs POCTa.
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Puc. 2. BoipaxxeHHas konba peTpakLmm npu 6bICTPOM Ha4abHOM COKpaLL,eHU
XMBOrO HEPBHOIO OTPOCTKA MOCSIE ero nepepesku

a—A — CTAAMH IIPOLIeCCa; CTPeAKa — KoAba peTpakuuu. Bpems — oT Hasasa Habaropenus. [IpikusHeHHast

muxpockonust. Pazossiit kouTpact. 06. 40 OK, ox. 10.

CAepyeT OTMETHTB, YTO KOAOBI PeTPaKI[HU ITOSIBASI-
IOTCSI [IPU TPABMaX OTPOCTKOB Ha AI0OOM PacCTOSHUM
OT TeAa KAeTKH MAU ero TepMHHaAU. F13 9TOro Mo>xHO
CAEAATh BBIBOA, YTO peHOMEH KOAODBI peTPaKIfHHU CIIOCO-
0eH HOSIBUTHCS Ha AF0OOM ypOBHE BOAOKHA — U B 00Aa-
CTHU CHHAIICOB, M HA CEHCOPHBIX TepMHUHaAIX. KoHIieBbIe
KOAOBI peTPAKIMH BCTPEYAIOTCS U Y HOPMAABHBIX OAHO-
OTPOCTYATHIX HEPOHOB C LIUPKYAIPHBIMU MHOT'OCAOM-
HBIMHU TEPMHHAABHBIMA HAMOTKAMH Y AATYIIEK ( puc. 3).

Y 6UIIOASIPHOTO YyBCTBUTEABHOTO HEFPOHA KOAOBI
PeTPaKIK BCTPEYAIOTCs HEOAHOKPAaTHO Y HOPMAABHbIX
CeHCOPHBIX TepMuHaAeH. OHM Ype3BhIYaitHO HAIIOMUHA-
10T KOAGBI 3 PepenTHBIX TepMuHaAeit (puc. 4). Takue
CHHAIITOIIOAOOHbIe 0OPAa30BaHMS MOTYT BCTPEYAThCS
Y Ha CBOOOAHBIX AKCOHAABHBIX OTPOCTKAX, HECBSI3AHHBIX
C IPeCHHAICaMH1 BIAOTHYI0. DaKTHIeCKH, OHH TO3BOAS-
IOT pacCMaTPUBAThCs KaK IMPU3HAKKA AUHAMMYECKHX IIPO-
1]eCCOB OTpPhIBA MPECHUHAIICA OT MOCTCHHATICA.

Puc. 3. AKCOH 1 KOnObl peTpakunn B 06nacT HAMOTKM CUHANTUYECKMX TepMMHaﬂeI?l aKCoO-
coMaTn4eCcKkoro cnmHanca HopMaJibHOro yH1MnondapHoro HeVIpOHa 6ny>|<,u,a|ou.|,ero HepBa JIAryLwkKmn

1 — KOAGBI pOCTa y HHTAKTHOT'O YHHUIIOASIPHOTO HeMPOHA; 2 — HOPMAaAbHbIE aKCOCOMATHYECKHe CHHAIICHI CHHAII-

THYeCKOI HAMOTKH HefipoHa. Vimmpersarnus o buasmosckomy-I'poc. O6. 40Ph, ok. 10.

Puc. 4. OgnHo4HbIe KONObLI peTpakumnm
TepMuHanem CEHCOPHbIX HENPOHOB
M3 CMNHAJIbHOrO raHrns KOLLKKY

1,2 — KOAOBI peTpaKIiuHL.

a 1 1 1B
‘3’ |
§ 1

Puc. 5. Konbbl petpakuumn, nedopmMupyoLve Tena
HEMPOHOB NPU KULLIEYHON HEMPOXOANMOCTU
a—T — BapHaHTHI AoepopMaluu HeMpOHOB; 1 — KoA-
OBI peTpaKIIK; 2 — aHACTOMO3 MEXKAY AByMsI U3MeHeH-
HBIMHM HEMpOHAMHU.
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Pe3ko BbIpaXeHHas pPeTPAKLUs CEHCOPHOTO OT-
POCTKa TIpU TIATOAOTHH MOYET Pe3KO M3MEHATh Gpopmy
Teaa Helpona (puc. S). Crocob6HOCTh KOAGBI peTpak-
1M $OPMUPOBATHCS M MCUE3aTh HEBO3SMOKHO ITOKA3aTh
Ha $UKCUPOBAHHBIX Mpernapatax. OAHAKO 3TO SBACHHeE

AETKO H IIOCTOSIHHO AeMOHCTPHPYETCs B KYABType TKAaHH
(puc. 6). YckopeHre pocTa 1 ero 0CTaHOBKA YepeAyIoTCs,
KOAOBI peTPAKIIUHY ITPeBPAJAIOTCS B KOHYCHI POCTA U Ha-
obopor. IIpu 5ToM yBeAnueHne AAMHBI OTPOCTKA IIPO-

HCXOAHUT ITIOCTOSHHO.

Puc. 6. lnHamMumka npespalleHus HopMaibHOro KOHyca pocTa B KOJIOY peTpakLumm
B NMPOLECCce Pa3BUTUS HEPBHOIO CMIETEHUS B KyJIbTYPE U30/IMPOBaHHbLIX HEMPOHOB

1 — xoHyc pocTa; 2 — KoAba PeTPAKIIMH TOTO XKe OTPOCTKA; 3 — TEeAO HeMpOoHa.

IMpwkusHeHHast Buaeomuxpockormnst. Pasossrit konTpact. 06. 40Ph, ok. 10.

TepMuHaAb KOHyCA POCTa, Tepsist PHAOIIOAUH, IIpe-
BpAIlaeTCst B KOADOBUAHYIO CTPYKTYpY. PacTymue koHy-
CBI POCTA IIPU HE3HAYHTEABHOM IIPEIITCTBUM IIOCTOSIHHO
U OBICTPO IPEBPAIAIOTCS B KOAOBI PETPAKI[HHU, AEMOH-

CTPHPYS AHHAMUKY. DTOT TIPOTECC CMEHBI KOAG peTpak-
I[MM F KOHYCOB POCTA MOYXET TIOBTOPSITHCS HEOAHOKPATHO
(puc. 7). 1o yepepoBaHHE KOAO PETPAKIUU M KOHYCOB
POCTa SIBASTCS eCTECTBEHHBIM IPOLIeCCOM PereHeparjui.

Puc. 7. OnHamMmuka npeBpaLleHnst HopManbHOIrO KOHyca pocTa B K010y peTpakummn
B NpOLEeCCe PasBUTUSA HEPBHOIO CMIETEHNS B KYJIbType N30AMPOBaHHbLIX HENPOHOB

1 — xoHyc pocra; 2 — KoAba peTpaKIuy; 3 — IIOBTOPHBIN KOHYC POCTa; 4 — OAUH U TOT JKe HeHPOH, pa3BHUBaI0-
IMiCs B KyAbType TKaHu. [IprokusnenHas cepuiinas BuaeoMukpockomust. Pasospiit kouTpact. 06. 40Ph, ox. 10.

Taxum 06pa3oM ux npeBpamjeHne MOXXHO HAOAIOAATH
6e3 BCSKOTO MOBPEXAEHMUS, B €CTECTBEHHBIX YCAOBHSIX.
Ipu 5TOM peub BCErpa UAET O PETPAKTHABHOM TOHYCe
peaausyemoM perpakiiyeil. CAeAOBATE€ABHO, U B 30He
KOHIJOB [I€pePe3aHHBIX BOAOKOH, U B 0OAAQCTH TPaBMHU-
POBAaHHOIO OTPOCTKA M €CTECTBEHHOIO KOHyCa pOCTa
HAOAIOAQETCSI CXOAHASI MOPPOAOTUYECKasl KAPTHUHA, Ha-
[IOMMHAIOIAsI KOAOY peTpaKijHu.

Komnycsl pocra, popmupyromuecs 13 KoA6 peTpax-
LU B KYABTYpe TKAaHH, COAEPXKAT OOABIIOe KOAMYECTBO
$HrAOIIOAMT, KOTOPbIE ITPH PETPAKI[UH HCYe3a0T Iep-
Bbvu (puc. 8 a). Hepeako, oAHOBpemeHHO 06pasyiorcs
KOAGOBHAHBIE CTPYKTYpPbI (BAPUKOBHOCTH), KOTOPBIE,
OAHAKO, He MMEIOT OTHOIIEHHS K KOAOAM peTpakiuu
U GOPMUPYIOTCA He B Pe3yAbTaTe COKPAIeHHsl.
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Puc. 8. KoHyc pocTa (1) n konba peTpakumm X1UBOro BapMKO3HOIro BOJIOKHA (2)

IpwkusHenHoe uccaeposarue. PK. 06. 100, ok. 15

Ha puc. 9 npeacTaBaeH mporiecc MEAAGHHOTO pas-
obIIeHMsT MeXXHeHPOHHOro KOHTaKkTa. ITpu mpocmorpe
BUAEOPHMABMA OTMeYaeTCs HEKOTOpOe HalpsDKeHue,
HCTOHYEHHE, 3AA€PKKA PETPAKI[UU KOHTAKTa ABYX Hel-
POHOB. 3aTeM CHHAIICHl Pa3AeAsieTCsl, a OAMH M3 HHX
COKpalllaeTcsl, OTPhIBAsCh OT CMeXHOro BoaokHa. [lpu
HCCAEAOBAHUU JKMBbIX TKAHEBbIX CEHCOPHbIX TEPMHUHA-

-

L
;t‘l', f

Aell CXOAHOE sSIBA€HHe C 00pa3oBaHHeM KOAO peTpaKifiu
HabAropaeTCsS HEPeAKO (pHc. 10). MHuoxecTBeHHbIe Bep-
THKAAbHbIE aCHHAIITUYECKHEe ACHAPHUTBI (amaroru penen-
Top013) KA@TOK MapTMHAABHOI'O CAOSL KOPbI TIOCTOSIHHO
HMEIOT CepHU KOAOOBUAHBIX PeTPAKTHABHBIX CTPYKTYP

Ha CBOMX TepMHHaAsX [ 13].

Puc. 9. ECTeCTBEHHOE PETPAKTUIbHOE HANPsXKEHE, caMoamMyTaLms CUHANTUYECKOro
MEXHENPOHHOI 0 KOHTaKTa M NOMHAas pPeTpakLLmMsa O4HOMO 1 TOro Xe npenapara

1 — 06AaCTb KOHTAKTA; 2 — HATSDKEHHeE IIPeTEPMUHAAN [IEPEA ee PasphIBOM; 3 — pa3phlB CHHANITHYECKOM TEPMHU-

HaAW; 4 — TeAa CMeXHbIX HefipoHOB. I IprvkusHeHHas cepuiiHasi BUA€OMHKpOCKomus. KyAbTypa H30AMpOBaHHBIX
HertpoHoB. Pazosbit koHTpacT. O6. 40Ph, ox. 10.

Puc. 10. Konbbl peTpakunm acnHanTUYeCKnx 4eHAPUTOR KOPbl MO3ra 4YesioBeka

1— TPEXYrOAbHbBIE, HAYaAbHbIE KOA6I)I PeTpaKIu; 2— BbIpa’KEHHbIE ccl)epnqecme KOA6I)I peTpakunu [12] .

MmmperHarys cepebpom.
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Boabmmoi nHTEpeC MpeACTaBASIIOT IIMITMKOBUAHBIE
AEHAPHTHbIE TEPMUHAAH, HMEIOIIHe KOAOOBUAHYIO PpOp-
MYy (TOAOBKH IIHITHKOB) ¥ 3HAYUTEABHYO TIOABHKHOCTb.
Vx xoanyecTBO 1 pOpMa U3MEHUYMBBI, U 10 MHEHHIO MHO-
rux aBTopoB [ 11; 9; 10; 8], oHK cBA3aHbI C PyHKIIMOHAAD-
HOM MAACTUYHOCTBIO BBICIIMX OTAEAOB Mo3ra. Hecmo-
Tps Ha PUBHOAOTHYECKHE OCOOEHHOCTH OKOHYAHUI UX
CTPYKTypHble TpeBpalleHHs, 3aKOHOMEPHO IIOBTOPSIOT-
cs1. MeAkue AMCTOIIOAOOHBIE CEHCOPHBIE OASIIIKH, II0XO-
KM€ Ha KOHYCBI POCTa, IPeBPalaloTCs B cPepuiecKue
TepPMHHAAM TKaHeBbIX perjenitopos (puc. 11). Mx okon-
YaHHS IPEATIOAATAIOT TAKYIO JKe KOAOY PeTpaKIui, KaK
Uy CHHaNTH4eCKUX HEPBHbIX OKOHYAHHI.

Taxum 06pa3oM, COKPATUTEABHBI TOHYC M COKpa-
IeHHe MOT'YT OBITh 3aperHCTPUPOBAHBI U HA (PHUKCH-
POBAHHBIX AKCOHAABHBIX CHHANTHYECKUX TEPMUHAASX,
U IPIDKU3HEHHO B 00AACTH MeXXHENPOHHBIX KOHTAKTOB
TaK >ke, KaK U [IPU TPaBMe aKCOHA BOAM3H COMBI HEFPO-
Ha M y pacTyIuX KOHYyCOB pocTa. Takue >ke IpHU3HAKK
COKPAaTHUTEABHOTO TOHYCa OOHAPYKHUBAIOTCS IIPH UCCAE-
AOBAHUH XXMBBIX CEHCOPHbIX AéHAPUTHBIX TePMUHAACH.
CxopHbIe KOAOOBHAHbIE AepOPMALIMH Y IIUITHKOBHAHBIX

AEHAPHUTHBIX TepPMHHAAeH HEOAHOKPATHO OIMCAHBI B AU-
Teparype B HOpPMe H IIPH [IaTOAOTHH [ 3 ].

Ham Takke HEOAHOKPATHO YAQBAAOCHh HAOAIOAATH
AMHAMMKY KMBBIX TKAaHEBBIX PellelITOPHbIX OKOHYAHHH
B IIPO3payHOM CTEHKEe MOYEBOTO ITy3bIps ASATYIIKH.
Kapruna okazasach coBepIIeHHO HHOH, 4eM Ha (pUK-
CHPOBAHHBIX IIpernaparax. AAs YeTKOTO BbIABACHMS
TepMUHAAEH (ceHcopme GASIIIEK) O6BIYHO mpuMe-
Hsercs 0,001-0,02% pacTBop METHAEHOBOTO CHHETO,
IIPUTOTOBAEHHBIN Ha pacTBope Punrepa. B camom Ha-
YaAe OKpAalIMBaHUA M Ha KOPOTKOE BpeMs perenTop-
Hble TEPMUHAAU BBITASIAAT B pOpMe KAGHOBOTO AMCTA
C MHOYX€CTBEHHBIMH OCTPOKOHEYHBIMH BbIILTYNBAHMSI-
MU QHAOIIOAMIL U COBEPLIEHHO HEIIOXOXXUMH Ha KOAOBI
peTpaKiMK, HO B TOYHOCTHU KOIIUPYIOT MEAKHE KOHYChI
pocra. MameHnenus nmokasansl Ha puc 11 a, 6. CrrycTs
KOPOTKO€ BpeMsl, MeTUACHOBBIN CHHUH, KOTOPbIA MHO-
rHe CYMTAIOT YAOBAETBOPHUTEABHBIM NMPUKHU3HEHHBIM
KpaCHUTeAeM, OKAa3bIBaeT aAbTEpPHUpPYIOIlee BAUSHHE
Ha TKaHEBOM peljenTop, U KACHOBUAHbIE TEPMHHAAH,
OKPYTASIACD, IPEBPAIAIOTCS B CTPYKTYPHI, HUYEM He OT-
AUYAIOM[HECS OT KOAD peTpaKIiuiL.

Puc. 11. PeTpakuus ceHCOpHbIX TEpMUHASEN TKAHEBBIX PELLENTOPOB

a — KOAOBI peTpaKIjiy TePMUHAACH ACHHAIITHIECKUX ACHAPUTOB, PUKCHPOBAHHBIX U HMITPETHUPOBAHHBIX

1o Buasmosckomy-I'poc; 6 — ceHCOpHbIE TEPMUHAAU SKHBBIX ACHHAIITHIECKIX ACHAPUTOB B HAYaA€ OKPACKH Me-

THAEHOBBIM CHHHM; B — KOAOBI PeTPAKIUH TePMHHAAEH ACHHANTHIECKIX ACHAPHTOB, pUKCHPOBAHHBIX H UMIIper-

HUPOBAaHHBIX 10 Buapmosckomy-I'poc; r — ceHcopHbIe TepMUHAAM XMBbIX ACHHANITUYECKUX ACHAPHTOB B HadaAe

OKPACK{ METHAEHOBBIM CHHHM. 3, 6 — 00. 40, ox. 10; B, r — 06. 60 B!, ox. 10.
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TakuMm 06pa3zoM, MHOTOYHCAEHHBIE, Pa3HOOOpa3HbIe
GASIIKY GUKCHPOBAHHBIX IPeNapaTos (TKAHEeBbIX perer-
TOPOB) IIPeBPAINAIOTCS B MeAKHe KOAGbI perpakiuu. Ecan
Y4eCTb, YTO OIIMCAHHBIE CTPYKTYPbI 00pasyIOTCs B pe3yAb-
TaTe PeTPaKI[uH, MOXXHO IPEAIIOAOXKHTD, YTO MPOLecc
AABTEPAIIMM U BUAOU3MEHEHNEe CEHCOPHBIX TePMHMHAAEH
IIPOMCXOAMT TaK K€, KaK M B APYTMX KOHIIEBbIX OTACAAX
HEPBHBIX OTPOCTKOB (pHc. 12). OTuM caMbIM eme pas
MTOATBEPKAAETCS, YTO IIPUYMHON OAHOTHUITHOTO CTPOEHHUS
KOAO peTpaKiiu SIBASETCS PeTPAKTHABHBIN TOHYyC. Tak
KaK KOHYCBI POCTa ¥ TePMHHAAbHBIE CEHCOPHBIE OASIIIKH
HMAEHTUYHBI APYT APYTY U TIOCTOSTHHO HaXOASTCS B ABIDKE-
HUM, MOXXHO IPEATIOAOXKUTD, 9TO TKAaHEBbIe PelleNTOPHbIe
OKOHYaHUs, He CBSA3aHHbIE C ADYTHMHM YaCTSMU HEHMPOHa,
MOTYT CaMOCTOSITEABHO II€PEABHUIaThCS HA HEKOTOpPBIe
PacCTOSHMA M CKaHMPOBAaTh HHHEPBUPYEMYIO TIAOIAAD.

Takum 00pa3oM, BO3HHUKaeT OOIee MPeACTaBACHHEe
0 popMe U IPUINHE CXOACTBA HEPBHBIX OKOHYaHUH. OHI

He 3aBUCAT OT QUIHOAOTHYECKUX QYHKIIUF, BBITOAHSe-
MBIX HEMPOHOM: KOHKPETHOW MOTOPHOM, CEHCOPHOMM,
MAM pOCTOBOM. MIHBIMH CAOBaMH, CYIeCTBYIOT OIpe-
AeAeHHble U3HNYECKHe 3aKOHOMEPHOCTH, $OPMHUPYIO-
IFe eAUHYIO, CXOAHYI0 (pOpPMY, HE3aBHCHUMYIO OT QYHK-
IIMOHAABHOTO COCTOSIHHS M IPHHAAAKHOCTH 0ObeKTa
(puc. 12). Kak u3BecTHO, HAMOOABIIMM TOBEPXHOCTHBIM
HatskeHueM (cBo60AHOM aHeprueit [166ca) obrapatoT
TeAa, IMeIoIIHe chepHIecKyo moBepxHocTh. K Takoit xe
popMe cTpeMATCS KOHIIEBbIe CTPYKTYPbI HEPBHBIX BOAO-
KOH Ha AF00OM ypOBHe X opraHusanuu. [IpoBepeHHbIE
9KCIIePUMEHTHI ACMOHCTPHPYIOT HAAMYHE PEeTPAKTUAD-
HOTO HAIIPsDKEHMS BO BCEX CAYYasIX aAbTEPAIJH HepB-
HOTO OTPOCTKA, BKAIOYAsI €rO Iepepe3Ky, MaTOAOTHIO
M €CTeCTBEHHYIO PH3MOAOTHIECKYIO IIOABIKHOCTD. Bee
9TU HepBHBIE CTPYKTYPHI 3aBEPIIAIOTCS CXOAHBIMH KOA-
6aMu B CBSI3U C TeM, YTO BCe OHM 0OAAAAIOT CXOAHO pe-
TPAKTHABHOI CIIOCOOHOCTDIO aKCOIAA3MBL
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Puc. 13. Cxemartunyeckoe nsobpaxeHue, 4eMOHCTPUPYIOLLEE CXOACTBO KAPTUH
peTporpagHoro TOHyca BCex BUAOB TEPMMHANEn OTPOCTKOB

a—K — CIIOHTAaHHAas PETPAKINI PA3AMIHDIX TepMHHaAefI HEPBHDBIX OTPOCTKOB; Q, B, A, K, 1 — HOPMAAbHbBIE TEP-

MHHAAHN B HICXOAHOM COCTOSHHH, 6, T €, 3, K — T€PMMHAAH IIOCAE UX PETPAKITNH (KOAG]JI PETPaKL[I/II/I),' 1 — wmc-

KYCCTBEHHO€ OKOHYaHHNE BOAOKHA B O6AaCTI/I €ro pa3prIBa; 2— KOA68. PETPaKIINU TPAaBMHPOBAHHOTO BOAOKHA;

3 — cHHaNTHYeCKOe OKOHYAHME; 4 — KOAOOBUAHASI TEPMHHAAD PETPArHpPYIOLIero IPeCHHAICA; S — YIAOIeHHBIH

KOHYC POCTa; 6 — CIIOHTaHHAs PeT AKIO1A KOHYCa KoAba per AKII1H ); 7 — TIAOI€HHAA CCHCOPHasd TCPMHUHAAD
) )

TKAaHEBOI'O pELENTOPa B UCXOAHOM COCTOSHMH; 8§ — peTparupyromas TEpMHHAAD TYBCTBUTEADHOI'O HEPBHOI'O

OKOHYAaHMHAI; 9 — BBITSIHYTas (POpMa IIHUIIMKOB B NCXOAHOM COCTOSHUU; 10 — PeTpaKIs IHUITNKOB IIPHU U3MEHE-

HUM TOMeOCTa3a Cpeabl; 11 — HepBHPIN OTPOCTOK; 12 — AeHAPHT HAM coMa; 13 — akcon.

Caea0BaTeABHO, AT0Oast OpMA OKOHUAHIST, OTMEYEH-
Has paHee HeHpOMOP(POAOTaMHU, IMEET CXOAHbIE TIPHIH-
Hbl. Ha ¢purcnpoBaHHbIX IpenapaTax KOHIIEBbIE OASIIKH
HMEIOT KOAOOBHAHYIO $OPMY, KOTOpAsI pa3BHBAETCS B CBsI-
3H C AGATEABHOCTBIO PUKCATOPOB M PA3APAKHUTEACH, B TOM
9HCA€ METHAGHOBOTO CHHero. Tak pemraeTcs elme OAMH

CeKpeT aKCOMAA3MBL. 3aBepUIaeTCs IPYIIIa HCCAEAOBAHIL
JKUBBIX AKCOHOB, IIOATBEPYKAAIOIIAsT, 4TO AKCOIIAA3MA 06-
A3AAeT PeTPAKTHABHBIMHU CBOFICTBAMU U CIIOCOOHA PeIaTh
HeoObIuHbIE MOP$O-PH3NOAOTNYECKHE 3aAa4H. PeTpak-
THABHBIN TOHYC U PETPAKIHsL, BO3MOXXHO, SIBASIIOTCS OC-
HOBHBIMHU HESAEKTPUYECKUMHU YHKIMAMHU AKCOTIAA3MBL.
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3akAroueHne

Kax mmoxasaHo B IpOBeAEHHBIX HCCACAOBAHMUSX, TPaB-
MaTHUYEeCKAsl PeTPAKIUA HAYNHACTCS C o6pasoBan{ «<KOA-
651 PpeTpakuuK >, XapaKTEPHOM CTPYKTYPhl HAYaAbBHOI'O
06paTHoro TOKa aKCOIIAA3MbI. PSIAOM KCCA€AOBaTeAel
Ha OCHOBaHUU IOAOOHBIX CTPYKTYP BBIABUI'AAACh MAES
BPEMEHHOT'O PaCXOXKACHHMS CHHAICA HAa COCTaBASIOIIUE
€ro IIpe- ¥ ITOCTCUHANITUYECKUE OTACABI IIPH HAPKO3E [6;
14]. To — ecTb 3paech mpeaTioAarasach TOHHMYECKas aKTHB-
HOCTb, HaIIPsDKeHHe KOHTAKTa. JTa HAEesl HUKeM He 6blAa
AOKa3aHa, HO, [10 HAlleMy MHEHUIO, B CBETE IPIDKU3HEH-
HBIX MCCAEAOBaHMI1 PETPAKTUABHON KMHETUKU HENPUTOB
IPEACTaBAsIeT ONIpeAeAeHHbIN uHTepec. [IprwxusHenHoM

peTpakuuest Bcex, 6e3 HCKAIOUEHHIT, HEPBHBIX TePMUHA-
Aeil, 00AAAQIOIMX IPHHIJUIINAABHO OTAYHBIMH CBOMCTBA-
MU, YAQAOCh OOBSICHHUTb IIOSIBACHHE HX EAHOOOPa3HOM
ceprraeckoit OpMBI KOAO pETPAKIIUK Y CHHAIICOB, CBO-
OOAHBIX AU HHKAIICYAUPOBAHHbIX TKAHEBbIX CEHCOPHBIX
OKOHYAHMH, IIUITUKOB, KOHYCOB POCTA HAU UCKYCCTBEHHO
npepBaHHbIXx BOAOKOH. I'T. Beiic, a 3arem u A. AroOuHCKa,
IIBITAAUCH OOBSICHUTD 9TO SIBACHIHE KAaK HATEKU aKCOIIAA3-
Mbl. Ho B IPpM>KM3HEHHBIX BUA€OMUKPOCKOIIMYECKUX 9KC-
IepHMEHTaX OKa3aAOCh, YTO GHHAAbHBIE HEPBHbIE JAAHII-
COUABI — 9TO KOAOBI perpakuuu. To -ecTs, peTporpapHoe
U QaHTePOTPapHOE COKpallleHHe aKCOIAA3MbI TEPMUHAAD-
HbIX OTAGAOB HEHPUTOB.
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Resources of herbs in karakalpakstan

Abstract: Data on resources of the herbs growing in the territory Karakalpakstan are provided in article. It is
noted that in the territory of Karakalpakstan grows 360 types of the herbs, more than 37% of all plants are medicinal.
Distribution of herbs on natural areas Priaral quite unevenly that is explained by distinction of ecological conditions

of areas and ecological types of plants.
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PecypcoBepuyeckasa xapakTepucTmka HeKOTopbiX BUAOB
JieKapCTBEeHHbIX pacTeHnn B KapakannakcraHe

Annoranusa: B craTbe NpUBOASTCA CBeAEHHUS O peCypCax AeKapCTBEeHHBIX PACTeHHUH, TPOU3PACTAIONIMX Ha TEPPHU-
topun Kapakaamakcrana. OrmedeHo, uTo Ha TeppuTopuu Kapakaamnakcrana npouspacraeT 360 BHAOB AeKapCTBEHHBIX
pacrenuii, 6oaee 37% Bcex pacTeHHUI SBASIIOTCS A€KAPCTBEHHBIMU. PacIipocTpaHeHNe AeKapCTBEHHBIX PACTeHHUI

I10 IPUPOAHBIM PafIOHaM HPI/IaPaAbSI AOBOAPHO HEPAaBHOMEPHO, YTO obbsacHIeTCS Ppa3sAIrEM 9KOAOTHIECKHX YCAOBHfI

PafIOHOB 1 9KOAOTMYE€CKHMMHU THUIIAMHU CaMHX PaCTeHHfI.

KaroueBsbie caoBa: A€KAapCTBEHHbBIE PACTEHUS, PECYPCHI, KaPaKaAHaKCTaH, 9KOAOI'M9E€CKHE YCAOBHS, pacCIpo-

CTpaHEHHE.

Pecrry6anka KapakaAmakcTas pacroAoskeHa B ceBe-
PO-3aIlAAHON YacTH Y30eKHCTaHa, 3aHUMAeT TePPHUTO-
puro 165,5 THIC.KM.KB, TPAaHHYUT Ha ceBepe C APaAbCKUM
MopeM, Ha BOCTOKe 1 fore ¢ KazaxcTaHoM, Ha I0ro-BOCTO-
ke Byxapcxoit u Xopesmckort obaacTsamu Y3bexkucraHa,
Ha fore ¢ Typkmenucranom. Kanmar B Kapakaanakcrane
Pe3KO KOHTHHEHTAAbHBIN. XapaKTepHu3yeTcs BereTalju-
OHHBIM IeprOAOM B 170-200 pAHel 1 OTHOCUTCA K Te-
IIAOY ¥ OYeHb TeIAOH TepMUYECKHM 30HaM. Tepmuue-
CKHe pecypchbl 00eCIIednBai0T BO3AEABIBAHIIE BHHOTPAAR,
pHCa, KYKypys3bl IIIEHHI[BI X CKOPOCIIEABIX COPTOB XAOII-
vatHUKA. OcHOBHBIMU ToyBaMu KapakaAmakcraHa sBAs-
IOTCSI: CepO-Oypble MAAOIIPHIOAHBIE AASI OPOLIAEMOTO
3eMAEAEAMS, C HU3KUM IIAOAOPOAHEM, AyTOBOI'O C BBICO-
Koi1 cTenenpio 3acoaeHust [6]. [AaBHOIT 0cO6eHHOCTBIO
noys KapakaAmakcTana sIBASIeTCSI HAAMYHE TOHKOTO CAOSI
naopopoaHoit nosepxsoctu (0,15-0,35 M) u HU3KOe
copepxanne rymyca (0,5...0,8%), BricoKast Kap6OHAT-
HOCTb U THIICHPOBAHHOCTD, OOABIIOrO KOAUYECTBA Ha-
AWM BOAOpPAcTBOpUMBIX coaeil. ITo parnbiM Tocyaap-
crBerHoro Komurera o oxpane npupoast Pecrrybanku
KapakaamakcTan o6muit pOHA OpOIIAEMBIX 3eMeAb CO-

CTaBASIET B OCHOBHOM 3aCOAEHHbIE [TOYBbI, B TOM IHCAE:
caabosacoaennsie —26,2%, cpepHe3acoaeHHbIe- 37,4%,
CUABHO 3acoAeHHbIe —35,2%, OueHb CUABHO 32COAEHHbBIE
1,2%.

B Pecrry6anke KapakaAmakcTaH pacTUTEABHBIH II0-
KPOB OTAMYAeTCs 6OABIINM pasHOO6pasueM. 3AeCh Ipo-
M3PACTAIOT AeKApPCTBEHHbIE, KOPMOBBIE, TIAOAOBBIE, AY-
OHABHbIE, KPACHABHbIE, 9UPOMACAIHbIE, TEXHUIECKIHE,
AEKOpaTHBHbBIE, MEAOHOCHBIE U ApyTHe pacTeHus. Oco-
60e MeCTO 3aHUMAIOT AeKapCcTBeHHbIe pacTeHus. Caepy-
eT OTMEeTHTD, YTO B CUAY PA3HBIX IIPUYHH, B TOM YHCAE
9KOHOMUYECKHX, CETOAHS BHOBb ITPOSIBUACS MHTEpPeC
K PAaCTUTEABHBIM IIperapaTaM U PaCTeHHUSIM.

B pacrenmsx obpasyercss OrpOMHOE KOAMYECTBO
PA3AMYHBIX BEIJECTB, OKa3bIBAIONUX BO3ACHCTBHE HA OP-
TaHU3M, B T.4. pU3MOAOTUYECKU AKTUBHBIE BeljeCTBA
(DAB), mam 6uosormdecky akTHBHbIe BemecTsa (BAB)
[1]. OHH HCTIOAB3YIOTCS AASL A€UEHNS U IPOPHAAKTHKI
IPAKTHYIECKU BCeX 3a00AeBaHHUIL. AeKapCTBEHHbIE pac-
TeHHS U TIOAy4YaeMble U3 HUX QUTO IpernapaTbl UMEIOT
CYIIeCTBEHHOE IPEHMYIeCTBO IepeA CHHTeTHYECKHU-
MH, IIOCKOABKY 00AQAQIOT 6OAEE AAMITEABHBIM M MSITKUM
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AeNCTBHEM HA OPTaHU3M U OOBIMHO He HAKAIAMBAIOTCSI
B HeM. CoOITyTCTBYIOIIME BeIleCTBA, COAEPIKAIIIeCs B pac-
TEHHUSX, YACTO YCHAUBAIOT AeMCTBHE OCHOBHOIO AeKap-
CTBEHHOTO BeleCTBa, peXke BCTPeYal0TCs aAAePIHYecKre
peaxnuu. OCHOBHOE KOAMYECTBO AEKAPCTB, HCIIOAB3Y-
eMBIX AASI ACYEHUS IIeYeHU U CEPAEYHOCOCYAUCTDIX 3a-
6OAeBaHUIT, COCTABASIOT QHUTO Ipemaparel. B cBszu
C 9THUM MbI IIOCTAaBHAHM 33AaUy AATh PeCypPCOBEAIECKYIO
XapaKTEPUCTUKY AeKapCTBEHHbIX pacTeHuil Pecrry6an-
ku KapakaAmakcraHa AASI 3aTOTOBKHU CBIPbS AAST HYXKABI
$apmarieBTHYECKOM IIPOMbIIIACHHOCTH U MECTHOTO aIl-
TeK YIPaBACHU.

OKOAOTMYECKHI AMAIIA30H IIPOU3PACTAHUS AeKap-
CTBEHHBIX pacTeHull Ha TeppuTtopuu IIpuapasbsa ouenp
IIMPOKUH, T. €. OT BOAOIIOTPY>KEHHBIX PacTeHHM BOAO-
€MOB U 03ep AO THIIMYHBIX ITyCTHIHHBIX PaCTeHUI [S].
IIpoBeaeHHbIN HAMU AHAAM3 TTOKA3aA, UTO B AGABTE AMY-
Aappu ipouspacTaer 161 BUA AeKapCTBEHHBIX PACTEHUH.
Ha naato YeriopT npouspacraer 85 BUAOB AeKapCTBEH-
HBIX PaCTE€HUM.

AexapcTBeHHBIE pacTeHHs, OOHTAONINE B ITYCTHIH-
Ho# 30He Pecrrybamku KapaxaAmakcTaH OTAMYAIOTCS
60ABIION (PUIHMOAOTMIECKON AKTHBHOCTBIO. IloAyunB
HOBBIN PE3yABTAT IO PACHPOCTPAHEHHUIO B HOBBIX 9KOAO-
I'MYeCKHUX YCAOBHSIX, IOMOT'YT IIO-HOBOMY UCIIOAB30BATh
pasHble TPYIIIbI AeKApCTBEHHbBIX pacTeHuil. B ycaoBmax
OTpaHMYEHHUs CPEACTB GpapMaKOAOTHIECKOM ITPOMBIII-
AGHHOCTH, PacIIMpeHHe UCITOAb30BAHUS PACTUTEAbHBIX
AEKapCTBEHHBIX CPEACTB papMaKOAOTHYECKOM ITPOMBIII-
AGHHOCTH, PacIIMpeHHe UCITOAb30BAHUS PACTUTEAbHBIX
AEKAPCTBEHHBIX CPEACTB SIBASIETCS YPE3BbIYANHO AKTY-
AABHOM 9KOHOMHMYECKHU OTPABAAHHBIM U BBITOAHOM.

OCHOBHBIM 3TaloM IIpU 0OCAEAOBAHHU PeCYPCOB
A€KAPCTBEHHOTO PACTUTEABHOTO CBHIPbSI SIBASIETCSI HE00-
XOAUMOCTb 0a3HpPOBAHHUSI HA CACAYIOIIMX ACIIEeKTax:
BO-IIEPBbIX, HEOOXOAUMO UMETb CBEACHUS O OHOAOTH-
YeCKHX 3aIlacaxX ChIpbsl, KOTOpOE MOXKHO 3aroTOBUTb
Ha OITPeACA€HHOM IAOIMIAAU MACCHBOB IPOU3PACTaHUSA
AEKapCTBEHHOI'O PacTeHus, BO-BTOPBIX, UMETb IIPEACTaB-
AeHHEe 00 9KCIIAYaTAlIMOHHBIX 3aI1aCaX, T. €. KOAUYECTBE
ChIpbe, KOTOPOe MOXKHO 3arOTOBUTb Ha AAHHOM IIAOIIA-
AY MaCCHBOB A€KAPCTBEHHOI'O PACTEHUS U He TIOAPbIBas
BO3MOXKHOCTHU BO30OHOBAEHHS PACTEHHUIT U PereHepariuu
nomyasituit. Yem 60AbIie MbI 6yAeM 3HATD O A€KAPCTBEH-
HBIX PaCTEHMSIX TeM yCIleliHee OyaeM 6OpOThCs C pas-
AWYHBIME 3200A€BaHISIMY, @ TAKOKe IIPEAYIIPENKAATH UX
MMOSIBAEHHE.

IIpu usydyenun pecypcoB AeKapCTBEHHOI'O PacTH-
TEABHOTO CBIPbsI HEOOXOAMMBIM 3TAIIOM SIBASIETCSI BBI-
SIBA@HHE OCHOBHBIX 3aKOHOMEPHOCTEeH IMPUypOUYeHHO-

CTH BUAOB AKAPCTBEHHBIX PACTEHUH K OIPEACACHHBIM
PACTUTEABHBIM COOOIECTBAM HAU II€HOKOMITAEKCAM.
OrmpeaeseHre 1[eHOKOMIIAEKCOB A€KAPCTBEHHBIX pac-
TEHHI1 IIPOBOAUAOCH IIPH re000TaHIMIeCKOM 00CACAOBa-
HUH TEPPUTOPUH OOLIEIIPUHATHIMU re000TaHHIeCKIMHU
MeTOAAMHU: Fe000TaHNMIEeCKHUMH OITHCAHUSIMH YIaCTKOB
acconmarmii [ 1, 3].

B pesyabTaTe HCCAGAOBAHMIT OBIAO YCTAHOBAECHO, YTO
B TIOMIMe U AeAbTe AMypapbu npouspacraer 160 BHAOB
AEKapCTBEHHBIX pacTeHH. CACAYIONIMM IPUPOAHBIM
PaliOHOM ITO YHCAY BUAOB A€KAPCTBEHHBIX PACTEHUH 3a-
HHMaeT naaro YcTiopt. Ha maato YeriopT npouspacraer
85 BUAOB A€KapCTBeHHBIX pacTenwuit [2; 3; 4]. MoxHo
TAaKXKe OTMETHUTD, YTO MHOTHE AeKapCTBEHHbIE PACTeHHUS
BCTPEYAIOTCS U3PEAKA, HO 0OPa3yIoT OOABIIIIE MACCHBBL,
a HEKOTOPBIe PaCIpOCTPaHeHbI IOBCEMECTHO, HO 3aITachl
UX CBIPbsl BeCbMa OTPaHUYEHBI.

Hroke MBI MOIBITAAMCh IIPUBECTH XapaKTePUCTH-
Ky PacnpocCTpaHeHHUsI OQHUITMAABHBIX ITUPOKO PacIpo-
CTPaHEHHBIX AMKOPACTYIIUX AeKAPCTBEHHBIX PaCTeHHUH
Ha Teppuropun KapakaamakcraHna u, KOTOpbIe, MOXXHO
PEKOMEHAOBATb AASI 3aTOTOBOK CHIPbSL.

I'apmasa o6OsikHOBeHHas. Ha teppuropun Kapa-
KAATIAKCTAaHA FapMaAd OOBIKHOBEHHAS PaCIIpOCTPaHeHa
HIOYTH 110 BceM paitoHaM. O4eHb 4acTo 06pasyeT 3apoCAH
Ha IeCYaHbIX, IeOHUCTO-MIeCYAHbIX ¥ KAMEHUCTO-1Ie0-
HHCTBIX I0YBaX. BbIIBACHO, 4TO rapMaAOBbIe ACCOIUAITMI
HanboAee IPOAYKTHBHbBIE PACIIOAOXKEHBI Ha ITeCYaHbIX
nousax. IOxHOe pacnpocTpaHeHre rapMaAbl OOBIKHO-
BEHHOU ITPOXOAMT OT HU3KOTropbst Kyaaray, mpoxoauT de-
pe3 Cyaranyusaar, necku HypboiHTy6€eK, BO3BBIIIEHHOCTH
beabray. CeBepHas rpaHuIa HAXOAUTCS HA TEPPUTOPUHU
Kapayssikckoro pafoHa, IPOXOAHT IIO BO3BBIIIEHHOCTH
Kyckanaray Yumbaiickoro paitona. CeBepo-3amapHast
TPaHMI]A HAYMHAETCS OT IOCeAKa Yucail MyHakckoro
paitoHa, mpoXoAUT dyepe3 KyHrpaackuil paiioH u nepe-
xopaut Ha ITaaro Yeriopt. Hanboaee xpynasie 3apocau
CKOHIIEHTPHPOBaHbl B OCHOBHOM Ha Ilaato YcriopT
U Ha CKAOHAaX BO3BbIlIeHHOCTH CyATaHyH3Aara.

Coasuxa Puxrepa (uepxes) na reppuropun Kapa-
KAAITAKCTaHA PACIPOCTPaHeHa IOYTH BO BCEX PalOHaX.
Kpome Toro aTo pacrenue BcTpedaeTcs Ha eCYaHbIX Mac-
cuBax YcTiopTa, B okpectHocTH Kapaymbera u Ha pas-
PEXXEHHBIX ITeCKaX CPeAU OAM3AEXKAIIUX HACEeACHHBIX
myHKTOB |3, 4]. ITo Hammm paHHBIM coastHKa Puxtepa
IIMPOKO IMPOU3PACTAET HA CAAO03aKPENAeHHBIX ITeCKaxX
B ceBepHbIX paitonax Kapakaamakcrana. Hanboaee 6aa-
TONIPUATHBIMUA MeCTaMU IPOHM3PACTaHUS COASTHKH Pux-
tepa B Kapakaamakckoit yacTu KbI3bIAKYMOB SIBASIFOTCS
I[IeCKU 90A0BOTO IIPOUCXOXKAEHHS, cCAabo3apociiue bap-

22



Resources of herbs in karakalpakstan

XaHHbIe IIeCKU Ha TAaKbIPOBHAHBIX MAATGOPMAX, a TAKXKe
CKAOHBI KPYIIHbIX [TeCYAHBIX IPSIA AU BBICOKOOYTPHCTHIX
[IECKOB U CAA0603aKpeIAeHHbIe [IeCKM HAHOCHOTO THIIA
peruoHa IIpuapaaps.

Taxoxe OTMETHM, YTO OCHOBHOM MacCHB ITPOM3pac-
TaHUS COASIHKU PUXTepa B COBpeMeHHbIX 9KOAOTHIeCKHX
ycaoBHsX HaxopuTcs B AkmanruTckoM (Hyxycckuit pait-
0H), AKMOAMHCKOM ¥ Baabk6aitanrckoM MaccuBax Tax-
TaKyIbIpcKoro pariona Kapakaamakcrana, obmas mao-
maAb KOTOpbIx cocTaBasgeT oT 80 oo 10 Thic. ra.

Takum 06pasoM, B HacTosIIee BpeMst OOAbILIOe 3Hade-
Hue IIPUOOpeTaeT OXpaHa 0COOO LIeHHBIX AeKAPCTBEHHBIX

PacTeHuH, 3armachl KOTOPhIX COKPAMIAIOTCA MAM HAXOAAT-
Cs1 TTOA, YTPO30H. AASL KQXKAOTO BUAQ AMKOPACTYIIeH Ae-
KapCTBEHHOM (AOPBI IIPEAYCMOTPEHA CBOSI MHCTPYKIHS,
B KOTOPOM y4YTEHBI OHOAOTHYECKHE OCOOEHHOCTH AAHHOTO
pacTeHus, crelM$puKa ero IKOAOTUM U pa3MelleH s, AU-
HaMMKa BO30OHOBAEHHS IIOCAE 3aTOTOBOK, CPOKH cOOpa,
CIIOCOOBI 1 HOPMBI 3aTOTOBKH, He HaPYLIAOIIIie HOPMAAb-
HOMH pereHepanuu 3apocAeit. OXpaHa TOro HAM HHOTO BHAQ
IIPEeAyCMaTPHBAET PerAaMEHTALIUIO 3aTOTOBOK, CTPOTHUI
KOHTPOAb 32 IIPOBEACHHEM AHLIEH3HOHHOTO cHopa, pas-
PaboTKy ¥ OCyIIleCTBACHHE CIIELIUAABHBIX MEPOIIPHSTHIL,
CIIOCOOCTBYIOLINX €CTECTBEHHOMY BO300OHOBAEHHIO.
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Abstract: The article focuses on the changes required in hardware — technological arrangement is area extraction
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AnnapaTtypHoO-TexHoNnornmyeckas cxema BOAHOro 3aKCTparupoBaHus
KOXXYpPbl OT MaLLULMHHOW OYUCTKMU NJIOAOB rpaHarta

AHHOTaIII/ISI: B crarpe ocHOBHOE BHMMaHMe YACAE€HO U3MEHEHIIM, KOTOPbIE HeO6XOAI/IMO BHECTHU B allllapaTyp-

HO-TEXHOAOTHYECKYI0 KOMIIOHOBKY YYacTKa 3KCTPAarMpOBaHHs KOXYPBI M3 OTXOAOB OT IOAy4YEHHS COKa M3 ITAOAOB
rpaHara AAS IIEPEBOAA €r0 paboTHI HOBBII KaueCTBEHHBIN YPOBEHb. YIacTOK O51A coopyxeH B 1986 ropy ¢upmoit
«Beprynuun» na [eokyaiickom cokoBoM 3aBope (nbrHe AZNAR) u GpakTHIECKH IPOCTAMBAIONIETO C TeX MOP M3-32

TOTO, YTO B HPI/IAaHHOfI €MY [IEPBOHAYAABHO aHHapaTypHO-TeXHOAOI‘I/I‘IeCKOﬁ KOMIIOHOBKE OH HE 06ecneanaA IIOAY-
Y€HHE KaY€CTBEHHOT'O )KHAKOI'O KOHIIEHTPAaTa, C KOTOPBIM TaK)Ke ACI'KO 6I)IAO 61)1 Pa6OTaTb B CHAY €TI0 XOPOH.IGI:I TEeKYy-

YeCTH. HeO6XOAI/IMOCTb B UIBMCHECHUIX O6yCAOBAeHa TEM, YTO OHH HaIllCAC€HbI Ha CO3AaHKE YCAOBPIfI AAS IIOBBIICHMA

IIPO3PAYHOCTH OTACACHHDIX SKCTPAKTOB 1 YAYUIIIECHNE NX BKYCa, PaCIIUPEHI CIIMCKA [EACBBIX IIPOAYKTOB, IIOAHOE

HCIIOAB30BaHNE NCXOAHOI'O ChIPbS 1 OJKMBACHIE pa60TbI y4acTKa.

KaroueBbie cAOBa: CylIeHas IPAHATOBAS KOXYPa, BOAHOE 9KCTPArupoBaHUe, pepMeHTHAsI 00paboTKa, ieHTpH-

¢yrupoBaHue, MeMOpaHHOE pa3AeAeHIe.

OO6mmuit 06beM IPOUBBOACTBA TPAHATOB B MHpe
B 2007 roay pasusiacs mpumepHo 1500000 ToHH.
Ha Mpan npuxoauaoch Toraa 47% MUPOBOTO IPOU3BOA-
CTBa, a OCTaAbHbIE 53% MPOU3BOAMAN B ADYTHX CTPaHAX,
BKatouast Miapuro, Adranucran, Typruo, Erumner, Hcma-
HUIOUT. A. [1].

B CHI rpasar ycrenrHo BHIpaIUBaeTCs He TOABKO
B Asepbaiipxane, HO 1 Y36ekucrane, Typxmenun, Taa-
xwukucrane, Keipreiscrane, Apmenun, I'pysun, Poccun,
Moapose u B Ykpaune. B Mpane, rae umeercs orHocu-
TEABHO AeléBasi pabodasi CHAQ, CErOAHS cOoOHMpaeTcs
rpaHaTa ropasao 6oabine, yeM B A3epOaiipiKaHe AaKe
B HanboAee PeKOPAHBIE TOABL COBETCKOTO Iepropa-900

THIC. TOHH mpoTuB 120-150 ThIC. TOHH, 4TO cobUpaA
Asep6aiipxan B TO Bpemst. B Unan maomasp rpaHaToBbix
HACQKAEHUI yBEAUYHAACH OoAee deM Ha 65% B TeueHHe
nocaepHuX S AeT. Ceftuac HAET OYeHD SKECTKAsI KOHKY-
PEHIIM Ha PhIHKE IPAHATOBOTO COKA, HE TOABKO MEXAY
COCeAHHMMH cTpaHamH, HO U ¢ kommanusamu CIIIA, As-
crpaann, nanu (tae cobuparoT 1o ABa ypoxkas rpaHa-
Ta B 10a). I109TOMy Ha TaKUX BEAYIIHX IIPEATIPHATHAX
10 epepaboTke rpaHaToB, Kak «AZNAR>», maanupy-
IOT BHECTH B OAM>Kaimme 3—4 ropa KpyIHbIe BAOXKEHHS
B MOAEPHH3AIHIO IIPOM3BOACTBA, HAIleACHHYIO Ha 6oAee
TIOAHOE HCTIOAb30BaHHe ChIPbsI U PYHKIIMOHAABHBIX BO3-
MOKHOCTeH TeXHOAOTHH [2].
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YaursiBas, 4T0 B obueM 004éMe OTXOAOB IPO-
M3BOACTBA I'PAaHATOBOTO COKAa OCHOBHASI AOAS (moutn
70%) IIPUXOAUTCS Ha KOXKYPY OT MAIIMHHOM OYUCTKU
IPaHATOB, Mbl, IIEPBBIM AEAOM, IOIBITAAMCH PaCcCMO-
TpPeTh BOIIPOCHI AIAPATYPHO-TEXHOAOTUIECKOTO 0be-
CIleYeHUsI [IePepPabOTKI UMEHHO 9TOM QPAKIMHU U, TeM
CaMbIM, OKa3aTh IIOMOIIb IPOU3BOACTBEHHHUKAM B ACAE
IPSIAYLIUX [IPe0Opa3OBaHMUIL, YTO OKA3aAO0Ch HEIIPOCTOM
3apadeil ¢ y4eToM paspaboraHHOCTH Bompoca. Aeao
B TOM, YTO B HAyYHOM AUTEPAType MOCACAHHX AT XOpO-
III0 OCBEIIAI0TCS AUIIb IIPOOAEMBI KACAIOIIHECS KA9eCTBA
I'PaHATOBBIX COKOB [3-5], MeAMITMHCKOTO OTEeHITHAAA
rpaHaTa [6; 7] u coBceM MaAO yAeAsieTCSl BHUMAHUE BO-
IIPOCY YTHAU3AIMU OTXOAOB IIPOU3BOACTBA IPAaHATOBOTO
coxa [ 8], KOTOPBII CTAA AASI KOHCEPBIHKOB HabOA€eBIIIel
npobAeMOit.

ITocraBAeHHas IjeAb pellasach IIyTeM IIpOBeAe-
HIUSI aKTUBHOTO 9KCIIepuMeHTa. B ocHOBY Aaboparop-
HBIX OIIBITOB OBIAO ITOAOXKEHBI BBICOKOTEMIIepaTypHast
(110-120°C) cymKa cbIpoil KOXYPbl A0 BARXKHOCTH
Hiwke Kputnyeckoit (13%) 1 BoAHOE SKCTparupoBaHue
IIPOAYKTa CYLIKH IIO TEXHOAOTHH, ITPOLIEALIEH B CBOe
BpeMs ITPOBEPKY B IIPOMBIIIAEHHOCTH [9]. Ora TexHo-
AOTHS BKAIOYAeT MPOBEACHHE HCYepIIbIBAIOIero ITH-
KAMYECKOTO 9KCTPAarMpOBaHUs KOXKYPbl OTHOCHUTEABHO
OBICTPOI CYIIKK B BOCBMHU BMeLAOIKX 110 2500 A BOABI
9KCTPAKTOPAX BEPTHKAABHOTO THIIA. DTH 9KCTPAKTOPHI
CBSI3aHbI MEXKAY CO00M TPyOOIPOBOAAMH U HACOCAMHU AAST
IepeKaINBAHKS 0OPA3YIOLIErOCs IKCTPAKTA U3 IIepeAHelt
Iapbl 9KCTPAKTOPOB BO BTOPYIO, U3 BTOPOI — B TPETbIO,
U T. A. AO U3 TIOCACAHE B L]elIK ITaphbl 9KCTpakTopos. [ lep-
BBIH ITUKA HAYMHAETCS C 3arPy3KH MPOCYIIeHHON KOXY-
PBI BO BCe BOCEMb IKCTPAKTOPOB U ITOAAUH ITOAOTPETOM
BOADI B IIEPBYIO IIapy 9KCTPAKTOPOB C AOCTH)KEHHEM T'H-
Apomopyas = 1:4. ITocae 3TOro BKAIOYAeTCsI HACOC AAL
IepeKayrBaHMs BOABI U3 IIePBOM Maphl dKCTPAKTOPOB
BO BTOpYIO. Il0 Mepe 3amoAHeHus KaXXAOHM Oo4epeAHO
Iapbl 9KCTPAKTOPOB BOAOM BKAIOYAIOTCS APYTHe Haco-
Cbl, IOCAEAHUH M3 KOTOPBIX HallPaBAsIeT 9KCTPAKT B TIOA-
TOTOBAEHHBII AASI HETO COOPHUK, a TOAQYa TIOAOTPETOH
BOADI B IIEPBYIO APy 3KCTPAKTOPOB He ITpeKpaljaeTcs
AO TeX IIOp, TIOKA He OTMAAET HeOOXOAUMOCTD AAAbHEl-
IIero BeAeHMs IIPOIIecca, YTO ONIPEACASIeTCS ITO COAepIKa-
HHIO PACTBOPUMBIX CYXMX BEI]eCTB B OTAEASIOIUXCS 9KC-
TpakTax. M3 cOOpHMKA 9KCTPAKT TOAAETCSI B LIeHTPHPYTY
AASI OUMICTKH OT OTHOCHTEAbHO KpYIHbIX B3Beceil. [Tocae
OYMCTKH OT KPYTIHBIX B3BelIeHHbIX YaCTUI] SKCTPAKT BbI-
MApUBAIOT ITOA BAKYyMOM C IIOAy4eHHEeM KOHIIeHTpaTa
IOA Ha3BaHHEM «TaHUH>. [IpeaBapuTeAbHBIE OIBITHI
MMOKA3aAH, YTO TAABHBIM HEAOCTATKOM 3TOM M3BECTHOM

TEXHOAOTHHU SIBASIETCSI HU3KO€ Ka4eCTBO KOHEYHOTO
IPOAYKTA, KOTOPBII IIPEACTaBAIA o601 BS3KyIo (1104-
TH HETIOABIDKHYIO) SKUAKOCTb TEMHOTO ITBETa, C OTHO-
CHUTEABHO HU3KHM COAEPXKAHHEM COOCTBEHHO AyOSIIIUX
BEIIeCTB U BBICOKUM COAEPIKAHHEM OAAAACTHBIX COCAU-
HEeHUH, B TOM YHCA€ KOAAOHAOB ITeKTHHOBOM, MOAUe-
HOABHOM U 6EAKOBOI IIPUPOABL. DTO YIUTHIBAAOCH IIPH
BbIOOpe HanboAee IIOAXOASIIIETO BapHaHTa 06paboTKH
OTAEACHHBIX 9KCTPAKTOB IIepPeA X KOHI[eHTPUPOBAHHEM.

BBIAM HCIIBITAHBI HECKOABKO BApPHAHTOB 06paboTKU
OTACAEHHBIX 9KCTPAKTOB: OTCTAMBaHUE B TeyeHUe 6 Ja-
COB B OKTSOPBCKHII IIEPUOA B HEOTAIIAUBAEMOM IIOMe-
LleHUH, [IeHTpUyrupoBaHye; COpaXUBAHIUE B TeIeHHE
7 CyTOK IIpY KOMHATHOII TeMIIEpaType, ¢ A0baBAeHHEM
M3rOTOBACHHOM Ha HUX e C 10 MUHYTHOM BBIACPIKKOM
npu temmeparype 38°C pasBoAKu XAe6OHBIX ApO3OKen
(Saccharomyces cereviciae), LeHTpUPYTrUpOBaHHE;
yCTpaHeHHe IeKTUHOBOTO IIOMYyTHEHHS C ITOMOIIbIO
depmenta Pektinex SXL (mpopyxuus «Novozymes
A/S, Nanus), 1IeHTpUyrupoBaHHe; OCBEeTACHHE B Ha-
Jare pepMEeHTOM, 3aTeM METOAOM TAaHT€HIUAABHOM YAD-
TpaUABTpALIMK HA KepaMHiecKux MeMOpaHax. Briao
YCTaHOBAEHO, YTO METOABI OTCTAHBAHUS U COPKUBAHUS
9KCTEHCHBHBI U, B AAHHOM CAy4Yae, HAPYIIAlOT PUTM Iepe-
PpaboTOYHOrO ImpoLecca, KpoMe TOro COpasKiBaHUe OTAe-
AEHHOTO 9KCTPAKTa He CIIOCOOCTBOBAAO IIOHIDKEHHUIO €ro
TeprkocTi. ONTUMAABHBIMU ITApaMeTpaMH AAsL 0bpa-
OOTKM OTAeAEHHOM XUAKOI $a3sl pepmerToM Pektinex
SXL co cranpapTHoil akTuBHOCThIO S000 FDU/r
saBasioTcs: po3upoBka 0,003%; temmepatypa S5°C;
IIPOAOAKUTEABHOCTD, B 3aBUCHMOCTH OT BpEeMEHH OT-
AEACHHS ee B HAYAABHOM, ITPOMEXYTOYHOM HAM K 3a-
KAIOYMTEABHOMY LIUKAY 9KCTparupoBanus, 24-30 MuH.
ITocae xpaHeHHUs pepMeHTa ero aKTUBHOCTb CHH3HAACh
or 5000 po 1000 FDU/r, cooTBeTCTBEHHO 6Bl YBe-
AndeHa ero Ao3a Ao 0,005% u Beiure. Obpaborka dep-
MEHTOM YCTpaHseT IeKTHHOBOE TIOMYTHEHHe, HO ITOYTH
He OTPaXKAeTCs Ha HEAOITYCTUMO BHICOKOM COAEP>KaHHUHU
B 9KCTPAKTAX TEPIIKHX IIOAHNPEHOAOB. AASI CHIDKEHHS CO-
A€PYKaHMS TePIKHX IIOANPEHOAOB UCTIOAB30BAAH ITPEA-
AOXKEHHOE HaMHU B CBO€ BpeMs TeXHHYEeCKOe pellleHue,
BKAIOUaroniee 0OPabOTKY OCBETAEHHBIX OT IEKTHHA
9KCTPAKTOB 1% pacTBOPOM >KeAATHHA, OTAEACHHE BbI-
IaBIIero OOMABHOIO OCAAKA B BUAE HEPACTBOPUMBIX II0-
AupEHOA — >KeAATHHOBBIX KOMIIAEKCOB, 00paboTKy ero
KUIIAIUM 9TAaHOAOM M yIapUBaHHe 00pa3oBaBIIEroCs
CITMPTOBOTO PACTBOPA MOAN(PEHOAOB AASI UX BHIACACHI
ux B arctoM Buae [ 10]. ITpu 3TOM y4uTBIBaAH, 9TO AAS
60Aee TEXHOAOTHYHOTO ¥ PUTMHUYHOTO IIPOU3BOACTBEH-
HOTO ITpoLjecca H0AbIIE TOAXOAUT 00pPabOTKa IKCTPaKTa
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Ha pasA€AUTEAbHBIX MeMOpaHaX, KOTOpble OKa3aAMChH
BecbMa 3P PEKTUBHBIMU AASL BHIAGACHHS TOAM(PEHOAOB
U3 YalHbIX 9KCTPAKTOB [11]. IToaTomy MbI BIOpaAu MeM-
OpaHHBII METOA, KOTOPBIiT 06eCIIeYrBaA BbIACACHHUE B YU~
croM BrAe 55-60% moAneHOAOB OT 00IIero copepiKa-
HHS TUTPYEMBbIX I10 /AeBeHTaAI0 pEeHOABHBIX COCAUHEHHH
B BO3AYIIHO Cyxoit koxype (9-10% k ee BO3AyIIHO —
cyxoit Macce). B Apyroii, yxe ormy6AMKOBaHHON HaMu

pabore [12] 6p1a0 TTOKa3aHO, U4TO C y4eTOM He TOABKO
AOCTHUTHYTOH CTelleHH dKCTPAKIIMH, HO U IPUTOAHOCTH
HEPacTBOPHMOTO OCTAaTKA K AAAbHeTIIIel epepaboTke,
caMas TIOAXOASIINASL AASL SKCTPArKpOBaHM KOXYPbI IIPU
THAPOMOAyAe = 1:4 TeMmepaTypa HAXOAUTCS B MHTEPBa-
Ae 60...85°C. DTo B 3HAUUTEABHOM CTEIIEHU OOAETYHAO
HaM BBIOOP ONTHMAABHOM TEMIIEPATYPHI AASL SKCTPAru-
POBaHMS IPOCYIIEHHOMN KOXYPBhL.

:2 X,
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Puc. 1. U3ameHeHne KoM4eCTBEHHOW 3KCTPaKLMN BOLOPACTBOPUMbIX CYX1X BELLLECTB U3 NPOCYLUEHHOM
[0 ocTato4Hom BnaxHocTn 10% KoxXypbl N1040B rpaHaTa Npyv COOTHOLLEHUU MEXAY HEIO 1 BOAOW
=1:4 B 3aBUCUMOCTM OT TeMnepatypsbl (1-35° C, 2-60° C n3-85° C) n npomoxuntensHocTn 06paboTku

B puc. 1 nokasaHo, Kak U3MeHsAeTCA KOAUYeCTBEeHHas
3KCTPAKIIHS BOAOPACTBOPHMBIX CyXUX BEIIeCTB M3 3apa-
Hee IMPOCYIIEHHOM AO OCTaTOYHOTO COACPKAHHUS BOABI
10% xo>xypbl TAOAOB I'PaHATA IIPH COOTHOIIEHUH MEXKAY
HEI0 U BOAOI = 1:4 B 3aBHCHMOCTH OT TeMIIEPATyphl 06-
PabOTKH U ee IIPOAOAKHTEABHOCTH. 113 Hero BUAHO, 4TO
npu temneparype 35 °C, KOTopas HAXOAUTCS BHE TPaHMI]
YCTaHOBAGHHOT'O HAMH paHee ONTHMYMa, COACPKaHUe
CYXHX BelleCTB B )KUAKOM ¢da3e IMOBHIIAETCS CAUIIKOM
MEAAEHHO, C HaCTYTIAGHHEM PaBHOBECHS TOABKO depes
4 yaca. ITpu 60°C paBHOBecHe HaCTYyIaeT yepes 2 yaca,
npu 85°C — yepes 1 gac. DTO 3HAYMUT, YTO CKOPOCTD MAC-
conepenoca mmpu 35°C B ABa pasa Hipke, ueMm npu 60°C,
u B 4 pasa Hike, yeM ripu 85°C.

AanHble TabAKIBI 1 KACAIOTCSI COAEPYKAHUS PACTBO-
PHMBIX 1 HEPACTBOPUMBIX BEI[eCTB B ICXOAHOM KOXYype,
a TakoKe B OCTABIIUXCS OT Hee YaCTsX II0CAe HCYePIIbIBa-
IOIIIel SKCTPAKITMU €€ BOAOPACTBOPUMBIX KOMIIOHEHTOB
AO COAEPIKAHHS CYXHX BEIIECTB B OTAASIEMOM KCTPAKTe
0,3% npu yxa3aHHbIX BbILIE TEMIIEPATYPAX K THAPOMOAY-
A€ ¥ TIPH TAKOM K€ BAAKHOCTH KaK ¥ HICXOAHOM KOXYPBIL.

W3 HuX BUAHO, YTO C MOBbINIEHHEM TeMIIepaTypbl
9KCTpParupoBaHMs KOXypHI oT 35 Ao 60 u 85°C moBbI-
IIAeTCsI CTelleHb IKCTPaKkiuu oT 54 Ao 64 u 67% K uc-
XOAHOM Macce chIpbs. C MOBbIIIEHHEM TeMIIepaTyphl

9KCTParMpOBAHM MOBBIIIACTCS TAKKe COACPKAHMUS Cy-
XUX HEPACTBOPHMBIX BEIIECTB B IIOCAE IKCTPAKIIMOHHBIX
ocTaTKax ¢ 62 Ao 68 u 72%. Toraa Kak copep>KaHue pac-
TBOPUMBIX CYXHX BEIlleCTB CHIDKAETCS COOTBETCTBEHHO
c28 70221 18%.

Takum 06pa3oM, IpH IOBBILIEHHU TeMIIEPATYPbI
axcrparuposanus ¢ 60 Ao 85°C pas3HuIia B CTeIIeHH 9KC-
TPaKIM KOMIIOHEHTOB KOXYPBI He SIBASETCS 3HAYHTEAD-
HOM AO TaKOM CTEIIeHH, YTOObI M3-3a Hee MOXKHO OBIAO ObI
TIpeHebperars PacTyIUMHU C IIOBBIIIEHHEM TeMIIePATy bl
9HepPreTHYeCKHMH 3aTPaTaMH M BO3HHKAIOIEH OIIaCHO-
CTBIO PUTMUYHOCTH IPOIIeCCa MepepaboTKU KOXYPHI U3-
3a U <IIePeIPOU3BOACTBA> OTAEASIIOIIETOCs IKCTPAKTA.
[ToaTOMY MBI COYAH HY>KHBIM OTKA3aThCSI OT HMEIOI]eHCsI
BO3MOXXHOCTH AAS IIOAACPIKAHUST OAMHAKOBOM TeMIIepa-
TYPbI BO BCEX YeTHIPEX ITApPaX 9KCTPAKTOPOB B IpoIlecce
ITMKAMYECKOTO 9KCTPAarupoBaHus KoxXypsl Ilepe mo-
AQaderl BOABI B IIEPEAHIOIO ITAPY SKCTPAKTOPOB AOBOAHAH
ee Temmneparypy Ao 85°C. B paapHeimem TemMneparypa
SKHUAKOM $as3bl CHIDKAAACD ¢ IepBoHavaAbHON 85-80°C
BHYTPH [1ePBOI Mapbl IKCTPAKTOPOB A0 60-55°C Ha BbI-
XOA€ 3 IIOCAEAHETT YeTBEPTOI Mapbl IKCTPaKTOpoB. O6-
PabOTKy OTAEAEHHOTO 9KCTPAKTA II0 MEPe ero OCThIBA-
HHA BeAH npu Temneparypax 5SS —50°C, 3atrem — npu
temnepaTypax 35-30°C.
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Tabnuual. — IameHeHne CTeneHn 3KCTPAKUMM U COOTHOLLIEHNS MeXAY COAepXaHNEM
PacTBOPUMBbIX M HEPACTBOPUMbIX BELLLECTB B KOXYPE MNA0LOB rpaHara nocne
MCYEPNbIBAIOLLENO (40 COAEPXKAHUS CYXMX BelecTB B oTaengemMmom akctpakte 0,3%)
LMKIIMYECKOr0 3KCTParmpoBaHms eé KOMNOHEHTOB BOAOW Npu rugpomoayne 1:4

IMoxasarean | Hepac-

TBO- PacTBopuMbIe B Boae cyxue BellecTBa,% Cremnenp
Koxypa puMble SKCTPE:)K-
nocae mpo- B BOAE Monoca- | Tutpyembie | Turpyemsie uuu (%
CYIIKH AO OCTa- cyxue Xa pUADBL KHACAOTBI no AesenTa- | Ilpo- | Cym- K MICXOA-
TOYHOI'O COAEpIKa- Bellje- (HO bept- (HO AVIMOH- AXO TIOAuQe- que Ma HO¥M Macce
Hus Boabl 10% cTBa.% paHy) HOU KI/ICAOTe) HOABI KOX(YPBI)

)

HCXOAH&;I 30 4-1,9 7,22 9}18 1.70 60 _
II
6 ::g;aﬁip;?gomm 62 16,24 3,01 6,01 2,74 | 28 54
II
3 ::;e lj;;ng ngOBaHM 68 14,29 2,47 4,69 0,55 | 22 64
IT
SmampnsC | 72| 120 | 220 0 |o3s | 18 | &

AAsl IpOBEAEHHUS BOAHOTO 9KCTPAarupOBaHHUS KOXKY-
PbI U AAAbHeTIIIel TlepepaboTKU OTAEACHHBIX IKCTPaK-
TOB HAMHM pa3paboTaHa aIapaTypHO-TEXHOAOTHIECKast
CXeMa, 3amedaTAeHHAsl B PHC. 2, KOTOpas IPeACTaBASeT
co00I1 yCOBepIIEHCTBOBAHHbIN BAPUAHT IIPOIIEAIIert
B CBOE BpeMsI HEyAAQUHbIe UCITBITAHHUS P OM3BOACTBEHHOM
CXeMBI, O YeM OBIAO CKa3aHO BBIIIE.

CoraacHo paspaboTaHHOM HAMH CXeMe, 3apaHee
paccyMTaHHOE Ha IIPOBeACHHeE IPOoIlecca SKCTparupoBa-
HUS IPH TUAPOMOAYA€ =1:4 KOAMYECTBO MPOCYIIEHHOM
AO OCTAaTOYHO BAQXHOCTU Huske Kputudeckoit (13%)
KOXYPbI M3 OTXOAOB OT ITOAYYEeHHMs IPAaHATOBOTO COKa
nopatoT B pabounit 06vem (2500 A) KKAOTO U3 BOCbMU
3KCTPAKTOPOB BEPTHKAABHOTO THIIA.

B xauecTBe pacTBOpUTEAS HCIIOAB3YIOT BOAY, Harpe-
Tyt B Tenaoobmennmke (1) oo 85°C, sateM cobpaHHy0
B 6ake (2) 1 oAaBaeMyIo € IOMOLIBIO BOASIHOTO HACOCA
(3) B crosmyto B psiay u3 8 sKcTPakTOpPOB (4) IEpeAHio0
UX [IAPY C AOCTIOKeHHeM rHApoMoayas = 1:4. ITocae aTo-
ro, IpU HelpeKpalaolieficss pabore Hacoca Mo Mopaye
BOABI B TIEPBYIO NAPY SKCTPAKTOPOB, BKAIOYAETCS HACOC
10 AAABHeTIIIel IIPOKaYKe 00Pa30BaBLIEHCS KHAKOCTH
C AOCTH>KEHHEM U BO BTOPOI ITape 3KCTPaKTOPOB IUAPO-
MoAyAsi = 1:4, 3aTeM BKAIOYA@TCsI HACOC, CTOSIIIMI MEXKAY
BTOPOM U TpeThel mapaMu sKCTpakTopos. [Iyrem mooye-
PEeAHOTO BKAIOYEHHS CTOSIIMX MEXAY KaXKABIMU IIapaMu
SKCTPAKTOPOB HACOCOB (S) HACTPOEHHBIX Ha TAKYIO Xe
IIPOM3BOAMTEABHOCTD, KaK U BOASHOM Hacoc. JKuaxas
¢$aza MpOXOAUT Yepes SKCTPAKTOPhI U IIOCTOSHHO ABH-
JKeTCs K BBIXOAY M3 IIOCAeAHeN (4eTBepToit) mapbl 9Kc-
TPAKTOPOB AO 3aBepIIeHHUs KAXKAOTO OYePEAHOTO IIUKAQ.
ITpoAOAKHTEABHOCTD OAHOTO ITOAHOTO ITUKAQ 3aBHCUT

OT CKOPOCTH MOAQYH TTOAOTPETOI BOABI B IIEPBYIO APy
9KCTPAKTOPOB M PETYAUPYETCS TAKMM 0OPa3oM, YTOObI
He OBIA HApYIIEH OTPEryAUPOBAHHbBIA PUTM AAHHOTO
IIPOU3BOACTBA B PE3YABTATE «IIEPEIPOUBOACTBA> OT-
AEAEHHOTO dKCTPAKTA.

ITukangeckoe SKCTParMpOBAHHE KOXYPBI BEAYT
AO TeX ITOP, IIOKA COAEP>KAHHE OIPeAeAsSeMBIX peppaKTO-
MeTPOM CYXHX BeIl[eCTB B OTAEASIEMOM 9KCTPAKTe He CTa-
HeT paBHbIM 0,3%.

DKcTpakTh cobupatot B chopruke (6), 13 Hero map-
THSIMH HAIIPABASIIOT B AIIAPAT AAS er0 $pepMEeHTHOI 06-
pabotku (7), B KOTOPOM Ka’KAasl HAI[PAaBACHHAS B HETO
AT 9KCTPAKTA TOABEPTaeTCsi BO3ACHCTBHIIO GpepMeH-
Ta, CIIOCOOHOIO YCTPAHHUTD MEKTHHOBOE ITOMyTHEHHE,
B Tedenue 30 muH pu 50...55°C.

C oxoHuaHueM $pepMeHTATUBHON 00pabOTKU IKC-
TPaKT BHaYaAe HAMpPaBASIOT B LeHTpudyry (8) aas
OYKCTKH OT OTHOCHTEABHO KPYITHBIX B3BEIIIeHHBIX YACTHI]
IIOA ACFICTBHEM LIeHTPOOEXKHOM CHABIL, OTCIOAA — B YCTa-
HOBKY AASl TaHTE€HLMAABHOM yAbrpaduabrpanuu (9),
CHAOXXeHHYIO KepaMUYeCKIMH MeMOpaHaMy, He IIPOITy-
CKAIOIUMH OAUTOMEpPHBIE U TOAMMepPHbIe GpOPMbI ITOAU-
¢penoaoB. VIMeHHO He IIpOITyCKaeMble MeMOPAHOIT OAUTO-
MepHbIe $OPMbI TOAUPEHOAOB, C MOAEKYASIPHOM MAaCcCOM
npubausureasro ot 600 Ao 3000, obaaparoT HanboAee
BSDKYIIUM BKYCOM M AybuAbHBIMU cBo¥icTBamu [13].
ITpu aTOM B CMecH MOHOMEPOB U HanboAee TepPIIKHX
OAMTOMEPOB OYAYT 3aA€P>KHBATHCS KAK OAUTOMEPBI, TaK
1 MOHOMepbI. IIpidnHa AQHHOTO SIBA€HHSI — KOHIJeH-
TpaLHOHHAs oAsgpu3anust. MembpaHa HenmpoHHIIaeMa
AASL OAMTOMEPHBIX pOpM, KOTOpble POPMUPYIOT Ha IIO-
BEPXHOCTH MeMOpPaHbI AOIIOAHUTEABHBIN CAOH, paboTa-
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FOLHIT KaK AMHAMHYeCKasi MeMOpaHa, 3aAePXKUBAIOIasI
MOHOMEPBI.

IIpu yapTpaduAbTpaIy NIpakKTHIECKH pa3pyniaeTcs
KOAAOUAHASI CHCTEMA 9KCTPAKTA, COCTOSAIIAS U3 OBICTPO
MEHSIIOIUXCSI pOPM IOAUPEHOAOB U TAOOYASIPHOTO Oea-
Ka, a TAKMe OCHOBHbIE XUMUYeCKHe II0KAa3aTeAN 9KCTPaK-
Ta KaK caxap, TUTpyeMas KUICAOTHOCTb, KOHIIeHTpalus
aCKOPOMHOBOI KMCAOTHI X MHHEPAABHbIX BeecTs, pH
OCTAIOTCsl CTAOMABHBIMU. B3aMeH TYIHKOBOM (QHAb-
TpaLuu Ha QUABTP — IIPeccax, UCIIOAb3YeTCs TAaHTeH-
IIMaAbHas QUABTpAIIM, KOTAA MOTOK PUABTpYIOLIeics
JKHUAKOCTH ITOAQETCSI ITAPAAAEABHO MeMOpaHaM C AraMe-
Tpom mop 0,05 MM co ckopocTbio 1,3-2,3 M/ cek, obe-
CIIeYnBasi CAaMO OYHMCTKY ee IIOBEPXHOCTU M TEM CaMbIM,
COXpaHsIs MPOU3BOAUTEABHOCTh Ha HCXOAHOM yPOBHE.
Temmneparypa akcrpakra 35-30°C, MakcumaAbHOE pa-
6ouee paBaenue mporecca 100 psig (6,9 6ap).

O6bpeM KHAKOCTH, KOTOPBII IIPOXOAUT Yepe3 MeM-
6pany B BM npouecce (¢uabrpar), mpeacrapaser co6oit
PacTBOp BbIII€yKa3aHHBIX KOMIIOHEHTOB C MEHbIIUMH
AVHEeHHBIMH pasMepaMH 4acCTHI] MOAEKYA, YeM AMaMeTp
[IOp MeMOpPaHBL.

O6peM XKUAKOCTH, He IPOLIEAIINIT Yepe3 MeMOpaHy
B BM nipo1njecce — KOHIIEHTPAT, COCTOSIIMIL B OCHOBHOM
U3 MOAUPEHOAOB.

B AaHHOIT TEXHOAOTHH ITOAE3HBIM ITPOAYKTOM SIBASI-
eTCsl Kak QHABTPAT, TAK U COCTOSILIHIT U3 AyOUABHBIX Be-
mecTB (TAHMHOB) KOHIIEHTPAT.

O¢$PexTHBHOCTD IpepraTaeMOI TEXHOAOTHH BCelle-
AO 3aBHCHUT OT TOT'O, HACKOABKO OeCIIpephIBeH 1 MeHee
TPYAOEMOK IPUMEHseMbIil METOA U3BACUEHHUS TAHUHOB
U3 OTAGAEHHBIX 9KCTPAKTOB.

IIpumensBIIMecs AO CUX ITOP B HCCAAOBATEAbCKUX
U APYTHX IJeASIX METOAbI M30AMPOBAHHUS M3 I'PaHATO-
BBIX 9KCTPAKTOB AyOHMABHBIX BemecTs | 14] sBastorcs
TPYAOEMKHMH, 3aHUMAIOT MHOTO BpEMEHH U TPeOyIoT
CIeLMAABHBIX AOPOTOCTOSIIMX MHCTPYMEHTOB, TaKHX
kak cucrema BOXKX, u He 06Aapar0T 60ABIION ITPOU3BO-
AUTeAbHOCTBIO. Torpa Kak mpeaAoKeHHbBIM HaMU METOA
MOXKeT ObITh HCIIOAB30BAaH B OTHOCHTEABHO KPYIIHOM
IPOU3BOACTBE KOMIIO3ULUK OHOAOTHYECKH aKTUBHBIX
HOAU(EHOAOB AASI PA3BHOTO POAA OHOAOTHYECKHX HCCAE-
AOBAHMUI.

Oco60ro BHUMAHUSI 3aCAY’KHBAET TAKKe METOA
[15], B KOTOpOM AAS BhIA€ACHUS AyOUABHBIX BELIECTB
U3 BOAHDBIX MAM CIIMPTOBBIX I'PAaHATOBBIX 3KCTPAKTOB
HCIIOAB3YIOT KOAOHKU C IOAMMEPHBIM aACOPOEHTOM.
CMoAa nMeeT IOBEPXHOCTD, KOTOPAst aACOpOUpyeT Ta-
HUHBL [IpeAIoYTHTeABHBIM KAACCOM AACOPOIIOHHBIX
CMOA SIBASIFOTCS TIOAUMEpBI, CIIUTBIE U3 CTUPOAA M AM-

BHHHAOEH30AQ, TaKHe KaK, HarpuMep cmoast AMBEP-
AAUNT, umenno AMBEPAAUT XAA-16, KOTOpbIe
ABAsIOTCSL KomMMmepuecku AocTynHbiMu (Rohm Haas
Co., Philadelphia, P.A.). AacopbupoBaHHble TaHHUHBI
M3BAEKAIOT U3 TBEPAOTO AACOPOEHTA C IOMOLIBI0 MHO-
TUX PAaCTBOpPUTEAEH, U3 KOTOPbIX IPEATIOUYTUTEABHBIMU
SIBASIIOTCS] HU3IIHE CIIUPTBI, COAepXKaue oT 1 Ao 4 aTo-
MOB YIA€POAQ, 1 0COOEHHO 3TaHOA. [Ipomreamit yepes
KOAOHKY M IIOTepPSBIIUI B pe3yAbTaTe 3TOIO OCHOBHYIO
9aCTb COAEPIKABIINXCS B HEM IIEPBOHAYAABHO Ay OMABHBIX
BEIeCTB 9KCTPAKT IPEACTABASIET COOOI BOAHBII PaCTBOP
caxapos (rAl0k03a U PPyKTO3a), OPraHHIECKUX KHCAOT
(AuMOHHas, 16A0UHAS, U3OAUMOHHAS) ¥ MHHEPAAOB (Ka-
Aunti, ocPop, MarHmii, KAAbIIMI, HanI/IfI) U UCIIOAB3YeT-
CsI AASL YAYUIIEHHS apOMaTa MUIeBIX IPOAYKTOB.

ITpeaaaraemblit HAMU CIIOCOO BBIAEACHISI TAHUHA HX
OTAEAEHHBIX OT KOXYPbI BOAHBIX 9KCTPAKTOB TaKKe OT-
AMYAeTCSI BBICOKUM BBIXOAOM U YHCTOTOM.

BripeAeHHDIH KOHIIEHTpPAT IO IIPEAAAraeMoOMY CIIO-
coby cobupatot B emkocTb (10,) 3aTem cymar pacrbiae-
uueMm B cymuake (11), c GOABIINM AHAMTA30HOM BO3MOX-
HBIX TeMIIeparyp B 30He cymku ot 60 A0 1200°C. Cymika
B PaCIIBIAUTEABHOM CYIIMAKE IIPOXOAMT MPAKTHYEeCKH
MrHOBeHHO (32 15-30 cex), mprueM UMEIOTCS BO3MOXKHO-
CTH peryAupoOBaTh pa3Hble IIOKa3aTeAN KadeCcTBa KOHeY-
HOTO MPOAYKTa (K HUM OTHOCSATCS BEC CYXOTO MOPOIIKA,
pasMep YaCTHLI, OCTATOYHAS BAQKHOCTD, TEMIIEPATYPa).
Hespicokas TeMneparypa AMCIHEPCHBIX YaCTHI] II03BO-
ASIeT TIOAYYUTb KadyeCTBEHHBIN CyXOM IIPOAYKT, COCTO-
SIIMIM B OCHOBHOM M3 M30AMPOBAHHBIX OT OCTAAbHOM
YaCTH 3KCTPAKTA NOAUPEHOAOB. BICyIIeHHbIN TPOAYKT
IIOAHOCTBIO TOTOB K HCIIOAB30BAaHHUIO AASI Pa3paboTku
AEKApCTBEHHBIX IIpeIapaToB, PAaCTUTEABHBIX IIperapa-
TOB, IHIEBBIX AOOABOK, KOCMETUYECKHX CPEACTB, Ha-
IIMUTKOB, AASL 0OOTaIIeHNS KOHbSYHBIX BHHOMATEPHAAOB
AyOMABHBIMH BellleCTBAMH, TaK KaK HET HEOOXOAUMOCTH
ITPOBOAMTD €ro u3MeAbdeHus. M3 mpeaHasHaueHHbIX AAS
ero BpeMeHHOI'O XpaHeHus 1epea pacacoBKOM repMe-
TUYHO 3aKpbIBAIOIMXCS KOHTelHepoB (17), ero moaaroT
B aBTOMAT AASI PacpaCOBKH IIOPOIIKOOOPa3HBIX U3ACAUIT
B MOAMSTHAEHOBbIE TTAKeTHI U X 3aredaTsiBanmio (12).

®uabrpar cobuparor B Banne (20), 3aTeM MOAAIOT
B BaKyyM-BbInapHoii anmapar (21), rae KOHIEHTPUPYIOT
AO coaeprKaHus cyxux BemecTs 70% 1o peppakTomerpy.
[ToAy4eHHbIIT KOHIIEHTPUPOBAHHBINA IKCTPAKT COOUPAIOT
B OTBEACHHOIT AASl Hero eMKOCTH (22) O CHabKeHHBIM
CAMIBHBIM KPaHOM KOHYCOOOpasHbM AHuIieM. V3 aToit
eMKOCTH OH B HY>KHO€ BpeMs TIOAReTcsl B aBToMar (23)
10 PO3AMBY KOHLIEHTPUPOBAHHOTO 9KCTPAKTA B CTEKASH-
Hble Oy THIAU B KQ4eCTBe SHEPreTHIeCKO IHUIEBO AO-
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6aBKH, COCTOSIIEl B OCHOBHOM H3 TAIOKO3BI, pPYKTO3BI,
OpraHMYEeCKUX KHCAOT U MUHEPAAbHbIX BEIIeCTB.

ITocAe sKCTPaKIMOHHBIH OCTATOK BBITPY>KAIOT U3 9KC-
TPAKTOPOB B ITEPEABIDKHbIE CAMOPA3T Py KAIOIUeCs KOH-
Teftrepsi (13) U AOCTABASIOT B HUX K CYIIUMAKE C KUIISIIUAM
caoeM Bospyxa (14), rae CymmaT A0 OCTATOYHOTO BAArOCO-
Aepxxanust He 6oaee 10%. CyIireHbIi IPOAYKT H3MEABYAIOT
B pesunTerparope (15) B TOHKuMII IOPOIIOK C AUCTIEPCHO-
crbio gacTull He 6oaee 300 mxm. O6pa3oBaBLUINICS TOPO-
IIOK MPOIYCKAKOT Yepes Bubpocuto (16) aast mposepku
KaJyecTBa U3MeAbYeHHS. AASI KPaTKOBPEMEHHOTO XpaHe-

HUS IIPOCESHHOTO MOPOIIKA MCIIOAB3YIOT T€PMETUYHO
3aKphIBAIOIUECS KOHTEMHEPHI (17). 13 Hux ero moparoT
B oABecHO GyHkep (18) U MOAyaBTOMAT C AO3ATOPOM
(19) AAS 3aTIOAHEHHS TOTOBBIM IPOAYKTOM TPAHCTIOPTHBIX
MemkoB 110 50 kr. [Topaua mopomkoo6pasHoro mpoaAyKra
B I'Py30IIPHEMHOE YCTPOMCTBO AO3aTOPA OCYIIECTBASETCS
4yepes BIlyCKHYIO BOPOHKY C 3aCAOHKOM 3a CYeT TPaBUTa-
tun. OcobeHHOCTb IIOAYYEHHOTO IIPOAYKTA 3aKAIOYAeTCSI
B BBICOKOM COAEPIKAHHH OeAKa, KAETYATKH U MUHEPAAOB,
YTO MO3BOASIET PEKOMEHAOBATD €r0 B Ka4eCTBe IIeHHOM AO-

6aBKU K KOPMaM.

3KCTpaKT

Ao, BOAR
P el OCTaTeoK Cbipba

NoAroToBNeHHOe Cbipbe

Puc. 2. AnnapatypHO-TEXHONOrMYeckas cxema aKCTparmpoBaHus
KOXYpPbl OT MaLLIMHHOW O4YUCTKM NAIO40B rpaHaTa

OKCTparupoBaHHUe 3aTPY>KeHHOM BO BCe BOCEMb 9KC-
TpakTOpoB 2400 Kr CyIeHOM KOXYPbI IIPOBOAUTCS IIPU
THAPOMOAYA€ =1:4 B 4eTbIpe LIUKAQ C OOIIel TP OAOAXKH-
TEABHOCTBIO 16 9aCOB M 3aKaHYMBAETCS OTACAEHUEM B 06-
et caoxkHOCTH 32160 A 3KcTpakTa. M3 Bcero obpema
OTAEACHHOIO 9KCTpaKTa MOAY4aroT 137 Kr mOpOMKoo-
6pasHOro MOANPEHOABHOTO IIPerapaTa ¢ BAKHOCTBIO
8% 1 1500 Kr KOHIIEHTPHPOBAHHOTO AKCTPAKTA C COALP-
KaHHeM Cyxux BemjecTs 70%, O0ABIIASL 9aCTh U3 KOTOPBIX
MIPUXOAUTCS Ha MOHOCAXapHABI (OKOAO 50% k obmeit
Macce 9KCTPaKTa), OpraHudeckue KucAoTsI (3%), cocTo-
siIe B OCHOBHOM M3 30AOTHCTO- SKEATHIX PAABOHOAOB
kpacsmue BemecTsa (5%), a Takxke Munepaast (3%).

W3 moTspKeAeBIIero o CpaBHEHUIO C HCXOAHOM Cy-
IeHOM KOXXYpoH B 2,6 pa3a B pe3yAbTaTe BIIUTHIBAHHUSI
BOADI ITIOCA€ 9KCTPAKITMOHHOTO OCTaTKa MoAy4aroT 800 kr
HOPOLIKOOOPA3HOTO KOPMOBOTO IIPOAYKTA, C BEICOKHM
coaep)kaHHeM OeAxa (oxoao 12%), MUHEPAAOB (5%),
kaeT4aTKu (47%) U 0CTaTKOM MPOCTHIX caxapos (14%).

PexomenayeMas anmapaTypHO — TeXHOAOTMYeCKast
cXeMa UMeeT IIPEUMYIeCTBa 10 CPABHEHUIO C H3BECTHOM
CXeMOM. YAyYIIaeTCs MPO3PavyHOCTb U BKYC OTAGACHHO-
IO OT KOXYPBI 9KCTPAKTA U IIPOAYKTA €r0 BhIIIAPUBAHN,
C HUM CTaHOBUTCS AeT4e pabOTaTh B CHAY €ro AydIleit
TeKydecTu. Pacmupsercs cnucok 1jeAeBbIX IPOAYKTOB
3a C4eT MOAN(EHOAOB, KOTOPbIE H3OAUPYIOTCS OT OCTAAb-
HOM YaCTH 3KCTpakTa. Bee chipbe 1jeAnKkoM 3apeiicTByeT-
CSl B IOAYYEHMH LIEAEBBIX MPOAYKTOB — M3 IIOCAE KC-
TPaKIJMOHHOTO OCTATKa IOAYYar0T KOPMOBOM MOPOIIOK
C BBICOKUM COAEP)KaHHEM OEAKa, KAeTIATKY ¥ MUHEPAAD-
HbIX 9AeMeHTOB. OAHAKO U y ITPeAAaraeMOM HAMH CXeMbI
9KCTPArupOBaHUS KOXYPBl UIMEIOTCS HEAOCTATKH. IAaB-
HBIF M3 HUX CBSI3aH C HE COBCEM YAQYHO BHIOOPOM BOADI
B KauecTBe pacTBopuTeAst. OHa IPHUBOAUT K 0OBOAHEHUIO
HaXOAAIIENCS B 9KCTPAKTOPaX KOXYPBI, U3-32 9ero ee
IMPUXOAUTCS. BBICYIIMBATh y>K€ IOCA€ IPOBEACHHOTO
Imporiecca 3KCTParupoBaHKs BO BTOPOM pa3, C HOBBIMHU
9HEePreTMIeCKHMU U TPYAOBBIMH 3aTPaTaMHU.
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action.

Due to the success in creating polymer materials with
specific functional properties polymer systems and de-
vices with controlled release have got an intensive de-
velopment nowadays. Such systems when placed in an
action environment extract a substance under a given
concentration-time scheme.

Studies on the development of such systems are
among the most promising and popular areas of science
and technology in the industrialized countries.

One option of excretory systems is microcapsules
(MC), where in the encapsulated substance (CS) is en-
closed in a polymeric shell serving as a membrane, through
which release using the diffusion mechanism occurs.

Introduction of agrobiothechnologies based on mi-
croencapsulated systems of chemical and biochemical
plant protection products that enable introduction of
low doses of pesticides at levels that are safe for humans
and animals and the environment in general is of great in-
terest [1;2].

Development of systems with prolonged action is
associated with the permeability test of microcapsules,
in which the active substance release can be controlled
by varying thickness, surface and and permeability of
polymeric shells. Achieving optimal modes of release is
associated with setting the kinetic parameters of the pro-
cess [3].

To study the process of release out of microcapsules
derivatografic method under dynamic conditions was
used. This method is based on a combination of differ-
ential thermal analysis (DTA) and differential thermo-
gravimetric analysis (DTGA).

MC permeability was assessed based on the results
of biological tests in the greenhouse conditions using the
standard procedure.

In the study of o-xylene MC permeability with an av-
erage size of about 20 microns with polyurea membranes
was used as a pattern sample (Fig. 1).

o
e
/1| i
Lk L
1 I \1

st LM LA LI

1
i
|

|
|
10 {00 pm
Fig.1. Integral (1) and differential (2) curves
of o-xylene MC distribution by size.

Granulometric parameters (volume distribution,
average size, specific surface area) were determined by
laser diffraction. MCs with mass content of solvent ~
85% were tested.

The derivatograms made (Fig.2) were processed using
Reich method with definition of the maximum release rate
and the corresponding parameters. Whereby, the rate of
mass loss, residual mass of the substance was calculated
and dependence of IgR on stuck-at-B, which is equal to:

B=[(W_/T* -R_)IgW-(1/2,3-T)]-10* where

R — mass loss rate mg/deg.;
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W__ — CS residual weight, corresponding to the
extreme point;

R__— speed at the extreme point;

W — CS residual mass at the appropriate temperature;
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Fig.2. DTA and DTGA curves of microcapsules
with o-xylene weight content of 85%
The activation energy value is given by: E = tge-R,
where R — universal gas constant;
¢ — inclination of line (Fig.3.)
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Fig.3. Dependence of R, on B for microcapsules
with o-xylene weight content 85%

For calculation of n reaction order and A pre-expo-
nential factor the following formulas were used:

0= (E/R). [W, /(T'R )]

lg = IgR — (E/R)- [IgW-wW_ /(T*> R ) —
1 / (2;3'T) ]

The values of kinetic parameters (Table 1) show that
the activation energy of o-xylene release process is close
to its enthalpy of its evaporation (AH=36.8 kJ/mol), al-
though slightly exceeds it. This is obviously due to the
difficulties in the release of the controlled substance out
of microcapsules

Table 1. — Kinetic parameters of the
process of o-xylene MC release

Name of parameters Value
Reaction order, n 0.13
Pre-exponential factor, LgA 5.07
Activation energy, E (kJ\mol) 40.72

The order of the reaction close to zero indicates o-xy-
lene constant release rate. We can assume that this is due
to the capillary condensation of o-xylene saturated va-
pors in MC allowing release of the encapsuled substance
outside with strictly dosed portions.

Using the well-known equation: In (lﬂv;/ k)=—E/R
(1/T,-1/T), we can calculate the duration of o-xylene
release out of microcapsules at different temperatures.

Derivatographic method for estimating the kinetic
parameters was used in the development microencap-
sulated preparative forms of chemical crop protection
products with prolonged action [4; 5; 6; 7].

The study of the biological activity depending on MC
permeability was conducted on the example of methyl
parathion (0.0-dimethyl-0—4-nitrophenylthiophosphate)
which is an effective means to control pests of cotton, le-
gumes, tomato, fruit trees and other crops. Samples of xy-
lene solution of methyl parathion in the form of MC and
emulsions were tested. A microencapsulated form is an
aqueous suspension of microcapsules with a volume-aver-
age radius of 10+5 microns with polyurea shells, emulsion
form is a water dispersion of insecticide. The content of the
main components in microencapsulated form is shown in

Table 2.

Table 2. — Content of the main components in the formulations of methyl parathion microencapsulated form

Heading No. Name of components Weight content,%
1 2 3 4 5
1 Methylparathion 31.0 29.0 23.0 15.5 12.5
2 Polyurea 2.0 10.0 20.0 30.0 40.0

Presented compositions of microencapsulated form
of methylparathion passed biological tests in greenhouse

conditions against aphids on cucumbers on protected

ground (Table 3).
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Table 3. — Data of biological tests of compositions samples of methylparathion microencapsulated form

Formulation Concentration of Aphids death,%, on days of recording

No. methylparathion,% 1 2 3 7 11 14

1 0.0018 96.8 56.0 33.0 59.0 86.0 75.0
0.0054 98.2 97.0 93.0 90.0 88.0 77.0

5 0.0018 14.6 57.0 12.0 37.0 63.7 38.7
0.0054 42.2 83.0 39.0 47.5 78.7 72.5

3 0.0054 6.9 74.0 42.0 67.0 52.0 49.0
0.0162 34.0 68.0 27.0 92.5 88.7 90.0

4 0.0054 5.9 25.0 12.0 22.0 43.7 18.7
0.0162 5.9 46.0 44.0 48.0 70.0 47.0

s 0.0054 0.2 25.0 12.0 36.0 40.0 29.0
0.0162 2.7 36.0 16.0 25.0 53.0 13.0

0.0018 96.0 27.5 25.0 5.0 10.0 10.0

Reference 0.0054 98.0 73.7 35.0 26.2 35.0 12.5
0.0162 99.8 95.0 51.0 6.6 40.0 5.0

The above data shows that the effectiveness of the
protective action of methylparathion microencapsulated
form against aphids increases with decreasing thickness
of the polymer shell.

Whereby, the activity of microencapsulated methyl-
parathion (formulation 1) is kept up to 14 days, slightly
reduced after that. The reference sample (at a concentra-
tion of 0.0054% ) loses 65% activity after 2 days.

Samples of Malathion [O, O-Dimethyl-S- (1,2-di-
carbetoxymethyl) dithiophosphate] were also tested,
which is used in agriculture for controlling harmful in-
sects, mites and pests of food reserves in medical, sanitary

and household pest control, in veterinary medicine to
combat exogenous and internal parasites of animals and
birds, and for destruction of flies and mosquitoes in live-
stock buildings.

Malathion samples in a microencapsulated form
were tested in comparison with an emulsive form. A mi-
croencapsulated form is an aqueous suspension of micro-
capsules with a volume-average radius of 30£20 microns
with polyurea shells, an emulsion form is a water disper-
sion of insecticide.

The content of the main components in formulations
of a microencapsulated form is shown in Table 4.

Table 4. — The content of the main components in formulations of malathion microencapsulated form

] Name of Weight content,%
Heading No.
components 1 2 3 4 S
1 Malathion 13.44 11.04 6.03 3.90 2.63
2 Polyurea 1.47 4.94 6.81 9.46 13.38

Presented formulations of malathion microencapsu-
lated form were tested in greenhouse conditions against
aphids using standard methods.

Biological tests results are shown in Table § in

comparison with the reference (an emulsive form).
Treatment was made with the formulations with mala-
thion active substance concentration 0.012%.

Table 5. — Data of biological tests of malathion microencapsulated form compositions samples

Formulation Aphids death,%, on days of recording

No. 1 S 6 7 8 12 13 14
1 90.6 72.5 71.7 70.0 67.5 76.7 38.3 35.0

2 48.1 512 76.7 55.0 63.3 63.3 25.0 -

3 36.4 38.7 45.0 7.5 - - - -

4 4.2 - - - - - - -

5 3.1 - - - - - - -

Reference 97.3 5.0 - - - - - —

The dynamics of aphids’ death in the first days of

recording is shown in details in Table 6.
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Table 6. — Data of biological tests of malathion microencapsulated form compositions samples.

Formulation No. Aphids death,%, on days of recording
1 2 3 S
1 90.6 76.2 70.0 72.5
2 48.1 81.2 76.2 51.2
3 36.4 67.5 55.0 38.7
4 4.2 16.2 11.6 -
S 3.1 17.5 10.0 -
Reference 97.3 11.2 8.3 5.0

The above data shows that the duration of the
protective effect of malathion microencapsulated form
against aphids increases with decreasing thickness of
the polyurea shell (formulations 3, 2, 1). Formulations
4 and § are low active. Efficiency in case of malathion
microencapsulation (formulations 1, 2) encreases from
1 to 12 days compared to the reference sample.

By adjusting MC permeability by changing
thickness, surface and permeability of the polymeric
shells optimum release rates could be obtained.

Data of biological tests shows that using the same
introduction rate due to microencapsulation the duration

of the insecticides effect can be increased in several times.
This is important taking into account types of insects,
geographical habitats, agricultural technologies features.

Ecologization of agrotechnologies using microencap-
sulation systems with controlled release is associated
with obtaining minimal doses of insecticides to ensure,
on the one hand, persistence of the effective protection
from pests, and on the other hand, their reduced toxicity
that makes drugs safe for humans and farm animals.
Whereby, the reduction of plant treatment frequency
results in reduction of the environmental burden on the
soil and the environment in general.
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Abstract: Procedure of vigorous plant regenerant production of winter triticale in shoot apical meristems,

immature embryos and immature inflorescences cultures was developed. It was ascertained that for the forms studied
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frequency of calli formation and shoot regeneration along with genotypical dependence was also conditioned by

explant type.
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BunorexHonorua nony4yeHus pacCtTeHMm-pereHepaHToB
TPUTUKAase B KyJbType pa3/InyHbIX TUMNOB 3KCMJIAHTOB

Annotanus: PaspaboTan peraaMeHT IIOAy4eHNUS IOAHOL|EHHBIX PACTEHHI-PereHePAHTOB TPUTHKAAE O3HMOTO

B KYABTYp€ AIIMKAABHBIX MEPHCTEM IT00ETOB, He3PEABIX 3APOADIIIEIT H MOAOABIX COLIBETHIL. YCTAHOBAEHO, YTO B U3-

y4eHHbIX GOPM HAPSIAY C FTEHOTUIIMIECKOMN 3aBUCUMOCTBIO YaCTOTA KAAAYCOTe€He3a 1 PereHepariui M00eroB TakKe

00yCAOBA€HA TUIIOM 9KCIIAQHTA.

KaroueBble cAOBa: TPUTHKAAE, TEHOTHII, S9KCIIAAHT, KAAAYC, pereHeparusl.

buoTexHoaornmyeckue MeTOAbl KyABTYPHI in Vitro
PABAMMHBIX 9KCIIAAHTOB (OpPraHOB MAM 4acTell OPTaHOB,
M30AMPOBaHHBIX OT AOHOPHOTO PaCTeHHs) B HACTOsIIee
BpeMsI IIHPOKO HUCIIOAB3YIOTCS AASL PEIIeHHS IIPHKAAA-
HBIX 32Aa4 CEAEKIIUH IIeHHBIX CeAbCKOXO3SFCTBEHHBIX
pacTeHuil u, B YacTHOCTH, TpuTHKaae |1, 51-55]. ITo-
AydeHHe MOP$OTreHHOTO KAAAYCa U IIOCACAYIOIIAs pere-
Hepalysi paCTeHHI — HeOTheMAEMAsl YaCTh KACTOUHOM
MIDKeHEePHH 9TOM KyAbTypSI [ 2, 36-40]. HecmoTps Ha TO,
4TO pereHepalysi PAaCTeHUI U3 KAAAYCOB OIMCAHA AAS
MHOTHUX CEAbCKOXO3SHCTBEHHBIX KYABTYP — IIIIEHHIIbI
[3,3-10], xyxypyssi [4, 152-177], sramens [ S, 11-20],
COBepIIIeHCTBOBAHHE CHCTeMbI KyABTHBHPOBAHUS ifl Vitro
9KCIIAQHTOB BCE K€ OCTAETCS AKTYaAbHO IPOOAEMOIL.
Ipu rccAeAOBAHMH KAAAYCOT€He3a U pereHepariui 00brd-
HO BbIOMpPAeTCs TOT THIT 9KCIIAAHTA, KOTOPHIi HanboAee
yAOOEH AAS TIPOBEAEHNS 9KCIIEPUMEHTOB 1 0becrevnBa-
eT 93¢ peKTHBHOE IIOAYIEHHE AOCTOBEPHBIX PE3YABTATOB.

Kak n3BecTHO, He3peAble 3aPOABIIIH SBASIOTCS TPa-
AHMLMOHHBIM 5KCIIAQHTOM AASL 3AaKOB [ 6, 45-48 ]. Boi6op
TAKOTO THIIA 9KCIIAAHTA OOYCAOBAEH BBICOKON MHTEH-
CHUBHOCTBIO IPOAU(EPAIIMU U KOMIIETEeHTHOCTBIO BCEX
TKaHell 3apOAbIIIA IIPU KyABTHBUPOBAHUY in vitro [7,
124-131]. Ho ero npuMeHeHne MMeeT ONIPEACACHHbIE
HEAOCTATKH, K KOTOPBIM OTHOCSITCSI AOCTATOYHO KOPOT-
KHI IePHOA UCIIOAB30BAHUS B KYABTYPe€ U 3HAUUTEAbHbIE
3aTparbl BpEMEHH AASI TIOAYUEeHHSI AOHOPHBIX PACTEHHI.
AASI MEKPOKAOHAABHOTO Pa3MHOXEHHS OTAEABHBIX YHHU-
KAaABHBIX PACTEHHH, TAKUX KaK CTepHAbHbIE MEKBUAOBBIE
THOPHUADBI 3AAKOB, OOBIYHO MCIIOAB3YIOT COMaTHYECKHUE
TKAHH MOAOABIX corpeTwii [ 8, 227-231]. B mocaepnee
BpeMsi IIHPOKO UCIIOAB3YIOT AITMKAABHbIE MEPHCTEMBI KO-
HyCOB HapacTaHus 106eros [9, 667-671]. Ilpenmymre-
CTBOM AQHHOT'O THIIa 9KCIIAQHTA SIBASIETCSI BO3MOXKHOCTD

IIPEOAOAEHHUSI TEHOTHITHIECKUX 0COOeHHOCTel $popM,
XapaKTepHU3yIONUXCs HU3KHM pereHepaIiiOHHBIM TOTeH-
uuasom [ 10, 245-251], BOSMOXXKHOCTb IIOAYYEHHUS 3HA-
YUTEABHOTO KOAMYECTBA MaTePHaAa 32 KOPOTKOE BpeMs
¥l €T0 AOCTYTIHOCTb B Al060e Bpems ropa [11, 163-167].

Bmecre ¢ TeM, Ha MOpdoreHeTH4eCKUil IOTEHIIUAA
9KCIAAHTOB TAK’Ke BAMSET MHOTO GaKTOPOB: F€HOTHII
[10,245-251], crapmst pasBuTHs AOHOpPHOTO OpraHa [ 12,
631-636], ycaoBus kyasTuBUpOBaHus [ 13, 245-256].
Kak mokasaA aHaAM3 ITOCAGAHHUX ITyOAMKALINI, KYABTYpa
TPUTHKAAE KAK 00DEKT OHOTEeXHOAOTHUECKHX HCCACAO-
BAaHHI B AQHHOM HAITPaBACHUH HU3yYeHa HEAOCTATOYHO.
ITeap Hamedt paboThl — paspaboTaTh peraaMeHT ITOAY-
YeHHs PaCTeHHUH-PereHepaHTOB TPUTHKAAE O3HMOTIO
B KYABTYpe He3PEABIX 3aPOABIIIeH, aTUKAABHBIX MEPH-
CTeM IT06eTOB ¥ MOAOABIX COIIBETHIA.

MarepHaAbI H METOABL MaTepraAOM HCCACAOBAHHS
OBIAK 4 TEHOTHIIA TPUTUKAAE O3UMOTrO: copTa baArHko,
Aunpep, somep u KBazap, koTopsie ObIAM B3SITHI U3 pa-
60ueit koarexuu MUIT um. B. H. Pemecao HAAH. Aag
HIOAyYeHHS KaAAYCHOM TKaHHU MCIIOAb30BAAU TPHU THIIA
SKCIIAQHTA: MOAOADIE COLIBETHS (CErMEHTbI MOAOAOTO KO-
A0Ca, He AOCTHTIIETO CTAAUH MeH03a), He3PeAble 3apOAbL-
mu (M30AMpOBaHHbIe Ha 12-15 CyTKH IOCA€ OTIbIACHHUS)
¥l AITMKAAbHbIE MEPUCTEMBI BEPXYLIKH [I00eroB 3-AHeB-
HbIX IIPOPOCTKOB M3 3PEABIX 3€PHOBOK. AAS KAXXAOTO re-
HOTHUIIA 6b1A0 B3s1TO 110 160 aKcraanToB. Crepran3ariis
Y IOATOTOBKA AOHOPHOTO MaTepHaAa AAS KaXKAOTO THITA
9KCIIAQHTA OIIMCAHBI HIDKE.

AnukavHble Mepucmemot n06e2os. AAst TIOAyIeHHS AO-
HOPHBIX PAaCTeHHI CeMeHa CTePHAN30BAAU B HECKOABKO
aranos: 1) 1% pacrsopom KMnO -3 mun; 2) 1% pactso-
pom AgNO, -1 mun; 3) 96° araosom — 1 mum; 4) 3-pa-
30BO€ NPOMBIBAaHUE CTEPHUABHON AMCTHAAMPOBAHHOMN
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Bopoit. [loAyueHHble cTepHAM3OBaHHbIE CeMeHa IIpopa-
muBaAK Ha ceTy rpu 24 C Ha 6e3ropMOHAABHOM Cpepe
Mypacure-Ckyra (MC) [14,473-479]. cnioapsoBasu
ANMKAABHYIO MEPUCTEMY T00eroB 3-CyTOUHBIX CTEPHAD-
HbIX IPOPOCTKOB.

Hespeavte 3apodviuu. Hespeable cemMeHa IIOA€BBIX
pacTeHui BBIACPKHMBAAN 2 CYTOK B XOAOAMAbBHHKE IIPU
Temrnepatype + 4 °C, crepuansopasu 70° 3TaHOAOM B Te-
gyenne 3 muH, 30% xoMMepueckuMm mpemnaparom «be-
anzHa» — S muH, 0,01 H pacrsopom HCI — 3 mun
U TPKADI IPOMBIBAAU CTEPHABHBIM AUCTUAASTOM. [To-
CA€ YAAQAEHHS 3aPOADIIIA M3 36PHOBKH €r0 BhICA)KUBAAU
B yamiku I letpu co cpepoit MC muTKOM BBepX.

Mounodvte coysemus. B kadecTBe AOHOPOB HCIIOAB30-
BAAM ITOOErH C MOAOABIMU COIIBETHSIMH, KOTOPBIE ellje
He AOCTHUTAU CTapMU Meio3a. AAMHA CaMbIX COIBETHUI
npu aToM pocturasa 20-60 mm. ITocae Toro, kak Bce
BHEIIIHHE AUCTbSI OBIAM YAQA€HBI, IIPOBOAMAHU IIOBEPX-
HOCTHYIO CTePUAU3AIHIO 06eroB 30% KoMMepueCcKUM
npernaparoM «beausna» — 1 muH, a 3arem 70° aTaHo-
AoM — 1 munH. ITocae aTOro c He3peAOro KOAOCa yAAASAH
MOAOAbBIE KOAOCKH, KOTOpBIe BbICaXkMBaAK Ha cpepay MC.

Kaaaycp! He3aBHCHUMO OT THIIa 9KCIIAQHTA IIOAyYa-
an Ha cpepe MC, koTopasi AOIOAHUTEABHO COAEPIKaAA
L-acmaparus — 150 mr/a, AgNO,-10 Mr/A ¥ 2 MT'/A
2,4-A\. OXCcnAaHTBI KyAbTHBHpOBaAu 1pu 26 °C B TeMHO-
Te B TeYEHHUE TPeX HeAeAb. 3aTeM HX IIepPeHOCUAM Ha CBET

g - B 2 g ==

U AAAbIIe BHIPAIUBAAU IIPU OCBelleHHH 3—4 KAK, OTHO-
CHTEeABHOM BAXXHOCTH Bo3ayxa 70% u 16-yacoBoM $poTO-
TIepHoA€ ellle TPU HeaeAH. B koHIje maccaxa ompepeAsan
9acTOTy MHAYKIMH Kaaayca (%) Kak COOTHOLIEHHe qnc-
Aa 9KCIIAQHTOB, KOTOPBIe 06pa3oBaAH KAAAYC, K MX 001Ie-
My YHCAY. AASI HHAYKITMHM MOp$OreHe3a KaAAyC IepeHo-
CHAM Ha MOAMQUIIMPOBAHHYIO pereHepaljuOHHYI0 CPeAy
MC, pomoarennyio 1 mr/a BAITu 0,5 mr/a IYK. IToay-
JeHHbIe II00eru 10 Mepe Pa3BUTHUS IIEPeHOCHAH Ha be3-
ropmMoHaAbHYI0 cpepy MC ¢ HOAOBMHHBIM COAepIKaHHEM
MaKpOCOAeil AASl YKOPEeHeHHs. YKOPeHUBIINeCs pereHe-
PAHThI NIePeCaXKMBAAU B TOPIIKU CO CIIEIIMAABHO MOAO-
OpaHHOI TOYBEHHOM CMECDIO 1 IIOMEIAAH BO BAAXKHYIO
Kamepy Ha 7—-14 cyTok. XopoIo yKOpeHHBIIHecs pac-
TEeHUS IIEPEHOCUAHM B ITOYBY.

Yacrory o06pasoBaHHs MOPPOIreHHOro KasAyca
u pereHepanuy mo6eros (y%) mo KakAOMy BapuUaHTY
OIIpeAEAsSAU KaK COOTHOIIEHHE YHCAA MOPQOreHHbIX
KAAAYCOB UAM PereHepPaHTOB K HaYaAbHOMY KOAMYECTBY
BBICA)KEHHBIX 9KCIAAHTOB. [ToAyYeHHBIE pe3yAbTATHI 06-
pabaThIBAAM CTATUCTHYECKH C HCIIOAB30BAHHEM IAKETA
nporpamm Microsoft Excel. Aomycrimast ommoka nsme-
penuit He npessimasa Hopmsl (P < 0,05).

PesyabTaThl M 06Cy)KAeHHe. B Hauase KyABTUBUPO-
BaHUA IIPU Ilepexoae K HeAupepeHIInPOBAaHHOMY POCTY

9KCIAAQHTDI TEPSAM 3€ACHYIO OKPACKY M YBEAUYHBAAKCDH
B pasmepax (puc. 1).

Puc. 1. Hayano vHaykunu kannyca TpuTtrkasne ¢ pasHbIX TUMOB eKCMIaHTOB. @ — anuKalbHble
MepucTemMm noberos; 6 — MONOdble COLBETUS; B — He3Pesble 3apOoblLLn.

B nporecce nccaep0BaHuMiT HAMU HBIAO OOHAPYIKEHO,
4TO BCe 4 MCCAeAyeMble TeHOTHIIB TPUTHKAAE XapaKTe-
PH3YIOTCS Pa3HOI CIIOCOOHOCTBIO K MHAYKITHU KAAAYCa,
KoTopasi BapbupoBaaa ot 60,5 A0 92,4% — B 3aBHCHUMO-
CTHL OT F€HOTHIIA U TIPOMCXOXKAEHHUS IKCIIAaHTa (pHC. 2).

Kaxk moxaszaAu pesyAbTaThl HCCACAOBAHUI, § COPTOB
Baaruxo 1 Aupep HaOOABIIYIO YACTOTY MHAYKIIUH KaA-
ayca (92,4% u 83,6% cooTBeTCTBEHHO) 6bIAO 3aPUKCHPO-
BAaHO Ha BAPUAHTAX, TA€ HCIIOAb30BAAU IMEHHO He3peAble

3apoasimn. Y copra 3oMmep HarboABbIIast AOASI KAAAYCOB
(72,2%) 06pa3soBbIBaAACh C MOAOABIX COLIBETHIL. A BOT
y copra KBazap mopasasiromjee 60OABIIMHCTBO KAAAYCHOI
tkan (83,4%) 06pa3oBbIBAAOCH HA BADHAHTAX, TAE B Ka-
YyecTBe 9KCIIAAHTA MCIIOAb30BAAKCH allMKAAbHbIE MepH-
CTeMbI TI06€eroB.

O6pazoBanne MOPPOreHHOIO KaAAyCa HAOAIOAAAH
Ha BCeX BapHaHTaX, OAHAKO C Pa3HOM 4aCTOTOM — B 3a-
BHCHMOCTH OT F€HOTHIIA ¥ THIa 9KcraanTa. CoraacHo
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AQHHBIM PHC. 3, HAUOOABIIAS YACTOTA 0OPA3OBAHUSI MOP-
poreHHoro kaaayca y copros Baaruko u Aupep 6s1aa
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U3 He3PEeAbIX 3apoAbIiIelt, a y copra Maomep u Kpasap —
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Puc. 3. HactoTta o6pasoBaHMsa MOPGOreHHOro Kasnsyca Tputukane
B 3aBNUCMMOCTU OT FEHOTUNA U TUNAa 3KCMIaHTa

B XoAe AQABHENIIEr0 KyABTUBUPOBAHHS BCE MOP-
poreHHBIE KAAAYCHI [TO Mepe PA3BUTHS IlepeCAKUBAAN
Ha MOAUQHIIMPOBAHHYIO CPEAY AASL pereHepaliu, OT-
caxuBasi obpasosasirecs: moberu Ha cpeay MC Ges

100

¢uroropmonos. CAeAyeT OTMETHUTD, YTO pereHepariHio
3eA€HbIX T0OEeroB HAOAIOAAAY Ha BCEX BAPUAHTAX OIIBITA,
HO OHa IPOXOAHAQ TI0-pasHomy (puc. 4).

B He3penbie
3apoablium

HWPos 5,5

Monogbie
couBeTus

B AnNuMKanbHble
MepucTe Mbl

Bantuko

NMupep

N3omep

Keasap

Puc. 4. YacToTa pereHepaumm no6eros Tputnkane B 3aBMCUMOCTU OT reHOTMMNa U TUMna akcnaaHTa
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Hanb6oabIyio 4acToTy pereHeparuy He3aBHCUMO OT THITA 9KCIIAAHTA HabAI0paAn Y copTa Baatnko — a0 30%.
Haunmensimas 6s1aa o6Hapyskena y copra Ksazap — 8,1%.

Crout noA4epKHyTh, 4TO pereHepanusi B copToB Mzomep n KBasap Ayudiire Bcero mponcXoArAa ¢ KAAAYCOB, ITOAY-
YEeHHBIX 13 AIIMKAABHBIX MEPHCTEM [I06EroB, TOrAa Kak y copToB BaATnko u Araep MakCHMAaABHYIO pereHepaLuio 6bIA0
3a$MKCHPOBAHO HA BAPUAHTAX C HE3PEABIMU 3P OABIIIAMU.

Pa3BuTHeE IIOAY4eHHbIX PACTEHUI-PEreHEPAHTOB B AAABHEHIIIEM IIPOUCXOAMAO TOAOOHO HHTAKTHBIM PACTEHHSIM
TPUTHKAAE B YCAOBIIIX it vivo. OTMe4aAuCh TUIINYHBIE peHOPaA3bI BCXOAOB, TPETHETO AUCTA, KyLjeHus. PereHepaHTs
B QpeHOase KyIleHHs IePEHOCHAH B YCAOBHS €x Vitro B TAACTUKOBbIE CTAKAHYHMKHU C TOYBEHHOM cMechio (pHuc. S).

" |
=

a 6] B

Puc. 5. ETanbl nofy4eHns pacTeHnin-pereHepaHToB TpUTVKane: @ — Ha4ano pereHepauuu;
6 — yKOpPEHeHVe pacTeHNIi-pereHepaHToB; B — NepeBo/, PaCTEHUIA B yCNOBUS in Vivo.

TecTupoBaHue COPTOB O3MMOTO TPUTHKAAE TIOKA3AA0, YTO KACTOUHBIE KYABTYPHI inl Vitro He3aBUCUMO OT THIIA
9KCITAQHTA SBASIOTCS TeTepOTeHHbIMU CUCTEMAMH C OTIPeAACHHBIMU MOPPOPHU3NOAOrHYECKUMH B3AaUMOAEHCTBHAMY,
KOTOpBIe 00yCAABAMBAIOT CIIeUHKY PA3BUTHSI OTACABHBIX OpraHOB. MaKCHMaAbHO AOCTHUTHYTAsl B HCCAEAOBAHHBIX
COPTOB YaCTOTA pereHepaIiiy U3 Pa3sAUYHbIX THIIOB 9KCIIAAHTOB He IPEeBbIIIaeT COOTBETCTBYIOMMUX BEAUYHH, T10-
KA3aHHBIX AASL ADYTUX FeHOTHIIOB O3UMOTO TpUTHKaAe [ 15, 29-34], TeM He MeHee, OHa AOCTATOYHA AASL Pa3PaboOTKH
COBPeMeHHBIX OMOTeXHOAOTHIL. XOTsI alIMKAAbHbIE MEPHUCTEMBI I0OETrOB B 1€ AOM IIPOSIBASIIOT HECKOABKO HIDKE YACTOTY
pereHepanuy o CPaBHEHUIO C He3PEABIMU 3aPOABIIIAMM, UX AOCTYTIHOCTb IIO3BOASIET UCIIOAB30BATh 3TOT THII IKC-
IAQHTA KaK HaAeXXHbIN HCTOYHHK PaCTeHUH-PereHepaHTOB B TeYEHHE roAQ.

3akarouenne. Takum 06pa3oM, HaMH Pa3pabOTaH perAaMeHT MOAYYEeHHs IIOAHOIIeHHbIX PaCTeHHI-pereHepaH-
TOB TPUTHKAAE B KYABTYpe alIMKAABHBIX MEPUCTEM IT00eTOB, He3PEABIX 3APOADIIIEll 1 MOAOABIX COIIBETHUH, KOTOPbII
MOXET OBITb HCIIOAb30BAH B KACTOUYHO CEACKIMH U TeHHO-MH)KeHePHbIX 9KCIIEPUMEHTAX. YCTAaHOBAEHO, YTO HAPSIAY
C FeHOTHITHYECKOF 3aBUCUMOCTBIO IIPOIecChl MOpOreHesa in vitro Takke 00YCAOBACHBI TUIIOM 9KCIIAAHTA.
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The parts cannot be understood if considered in iso-
lation from the whole. (Hegel)

The system of geophysical processes related to the
study of dynamics of meteorological processes deter-
mined by ecological transformations can be logically
called a complex eco-meteorological process (CEMP). Be-
ing quite a wide class of geophysical processes, complex
eco-meteorological processes have some peculiarities
that determine a separate conceptualization of CEMP
modelling.

1. Eco-meteorological phenomena are a system of in-
terrelated processes, the isolated consideration of which
leads to the loss of substantial scientific information.
Hence, this implies that any reflection of CEMP is also a
system. In the construction aspect, the CEMP modelling
means: a) building of a mathematical CEMP model — a
system of sub-models of the complex eco-meteorological
process; b) development of a machine CEMP model —
a system of logically and informational-wise related pro-
grams for the realization of analytical model.

2. A typical feature of CEMP is the presence of a
priori non-formalized and even qualitatively undeter-
mined relations between separate processes. Thus, when
building a machine CEMP model, one should take into
account the creation of infrastructure models for corre-
lation analysis of output program files that describe the
processes the relations between which are revealed.

3. An integral property of the complex eco-meteo-
rological process is the poly-scale nature, which is mani-
fested in the fact that the constituent CEMP processes

have different space and time scales, which often differ
by several times. Therefore, there is a need to develop
means of agreement and adaptation of data while orga-
nizing program modules of information exchange inside
the system of models.

4. A distinctive feature of CEMP is a big volume
of input parameters, their close interrelation, some-
times insufficient representativeness. It requires the
processing of input data in order to restore the ranges
and fields of data, testing for pair-wise agreement of
parameters, their clear chronological and spatial corre-
lation, organization of data input in this or that program
of the system as a single ensemble (data scenario) etc.
To perform all such infrastructure functions with regard
to the system of mathematical models, there is a need
to develop an information and statistical block (ISB),
because the concentration of all auxiliary functions in
the ISB will exclude routine duplication of identical
structural units in programs by way of creation of spe-
cial unified modules.

The programs of realization of mathematical mod-
els in the machine CEMP model combine into model
blocks (MB) upon their physical composition, which
are indirectly related through the ISB.Apparently,
given such variety of programs and information rela-
tions, the interactive regime of management of a unified
computation process becomes impossible, i. e. the con-
struction of a control block (CB) for coordination of MB
and ISB work becomes a compulsory element of CEMP
modelling. Thus, machine CEMP model, as a final aim

40



System modelling of complex ecological-meteorological processes

of the construction aspect of modelling, is a hierarchical
system consisting of CB, ISB and MB.

The above stated principles were applied while con-
structing MIDACS (Model of influence of drying Aral
on climate and salinization) in order to study the impact
of ecological transformations in the South Aral Sea re-
gion on the soil and climate conditions [ 1; 2; 3].

With the help of MIDACS, consisting of 13 sub-
models, the dynamic of CEMP during 1966-2005 was
traced; the regularities were revealed and the fore-
cast of changes of soil and climate conditions under

0,3 ~
(

the impact of the above specified factors till 2030 was
produced [3].

The dynamics of processes is mainly determined by
the dynamics of morphology of material carriers of fac-
tors (in this case, transformation of the Aral Sea, post-
aquatic land and vegetation cover). Furthermore, in a
system-related research, the dynamics of interrelation of
processes is given importance.

Comparison of complex and system-related study of
the given CEMP showed significant difference in results

(Fig. 1).

y = 0,005%3 - 0,035x% - 0,02x + 0,3

Temnbl U3MEHEHKNA TemnepaTypbl

-0,2 + e complex impact

-03 T+ system-related
impact

U8 7 Poly.
(system-related

05 - impact)

y =-0,0248x% + 0\149x? - 0,2122x + 0,08

Fig. 1 Rates of change of air temperature (°C/year) in the conditions of complex and
system-related impact of ecological transformations on air temperature

The compleximpact was evaluated as a sum of results
of a singular impact of factors under different programs
without consideration of synergetics of processes,
i.e. interrelations that are, as a rule, of non-linear
character. The system-related impact was calculated
under MIDACS model ensuring synchronization
and agreement of the dynamics of morphology and
interaction of factors. Although, in both cases, the
mechanism of the factors’ impact on air temperature
was described by identical sub-models, we can see
the difference of the results of complex and system-
related integration of models. Moreover, the results
of the complex study give physically uninterpretable
maximum in 1990; and beyond the base period, the
trend line calculated with certainty value R*=1 goes
beyond the diapason of real values.

The given example shows the advantages and need
for system modelling of CEMP and proves a known
thesis that the simulation modelling is not so much an
analytical reflection of complex physical processes as
the way of study of their most difhicult aspect — dynamic
aspect — by program means.

Orderly development of the system of models, a
method and means of their agreement (ISB and CB)
enables to avoid eclecticity typical for many ecological and
climate models, where properties and processes of an object
are combined and sufficient synchronization of sub-models
is not carried out, which makes it difficult to understand and
use them. Models like MIDACS, as a complete and integral
construction with a unified calculation process, appears as
a more effective means of study of difficult geo-physical
objects and eco-meteorological processes.

41



Section 4. Geography

References:

1. Tleumuratova B.S., Bakhiev A.B. Influence of degradation of vegetation in the Aral Sea region on local climate
characteristics // Problems of desert development. — 2008. — N2. — P. 35-39.

2. Tleumuratova B.S. Mathematical modelling of ecological processes in the South Aral Sea region. Nukus: Ilim,
2011, 100 p.

3. Tleumuratova B.S. Impact on salt and dust transfer to deposit formation in the Aral Sea region // Arid eco-
systems. — 2009. — Vol. 15. - N3 (39). - P. 28-35.

Tleumuratova Bibigul Sarybaevna,

Kandidat der physikalisch-mathematischen Wissenschaften,

Leiter des Labors der Modellierung der okologischen Prozesse

des Institutes der natiirlichen Wissenschaften der karakalpakischen
Abteilung der Akademie der Wissenschaften der Republik Usbekistan
E-mail: svetmamb@mail.ru

Die Aralkrise und die Prozesse der Niederschlagsbildung

Abstrakt: Im Artikel wird die Verbindung zwischen dem Windhinaustragen der Salze aus dem postaqualen
Festland der Aralsee und den Prozessen der Niederschlagsbildung in Priaralje betrachtet. Es wird die Rolle des
Salzschwebstoffes wie des Faktors in der Vergroflerung der Zahl der Niederschlage in der Region rechtfertigt. Es
werden die Simulationsergebnis des Einflusses des sulfatischen Schwebstoffes auf die Prozesse der heterogenen

Kondensation gebracht.
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Hinaustragen der Salze.

Die Prozesse der Bodenerosion und der Wiisten-
bildung werden von der Vergroflerung der Staubkon-
zentration der Atmosphire der umfangreichen Bezirke
der Erde begleitet. Zum Beispiel der Anthropogenwiis-
tenbildung kann die Senkung des Niveaus der Aralsee
sein. Die Daten der Uberwachung vom Weltraum und
der Flugzeuge aus, und der terrestrischen Vermessung
zeugen von der Ausbreitung der Salzboden, die Verwitte-
rung der Salze und der Entstehen der Saltzwiistenstiirme.
Die Ergebnisse der Schwebstoff-Strahlungsmessungen
[1], die in Priaralje in 1979-1982 iiber dem Meer und
dem getrockneten Territorium fiir den Fall der Saltzwiis-
tenhinaustragen erfiillt sind, in die Salz- und sulfatische
Schwebstoffe vorwiegt, haben die bedeutenden Verin-
derungen in der Verteilung der Komponenten des Strah-
lungs- und hydrologischen Gleichgewichts des Systems
unterlegende Oberfliche — Atmosphire vorgefiihrt.
Die Verbindung zwischen der Vergréflerung der Ver-
schmitztheit der Atmosphire, so sowohl der Konden-
sationskerne, als auch der Verstirkung der Bewolkung
und der Niederschlagsbildung ist von den zahlreichen
Forschungen der Schwebstoftklimaeffekte (wie Natur-,
als auch Modelforschungen) bestimmt [2].

Das Vorhandensein auch anderer Faktoren, die seit
der Anfang sechziger Jahre des vorigen Jahrhunderts be-

obachteten die Klimaveridnderungen in Priaralje herbei-
riefen, kompliziert die Bestimmung des Beitrags des sul-
fatische Schwebstoffes in diese Verinderungen. Solche
Faktoren sind die Verinderungen in der allgemeinen Zir-
kulation der Atmosphire und die synoptische Prozesse
Mittelasiens, die globale Klimaerwirmung, die heftigen
Landschaftsverinderungen in Ergebnis der Austrock-
nung der Aralsee. Da die Daten der Naturbeobachtungen
und der Messungen nur den totalen Effekt mancher Fak-
toren charakterisieren, ist die quantitative Einschitzung
des Beitrags dieses oder jenes Faktors in den summa-
rischen Effekt eine sehr komplizierte Aufgabe oft. Eine
Lésung dieses Problems kann die Gegeniiberstellung der
Besonderheiten des Feldes der Raum- und\oder Zeitver-
teilung der Charakteristiken des einwirkenden Faktors
und des entsprechenden Feldes der Charakteristiken des
Ergebnisses der Einwirkung sein.

In der vorliegenden Arbeit wird die Korrelierung
der Besonderheiten des dreidimensionalen Feldes der
Konzentration des sulfatischen Schwebstoffes in Pri-
aralje und des Ablenkfeldes in Hohe von den Nieder-
schlage in dieser Region, beobachtet nach 1961, unter-
sucht. Die Versetzung und die mittlere Verteilung des
sulfatischen Schwebstoffes in der Atmosphire werden
mit Hilfe stationiren Modells modelt [3], und das Ab-

42



Die Aralkrise und die Prozesse der Niederschlagsbildung

lenkfeld der Zahl der Niederschlagen entwickelt sich laut
Angaben der standardmifligen meteorologischen Beob-
achtungen der entsprechenden Periode.

Die Verinderung (oder die Ablenkung von den
mittleren vieljahrigen Bedeutungen) dieser oder jener
meteorologischen Parameter konnen von den astrono-
mischen, globalen und lokalen Faktoren herbeigerufen
sein. Fiir die konkrete Region ist das Feld der Ablen-
kungen unter der Einwirkung der astronomischen und
globalen Faktoren gleichartig und gewohnlich wird

mit den geraden parallelen Isolinien charakterisiert.
Das Feld der Ablenkungen unter der Einwirkung der
lokalen Faktoren (die orographische Ungleichartigkeit
des Geldndes, der heftige Wechsel der Landschaften,
das Vorhandensein der lokalen energetischen und
materiellen Quellen, den Verstoff des 6kologischen
Gleichgewichtes, die Anthropogenverinderung des
Wasserregimes der Region) kann die Besonderheiten
haben, die in Form von den konzentrischen Isolinien

gezeigt werden.

Bild 1 Das Gefalle der Niederschlagsmengen (mm) fiir die warme Periode
zwischen den Jahrzehnten 1951-1960 und 1981-1990 [4].

Als Beispiel betrachten wir ein Ablenkfeld der Zahl der
Niederschlagen fiir die warme Periode (April-Oktober)
zwischen den Jahrzehnten 1951-1960 und 1981-1990.
AufBild 1, entlehnt aus Arbeit [ 4], heben sich zwei Beson-
derheiten — im Raum der Aralsee (I) und siidlich, aufier-
halb seinen Grenzen (II) offenbar heraus. Wenn die Ver-
schiedenheit in Hohe von den Niederschlagen nur vom
geschehenden Wechsel der Umlaufepochen in Mittelasien
bedingt wire, wiren die Abweichungen gleichmafiger we-
nigstens nach allem Priaralje entsprechend den Maf3sti-
ben der atmospharischen Zirkulationsprozesse. Jedoch
zeugen die Isolinien der Ablenkungen auf Bild 1 vom Vor-
handensein der Mesomafistabfaktoren der Stérung des
Ablenkfeldes. Folgerichtig beide Besonderheiten sind von
der Einwirkung der lokalen Faktoren bedingt: erste —
die heftige Kiirzung des Wasserspiegels der Aralsee,
zweite — den Schwebstoffeffekt. Die Besonderheit I,
die in der Verkleinerung der Niederschlagen gezeigt
wird, klirt sich mit dem Wechsel der unterlegenden
Oberfliche — des Wassers auf den Festland — und,

als Folge, der Verkleinerung der Verdunstung und der
Unterbrechung des Eingangs des Meerschwebstoffes in
die Atmosphire, der zum starksten Katalysator in der
Niederschlagsbildung wie bekannt dient. Betreffs der
Besonderheit I, so ist sie, im Gegensatz zu erster, von
der Vergrofierung in der Atmosphire des Schwebstoftes
(auch Salz-, aber Bodenschwebstoff) herbeigerufen,
der aus des vertrockneten Grundes der Aralsee
ertragen wird. Die Schlussfolgerung wird rechtfertigt,
erstens von der Abwesenheit in der gegebenen Region
der mesomaf3stablichen Besonderheiten der Landschaft
und der unterlegenden Oberfliche, die das Grund
des Entstehens der lokalen Klimabesonderheiten wie
bekannt sein konnen. Zweitens tibereintrifft das Gebiet
der maximalen Verschmutzung der Atmosphire auf der
Hohe der Kondensation vom Salzschwebstoff mit dem
postaqualen Festland der Aralsee — Siid-Priaralje —
mit dem Gebiet der Besonderheit II vollstindig iiberein.
Und endlich beobachten wir drittens, die Synchronie des
Entstehens und der Verstirkung des Schwebstofffaktors
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mit den in dieser Periode geschehenden Ablenkungen in
Niederschlagsmenge. Also kann man aufgrund der
Synchronie der Ursache-Wirkungs-Ereignisse, des
Raumzusammenfallens und der Abwesenheit anderer
lokaler Faktoren iiber die Existenz und die Einzigkeit
des Faktors der Verschmutzung der Atmosphire vom
Salzschwebstoft sagen. Es kann die Frage entstehen,
warum befindet sich Maximum der Konzentration
nicht im Bezirk der Quelle des Salzhinaustragens
(vertrocknet Grund der Aralsee), und in der so
bedeutenden Entfernung von ihm. In Arbeit [3], aufgrund
der Forschungen der Gesetzmifligkeiten der Ausbreitung
und der Verteilung des Schwebstoftes in der Atmosphire
und der Modelberechnungen war es bekommen, dass
sich mit der Vergroflerung der Héhe Maximum der
Konzentration von der Quelle entfernt. So befindet sich
auf der Hohe der Kondensation (2-4 km) Maximum
der Konzentration des Schwebstoftes in der Entfernung
neben 70 km von der Quelle, d. h. gerade iiber der zweiten
Besonderheit des Ablenkfeldes der Niederschlagsmengen.
Hier geschieht die maximale Kumulation des sulfatischen
Schwebstoftes, dessen Teilchen eine tberwiegende
materielle Substation der Kondensationskerne wie
bekannt sind.

Im Endergebnis kann man die begriindete
Schlussfolgerung ziehen, dass die entstehende als Folge
der Austrocknung der Aralsee neue Erscheinung — das
Hinaustragen der Salze vom getrockneten Grund —
zur lokalen Vergréflerung der Zahl der Niederschlagen
beitragt. Den digitalen Ausdruck des Beitrags des
Salzschwebstoffes kann man auf folgende Weise
herausfithren. Die Einwirkung des geschehenden

Wechsels der Zirkulationsepochen in Mittelasien auf
die Niederschlagsmenge in Priaralje kann man wie ein
Mittelwert der Niederschlagsmenge nach der Region
(5 mm) bewerten, und, es als ein Hintergrundwert der
Ablenkung der Niederschlagsmenge in dieser Region zu
deuten. Die Isolinien der zweiten Besonderheit auf Bild
1 sind 20 mm, das bedeutet, dass der Schwebstoffeffekt
bildet +15 mm, oder 75%. Auf dieselbe Weise kann man
den Beitrag des Faktors der ersten Besonderheit —
die Verkleinerung der Verdunstung und die Beendung des
EingangsdesMeerschwebstoffesindie Atmosphire—wie
—10 mm ausrechnen. Wir werden noch einmal betonen,
dass diese Zahlen den Beitrag des Salzschwebstoffes an
die Verinderungen der Niederschlagsmenge an siid-
Priaralje zwischen den Jahrzehnten 1951-1960 und
1981-1990 charakterisieren.

Eigentlich, dieunentwegte Vergréflerung der Zahl der
dunstigen Tage ist eine stirkere Tendenz der Verinderung
des Klimas Priaralje, als die Vergroflerung der
Niederschlagsmenge [4]. Die zunehmende Zahl der
dunstigen Tage in Priaralje erklart sich neben den
Faktoren der globalen Klimaerwirmung und dem
Wechsel der Umlaufepochen, wie Hintergrund, mit dem
lokalen Faktor — Kumulation des Salzschwebstoffes
tiber dieser Region, verstirkt damit auch, dass der
Abfluss des Schwebstoffes (geschehend vorzugsweise
mit den Niederschlagen) aus der Atmosphire ist weniger
als der Nebenfluss.

Nach Ausweis ist der Schwebstoffeffekt in der
Bewolkung und der Niederschlagsbildung in Priaralje
sehrbedeutend, und bleibt es nur noch zu erraten, warum
wird er in den Klimamodellen so selten berticksichtigt.
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Fleopesnyeckue paboTbl Ha AIMAaTUHCKOM reoANHaMU4YEeCKOM
nonuroHe B Pecnyonuke KasaxcraH

AnnoTanusa: B crarbe paccMOTpeHbI BOIIPOCH OIIPEAEACHHS COBPEMEHHBIX ABIDKEHHI 3MHOM ITOBEPXHOCTHU

BPICOKOTOYHBIMH I'€OAE€3NIECKHMH METOAAMHI Ha TEPPUTOPHU AAMaTHHCKOIO ITPOrHOCTHUIECKOI'O r€OAMHAMHYI€E€CKO-

IO IIOAMrOHA. A\aHa XapaKTepHCTHUKA IPOrHOCTHIECKHX MOAUTOHOB B Pecrrybanke Kasaxcran. ITpuBepeHs! AaHHbBIE

I10 BEPTHUKAADHBIM M TOPU30OHTAADHBIM ABYOKEHMSIM Ha TEPPUTOPHHU ITIOAHT'OHA.

Karouespie caoBa: [eopnHaMuueCKul ITPOrHOCTHIECKUH TIOAUTOH, BHICOKOTOYHOE HUBEAMPOBaHNUeE, BEPTUKAAD-

HbI€ 1 TOPU3OHTAADPHBIE ABMOKECHIL 3eMHOM IIOBEPXHOCTH

MsyyeHne coBpeMeHHBIX ABMDKEHMI 3€MHOM IIO-
BEPXHOCTHU B ceficMuuecKHx obaacTsx aast Kasaxcrana
IPEACTaBASIET 3HAYHTEABHBII HHTEPeC 1 IIPUOOPEAO 0co-
6yI0 BaXXHOCTD B CBSI3U C MU3yYeHHEM 3eMAETPSICEHUI U
NOMCKaMHU X npeaBecTHHKOB. B Kaszaxcrane k ceitcmu-
4eCKU AaKTHBHBIM OTHOCSTCSI OOIINpPHBIE TEPPUTOPHUH.
Yrpose paspymMTeAbHBIX 3eMAETPSACEHUI ITOCTOSHHO
nopBepkeHbl AAMaTHHCKast, Bocrouno-Kasaxcranckas,

JKambpiackas, FOxno-Kaszaxcranckast 06AacTH ¥ TOpoa
AAMaThbL

Vx BpICOKasi CeliCMUYHOCTD, HAAUYHE Pa3pPhIBHBIX
HapyIIeHHI CpeAHe- U MO3AHeYeTBePTUYHBIX Teppac,
BBIXOABI Ha ITOBEPXHOCTb TEPMUHAABHBIX HCTOYHHKOB
CBUAETEAbCTBYIOT O TOM, YTO PacCMAaTpPHBAeMblil paiiOH
HAXOAUTCS B 30HE HHTEHCHBHOTO TeKTOHMYECKOTO pas-
Butus [1,17].
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IIporHo3 3eMAeTpsICEHUIT 3aHIMAaeT BAKHOE MECTO
CPeAH FeOAOrO-Tre0PH3IIeCKUX IPOOAEM M CAATAETCS U3
IIPEACKA3aHUS MECTa, BpEMEHH, CHABI OKMAEMOTO TOAUKA,
a TAKKe OIIPeAEAEHNUSI er0 XapaKTepa U IIOCACACTBUI Ha
3EMHYIO II0BEPXHOCTD. [Ipr 9TOM IIPeABECTHUKOM 3eMAe-
TPSICEHUSI HA3bIBAIOT AHOMAAbHbIE N3MEHEeHs reopuside-
CKIIX [IOA€T1, B TOM YHCAE U [IOASI T€0AE3HYECKIIX ITYHKTOB.

BricokoTOUHBIE Te0Ae3NYeCKUEe H3MEPEHNUS [I03BO-
ASIIOT C BBICOKOY TOYHOCTBIO U YaCTOTOM OIIpoca Ipo-
BOAUTH [IOBTOPHBIE HAOAIOACHUS 32 MECTOIIOAOXKEHHUEM
ITyHKTOB [TAQHOBBIX M BBICOTHBIX CETell, KOAMYECTBEHHYIO
06paboTKy 1 aHAAM3 HAKOIIAEHHBIX AQHHBIX. [eope3n-
Yeckue paboThI Ha TEOAMHAMIYECKUX [IOAUTOHAX — 9TO
YaCTh KOMIIAEKCA [€OAE3MYECKUX, TeOPU3NIECKIX HC-
cAepOBaHMIL VIX 1jeAb — IOAyYeHHe KOAMYeCTBEHHbIX

XapPaKTePUCTUK CTAOHABHOCTU B3aHMHOTO IIOAOXKEHHSI
TOYeK 3eMHOM IOBEPXHOCTH BO BpeMeHH.

AAs u3ydeHMsS COBpPEeMEeHHbIX ABM)KEHHH 3eMHOM
nosepxuoctu (CA3IL), mpeABeCTHUKOB KPYTIHBIX 3eM-
AeTPSICeHUIT M yCOBEePIIeHCTBOBAHUS METOAMKHU Ha0ATO-
aennit CA3IT na Teppuropun Pecriybanku Kasaxcran
CO3AaH PSIA MPOTHOCTHYECKUX F€OAMHAMUYeCKHX TIOAH-
rouos (Taba. 1) [2,243].

B coBpeMeHHbIX pabOTax IO IMPOTHO3Y 3eMAETpsI-
CEeHUH ITHPOKO UCITOAB3YIOTCSI METOABI BHICOKOTOYHOI'O
HuBeAuposaHus [ u Il kaaccos, BHICOKOTOUHbIE CHCTEMBI
rao6aapHoro nosunuonuposanusi GPS u'AOHACC, a
TaKOKe IOSABUBIIASCS Uy Th I103Ke CITy THUKOBAs papapHast
unteppepomerpust (InSAR — Interferometric Synthetic
Aperture Radar).

Tabnuua 1. — XapakTepucTunka nporHoCTUYecKknx NonMroHoB B Pecnybnuke KasaxcrtaH

Haszsanue Top (b1) cospa- basosbie reopesmyeckre METOADI
PacniorosxeHue nmoaurona
IIOAMTOHA HMS IOAUTOHA reOAMHAaMHUY€eCKOTO MOHHTOPUHIA
. AUHEHHO-YTAOBAs CeTh, IOBTOPHOE
AAmaruHCKHIT U ’ P
(Maasrii) 1971-1972 rr. I. AAMaTBI U IPUTOPOABI BBICOKOTOYHOE HUBEAUPOBaHHE,
aABIT
GPS- HabarOACHUS
I . B SIUIIEHTPAABHON 30He YMAMK- | AMHeHHas CeTb, HOBTOPHOE BBICOKO-
eAeKCKUI
B 1973 . CKOTO 3eMAeTpsiceHus, B 125 km ToyHOe HuBeAupoBanue, GPS- Ha-
(Aarabaccxuit)
OT I. AAMAaThI OAIOACHUA
. Taarapckuit moauros MIHCTUTYTa | ITOBTOPHOE BRICOKOTOYHOE HHBEAH-
Taarapckuit 1978 r.
¢usuxu 3emay, r. Taarap poBaHue
r. Tapas u npuropoast. Yacts myH- .
. AVHEeHas CeTb, IOBTOPHOE BbICOKO-
JKam6p1ackmit 2004 . KTOB IIOAUTOHA Ha TEPPUTOPUHN
TOYHOE HUBEAMPOBaHME
Pecrry6anxu Ksipreicran
B STIUIIEHTPAABHOM 30He 3akicaH-
. . IIOBTOPHOE BBICOKOTOYHOE HUBEAH-
3aricaHCKuM 2006 . CKOTO 3eMACTPSICeHHS, B 22 KM
poBaHue
or noc. Bakacy

Huseaupnas cets I u Il xaaccos Ha reopnHammde-
CKHX IIOAMTOHAX ITPEAHA3HAYAETCS AASI H3yJeHHs COBpe-
MEHHBIX BEPTUKAADHBIX ABOKEHUI 3€MHOM IIOBEPXHO-
ctu (CBA3II), moucka npeABeCTHUKOB 3eMACTPSICEHHUI],
BBISIBACHHSI AKTUBHBIX [IOBEPXHOCTEN 1 TAyOUHHBIX pas-
AOMOB, HanbOAee aKTUBHBIX YYACTKOB TEKTOHUYECKOTO
CTpoeHus 3eMHOH KOpbl. COBpeMeHHbIe TOPH30HTAAD-
Hble Aepopmaun 3emHoi nosepxaoctu (CTA3IT) us-
y4aeMOH TeppPUTOPUH OTIPEAEASIOTCS HA OCHOBE aHAAM32
$HKCHPYEMbIX TOYHBIMU M3MePEeHUIMH U3MEeHEeHHUH OT-
AEABHBIX JAEMEHTOB I€OAE3UYECKHX CeTeH, IPOHCXO-
ASIIITAX B IIPOMEXYTKAaX BpeMEHH MeXXAY IIOBTOPHBIMHU
nukaamu Habaopenuit. CIASIT usyyaror MeToaoM AM-
HEMHOM, YTAOBOX AV AMHEMHO-YTAOBOM TPUAHT YASIIUH,
a raxoxke GPS-nabaropernsamu [3, 113].

Topoa AAMaTBI pacIioAO>KeH B CeHICMOAKTHBHOI 30He
LlenTpaapHOIl A3UH C BO3MOXHBIM IIPOSIBACHHEM 3€M-

AeTpSCeHUs MATHUTYAO# 8 1 60Aee 6arr0B (MHTEHCUB-
HOCTb 10 62AA0B). 32 CTO C HEGOABIINM AET 3A€Ch TIPOH-
30IIAO OKOAO AECSITH Pa3PYIINTEAbHBIX 3eMAETPSICEHHI,
ABa U3 KOTOPHIX - Ynankckoe 1889 r. u Kemunckoe 1911
I. IMEAV MarHUTYAY 60Aee 8 6aAAOB U BOIIAM B PaHT MHU-
POBBIX ceficMmaecKux KaracTpod [4, 23-28]. B mpeaenax
TOPOACKOI YePTHI BBISIBACHO IIATh TEKTOHHIECKUX Pas-
AOMOB, 3aA€TAOIIMX Ha TAyOHHe A0 1,2 THICSY METPOB U
OXBATHIBAIOLIUX IIPAKTUYECKHU BCIO TEPPHUTOPHUIO TOPOAA.

AaHHbBIE MHOTOAETHHX HCCA€AOBAHHI TOKA3BIBAIOT,
4TO CeMCMUYECKasi aKTUBHOCTb Ha TEPPUTOPHU TOPOAA
AAMaTBI 0CTaeTCsI MOBBIIIEHHOM, YTO TpebyeT MOCTOsH-
HOTO MOHHTOPHHIA Te0A€3UYeCKUX AAHHBIX, II03BOASIIO-
IIMX M3y4aTh IIPEABECTHUKY 3eMAeTpsiCeHuiL. B cBsisu ¢
aTuM ¢ 1968 ropa HagaAKCH IjeAeHAIIPAaBACHHbIE T€OAE3H-
JeCKIe NCCACAOBAHIS C [IEABIO [IOMCKOB IIPEABECTHHUKOB
H IIPOrHO3a 3eMAeTpsiceHnit. Co3paHa 9KCIIEPUMEHTAAD-

46



Geodesic researches at Alimaty geodynamic polygon in the Republic of Kazakhstan

Has 6a3a (Maaoro) AAMaTHHCKOTO FeOAMHAMUYECKOTO
MPOTHOCTUYECKOrO IIOAMIOHA, TEPPUTOPHAABHO CO-
BIIAAQIOIETO C TOPOAOM AAMATBI, M PACIIOAOXKEHHOTO Ha
LIAPHUPHOM COYAeHEHNH HAOKOB HU3KOTOPbsI CEBEPHOTO
CKAOHA Xpe6Ta 3auAniCKuil AAaTay ¢ OAHOM CTOPOHBI
" rAy60K0171 AAMaTHHCKOM BIIAAMHBI C ADYTOM CTOPOHBI.

Ha noaurone npoBopsTCs AeTaAbHbIE, B IPOCTPaH-
CTBEHHO-BpeMEHHOM MacIITabe, HCCAEAOBAHUS COBpe-
MEHHBIX TOPU30HTAABHBIX U BEPTUKAABHBIX ABH)KEHUM
3eMHOM IOBEPXHOCTH C IIEAbI0 U3ydEeHHs XapaKTepa ee
AePpOPMHPOBAHUS B CBS3H C IOATOTOBKOM M peaAu3aliu-
el cefiCMMYEeCKUX COOBITHUIL.

Basxneimmii pe3yAbTaT, IOAYYeHHbIN Ha IIOAUTOHE,
CBA3aH C CYIeCTBOBAaHHEM KOPOTKOIEPHUOAHDIX (OT

CYTOK AO TOAQ) BHICOKOAMIIAMTYAHBIX aHOMAAML Bep-
TukaabHOM (A0 3-S5 MM) 1 ropu3oHTaAbHOI (0T +6 MM
AO —8 MM) COCTaBASIIOIIUX ABMKEHMIT Ha IIpearoprom
parioxe. [5,18]. BoraBaeHHBIE OCOOEHHOCTH COBpeMeH-
HBIX BEPTHUKAABHBIX ABHKEHHH 3eMHOM IIOBEPXHOCTH
3aKAIOYAIOTCS B MX KOAeOaTeAbHOM XapaKkTepe C IepH-
OAOM B HECKOABKO A€T M AOCTQTOYHO BBICOKHMX CKOPO-
CTAX CMelleHU . 30HBI AKTHBHBIX Pa3AOMOB SIBASIOTCS
OCHOBHBIMU MHAMKATOpPaMU IIPOSBA€HHS COBPEMEHHBIX
BEePTHKAABHBIX U TOPU3OHTAABHBIX ABH)KEHUH 3eMHOM
IIOBEPXHOCTH.

B nepuoa ¢ 1967 o 1971 roabl Ha TeppUTOPHH I1O-
AWTOHA OBIAA CO3AAHA AMHENHO-YTAOBAs CETb IO IPO-
rpamme 1 kaacca, B COOTBETCTBUH C PUCYHKOM 1.

YenoeHHe OBOSHOUSHHA!

A = MYHKT TRUAHTYAAULWM
—_— = PO3A0ME

PucyHok 1. Cxema TpMaHrynsumMoHHOM CETU

ABa reoae3nuyeCKUX 9eTHIPeXyTOABHUKA CETH PacIo-
AOKEHBI B OTIMI}eHTPaAbHO 30He Beprerckoro (1887r.)
3eMAeTpsiceHrs1. B HacToslee BpeMs B CHCTeMY HabOAIO-
AAQTeABHBIX ITyHKTOB Ha AAMaTHHCKOM I'€ OAHAMHYECKOM
MTOAUTOHE BXOAAT U cTaHnuu GPS HabaropeHmit. Boimoa-
HeHO OKOAO S0 HMKAOB HabAopeHHit. CIIyTHHKOBBIE
OIIpeACASHHS IO IIPOrpaMMe CTaTHYECKUX H3MePeHUI
Ha TTOAMTOHe HadaAuch ¢ 2004 r. mpuemankamu GPS-
1200. OpHOBpeMeHHO BeANCh AUHEHHbIe H3MEepPeHH B
CeTH TPUAHTYASIITHU 1 KAacca cBeTopaabHOMepoM Awc-
toMmaT DI 3000S ¢ AazepHBIM H3AyIaTeAEM.

Kom0OuHIpOBaHYe TPAAUIIMOHHbIX HA3€MHBIX H CITYT-
HHUKOBBIX U3MEPEHHI TI03BOASET AOCTATOYHO YCIIENTHO
pelIaTh 3aAa49U ONPEAEACHHS COBPEMEHHBIX ABIDKEHHI
semuoit nosepxuoctu (CA3IT).

AHaAW3 3HAYeHUI Pa3HOCTE HAKAOHHBIX AAABHO-
CTel, UI3MEPEHHbIX MEXAY ITYHKTAMU AMHENHO-YTAOBOM
CeTH, yKa3bIBaeT Ha MIPOLeCC TOPU3OHTAABHOTO COKATHS
TePPUTOPUH CO CKOPOCThIO —0,4 MM/TOA.

B mpeaeaax Aamarunckoro IAIT mHaumnas ¢ 1968
—1971 rr. Bemoanen S1 nuka HuBeAupoBanus 1 u II
KAAQCCOB HAOAIOAEHUIT 32 BEPTUKAABHBIMU ABIDKEHUSIMU
3eMHOM KOPbI Ha S MPOQHUASIX MOAMTOHA U Ha 3 TpOdu-
AsIX AAMAaTHHCKOTO CeHCMOAKTHUBHOTO PaliOHA, B COOT-
BeTCTBHUU C PUCYHKOM 2.

ITo pesyabraTam nmoBTOpHOrO HHUBeAHpoBaHust 2013
rOAQ MOXXHO 3aKAIOYHTD, YTO BEPTUKAABHbIE ABYDKECHI He-
3HAYMTEABHBI, T.K. HI3MEHEeHHs IIPEeBbIIeHUH 110 TPOPUASIM
UMEIOT aMIAMTYAY OT —19.0 A0 = +4.4 MM B roa 1 He TIpe-
BBIIIAIOT BO3MOXKHBIX HAKOIIAEHHI OLIMOOK U3MepeHHII.
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VsmeHenus mpeBbIlIeHHI TI0 Pe3yAbTaTaM HHBEAM-
poBanus I kaacca ceficMoakTHBHOTO paitoHa ¢ 2012 mo
2013 rop cocraBuau: Ha AamaTbl-TaArapckom npoduae
— £2,1 MM, Ha AkcaiickoM — +11,7 MM, Ha Taarapckom —
+6,7 MM.

W3 BpImIe cka3aHHOTO MOXKHO CAGAATh CAEAYIOIue
BBIBOADI:

— MBoroxparHple HUBEAMPOBKH ITO3BOAUAU BbI-
SABUTDb He TOABKO IMPOCTPAaHCTBEHHBIE, HO, M AAS PSIAQ
Y4aCTKOB, BpeMeHHbIe 0COOEHHOCTH PaCIpeAeAeHHs
COBpEMEHHBIX BePTUKAAbHBIX ABUKEHUHN 3eMHOM I10-
BEPXHOCTH.

- Ha nporspkeHnn Bcero BpeMeHH HAaOAIOACHUI,
ABVDKEHUS 36MHOM IIOBEPXHOCTH HOCST 3HAKOIIepeMeH-
HbIi XapakTep. CMeHa 3HaKa ABMDKEHUH MPUypOYeHa K
MOMEHTaM, IPeAIIeCTBOBABIINM CEHCMHYECKHM COObI-
tusam B CeeproM-Tsup- Illane (c MarauTypo0it Goaee 4
6aAAOB), HAH K MOMEHTAM, [I0CAEAOBABIIHM 32 3€MAETPS-
CEeHMAMM, AU HOCSAT CAYYalHbIN XapaKTep.

— Ilo pesyabTaTaM IOBTOPHOIO HUBEAMPOBAHMS
MO>XHO 3aKAIOYHTb, YTO BEPTUKAAbHbIE ABHDKEHUS He3Ha-
YUTEABHBI, T.K. U3MEHEHH ITPEBbIIIeHHI 10 TPOPUASIM
UMEIOT aMIAUTYAY OT —19.0 A0 = +4.4 MM B roA 1 He ITpe-
BBIIIAIOT BO3MOKHBIX HAKOIIAGHHI OIIMOOK N3MepeHHIL.
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Ucnonb3oBaHue BHewHero DSL ANTLR pns pa3dpaboTkm nporpaMmMHOro
obGecneyeHus NOCTPoOeHns GJI0K-CXeM No rnceBaokKkony

AHHOTaI.II/IH: B cratpe PaCcCMOTPEHDI A3bIK OIIMCAHIS AATOPHUTMA Ha IICEBAOKOAE M pe€aAn3ald TEXHOAOI'HH pa3-

PabOTKHU IIPOrPaMMHOIO IIPOAYKTA AASI TeHepaliiy OAOK-CXeMbl Ha 0a3e BHEIIHETO IPeAMETHO-OPHEHTHPOBAHHOTO
aspika (DSL) ANTLR.
KaroueBbie cA0OBa: 6AOK-CXeMa, IPeAMETHO-OPHEHTHPOBAHHBIM S3bIK, IPOrpaMMHOe obecIieyeHHe.

AAﬂ OIIMCAHHA AATOPHUTMOB YaCTO HMCIIOAB3YETCA 6bIAO PENIEHO B34ATDh 3a OCHOBY €I0 'paMMAaTHKY, HEMHO-

CeBAOKOA. [AaBHAsI IjeAb HCIIOAB30BAHISI IICEBAOKO- IO MOAUQHUIIMPOBAB U MPUOAM3UB elfe HOAbIIE K ecTe-
A2 — obecreyuTp IIOHUMAHHE AATOPUTMA YEAOBEKOM,  CTBEHHOMY SI3BIKY.
CA€AATDb OIMCaHHe OOoAee BOCIIPHHUMAEMbIM, €M HC- Ornucanne mnceBpokopa B popme baxyca-Haypa

XOAHBIN KOA Ha f3bIKe IPOTPaMMHUPOBAHHUS, IIO3TOMY (BHO®) [4]:
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<AATOPUTM>::= AATOPUTM <TeKCT Ha3BaHHUS AATO-
puT™Ma>

Hawaao

<Teao aaropurma>

Komnern

<Teao aaropurma>:: = <DBaok BBopa><baok
omneparopos><baok BriBopa>

<baok BBopa>::= BBop <TekcT>,

<baok BeiBOpa>::=BrIBOA <TEKCT>,

<Baox OIIepaTOpPOB>::= <Omneparop>|
<Omneparop><baok oneparopos>

<Omeparop>::= <Omneparop ycaosus>|<Omneparop

numkAa  C  mpepycaoBuem>|<Omepartop  mmKAa
c mocrycaoBuem> |<Baok>

<Baok>::=<TekcT 6A0Ka>,

<Omneparop ycaosus>::=Ecau <ycaoBue>

Torpa<baox>HMuaue<baox> |

Ecan <ycaosue> rorpa<baox>

<Omneparop UKAQA C IPEAYCAOBHEM>::=TI0Ka <yCAO-
BHE> AEAATh

<TEAO ITUKAA>

<OmnepaTop IMKAA C IOCTYCAOBHEM > :: =AEAATb<TEAO
IJUKAQ>TIOKa <yCAOBHe>

IIpumep aaropurma:

aaroput™ EBkanaa

Havaao

Beopan6
ecAH a 6oable 6 Toraa
HMHave
MeHseM MecTaMHU a 1 6,
noka 6 He 0 poeaathb
HavaA0
a=amod 6,
MeHseM MecTaMHU a 1 6,
KOHeI|
Brisoa a,

Komnern

AAS pa3paboOTaHHOTO sI3bIKA OBIAK CO3AAHBI CHHTAK-
CHYeCKUH 1 AeKCHIeCKHH aHAAM3ATOPbI C UCIIOAB30BAHH-
em 6ubanorexu ANTLR (ANother Tool for Language
Recognition) [1], mpeacTaBasomeit co60it reHeparop
6AOKOB AEKCUYECKOTO M CHHTAKCUYECKOTO aHAAM3a Ha OA-
HOM M3 I1eAeBbIX A3bIKOB porpammuposanus (C++, Java,
C#, Python, Ruby) nio onucanmio LL (*) — rpammaruku
Ha s3bIKe, 0An3koM Kk BHO.

CunTakcnyeckuit LL-aHaAm3aTrop 9TO HHCXOAS-
U CHHTAaKCHYECKUH aHAAM3AaTOP AAS IOAMHOXXECTBA
KOHTEKCTHO-CBOOOAHBIX IPAMMATHK, KOTOPbIN aHAAU-
3UpyeT BXOAHOM IIOTOK CA€BA HAIPaBO, U CTPOHUT Ae-
BBIA BBIBOA IpaMMaTHKH. LL-aHaAM3aTOp Ha3bIBaeTCs

LL (k)-aHaAI/IsaTOpOM, €CAU jy UCIIOAB3YET IPOCMOTP
Briepep Ha k AexceM npu pasbope BxopHoro moroka. LL-
anaausarop HasbiBaercst LL (*)-anaausaropom, ecan Het
crpororo orpanndenus yf Beananny k, 1 aHaausatop mo-
XKeT PAaCIIO3HABATD SI3bIK, €CAM AEKCEMBI TPHHAAASKAT Ka-

KOMy-AH60 PeryAapHoMy MHOXXECTBY [3]
Anroputi: EBknuaa

Haudano
!

Beopawnb

@HL

I MEHAEM MECTAMHU a KM B

@

a=amod 6

!

MEHASM MECTAMW 3 1 B

]

[ =/
'

KoHey,

PucyHok 1 — Bnok-cxema, creHeprpoBaHHas
nporpamMmMon
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ANTLR 4 nmpeobpasyeT KOHTEKCTHO-CBOOOAHYIO
rpammaruxy LL (k) B Buae pacumpennoit BH® B mipo-
rpaMMy Ha sI3bIKe Java.

AAsi TOCTpOeHuUSI GAOK-CXeMbI OBIAM HCIIOAB30BAHBI
OCHOBHBIE ITAPAAUTMBI 0O'BEKTHO-OPHEHTHPOBAHHOIO
mporpaMMupoBaHus. Bo BHyTpeHHeM IpeACTaBACHUH
KQKAQsl CHHTAKCHYECKasl KOHCTPYKIJHSL SIBASIETCSI OT-
AEABHBIM KAQCCOM, KOTOPBIN MOXET BKAIOYATh B cebe
Apyrue KOHCTpyKumu-kaaccosl. KopHem aepeBa kaac-
COB SIBASIETCSI OOBEKT-AATOPHUTM, KOTOPBIN BKAKOYAET
B cebe Bce ocTaAbHbIe OAOKU. AASI TpadHIECKOro OTO-

OpaxxeHHsT GAOK-CXeMbl OBIAA HCIIOAB30BAaHA OHOAKO-
Teka jgraphx, pacrpocrpanstomasics mo Aurensuu bsd
¥ [I03BOASIIOIIIAsI PEAAU30BaTh TpeOyeMble reoMeTpHIe-
ckue $urypsi [2].

ATpubyTHbBIe IPAMMATHKU — PaCIIHpeHIe KOHTeK-
CTHO-CBOOOAHBIX IPaMMATHK, [TO3BOASIIOIIee CBSI3aTh
C KQXXABIM CHMBOAOM TPaMMATHKU HaboOp aTpulOyTOB,
OIMCHIBAIOLIHX ACHCTBUSI, FeHEPUPYIOLIKE OTOOpaXKeHIe
rpadpuueCKUX IPUMUTHUBOB OAOK-CXEMBIL.

PesyabTar 06paboTKM AaATOpHTMA DBKAMAQ IIOKA3AH
Ha puc. 1.

CnHCOK AHTepaTypbI:

1. Oduunaanmsiii caiit ANTLR [ aexrponnsiii pecypc] http://www.antlr.org/
Busyaausarus rpados Ha JAVA [ Oaexrponnsiit pecypc] http://habrahabr.ru/sandbox/24540/
3. ®omuues B. C. DopmabHbIe A3bIKM, PAMMATUKH M aBTOMATHL | DAeKTPOHHBIN pecypc): http://ofim.oscsbras.

ru/~eugene/docums/formallang/Fomichev/

4. Kpunxwuit C.I1. TpaHCASILIMSA A3bIKOB IPOTPAaMMUPOBAHHS: CHHTAKCHC, CEMAHTHKA, IEPEBOA. | DAEKTPOHHBII pe-
cypc] http://www.chernyshov.com/SPPO_S/TAL_SSP/index.html
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Abstract: Es ist vorgefiihrt, dass die entwickelten Softwareprodukte «<MWWR > und das System der automa-
tisierten Synthese der Simulationsmodelle SIM-UML mit der minimalen Kapazitit der Zeit und der Ressourcen des
Benutzers, die Teilmenge der bessere Ein-, Zwei- und Dreifaktorenmodelle bilden zulassen, die Schnellbewertung
des Einflusses der Struktur der Beziehungsgleichung und der Fehler der Messung der in des Modells aufgenommenen

Faktoren auf den Fehlerbetrag der Responsefunktion der Regressionsmodelle zu erfiillen.

Keywords: Methode aller méglichen Regression, Beziehungsgleichung, Fehler der Responsefunktion, Entwick-

lung von Simulationsmodellen, Fehler der Messung der Faktoren.

Aufgabenstellung. Eine Hauptcharakteristik der
Konsumqualitit der verwendete Regressionsmodelle
wie bekannt ist der Fehlerbetrag der Responsefunktion. In
[1; 2] ist es vorgefiihrt, dass sich je nach dem Bestand
der ins Modell aufgenommenen Faktoren und der
Struktur der Beziehungsgleichung, der Fehlerbetrag
der Responsefunktion in genug breiten Grenzen
dndert. Deshalb ist es fiir die optimale Auswahl der
besten Beziehungsgleichung wiinschenswert, manche
konkurrierende Modelle zu haben, die sich die Strukturen
und der Bestinde der aufgenommenen Faktoren
unterscheiden. Aber, es fragt sich, wie solche Gruppe der
Konkurrenten — etwas vergleichbar nach den statistischen
Kriterien der Regressionsmodelle zu bekommen?

Wir denken, dass die einfachste Weise des Erhaltens
der konkurrierenden Regrissionsmodelle die Nutzung
der Methode aller méglichen Regression (MWWR)
ist. Jedoch schlielen weitem nicht alle statistische
Pakete und die bekannten Birosoftwareprodukte
(SWP), einschlieflich der breit verbreiteten
elektronischen Tabelle MS Excel, das Modul MWWR
ein. Und dieser Umstand erschwert das Erhalten der
Regrissionsmodelle mit dem minimalen Fehler der
Responsefunktion. Wirklich, bei der Konstruktion der
Beziehungsgleichungen im MS Excel Umgebung unter
Ausnutzung des existierenden Moduls ,Regression” im
Block ,Datenvergleich® ist es in der Regel unmdoglich,
die begrenzte Teilmenge der bestimmenden Faktoren
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(bei der groflen Zahl der untereinander verbundenen
Bewerber) zu wihlen. Doch kann in MS Excel der Prozess
der Loschung der Faktoren mit den statistisch nicht
bedeutsamen Koefhzienten den Iterativcharakter —
der Faktor, der nicht bedeutsam auf den i-Schrittakt ist,
kann bedeutsam auf den (i+1)-Shrittakt sein, usw.
Und solcher Interativprozess der EinschlieSung und
der Loschung der unabhingigen Variablen kann noch
so lange dauern. Deshalb ist bei uns (zusammen
mit Vyacheslav Denisenko und Daniil Korotin) fiir
die elektronische Tabelle MS Excel das VBA-Modul
«MWWR>, ausgerichtet auf die Anwendung der
Methode aller moglichen Regression realisiert.

Die Charakteristik der Gebrauchseigenschaft
des Moduls «<MWWR>. Einer der wichtigsten
Charakteristiken der Gebrauchseigenschaft der
statistischen Pakete, die fiir die Konstruktion
der Modelle nach der Methode aller moglichen
Regression vorbestimmt sind, ist die Zeit der Berechnung
aller Gruppen der Ein-, Zwei- und Dreifaktorenmodelle
(groBere sind selten genug) mit der Ausgabe nach jeder
Gruppe einiger Besten nach den statistischen Kriterien
(R?* F,_) Regressionsmodelle (siehe, zum Beispiel, [3]).

Die Kontrolle der Charakteristiken der
Gebrauchseigenschaft des Moduls <MWWR » ist bei der
Zahl der Faktoren <40, die Zahl der Beobachtungen im
Umfang von 15 bis zu 120 und den Umfang des
Arbeitsspeichers des Computersin den Grenzen von 2 bis
zu 16 Gigabyte verwirklicht. Und diese drei aufgezahlten
Faktoren sind in die Beziehungsgleichung fir die
Prognostizierung der Kapazitit der Zeit des Benutzers auf
das Erhalten der Besten nach den statistischen Kriterien
Ein-, Zwei- und Dreifaktorenmodelle aufgenommen.
Die aufgebaute Angleichung erlaubt tatsichlich adiquat
die Hauptcharakteristik der Gebrauchseigenschaft des
Programmsystems « MWWR» — der Kapazitit der Zeit
des Benutzers auf die Ausfithrung der Berechnung aller
moglichen Regression vorherzusagen.

Es kam heraus, dass bei 40 Faktoren,
120 Beobachtungen und 2 Gigabyte des Arbeitsspeichers
die Zeit der Berechnung fiir das Erhalten der besten der
Ein-, Zwei- und Dreifaktoren- Beziehungsgleichungen
(dem Benutzer wird auf drei besten Modelle aus jeder
Gruppe ausgegeben) 10 Minuten darunterbleibt. Wenn
die Zahl der Faktoren <20, die Zahl der Beobachtungen
<40, und den Umfang des Arbeitsspeichers >2 Gigabyte,
so die Kapazitit der Zeit des Benutzers weniger
1 Minuten ist.

Uber die angewandte Niitzlichkeit des Moduls
«MWWR . Wie es in [1] bemerkt wird, kommt es oft

heraus, dass der Bestand der unabhingigen Variablen
und die Struktur der Angleichung des Riickschritts
bei einigen Varianten der Regressionsmodelle einer
Bestimmung wesentlich unterschieden werden,
und sind die Bedeutungen des Koeffizienten der
Determination R? und F, -Kriteriums genug nah.
Deshalb ist es ganz nicht einfach, die optimale Auswahl
des besten Modells zu realisieren und der Einfluss der
Fehler der unabhingigen Variablen auf die statistischen
Charakteristiken der Responsefunktion zu bewerten.
Wobei, bei der nichtlinearen Struktur der Varianten der
Beziehungsgleichung und verschiedener Genauigkeit
der Messung der unabhingigen Variablen die korrekte
Auswahl des Modells, das den minimalen Fehler der
Responsefunktion hat, den analytischen Methoden
zu verwirklichen es ist unmoglich.

In solcher Situation die einzige und alleine
annehmbare Prozedur fir die Realisierung der
optimalen Auswahl der Variante der Regressionsmodelle
(nach dem Kriterium Minimums des mittleres
Fehlerquadrates der Responsefunktion oder nach dem
Kriterium Minimums der Variation der Kennziffer
der Responsefunktion) ist die Entwicklung von
Simulationsmodellen. Als Instrumentalmittel fiir ihre
Realisierung kann man das System SIM-UML, die
auf die Integration der Visuellmodellierung und
die Entwicklung von Simulationsmodellen bei
der Schnellbewertung ausgerichtet sind und der
Minimierung der Ressourcenintensitit der Prozesse
auf verschiedenen gegenstindlichen Gebieten und
zulassend im automatisierten Regime verwenden,
das Simulationsmodelle zu bauen. Die Synthese des
Programmbkodes des Simulationsmodelles verwirklich
t sich differenziert aufgrund der gebildeten konkreten
Gesamtheitdervisuellenund quantitativen Komponenten.

Das Beispiel der Berechnung. Die Besonderheiten
des angebotenen Herangehens an die Minimierung
des Responsefunktions bei der Konstruktion der
Beziehungsgleichung unter Ausnutzung des entwickelten
Moduls «MWWR>» werden wir auf dem Beispiel
erklaren, das mit der Losung der realen angewandten
Aufgabe verbunden ist. Nehmen wir dazu die Arbeit [4],in
derauch die realen Ausgangsinformationen, und aufgebaut
aufihrer Grundlage das Regressionsmodell vorgestellt sind.
Der Autor des Artikels baut die Beziehungsgleichung fiir
die Beschreibung der Dynamik des zusammengestellten
Dollarindexes Standard&Poor’s. Nach Meinung des
Autors, die Orientierung auf den Dollarindexlasst zu, den
Einfluss auf die Dynamik des Indexes der inflationdren
Prozesse zu eliminieren. Als Ausgangsinformationen
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sind die offenen Daten des Russischen Handelssystems
und Interfax verwendet. Die Bedeutungen des Indexes
sind nach den Monaten im Laufe seit Januar 1996 bis
Dezember 1998 (prozentual bis zum Dezember 1995)
genommen. In den Bestand der unabhingigen Variablen
L.S. Uljanows hat den folgenden Indexen aufgenommen:
der Index der Produktion der industriellen Produktion,
charakterisierend die Verinderung ihres physischen
Umfanges im Vergleich zum Basismonat; der Index
formiert sich aufgrund der Daten tiber die Veranderung
des Produktionsausstofles im natiirlichen Ausdruck mit
der nachfolgenden stufenweisen Aggregatbildung in
die Industriegruppe und das Industriezweige weiter in
dieIndustrieinsgesamt; dieser Indexhingtvon der Inflation
nicht ab; der Index der Verinderung im Vergleich zum
Basismonatdes Verhiltnisseszwischen der Kreditoren-und
Debitorenverschuldung der industriellen Unternehmen;
der Index der Verinderung des Verhiltnisses zwischen
den Kosten und den Einkiinften des foderalen
Haushalts; der Index der Verinderung des Verhiltnisses
zwischen der staatlichen Inlandsverschuldung und
den Monatseinkommen des foderalen Haushalts;
der Index der Verinderung des Verhiltnisses zwischen
dem Warenexport aus Russland und ihrem Import zu
Russland; die Beziehung des Satzes der Refinanzierung
der Zentralen Bank Russlands am Anfang des laufenden
Monats zu ihrem Niveau Anfang Dezember 1995;
Der Index der Verbraucherpreise seit dem Anfang des
laufenden Monats in Bezug auf den Anfang des Dezember
1995 u.a.

Aufgebaut in [4] Beziehungsgleichung enthalt
sechs Faktoren und erklirt die allgemeine Streuung
auf 85% (R*=0.85). Jedoch es wie in [4] bemerkt wird,
die Wirtschaftsinterpretation des gebildeten Modells ist
erschwert, die Zahl der unabhingigen ins Modell aufg
enommenen Variablen ist viel zu grof3, und die Pline
der Reste zeugen davon, dass das aufgebaute lineare
Regressionsmodell nicht die Verinderung der Grofle
des zusammengestellten Fondsindexes vollkommen
adaquat widerspiegelt. Der Versuch, die Dynamik des
Fondsindexes mit der exponentiellen Funktion nur
unbedeutend zu approximieren hat R? vergroflert, aber
dabei wurde das Modell noch weniger brauchbar und
tir die inhaltsreiche Analyse, und fir die praktische
Anwendung, da bei der Approximation mit dem
Exponenten, aufler den Unbequemlichkeiten, die mit
den Rechenoperationen verbunden sind, der Einfluss der
Fehler der unabhingigen Variablen auf die Genauigkeit der
Prognose der Responsefunktion heftig wichst (es nimmt
der Fehler der Prognose zu).

Die Analyse des Inhalts [4] und der Dynamik
desIndexesStandard&Poor’shatunszur Schlussfolgerung
tber die Moglichkeit gebracht, die statistischen
Charakteristiken der vorgestellten Regressionsmodelle
zu verbessern, das Modul < MWWR > ausgenutzt und
der Bestand der Faktoren optimalisierend.

Die Berechnung nach der Methode aller moglichen
Regression hat unter Ausnutzung des Moduls
«MWWR> zugelassen, die folgenden Ergebnisse zu
bekommen (siehe die Tabelle 1).

Tabelle 1. — Die Ergebnisse der Berechnung unter Ausnutzung des Moduls «MWWR»

Koeffizient der Determination R? F-Kriterium Eingenommene Faktoren
0.53 34.21 X6
0.22 8.77 X1
0.19 7.09 X2
0.64 25.90 X1, X6
0.64 25.84 XS, X6
0.58 20.30 X1,X2
0.72 24.11 X1, XS, X6
0.67 19.16 X1, X2, X6
0.62 1821 X1, X4, X6

Referenz:
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Metallurgical experiments in space conditions

Abstract: The outer appearance of metallurgical technologies and equipment is inseparably linked with
development of welding technologies. The priority in the creation and development of a new branch of metallurgy

» «

belongs to Paton Electric Welding Institute. In 1970-1980 on space stations “Salyut-6”, “Salyut-7” and “Mir” were
melted composite materials, metal alloys, heat-resistant foams, semiconductors and other materials with new

properties.
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Since the second half of the twentieth century require-
ments of scientific — technical progress to the materials,
including metal began to rise rapidly. Terms of vehicles
reached new generations extreme values, create entirely
new types of technology, such as nuclear power, micro-
electronics, etc. There was a need for materials with un-
usual properties. Materials constituted reliable scientific
basis for the creation of new materials. But it was a dream
to try to examine the processes of manufacturing mate-
rials in unusual conditions of weightlessness. The first
process, which can be considered similar to a number of
metallurgical parameters were fusion welding.

Development of equipment and research processes of
welding and related technologies in space were started in
October 1963 in the Electric Welding institute named af-
ter E. O. Paton (IEW) led B. E. Paton. In the two years it
was carried out series of studies on the flying laboratory,
simulating the conditions of weightlessness and vacuum
defines the requirements to technology and equipment.
Develop a universal set to “Volcano”, which October
16, 1969 V.N. Kubasov and G.S. Shonin on board the
spacecraft “Soyuz-6” for the first time in the world have
carried out welding metals in space. Research samples
showed the fundamental possibility of fusion welding
arc and electron beam. Further work was carried out in
several directions. The basis was chosen electron-beam
welding, which is held in a vacuum and has a relatively
high efficiency [1, 7-9; 2, 121].

B. E. Paton at meetings IEW and the Academy of Sci-
ences pointed out that space conditions (vacuum and

weightlessness) must be used to create new materials,
including alloys ‘incompatible’ metals and non-metals,
metal with unusual physical properties. The job led to
the discovery of a new direction in the industry — the
space industry. We can assume that these metallurgical
studies began under preparation welding experiments in
space.

Melting Installations was produced on the basis of
welding equipment at the space stations. In drawing up
the plan reflects the specificity of scientific experiments
and the results of technological experiments.

From 1971 to 1982 led B.E E. Paton in conjunc-
tion with the other institutions of the NAS of Ukraine
carried out a study of physical and chemical and met-
allurgical processes in space conditions. By 1975 it was
developed and tested in ground conditions and on the
flying laboratory technique and automatic equipment for
studying the melting, crystallization and welding metals
unmanned spacecraft.

The following year, developed technique, technol-
ogy and equipment for manual operations of welding,
soldering and other processes. On board a flying labo-
ratory to simulate the conditions at the short duration
of weightlessness, the processes of thermal evaporation
and condensation of substances melt crystallization, etc.
The results of these experiments are used to create the in-
stallation “Isparitel”. In 1979 the technology of electron
beam evaporation coating for the purpose of successfully
tested in space on board the orbital station “Salyut-6” and
“Soyuz-34” [3, 183;4-526].
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Under the Soviet — American program “Soyuz —
Apollo” in July 1975, there were 26 experiments on
10 topics related to materials technology. In research in-
stitutes and continue the searching for extraterrestrial
metallurgy and metalworking. Within the framework of
the Soviet-American program of EPAS, the possibility
to obtain magnetic materials with improved properties.
The alloys of manganese-bismuth, copper-cobalt-cerium
heated in an electric furnace at 1075 °C for 0.75 hours
and then for 10.5 hours the furnace cooled. It is found
that the samples of the first type, solidified on board a
spacecraft, the value of the coercive force is 60% higher
than in the control samples prepared in the world.

We studied the resulting two-phase eutectic halides
(NaCl-NaF in the first case and NaCI-LiF — in the
second). When a eutectic solidification of the phases
(NaF or LiF) may form a thread embedded in a differ-
ent phase in the matrix material. Such eutectics may find
use as fibers for infrared. Light guides manufactured on
Earth, have many defects arising due to convective mo-
tion of the liquid. The structure of the halides obtained in
space, was more perfect. Light transmittance for sample
the first type has increased by 40 times, and the second
type — 2 times.

After 1 years of research carried out under the direc-
tion of B.E. Paton (V.F. Lapchynskyy, E.A. Asnis, A.A
Zahrebelny, V.F. Horunov and others), the RSC “En-
ergy” (Russia) (V.P. Nikytskyy, O.V. Markov et al.) and
anumber of other organizations as well as various experi-
ments on spacecraft designed robust optimal design of
electron beam installations. «Beztihelne> zone melting
materials carried disk electron beam, which in IEW de-
veloped the appropriate cannon.

With the installation “Isparitel” worked two crews
of Soviet cosmonauts (V. Rumin, V. Lyakhov, L. Popov,
V. Savinykh and Vladimir Kovalonok) and three years
of its operation was received more than 200 samples
of various coatings on various substrates. The experi-
mental material has allowed not only to formulate the
basic principles of technological work in space, but also
expand research and production of individual instru-
ments in other areas of space technology [4, 526].

1983-1984 was developed versatile hand tool
(VHT), and portable power source for welding, cutting,
brazing and spraying for applying thin film coatings, has
successfully withstood the test at work in the open space
on the orbital station “Salyut-7” electron-beam installa-

tion (“Isparitel”, Yantar”, “Touring” et al.). Have been
delivered to the spacecraft in 1980-90-ies in materials

used in the experiments: getting excess pure metals and

composite materials is that. It opened the way for pro-
duction in space materials with unique properties.

There were investigated the crystallization process-
es, diffusion and combustion. It was found possible to
manufacture bodies perfectly spherical shape; smelting
glass with high purity and uniformity, and with special
optical properties, obtaining materials with unique prop-
erties unobtainable on Earth. Among them, high-purity
single crystals and large sizes; heat-resistant metal foam
with alow specific gravity; superhard metal alloys; semi-
conductors, optically transparent materials; Composite
materials, which are mixed in terrestrial environments
(metal — glass, metal — ceramic etal [ S, 95-98; 6, 199;
7,1-12].

Gradually implemented in production results orbital
microgravity research actions to improve properties and
create new kinds of metals, semiconductors, ceramics,
polymers and glass. For example, “cosmic” crystal defects
are much less than on Earth are made, and the semicon-
ductor film obtained by vacuum space devices — the
chamber — can make a revolution in microelectron-
ics. Without orbital experiments would be impossible
to improve the theory and the mathematical model of
formation and development of dendritic (tree structure),
which are the main building blocks of most metal prod-
ucts. Seemed interesting study aerogels — the lightest
solid substances (only three times heavier than air!). And
the world’s best insulators (aerohelnyi insulator thickness
of 2.5 cm piece of chocolate can protect from heat blow-
torch!). For example, aerogels are essential in the manu-
facture of insulating windows. But samples produced on
Earth, contain large pores, which scatter light, while the
pore size “space” samples four times smaller, leading to a
decrease in light scattering times in 4000 and improved
transparency. Already the global airgel market includes
800 items [8, 100-104].

In the period 1979-1984 units were successfully
tested at orbital stations «Salyut-6> and «Salyut-7> test
apparatus for coating was continued in 1988. On board
the orbital complex «Mir» at the «Yantar», actual tests
have shown that such a device can be used as stationary
or stationary in the staffing composition of the kit of the
aircraft.

It should be noted that in the United States and the
Soviet Union have been conducted experiments using
the heating of the starting material the exothermic reac-
tion. The vials with the test material is placed in a cylin-
drical holder filled with a mixture of chemicals. May be
heated in ovens by high frequency infrared radiation or
light radiation arc provided with focusing mirrors, etc.
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Among the main kinds of products, the production
of which in space conditions may be appropriate and fea-
sible, should be allocated as follows: Structurally perfect
semiconductor crystals of high frequency and large size.
Eutectic alloys consisting of two different in composi-
tion and properties of components with unlimited mu-
tual solubility in the liquid state and low solubility in the
solid state;

Durable, heat-resistant foams with low specific
gravity;

Ultra-hard metal alloys with widely different densi-
ties of their components;

Optically transparent materials;

Metal alloys having a region of Miscibility in the lig-
uid state or alloys with heterogeneous nucleation;

Composite materials type metal-metal, metal ox-
ide, metal, ceramic and organic substances, which are
mixed in the ground conditions;

Various coatings for optical and electronic applica-
tions. Improvement of material properties (electrical re-
sistance, magnetic susceptibility, mechanical strength,
transmittance, perfection of structure, etc.), obtained in
space is observed by reducing convection and mass
transfer, increasing the dispersion of the phases, the
absence of sedimentation, the presence of the diffusion
mechanism of homogenization of the melt during crys-
tallization, uniform mixing of gases with metals and do
not mix in the ground conditions of the components,
the possibility of the demon crucible melting in vacuum
cleaner atmosphere [9, 74-80; 10, 549-561; 11, 3-5].
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Pe3ynbratbl AMAarHOCTUYECKOro nccrieoBaHuUs No TEXHOJIOrMu
HEeMpPOJINMHIBUCTUYECKOE NporpaMmMmpoBaHue

Annoranus: VccaepoBarre crioco00B BOCIIPUSITHS M 0OpaOOTKY MHGOPMALIMK CTYACHTAMH 10 TEXHOAOTHH HEHpO-
AVMHTBHCTHYECKOE POrPAMMUPOBAHHUE II03BOASIET OCYILECTBITh MHAUBHUAYAABHBIN IIOAXOA K CTYAEHTY B IIPOLIECCe TAAHIPO-
BaHUSI y4eOHOM AESITEABHOCTH U AOOUTDHCS MAKCHUMAABHOM 9 PEeKTUBHOCTH BOCIIPUSITUSL U yCBOEHUS y4eOHOTO MaTepraAa.

ITepcrieKTHUBBI HCIIOAB30OBAHUSI PE3YABTATOB AMATHOCTHKH BEAYIIEN pellpe3eHTaTHBHON CUCTeMbI HanboAee 3Ha-
YHMBI, AASI IOBBILIEHS 9 PEKTHBHOCTH 06Pa30BATEABHOTO IIPOLIECCa.
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KaroueBbie cA0OBa: HefIPOAI/IHFBI/ICTI/I‘IeCKOC IporpaMMHpPOBaHHE, BEAYIIIAS PENIPE3CHTATHBHAS CUCTEMA, AyAHAA,

BHU3YyaA, KHHECTETHUK, AUTHUTAA.

B Hacrosimee BpeMst ccTeMa 00pa3oBaHMs XapaKTe-
PH3yeTCsI TAOOAABHBIMU H3MEHEHHISIMH B IIeAATOTYeCKOI
TEOPUH U ITPAKTHKE yIeOHO-BOCIIUTATEABHOTO [IPOLIeCCa.
B cucreme 00pa3oBaHuUs BBICIIEN HIKOABI BCE OOABIIYIO
3HAYUMOCTH IPHOOpeTaeT paboTa CO CTYAEHTAMH, KOTO-
pasi HaIlpaBAeHa Ha IPOOyXKAeHNe Y CTYACHTOB HHTepeca
K H3y4eHHIO IIPEAMETA 1 PA3BUTHE TBOPUECKHX CIIOCO0-
HOCTe#l OYAyIINX CIIELIHAAHCTOB, OIMPASICh IIPU ITOM
Ha 3¢ PeKTUBHOE CAMOCTOSITEAbHOE 00ydeHue.

OaHuM n3 Hanboaee 3¢ PeKTHBHBIX HAPABACHUI
B M3yYeHUH YeAOBEKa, ero 00yYeHUH U BAMSIHUH Ha HETO
SIBASIETCS] TEXHOAOTHSI HEHP OAMHI BCTHIECKOE IIPOrPaM-
MUpPOBaHMe, KOTOPasi U3y4aeT BHYTPEHHHE IIPOLIeCChI
YEAOBEYECKOTO MBIIIACHHS, TOBEACHHS, A TAKOKe TEXHO-
AOTHIO OOIIeHUS.

PernpeseHTaTHBHAS CHCTeMa — IIPEUMY e CTBEHHbIIN
Cr10co6 06paboTKY, XpaHEHHUS U IIOBTOPHOT'O BOCIIPOU3-
BeACHISI PaHee [OAYYeHHON HHPOPMAIIHHL

OAHHIM U3 METOAOB OTIPEAEASHHS PeIPe3eHTaTUBHBIX
cucreM siBasiercst BUAC — Tect, onmcannsiii B 1982 1.
(Avtonc (LewisB. A.), ITynieanx (PucelikF.)).

B JKerpicyckoM rocypapCTBEHHOM YHUBEpCUTETe
umenu U. XKancyryposa (Kasaxcras, r. Taapbikopran)
B PaMKax HayYHOTO ITPOeKTa Ha TeMy: «IIpuMenenue
TEXHOAOTMHU HEHPOAMHIBUCTHYECKOTO IPOTPAMMHPO-
BaHISI B [IPEIIOAABAHUH MAaTeMATHKU B CPEAHHX 0b1e-
06pa3oBaTeAbHbIX MKOAAX U BY3ax>» mpoBepaeHo TecTn-
poBaHue cpeau crypaentoB 1-ro (16 cTyaentos), 3-ro
(13 cryaenToB) u 4-ro (25 cTYAEHTOB) KypCOB QpHU3HKO-
MAaTeMaTHIeCKOro (akyAbTeTa CIeIJMaAbHOCTH «Mare-
MATHKa> IO CACAYIOIITM BUAAM TECTOB:

1) BUAC-tect

2) Tecr «Beaymas penpeseHTaTBHAS CUCTEMA >

3) Ilposepen aHaAU3 AMarHOCTHYECKOTO
FICCACAOBAHHS TUIIOB BOCTpusTUs nHdopmarmu (ayau-
aA, BU3yaA, KHHECTETUK, AUTHTAA) Y CTYAEHTOB 1-10, 3-T0,

4-ro KypCcoB CIelJuaAbHOCTU «MareMaTHka> .

KuHecTeTUK |
Jurutan | ' 4 kype
Buzyan | " 3 kypc
Ayanan T m 1 Kypc
0 5 10 15
PucyHok 1.

Pe3yAbTaThl AMATHOCTHYECKOTO TeCTUPOBAHUS CTY-
AEHTOB PHM3HKO-MaTeMaTHIECKOTO (paKyAbTETa IIO3BOAS-
0T CIIPOTHO3UPOBATh YCIIEMHOCTDb Y4eOHOM AeSITEABHO-
CTU CTYAEHTOB, BBIIBUTD KaKOH BHA PeIrpe3eHTaTHBHOMN
QYHKITUH SBASIETCSI AOMHUHUPYIOIIUM, a TAKOKe IPUHATD
000CHOBaHHbIE yIIPaBAEHYECKHE pelleHHs [I0 Pa3BUTHUIO
U CAMOPA3BUTHUIO CTYACHTOB AASL 9 PeKTUBHOTO 0bOyye-
HUS B 00pa3oBaTeAbHOM OpPraHU3AIIUH.

TpeboBaHMS K COAEPYKAHHUIO U YPOBHIO IIOATOTOBKHU
CTYA€HTOB, 3aUKCHPOBAHHBIE B 00Pa30BaTeAbHBIX CTaH-
AQPTaX, SIBASIOTCSI 00eKTUBHOM OCHOBOM AASI CO3AQHIIS
Pa3AMYHBIX TEXHOAOTHI OLI€HKH KaueCTBa MOATOTOBKHU
cTyAaeHTOB. MBI IpepsaraeM MCIOAB30BAHHE TEXHOAO-
T'MU HeHPOAMHTBUCTHYECKOE ITPOrPAMMHUPOBAHUE AASI
9 PeKTHBHOrO M3y4YeHHs MaTEMATHYEeCKUX AUCIIUIIAUH
B BY3e. IlepBocTenenHoi 3apadeit AMarHOCTUYECKOTO
TECTUPOBAHHS SBASETCS BbISBACHHE BeAyIled perpe-
3€HTaTUBHOM CHCTEMbI ¥ CTYACHTOB (pU3UKO-MaTeMaTH-

4yecKkoro ¢axyabTeTa CIelMaAbHOCTH «MaremaTuka>.
I'lo pesyabTaTaM AQHHBIX ABYX TECTOB OIIPEACACHDI Be-
Aylllie peIpe3eHTaTHUBHble CHUCTEMBl CTYAGHTOB ¢H-
3MKO-MaTeMaTH4ecKoro ¢akyAbTeTa CHellMaAbHOCTHU
«Maremaruka> U pa3paboTaHbl METOAMKH IOATOTOBKHI
K TeCTUPOBaHMIO, IMChMEHHBIM U YCTHBIM 3K3aMeHaM,
METOAMKHU OOY4eHHUsI PeIeH IO 3aAa4 0 AUCLIUIIAHAM
«AHaAuTHYeCcKas reoMeTpusi>, «IIpakTukym no pemnte-
HUIO MaTeMAaTUYECKUX 3aAa9>, «AArebpa 7> ¢ yueToM
peIpe3eHTaTUBHBIX CHCTEM CTYAEHTOB,/ IIKOABHHKOB.
Baxxno#1 cocraBasiomeit METOAUKY OIJeHKH Ka4ecTBa
IIOATOTOBKHU CTYA€HTOB IO pe3yAbTaTaM AMAarHOCTHYe-
CKOT'O TeCTUPOBAHUS ABAsIeTCS MHPOPMAITMOHHO-aHa-
AMTHYECKAs MOAAEPIKKA CUCTEMBI IPUHATHSA peNleHUi
AASI Pa3AMYHBIX ypOBHeil moAb3oBareAeit. C aToi 1jeAbIo
Pe3yABTAThI AMATHOCTHYECKOTO TeCTUPOBAHMS U He00-
XOAMMble KOMMEHTAapHU K HUM AAS BY3a OPOPMASIOTCS
B BUAE HUHPOPMAITMOHHO-aHAAMTHIECKUX MAaTePHAAOB.
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YkasanHble QOpMBI IPEACTABACHUS Pe3yAbTaTOB
AMAarHOCTHYECKOTO TEeCTUPOBAHHUS IIO3BOASIOT IIOAY-
9UTh MHPOPMAIIMIO O THIIe BOCIPHUATH HHPOPMAIIHH.
OcraHOBUMCSI TOAPOOHO HA KAXKAOM THIIE Pelpe3eHTa-
TUBHOM CHCTeMbI CTYA€HTOB U OIUIIEeM TUIIbI 3aAaHHI
KOTOPbIe MOXKHO ITPEAAOKUTD IPU U3YYeHUU ACITUTIAH-
HbI «I IpaKkTHKYM IO peneH 0 MaTeMaTHIeCKUX 3aAad>.

AyAuaApl — AIOAM, BOCIPHMHHMAIOIIME MUP IIpe-
HMYIIeCTBEHHO ITOCPEACTBOM 3ByKOB. OHM 0bpaiaroT
BHMMAaHUe He CTOABKO Ha TO, 4TO Bbl TOBOPUTE, CKOABKO
Ha TO, KaK BB TOBOPHTE: Ha BBICOTY FOAOCA, TEMOP, TeMII,
MHTOHAIIHIO.

Busyaabr — xorapa oHU AYMAIOT, B CBO€M CO3HAaHUU
PHUCYIOT KAPTUHKH, Y HUX BEAUKOAEIIHAS 3pUTeAbHAs I1a-
MATb.

AMruraspl — y HUX BOCIpUATHE HHPOPMAIHHU ITPO-
HCXOAUT B OCHOBHOM Yepe3 AOTHYeCKOe OCMbICACHHE,
C IIOMOIIbIO LU, 3HAKOB, AOTHIECKUX AOBOAOB.

KunecreTnky — AI0AH, BOCIIPUHUMAOILHE GOAB-
IIYIO YaCTh MHPOPMAIMHU Yepe3 ApyTue OITyIIeHUs (o60-
HSIHUE, OCSI3aHUe U AP-) M C TIOMOIIbIO ABYDKEHHH.

HccaepoBaHne TO3BOAMAO OIPEACAUTDH BEAYLIYIO
penpe3eHTaTUBHYIO CHCTEMY CTYACHTOB (PI/ICYHOK 2).

B KuHecTeTuk
Busyan
B Ayawan

B [iurnTan

PucyHok 2. PenpeseHTaTUBHbIE CUCTEMbI CTYAEHTOB

W3 AmuarpaMmbl BUAHO, YTO Y CTYAEHTOB KOTOpbIe
00y4arOTCS II0 CIELMAABHOCTH «MareMaTuka> mpu-
OAM3HUTEABHO OAMHAKOBO Pa3BHUTHI ABE MOAAABHOCTH,
AWTHTAAbHAS U KMHeCTeTH4YecKas. AAsS HUX XapaKTepHO
BOCIIpUATHE HHPOPMAIIUHU IIOCPEACTBOM 3PUTEABHOTO
KAaHAAQ IIOCPEACTBOM KAPTHUHOK, 0OPa30B, AOTHIECKOTO
OCMBICA€HHS], BHIAGACHHE TIPU3HAKOB U T. A.

Busyaram MOXHO ITPeAAOXKUTD 3aAAHUSA B BHAE 3a-
HceH, IPKo, KpaCuBO, KPaCOYHO 0POPMAEHHbBIE KAPTOY-
KH, HAfITH YTO-TO B y4eOHHUKe, TETPAAU CAMOCTOSITEABHO,
PaccMOTpeTh, CAGAATh BBIBOA, paboTa ¢ 0OyJaroIuMHU
Y KOHTPOAMPYIOIUMU KOMITbIOT€PHBIMH ITPOTPaMMaMH,
3amKcaTh OTBETHI Ha BOIPOCHI C IOMOIIBIO IIPOEKTOpa,
xommnbrotepa. (IIpumep 1).

AyAranaM ke IIPOYMTHIBATD 3aAaHHE BCAYX YIUTEAIO
(mpemnoaaBaTeAo), COYMHUTD YTO-AUH0, O6BACHUTD AATO-
PUTM pelleHus AAHHOM 3aAa41, MOXKHO BBI3BATh K AOCKe
BO BpeMs MaTeMaTHU4eCKOI'O AUKTAHTA, BBIITHCATh IAAB-
HbIe MBICAH 1 0O0CHOBATD HX, 3aAQHHS IT0 AHAAH3Y, CPaB-
HEHHIO, CONOCTaBAeHHIO PakToB U siBAeHuil. ([Ipumep 2).

IIpeArO>KUTb KMHECTETUKY 3aAAHMS], HallpaBACHHbIE
Ha IepeKAaAbIBaHKe QUIleK, PUCOBaHNE, MOACAMPOBAHHE,
nepecyeT MPeAMeTOB, HICCAGAOBAHHE, HAXOKAEHKE HECKOAD-
KX CIIOCOOOB pelIeH s, 3aAAHUS C YeTKUMU HHCTPYKIIUSI-

MU I10 UX BBITIOAHEHHIO, 3aAAHHE — AATDh CBOE OTIPEACACHHE
M3y4aeMOTO MOHATHS, CBOIO pOPMYAUPOBKY 3aKOHA HAH €TO
CA€ACTBUISI, BBIABHHYTb CBOHM ruroressl. Hanboaee ycrem-
HbI IIPH BHIITOAHEHHH TECTOBBIX 3AAAHHUI. (Hpmep?)).

Auckpemam usu OuumMaram IPEAAOXKUTD 3AAAHS
MIOBBIIIEHHON CAOXXHOCTH M HECTAHAAPTHBIE METOABI
pelIeHHi 3aAaY, T. K. BOCIIPHATHE HHPOPMAIHH IIPOHC-
XOAUT Yepe3 AOTHYeCKOe OCMBICACHHUE, C TIOMOIITBIO ITHP,
3HAKOB, AOTHYECKUX AOBOAOB.

IIpumep 1. Pemutb HepaBeHCTBO: cosx — 3x +1 > 0.

Pewsenue: I1pu pemenun HepaBeHCTB IpaduiecKuM
METOAOM HeOHOXOAMMO KaK MOXKHO 00Aee TOYHO ITOCTPO-
uth rpa¢uku pyukuuit. [Ipeobpasyem oaHHOe HepaBeH-
CTBO K BUAY:

cosx > 3x—1.

ITocTponM B OAHO¥ CHCTeMe KOOPAMHAT I'PAQHKH
¢ynxuumit y=3x -1

Yy =CosXx (PHC. 3).

I'paduxu PpyHkIuii mepecekaroTcs B Touke A ¢ Koop-
aunatamu x = 0,6; y = 0,8. Ha npomexyrxe (—o0; 0,6)
TOYKHU rpaduka y = 3 x —1 HmdKe TOuek rpaduka y = cos x.
A mipu x = 0,6 3HaueHUs PyHKIMIT cOBIAAAOT. [ToaTomy
cos x > 3x—1 mpu x< 0,6.

Omsem: x € (—o0; 0,6].
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PucyHok 3.

IIpumep 2. Pemuts HEpaBeHCTBO: sin x < 2x.
Pewienue: IToctporm B 0OAHOI cHCTeMe KOOPAMHAT

rpaduxu $yHKumii sin x u y = 2x -1 (puc. 4).

¥ y=2x-1
B 0.8 - %
\ 2
r : 0.8 =n TN x
|
+ _1 2
F=s8Inx
PucyHok 4.

Tpaduxu yHkimit mepecekatorcs B Touke A (x = 0,9;
y=0,8).

Ha npomexyrre (0,9;00) Touku rpaduxa y = 2x
—1 Bpimte Tovek rpaduka 3HaumT sin x < 2x —1 npu x > 0,9.

{f = CO8 X

Omsem: x € (0,9;+00).

Ipumep 3. Pernts HepaBeHCTBO: cOs X —x> —2x—1>0.
Pewenue: TIpeobpasyeM AQHHOe HEPAaBEHCTBO K BHAY:
cosx > x*+2x +1.

yi

y=x”+2x—1

Puc

Tpaduxu Ppynkimit nepecexarorcs B Toukax A (0;1)
uB(x=-1,4;y=0.2).

Ha npomesxyrxe [-1,4; 0] Touku rpaduxa dpyHKIIEA
y =x*+ 2x +1 Hi>Ke TOYeK rpaduKa y = cos X.

3uauut, cosx > x’ +2x+1 npu-1,4x<0

Omeem: x € [-1,4;0].

TaxuM 06pa3oM, AHATHOCTHYECKOE TeCTHUPOBAHUE
B AOCTaTOYHO BBICOKOM CTEINeHH IIOKA3bIBAeT IIPEeUMY-

x

YHOK 5.

LIleCTBEHHBII CII0C06 00pabOTKH MHGOPMALIUH CTYAEH-
TOB By3a. Ha 0cHOBaHMM AQHHBIX AMAaTHOCTHUYECKOTO Te-
CTUPOBaHUS, IPOBOAMMOIO B HAYaAe CEMECTpa, MOXKET
OBITH OIIPEAEAEHO, KaKHe 3aAaHUs y4ebHOM IIPOrpaMMBbl
CAEAYET AABaTh Ha 3aHATUAX C KOHKPETHOMN I'PYIIION
YYaIUXCS C IIOMOIIBIO TeXHOAOTUN HEeHPOAMHIBUCTH-
Jyeckoe IPOrpaMMHpPOBaHHe, HAMETUTDh IyTH 9 ek-
THBHOTO BOCIPHSTHUS y4eOHOIO MaTepHaAa CTYACHTOB.
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IIpenoaaBanue pucuunauasl «IIpakTrkym no pemenuo
MaTeMaTHYECKUX 3aAa9> C YIETOM AOMHUHHUPYIOIIETro Ka-
HaAa BOCTIpUATHUSA HHPOPMAIIMU IPUBOAUT K TOMY, YTO
Y CTyAeHTa ncue3aeT OOsI3Hb HeyCIlexa, CTpax IepeA 3aAa-
HUEM, BeAb OH UMeeT BO3MOXXHOCTD BHIITOAHUTD pa60Ty
HUHAUBHAYAABHBIM CIIOCOOOM, II€PEBECTU IIPEAAOXKEHHOE
3aAAQHME Ha CBOM «SI3BIK>, B paAMKaX TeX OTHOIIEHUH, KO-
TOPbIE AACKBATHBI €TI0 TUITY BOCIIPUATHSL.

O6pa3oBaTeAbHBII IIPOLIECC, BBICTPOEHHBII TAKUM
06pa30M, IIO3BOAMT HE TOABKO YCBaMBaTh MaTeMaTH-
YeCKMe AMCIUIIAMHBL, YYUTbh CTYAEHTA AyMaTh, pa3BU-
BaTh MHTYUIHIO, Boo6pa>1<eHne, IIPOCTPAHCTBEHHbIE
IIpEACTAaBACHHS, ONMPASACh HA €ro CYOBEKTHBIN OIIBIT,
HO M CO3AaBaTh aTMOCdepy COTPYAHUYECTBA U COTBOP-
YyecTBa.

Baxxno 3ameTHTDh, YTO MaTepHaAbl AMArHOCTHYe-
CKOT'O TeCTHMPOBAHMS CYI}eCTBEHHO MOI'YT AOIIOAHUTD
BHYTPUBY30BCKUI KOHTPOAb YPOBHS 3HAHUI U YMEHUI
CTYAEHTOB I10 AMCIIUIIAMHE AASI IPOBEAEHHUS AAAbHENIITHX
MOHUTOPHHIOBBIX HCCAGAOBAHMII Ka4eCTBA MIOATOTOBKH
CTYAEHTOB B 06pa30BaTEABHOM YIPEKACHHUH.

VccaepoBaHue Crioco60B BOCIPHATHS 1 06paboTKu
UHGOPMALIUU CTYACHTAMH IIO3BOASIET OCYIeCTBUTD UH-
AVMBUAYAABHBIN IIOAXOA K CTYAEHTY B IIpoljecce TIAQHU-
POBaHISI y4eOHOI AeSITEABHOCTH TAKMM 00Pa3oM, 4TOObI
AOOUTHCSI MAKCUMAABHOM 3 PEeKTUBHOCTU BOCIIPUSTHS
H yCBOEHH y4eOHOro MaTepuaaa. [TepcrieKTHBbI MCIIOAD-
30BaHMS PE3YABTaTOB AMATHOCTUKH BEAyIIel pernpe3eH-
TaTUBHOM CUCTEMbI HauboAee 3HAYMMBI AAS TIOBBIIIEHUS
3 PpeKTUBHOCTH 0OPA30OBATEABHOTO IIPOLIeCCa.
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UccnepnosaHune obpartHoi 3apaum LLUTtypma-
JInyBUNNA B CUHIYNISPHOM clly4yae

AnnoTtanus: B crarbe HccaeAyOTCSI BOIIPOCHI, CBSI3aHHbIE C BOCCTAHOBAECHHEM pelleHust 00parHoit 3apaun IlTyp-

Ma-AMyBUAAS Ha TIOAYTIPSAMOHM y>0 110 CIIeKTPaAbHOM QyHKIIUH OIlepaTopa B CIeIJHaAbHBIX KAacCaX QYHKIHIL. MexAy

KAAcCaMu QYHKITHH, COAEPKAIINX HCKOMBIN K09 P QUITUEHT U CIIEKTPAAbHYIO QYHKITUIO, yCTAHOBACHO B3aHIMHO OAHO-

3HAYHOE€ COOTBETCTBHE.

Karouesbie caoBa: 3apada [lltypma-Anysraas, AudPpepeHIuaAbHbIN OIIepPaTOpP, AeMMa, CIIEKTPAAbHAS PYHKITHSL

oreparopa.
Paccmorpum 3apauy IIrypma-Anysuass

Lo =Ar(y)p(y,2) (1)

?(0,A)=1, ¢ (0,A4)=0 (2)

s urrepsase [0,b]. r=r(y)>0; r(y),q(y)eC'[0,b].

AOTIOAHMM HadaAbHbIE YCAOBHS (2) IPaHHYHbBIM YC-

0 (b,4)=0. (3)

OT1MeTHM CBONCTBO COOCTBEHHbIX unceA A,, omepa-

AOBHUEM

TOpa l=- +q(y): A,, =M, TAe M — HauMeHblIee

d’
dy’

3HadeHUe (YHKIUU M B wuHTrepBare [0,b],

ry)

n=012,..uA,=24(b) [6]. OcuoBHbIe criekTpab-
HbIe COOTHOIIEHHUSI AASI CHHIASIPHOTO omeparopa [, 1mo-
AyYHM U3 COOTHOLIEHUIT B PETYASPHOM CAy4Yae, perast
sapauy (1)-(2) B unrepsase [a,b] mycrpemass b x 6ec-
KOHEYHOCTH.
Aemma 1 (0 mpepeAbHOI TOUKe crieKTpa oneparopa /, )
ITycts B 3apaue (1)—(2)
b:b,,)qn()/):{q(y)npu ye[o’bn]’ (4)
0 npuye(b,,),
r(y)eC'[0,b], q,(y)eC'[0,b,]. TTycrs q(y) mmeer
a6COAIOTHBI MUHUMYM. 4. - =q (b* ) =m<0; npu
6oabmux 3HaueHusx ¥ b q(y) mpurmMaeT oTpuIa-
TeAbHblE 3HAYEHUSI 1 MOHOTOHHO CTPEMUTCS K HYAIO:

1
q ( y) =0| —— |, y—>0. Toraa Bce cOOCTBEHHbIE YKCAA

CHHI'yASIPHOTO OIlepaTopa [ , 3a uckAloueHreM 6bITh MO-
KeT Ay, moaoxuteabHbl U A =0— mpepeAbHas TOYKA
CIIeKTpa.

AoxasareabcrBo. PaccmoTpum Tpu 3asauu Itypma-
AWyBHAAS B MHTEepBaA€ MOHOTOHHOTO BO3pacTaHMs
q(y)-[b.:b,], b, > b, >b*

1. (p”+(/'t q )r y (p ,/l =0,

¢(bo2)=1 ¢ (b,2)=0, (%)

¢ (5,2)=0 ©)
2.0+ (2= (7)1 (7)0 (122) =0

3.0 +(l—qm6(y)) mm(y) ( ) 0 C TEeMH e
ycaosusamu (S), (6).

O603HauMM cOOCTBEHHbIE 3HAYEHUS ITPUBEACHHBIX
BbILIIE 3274 Yepe3 4, ,, l,flb) , ln(i). Hmeet MecTo HepaBeH-
crBo [3]

A <A, <A, (7)

ITepeiipem k mepemennon Y = y —b, Pemenue 3apa-
91 2 B HOBBIX II€PeMEHHBIX
o(Y,A)=cos\J(A—4q,.. )1,.. -Y-Topumnss ¢ (Y, 1) rpa-
nuanOMy ycaosuio (6) @ (b, —b,,4) =0, moayuum cob-
CTBEHHbIE YHCA 1:12 L+ q,,, Y AHAAOTHY-

(b b) max
+q,.,, "€Z. W3 onenku (7)

HMEeT  BUA

2,2

- (bn _bk )2 rmin

CcOOCTBeHHbIX 3HAUeHHUIT 3aAa9H 1
n’n’ z'n’

—+ <ﬂ, <—
b, —bor,. S )

u teopemsl llITypma o pazpeseHHU HyAel CAGAYeT Cylle-

~ s, neZz,(8)

CTBOBaHHWE 0ECYMCAEHHOIO MHOXECTBAa COOCTBEHHBIX
3HAYEHUH Y NCXOAHOM 3aAa4M, a TAKXKe MPeAeAbHbIE CO-
orHomenus A, , >0,n—>0; A (b)—>o npub,—0.
Ecau b, Bospacraert, To A, (b) MonoTonuo y6pisaer. ITo-
Aaras B (8) r( y) =1 u y4uTHIBas MOBEACHHE q( y) npu
y —> 0, YyCHAMM HEPaBEHCTBO

n'n’ —¢ n'n’ 1 n'n’

=< sto| —— |<A,<—F+

(bn _bk) (b" _bk) b" (bn _bk)

1 n'n’ +¢&
F < b b P

n ( n k)

+o| —

Yerpemasit b, Kk 6eCKOHEYHOCTH, IIOAYYUM
limA , =0,
b, > o

Kaaccer pynkrmit

Omnpepeaenue 1. ITycts g ( y) YAOBAETBOPSIET CAEAY-
IOIMM TPeOOBaHMUSIM:
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L. q(Y) € Cl [0’00)le [O’OO)’ q(Y) Lijo ) <

2.9 ( y) nMeeT a0 COAIOTHBII

Qs =4(b") =m<0. *
3. Ilpu 60abimnx 3Havenusx ¥ b g(y) npunnmaer

MHHUMYM:

OTPHUIATEADPHbIE 3HAYEHNSI W MOHOTOHHO CTPEMHUTCI

1
K HyAto: q(y)= (—y—] y—>0.

4. TTocaeAOBaTeAbHOCTb 9A€MEHTOB AUHEHHOTO HOP-
MHPOBAHHOTO IIPOCTPAHCTBA
L [0,00) . (y) _ {q(y),eczm yE [O,bn],
0,ecnu ye(b,,o)
L [0,00) K 9A€MEeHTY 9TOTO IPOCTPAHCTBA ( y) IO HOp-
me: limg (y)—q(y), =0.

Lijo,e)
n—owo

CoBOKYIIHOCTD QYHKITUI q( y) CO CBOMCTBaMH
1-4 cocrasaster kaacc Q,,.
Omnpeaeaenne 2. 3a kaacc Q,, mprMeM MHOXECTBO

CXOAUTCS B

ieAbIX GYHKIfHI Kaacca Q,,, TaKuX, 4TO q(O) =A>0.
EcAM mocAeAOBaTeABHOCTh GUHMTHBIX GyHKImiA (4)
CXOAMTCS IIO HOpMe K q( y) el [0,00) nq ( y) HeIrpepbIB-
Ha B KaKAOM KOHEUHOM MHTepBaAe, TO, 10 IIepBOii Teope-
Me XeAAM, U3 ITOCA@AOBATEAbHOCTH COOTBETCTBYIONIMX
CIIEKTPAABHbIX pyHKumi omeparopa L
0,(4),0,(4),...,0,(4),...— MOHOTOHHBIX, HEYOBIBAIOLINX
U OrpaHMYEHHbIX B COBOKYIIHOCTH Ha BCIOAY ITAOTHOM
MHOXecTBe D MOXXHO M3BA€Yb ITO KpaiiHell Mepe OAHY
c,(A),0,(4),....,0,,(A),...,
CXOASIIYIOCSI B OCHOBHOM K HEKOTOPOI1 HeyObIBatomied

IIOAITOCACAOBATEABHOCTD

dynxmuu 6 (1) (T.e. B Toukax HempepwisHOCTH O (4))
[1]. TIocrponm o (1) omeparopa I, ¢ xoadpduripenTom
q(y)€Q,,. Boraucanm 1 npeobpazyem ¢, (y,1).

(pn(y,/l)=cos\/zerL.fsin\/I(y—r)qn(r)(pn(T,/l)dﬂ:=
=sin[6, (4 )+\/7y w (A)+v: (1) +o(1), TAe
/,tn(/'L)zl——.[sin\/IT-qn(r)(pn(r,/l)dr "
=—.[cos\/_ t-q,(t),(,A)dr OAHOBpeMEHHO

B HYAD He o6pama}0Tc;1
sin6n(i)=¢,6055w(ﬂ.)=zvn(—l)z'
w (2)+vi(2) w(A)+v,(2)

Kaxk usBecrno, )

Ac,(2)=0,(A+A)-0,(2)= [do,(2).  (9)

A
IIpeo6pasyem Ao, (1) 1o onpepeaenmro, yauTbipast
GOpMYAY AAST COOCTBEHHBIX 3HAYEHHI

Y, )’wl,b _\/Z,b = % +0(%j‘

1

(10)

Ao (A) ldzqw o, ()’)i)
Z )“nﬂ,b _)‘n,b =
A<y phtA b(m_\/a)(m+\/Z) lj:‘P:()”)«n,b)dy
Ay =M

n+l,b

RN [z [D(F )

l[ﬂz(%h)Jer(l,,,h)]—”: (2,,)+v

n

2 2b- ,/
B pasencTBe (9) mepeiipeM K IpeAeAy, yIUTBIBas
(11) u BTOPYIO Teopemy Xeaawn.
A+A A+A d/l
lim | do,(4)=limAc,(4)=— =
b () b () T J; Zx/z[uz(l)Jrvz(l)]

A+A

= _[dcr(l

). I3 mocaeaHero paseHcTBa BEIBOAMM AU de-

PeHIHAA CTIeKTPAAbHOM QYHKIIMU

do (1)=2. dz 2 4
m WA (A) V)] T W (A)+viA)]
Oynxnmn
I .1
y(ﬂ,)—l—ﬁ!szn\/ﬂ_ﬁ-q(r)q)(r,),)dr—1 \/zgl(),),
:ﬁjcos\/zr-q(r)(p (r,l)drz%gz(ﬂ,) ABAS-

0TCS HEIIPePhIBHBIMU QYHKIUSIMU Vi =s, 1.k UHTerpa-
abt g, (4),8,(A) paBHOMepHO cxopsiTcst pu § = p > 0.
Tpuseaem do (1) k Buay

\/7} (11)
bl+o

do (ﬂ,)

szn\/rbcos[25
2{
[ﬂ(
= vz(l] _
[ﬂ ] dJA =do, +do, =

L2
{ }df Toraa

2
2 /1) —1}1\/1701\/%.

(4]

2
0'(/1)= ;ﬁ+cl(l),eCAuAZO, (12)

0, ecau A <0.
Us ompeaeaenus & u dopmyast (10) caeayer:

Ao, (1)< Ao, (1):%+o(%}.

0,,(A)— crexrpasbmas ymxims I c q(y)=0,
yE [O,b]. CAepOBaTeAbHO,

2 NS

AASL  Bcex
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A>0 @ (A)+vi(A)>L. (13)
Oynximu u (/l), 1% (/l), o, (/1) PaKTUIECKH 3aBUCST
OT QpryMeHTa § = Vi, II03TOMY
o (5)= 2 L ()]
r [,u (s)+v (s)}
_2 2g,(s)-8/(5)-8:(5)
Tn s -2sg, (s)+gi(s)+gi(s)

TTockoabky O (s) Bospacraer,
do (s)= {E +0o, (5)}15 >0.
T

OTMeTHM CBOCTBA O, (s)
1. o,(s) menpepsisaa mpu s> 0. limo, (s)=0.

lima;(s):limz- 258,(5) ~ 819~ 8,() :—3. (16)
—0r oot T =2sg (s)+gi(s)+gi(s)  w
2. 0, (s) MOHOTOHHO y0BIBaeT Ha CErMeHTe [0,00) .

B cuay (13) u (14) o, (s) <0.
3.0,(s)— abcoaoTHO HempepbiBHAs (YHKIHUS.

B cuay (15), (13) u (14) —£< 61'(5)<0. Oynxrmm
T

(14)

(15)

C OrpaHUYEeHHOM IIPOU3BOAHO COCTABASIFOT KAACC abco-
AIOTHO HeTpephIBHBIX GyHKIHI [ S ].

4. A106as1 a6COAIOTHO HellpepbIBHASI QYHKIIHS SIBASI-
eTcst GyHKIIMel OrpaHIYeHHOM BapHaIuK 1 UMeeT a0co-
AIOTHO MHTETPHPYEMYIO IPOU3BOAHYIO:

.”0'1' (s)|ds =0, (S)LW) = |VO°°0'1 (s)| <C.

Aemma 2 (0 CTpYKType CrieKTpaAbHOM GYHKIMH O (/1 ))
Ecam g ( y) €Q,,> To crieKTpaAbHast GYHKIIHS CHHIY-

AsIpHOTO omepaTopa [,

o (?L) umeer sup (12). DyHKIMA O, 3aBUCHUT OT ap-
TyMeHTa §= VL, sBasercs moHOTOHHO yObIBaro1eit
1 26COAIOTHO HerpephIBHOI Ha HHTepBae [0,00).

Omnpepeaenne 3. Ilycrp q(y) €eQ,uo (/l)— CIIEK-
TpaAbHasi QYHKIHS CHHIYASPHOTO omeparopa . Muo-
xecTBo dynkimit 0 (A1) cocraBaser kAacc O, ecau:

1.0 (/l) = ligolam(/l) B OCHOBHOM, T.€. B TOYKaX
HereprBHOCT”I/I o (7).

2. 0 (1) onpeaeastercst popmyaoit (12).

3.0,(s),s= V2, monoTomHO yObIBaeT B HHTEpBaAe
[0,00).

4. 0,(s) abcoaroTHO HempeprIBHA.

Omnpepaeaenne 4. Bce ciexTpasbHble GyHKITHM KAACCa
o ¢ yesoit gpyuxuueit o, (1) B unreppase [0,0) o6pa-
sytor kaacc 0. 0,(0)=limo, (s)= _E_

Hsomopdusm maccégoci)ynxunﬁ i

AemMa 3 (aHAAMTHYHOCTD O, (/'L))

Ecau q(y)€Q,, u sBAsIleTCS IeAOit B MHTepBaAe
[0,0), To cooTBeTCTByIOmAs CIeKTpaAbHAS PYHKIUS

omeparopa [, © (l) €0 U MMeeT IeAyI0 (YHKIIHIO
0,(1), A=5", B unrepsase [0,0)> 4. ObparHoe yt-
BepXKAEHHE BEPHO.

Aoxasareabcrso. Popmyaa (14) ycraHaBAuBaer B3a-
FIMHO OAHO3HAYHO€E COOTBETCTBUE MEXKAY ( ( y) O, (5)
Besixyto neayio dynkumio B obaacTu D MOXHO pasao-

JKUTD B CTEIIEHHOH PSIA zcns ", CXOASIIUICS BO BCeit 06-
aactu D u obparHo, BCSIKast QyHKIIMSA, TPEACTaBUMAas B
D cXoAAmMMCS CTETIEHHBIM PSIAOM, SIBASIETCS IIEAOM.
Ecan q(y)ueAa;I $yHKIUSA, TO gl(s) ng (s) B popmyae
(14), a Takxe @ (‘L’,S) SIBASIFOTCS IleAbIMU. D yHKITHS
1
)= e or e §
IIO CTETIEHSIM S BOKpecTHOCTUTOUKH § = 0. f, (s) =>bs",
n=0

MOXeT OBITb Ppa3AO>KE€Ha

npuuem b, #0. Oymxuus f, (s)=2sg,(s)— g/ (s)—g:(s)

TaKOKe IIPEACTaBHMa CTEIIEHHDIM PAAOM C HEHTPOM B HYA€

fi(s)= ians". B cuay wernoctu 0, (s) psia Maxaopena

n=0
AASL 61(5) COACP>KHT TOABKO 4Y€THbIE CTEIIEHH S.

0,(s)= 36,5 =36, (WA = 35,2" =0, (A);

L .o, (2 .o, (4
¢, =limo, (/’L),cl = lim — ( ),c2 = llmﬁ,...,
A—0+ A—0+ 1! A—0+ 2!
o)
5eeC, = lIM———, .| — K02} PuUIMEHTDI pa3ArOKe-
A—0+ f’l!

nus. 0, (A ) —anaauriyeckas s Touke A =0, T. K. Ha MTOAY-
npsiMoit A >0 OHa PeACTaBASIETCSI CXOASIIUMCSI CTEIIEH-
HBIM psAAOM [2].

AOKa3aTeAbCTBO OOPATHOTO YTBEp>KAEHMS HeIo-
CPeACTBEHHO CAEAYeT M3 CXeMbl BOCCTAHOBACHUS q( y)
IO U3BECTHOM CIIeKTPAAbHON YHKIIUH.

Cxema omnpepeenns q(y)

ITpu pemenun obparHoit 3apaun Illrypma-Anysua-
ast 1. M. Teabdana, B. M. Aeuran [4] ncxopuan us oro,
gro cymecTByeT GpyHKIms K ( y,x),x < ¥, Takas 4To

0°K(yx) FK(y,x)  (17)
- - 5 K X)=——"7F>
o 4K () =—77
oK(y>y)
Ky Lo a(y)=2=2E, (1)
Ox dy
x=0
Oynxuus K(y,x) yaoBA€TBOpsieT TaKKe U AUHEIHO-
My MHTETPAABHOMY
Ypasuenmio

f(y,x)+jK(y,T)f(r,x)dT +K(y,x)=0 B obaactu
0 x<y. (19)
DOynkius f(y,x)z J.cos\/zy-cosx/zxdal(/l)

CYLIeCTBYET 1 HEIIPEPBIBHA AASI BCEX 3HAYEHUI ApIyMeH-
TOB, ecar O, () BepeT ce6s1 Ha 6€CKOHEYHOCTHU AOCTATOY-
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)| <.

HaiiaeM moTeHIMaA ypaBHeHHS 91) no popmyae
(18). Onpepeaum siApo unTErpasbHOTO ypasnenus (19),
pemast 3apagy (17)-(18) meropom Oypwe. Ilycts
K(y,x) = X(x) -Y(y). Tlocae moaCTaHOBKH perneHus
K(y,X) M 4acTHBIX TIPOMBBOAHBIX BTOPOTO MOPSIAKA

HO IPaBHABHO, HAIIPHMeD, Var[O'1 (A

B (17) HOAY4MM PaBEHCTBO, CIIPABEAAMBOE AHIIb B TOM
CAy4ae, €CAH ero IpaBas U AeBasi YaCTH He 3aBUCST HH OT

X, HA OT ), a PaBHBl IIOCTOSIHHOMY WYHCAY:
Y, (y) X (x)

———q(y)=—"—=-u, u>0. Timeem 3apau
vy 1 K v

IIrypma-Auysnans Y, (y)—q(y)Y (y)=-uY (y), Y(0)=1,
u 3apagy Komm X, (x) + uX(x) = O,X(O) =1,X (O) =
Ouesnpno, X (x)= cos\[ux. Us TPAaHUYHOTO YCAOBHSI
X'(b) =0 moayunm cobcTBenHbIE 3HAYCHHS

Ju=u, =%
Toraa
Kb(y,x)zgYn(y).cos( u bx):gYn( )- cos( ) xj

HOACTaBI/IM Kb (y,X) B MHTEI'PAAbHOE€ YPpAaBHEHHE Boas-

teppa (19).

Kb(y,x)+fb(y,x)+f§Yn (»)
(21)

»-cos( ,un,br)fb(r,x)df =0.

VHTerpaAbHbIil YAeH [, IOAy4EHHOTO ypaBHEHHS

,n—123 (20)

MOXXHO IIpe0o6Opa3oBaTh, yIUTHIBASI CBSI3b MEXAY COO-
cTBeHHbIMU 4rcAaME (20) U CO6CTBEHHBIMU YMCAAMU

ucxopHoit sapaun (1)-(3)
:W:L@ o= +Gj
I, =.[Z::Yn (y)cos( un,bt)fb(r,x)dr =

= i{q(y)cos\/;nx'fcl' (s)'y[coszn'drds

=K (%S)jf iT ,7)dr. Iocae mpeaeaptoro mepexoaa
0

B (21), ycrpemasis b—> 0, moAyduM pelieHre HHTErpaAb-

HOTO YpaBHEHHUS
—f(y»x)

Krx) 1+J'zf(r,r)dr

Aemma 4 (popMyaa AASL OTIpeAeAeHHUS TIOTEHINAAR)

ITorennmaa q( y) B 3aaaue (1), (2) Ha moaynpsamoit

»20 BOCCTaHABAMBAETCS EAHMHCTBEHHBIM 00pa3oM

B kaacce pynxumit Q,, (Q; ) o o (A)eo (o) popmy-

q(y)=2di[ yf(%)’) 1,
ly l+j0f(r,r)d7:

(22)

AOM TAE

£ (7,)= Jeos*(sy)do, (5):

Aemma S (06 n3oMOppu3Me KAACCOB PyHKIIHIA)

Mesxay kaaccamu pynkuuit Q,, u o, Q,, u ¢” ycra-
HABAMBAETCS B3aUMHO OAHO3HAYHOE COOTBETCTBHE.

Aoxkaszareanbcrso. [IpsamMoe yTBepkAeHHEe AOKAa3aHO
o(A)eo (o). [Tocaeposaren-
HOCTD pemenuit (21) {K . ( y,x)} CXOAMTCSA K QyHKITHH
K ( y,x) paBHOMepHO Ha MHOXecTBe 0<x<y<oo,

sbimte. Ilycrp Tenepn

(b—>o). Aas Bcex k> N(S), BCeX HATYPaAbHBIX p
U BCeX Y € [0,oo) |Kk+p (}’,)/ )—Kk (y,y)| <¢. ITocaepo-
BaTEAbHOCTD {K . ( y,x)} MOXHO AuepeHIupoBaTh
nouerno B uatepsase (0, ), K, (y)=lmK, (y).
b—ow
Oynxuun K, (y,y) u K, (y,y), n=k+ p, oramvarorcs
Ha KOHCTAHTY 1 UMEIOT PaBHBbIe IIPOU3BOAHbIE BCIOAY, TAC
9TH QYHKIIUH OTIpeACACHBDI:
9.(r)=a.(y).y €[0.b]=[0.b,].
q(y)npu ye[0,b,], .

= 1 - = O.

20710 npuye (b0, mLO)=ADs,

OHPEAEAI/IM ACUMIITOTHYECCKOE ITIOBECACHHE q(y)

IToaTomy

ITo aemMme 4

_,dK(y,y) _,d
1(y)=2 dy zdy[

~fry) |

1+JZf(T,T)dT

:Z—fy'[1+.|'yf 7,7 dr}+[f )T
1+_[ f(z,7)dey

6OABPIIMX  3HAYEHHAX )

(y>b")

fy jcos (s)do (s jcr )ds =0 (s )-sozo[ij.
(0:). f;<y)=o[iz], fr(e.e)a =),
-]

y
2—=o(—ij .
[Ho(l)]2 ¥’ Y '
=2[V,/’o,(s)f =A>0. limg(y)=

ITpu

qa(y)=

q(0)

W3 Teopempr BefiepmrTpacca m3BecTHO: BCsAKas

Yy

HeIIpepbIBHAs Ha KOHEYHOM CEerMEHTe [0,b,] $yHKIHSA
OTrpaHUY€HA Ha 9TOM CETMEHTE U AOCTUIaeT Ha HeM CBO-
el HIDKHEN I'paHu m u BepXHEH IPAHH. CHeKTpaAbele
$yHKIMM KAacca O, ( o’ ) HMMEIOT IIPEACABHYIO TOYKY
A =0, cAep0BaTeAbHO, CYIIECTBYET G, ase. — 4 (b* ) =m<0.

q(y)€C'[0,00) AL, [0,0) n
ay) —Ilq(yldy 2I|K yoy)dy=2|V;o, (s)| < M

Lijo,e)

ScHo, 4TO

B CHAY CBOI/ICTB K (y,y)
Crexrpasbuas Gynxius o (1) cunryaspworo orre-

paropa I o6aapaer cBoiicrBamu Kaacca G (0') Toraa
¥ TOABKO TOTAQ, KOTAA moTeHIHaA 4(y) mpuHapsexur

66



The study of the inverse Sturm-Liouville problem in the singular case
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Shifts immunological parameters in rheumatoid arthritis depending
on the geographical and ecological zones of Uzbekistan

Abstract: The comparative analysis shows that the immunological parameters of RA differs in three zones
of Uzbekistan, which does not exclude the probability of the impact of climatic and geographical factors of the

environment on the course of disease.

Keywords: rheumatoid arthritis, immune status, geographic zone.

Introduction

Rheumatoid arthritis (RA) is a chronic systemic in-
flammatory disease of connective tissue, characterized
by destructive joint alterations, in the pathogenesis of
which autoimmune mechanisms play a significant role
[8,317-334]. RA remains an urgent problem due to the
widespread prevalence (up to 1% occurrence among
the World population, with an annual incidence of new
cases with 0.02%), affection of individuals mostly in
young and middle-most working age [6, 1085 ]. General-
ized immune inflammation with progressive dysfunction
of the joints and internal organs in RA leads to a marked
reduction in quality of life and in fact 50% of patients are
become disabled within 5 years, and among them 10%
losetheir working ability in the first two years of disease.

In recent years, there is dispute over a possible con-
nection between the development as well as character-
istics of the subsequent course of RA and environmental
factors [ S, 1081-1087]. RA is a multifactorial disease in
which the interaction between the genetic component
and environmental factors is responsible not only for the
development of the disease, but also for its marked clini-
cal polymorphism. The prevalence of RA is determined
by the environmental condition in a given region [S,
1081-1087], which determines the further prognosis.

It is believed that the determination of the impact of ad-
verse environmental factors (air, soil, and groundwater)
on patients with RA will contribute to the understanding
of the new aspects of pathogenesis of the disease [1,35].

To date, Uzbekistan is the subject of many studies of
medical and geographic focus, as Republic is distinctive
because of its geographical location, climate and nature of
the industrial and agricultural development. Moreover,
special attention should be paid to the environmental
problem in certain areas of the Republic. As it is known,
deterioration of the nature does not occur immediately
or instantly, this process is observed for a long time, in
other words, the environmental situation is gradually ac-
cumulated. One of thehuge environmental problems of
Uzbekistan is the high degree soil salinity. A real threat to
the intensive soil contamination is a various kinds of in-
dustrial and domestic waste [1,36-37]. One of the major
problems is the quality of water resources, the issue of the
Aral Sea, and the threat of ecological security in the coun-
try and the pollution of air space. For Uzbekistan, that is
located in the arid zone, the presence of major natural
sources of dust atmosphere, as the Kara Kum desert and
the KyzylKum with frequent dust storms are character-
istic. Therefore, we believe that the current study in this
area is urgent, particularly with regard to environmental
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rheumatology and specifically on RA course in different
climatic and geographical areas of Uzbekistan. Our inter-
est is on features of the development and course of RA
associated with environmental factors.

It is known that the long-term effects of adverse fac-
tors accompanied by depletion of functional reserve, and
even a slight increase in the degree of tension of regula-
tory systems in response to the external environment,
can cause the disruption of homeostasis [1, 36-37].
It is proved that the immune cells are highly susceptible
to various changes of homeostasis, including to expo-
sure to various xenobiotics [2, 320]. Some studies show
that the formation of secondary immunodeficiencies,
which are the trigger mechanism for the development
of RA affects complex adverse climatic conditions [2,
320]. Analysis of clinical material in different regions
will enable to study and evaluate the pathogenetic role of
environmental factors, expand understanding of the oc-
currence features and course of disease. Thus, the study
of the distinctionsof the immune status in RA patients
according to the residential areas in Uzbekistan is of both
scientific practical interests.

Therefore, aim of this study was a comparative analy-
sis of immunological parameters in RA among residents
of different zones of Uzbekistan.

Materials and methods

The study included 78 patients with a documented di-
agnosis of RA between the ages of 35 to 44 years (mean age
39,6%4,2 years), the disease duration of 9,3+2,4 years. The
control group consisted of 15 healthy volunteers who were
matched for age and sex with the members of main group.

The studies were conducted on the residents with
RA of the following regions of Uzbekistan, representa-
tive for age, level of activity, and duration of the disease:
the north — Tashkent city, I area (n = 25); Western —
Khorezm region, Il area (n = 25), as well as east — Na-
mangan region, IIl area (n = 28).

A comparative analysis was conducted by compar-
ing the parameters of the immune status of RApatients,
residing in different regions of Uzbekistan.

In an immunofluorescence test that used monoclonal
antibodies for the revealing of a total pool of T-lympho-
cytes, B-lymphocytes, an immunoregulatory subpopu-
lation of T lymphocytes — CD4+ (helper) and CD8+
(suppressor) cells, natural killer cells, immunoglobulin
G on y — positive B — lymphocytes, immunoglobulin
M on p — positive B — lymphocytes was performed.
An adhesion of molecules identified by a and p chains
of granulocytes, monocytes and natural killer cells were
counted activated T lymphocytes, identifying interleu-

kin — 2 (CD25+ cells); revealed monomorphic deter-
minant of HLA class I antigens (T-lymphocytes, mono-
nuclear cells); — monomorphic determinant of class IT
histocompatibility antigens (B — cells, T — lympho-
cytes); — an antigen involved in cell apoptosis (CD9S
+ cells).

Statistical analysis of the results of research carried
out by methods of parametric statistics with the calcula-
tion of the arithmetic mean values (M) and the mean
square error (m). The significance of differences was as-
sessed by Student’s T test with Bonferroni correction.

Results

Among the investigated patients females were
predominant with the figure of 88.5%. Disability was
found in the majority of the patients, i.e. 87.2%. Poly-
arthritis was the case in 98.7% of the patients. The first
degree of inflammatory activity was detected in 3.8%
of patients, the second — in 48.7%, and the third — in
47.5% of patients. In 78.2% of patients the seroposi-
tive form of RA was determined. Radiographic chang-
es of I-II grades were observed in 44.9% of patients,
III-IV grades — in 55.1%. Systemic manifestations in
the form of amyotrophy (70.5%), rheumatoid nodules
(25.6%), fever (23.1%), lymphadenopathy (21.8%),
hepatosplenomegaly (12.8%), digital arteritis (3.8%)
were found in 47.4% of patients. The patients with II
functional class disease was dominated — 38.5% and I1I
functional class — 37.2%.

Besides the main complaints of patients to joint pain
(98.7%) and morning stiffness (100%), the other most
frequent complaints were general weakness (78.2%),
irritability, sleep disorders and attention (55.1%), ner-
vousness and anxiety (53.89%). Virtually all RA patients,
regardless of the type of therapy, showedanemia signs of
chronic inflammation.

Prospective studies illustrate that the indicatorsof
RA patients in three different climatic and geographi-
cal zones have certain differences. So the comparison
of the immune status of the three zones of monoclonal
antibodies revealed significant T-cells differences. As can
be seen from Table 1, there is a significant reduction in
both the total pool of T lymphocytes (P <0.05) as well
as their subpopulations — T-helper cells (P <0.05), and
especially T-suppressors (P <0.02) in zone II. However,
the results indicated that in the patients of I and III zon-
esthe changes in T-cell immunity were absent. But, at the
same time in patients ofzone I there was upward trend
of T-suppressors.

As the result of study of B-mediated immunity it has
been found that compared with healthy individuals there
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is marked decrease tendency in RA patients in terms of
total pool of B-lymphocytes and By-lymphocytes, and
the content of Bu-lymphocytes had an increase trend. It
should be noted that in patients of zone II (P <0.001)
there was a significant increase in Bp-lymphocytes in
comparison to the patients of other zones.

According to the literature [9, 223-224], natural
killer cells are capable of enhancing the proliferation
of T-cells forming colonies, to inhibit differentiation

of Blymphocytes and antibody synthesis. The study
of the content in the peripheral blood of RA patients
in regard tonatural killer cells showed their signifi-
cant decrease in the I (P <0.01) and II (P<0.001)
zones.

In RA patients of all three zones compared with
healthy individuals, there was a significant decrease in
phagocytosis by neutrophils (p<0.02). The differences
between the zones were not observed.

Table 1. — Indicators of the immune status

Investigated patients

Indicators Healthy Zone I Zone I1 Zone 111

(n=25) (%) (n=25) (%) (n=28) (%)
T-lymphocytes 69,4%5,1 66,4+7,67 53,4+3,35* 67,845,67
B-lymphocytes 16,5£2,92 14,8+1,9 13,7+1,77 15,2+1,4
T-helpers 37,5+2,43 38,7+5,98 25,9+2,11* 39,7+3,26
T-suppressors 16,8+1,12 18,9+2,88 10,4+0,87** 14,8322
NK 8,9+0,43 6,7+0,35*** 4,240,29%** 7,1+£2,31
Phagocytosis 58,7+4,71 45,3+3,15** 44,443 61" 42,09+3,19**
B 9,1+24 8,4+2,27 7,2+1,55 7,9+2,34
B, 4,440,25 6,5+0,88 6,6+0,28**** 6,140,57

Reliability indices are calculated in relation to the group of healthy volunteers (*P<0.0S, **P<0.02, ***P<0.01,

*¥P20,001).

The study of a number of differentiation antigens:
CD 11b+, CD 18+, CD 25+ and CD 95+ in RA patients
according to the residential areas in Uzbekistan was
carried out for the first time. Besides, a detection of
histocompatibility antigens of class I and I was examined.
It was found, as illustrated in Table 2, in II zone patients
with RA thereis a decrease of CD 11b+, CD 18+, CD 25+
cells (P <0.05) versus indicators of healthy individuals. It is
known that the molecule CD 11b (adhesion molecule —
alpha chain) serves as a receptor for C3 bi-component of
complement. The CD 18 is set of integrin alpha subunits:
CD 11a,CD 11b, CD 11c. CD 2S5 molecule is a receptor

and the IL-2 is detected on activated T lymphocytes
[4, 438-443], whereas these indices had no apparent
changes in patients of other zones.

The study of determination of monomorphic
determinants of class I histocompatibility antigens
(HLA-1) showed a significant decrease in the patients
of I and III zones (P <0,05) in comparison to healthy
subjects. Concerning the detection of monomorphic
determinants of class II histocompatibility antigens
(HLA DR) may be noted that in patients with RA 1T
zone marked improvement of their parameters, unlike in
healthy volunteers (P <0,05).

Table 2. — Indicators of the immune status

Investigated patients

Indicators Health Zone I Zone II Zone 111

4 (n=25) (%) (n=25) (%) (n=28) (%)
CD11b+ cells 39,4+3,4 3574277 294+ 2,20 34,1+3,13
CD18+ cells 98,8+6,5 91,7+6,75 78,3+ 4,51 * 86,4+5,147
CD25+ cells 45,9143 39,9+4,5 312 +4,54" 36,4526
CD95+ cells 59,142 55,1£3,75 444+4,83% 48,8+5,9
HLA — 1 64,1459 42,243,1* 59,7 + 5,45 47,3%3,14*
HLA DR 60,7+4,3 62,146,55 74,6 £4,11* 64,6+4,93

Reliability indices are calculated in relation to the group of healthy volunteers (*P<0,05).

Discussion
It is known that an important role in the develop-
ment and progression of RA is given to lymphocyte and

cytokine systems. In recent years, a significant progress,
in the study of the pathogenesis of RA, as well as in the
development of modern means of diagnosis and treat-
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ment, is reached. However, the study of molecular re-
ceptors lymphocytic system during RA remains urgent
and under-investigated issue. This is due to the fact that
the views on the content of the T-lymphocytes sub-
populations in peripheral blood and their role in RA are
limited and conflicting. According to the researchers,
patients with RA compared with healthy subjects have
the T-lymphopenia—a reduction in the relative content
of CD3 + lymphocytes [8, 317-334]. In the periph-
eral blood of patients with RA, some authors found no
significant alterations in the content of CD4+ T lym-
phocytes [8, 317-334], whereas others have revealed
a significant increase of these cells [ 7, 1666-1672]. Ac-
cording to some researchers, in the peripheral blood
of RApatients there is a marked reduction of CD8+ T
lymphocytes as a result of balance violation of the im-
mune response [3, 1677-1684]. According to others,
in patients with RA content of CD8+ T-lymphocytes is
normal or elevated [4, 438-443]. According to the liter-
ature, in the peripheral blood of RA patients there is in-
creased content of CD8+ T-cell memory cells and re-
duced content of the effector cells, which is associated
with accelerated differentiation of memory T cells with
the phenotype CD4+ and CD8+ [10, 335-353]. In
our opinion, this is due to the fact that the authors did
not take into considerationthe environmental factors,
which, as mentioned above, have an impact on the im-
mune system. The results of our studies in a certain
extent show, this phenomenon for the particular zone.
Thus, in zone II the deficit of T-cell-mediated immu-
nity is dominated, whereas in other zones the obvious
changes are not expected. Moreover in the zone I there
was an upward tendency of T-suppressors.

It is known that in RA patientsthere is an activation
of humoral immune system, characterized by an in-
crease in the content of B-lymphocytes in peripheral
blood, which is accompanied by a raising ofIg and cir-
culating immune complex [10, 335-353]. However,

our results showed a decreasetrend of the total pool of
B-lymphocytes, which is probably due to the migra-
tion of B-lymphocytes from peripheral blood in the
area of inflammation and this observation is consistent
with the results of several other authors [ 3, 1677-1684].
The results also had a number of distinctive features in
regards to the content of subpopulations according
to the area of residence, such as RA patients from the
Kharezm region demonstrated marked elevation of the
By-lymphocytesin the peripheral blood.

The study of a number of differentiation antigens
presented on immunocompetent cells of RA patients
revealed changes in their expression depending on the
residential areas. Thus, the course of RA has a close rela-
tionship with the state of immunological shifts, which-
presented with changes of cellular, humoral and non-spe-
cificimmune deficiency parameters as well as indicators
of a number of differentiation antigens (CD 11b +, CD
18+, CD 25+, CD 95+ cells and HLA-1) depending on
the residential areas in Uzbekistan.

Conclusion

Overall, it was found that the development and
course of RA is accompanied by disturbances in im-
munoregulation, especially by changes of T-immunity,
as well as the indices of a number of differentiation an-
tigens (CD 11b+, CD 18+, CD 25+, CD 95+ cells and
HLA-1).

A comparative analysis shows that the indicators of
the immune status of RA distinguish in three zones of
Uzbekistan, which does not exclude the probability of
the impact of climatic and geographical factors on the
flow of disease. This calls for a more focused and detailed
study of the influence of environmental factors on the de-
velopment and progression of RA, which allow to mark
possible ways of impact on the pathologic process, i.e.
to develop a more rational basis for adequate therapy
for improving the course of RA, and thus enhancing the
quality of life of the patients.
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Hygienic characteristics of the sensory parameters of the
pork with the intensive method of the production

Abstract: The comparative analysis of sensory characteristics of pork from the animals receiving the protein-vitamin-
mineral additive (PVMA) containing synthetic amino acids and antibacterial preparations at sagination and using a
traditional protein additive — sunflower meal is carried out. It is established that introduction to a diet of pigs of BVMD
has no essential impact on organoleptic characteristics of broth, boiled meat and fat, but authentically improves sensory
parameters of meat at culinary processing by frying on such indicators as appearance, taste, rigidity and juiciness.
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MMrneHuyeckasa xapakTepucTuka CeHCOpPHbIX MapaMeTpoB
CBUHUHbI NPU MHTEHCUBHOM cnocobe NpousBoacTBa

Annoranms: [IpoBeA€H CpaBHUTEAbHbIN aHAAU3 CEHCOPHBIX IIOKA3aTeAeH CBUHMHBI OT )KUBOTHbIX, TOAYYaBIIMX

TIpU OTKOPMe 6eAKOBO-BUTAMHHHO-MUHePaAbHYI0 A06aBky (BBMA,), copepaniyio CHHTeTHYeCKUe aMUHOKHCAOTbI

U aHTHOAKTepUAABbHbIE TIPEAPaThl U YIIOTPEOASBIINX TPAAULHOHHYIO IPOTENHOBYIO AOOABKY — IIOACOAHEUHbII

IIPOT. YCTAaHOBAEHO, YTO BBeACHHUE B palioH cBuHer BBMA He okaspIBaeT CyleCTBeHHOIO BAMSHUS HA OpPraHOAeTI-

THYeCKYe TOKa3aTeAn OYAbOHA, BAPEHOTO MSICA U SKHPA, HO AOCTOBEPHO YAYUIIAeT CEHCOPHBIE ITapaMeTpPhI MsICa ITPU

KYAHHAPHOM 00paboTKe ITyTéM SKapeHbsI 10 TAKUM II0KA3aTeASIM KaK BHEIIHUI BHA, BKYC, )KECTKOCTb U COYHOCTb.

KaroueBbie caoBa: CEHCOpHbIE (OPI‘aHOAeHTI/I‘IeCKI/Ie) IIOKa3aTE€AH, CBUHHHA, IIITHK, KOPMOBbIE A06aBKI/I, AHTH-

baxTepraAbHbIE IperapaThl.

CoBpeMeHHbIE TeXHOAOTUH TIOAyYEHMsl CBUHHHbI Ha-
IpaBAEHbI Ha yBeAHYeHHe 00EMOB IIPOU3BOACTBA H CHH-
KeHMs1 X cebecTonmocTh. C 9TOM IJeAbIO IPHMEHSIOTCS
KaK HOBefllue PUEMBI COAEPXKAHHS U ceaekiuH [ 1], Tax
Y HOBbIe TEXHOAOTHH KOPMAEHHUs], IPU KOTOPBIX B KOpMa
BKAIOYAIOTCSI OMOAOTMYECKH aKTHBHBIE BEleCTBA, B TOM
4UCA€e BUTAMUHbI, MUHEPaAbHbIe KOMIIOHEHTDI, CHHTETH-
JyeCKre aMHHOKHCAOTBI, aHTUOAKTepHAAbHbIE ITPeNaparhl,
TOPMOHBI, TPAHKBHAM3ATOPBI X TAK AAA€€, KOTOPbIe MOT'YT
OKa3pIBaTh CYNIeCTBEHHOE BAUSHUE Ha Ka4eCTBO KOHed-
HOM ITPOAYKITHH, 3aBUCSIIee He TOABKO OT XMMHYeCKOTOo
COCTaBa, HO U OT OPTaHOAENTUYECKHUX CBOVCTS [2; 3].

OpranosenTuyeckie AU TaK HadblBaeMble CEHCOp-
Hble XapaKTePUCTHKH MOXKHO CYUTATh KAIOUEBBIMH I10-
KazaTeAsMM KadeCTBa CBUHMHBI, TaK KaK UMEHHO MMH
OnpeAeAsieTcs epBHYHbL (06yCAOBACHHBINA BHEIIHIM
BHAOM) U IOBTOPHBII (06YCAOBAEHHBII BKyCOBBIMH Ka-
YecTBaMH) BHI6OP MSCHOM POAYKLIUH IOTPeCHTEASIMH,
4TO B YCAOBHAX PHIHOYHOM 9KOHOMUKHU MOKET rapaHTH-
PpOBaTh KaKk AaAbHelllee pa3BUTHE IPOU3BOACTBA, TaK
¥ ero yrnapok [4]. B cBS3H ¢ 9THM CTaHOBHTCS aKTyaAb-
HBIM H3y4eHHe CEHCOPHbIX XapaKTePHCTHK CBHUHUHbI
OT >KMBOTHBIX, BBIPAI[@HHbIX B YCAOBUSAX IIPOMBIIIAEH-
HOT'O KOMITIA€KCA C HCTTIOAb30BaHHEM KOPMOBbIX U AeKap-
CTBEHHBIX AHTHOMOTHKOB B COCTaBe HEAKOBO-BUTAMHH-
HO-MHHePaAbHbIX KOPMOBbIX A06aBok (BBMA,).

ITeapto HaImero KCCAGAOBAHUS CTAAO M3ydeHHe CeH-
COPHBIX ITapaMeTPOB CBUHUHBDI, IIOAYYeHHOM B YCAOBHUSX
KPYITHOT'O IIPOMBIIIAEHHOT'O KOMITAEKCA C HCIIOAb30BaHH-
eM BBMA, copepxatiieft KOMITAEKC aHTHOAKTePHUAABHBIX
IpernapaTos.

Marepuaas 1 MeTOABIL. I IpoN3BOACTBEHHDIH 9KC-
nepuMeHT poBoAUAcs Ha 6ase 3AO um. Aenunar. [um-
ASTHCKA, Ha CBUHBSIX CKOPOCIIEAOH MSCHOM IIOPOABI CTell-
HOro TUma. MeToAOM aHAaAOTOB ObIAKM CHOPMHUPOBAHDI
AB€ TPYIIIIBI 5KUBOTHBIX 10 9 TOAOB B KaXKAOH. JKuBOT-
Hble 1-i rpymmbI (OMBIT) MOAYYAAU IPU BCKAPMAUBAHUH
OCHOBHOI1 x03stiicTBenHbIH paruon (OXP) B kommaekce
¢ BBMA, BkArovJaroieil CHHTETUYeCKHe aMUHOKHCAO-
Tl AU3HH, METUOHHH U IJUCTEVH, a TAK)Ke aHTHOaKTe-
pUaAbHbBIE TIperapaThl: THAO3UH (266 4acTuil/MAH.),
oArakBUHAOKC (SO 9acTwIil/MAH.) U UMHK6ALMTpaLuH
(200 wacrur/man.). CBuHbU 2-it TPYNBI (KOHTPOAB)
soipamuBaarch Ha OXP ¢ poob6aBaenuem 20% moacoaHed-
HOTO IIPOTA OT HOTPeOHOCTHU B CBIPOM IIPOTEHHE.

ITo AoCTIDKEeHHH TOBAPHOTO BeCa SKMBOTHBIX 3a0UBa-
Au. OT60p 00pa3LIOB MsCa U UK IIPOBOAUAU COTAACHO
tpeboBanmsam 'OCT 7269-79 u noaseprasu opraso-
ACTITUYECKOMY HCCACAOBAHUIO B CBIPOM U TOTOBOM BHAE.
OpranoaenTiyeckas OLjeHKa IIPOBOAUAACH 10 OOLIeNpH-
uaroit metopuke BHUVIMII [S]. AAg Bapku ucrioAb3o-
BAaAHM MSICO TOACTOTO Kpasi B 00AacTH 6—7 IPYAHOrO IO-
3BOHKa. Bec mpo6 cocraBasia 0koA0 1 KI. AAsI sKapeHbst
HCIIOAB30BAAU AAMHHEFIIYIO MBIIIIy CIIMHBI B 00AACTH
10-13 rpyaHOro u 1-2 mosicHIYHOTO MO3BOHKA, 06pas-
1p1 ToAmmHOM 1,5 cM (Macca 75-80 1), 5Kaprau Ha TAHTE
B TedeHue 15 MUHYT. AAsI IPUTOTOBAEHMS OYAbOHA U Ba-
PEHOTO MsiCa MBIIIIY OCBOOOXKAAAH OT ITOBEPXHOCTHOTO
XKUPA U COEAMHUTEABHOM 000AOUKY, 3AANBAAY XOAOAHOM
BOAOH B cooTHOmeHuu 3:1 v Bapuau B Tedenue 1,5 yacos
IIPH CAAOOM KHITEHHUH BOABI, IEPHOAMIECKH YAAASS C I10-
BEPXHOCTH OYAbOHA [IEHY U XKHUP. 32 [I0AYACA A0 OKOHYAHISI
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BapKU AOOABASIAM COAD B KOAMIeCTBe 1% OT MacChl BOABL
OcreiBinee Ao 30-40° BapeHOe U >KapeHOe MSICO Hapesa-
AM Ha AOMTHKH Maccot 30 I' ¥ OLIeHUBAAM I10 CAEAYIOLTIM
MIOKA3aTeAsIM: BHEIIHUI BUA, ApOMaT, BKYC, KOHCHCTEeHITHS
(3XeCTKOCTD, HEXXHOCTD ), COYHOCTb. Byavon pasauBaau
B CTakaHYMKH M0 SO MA M OI[€HMBAAU ITO ITOKA3aTEASIM:
IJBeT U IPO3PayHOCTh, apOMaT (3amax), BKYC M HaBapH-
CTOCTb. Pe3yAbTaTbI 3aHOCHAY B AETYCTAI[UOHHBIE AHCTBI
o 'OCT 9959-91, mpu cocTaBA€HUM KOTOPBIX PyKOBOA-
CTBOBAAMCh CTAaHAAPTHOHN TabAUIIelT AeBITHOAAABHOI op-
TaHOAENTHUYECKOM OLIeHKH ITHIIeBbIX IIPOAYKTOB.

OpraHoAenTHYECKYIO OLIEHKY KHPA IPOBOAUAH CO-
raacHo [OCT 25292-82 aAsl ChIPOTO IPOAYKTA IIO IO-
Ka3aTeAsM: [[BET U KOHCUCTEHIUS IIPU TeMIepaType 15—
20°, AASIKHpPA B PaCIIAABAEHHOM COCTOSIHHU: 3aI1aX, BKYC,
IIPO3PaYHOCTD. Pe3yAbTaThl 0pOPMASIAU B BUAE AKTA.

Craructraeckyio 06paboTKy IOAYIEHHbBIX AQHHBIX
IIPOBOAMAH C ITOMOIIBIO makeTa Statsoft Statistica 6.0.
AAs YUCAOBBIX IIOKa3aTeAeM pPacCUUTBIBAAU CPEAHHeE
3HAYEHMS U X CTAHAAPTHBIE OLINOKY (M+m). Aas onjen-
KM MEXT'PYIIIOBBIX Pa3AMYMIl IIPUMEHSAH t-KpUTepHil
CrpropeHTa. AaHHBIE Pa3AMYMS CYHTAAUCH AOCTOBEp-
HbIMU IIpU BeposiTHOCTH omubku P<0,0S.

PesyabraTel 1 06cyxaenne. ITo pesyabraTam op-
FAHOAEIITHIECKON OLIEHKH 06PasL[OB CHIPOTrO MsICa, I0-
AYYEHHBIX OT CBUHEH OIBITHON M KOHTPOABHOM IPYIIII,
OBIAO YCTAaHOBAEHO, YTO BCE HCCAEAyeMbIe IIPOOBI 3HA-
YMMBIX PAa3AMYMIl He UMeloT. BusyaabHOo ompeaeaser-
Csl XapaKTepHasl KOPO4Ka IOACBHIXaHMS], IIBET KOPOUKHU
0AeaHO-po30BbIiL. [T0BepXHOCTD CBeXKEro paspesa cAerka
BAQKHAsI, DA€ AHO-PO30BOTO L{BETa, MSICHOM COK IIPO3pad-
HbIIL. MsICO IAOTHOE U 9AACTHYHOE, IMKA, 0Opasyrommas-
Cs1 IPU HAAABAUBAHHH [TAAbLIEM, OBICTPO BHIPABHHUBAETCS,
3arax MpUATHbIN, XapaKTePHBIHA AASl CBUHOTO Msca. Mex-
MBIIIEYHbIN KUP OEABIi, MSTKHUI, 9AacTUIHbINA. CyXoXKu-
AV YTIPYTHE, TAOTHBIE.

OrjeHKa KayecTBa CBIPOTO IOAKOXKHOTO IINITHKA I10-
Ka3aAa, 9TO OOpasLIbI MINNKA, KAK OIBITHOM, TaK U KOH-
TPOABHOM I'PYIII KUBOTHBIX 3HAYUMO HE OTAMYAIOTCS,
HMEIOT XapaKTePHYIO IIAOTHOCTD, OEABIT L{BET C PO30Ba-

TBHIM OTTEHKOM, 0e3 MIOCTOPOHHETO 3aIlaxa, Ha MKypKe
OTCYTCTBYIOT IIUTMEHTALIMHN U CKAAAKHU. [loAydeHHbIe
POOBI TOIAEHOTO XXUPA OT OOEUX IPYIIT UMEAH XapaK-
TEPHBII AAS AQHHOTO BHAQ JKHpa BKyc 1 3amax. Koncu-
CTEHI[HS MSTKasi, Ma3eoOpasHast. JKup Kak OIbITHOM, Tak
M KOHTPOABHOI IPYIIIT MOAOYHO-6EAOTO 1IBeTa, B pac-
IIAQBA€HHOM COCTOSIHUH IIPO3PAYHBIHL.

Komuccnonnas perycrarus 6yAboHa IIpy BapKe Msica
CBHIHE [I03BOAMAQ YCTAHOBUTD YTO, OYABOH M3 OIIBITHBIX
00pasiioB Msica ObIA MeHee ITPO3PAYHBIM 10 CPABHEHHUIO
C KOHTpoAeM Ha 7,39%, XOTs 0 OCTaAbHBIM IIOKa3aTe-
ASIM: apOMaT, BKyC, HABAPUCTOCTb IIPEBOCXOAUA KOH-
TpoAbHbIe 3HaveHHs Ha 0,95%, 2,01%, 6,10% (P>0,05)
coorBercTBeHHO. OOmMIt 6asA OLJeHKH Ka4eCTBa HYAbO-
Ha OIBITHOM I'pymsl cocTaBuA 29,46+0,74 u3 36 Bo3-
MOXHBIX 0aAAOB, cpeaHuit 7,37+0,18 13 9 BO3MOXKHBIX
6aAA0B, uTo Ha 0,27% BbIlIe, Y4eM B KOHTPOAE (Taba. 1).

Mpe! cunTaeM, 9TO OOAee BBICOKHE OpPraHOAEITHIe-
CKHe IOKa3aTeAr OYAbOHA U3 OIBITHBIX OOPA3IIOB CBU-
HUHbBI O0YCAOBAEHBI ITOBBILIEHHON 9KCCYAATHBHOCTBIO
MsICa, OCHOBHBIMH IIPUYMHAMU KOTOPOI MOTYT ObITH
HeOAAroIpHsTHbIE YCAOBUS COAEPXKAHMS SKHBOTHBIX
B KPYITHOM IIPOMBIIIA€HHOM KUBOTHOBOAYECKOM KOM-
IIA€KCe, B IIePBYIO OUepeAb, TAKHe KaK BHICOKAs CKydeH-
HOCTb >KUBOTHbIX, HHTEHCHBHbIII OTKOPM, OTPaHUYeH-
HOCTbD ABIDKeHHMI. Takue yCAOBHSI IPHUBOASIT K Pa3BUTHUIO
TEXHOAOTHYECKOTO CTPecca, COPOBOXKAAIOIIEroCs 3Ha-
4uTeABHBIM pacxopoM AT® u pasBUTHEM YCKOPEHHOTO
TAMKOAM3a 332 CYET TAMKOTEHA MBbIIII], BbI3bIBAIOUIETO
napenue pH msca. Ilpu Husko#t pH npouncxoput Boipa-
JKeHHas1 KOHPOPMALIUS U ACHATYPAIfHs CApKOIIAA3MeH-
HBIX U MHOQHOPHAASIPHBIX HEAKOB, YTO OOYCAABAMBAET
CHIYKEHHE BOAOCBSI3bIBAIONIEH CIIOCOOHOCTH TKAHEBbIX
KOMITOHEHTOB U BbI3bIBaeT IIOSIBACHIE 9KCCYAATUBHOCTH
ocAe y6ost — IoTepe COKa IPH OXAQXKAEHHU U ITepepa-
6orke [6;7]. C akccypaTom B 6yAbOH mepexoput 6oabee
KOAMYECTBO OEAKOB M 9KCTPAKTHBHBIX BEIleCTB, OIpe-
AGASIIOIIUX KPerocTh (HaBApPHCTOCTb 6yAbOHA), apOMAT
¥ BKyC. AaQHHOE IIPEATIOAOXKEHIE IIOATBEPXKAAETCS boAee
BBICOKOI MyTHOCTBIO OYAbOHA.

Tabnuua 1. — OpraHonenTuyeckune nokasarenm OynboHa

ITokasaTeAn Onerxa, Gaaset
Omprr, (n =26) Kontpoas, (n=26)
I]BeT 1 MPO3pavyHOCTD 7,08+ 0,20 7,69£0,23
Apowmar (3anax) 7,38+0,24 7,31+£0,35
Bxyc 7,46%0,24 7,31£0,23
Hasapucrocts 7,54£0,26 7,08+0,30
O6mmi 6asa 29,46+0,74 29,38+1,02
CpeaHmuit 6asa 7,37+0,18 7,35£0,25
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OrjeHKa CEHCOPHBIX TAPAaMETPOB BAPEHOTO U >Kape-
HOTO MsIca ToKasaaa (Taba. 2), 4To BapeHoe MsICO CBUHEH
OIIBITHOM TPYIIIbI UMEAO He3HAYUTEABHOE IIPEBOCXOA-
CTBO I10 OTHOIIEHHIO K KOHTPOAIO [0 COYHOCTH BCEro
na 0,04 6aara (P>0,05). BHemnuit Bua, apoMar u BKyC
OBIAU BbILIE AAST OOPA3LIOB MsICA KOHTPOABHOM I'PYIIIIBL
Ha 0,38; 0,54; 0,58 6aaroB coorBercTBeHHO. O 61Ut
U CPeAHHIT 6aAA AASL OOPA3LIOB OIBITHOM IPYIIIBL OBIA
HIDKe, Pa3HHUI[A C KOHTPOAEM ObIAQ HEAOCTOBEPHOI U CO-
craBuAa 1,46 u 0,29 6aAAOB COOTBETCTBEHHO.

OpranosenTuyeckre ITOKA3aTeAH >KapeHOTO MsCa
OITBITHOY I'PYTIIBI SKUBOTHBIX ITO BCEM IIOKA3aTEASM IIpe-

BBIIIAAM KOHTPOABHbIE 3HaUeHHUs. AeTyCTaTOpbl OTMETH-
AL, YTO AQHHBIE 0OPA3LIBI UMEIOT 6OAEe IPUBAEKATEABHbII
BHEIITHU BHA, BbIPO)KeHHBIH apOMAT X FApMOHUYHbIN BKYC
coorBercTBeHHO Ha 1,35; 1,42; 1,27 6aar0B 60AbIIIE, YeM
B KOHTPOA€, YTO B IIPOLIEHTHOM OTHOLIEHUH COCTABHAO
17,3%; 18,83%; 16,93% (HpI/I YPOBHE 3HaUMMOCTH AAS
Bcex mapamerpos P<0,05). MOKHO PeATIOAOXKHTb, 4TO
YAY4IIIeHHe OPTaHOAENTHYECKUX ToKa3aTeAedt (BKyC u apo-
Mar) U3y4aeMbIx 06pastioB 06ycA0BAEHO 60Aee BHICOKUM
COoAep)KaHHeM He3aMeHHUMBIX AMUHOKHCAOT — AM3HHA,
METHOHHHA U TPUNTOPAHA B MsICe CBUHEH, TOAYYABIINX
npu otkopme BBMA, ycranoBAeHHbIM Hamu panee [8].

Tabnuua 2. — OpraHonenTuyeckme nokasaTesnm Msca nocse TennoBon o6paboTku

Bup msca IToxazareaun Oueria, Garast
OmprT, (n =26) Kontpoas, (n =26)

Buemnuit Bup, 7,12£0,23 7,50£0,26
Apowmar (3anax) 7,00£0,28 7,54%0,27
Bxyc 6,5410,25 7,1240,22

Bapenoe XKecTkocTp (HeXHOCTD ) 7,08+0,24 7,08+0,23
Counocrp 6,77+0,18 6,73£0,16
O6mui 6asa 34,5+0,94 35,96+0,93
Cpeannii 6asa 6,90+0,19 7,19+0,19
Buemnuit Bup, 7,81+£0,11* 6,46x0,20
Apowmar (3amax) 7,54+0,16* 6,12+0,20
Bxyc 7,5+0,28* 6,2310,21

JKapenoe KecrkocTp (HeXXHOCTD ) 6,7310,29 6,00+0,29
CounocTb 6,7310,20 6,15+£0,19
O6muit 6asa 36,31+0,89* 30,96+0,87
Cpeannit 6asa 7,26+0,18* 6,19+0,17

Ilpumeyanue: * — pocToBepHble pasanyus (P<0,0S5) OTHOCHTEABHO KOHTPOAbHbIX 3HAYEHUIL.

Bo BpeMs TeraoBoit 06pabOTKU Msica, IPOUCXO-
AUT AeHATypanus OEAKOB, KOTOPasi COMPOBOXKAAETCS
CHIDKEHHMEM HX PAaCTBOPUMOCTH U BOAOCBSI3BIBAOIEH
CIIOCOOHOCTH, B PE3YABTATE Yero IPOAYKT TePSIET BAa-
I'y BMeCTe C paCTBOPEHHbBIMH B Hell BEIJeCTBAMH, UTO
IIPUBOAUT K CHIDKEHHUIO €ro ITHIIeBOM LIeHHOCTH | CO-
KpAIlleHUIo0 MacChl B cpepHeM Ha 35%. BmecTe c Tey,
CHIDKAETCS YCTOMYMUBOCTH [10 OTHOIIEHMIO K IHIeBa-
PHUTEABHBIM PpepMeHTaM, ITO [TOBBIIIAET €0 OHOAOTH-
4ecKyo AocTynHOCTh. KoangecTBO BAary, BeipeasieMoe
MSICOM, OTIpeAEAsieT ero HeXKHOCTb M COYHOCTh (dem
HeXXHee MsSICO, TeM ObICTpee BRIAEASIETCSI MSICHOM COK,
CITOCOOCTBYIOIMIL YCHAEHHUIO CEKPELUH CAIOHHBIX XKe-
Ae3 mpu xeBanun) [2].

I'To He>XHOCTH U COYHOCTH XKApeHOe MSICO OIBITHON
TPYIIIbI IIPeBbIIAAO KOHTPOADb Ha 0,73 u 0,58 6arsoB
(P>0,05). O6muit 6aaA B ONBITHOMN IPyTIIIe COCTABHA
36,31 13 40 BO3MOXHBIX, 2 CpeAHuUit — 7,26 13 9-Tu BO3-
MOJKHBIX 0AAAOB, YTO AOCTOBEPHO IIPEBbIIIAET KOHTPOAB-
Hble moka3aTeAu Ha 14,73% u 14,74% cOOTBETCTBEHHO.

BoiBoabl. Beeaenne B panyon csuneit BBMA, co-
AepJKaliell CHHTETHYECKIEe AMIHOKHUCAOTBI ¥ aHTHOAK-
TepUaAbHBIE IIPeaparsl, He OKa3bIBaeT CYLleCTBEHHOTO
BAMSIHUS HA CEHCOPHBIE ITOKA3aTeAN OyAbOHA, BAPEHOIO
MSICa M XKHPA, HO AOCTOBEPHO YAYUIIIAeT OPTaHOACIITHYE-
CKHe XapaKTePUCTHKU MsICa IIPU KyAUHAPHO! 06pabor-
KM ITy TEM XKapPeHbs 10 TAKMM II0Ka3aTeASIM KaK BHEIIHUI
BHA, BKYC, HOXXHOCTb M COYHOCTb.
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Clinical-pathogenetic ground of multi-modal analgezia adequacy at
peryoperative period in emergency thoracic operative investigations

Abstract: Balanced anesthesia is pharmacological means in combination with regional methods effecting on
physiological processes fulfilling nociception, transmission, modulation and perception on the multimodal base.
The main point of regional anesthesia contains in the block of conducting nociceptive impulses from operation
sphere at different levels proximal from the surgical approach Efficiency of intrapleural and thoracic paravertebral
block in combination with general anesthesia in patients performed thoracic interventions due to traumatic injuries
of thorax have been studied. Methods: 116 patients admitted to RRCEM in urgent way with chest traumatic injuries
have been examined. They have been divided into 3 groups against to the applied method of anesthesia and post-
operative pain relief. Results: The received results shows that the use of the regional way of anesthesia in combination
with general anesthesia promotes a smooth course of intra- and post-operative periods with the minimal tension of
hemodynamic indexes, less revealed pain syndrome in post-operative period, has the economic effect shown up by
the decrease of the use of narcotic analgetics both in intra- and post-operative periods.

Keywords: multi-modal analgesia, paravertebral blocade, intrapleural analgesia, pain.

Introduction analgesia provides simultaneous usage of two or more

Anesthesia adequacy issue and post-operative
analgesia attracts an attention of specialists. Traditional
anesthetics and opioids are not enough for valuable
anesthesiological protection of the patients and need in
addition by special things preventing nocioceptive
system overexcitation and organ disfunctions connected
with it.

The most importantissue of the world anesthesiology
remains working-out and adoption of safe, effective ways
of anti-nocioceptive protection of patients from acute
pain in emergency medicine and multimodal analgesia
deserves a special attention among them. Multimodal

anesthetics and analgetics having different mechanisms
of action and allowing achieve adequate pain relief at
minimum side effects inherent to the big doses of one
analgetics in monotherapy [2; 6]. Clinicians familiar
with base of pain neurotransmission understand
a necessity of multimodal approach to providing
nociception inhibition on the different levels of nervous
system, activation of inhibitional anti-nocioceptive
mechanisms. Both system and regional action ways
and systems are used for it. So, balanced anesthesia is
pharmacological means in combination with regional
methods effecting on physiological processes fulfilling
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nociception, transmission, modulation and perception
on the multimodal base. [4; 10]. The main point of
regional anesthesia contains in the block of conducting
nociceptive impulses from operation sphere at different
levels proximal from the surgical approach [11].

Chest injuries and traumas has become one of the
most often reasons for admitting patients to emergency
surgical hospitals for the last years. At the presence of
the chest trauma, bleeding or lung injury it is usually
performed thoracoscopy with the aim of pleural cavity
revision. It is known that operations on the chest are
one of the most traumatic ones as visceral and parietal
pleuras are rich in nociceptive receptors and as a rule,
they are performed by switching one lung off from
the ventilation and can require a long-termed wide
rupture of respiratory tracts’ lumen and it is the cause
of intra-operative gas exchange disorder, pulmonary and
system hemodynamics [1; 3; 8].

In early post-operative period under the pain influence
such patients often had hypoxemia and hypercapnia with
the development of respiratory acidosis due to hypopnoe
and the limitation of respiratory excursion. That is why just

after recovery it is necessary to achieve patient’s productive
cough and early motor activity. It can be achieved only
at the adequate anesthesia [5; 9]. All it dictates definite
requirements to anesthesia at thoracic interventions which
can be stated as follows: a reliable antinociception, well
gas exchange managing, rapid recovery and self-reliant
respiration, high quality analgesia both at the recovery
and at the early post-operative period [7].

The aim of our investigation is the efficiency
(IPA)
paravertebral analgesia (TPVA) in composition of

estimation of intrapleural and thoracic
combined anesthesia in intra- and postoperative
periods in patients with chest traumatic injuries.

Methods

116 patients who performed emergency operations
due to chest injuries were involved into investigations.
Patients were divided into 3 groups subject to applied
method of anesthesia and post-operative pain-relief.
They did not have differences on age, sex, type of opera-
tions (tables 1,2, 3). According to physical condition and
nature of revealed disorders patients refered to II-III E
class by ASA.

Table 1. — Distribution of patients by sex

Sex 1* group (%) 2" group (%) 3“ group (%) Totally (%)
Woman 10 (25%) 11 (29,7%) 14 (35,8%) 35(30,2%)
Man 30 (75%) 26 (70,3%) 25 (64,2%) 81 (69,8%)
Totally\severalage | 40 (100%)/37+2,2 |37 (100%)/37,2%2,7 | 39 (100%)/34,7+2,2 116 (100%)
Table 2. — Distribution of patients by performed operations
Operations 1* group (%) | 2™ group (%) | 3" group (%) | Totally (%)
Thoracoscopy with elimination post-trau-| 13 (32,5%) 7 (18,9%) 7 (18%) 27 (23,3%)
matic hemothorax, pneumothorax
Thoracoscopy with closure of injuried parts 12 (30%) 12 (32,4%) 14 (35,8%) 38 (32,7%)
of lung, bullas
Thoracoscopy, atypical lung resection 7 (17,5%) 5(13,5%) 2 (5,3%) 14 (12%)
Minithoracotomy:
— with closure of injuried parts of lung; 3(7,5%) 3(8,2%) 8 (20,5%) 14 (12%)
— hemo-pneumothorax elimination; 3(7,5%) 6 (16,2%) 4(10,2%) 13 (11,3%)
— ehinokokkectomy, cistectomy 2 (5%) 4(10,8%) 4(10,2%) 10 (8,7%)
Totally 40 (100%) 37 (100%) 39 (100%) 116 (100%)
Table 3. — Distribution of patients by injury nature at emergency thoracic operations
Injury nature I*group (%) | 2™group (%) | 3" group (%) | Totally (%)
| hest inj ibs fi lung in-
jCLerc;sedc est injury + ribs fracture + lung in 6 (15%) 7 (19%) 5 (13%) 18 (15,5%)
Ruptures of cysts, bullas 12 (30%) 16 (43,2%) 20 (51,2%) 48 (41,3%)
Stab-cut wounds 14 (35%) 6 (16,2%) 8 (20,5%) 28 (24,2%)
1 hest i b lune in-
j(flr(;sed chest injury + ribs fracture + lung in 8 (20%) 8 (21,6%) 6 (15,3%) 22 (19%)
Totally 40 (100%) 37 (100%) 39 (100%) 116 (100%)

77



Section 9. Medical science

Ways of premedication, anesthesia and post-
operative pain-relief in patients performed thoracic

operations are given in table 4.

Table 4. — Ways of premedication, anesthesia and post-operative pain-
relief in patients with thoracic operations (n=116)

Post-operative
pain-relief

each 5-6 hours (or lidokain
1%-200 mg each 3-4 hours);
Morphine 10 mg at necessity

1* group 2™ group 3" group
'g promedol 20 mg, dime- | promedol 20 mg, dimedrol | promedol 20 mg, dimedrol 10 mg,
3 drol 10 mg, H2 blocker | 10 mg, blocker nevofam 20 mg | blocker nevofam 20 mg ketonal
S | nevofam 20 mg ketonal 100 mg intramuscularly | 100 mg intramuscularly
:
~
izofluran 1,5-2 06% | izofluran 0,8-1% izofluran 0,8-1%
g qg fentanil in dose | Analgetic component IPA +bolus | ketamin 0,8 mg\kg — block of NMDA
% % 5-8 mkg\kg\hour dosing of fentanil in traumatic | receptors
3 = moments of operation by 0,Img. | Analgetic component PVB + bolus
é g dosing of fentanil in traumatic moments
of operation by 0,1mg.
Morphine 30-50 mg\a | NSAID ketonal 300mg; NSAID ketonal 300mg;
day IPA bupivacaine 0,25%-50mg | PVB bupivacaine 0,25%-50mg each

5-6 hours (or lidokain 1%-200 mg
each 3-4 hours); Morphine 10 mg at
necessity

EPIDURAL
PARAVERTEBRA
INTRAPLEVRAL
BLOCADE |

BLOCATORS OF
NMDA-
RECEPTORS

lidocaine

TRANSMISSION

m*.<

‘? 1V anesnthetics
opiocids
C : Lenthanyl Fenthanyl

u ivacaine,

ketamine

orlln
ISOlZuran MODULATION
/1/ e

oPlIOIDS
ANALGETIKS
ketonal
TRANSDUCTION
[ NSAID ]

Pict. 1. Important mechanisms of pain control. Means and ways used in research work

Means and ways of blocking all levels of nociception
used in research work are given in the following picture 1.

Ways of investigation:

« ECG for estimation of data of central hemody-
namics (Hitachi -500);

« Average blood pressure (ABP), general peripher-
al vascular resistance (GPVR), left ventricular work in-
dex (LVWI), cardiac index (CI) were counted by calcu-
lating methods;

« ABP monitoring, heart rate frequency (HRF),
ECG, saturation (SpO,) with Nikon-Kohden ( Japan)
monitor.

« Blood analysis: ABB indexes, glucosae level, stress
hormone level (cortisol);

« Subjective estimation of post-operative pain-
relief: Visual-analog scale (VAS), Positional discomfort
scale (PDS), Verbal estimations scale (VES);

« Extubation time;

« Time of analgetic first requirement (TAFR);

« Consumption of narcotic analgetics in the intra-
and post-operative period.

Mentioned above investigations were performed at
the following levels:
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Intra-operative period at thoracic operative in-
terventions: 1-Outcome —before anesthesia, 2-After
block (for thoracic patients), 3-After trachea intubation,
4-Traumatic moment of operation, 5-End of operation

Post-operative period: 1-Before pain-relief,
2-30 min after pain-relief, 3-2 hours after pain-relief,
4-5 hours after pain-relief.

Results.

Our investigations have revealed that both groups

patients admitted to operation room with existing respiratory

[ EF e— o — qigr level

Hi-level

I Y-level
—_—lgr == lgr EE — i

failure conditioned by the chest injury, hemo- pneumothorax
with hypertension and tachycardia which has been regarded
as organism’s reaction on trauma pain. The conducted
premedication has not removed the pain totally and at the
admission to the operation room all the patients have felt
the pain equal to 7-8 points by VAS which fits severe pain.
In all groups at the initial level (before the block) according
to pain sensation, the main hemodynamics indexes
were high. A significant difference between groups in
hemodynamics indexes has not been revealed.

GPVR

-level

—— gy

GPVRs00
1500

C

- —— llgr I:; IY-level

— T

— — g

Pict.2. Hemodynamic indexes in the intra-opeative
period at thoracic operative intervention

79



Section 9. Medical science

At the 2™ stage comparing groups 1 and 2 we revealed
that ABP index was 19% higher and HRF — 23,7%
higher in patients of group 1. LVWI was more than 26,4%
higher and EF had 21,2% difference. GPVR index was
11,9% higher in patients of group 1 than in the 2™ one.
Comparing groups 1 and 3 we revealed that ABP index
was 19,2% higher, HRF — 21,5% higher in patients of
group 1. Reducing HRF in 3" group led to improving heart
work. It was in increasing EF indexes to 21,2%, improving
of LVWTI to 26,4% in compare with patients from group 1.
GPVR indexwas 12,9% higher in patients of group 1 thanin
group 3 (pict.2). Glucose index reduced to 34% in the 2"
group, and in the 3* one — to 38,3% in compare with group
1 (pict.3). Cortisol index reliably reduced to 24,9% and
23,4% in groups 2 and 3 in compare with group 1 (pict.4).

In traumatic moment of operation in both groups
where used combination of general anesthesia with PVB

19
17

=

5-ley

=

mmolil

w u ~ o
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Pict. 3. Glucosae indexes

Glucose index was higher in group 1 to 44,8%, in
group 2 to 48,6%. Cortisol index in the 1* group was
62,5% higher than in the 2" one and in compare with
group 3 — to 68,4%.

Combined use of general anesthesia and IPA in
the intra-operative period in the 2™ group patients
allowed to reduce a consumption of fentanil to 30%.
Combined use of PVB and general anesthesia in the
3 group patients allowed to reduce a consumption of
fentanil to 58% in compare with the control group. In
the group with the use of PVB + general anesthesia it
was pointed a reducing of fentanil consumption to 20%
than in group with the use of IPA + general anesthesia.
Extubation time in patients of group 3 reduced on 57,4%
than in group 1. At comparing groups 1 and 2 where IPA
was used, extubation time reduced in 43,5% in patients
of group 2.

It is noticed reliable shortening of TARF on
34,7% in 1* group than 2" one and on 70% than in
the 3" one. Comparing groups 2 and 3 we noticed

andIPAitwaspointedastability ofhemodynamicindexes.
In group 1with the use of isolated general anesthesia it
was detected reliable increasing of ABP index to 26,8%
and HRF — to 38,5% 3 in compare with group 2.

Comparing groups 1 and 3 we observed increasing
of ABP index to 36,8% and HRF — to 41,4% in the
control group. EF index at comparing groups 1 and
2 was 14,6% lower in the 1* one. At comparing groups
1 and 3 this index was 14% higher in group 3. LVWI in
group 1 reacted by increasing to 72,5% in compare
with group 3 and at comparing with the 2™ one —
this index was 53,3% higher. Comparing groups 2 and
3 this index was 12% higher in the 2™ one. Clindexin
the 1% group was 24,2% higher in compare with group
2 and comparing with group 3 it was 19,6% higher.
GPVRindex at comparing groups 1 and 3 had reliable
difference in 13%.
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Pict. 4. Cortisol indexes

augmentation of TARF on 34,8% in group 3 than in
the 2™ one and it proved longer effect of anesthesia
at using PVB. At pain estimation by VAS we revealed
that pain senses in group 1 were 28,5% higher than in
group 3 and between groups 1 and 2-25,3%. Subjective
pain estimation in three groups revealed that patients
of groups 1 and 2 felt more intensive pain which was
20% higher than patients of group 3. Subjective pain
estimation by PDS detected that there was a difference
of 45,8% in pain sense between patients of groups
1 and 3. This difference made 35% between patients
of groups 2 and 3 and between groups 1 and 2-20%.
At pain estimation by VES we revealed that pain
senses in group 1 were 45,4% higher than in group 3.
At comparing groups 2 and 3 it was detected that pain
factor prevailed in group 3 and this difference made
22,7%. At the 1* stage of post-operative period in three
groups hemodynamics indexes did not have reliable
differences and corresponded to patients’ pain sense

(pict.S).
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Pict.5. Hemodynamics indexes after thoracic operative interventions.

At the 2 stage ABP index was 12,1% higher in
group 1 than in the 3" one. HRF index in the 1* group
was 14,5% higher than in the 3" one. At comparing
groups 2 and 3 rpymms! the difference on 12% was de-
tected. EF index in the 2" group increased to 11,8%
than in the 1* one. In the 3 one this index was 19%
higher than in the 1* group. GPVR index was 16%
higher in group 1 than in the 2™ one and at comparing
with the 3" one it was 13% higher and it proved bet-
ter efficiency of anesthesia at using NSAID ketonal and
PVB. Pain sense in patients of group 1 by VAS in spite
of pain relief by morphine was 41,6% higher than in
group 2. Comparison of VAS index between groups
1 and 3 revealed a difference in 68,8% to the benefit of
pain relief in patients of group 3. Comparison of pain
sense between groups 2 and 3 on the base of VAS de-
tected that patients of group 3 did not feel pain and
difference of 46,6% proved it. Estimation index by VES
revealed better anesthesia in group 3 for 68,8% in com-
pare with the 1* one and at comparing groups 1 and
2 it was pointed worse pain reliefin group 1 for 62,5%.
Estimation by PDS revealed that this index in group

1 was 72,1% higher than in group 3 and 21,7% — in
compare with group 2.

At the 3" stage of post-operative period hemody-
namics indexes in three groups remained normal but
there was some tachycardia in the 1* group. HRF was
14,4% higher in group 1 than in the 3" one. EF in group
2 was 18% higher than in the 1* one. EF in group 3 was
19,3% higher than in the 1* one. CIindex was 9% lower in
group 1 than in the 2™ one. GVPR was 16% higher in
group 1 than in the 2" one and 11,2% — than in group 3.
VAS index in the 3" group was 75% lower than in the 1*
one. Comparing subjective pain senses by VAS between
patients of groups 2 and 3 revealed a reliable difference in
74%. Estimation of anesthesia quality by VES detected
that pain sense by patients of the 1* group were 33,3%
higher than in the 2™ one and 86,6% higher than in the
3 one. Estimation by PDS revealed reducing pain to
86,6% than in group 1 and 83,7% — than in group 2.

Glucose index was 36,1% lower in 2 group than in
the 1* one and in the 3™ one it was 32,5% lower than in
the 1* one. Cortisol index was 28,7% higher in control
group in compare with groups 2 and 3.
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Pict. 6. Cortisol indexes

At the 4" stage difference in subjective pain senses
by VAS in 3" group was in 76,9% than in the 1% one,
proved longer and more qualitative efficiency of anesthe-
sia at using PVB in combination with NSAID. Analgesia
quality by VAS in the 3" group was 74,6% better than in
the 2" one. Estimation of pain relief quality by VES and
PDS revealed that 3" group patients felt less pain on 87,5%
than ones from groups 1 and 2. HRF in group 1 was 36,7%
higher, ABP — 24% than in group 3. Clindexin 1* group
was 11,7% higher than in 3* one. LVWI was 38% higher in
the 1* group than in 3" one. Comparing groups 1 and 2 it
was revealed that this index was 14% higher in the 1* one.
Comparing groups 2 and 3 LVWI increased in the 2™
one for 22,4% than in 3" one. EF index in 3 group was
20,6% higher than in the 1* one. At comparing groups
2 and 3 ABP the difference in 15,2% and HRF 25% was
detected to the benefit of 3 group where PVB was used.
Comparing groups 1 and 3 revealed increasing of glucose
on 56,8% in group 1. Comparing groups 2 and 3 revealed
that this index was 44,8% higher in group 1. Cortisol in
group 1 was 17,8% higher than in 2™ one. At comparing
groups 1 and 3 we detected increasing of it on 45,2% in
group 1. Comparing groups 2 and 3 revealed increasing
of cortisol on 33,3% in the 2™ one.

On the base of intrapleural analgesia by bupivacaine the
quantity of consumed morphine reduced on 42,8% when
combination of using paravertebral block by bupivacaine
and ketonal reduced using morphine on 57,1% in compare
with group 1. At comparing groups 2 and 3 where it was
used a combination of regional blocks with NSAID it was
noticed reducing of morphine in group 3 on 25%.

On the base of multimodal analgesia on the base of
TPVB post-operative pneumonia developing reduced

mmolil
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2-lev

Pict.7. Glucosae indexes

on 46% than in group with traditional analgesia by nar-
cotic analgetics. In group 2 with the use of IPA + nar-
cotic analgetics there was also detected the reducing of
post-operative pneumonia developing to 28% than in
the 1% one.

Conclusion

1. At emergency thoracic operative interventions
use of perioperative multimodal anesthesia promotes
stability of central and peripheralhemodynamicsindexes,
sympato-adrenal system, ABB in compare with
traditional analgesia.

2. At emergency thoracic operations use of
prolonged IPA in content of multimodal anesthesia-
analgesia promotes reducing of consumption narcotic
analgetics in intra-operative period to 30% and in post-
operative period — to 42,8%.

3. Including prolonged PVB into scheme of
multimodal anesthesia at emergency thoracic
operative interventions leads to reducing of consumption
of narcotic analgetics in intraoperative period to 58%
and in postoperative period — to 57,1%.

4. Applying multimodal analgesia in postoperative
period providesless subjective painintensity (in2,5 times)
by VAS and better quality of postoperative anesthesia (in
3 times) by PDS and VES in compare with traditional
analgesia with narcotic analgetics after traumatic
abdominal and thoracic operative interventions.

S. The action of postoperative anesthesia on the base
of PVB 1,5 times longer than period anesthesia scheme
with IPA and it is connected with the combination of
local anesthetics with pleural cavity liquid, decreasing
of the concentration of local anesthetics and its run-out
from drainage tube.
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Ilymeiiko Huxoaasi Bradumuposuu,

acumenm KapedpvL Anme4Hol U NPOMbIUAEHHOT
mexHorozuu sexapcms, Hayuonarvnotii meduyumcruii
yHusepcumem umenu A. A. Bozomorvya

3KCI19pI/IM9HTaJ1beIe n KJIMHN4eckKue mccigegoeaHuvud npenapartroe
DN Ie4HeHUs1 CUCTOJINYEeCKOoM Cep.lJ,e'-lHOﬁ HeagoCTaTO4YHOCTU

AHHOTaI.[I/IH: B 063ope OCBeIIaeTCA HPOGAeMa OIITUMHU3AITNH ACUCHH A CHUCTOAUYECKOM cepAequﬁ HEAOCTaTO4-

HOCTH, KOTOpasl ABASIETCA OAHOfI M3 HCOTAOXXHDBIX 3aAa4 COBpeMeHHOfI KapAHOAOI'HH. BKCHQPI/IMQHTaAbeIe U KAMHU-

YeCKHe pa60T1>1 HaIIpaBA€HbI Ha IOMCKBPIHOTPOIIHUX ar€HTOB U IIPE€IApaTOB, BOBAEIZCTBYIOH.IHX Ha HeﬁpOFYMOPaAbeIe

ITyTH, KOTOPbIE CIIOCOOHDI MOBBICUTD CepAe‘IHbel BbI6pOC H IIOHM3UTD IIPEA- U IIOCTHArpy3Ky Ha MHOKApPA.

KaroueBbie cAOBa: CHCTOAHMYECKAS CepAeIHAs HEAOCTATOYHOCTD, HHOTPOIIHbIE aI€HTbhI, HeprOFYMOPaAbeIe

IIyTH.

IleAenanpaBAeHHDIHN MOMCK MUIIEHEH, KOTOpbIe SB-
ASIFOTCS ¥ TepPaNeBTHYeCKUMH MUIIEHAMU AAS ACUEHHS
CHCTOANYECKOM CEPACYHOMN HEAOCTATOYHOCTH, IIPEACTaB-
ASIeT aKTYaAbHYIO 3aAa4y KaK AASl 9KCIIEpUMEHTATOpPOB,
TaK ¥ AASI KAMHUIIICTOB [ S, 14].

IIpu aTOM 3KCIIEpUMEHTAAbHbIE HCCACAOBAHUS Ha-
IIPaBAEHBI Ha [IOMCK A€KAPCTBEHHBIX CPEACTB, 00AaAQ-
IOIUX TIOAOKUTEABHBIM HHOTPOIIHBIM AEHICTBUEM, T. €.
HEeIIOCPEACTBEHHBIM AEHCTBHEM Ha COKPaTHUTEAbHBIH
alapaT U dHepProcHabKeHIe KAPAHOMHUOLIUTA.

Kaaccraeckumu cpeacTBaMu, 06AAAQIOIIMME [IOAO-
JKHTEAbHBIM HHOTPOIIHbIM AEFICTBHEM, CIUTAIOT CePACY-
HbIe TAUKO3HADI (KapAI/IOTOHI/I‘{eCKI/Ie CTepOI/IAbI) [1,2].

IIpu ocTpoii ceppedHOM HEAOCTATOYHOCTH Ha3HAYa-
IOT TaKKMe MHOTPOIIHbIE areHTbl, KaK CUMIIATOMUMETHKH
(Aoq)aMnH, AO6YT8.MI/IH) Y HOBBII ITperapaT ¢ UHOTPOII-
HBIM 3P PEKTOM — CeHCUTH3ATOP AeBOCUMEHAAH. AeBO-
CHMEHAQH PeKOMEHAOBAH ITaIlMeHTaM C OCTPOM cepAed-
HOJ HEAOCTATOYHOCTBIO C MAABIM BBIOPOCOM BCAGACTBHE
CHCTOANYECKON AMCPYHKIMN 6e3 3HAYMTEABHO TUIIO-
Tensuu [7; 8, 24].

CaeayeT OTMETHUTD, YTO B HACTOSIIUX €BPOTIEHCHKUX,
YKPaMHCKHX, pOCCUMCKUX KAMHMYECKHX PEKOMEHAALIUAX
AASL A€YEHMS OCTPOH U XPOHUYECKOHN CEPACIHOM HEAO-
CTaTOYHOCTH KAMHUYECKUE TOKA3aHUSI OTHOCHUTEABHO
IIpUMEeHEeHHs] HHOTPOIIHBIX areHTOB COKpameHbl. Tak,
IIPH OCTPOM CEPACYHOM HEAOCTATOYHOCTH HMHOTPOII-
Hble IpenapaThl peKOMEHAOBAHbI IIPH YCAOBHH HAaAU-
ynsg nepudepudeckor runonepdysuu (apTepnAbHa;{
TUIIOTEeH3 M, YXYALIeHHe QYHKIIUN II0YeK ), He3aBUCHMO
OT HASIBHOCTH 3aCTOMHBIX IBAEHUH B AETKUX, B TOM YKCAE
OTeKa AeTKHX, peppaKTepHbIX K Tepaluu ANy peTUKaMu
Y Ba30AMAQTaTOPaMH B ONITUMAAbHBIX A03ax. [ Ipu xponu-
9eCKOM CepAEYHON HEAOCTATOYHOCTH C CHCTOAMYECKOM
AMCYHKITUEN AMTOKCHH HAa3HAYAIOT AOIIOAHHUTEABHO
K 6eTa-apApeHOOAOKATOpaM, KOrAa HeTa-aApeH0bOAOKaTO-

PaMu He YAQeTCS AOCTUTD AAKBaTHOT'O KOHTPOAS 4acTo-
ThI COKpALIEHUIT CepPALIA HAU BMECTO beTa-aApeHOOAO-
KaTOPOB, B CAy4Yae HellepeHOCHUMOCTH MaljieHTaMU 9THX
IpenaparoB. BOABIIMHCTBO AOKAMHMYECKUX HMCCACAO-
BaHMI OKOHYHAMCH ITOAYYE€HHEM Pe3yAbTaTOB, KOTOpPbIe
MMEeAU Hay4HbIN MHTEpPeC, OAHAKO B OTAEABHBIX CAyYasX
MaTepHaAbI 9KCIIEPUMEHTAABHBIX HCCACAOBAHHUN CTaAU
OCHOBaHMEM AASI TPOBEACHUS KAMHIUYECKUX UCTIbITaHUH,
B TeueHMe TOCAEAHNX ACCSTHAETHI ObIAY CHHTE3HPOBA-
HBI OPUTMHAABHBIE COGAMHEHHUSI C IIOAOKUTEABHBIM HHO-
TpOIHbIM 3¢ PpexToM. OAHUM U3 HUX SBASETCS UTAPOK-
CHM, KOTOPbIH peaAu3yeT KapAUOTOHHYECKOEe ACHCTBUE,
oaaropapst 6aoxkape Na'-K'-AT®aspl 1 BO3AEHCTBHIO
Ha MOHHBIA HACOC CAPKOIIAA3MATHIECKOTO PeTUKYAYMA,
CHOCO6CTBY$I OCBOOOXACHUIO KAABITUSI [17, 20]. Eme
OAHUM UHOTPOIIHBIM areHTOM MOXKHO CUUTATh OMEKaH-
THBa MeKapOUA, KOTOPBII B3AUMOAEHCTBYET C yIaCTKOM
FOAOBKU MHO3KHA, KOTOPasi pacroAoxkeHa BoAn3u ATP-
CBS3BIBAIOIIETO AOMEHA, YTO 0OAErYaeT B3aUMOAEHCTBHE
MHO3UHA U aKTHHa |3, 21]. IlepcriekTUBHBIM AAS A€Ye-
HISL CEPAEUHON HEAOCTATOYHOCTU MOXKET OBITh IIperapar
SERGA 24, ocymecTBASIONIMI TepPeHOC T'eHa C y9acTHeM
Ca*"-ATda3HOIt OMIIbI CAPKOIAA3MATUYHOTO PETHKY-
AyMa, IIPM 9TOM Ha MOAEAM XPOHHYECKOM CepAeYHOM
HeAOCTaTOYHOCTH reHHas Tepanus SERGA 2a yayunrasa
COKPAaTUMOCTb MOKApAQA TIPU CEPAEYHOM HEAOCTATOUHO-
cTH AI060it TsDKecTH [29].

Pa3paboTaHbl coepuHeHus, B TOM uucae S44121,
K-201 u aApyrue, koTopble, yrHeTash PHAHOAMHOBBIM
penenrop (OAI/II‘OMep, KOTOPBIN MCHOAHSAET QYHKIIHIO
YCHUAEHUS Ha COKPAaTUMOCTH CEPAEYHOM MBIIIIIH IIPH II0-
MOIIY KAABIIUAMHAYIIMPOBAaHHOTO BHI6POCA) YBEAUUHBa-
10T OCBOOOXKAEHME KAABIIUS U3 CAPKOIAA3MATHIECKOTO
perukyayma [27]. BoIaBA€HO, 4TO METAGOAUTOTPOMHBII
KapAMOIIPOTEKTOP PAHOAA3UH TaKXXe MOXKeT BAMATDH
Ha PUAHOAMHOBBIN PELenTOp [10, 28] AoxauHMueckue
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HCIIBITAHHS AASI ACUEHUS CEPACYHON HEAOCTATOYHOCTH
ycnemno npourea npernapar MTP-131 (Bendavia), ko-
TOPBIN COAEPXKHUT CTeAe-TIeNITUABI, BO3ACHCTBYIONIVE
HEIIOCPEACTBEHHO Ha MHUTOXOHAPHH U YCTPaHSIONIYE
MHTOXOHAPHAABHYIO 9HEPIeTHYECKYIO AHMCQPYHKIIHIO.
B sxcrepuMeHTax Ha cO6AKaX yCTAaHOBAEHO, YTO AQH-
HOEe COeAMHEHHEe YAYYIIAeT COKPAaTUTEABHYIO PYHKITHIO
A€BOTO >KEAYAOUKa, IIPH 9TOM OOAErv4aeTcsi OTKPHITHE
AT®-3aBUCHMBIX KAAHEBBIX KAHAAOB MUTOXOHAPHI, TI0-
BbImaercs coorHomenue ATO/AAD [12].

Psip coepAuHEHUH, KOTOPbIE YCIIENIHO MPOIAYN $a3y
AOKAMHUYECKHX HCIBITAaHU, TIOKa3aAU 3P PEeKTUBHOCTD
B KayeCTBe ITOAOKUTEABHBIX HHOTPOIIHBIX areHTOB
He TOABKO B 9KCIIEPUMEHTE, HO M B KAMHIEKe, 00AaAAsI
CIIOCOOHOCTBIO YBEAUYHBATD YAAPHBII 00beM Y 6OABHBIX
C CepAEYHOM HeAOCTaTOYHOCTHIO. K TakuM coepnHeHIAM
OTHOCST PEAAKCHH, KOTOPBII IIPOXOAMA KAMHUYECKHE HC-
IIBITAHUS TTOA Ha3BaHUEM CepeAakcHH. PeaakcH — npu-
CYTCTBYIOIIUH B OpraHH3Me IIOAUIIEITHAHBINA TOPMOH,
C MOAEKYASIpHOM Maccoit $963, KOTOpOMY IIPHHAAACKUT
peryAupyromas poAb B QU3HOAOTUYECKUX U3MEHEHHUX,
IIPOMCXOASIIUX B XXEHCKOM OpraHu3Me IpH OepeMeH-
HOCTHU. AOKAMHIYEeCKUMU UCCAEAOBAHUSIMH YCTAaHOBAE-
HO, YTO PeAAKCHH Ha QpOoHe BBeACHHUs aHTMoTeH3MHa II
U 9HEAOTEAHHA BOCCTAHABAUBAET CEPAEUHBII BBIOPOC, CH-
CTeMHOE COCYAHMCTOE COITPOTHBACHHE, 9AACTUIHOCTD CO-
CYAOB, CKOPOCTb KAYOOYKOBOM GUABTPALIHH U [IOI€IHOTO
KPOBOTOKA. Y GOABHBIX C OCTPOIT CEPAEIHOM HEAOCTATOY-
HOCTBIO C€PEAAKCUH (‘IeAOBe‘leCKI/Iﬁ PeKOMOMHAHTHbIN
PEAAKCHH-2) yAYYIIAA COKPATHTEABHYIO aKTHBHOCTD MH-
OKapAQ, OHMKAA OABIIKY [25; 26].

BMecTte ¢ TeM, OKOHYATEABHBIX BBIBOAOB OTHOCH-
TEABHO IIOATBEPXKACHUH 9 PEKTUBHOCTH CepeAaKCHHA
IIPU OCTPOH CEPAEYHOH HEAOCTATOYHOCTH He TIOAYIEHO.
OTHOCHTEAPHO HOBBIM ITOAXOAOM B KAMHHUKE XpOHHYe-
CKOM CepPAEYHOM HEAOCTATOYHOCTH SIBASIETCSI BKAIOUEHHE
B $papMaKOTepaIHi0 UBAOPAAMHA, KOTOPbIN yrHeTaeT
TOK | B KaHaAaX CHHYCOBOTO y3Aa, KOHTPOAMPYeT CIIOH-
TAHHYIO ACTIOASPHU3AINIO CHHYCOBOTO Y3Ad, ypeXaeT
YCC, ycTpaHseT NpOsSBAEHUS CEPACUHON HEAOCTATOY-
HOCTH, BO3HHKIIEl BCAEACTBHE CHUCTOAMYECKON AMC-
QYHKITMH A€BOTO SKEAYAOUKA IIPH HASIBHOCTU CHHYCOBOT'O
PHUTMa M yBEAUYEHHOMN JaCTOTHI CePACUHBIX COKPAITeHHIA
[9,23].

OAHUM U3 COBpeMeHHbIX HallpaBACHUH PpapMaKoTe-
PaIluy CepAeYHON HEAOCTATOUYHOCTH SIBASIETCS ITPHMe-
HeHHe ITPerapaToB, BAMSIONUX HA HEHPOIyMOPAAbHbIE
¢akTopsl. FIMeroTcst HOBble AaHHBIE 00O MHHOBAIIMOH-
HOM papMaKOTEePAIIHU STOrO 3200A€BaHUSI, CBSI3AHHOM
C yTHeTeHHeM PeHHH-aHIMOTEeH3HH-aAbAOCTEPOHOBOM

cucTeMbl. ABe IPYyIIIbl IpenapaToB, KOTOPble BAUSIOT
Ha aTy cucreMy — uHruburopst AIIQ u 6a0karopsr
pelnienTopa aHruoTeH3uHa I ABASIOTCS KpaeyroAbHBIMU
KaMHSMHU B papMaKOTepanuy CepAeYHON HEAOCTATOYHO-
cru. Kannndeckas a¢ppexrusHOCTh HHIHOUTOpOB AITD
1 6AOKaTOpOB pelenTOpoB aHruoreHsuHa II pookasana
MHOTOLIEHTPOBBIMU MCCAeAOBaHUSAMU. baaropaps pe-
3yAbTaTaM KAMHUYECKHX HCIBITAHUH YCTAaHOBAEHO, YTO
Ipernaparsl He TOAbKO MMOHIDKAIOT IIpe- U IOCTHATPy3Ky
Ha MHOKAPA, YAYYIIAAH GPAKIIHIO BBIOPOCA, HO IOAOXKH-
TEABHO BAMSIOT Ha KA4eCTBO )KU3HU OOABHBIX U IIPOTHO3
TIPY XPOHMYECKON CEPAEIHOM HEAOCTATOUHOCTH [4].

ITossBuAMCD HOBBIE OOHAAEKHMBAOIIUME CBEACHUS
06 9} PpeKTUBHOCTH HHIHOUTOPA PEHUHA — AAMCKUpe-
Ha I1pU AOOABACHUH K CTAHAAPTHOM TePAIIUH CEPASIHOM
HepoCTaTouyHOCTH [ 16].

Caeayer ykasars, uTo B EBpornerickie peKoMeHAAIIUH
2012 r. B Ka4eCTBe MHOTPOIHOTI'O areHTa BKAIOYEH PEKOM-
OMHAHTHBII [TPeNapaT HATPHUITY PETHIECKOTO MENTHAL —
HECePHUTHUA, KOTOPBII OBIA COIIOCTABMM C MO3IOBBIM Ha-
TPUIYPeTHIECKUM IEeNITUAOM U AOCTOBEPHO IIOHMKAA
IIpeA- U IOCTHArpy3Ky Ha MHOKapA. MesxxayHapopHbIe
MmHororneHTpobie uccaepoBannsa ASCEND-HF aoxka-
3aAU 9P PEKTUBHOCTD HECEPUTHAA ¥ OOABHBIX C OCTpPOI
AEKOMITeHCUPOBAHHOM CepAEYHON HEAOCTAaTOYHOCThIO
[19].

Bmecre ¢ TeM, 110 CpaBHEHHIO ¢ 6a3UCHOM Teparueit
OOABHBIX CEpPAEYHON HEAOCTATOYHOCTHIO, HATPHIType-
THUYECKUI TeNTHA He MMOHMKAA CAyYaeB IIOBTOPHOPHbIX
CepAEIHO-COCYAMCTBIX CO6bITHIT M cMepTHOCTH [ 15].

ITpopoaxaroTcs MOMCKY MpenaparoB, BAUSIONIMX
Ha HeHpOryMOpaAbHbIEe ITyTH PETyASIIMH CepACYHOM
AesiteapHOCTH. Tak, OGAOKAAy peHHUH-QaHTMOTEH3HH-
AAPAOCTEPOHOBOM CHUCTEMbl MOXHO OCYIeCTBUTD
6Aaropapsi MHrHOUTOpaM HENTPAABHON SHAOIEITH-
AA3BI (c]>epMeHTa SHAOTEAUS — HeanAnana) , OTBET-
CTBEHHOTO 3a paclap HaTPUIypPeTHYeCKOTO IeNTHAQ.
Baaropapst 6A0Kkape HeIPHAU3HHA GpepMeHTa COXPAHSI-
AACh CTPYKTYpPa He TOABKO MO3TOBOTO, HO TakoKe IpeA-
CEepAHOTO U 9HAOTEAMAABHOTO HATPUIyPeTHYeCKOTO
nentupa tuna C, a Takke OPAAUKMHUHA U aApeHOMe-
ayaamHa [11]. AAg peaamsanuu 6oaee BUPaXKEHHOTO
reMOAMHAMHMYEeCKOTO M HeHpPOTIyMOPaAbHOTO adpPex-
TOB Y OOABHBIX C CEPAEYHON HEAOCTATOYHOCTDIO OBIA
cosaan mpemapar LCZ696, KOoTOpHIil SBASETCS KOM-
6uHALIEN 6AOKaTOPa peuentopos aHruoreHsuHa II
IIEPBOTO THUIIA — BAACAPTAHA U HHIMOUTOPA HEIIPHAU-
suHa. MccaepoBanne PARADIGM-HE, nposepenHoe
B 1043 kAMHHMYeCKHX ITeHTPax 47 CTpaH MHpa C y4aCTUM
8399 manueHnToB, N0Ka3aAo 3gpPeKTUBHOCTD Ipenapara
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LCZ696 y 60AbHBIX C CHCTOAHMYECKOI CepASIHOI HEAO-
craroynoctbio. [Tpemapar LCZ696 6b1a apPpexTrBHEE
9HAAANPHAA B CHUYKEHHH PUCKA CMEPTH U FOCTIUTAAM3A-
LM I10 IIOBOAY CEPAEYHOM HEAOCTATOYHOCTHU [18,22].
IIpepBapuTeAabHbIe pe3yAbTaThl HccAepoBaHMS STOP-
HF nosBoasior roBoputs 06 3 peKTHBHOCTU TeHHOM
Tepanuu npenapatom [VS-100 [6], axcnipeccupyromum
$akTOp CTPOMAABHBIX KAeTOK I, KOTOpBIiT yAydiiaeT
cepaeuHyo GpyHKIuIO y 60abHbIX ¢ III-IV cTapmsmu
cepaeuHOM HepocTarounoctr o NYHA [13, 30].
Takum 06pa3oM, pe3yAbTaThI IIPOBEAEHBIX IKCIIEPU-
MEHTAABHBIX HCCACAOBAHUI U KAMHUYECKHX HCIIBITAHNI
IIO3BOASIIOT CAEAATD BBIBOA, UTO HE TOABKO CO3AAHHE OpPU-

THHAABHBIX CO@AMHEHHI, HO TaloKe HOBBIX KOMOUHAIIUI
[IOMOXET CO3AaTh boAee 3 PeKTUBHBIE TIPeIaparThl Lie-
A€HAIPAaBAEHHOI'O AeHMCTBUS, KOTOpPble MOTYT OKa3aTh
BAMSIHME Ha QPAKIHIO BHIOPOCA OOABHBIX CEPACUHOIM
HEAOCTAaTOYHOCTHI0. OUeBUAHO U B TOM, H APYTOM CAy4ae
HeOOXOAMMO 0OpaTUTh BHUMAHME HA COEAMHEHHS, CIIO-
COOHbIe MOAYAUPOBATh HefiporymMopaabHsle myTy. [Ipu
9TOM MOAYEPKUBAETCS BAXKHOCTb IIPEIAPaTOB Ha3HCHOM
PapMakoTepanuu cepAeYHON HEAOCTATOYHOCTH, B TOM
YHCA€ QHTUTPOMOOLIMTAPHBIX [IPEIAPATOB, HHIUOUTO-
POB MHHEPAAKOPTHKOMAHBIX PelLlelITOPOB, CTaTHHOB
U AP., 9P $eKT KOTOPBIX peaAnsyeTcsi 6Aaropapsi cymma-
IIMM MAU IOTE€HLIMPOBAHMIO ACHCTBUAL.
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MpoTUBOMUKPOOHAA aKTUBHOCTb HEKOTOPbIX
NPOU3BOAHbIX TUIOCEMUKAPOA3OHOB
[1-apun-1 H-uMnpason 4-un) TMO] YKCYCHbIX KUCJIOT

AHHOTaIII/ISI: I/ISY‘{CHO 6I/IOAOI‘I/I‘IeCKYIO AKTHBHOCTD HEKOTOPBIX HOBbIX XUMHNYE€CKHX COGAI/IHGHI/Iﬁ ITPOU3BOAHDBIX

THOCeMHUKap6a3oHOoB [ 1-apua-1 H-UMHAA30A 4-HA) THO] YKCYCHBIX KUCAOT. MICIIOAB30BaH MOAUUIIMPOBAHBII METOA
ABYKPATHbIX CEPHITHBIX Pa3BEACHHI C HCIIOAb30BAHIEM KAUHHIECKHX IITAMOB APOYXOKEBBIX M CIOPOBBIX TPUOOB. AAsI

IIPUIOTOBAEHUS ABYKPATHBIX CEPUITHBIX Pa3BeACHHI HCIIOAB30BAAY IINTATEABHYIO cpeAy Cabypo i HOBble XMMUYeCKUe

COCANHEHI, KOTOPbIE€ ITAOXO paCTBOPAIOTHCA.

KAroueBbie CAOBa: XVMHUYECKIE COEAMHEHS, OMOAOTMIECKas aKTUBHOCTD, METOA CEPHUITHBIX Pa3BEAECHHIL.

VIMHAQ30A SIBASIETCSI OAHHM U3 HanboAee HHTepec-
HBIX B (apMaKOAOTHYECKOM ITAaHe IPeACTaBUTEeAei
a30TCOAEpXKAIUX reTepolukaoB. Haanune sapa umm-
AQ30A2 B PSIA€ BaXKHBIX IPHPOAHDIX CUCTeM (BUTaMUH
B,,, 6noTun, mypumsr, THCTUAHH) MPEAOTIPEACASIET Bbl-
COKMII OMOAOTMYECKHUI IOTEHIJHAA €T0 COCAMHEHUIL.
YuuTpiBas 3TO, Ha HMpOTsHKeHHU mocaeaHux 100 aer,
B pe3yAbTaTe HAIIPABACHHOTO CHHTE3a ObIAM IIOAYYEHbI
COEAMHEHMS C BHICOKOM IIPOTHUBOBUPYCHOM, IIPOTHUBOPA-
KOBOJ, IIPOTUBOTYOEPKYAE3HOI U AHAABI€TUYECKOM aK-
TuBHOCTBIO [ 1, 1-12; 2, 1295-1317]. OaHako, Hanboaee

Pe3yAbTaTUBHBIM SIBASETCS NX HCIIOAb30BAaHHUE B KAUeCTBe
GAKTEPUIMAHBIX M aHTUMHKOTUIECKUX TIPENaparos [ 3,
917-924].

B pesyabrare mayueHHS 3aBHCHMOCTH BAUSHUSA
CTPYKTYPbI IPOM3BOAHBIX UMHAA30AQ HA UX OHOAOTHYE-
CKYIO aKTHBHOCTD, B PSIAQ IIPOU3BOAHBIX S-HUTPOHMMU-
Aa30Aa OBIAM HaNIAEHBI BBICOKOAKTHBHbIE AHTHUMHUKPOO-
HbIe ITpelapaThl IIMPOKOTO CIIeKTPa AeHCTBHS, KOTOPbIe
IIPUMEHSIIOTCS AASL A€9eHIUS] NHPEKIIHI, BBI3BAHHBIX 00-
AWTaTHBIMH aHa3POOHBIME OAKTEPHSMU, U PIAOM HHPEK-
IIMOHHBIX 3200A€BaHMI1, BbI3BAHHbIX IPOCTEMIIIMHY. JTa
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IpyIIa pernapaToB TakXKe aKTHBHA B OTHOIIEHUHU HEKO-
TOPBIX GaKYABTATHBHBIX aHA3PO6OB (MUKPOAspPOPHAOB).
ITo cBOMM 6GMOAOTMYECKHM CBOMCTBAM U MEXaHU3MY
AHTUMHUKPOOHOTO AEHCTBHUS IIPEACTABUTEAU ITOTO PSIAA
IMPHUHITUIIMAABHO OTAMYAIOTCS OT $papPMaKOAOTHYECKUX
IPeIapaTOB APYTHX XUMHUYECKUX IPYTII M P OM3BOAHBIX
HMMAQ30A2 C IPOTHBOIPHOKOBOI aKTUBHOCTBHIO. BMecTe
C TeM, y4HThIBAsI TOSIBAEHUE AHTHOUOTUKOPE3UCTEHTHBIX
$OpM MUKPOMHMIIETOB, IIOMCK HOBBIX ITPEMIAPATOB B PIAY
IIPOM3BOAHBIX MMHAA30AA C BHICOKOM QYHTUITMAHOM aK-
THUBHOCTBIO SIBASIETCSI AKTYaAbHbIM.

Ieas.

W3yyeHne 61OAOTIIECKOM aKTUBHOCTH HOBOTO KAAC-
Ca UIMHAA30ACOAEPIKAIINX COEAUHEHHUI THOCEMUKAp6Oa-
30HOB [(l-apua-1 H-MMHAA30A-4-MA)THO] YKCYCHBIX
KHCAOT B OTHOLIEHHHU I'PUOKOBBIX My3eHHBIX IITAMMOB.

MeToABI HCCAEAOBAHHS.

Ha xadepape MmepunMHCKOM 1 papMalieBTHIeCKOM XH-
MHH ByKOBHHCKOTO rocyAapCTBEHHOTO MEAUIIMHCKOTO
YHUBEpPCHUTETa OCYyIeCTBAEH CUHTE3 HOBOT'O KAACCa MMH-
AQ30ACOAEPIKAIUX COEAMHEHMI THOCEeMUKApOa3OHOB
[(1-apua-1 H-uMupA230A-4-MA) THO) YKCYCHBIX KHCAOT.

Hamu nsyueHO OHOAOTHYECKYIO aKTUBHOCTh HOBOTO
KAACCa UIMHAA30ACOAEPKAIIIX COEAMHEHMI THOCEMUKAp-
6asonoB [ ( 1-apua-1 H-MMMAA30A-4-MA) THO] YKCYCHBIX
KHCAOT B OTHOIIEHMH KAMHMYECKHX IITAMOB APOOKe-
BBIX M COPOBBIX rpr6oB. [Ipu aToM Hcmoab3oBaHa pas-
HOBUAHOCTb METOAQ CepUIHBIX Pa3BeAeHNUH, OCHOBAHHAs
Ha TIAOTHOI1 murateAabHOl cpeae Cabypo [6, 322-325].
AASL OLIeHKH aHTHOUOTUKOIYBCTBUTEABHOCTH MUKPOOP-
TaHU3MOB K HOBBIM XFMMHYECKHM COAMHEHHSM, IPOBOAH-
AV TOCAEAOBATEABHOE BBIIIOAHEHHNE HECKOABKHX ITAroB. 1.
I TpuroToBHUAM pacTBOPHI HOBBIX XUMHUIECKUX COCAMHEHHI
AASL METOAA CEepUIHBIX pasBeaeHHil (OCAeAHHE TOTOBH-
An B koHIeHTpanuu 1000,0 Mxr / MA) OcHoBHbIE pa6que
PacTBOPHI XpaHUAH IpH Temreparype He Bbire 20 °C. 2.
ITpuroToBuHAY IAOTHYO UTaTeAbHYIO cpeay Cabypo, by-
Abitor Cabypo Arap pasAMBAAM B YaIIKU TOAIMHO 4,0 +
0,5 MM, 9TO AOCTHTaeTCs Npu BHeceHUH B yamky [leTpu
aramerpoM 90 mm 20 Ma arapa, pamamerpom 100 mm —
2S5 Ma arapa. ITapaAeAbHO pa3AMBaAM IMTATEABHYIO CPeAY
B CTEPUABHBIE IPOOUPKH B KoandecTBe 2,0 MA M ITOMeIa-
AU Ha BOASIHYIO 6aHIO npu 48-50 °C, rae BHIAEP>KUBAAT
AO AOCTIDKEHHS YKa3aHHOM TeMIIepaTyphbl, IOCA€ Yero
B HUX AODABASIAU pabourie paCTBOPBI HCCAEAYE€MbIX HOBBIX
XUMHYECKUX COCAMHEHHI U TOTOBUAHU ABYKPATHBIE CepHii-
Hble pasBepeHUs. Pabounii pacTBop B Koandectse 2,0 MA
IIPY TIOMOIITH CT€PUABHON IIMIIETKU BHOCHAH B IIEPBYIO
po6upKy, copepKantyio 2,0 MA IIOAOTPETOM IIUTATEAD-
HOM cpepbl. He3aMeaAMTeABHO TIIATEABHO IepeMellu-

BaAU U IepeHocHAH 2,0 MA PacTBOPA B BTOPYIO IpoOuUp-
Ky, COAEP>KaBIIYIO IIepBOHAYAABHO 2,0 MA MUTATEABHOMN
cpeabl. DTy MPOICAYPY MOBTOPSIAU AO TIPHTOTOBACHHS
BCEro HEOOXOAUMOTO psiad pasBepeHMiL V3 mocaepneit
pobupku 2,0 Ma yaaasiau. Takum o6pa3oM, mOAydaAn
PSIA IPOOHPOK € PACTBOPAMU XUMUYECKUX COEAMHEHHUIT
B arape, KOHI|@HTPAIIMK KOTOPhIX OTAUYAIOTCS B COCEAHHX
npobupkax B 2 pasa. 3. IIpu mpUroToBAeHUM CyCIIeH3UH
FICCAEAYEMbIX APOSOKEBBIX IPHO0B (MHOKYAIOMA) TeTAedt
AASITIOCEBOB OTOMPAAU HECKOABKO OAHOTHITHBIX H30AUPO-
BaHHbIX KOAOHMI, IIEPEHOCUAN HE3HAYUTEABHOE KOAMYe-
CTBO MaTepHaAa B Ipobupky ¢ 10,0 MA CTepHABHOTO IIHTA-
TeAabHOTO OyAboHa Cabypo 1 HHKyb6upoBaAu 2—3-4aca mpu
35 °C. Mcnoap3oBaan 2—3-9acOBYI0 OYAbOHHYIO KYABTYPY
HCCACAYEMOTO MUKPOOPIraHU3Ma B KOHIIeHTpanuu 1,5 x
10® KOE/ma, xoTOpast pu BU3yaAbHOM KOHTPOAE COOT-
BeTCTBYyeT cTaHAApTy MyTHOCTH 0,5 o Max-®apaanay. 4.
3aceBaAM MAOTHYIO IUTaTeAbHYIO cpeay Cabypo mpuro-
TOBAEHOI1 rpubKOBOII cycrensueil. [Tpu aToM HHOKyAIOM
HEIOCPEACTBEHHO HAHOCHAH TUIIETKOM Ha MOBEPXHOCTD
vamxu [Terpu ¢ nmuTaTeAbHOM Cpeaoit B o6beMe 1-2 Ma,
Y PaBHOMEPHO PACTIPEAEASAH IO TIOBEPXHOCTH IIOKAYHBa-
HUEM, [TOCAE YeTO YAAASIAU U30BITOK MHOKYAIOMA IIUIIETKOM
B A€3. pacTBOp. 3acesiHble YaIlIKK IIOMeIaAH Ha 1 Jac B xo-
AOAMABHUK AASI OXAOXKAEHUS. S. Aasee HAHOCHAU ITOAO-
TPeTHIil Ha BOASIHON GaHe arap ¢ AByKPAaTHBIMU CEPUIHbI-
MU pa3BeACHUSIMU KarieAbHO B KoandecTse 0,02 MA B Buae
«<arapoBbIX OyTOPKOB> Ha OXAQKAEHHYIO, [IPEABAPHUTEAD-
HO 3aCesHyI0 MUKPOMHUIIeTaMHU ITUTaTeAbHYIO cpeay. Pac-
CTOSIHHE MEXKAY «arapOBBIMH OYTOPKaMI> AOAXKHO OBITH
15-20 mm. Taxum 06pasoM, Ha OAHY HAIIKY AHAMETPOM
100 MM HaHOCHAU He 6oAee 6 «arapoBBIX GYTOPKOB>
C AByKpPAaTHbBIMU pa3BeAeHMsIMU. IHKyOHpOBaAn damku
nipu Temneparype 30 °C B Teuenue 2472 4 (IpoAOAKH-
TEABHOCTb MHKYOAIIUM 3aBHCHAA OT BUAA TECTHPYEMOTO
MHKPOOPTaHH3Ma). 6.

Yyer pe3yAbTaTOB IPOBOAUAM BH3YaAbHO, IIPU 9TOM
CPaBHUBAAM POCT MUKPOOPTaHHM3Ma B IPUCYTCTBUU HO-
BOT'O XMUMHYECKOTO COEAMHEHHS C POCTOM KyAbTYpbI. Kax
MIIK mpuHUMaAM MEHEMAABHYIO KOHIJEHTPALHIO, 00e-
CIIEYMBAIOLYIO [TOAHYIO MHTUOHIUIO M IOAABAECHHE BU-
AMMOTO pOCTa HCCAEAYeMOro ITaMMa — 30HY ITOAHOTO
IIOAQBACHUS BAAUMOTO POCTa.

PesyapTarsi.

Hawmu 65142 H3ydeHa 6aKTepULHAHAS AKTHBHOCTD HO-
BOT'O KAACCa MIMHAA30ACOAEPIKAIITMX COGAMHEHHI — THO-
cemuxap6asonos [ (1-apua-1H-uMHA230A-4-UA) THO] K-
cycubix kucaot (I) 1 HeKOTOpbIe IPOM3BOAHbIE, KOTOPbIE
yoKe 3apeKOMEeHAOBAAM Ce0s1 B KaueCTBe [ePCIIeKTUBHbIX
AHTHOKCHAAQHTHDIX IperapaTos 4, 28-30].
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3yyeHre aHTUMHUKPOOHBIX CBOMCTB 3TOIO KAAC-
ca COeAVHEHMIT Ha IPUMepPe HEKOTOPBIX KAACCUYECKHUX
IITaMMOB GaKTepHit [S,55-60] CBHAETEABCTBYET O Iep-
CIIEKTHBHOCTHU UCCAEAOBAHUI B 9TOM HanpaBaeHuu. ITo-
9TOMY U3y4YeHUe IIPOTUBOIPUOKOBOI aKTHBHOCTH IIPO-
BOAMAOCH Ha CepHU KAMHH4Yeckux mrammoB: Candida
albicans, Aspergillus fumigatus, Aspergillus niger, Tricho-
chyton rubrum. TloAy4eHHbIe pe3yAbTaThI H3yYeHHS IIPO-
THBOIPHOKOBOI aKTUBHOCTH [IPUBEAEHDI B TAOAHUIIE.

Tabnuua 1. — NpoTnBorpndkosas (PyHrmocrTaTmyeckas) akTMBHOCTb HEKOTOPbIX MPOMU3BOAHbIX
TMocemunkap6a3oHoB [1-apun-1 H-uMraa30n 4-nn) TMO] YKCYCHbIX KUCNOT (MK /MJ1)

Hecredvemote coedunenus Candida Aspergillus Aspergillus | Trichochyton
4 albicans fumigatus niger rubrum

THOCeMUKap6a3oH [(I-ClJEHI/IA:].H- 62,5 125 62,5 125
HMHAA30A-4-HA) THO | YKCYCHOM KHCAOTDI

THOCeMukap6ason [ (1- (4-Me’f‘I/IA(l)6HI/IA)— 1H- 62,5 125 125 125
MMHAA30A-4-HA) THO | yKCYCHOM KHCAOTHI

Tuocemukap6ason [ (1- (Z-Me’f‘I/IA(l)eHI/IA)-lH- 62,5 125 125 125
HMHAA30A-4-HA) THO | YKCYCHOM KHCAOTDI

THOCemukapb6ason [ (1- (3-Me’f‘I/IA(l)6HI/IA)—1H- 125 125 62,5 5500
MMHAA30A-4-HA) THO | yKCYCHOM KHCAOTHI

Tuocemukap6ason [ (1- (l-HacPTHA)-lH- 62,5 250 62,5 125
FMHAQ30A-4-HA) THO | YKCYCHOM KHCAOTBI

THOCeMukapb6ason [ (1- (4-XA(3P(1)€HI/IA)-1H- 62,5 250 62,5 62,5
MMHAA30A-4-HA) THO | yKCYCHOM KHCAOTHI

Pe3yAbTaThl 9TOr0 UCCAEAOBAHUSI [IOKA3BIBAIOT, YTO
IPOTUBOrPUOKOBAsl AKTUBHOCTh HEKOTOPHIX IIPOU3BO-
AHBIX HOBBIX COeAeHEHHUI THOCeMUKap6a3oHoB [ 1-apua-1
H-MIMHAQ30A 4-MA) THO]| YKCYCHBIX KHCAOT TIO OTHO-
wenuto K Candida albicans HaxOAUTCsI HA yMepeHHOM
ypoBHe. Tak, 0OHAPY>XUAM, YTO COEAUHEHHS] THOCEMHU-
kap6ason [ (1-dpenna-1H-uMUAA30A-4-HA) THO] YKCYCHO#
KUCAOTHI, THOCeMuKap6ason [ (1- (4-metuadennua)-1H-
FIMHAQ30A-4-HA ) THO| YKCYCHOM KMCAOTbI, THOCEMUKAp-
6ason [(1- (2-mMeTnadennua)-1H-umupa30A-4-1A)THO)
YKCYCHO KUCAOTHI, THOCeMuKap6ason [ (1- (1-nadTua)-
1 H-UMHAa30A-4-1A) THO ] YKCYCHOM KUCAOTBI Ml THOCEMH-
xap6ason [ (1- (4-xaopdennn)-1H-uMHUAA30A-4-HA ) THO ]
YKCYCHOM KHCAOTBI aKTUBHBI B MUHUMAABHOM $yHIHOC-
Tatrdeckoit kounenTparuu (M®cK) 62,5 mxr/ma.

Ilpu MccAeAOBaHMM AHTUIPUOKOBOM aKTMBHOCTH
no orHomeHuio K Aspergillus fumigatus, coeaunenus
tHocemukap6aszon [ (1-penua-1H-umupazoa-4-ua)
THO| YKCYCHOH KHCAOTBL, THOceMuKap6aszon [(1-
(4-meTundenna)-1H-uMupa30a-4-MA)THO]|  YKCYCHOI
KUCAOTHI, THOCeMuKap6ason [ (1- (2-meruadennua)-1H-
MMHAQ30A-4-1A)THO| YKCYCHON KHCAOTBI H THOCEMH-
kap6ason [(1- (3-metuadenun)-1H-umupazor-4-ua)
THO] YKCYCHOM KUCAOTHI TTokazaan M®cK na yposne
125 MKr/MA.

B TO>Ke BpeMs1, aHTUTPHOKOBAst aKTUBHOCTb 10 OTHOLITe-
0 K Aspergillus niger, HOBBIX COeAMHEHII THOCEMHKAPOA30H
[( 1-penna- 1 H-1Mypa30A-4-1A) THO | YKCYCHOM KHUCAOTBI, TH-
ocemukap6ason [ (1- (3-merraderna)- 1 H-ummaazoa-4-1a)
THO] YKCYCHOM KHCAOTDI, THOCeMuKap6asoH [ (1- (1-HadTua)-
1 H-MMHAA30A-4-HA) THO) YKCYCHO# KHCAOTBI M THOCEMUKAP-
6azo [ (1- (4-xaopdenna)-1 H-uMuaazon-4-1a)Tuo] yKcyc-
HOV KMCAOTBI HAXOAMAUCD Ha yPOBHE 62,5 MKI'/MA.

B pesyabTaTe rcCA€AOBaHUS AHTUTPUOKOBOI AKTHUB-
HOCTH 110 oTHOMeHuUIO K Trichochyton rubrum ToAbKO HO-
Boe coepeHenue THocemuKap6ason [ (1- (4-xaopdenmna)-
1 H-uMUAQ30A-4-HA)THO] YKCYCHOM KHCAOTbI aKTHBHO
B KOHIleHTpauuu 62,5 MKr/MA.

BriBoabI.

1. IToAy4enHbIe pe3yAbTaThl PYyHIUITMAHOMN aKTHBHO-
CTHU CBUAETEABCTBYIOT O TOM, UTO HCCAEAyeMble COeANHe-
HUS XapaKTePU3YIOTCS yMePeHHbIM P OTHBOT PUOKOBBIM
AerictBueM. MUHUMaAbHbIE pyHIHCTaTHYECKHE KOHIIeH-
TPAITMU HAXOASTCS B AMamazoHe 62,5-500 MKT/MA.

2. TIpumeHeHUsI AAHOTO MAKPOMETOAQ LieA€0OPa3HO
IIPOBOAUTD AASI OLIEHKH OHOAOTMYECKON UyCTBHUTEAD-
HOCTH TPYAHOPACTBOPHUMBIX M HEPACTBOPHMBIX HOBBIX
XUMHYECKUX COEAMHEHUI 110 OTHOIIEHHIO K IITaMMax
CIIOPOBBIX TPHOOB, KOTOpble UMEIOT CIIeIMPHIeCKHi
POCT Ha IUTATEABHOM Cpeae — 0Opa3oBaHIe MHULIEAVISL.
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Load limit for three layers annual composite plate free supported on
edges. the concentrated circular force clamped on external and internal

Abstract: The article solves the problem of determining the velocity field for the deflection perfectly rigid-ring
three-layer composite plate, the middle layer is reinforced with fibers, which is under the influence of concentrated
load ring. Itis shown that the plate is divided into four annular zones, each of which implements various plastic states.
The equations for the unknown radius separating the plastic zone, the velocity field deflections in each zone.

Keywords: three-layer fiber composite, the velocity field of bending, bending, concentrated loading, associated
flow law.
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Mone ckopocTen NporuéoB TPEXCZIOMHON apMNPOBaHHOM
KOMMO3UTHOM KOJIbLLeBOM MNJIAaCTUHKN, CBOOOOHO
onepToun No KOHTypaM " NoaBEPXXEeHHOU AEeNCTBUIO
COCpenoTOYEeHHOro usrnbaiouiero Harpy>xeHms

Annoranms: B cratbe pemena 3apaya 06 OIIPeAEACHHH TTOASI CKOPOCTEH POTrHO0B AAS HACAABHO XKECTKOIIAQ-
CTUYIECKOM KOABLIEBOM TPEXCAOMHOM KOMIIO3UTHOM IMAACTHHKH, CPEAHUN CAOM KOTOPOM apMHUPOBAaH BOAOKHAMH,
HAXOASIIUICS TI0A BO3AEHCTBHEM KOAbLIEBOM COCPEAOTOYeHHOM Harpysku. ITokasano, yTo maacTuHka pa36HBaeTc5{
Ha YeThIpe KOAbLIEBbIX 30H, B K&XKAOHM M3 KOTOPHIX PEaAU3yeTCs pa3AMYHbIe ITAACTHYecKHe cocTosiHuA. Haliaens! ypas-
HEHUS AASl HEU3BECTHBIX PAAUYCOB, PA3ACASIOIIUX IIAACTHIECKHE 30HBI, [I0A€ CKOPOCTEeM nporH6OB B KOKAOM 30He.

KaroueBbie cAOBa: BOAOKHHUCTBIN TPEXCAONHbIN KOMIIO3UT, IIOAE€ CKOPOCTeH usruba, usruo, COCPEAOTOYEHHOE

Harpy>xe€HHe, aCCOLII/II/IpOBaHHbIﬁ 3aKOH T€CUYCHU .

1. BBepenne. IlpepeapHOe cocTOostHME apMupo-
BAHHOM BOAOKHAMM IIAACTHHKH IIPH U3THOe HU3y4eHO
B paborax [1-10]. B pabotax [4, 5] nocrpoens! rumnep-
MOBEPXHOCTH TEKY4IeCTH AASL TPEXCAOMHBIX 000AOUEK
1 [IAACTHH, LIEHTPAAbHBIM CAOM KOTOPOX apMUPOBaH BO-
AokHaMu. IToAydeHHbIE 3A€Ch pe3yABTAThI HCIIOAB30BAHbI
B paborax [6-10] mpm nccaepoBaHuy Hecymelt Coco6-
HOCTH KPYTABIX TPEXCAOMHDIX ITAACTUHOK, CPEAHUI CAOK
KOTOPO¥ apMHPOBAH BOAOKHAMH, HAXOASIITHECS IIOA BO3-
AeHCTBHEM PaBHOMEPHO PacIpeACACHHbIX HarPy30K, CO-
OTBETCTBEHHO AASI 3aI[eMAEHHBIX K CBOOOAHO OIEePThHIX
KOHTYpoB. OnpeAeAeHbI CTATHIeCKH AOITYCTUMBIE TIOASI
H3rUOAIOIIMX MOMEHTOB 1 KUHEMATUIeCKIe AOIyCTHMBbIe
IIOASI CKOPOCTeH IIPOTHOO0B.

B paHHOM paboTe, UCIIOAB3YSI pe3yAbTaTHl PabOT
[4, 5], mpoBoAUTCS MCCAEAOBaHHE TIOASL CKOPOCTEH U3-
rnba KOABIIEBOM TPEXCAOMHOM ITAACTUHKH, CBOOOAHO
OIIepTOM 10 06eNM KPOMKaM, CPEAHUI CAOH KOTOPOi
apMUPOBAH TOHKMMH BOAOKHaMHu. CymTaeTcs, 4TO
K IMMAQCTUHKE B IIOTIEPEYHOM HAINPAaBACHHMH ACHCTBYET
KOABIIEBasl COCPEAOTOYEHHAS HAarPy3Ka.

2. INocranoBKa 3apaun. PaccmoTpum u3rub rpex-
CAOMHOM KOABILIEBOM KOMIIO3UTHOM ITAACTUHKH ITOA BO3-
AEVICTBHMEM ITOIIEPEYHOM KOABLI€BON HAI'PY3KH, 3aHMMa-

romeiicsi obaacts A< R< B, —ESZSE, 0<p<2n
B LIUAUHAPHIECKOI CHCTeMe KO(%pAI/IHaT ’1){, ¢, z, TA€ OCb
z HampaBAeHa BHU3, H — TOAmMHA MAQCTHHKY, a IAO-
CKOCTb R CcOBmapaer co CpeAMHHON IOBEPXHOCTHIO
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nAacTHHKU. CpeAHHIT CAOM IAACTHHKU COCTOMT U3 UAe-
AABHO XKeCTKOIIAACTHYECKOTO MaTe PHUAAA C YCAOBHEM
MAACTUYHOCTH THUIA MOAMPHIMPOBAHHOTO YCAOBHS
Tpecka AAsI MaTepHaAa, C pPa3HBIMH IIPEACAAMHU TeKyde-
CTH npu cxKatum O, u pactsokerun KO, ae 0 <k <1,
apMHPOBAHHBII 60Aee TPOYHBIMHE BOAOKHAMH, 00AaA2-
IOIJUMH CBOFICTBOM HAEAABHOM IAACTHYHOCTH. BHem-
HHe CAOU TAACTHHKH SBASIIOTCS AOCTATOYHO TOHKHMH
II0 CPaBHEHHIO C [IeHTPAABHBIM CAOEM, M IMEIOT Pa3AHY-
Hble IIpeAeAbl TeKydecTu nipu oxarun Q, u pacTskenun
vQ,,rae 0=V <L.Tlycrs S,, u S,, = I,S,, — npepean-
HbIe YCHAUS AASL BOAOKOH IIPH PACTSDKEHUH U CKATHH
S,=E'c,. S,=Eo,,

- +
F , F' — naomaau monepedHoro cedeHns BOAOKOH;

COOTBETCTBEHHO;

O,;> O, — TIPEAEABI TEKY4eCTH AAS BOAO KOH TIPH pac-
TsKeHHH M okatum; 1 =1,2 — opToroHaAbHble Ha-
IPaBAEHUS, COBIIAAQIO L{He C OCSIMU TAQBHBIX H3THOa0-
IIUX MOMEHTOB. BoAokHa yKAaABIBAIOTCA B ABYX
OPTOTOHAABHBIX HAIIPAaBACHHUSX, COBIIAAAIOIIUX C OCSIMU
TAQBHBIX M3rUOAI0 X MOMEHTOB U B KXKAOM HaIIpaB-
ACHUH B ABYX CAOSIX, He CHMMETPHUYHBIX OTHOCHUTEABHO
CPEAMHHON IAOCKOCTH. VX KOAMYEeCTBO pa3AMYHBI
B KQ)KAOM HaIIpaBAEHHH.

B pa6orax [4, S] moaydeHsl ycaoBHS TeKydecTu,
KO TOPBIF B IIAOCKOCTH 6e3pa3MepHBIX U3THOAOIINX MO-
MEHTOB 11,111, mpeACTaBAsIeT cOOOI HeTIPABHABHBI Ille-
cruyroasauk ABCDEF (puc. 1). Mb1 9TH pesyAbTaThl
OyAeM HCIIOAB30BATh.

m, A2
B Bl T AI A
c”
", »
1
m,
D E, . E
my, mg,

Puc. 1. LLleCcTnyrofnbHUK TEKy4ECTH

3. Pemrenune 3apaun.

AASL yKa3aHHOTO BHAQ HAIPY3KH MbI AOAXKHBI HCKATh
PELIeHHe 3aAQUHU 10 CACAYIOIIEH [IOCACAOBATEABHOCTH
pexxumos Texydectu E\E —EF —FA— AB, (Puc. 1).
Toraa AACTHHA Pa30HBaeTCs Ha YeThIPe KOABLIE BbIX 30H,
B KOKAOJ U3 KOTOPBIX YCAOBHE TEKY4eCTH AMHENHOE.

M1 3pech 6yA€M ONPEAEASITH KMHEMATUIECKH BO3-
MOXKHOE TIOA€ CKOPOCTe IPOruba B TOT MOMEHT, KOTAQ
TeKy4ecTh TOABPKO HACTYIIHAQ, [IePeMEIeHns elme Ma
ABI Il I3MEHEHHEe T€OMETPUH IAACTHHbI HECYLIeCTBEH-
HO. Ka>KAbIl 9A€MEHT IIAACTHHKY, [ePelIeAlnil B CO-
CTOSIHUM TEKY4eCTH, CBA3aH C KECTKMH JAEMEHTaMHU.
ITo 9TOMy COOTHOIIEHHS MEXAY CKOPOCTSIMU AedopMa-
LM OTACABHBIX 9AEMEHTOB CBsl 3aHbI APYT C ADYTOM H 9TO
IIPUBOAUT K TOMY, 4TO CKOPOCTH HAXOASTCS C TOYHOCTHIO
AO HEOTIPEACACHHOTO MHOXKHUTEAS.

VcrioAb3ys accOLMMpOBAHHBIA 3aKOH [IAACTUYECKOTO
Te4eHHUs B TAQBHBIX HATIPABACHHUSX, BEKTOP IIAACTUIECKO-
o TeyeHHs

z,:ﬂj—f (i=1,2)

1

TA€ B AAHHOM CAy4ae YPaBHEHHE IIOBEPXHOCTH TEKy4eCTH
f = const npeacTaBAseT pacCMOTpEHHBIH BBIIITE ITECTH-
YTOABHUK IAACTHYECKOTO T€YEHMS, M BhIPAXKEHUS

Lo
X = _W”) X, =——WwW
r
AASL CKOPOCTeH M3MeHEHHUS KPHBH3HBI, MBI ITOAyYaeM
OOBIKHOBEH Hble AUHENHbIe AU depeHIIaAbHbIE YPaB-
HEHMsI TIePBOTO MOPSIAKA AASL CKOPOCTH IIPOrH0a AAS
IAACTHYECKUX COCTOSIHUH, COOTBETCTBYIOIUX Pa3AMY-
HBIM CTOPOHAM IIeCTUYTOABHUKA. ACCOLMHPOBAHHBIN
3aKOH IAACTHYECKOTO TeYEHHs IIOKAa3bIBAET, YTO BEKTOP
CKOPOCTH U3MEHEHHS] KPUBH3HbI IIAPAAACACH HOPMAAH
K IOBEPXHOCTH IMAACTHIECKOTO TeYEHHS.

Aast maactudeckoro cocrosinus E F ckopocTp Kpu-
BU3HBL X = —w' AOAKHA o6pa1uaTbc;{ B HYAB, T.E€.
w" = 0. PelreHreM 9TOro ypaBHEHMs, yAOBAETBOPSIIOLIe-
ro kpaesomy ycaosuto w (a)=0 sBasieTcs

w=C(r—a), asr<p,

(1)
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rae C — npou3BOAbHAS MOCTOSHHASL.
Aas  maactuvyeckoro  cocrossuuss  EF umeeMm

m, =am,+b,, BEKTOp HOPMAAH 3TOH NpsIMOH {c, — 1}
AOAKeH OBITh IIAPAAAEABHBIM BEKTOPY CKOPOCTEH! IIAACTH-

YeCKOI'0 TeUYeHU {)(1 > )(2},T.e. X=X, !(—1),I/IAI/I
w'+—w'=0. (2)

r

Aas naactudeckoro cocrosinus FA ckopocts kpu-

Busael ), =——Ww' =0, T.e. W=w,=const mpu
r

p,Sr=p;.
PemenueMm ypaBHeHMs (2) YAOBAETBOPSIIOIUM YCAO-
BHIO HEIIPEPBIBHOCTU IIPU ' = O, u 1" = P, ABASETCS
l-a 1-a
LA

1-a 1-a

P, —P (3)

w(r)=C(p, —a)+[w, —C(p, —a)]

>

pST<p,.
3aecy C u W, neussecrHble mocrosHubie. 13 ycao-

9 9 !
BHS HEIIPePhIBHOCTH IIEPBOM IPOM3BOAHON W' B TOUKe
r = p,, ompeaeasieM oCTostHHYIO C:

C:WO 1-a l—a(l_a—3p1 :
P, =P TP (pl_a)(l_a)

ITocrosuHas C moAoKuTeAbHa, Kak pu A > 1, rak

unpu & <1, ampu ot =1

C=w !

0 .
p—a+p, In L
Aas aactraeckoro cocrosiaust AB ckopocrs xpu-
BusHbr Y, =—W"' =0 unmeem pemenue
w(r)=w,+C(r—p,), p,<r<b, (4)
YAOBAETBOpSIOIee YCAOBUIO HEIPEepbIBHOCTH IPHU
1 = p,. YaoBaeTBopsis ycaosuio w (b)=0 nmeem

b—r
b_ps

B aTux $opmyrax mOCTOSHHBIN MHOKUTEAb W, OCTa-

W(r)zw , p,<r<b.

0

€TCSl HeM3BeCTHBIM.

3akarouenne. OnpepeAeHO IOAe CKOPOCTeN U3IH-
0a KOABLIEBO TPEXCAOMHOI IMAACTUHKH, IJeHTPAAbHbIN
CAOI KOTOPOM apMHPOBaH BOAOKHaMH. Bce cocraBas-
IOIIME TIAACTHHKYA 00AAAAIOT MACAABHO IAACTUYECKUMH
CBOMCTBAMHU C PAa3AMYHBIMU IPEACABHBIMU YCHAMAMHU
Ha pacTsbkeHus U ckarud. IIpeamoaaraercs, uro maa-
CTHHKA CBOOOAHO OIIepTa I10 KOHTYPaM U HAXOAUTCS TTOA
AeHICTBHEM COCPeAOTOYEeHHOM KOAbLIeBOM Harpy3ku. Bee
BEAHYUHBI CKOPOCTEH IPOruO0B HANAECHbI AHAAUTHIECKH
C TOYHOCTBIO AO OAHOT'O TPOM3BOABHOTO MHOXKHTEAS.
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Influence of wave velocity in filling spherical shell liquid on the oscillation frequency system
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Influence of wave velocity in filling spherical shell
liquid on the oscillation frequency system

Abstract: The paper deals with asymmetric free vibrations of an elastic spherical shell filled with compressible
liquid. Here the motion equations are constructed in radial displacements and by using special potential. The prob-
lem is reduced to the investigation of the homogeneous system of two equations with respect to radial displacement
of the mentioned potential. The non-triviality condition of the solution reduces to a transcendental equation. In the
mown papers, the solution of the mentioned transcendental equations is found by numerical methods.

The analytic solution connecting the frequency of the system shells — liquid and the frequency of liquidless
shell in constructed by the inverse method. Investigation the influence of the velocity of wave propagation in the
liquid the vibration frequencies systems the shell — fluid. This solution admits to investigate the phenomenon of
analytic method and to construct frequency spectra.

Keywords: vibration, wave, frequency, density, shell.
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BnusiHne ckopocTu BOJIH B 3anoJiHaowas cpepuyeckylo
000/104KY XXNAKOCTU Ha 4acTOTy KoJsie0aHunii CUCTeMbl

Annoranms: PaccmarpuBaercs 3apa4a 06 0CeCHMMeTPUYECKUX CBOOOAHBIX KOA€OAHHSIX YIIPYTOi TOHKOCTEHHOMN
cepraeckoit 060A0UKHU 3aIIOAHEHHOF CXKIMAeMOM XXUAKOCTDIO. [ Ipr 9TOM ypaBHeHHs ABIKEHHS [IOCTPOEHBI B PAAHAAD-
HbIX IIepeMeIlleHHAX U C HCTIOAb30BAHHEM CIIeIIMAABHOrO ITOTEHITHAAA. 3aAa4a CBOAMTCS K HCCA@AOBAHUIO OAHOPOAHOM
CHCTEeMbI ABYX YPaBHEHHI OTHOCUTEABHO PAAMAABHOTO ITepeMelleHuUs U YTIOMSHYTOrO IOTeHIIMAAA. YCAOBUE HETPUBH-
AABHOCTH pelleHNs] CUCTEMBI IPHBOAUT K TPAHCIIEHACHTHOMY yPaBHEeHHIO. B H3BeCTHBIX paboTax peleHne yKa3aHHbBIX
TPAHCI]eHACHTHBIX YPABHEHHIT HAXOAUTCS YHCACHHBIMU MeTOAAMH. OOpaTHBIMI METOAOM ITOCTPOEHO AHAAUTHIECKOE
pelileHIe CBA3BIBAOIee YACTOTY CUCTEMbI 000AOUKH — XKHUAKOCTb C YaCTOTOI 060A0UKH Oe3 sxupKocTH. MccaepoBaHO
BAUSIHME CKOPOCTH PAaCIPOCTPAHEHHsI BOAH B )KHAKOCTH Ha YaCTOTY KOAeOAHHUIT CHCTEMBI 00OAOUKU-KUAKOCTD. DTO
peleHus O3BOAsIeT HCCAAOBATh SIBAGHHE AaHAAUTHYECKOTO METOAA U CTPOHTD CIIEKTPBI YaCTOT.

KaroueBbie cAOBa: KOAeOAHNS, BOAHA, YACTOTA, IIAOTHOCTD, 000AOUKA.

1. BBeaeHne HOCTH, SIBASIETCSI AMHAMU4YeCcKHi pacdeT. Heobxoarmbim

OAHO# U3 BaKHEHIIHNX 33424 HA CTAAHM [IPOEKTHU-  IAeMEHTOM HCCAEAOBAHMS AUHAMHUKHI 000AOYEK SIBASIETCS
POBaHMsI TOHKOCTEHHBIX 0OOAOYEYHBIX KOHCTPYKIUI,  OIpeAeAeHHe COOCTBEHHBIX YACTOT H $OPM MAABIX KOAe-
IIMPOKO IIPUMEHSIeMbIX B aBHAIIMOHHOM, PAKeTHO-KOC-  OaHMIL, IpryeM HAaHOOADBIINI HHTEPEeC AAS IPUAOXKEHUIT
MUYeCKOH TEXHUKE H PA3AMYHBIX 00AACTSX IPOMBIIIACH-  IPEACTABASIOT YaCTOTDI U3 HIDKHETO CIIeKTpa [1].
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Baxxnoe mMecTo cpean AMHAMHUYECKMX KOHTaKTHBIX
33424 TEOPUH 000AOUEK 3aHUMAIOT 3AAAYU O CBOOOAHBIX
KOA€OAHHSIX YIIPYTUX TOHKHX 000A0UYEK, KOHTAKTHPYIO-
IIMX C YIIPYTOM TBEPAOM CPEAOI U XKMAKOCTBIO.

B pa6orax [2; 3] nccaeayrorcs 9acToTh 1 popMbI
CBOOOAHBIX KOA€OAHMIT cpepuueckoil U IMAMHApUYE-
CKOI1 000AOYEeK, KOHTAKTUPYIOIIHUX C YIIPYTOM M XKUA-
KOM CPeAOH, B YaCTHOCTH aCUMIITOTHYECKUMHU METOAQA-
MU IIOAy4eHbI IPUOAYDKEHHbIE IIPOCThIE GOPMYADBI AAS
BBIYHCAEHHS YACTOTHI M OLIpeAeAeHUS $OPMBI KOACOAHMUIT
PacCMOTPEHHBIX CUCTEM, 2 9TO OIPAHUYIMBAET UCIIOAB30-
BaHHE IIOAYYE€HHBIX Pe3yABTATOB, HICKAIOYAs B PAAE BaXK-
HBIX CAy4aeB BO3MOXXHOCTb IIPOBEACHM KaYeCTBEHHOTO
aHAAM3a MCCACAYEMBIX ITPOLIECCOB.

Kpowme roro, B pabote [4] paccMoTpeHsI cBO60AHBIE
OCeCHMMeTpHYecKrue KOAeOaHUs TOHKOCTEHHO! Oec-
KOHEYHOHN LIMAUHAPHUYECKOM 060A0YKH, coaeprKallen
COKMMAEMYI0 JKUAKOCTb. ITOCKOABKY HaxOXXAeHHE CO6-
CTBEHHBIX YaCTOT CBA3aHO C PEIIEHNEM TPAHCLEHAEHT-
HBIX YPaBHEHHI, 3A€Ch YaCTOTa KOAeOAHUIT 000AOUKY,
HE COAEpIKalllell JKMAKOCTD, BhIpaXkeHa 4epe3 4acTOTy
KOAeOaHUI CHCTEMBI B IBHOM BHAE, YTO IO3BOASIET KaK
AQHAAUTHYECKH, TAaK U IPadHIeCcKU HCCAEAOBATD CIIEKTPBI
YaCTOT CUCTEMBI.

B aaHHOI paboTe nccaepyeTcst CBOHOAHOE Koaeba-
HHe CpepHIecKOil 000AOUKH C KUAKOCTBIO.

2. ITocTaHOBKa 3apa9n

B pabote ypaBHeHUs ABIDKeHUS cdepHriecKoit 060-
AOYKH Pa3AEAEHDBI ABE YaCTHU: CUCTEMY, OIIMCHIBAIOIIYIO
IIOTEHLIMAABHOE ABIDKEHME, M yPaBHEHHE, ONKChIBAIOIee
BUXpeBoe ABrkeHue. [lepsas cucrema B cayyae TOHKO-
CTEHHOU 000AOUKH OYAET METD BUA

—2(1_‘/)-%W+%AOW+—4V_32 D+
1-2v r r aQ-2v)r (1)
waw - Lo —g
Gh
M%WjLionerz“—_")oncpmzq):o
1-2v r r 1-2v)r
(p:pwelwt
2
3aech 12=ﬂ

rae v —koapdurment [TyaccoHa; r — papuyc 060a04ky; h
— TOAIMIHA; P — AABACHHE )XHAKOCTH Ha 000AOUKY; @ — Ya-
CTOTa; q — MAOTHOCTb MaTepHaAa 060A04KH; G — MOAYAD
caBura; W — paprasbHOe CMellleHue.
2 2
A, =a—+ctg0i+;a—
00° 00 sin’0 0¢*’

rae ¢, 0 — cheprueckrie KOOPAUHATHL

IToBepxHOCTHBIE CMeIjeHHUsI u U 3 IPeACTaBAEHBI
B BUAE

od 1 OF
u=—-+ —;
00 sinf 0¢
1 oo o
sinf 0 060

rae O, F — $yHKIMHY, ONUCHIBAIONIHE ITOTEHITHAABHYIO
Y BUXPEBYIO COCTABASIOIIYIO ABHDKEHHS.

AaBAeHMe KUAKOCTH OIIPEACASIETCS AAS CAy4das IIO-
TEHITMAABHOTO ABMDKEHHS CKUMAEMOM JKUAKOCTH CACAY-

IOIIUM 00pa3oM.
oIl
= =00 —- , 2
p=-p_ (2)

TA€ P — IAOTHOCTD XKMAKOCTH, I' — PACCTOSIHUE OT IleH-
Tpa, Il — moTeHIMaA CKOPOCTH, yAOBAETBOpSIOIEH
YPaBHEHUIO
2
0Tl
=Ly (3)

rae A — oImeparop Aaru\aca, a — CKOPOCTD pacCIipoCTpa-

a’ATl =

HCHHA BOBMYH.IGHHI’I B JKUAKOCTH.
PaAI/IaAbHaSI CKOPOCTD O6OAO‘1KI/I U IIOTECHLHMAA CKO-
POCTH XXUAKOCTH Ha IIOBEPXHOCTH KOHTAKTA CBSA3aHbI

COOTHOIICHHEM.

ou oIl
_:_) 4
ot oOr ( )

TA€ U, — PAAMAABHOE IIepeMelljeHHe 060A0YKH, HAK yuu-
ThIBas, YTO IIpU KoAeOaHUSIX
_ . ot
IT=11 e
u= Weimt
oIl
oW =—= (5)

or
Coraacho (2), npu kore6anusx 6yaet

P, = pell, (6)
A ypasuenue (3) obparurcs B ypaBHeHue leab-

nMeeM

MT'OABIIA, pelleHHeM KOTOPOro, OTBEYaIONIMM paccMa-
TPUBAeMOM 3aAaue O CBOOOAHBIX KOAeOaHMIX chepuye-

CKOI1 060A0UKH, OyAeT

Hn ﬂ ._ =
Hw—\/; n+;(aj£(9’¢) (n=12.), (7)

e (243
n+E a a

MOHHKa.
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Hewussectnbie ¢pyuxruu B (1) Takke BHIPaXKaioTcs
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U3 (5), (9) u (10) moxHO TOAYYHTD
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®opmyaa (19) BelpaxkaeT 3aBUCUMOCTD @) OT @ .

Ypasrenue (19) cBa3bIBaeT CBOGOAHYIO 4aCTOTY CH-
CTEeMBI CO CBOOOAHOM YACTOTOM 0OOAOUKH B OTCYTCTBUH
xupkoctr. HaxoxaeHuHe 4acTOT CBOOOAHBIX KoAebaHMI
CHCTEeMBI B IJeAOM CBSI3aHO C pellleHHeM TPAHCIIeHACHT-
Horo ypasHenus (16).

ITpu pemeHny TPaHCIIEHACHTHOT'O yPaBHEHHUS 4aCTO
aBTOPBI IPUOETraIoT K IPUOAIDKEHHBIM METOAAM, B YaCT-
HOCTH K acumirorrdeckuM [ S |. OpHaKo, pemmerue o6par-
HOH 3aAQUH II03BOASIET CTPOUTD CIIEKTP YACTOT IPAPUKH,
4TO YIPOINAeT HCCACAOBAHHE, B TOM YHCAE OIIpeAeACHHEe
9aCTOTBL

ITpy HEKOTOPBIX AQHHBIX 3HAYEHHSAX [TAPAMETPOB 3a-
paun Ha maTepBase 0—8-10° aas N(w) u 0—-25 ans @

{n(n+1){1+/3(1—pgﬂ} +4(2a —n(n+1)ﬂ)n(n+1)
q

nocrpoens! rpapuxu N(w) - puc. 1., puc. 2., puc. 3.
cooTBercTBeHHO, rae N(w) = . Ha rpa¢ukax nmpeacras-
AHBI 3aBHCHMOCTH YaCTOT KOA€OAHUI AAST PA3AUYHBIX
MOA, CHCTEeMbI OT YACTOTHI ITyCTOl 060A0uKH. ITokazaHs!
TpU PpparMeHTa YaCTOTHOTO CIIEKTpa @ — @, AAS TPEX
3HAYEHUN CKOPOCTb PacHpOCTPaHEHH: BO3MYIIEHHH
B JKMAKOCTH.
r=100, a=1400, £=0.1
q

Ha unTepBare 0—5-10° aas N(®) u 0—-25 aas @ mo-
crpoensl rpapuku N (@) - ® puc. 2. (N(@)=,).

r=100, a=1000, £=0.1
q

97



Section 10. Mechanics

Ma)
£:10%

4x10%

Bel0%

P, Ji | J 1, : w1k

0 10 15 p. 1] B

Puc. 1. 3aBucrUMOCTb HacToOT KonebaHuin 060/104KKU, He coaepKaLlen Xnakoctb N(w), OT CUCTEMBI
o (r=100, a=1400, £=0.1)
q

H(=)

510°7
4x10%
310%
0%

110%

) 0 O I TV A

0 10 1% p.1) Pl

Puc. 2. 3aBMCMMOCTb 4acToT kosiebaHnii 060J104KN, He coaep KaLLen XUakocTb N(w), OT CUCTEMBI
o (r=100, a=1000, £=0.1)
q

wa unreppase 0310 axs N(@) u 0-25 past ® mocrpoenst rpaduu N(®) — o puc. 3. ( N(@)=a, ).
r=100, a=500, £=0.1
q

98



Influence of wave velocity in filling spherical shell liquid on the oscillation frequency system

N(w)

0%
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Puc. 3. 3aBncumMOCTb HacToT KonebaHuin 060/104KKU, HE coaepKaLlenr Xnakoctb N(w), OT cUCTEMBI
©(r=100, a=500, £=0.1)
q
3. BeiBopbI
s rpaq)m{os CHEKTpa BHUAHO, YTO YaCTOTAa CHUCTEMbI HapaCTaeT ACUMIITOTHYECKH AO HEKOTOPOI'O IIOCTOSAHHOI'O
3Ha4Y€HH A, OAHAKO HpI/I 60AbIHI/IX CKOpOCTfIX BOAH B JKUAKOCTH 4YaCTOTa HPI/IGAI/DKaeTC}I KIIO CTOSIHHOMY 3HAQYEHUIO I'IpI/I

OOABIIMX BeAMYMHAX dYacToThl oboaouku npu  4=500, ©=1300;  ppu  a=1000, ©=3000; npu
a=1400, =4000; .
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The multistory housing construction is most popular
in the Russian Federation. The large panel structures,
the cast-in-place and precast construction, the modular
precast building systems, the all-brick buildings are
the main structural systems, which are used in the
construction business [1, 210-216]. The problem of a
complex assessment of potential resource-and energy
saving in the civil engineering is unresolved. The natural
resources consumption on the square meter of living
space reaches more or less 20 ton. The rates of growth of
the housebuilding is equal about 8,6 — 14,3% per year, as
a result — the negative impact of industrial activity on
the environment is constantly increasing.

The basic principles for the engineering of resource-
efficient residential buildings are the following [2,
4-6]. The urban design principle includes building
location and climatic factors, landscaping, context
area, underground space and etc. The flexible structure,
space zoning, compact form and other candidates are
the space-planning decision principle. The selection of
structural system principle contains high durability of
the building materials, construction; adequate strength,
stiffness of a structure, structural safety, the most
rational operational cost and the like. The insolation,
noise protection, sustainable building, gardens, waste
reduction and etc. are the environmental performance
principle. The technical principles are also important:
sanitation, heating, air conditioning and building
automation; instrumentation and electrical; functional
housing and public utilities and others.

The problems of complex ecological safety of the
construction are described in different articles [3, 468].
For example, the publications of Scherbina E.V., Kolchin
M. A,, Telichenko V1. are paid to the peculiarities of the
environmental assessment of construction activities. The
authors have proposed a methodology for forecasting
the impact of construction projects on the environment.
They schematize solutions of the environmental
problems of large cities on the principles of sustainable
development. Moreover, the authors have offered to use
green building technologies in the Russian Federation.

The Russianacademy of architecture and construction
sciences (the doctors of technical sciences: Ilyichev V.A.,
Bakaeva NV, Kolchunov V1. and other scientists) has
proposed an alternative — the paradigm of biosphere to
compatibility [4, 5-8]. The authors of the paradigm have
offered a calculation of the biotecnosphere humanitarian
balances that allows harmoniously developing human
habitats and preventing crises and catastrophes. The
balance equations are derived enabling to determine
the required and maximum possible quantities of
conventional natural resource matter. The issue of
division of technical innovation on progressive and
regressive is solved according to their impact on the
Biosphere. If the technologies have a negative impact on
the natural environment they are regressive.

As often as not the questions of resource and energy
saving got the subjects of debate in the scientific sphere
[S,74-75]. The problem of a comprehensive evaluation
of potential energy efficiency and resource efficiency
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of civil buildings do not solve In the framework of this
concept - the paradigm biosphere to compatibility. It is
proposed to consider all life cycle stages of civil buildings:
the production of natural raw materials; production of
construction materials, civil structures; design; construct
a building; maintenance of buildings; removal and
disposal of lost property structures [6, 62-65].

The source-and-use table is required to evaluate
expediency of the project, to work out the detailed
project report. The method is based upon the main
provisions of the following factors: natural resource
endowment, effective demand, waste products and so
on. There is a good reason to consider, for example,
manufacturing charges (basic material, specific fuel
equivalent consumption and the like), erection cost
(factory labour hours, operation activity, total duration
of building and etc.), working life, total operating
performance and such things.

The comparison of alternatives of environmentally
benign technologies should be performed with the
rival design project. The common effect (ACE) can be
calculated by the formulas (Eq. 1 - Eq. 2):

ACE = CE, - CE (1)

CE, - the effect of the i-th measure; CEj - the effect
of the j-th measure.

CE=B+Z(1;T)DC/(1+d)‘9min (2)

B - budget for construction project; T- working life;
DC - direct operating costs; d— discount coefficient; t—
project period.

For example, in the practice of civil engineering
apply constructive solutions to the building frame
of the industrial panel elements (Fig. 1), including
load-bearing longitudinal and transverse wall panels
connected to the floor slab, self-supporting outer walls.
Disadvantages constructive solutions are as follows:
longitudinal and transverse wall panels are made of
structural concrete. Structural concrete has a high
consumption of materials and energy. Slabs have a
high intensity, low sound insulation performance. The
intermediate joints of exterior walls may be susceptible
to freezing, as they are not insulated and should not
have thermal protection. These disadvantages can be
eliminated by creating and implementing new industrial
energy-eflicient and resource-efficient structural systems
of the civil buildings on the basis of the resource cycle
low-waste technologies (Fig. 2).

TAA S Ao

AN

Al i
7! I élq%
%\»%E @ _;13 —\u1
O -k

Figure 1. The building of the panel construction:

1 - longitudinal and transverse panel-frame; 2 —
slabs; 3 - slabs with a perforated edge; 4 — girders
with termo-connectors; 5 — outer self-supporting
one floor wall; 6 — starter bars; 7 — in-fill concrete

Accordingto formulas 1 and 2 performed calculations
for the structural systems. The results are shown in the
table 1.

The second constructive solution is characterized by
30% less weight due to the use of thin-walled structural
members and high-energy consumption of reinforcing
steel, for example, in a horizontal elements by 10-15%
(13-20 kg) per one cubic meter of concrete in the
foundations by 15 - 20% (15 - 35 kg). Through the
application of construction projects with lower energy

Figure 2. The fragment of the constructive
scheme of the building is made of frame
house building: 1 — panel-frame; 2 — beam
with termo-connectors; 3 — arch beam
with termo-connectors; 4 — multiple-cavity
reinforced concrete floor panel; 5 — wall

consumption, you can save about 2695 - 4831 kW-h
of electricity per cubic meter of construction volume
of the building throughout the life cycle [7, 4 -6]. The
overage elements of energy-efficient, resource-efficient
structural system after dismantling are returned into the
production process as raw material for new constructions
at 60-65%. Therefore, the load on municipal landfills is
reducing, excluding education of illegal dumping, and
storing, for example, urban parks and gardens land [8,
278-280].
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Accordingly, the paper presents the general systemsofahouse construction are one of the significant
methodological approaches and possible practical factors, thatinfluence onits estimated cost and resource
difficulties during the creation of environmentally benign  savings through the design, construction and upkeep of
technologies. The choice of architectural and structural  buildings.

Table 1. — The results of the calculation of the different structural systems

Material ion of a buildi
][R e —
" d lent consumption for | effect, KRUR
The name of the struc- of living space L.
No. . the construction in- on one square
tural system reinforced -
Cement, | Steel, concrete dustry, on one square | meter of living
k t ) P
g on cubic metre meter of living space space
1 | The building of th
& ouraimg o° e 794 | 253 0.223 63.35 7.151
panel construction
2 | The constructive scheme
of the building is made 71.3 232 0.195 56.91 6.478
of frame house building
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YcoBepLleHCTBOBaHME 3aLluUTbl Orypua oT KOPHEBbIX
rHUJ1em B yCJIOBUAX 3aLLULLLEHHOIO rpyHTa

AHHOTaI.II/IH: B crarpe paccMaTpHuBAETCA COBMECTHO IPUMEHEHNE 610areHTOB U ArpOXMMHKATOB M UX BAVSTHHE

Ha pOCT, pa3BUTHE, ypO)KafIHOCTb H IIOPa’Ka€MOCTb paCTeHI/Iﬂ orypua KOpHEBbIMH I'HUASIMH B YCAOBHAX IIPOU3BOA-

CTBEHHOTO OIIbITA.

KaroueBbie caoBa: orypen F1 Kypam, KOpHEBbI€ THHAY, MUKPOOPIaHN3MbI-aHTAaIrOHUCTBDI, ITATOIE€HDBI POAA

Rhizoctonia n Fusarium, arpOXMMHKATbI, YUCTASI KYABTYPA.

B macTosmee Bpems npusHaHO, 4TO 9¢PeKTUBHHIM
U IIPUEMAEMBIM C TOYKU 3PEHHS OXPaHbl OKPY>KAIOLIeH
CpeAbI SIBASIETCS OMOAOTHYECKUI METOA, 3aIUThI pacTe-
HMM, KOTOPBIN YaCTO SABASETCS aABTEPHATUBOM XUMHUYe-
CKOMY METOAY 3alIUThl PACTEHUH U AAET BO3MOXXHOCTD
cobAIOAATD NPUHIUIIBL OXPaHbl OKPYXKAIOIIEH CPeAbl
OT Ype3MepHOTO 3arpsI3HEHHS IAOXMMHKATaMH. 3aIfuTa
PacTeHHUI B TEIAMIIAX — OAHO U3 HanboAee 3HAYIUMBIX
HaIlpaBA€HUH 6MOMeTOAQ, BKAIOYAIOIErO IIpUMEHEeHNe
6MOAOTHYIEeCKUX IIpEeIapaToB, a TAKXKe X COBMECTHOE

HCIIOAB30BAHHUE C PErYASITOPAMHE POCTA, YAOOPeHHIMHU
U T. A. ITorcky BbICOKO 9 PeKTHBHBIX CIIOCOOOB 3aIHUTHI
Oryplia OT KOPHEBBIX THHAEH U ITOCBSINeHa 3Ta paboTa.

OCHOBHOM 1]eABIO HAIIUX HCCACAOBAHHUH SIBASIAOCH
M3bICKaHHe HarOoAee 9 peKTUBHBIX COYETAHHI MHKPO-
OPraHM3MOB-AHTArOHUCTOB U arpOXMMHUKATOB AAS 3a-
IIMTHI OIypLia OT KOPHEBbIX THHUAEH M OKa3bIBaIOIIMX
POCTOCTUMYAHPYIOIEe ACACTBHE HAa PAa3BUTHE PACTEHUH,
a TaloKe CIIOCOOCTBYIOMINX MOBBIIIEHUIO YPOXKANHOCTH
KYABTYPBL.
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MaTtepnasbl 1 METOABL.

O6mpexTnl nccaepoBaHus: rubpup orypua F1 Ky-
PaX; KOAAEKIUS IITAMMOB M H30ASITOB TPHOOB popa
Trichoderma, xpeMHUIICOAEpIKaILlee MUKPOYAOOpeHue
Cuanmaanr, nporpasureasb Butapoc. Bo3byaurean xop-
HEBbIX THUAEH OTypIja — YHCTBIe KYABTYPbI H30ASITOB
rpuboB popa Rhizoctonia, Fusarium.

OmnbITHI IPOBOAMAKICH Ha KapeApe 3aluThl pAaCTeHUH
U B TENAMIAX ceAeKnronHom crannuu uM. H. H. Tumo-
¢ea PTAY — MCXA B 2012-2014 rr.

AAsI BBIA€ACHVIS [TATOT€HOB U QaHTarOHKHCTOB B YUCTYIO
KYABTYPY, UX TIOAACPKAHHS UCIIOAB30BAAN FICKYCCTBEH-
HYIO ITUTATEABHYIO CpeAy KapTO(eAbHO-TAIOKO3HBIH arap.

Aast onpepeaenus BospericTBus Butapoca u Cuan-
IIAQHTA HA POCT KOAOHUI IIATOr€HOB U OHOAreHTOB, IIPO-
BOAUAM OIIpEACACHHE aHTarOHUCTUYECKON aKTUBHOCTH
OMOareHTOB IT10 OTHOILIEHUIO K TATOreHaM Ha GOHe arpo-
XMMHKATOB, KOTOPbIEe B OIIPEACACHHOMN KOHIIEHTPAITHH
AOOGABASIAU B ITUTATEABHYIO CPEAY.

B BereTanMOHHPIX OIBITAX IIPOBOAMAH YYETHI BCXO-
JKeCTH CeMsH OTypIia, CHUMAAU OMOMeTpUYecKye IOoKa-
3aTeAH, pa3BUTHE U PACIIPOCTPAHEHHE KOPHEBBIX THHACH.
OmnbITE IPOBOAMAH Ha €CTECTBEHHOM U HCKYCCTBEHHOM
MHQPEKITMOHHBIX poHax. B mpousBoACTBEHHOM OIIbITE
IIPOBOAMAU YYETBI YPOKAMHOCTH OTypIia, pasBHTHE
U PacIIpOCTpaHeHHe KOPHEBBIX THHACH.

PesyabTaTni

B Aa60paTOpPHBIX OIBITAX BO BCEX BAPHAHTAX C HC-
[IOAB30BAaHUEM IPUOOB-aHTArOHUCTOB poaa Trichoderma

OTMEYAAOCh 3HAYUTEABHOE IIOAABACHHE PA3BUTHUS KOAO-
HUP TATOT€HHBIX IPHOOB POAOB PUBOKTOHUS U Py3apH-
yM. ITo cpaBHEHHIO ¢ KOHTPOAEM B 9THX BapUAHTAX AAH-
HBII1 TOKA3aTeAb OBIA B 2,7-6,5 pas HIKe, 4eM B KOHTPOAE,
IpuYeM HauOOAbBIIIee TOAABACHHE OTMEYEHO Y H30ASTa
rpuba-antaronucra poaa Trichoderma K — 2. B Bapu-
anTax c BHecenueM B ITIC KI'A CuaumnaanTa HabAOAQ-
AOCh 3HAYUTEAbHOE yTHeTeHHe POCTa KOAOHUI IaTore-
HOB U IpHOOB-aHTaroHUCToB popa Trichoderma. B To sxe
BpeMsi, Tpenaparsl Burapoc u CHAUIIAQHT He OKa3bIBAAH
OTPHUIIATEABHOTO BO3AEHCTBHS HAa AaHTAaTOHHUCTHIECKYIO
AKTUBHOCTD OMOareHTOB.

B BereTalMOHHBIX OIBITAX BO BCeX BAPHAHTAX OTMe-
9aAOCH ITOSIBACHUE XOPOIIO PAa3BUTHIX IIPOPOCTKOB, CO-
JeTaHHe UX C arPOXMMMKATAMU IIO3BOAMAO YBEAUYHTD
IIPOLIEHT BCXOAOB H IOSIBAGHUIO IIEPBOTO HACTOSIIETO
AVICTA.

Ayduive pe3yAbTaThl OBIAM ITOAYYEHBI B BApHAHTAX
C HUCIIOAb30BaHMeM mTaMMa Trichoderma Rol -K — 2
(sTason) u uzoasra K — 2 B coueTanuu c npenaparamu
Burapoc u Cuanmnaasr.

ITo pesyabraTraM NIpOU3BOACTBEHHOTO OIIBITA CAe-
AyeT OTMETUTb, YTO Ay4IIHMe PE3yABTAThl OBIAM ITOAY-
JeHbl B YKA3aHHBIX BBIIIEe BAPUAHTAX C UCIIOAb30BAHH-
eMm Trichoderma Rol-K-2 u nsoasra K-2 B coueranun
¢ Burapocom n Cuannaantom. Kpome Toro, B aTHx xe
BapHaHTAX OTMEYAAACh CaMasl BbICOKASI YPOXKAMHOCTb:
B 1,6 1 1,3 pa3a COOTBETCTBEHHO 10 CPABHEHHUIO € a6cO-
AFOTHBIM KOHTPOAEM.
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06 oaHom anroputme MKJ3 pacuyéta 3nemMeHTOB CTPOUTEJIbHbIX
KOHCTPYKUUIA N MEXaHN3MOB Npu Hanuiumn gedeKTos

Annotanms: B crarpe npeaaaraercst moaxop K MKO pacuéry AMHaMIYecKHMX XapaKTepUCTHK HAIIPSDKEHHO—AL-

$OpMUPOBAHHOIO COCTOSIHUS 9AEMEHTOB 3AAHUH U COOPY>KeHUH ITPY HAAUYHH AOKAAU30BAaHHOM TPEIIUHBL. AAS y4éTa

KOHII€HTpajun HaHP}I)KeHI/Iﬁ BBOAMTCA I'PYIIIIA CIIENTMAADHBIX KOHEYHDIX IAEMEHTOB, ITIO3BOASIOIIAS TOYHIM O6Pa30M

YYHUTDBIBATD IIOPAAOK ocobeHHOCTH HanpmeHmZ B OKpE€CTHOCTH BEPIIHHBI TPEIINHBDI. HPeAAO)KeHHbeI AATOPHUTM IIO-

3BOASIET CYIIECTBEHHO CHU3UTD BpEM:L PaC‘{éTOB IIpH COXpaHEHHUU TOYHOCTH pE3yAbTaTa.

Karouesbre caoBa: MKO pacuer, xapakrepuctuku HAC, AokaAn3oBaHHbIE TpeIHHbI, KOHIIEHTPAL[US HaITpsDKe-

HPIfI, CIICMAABHBIC KOHCYHbBIC JACMCHTBI.

Yro6Obl pa3spaboTaTh METOABI Hepa3pYLIAIOIIEro
KOHTPOASL COCTOSIHHS DAEMEHTOB KOHCTPYKIIUHA U MeXa-
HU3MOB, OCHOBBIBAsICh Ha PE3yAbTaTaX MOHUTOPHHIA UX
AVHAMUY€eCKHX XaPaKTEPUCTHUK, IIOAYIEHHbIX IIPU T€CTO-
BOM AHMHAMUYECKOM BO3AEHCTBUH, HEOOXOAUMO IIPOBe-
CTHU pacyeT KOHCTPYKIUHA IIPY HAAMYMH HapyIIEeHUH CO-
crostHuA e€ aaeMeHToB MKO. AAs 9TOM IleAn mpuMeHIM
METOA TOAKOHCTPYKLIMH, IPEAIIOAATAIOINM BBEACHHE
CIIEI[UAABHBIX CYIIEPOAEMEHTOB, KOTOPbIE IO3BOASIOT
YYUTBIBATh PA3AMYHbIE TUIIDI OTKAOHEHHS AAHHOM ITOA-
KOHCTPYKIJMM OT MCIIPAaBHOTO COCTOsIHMA. PaccMoTpum
CAy4ail OAHOTO U3 HanboAee pacIpOCTPaHEeHHBIX AedeK-
TOB B 9AEMEHTAaX 3AQHUN M COOPYXKEHUN — TPEIUHbI
Pa3AMYHOTO pa3Mepa U OPUEHTALIHH.

HaAudne B OAHOM H3 9A€MEHTOB COOPY>KEHHSI AO-
KAAM30BAHHBIX TPELIUH IIPU PAcyéTe AMHAMIIECKHX
XapaKTEPHUCTUK COOPY)KEHHUsI IIOBBIIAET TPeOOBAHMS
K pasbHeHMIO ero Ha KOHe4YHble dAeMeHTH. Hawmbo-
Aee IPUMEHSIEMBIIl AATOPUTM pacdeTa OCHOBBIBAETCSI
Ha BBEACHUU CETKHU KOHEYHBIX 9A€MEHTOB, CI'YAOIINXCSI
B OKPECTHOCTH TPEIIHHbI U 0COOeHHO ee BepmuH. [Ipu
3TOM CyIIJeCTBEHHO YBEAUYHMBAETCS BpeMs CYeTa H3-3a
BO3PACTAHHS YMCAQ IAEMEHTOB, 1 KAK CACACTBHE, CHIDKA-
€TCsI TOYHOCTb KOHEYHOTO PEe3yAbTATA.

AAst ycTpaHeHHsI YKa3aHHOTO HEAOCTATKaA IjeAe-
COOOpa3HBIM IIPEACTABASIETCS pa3paboTKa CyIlepa-
AeMeHTOB MKD AASl TOAKOHCTPYKIIUH, CopepKalIeit
AOKAAM30BAHHYIO TPEIIUHY, AATOPUTMA, B OCHOBE KO-
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TOpOro 6YAeT HCIIOADP30OBaHHE I'DYIIIBI CIIETMAADHBIX
KOHCYHbBIX JACMCHTOB (pI/IC 1), TOYHbIM o6pa30M VA

TPIBAIOIIMX KOHIOEHTPALIHIO HaHPﬁ)KeHI/Ifl B BEpUINHE
TPpEIHHbI.

PucyHok 1

a — rpyrnna cneunasibHbIX 3/1IeMEHTOB C 4 y3n1amu

B 1jeHTpasbHOM y3A€ IPYTIIIbI CHIEIIAABHBIX SAeMeH-
TOB 3aAaHA 0COOEHHOCTD HAIPSDKEHHI, CBOMCTBEHHAS
BepuInHe TpeuuHsl. [Ipu aToM MopsSAOK 0cobeHHOCTH
AHAAMTUYECKOTO pelleHHs 3aAa4U CTATHKU OIPeAeAseT
CTeTleHb KOHI|eHTPAIMH HanpshkeHuit [ 1; 2].

ITpu pacroAokeHUH BepIIHHBI TPeIMHbI HA HEKOTO-
POM YAQACHUH OT PAHHITbI 0OAACTH OPHUEHTAIIHS TPeIjH-
HbI TIPAKTUYECKU He BAUSET HA IIOPSAOK OCOOEHHOCTH.
IToaTomy He0b6X0AUMYIO MHGOPMAILUIO MOXKHO ITOAY-
9UTh, PACCMATPUBAS 3aAady CTATHYECKOTO HArpy KeHUs
IPOCTPAHCTBA C TPEIMHOM. YTOObI yyecTh BOSMOKHOE
BAMSIHHE HA TTOPSIAOK OCOOEHHOCTH 9A€MEHTA 3AAHMS,
KOHTaKTHPYIOIIEro C AQHHOM IOAKOHCTPYKIIMeH, H3-
y4uM OoAee OOIIYI0 3aAa9y O CTATUYECKOM HATPy>KeHUU
IIOAYTIPOCTPAHCTBA C BEPTUKAABHO OPHEHTHPOBAHHOMN
TPEIIMHOMN U TIOAKPEIIACHHOTO TOHKOM IIOBEPXHOCTHON
Hakaapkoit [3]. Ha IIpUMepe 3TOM MOAEABHOM 3aAadu
IIPOMAAIOCTPUPYEM METOA pelleHus], UCIIOAb3yeMOro
3AeChb IIPU HCCACAOBAHUH 3aAAYH AASL ABYXCAOMHOTO IO~
AYTIPOCTPAHCTBA C 3arAyOA€HHO TPeIUHOM.

PaccMOTPHM YIpyroe MOAYIPOCTPAHCTBO (CBOMCTBA
MaTepHaAa KOTOPOTO OMPeACACHBI MOAYAEM CABHUTA i, A
u koapunmenrom IlyaccoHa v ), coOoTBeTCTByIOmIEe
B AEKAPTOBOHM  CHCTeMe KOOPAMHAT  obAacTH
D: y<0; xe&(—90,+0). OpHueHTaIHs TPEIUHBI Bep-
tukasbHas (=0 ). Ha 6eperax Tpemunbl KOMIOHeHTa
u(x,y) BeKTOpa mepeMeIieHuit MMeeT CKaIOK

ye[-H-a—H+a]: U(x,y) ={u(x,y),v(x,y)}—
u(%y) o =2(7) (1)

H ITpPOU3BOAHAS
x=+0

8v(x,y)

i =y (y). (2)

HOBerHOCTb ITOAYIIPOCTPAHCTBA JKECTKO CLIEIIA€HA
C TOHKHUM CAOE€M TOAITWHDBI h , ynpyrue CBOMCTBA KOTO-

6 — rpynna TpeyrosibHbIX creumanbHbIX 91eMEHTOB

POTO OIIPeAEACHBI MOAYAEM CABHTA (i, M KO3 HUIIHEHTOM
ITyaccona v |. Ha BepXHIOIO IPaHb CAOS ACHICTBYIOT pac-
TIpeAeACHHbIE YCUAHS
q(x), xelcd]
v 0, x¢ [c,d]
Bekropsr cmemenust U, (x,) = {ul (x,»).v (x,y)}
¥ HampsuKeHUs 6 ={0 ,T,} TOYeK TOHKOMN HAKAAAKH

y=0: éz{rxy,oy}; Txy+0; o

TOAMHSBI /1 [3] yAOBAETBOPSIOT ypaBHEHHUIO:

d? d(o +o_
4,u1hgb?=—(l—vl)(r T _)—vlh%. (3)

3Aech T . - KacaTeAbHble HAlIPsDKeHHs COOTBETCTBEHHO
Ha BepxHeil (+) U HYDKHeil (—) TPaHsX HAKAAAKH.

YcaoBHe 5KeCTKOro CIIeNAeHHs HAKAAAKH C TTOAYTIPO-
CTPaHCTBOM ITPUBOAMT K TOMY, YTO KOMITOHEHTHI BEKTOPOB
CMeleHMi (uy=u, v=v) M HaIpsDKeHWI
(r =7,5 O =0 ,)HaKAQAKM H [IOAYIIPOCTPAHCTBA PaB-
Hpl ipu Y = 0. Toraa rpaHUYHBIME YCAOBHSIMU Ha TIOBEPX-
HOCTH TTOAYTIPOCTPAHCTBA IIPH y4YeTe 3TOTO paBeHCTBa
¥l ypaBHEHHI PAaBHOBECHS TAACTHHBI OYACT CACAYIOIIee CO-

OTHOIIEHHE

d’u do
y=0: 4pu 1h7 =—(1-v,)7,,—2v h dxy ;o ,=—q(x),(4)
A€ ¢(X) — 3aKOH pacIpeAeAeH s HOPMAABHBIX HAIIPsSDKe-

HUH, KOTOpPBIe ACHCTBYIOT Ha BEPXHIOIO IPaHb HAKAAAKHL.
AASL AQHHO¥ 3aAQYM YPABHEHHSI PABHOBECHS CPEABI
[4] umeroT Bup

2(1—v) ' azu(x,y) N 1 ‘ a2v(x,y) N a2u(x,y)

1-2v ox’ 1-2v  0x0y oy’ (5)
2(1—v)'62v(x,y)+ 1 .62u(x,y)+62v(x,y) 0
1-2v oy’ 1-2v  0x0y oxt

YuurpiBas ycAOBUS Ha IpaHMIe TPEUHbI (1), (2),
npuMeHsieM K 060MM ypaBHeHusM cucTemsl (S) mpeo6-
pasosanue ®ypbe 1o nepementoit X (a — mapamerp
npeo6paszoBanus). OKOHYATEABHO TOAYYAEM

(1-2v )%—Z(I—V)a Za(a,y)_iawzzia(l—v V2 (7)
. _ (6)
2(1-v )@—(I—ZV )o ZV(a,y)—ia%?)/):—Zvdz—y).hyh
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B pesyabTaTe IIPUMEHEHUSA K IIOCACAHMM YPaBHEHMSIM HPEO6PaSOBaHH§I (Dypbe II0 KOOpAHHATE

y: F ( B ) = j F( y)exp(i B y) dy IIPUXOAUM K CAEAYIOLIell crcTeMe $yHKIMOHAABHBIX yPABHEHHIL:

—00

[(1-2v)B* +2(1-v)o’ Jii(ar, B) + aBv(ex, B) = —2ie(1=v) Z(B)

. 2 27+ o (7)
apii(a, B)+[ (1-2v)a” +2(1-v)B* [#(a, B) = -2iBvi(B)
3amumieM perieHHe AAHHOM CHCTeMBbI KaK
()= 0 i) =Sl )

Aa,B) ~Ae,B)’
AaB)=(1-v)(a*+B2)'s
A (e, ﬂ)——zax(ﬁ)((l V)a +(2 v)ﬁz)
A, (a,B)=ip 7(a,B)(vB - (1-v)a’)s; (9)

H+a

7(B)= | x(y)exp(iBy)dy.
—H+a
INpumennm x cooTHomeHusM (8) obparHoe npeobpazosanue Oypbe 1o napameTpy f ¥ HAlAEM HHTEIPAADI,

TOTAQ

rAe

—~H+a

a(a,y):_# [ 2i0-v)er(amy)+ o)
+(2-v)L(am,y)lexp[if(n-y) |dn;

—H+a

V(mﬂvﬁJﬂx(n)[v13(a,n,y)—(1—v)azh(am’y)]dn

TAE

Texp|iB(n-y) mexp| —a(n-y)
v e e L
i eXP lﬂ n-y 7 eXp n- }’)
S a T e e AU
I,(a1,y) = ]:ﬁ ngiﬂﬁ o gtz ~expl o[- ][ 2|7y Jsign(n~y)
_+°°ﬂexp[iﬂ(n—y)] znexp[ o ||n— y|:|
I4(06,71>)’)—:[c (a2+/32)2 dp = e loe(n—y)|sign(n—y).

B nrore npuxoAuM K 06111eMy peIeHHI0 CHCTeMbI AP PpepeHIIHAABHBIX yPaBHEHUI ( 5) BHAQ

E(a,y):—w(f_v)_j x(n)B-2v- |a17 y|exp[ a(n-y)]dn+ (11)

+(C, ++C, |a |y)exp(|a |y);
—H+a

miiul(n )2v —|a (17—}’)|sign(n—y)]exp(—|a (n—y)|)d17+ |

+ isignocI:Cl - C2[9—|a |y:|]exp(|a |y)

v(o,y)=

3pecy $=3—4v .
BbrumcAnM 3Ha4eHUS HeOTIPeACACHHDBIX KOHCTAHT, YIUTbIBasl rpaHuyHble ycaosust (4) mpu y = 0. IIpopeaas po-
CTATOYHO IPOMO3AKHE BHIKAAAKU 1 0603HAYUB
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t=2p,(3-2v); t,=— 20-v) st=24
1-v (1-v )(1-2v)

=—pul2 s L==8u,(1-v);

t4 ‘U l—Vl 2(l_v) 1 :ul( V)

L==2u(1-v,),

B pe3yAbTaTE HafIAeM:

C, =—isigna {llh|a |+lz}71 J. x(n)(hle |t, +|e|nt, +a nht, +t4)exp(|a In )dn;
~-H-a

. o
C, =—isigna {llh|a |+lz}~ j x(n)(hle |s, +|a|nst, + o nhs, + 54)exp(|a In )dn.
—H-a
Taxum 06pa3oM, CTPyKTypa 00Iero peleHust 3aAA4H AASI IIOAYTIAOCKOCTH C TPELIUHOM P BO3AECHCTBUH IIPO-
M3BOABHO PAaCIPEACACHHBIX Ha ee OBEPXHOCTH ycuAmil ¢ (X) mMeeT BHA:

—H+a

u(a,y)= —miaﬂc(n )Ku(a,n,y)dqu(é K, (.8, 7)dE
)= | O e fa(e K a.6.9)

EcAu Ha MOBEpXHOCTh TOHKOTO IIOBEPXHOCTHOT'O CAOSI AGHICTBYeT BepPTUKAAbHAS HArPy3Ka, TO pelleHHe 3aAauH
AASL TIOAYTIAOCKOCTH C TPeIIMHOM MMeeT aHAAOTHYHYIO CTPYKTYPY.
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Influence of the way of preparation on structure
of magnesium foam concrete

Abstract: Results of researches of influence of ways of foam-mass preparation on properties and structure of
magnesium foam concretes are given in article. Expediency of separate preparation of forming masses from magnesium
compositions is proved. Possibility of an additional formations of cellular of a foam-mass at the expense of a gas-
forming additive and hollow granules is shown. Characteristic of the cellular materials received by various methods is
given.

Keywords: formation of a cell, magnesium compositions, ways of foam-mass preparation, structure.
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BnuaHue cnoco6a NpUroToBsIeHUd Ha CTPYKTYPY
MarHe3uasibHOro neHo0eToHa

Annortanms: B cTaThe IpHBeAeHBI Pe3yABTATHI HCCAEAOBAHHI BAMSIHIS CIIOCOOOB IIPUTOTOBAEHHUS IEHOMACC

Ha CBOICTBA U CTPYKTYPy MAarHe3HaAbHBIX ITleH00eToHOB. O60CHOBAHA 11eAeCO0OPA3HOCTD PA3AEABHOTO IIPUIOTOB-

ACHMI Q)OPMOBO‘IHBIX MacCC U3 MarHE3HMaAbHBIX KOMHOSI/IL[I/HjL TToxa3zaHa BO3MOXXHOCTD AOHOAHI/ITeAbHOﬁ IIopHu3anuu

IIEHOMACCHI 33 CYeT ra3000pasyromnieir AOOABKH U ITyCTOTEABIX TPAHYA.

KaroueBbie cA0Ba: 06pa3oBaHue [OP, MArHe3HAAbHbIE KOMITO3ULIHH, CIIOCO0 IPUIOTOBACHHS IIEHOMACCHL, CTPYKTYPa.

Pa3paboTka MOpHU30BaHHBIX KOMIIO3ULIUI U3 bec-
IIeMeHTHBIX BSDKYIIHX obecrednBaer pecypcocbepeske-
HHe IIPOU3BOACTBA, IIO3BOASIET HCIIOAb30BATh ITMPOKUI
CIIeKTP METOAOB GOPMUPOBAHUS SIEUCTON CTPYKTYPHI
[1,285].

AAsl MarHe3uaAbHbIX KOMIIO3UTOB B KauecTBe 3aTBO-
PHTeAs HCTIOAB3YIOTCS PAaCTBOPbI COAEH, TIPEeBbIIIAIOITHEe
IO TAOTHOCTH BOAY — TPAAUITMOHHBIN 3aTBOPUTEAD
IleMeHTHbIX IIeHoOeTOHOB. CBeaeHHUs O XapakTepe I0-
pH3aLUU MarHEe3HAABHBIX SYEUCTHIX OETOHOB HEMHOTIO-
9HCACHHBL

ITpeaBapHTEABHBIE HCCACAOBAHMS MIOKa3aAH [ 2, 14;
3, 33], 4T0, IO CpPaBHEHMIO C BOAOI, PACTBOP XAOPHAA
MarHusi obecredrBaeT MOAy4YeHUe MeHbl IIOHIKeHHOM
KPaTHOCTH U IOBBIIIEHHO IIAOTHOCTH, 4TO 00yCAOBAe-
HO MCXOAHBIMH XapaKTepUCTHUKAMU pacTBopa. BrrsaBaena
IPEeAITOYTHTEABHOCTD IIPOTEHHOBBIX IIEHOOOpasoBare-
A€M AASI COAEBBIX PACTBOPOB. YCTaHOBAEHA BRICOKAS CTIO-
COOHOCTD K BCIIEHHBAHHIO PACTBOPOB XAOPHAA MATHHs
U TIOATBEPIXKAEHA 11€AeCO0OPA3HOCTD SYEUCTHIX MATEPH-
AAOB M3 MarHe3MaAbHbIX BOKYIIUX.

IToxasaHa BO3MOXXHOCTb U II€A€COOOPA3HOCTD
CyAbdOMarHe3MaAbHBIX KOMIIO3UITUH OKCUXAOPHUAHO-
ro TBepAeHus. MccaepAOBaHBI TeHOOETOHDI U3 CYAbQO-

MarHe3naAbHbIX BDKyIHX. OTMeueHO CHIDKeHUe P OoY-
HOCTH STYEHCTHIX CYAbPOMATHE3MAABHBIX MATEPHAAOB
IIO CPAaBHEHMIO C MarHe3MaAbHBIMHU IIeHO6eTOHaMH |2,
16].

BbIsSIBAGHO YTO yXyAlleHHe ITPOYHOCTHBIX CBOMCTB
CyAb$OMArHe3HAABHBIX IIEHOOETOHOB 0OYCAOBAEHO OT-
PHIJATEABHBIM BAMSHHEM IIPOTEUHOBOTO IIEHOKOHIeH-
Tpara Ha MeHO0OPa3yIoIIyI0 CIOCOOHOCTD U TBEPACHHUE
runcosbix neomacce |2, 16; 3,35 ]. IpeacraBasieTcs uto,
AASL AAABHEHIIErO Pa3BUTHS TEXHOAOTHH CyAbPOMArHe-
3HAABHBIX IeHOOETOHOB HEOOXOAUMO YTOYHEHHUE CIIOCO-
6a mpUroToBAEHMSI POPMOBOTHBIX MACC.

ITeav pabomvr — nccaepOBaHHE BAMSHUS CIIOCOOOB
IPUTOTOBAEHUS TIEHOMACC Ha CTPYKTYPY IeHObeTOHa
M3 MarHe3HaAbHBIX KOMITO3UIIUI.

VlccaeAOBaHBI pa3ANYHbIE BAPUAHTHI IPUTOTOBACHHS
MarHe3HaAbHBIX M CyAbPOMArHE3HAABHBIX pOPMOBOUHBIX
Macc, OTAMYAIOIIHECS IIOCAEAOBATEABHOCTBIO BHECEHUS
KOMIIOHEHTOB B OOII[YIO MacCy, IPEATIOYTHTEABHOCTDIO
IIePBHYHOIO KOHTAKTa KOMIIOHEHTOB, XapaKTePOM BO3-
AHCTBYSI Ha 00pabaTbIBaeMbIil MATEPHAA.

MarHe3naAbHBIE MacChl, IPUTOTOBACHHBIE TpPeMs
cnioco6amu (tabanna 1 u pucynku 1,2 u 3), oramyatorcs
II0 KOAUYECTBY U XapaKTePUCTHUKAM IOP.

Tabnmua 1 — Bnmnanue cnocoba npuroToBAEeHUs MarHe3nanbHOM NEHOMACChl HA CBOMCTBA NeHobeToHAa

naMmeT Kpar- Cpeamsist TIpeaea mpou-
Crocob6 A P P peA peaeaTip
pacrmabiBa HOCTb [MAOTHOCTH HOCTH IIPH
IIPUTOTOBAEHUS ITopucrocts
CHOMACCHT Macchl, IeHOMAac- | IIeHOOeToHa, CKaTHH,
I
MM xr/Mm3 MIla B 14 cyT
TpexcrapAuIHBIN 110 4,5 350 2,1 CpeAHsis
TlpepBapuTEeAbBHOE MHTEHCUBHOE
peasap 120 2,5 590 73 MeAKast
IepeMeIIuBaHue CYCIIeH3UH
OAHOCTaAMITHBIN 150 2,0 610 7,5 OYeHb MEAKAS

CyapdomarHesmasbHbIe MacChl, IIPUTOTOBACHHbIE
IIEeCTHI0 PA3AMYHBIMU CIIOCOOAMU (Tabama 2), IIpOSiB-

ASIeT 3aBHCHMOCTD OT CIIOCO0a IPUTOTOBAEHUS $OPMO-
BOYHOI1 Macch! (pHCYHOK 4).
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AHaAU3 CPaBHHUTEABHBIX XapPaKTEPUCTHUK CYAb-
PoMarsHe3naAbHbIX IeHOOETOHOB Pa3AUYHOIO IIPH-
TOTOBAEHUS IIO3BOASIET OTMETHTHh cAepylomee. Ca-
MOCTOATEAbHOE INPUTOTOBA€HHE THUIICOBOM MacChl
obecrieunBaeT SHeprHYHOE CBS3bIBAaHHME CyAbdaTa
KAABIIHSI BOAOM U CIIOCOOCTBYeT IOTepe MOABIKHO-
CTH IIEHOMACCBHI.

Han6oAbmmuit BBIXOA IEHOMACCHI HAOAI0AQETCSI IIPU
OTCYTCTBHH [IEPBUYHOTO KOHTAKTA IIEHOOOpa3oBaTeAs
C THIICOBBIM KOMIIOHEHTOM, YYUTHIBasI cAaboe BcIie-

HHUBaHHe THUIICOBOM CYCIIEH3HH C IIeHOOOpa3oBaTeAeM
«YHUIIOp>.

XapakTep MOPUCTOCTH — BAXKHBIA KPUTEPUIL sTue-
HCTBIX MaTepHAAOB. MeAKasi OAHOPOAHASI IOPUCTOCTD
AOCTHIAeTCsI IPU YCAOBHSIX, 00€eCIIeYNBAIOIIHX 9HEPIHY-
HOe ITepBOHAYAAbHOE HeIIOCPeACTBEHHOE BO3AEHCTBHUE
Ha IMIICOBYIO MACCY.

ComnocraBaeHHe XapaKTepPHCTHK IeHOOeTOHA (Ta-
6AMIIA 2 ¥ PUCYHOK 4 ) TO3BOASIET OTAATD IpeANIOYTeHHe
CIIocoby — pa3peAbHOE IIPUTOTOBAEHHE CYCIIEH3HIL.

KAYCTUYECKNN MATHE3UT

PACTBOP MgCl;

NMEHOOBPA3OBATEIJb

\ \

CYCIIEH3UA
(nepemelinBaHue 06bIYHOE) NEHA
Y \
MAITHE3MAJNIbBHAA NMEHOMACCA
(BCNEHMBaHUE)

PucyHok 1. — TpexcTtaaniHblii cnocob NpMroToOB/IEHUS MarHe3nasnbHOW NeHoMacChl

KAYCTUYECKUA MATHE3UT PACTBOP MgCl, NMEHOOBPA3OBATEIb
CYCINEH3UA
(nepemelwtnBaHNe UHTEHCUBHOE)
v v
MAITHE3UAJIbHAA MEHOMACCA
( BCNEHnBaHHUE)

PucyHok 2. — MNMpeaBaputenbHOe nepemMellmBaHne MarHe3nanbHOM CyCrneH3nmn

KAYCTUYECKNUA MATHE3UT

PACTBOP MgCl,

NEHOOBPA3OBATEIb

MAIrHE3WAJIbHAA MEHOMACCA
(BCNEHMBaHKE)

PucyHok 3. — OgHocTaamiHbIli cnocob NpUroToBAEHMS MarHe3nanbHOM NeHOMacCChI
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OpHocTaguMHOE NPUroToBnNeHue
cynbdomarHesmarnbHOMN NeHOMaccehl

AeNnbHOe NPUroToBneHne
CyCneH3nn

Pa3

PucyHok 4. — CTpykTypa cynbdomarHesamnasnbHoOro neHo6eToHa pasfiMiyHoOro NPUroToBEHUS

Tabnvua 2. — BansHue cnocoba NpuroToBieHus cynbdomMarHeavanbHoi NeHoMacChl Ha CBOMCTBA NeHOOETOHA

Auamerp Cpeansis ITpeaea
Croco6 mpuroToBAeHus pacnabiBa | KpaTHOCTD | IAOTHOCTD | NPOYHOCTH IPH I
OpHCTOCTD
MTEHOMACCBI Macchl, | MeHOMacchl | meHoberona, | coxaruu, MITa P
MM xr/m3 B 14 cyT
TpexcTrapAuIHBIN
KPYITHAs C
II0CO0 IIPUTOTOBAEHHUS 170 4,0 380 1,3 Py
. paspbIBaMu
CyAbOMarHe3naAbHOM IeHOMACCHI
PasaeApHOE IPUTOTOBAEHHE OYeHb
¢ TP 165 4,1 390 1,7
CyCIeH3U MeAKast
IIpeaBapuTespHOE
MHTEHCHBHOE IlepeMelINBaHue 150 2,5 690 6,3 CpeAHss
CyAb$OMarHe3MaAbHOM CyCIIeH3UH
IIpeaBapuTeAbHas TOATOTOBKA CpeAHsIs C
peABapHTeAst 145 2,3 640 53 P
MarHe3HaAbHOM [TEHOMACCHI ITyCTOTAMH
IIpeaBapuTeAbHAS TOATOTOBKA
P p“ 120 2,5 470 3,5 MeAKast
TUIICOBOM IIEHOMACCHI
OAHOCTaAMIHBIN
CIIOCO6 MOATOTOBKHU 160 2,6 640 6,3 MeAKast
CyAbOMArHe3HAAbHOH IIEHOMACCHI

HccaepoBaHa BO3MOXKHOCTD CHIMDKEHUS TTIAOTHOCTHU
MarHe3nuaAbHBIX HeHO6eTOHOB 3a CYET AOIIOAHHUTEADbHBIX
IPHUEeMOB ITOPHU3ALUH.

B xagecTBe ChIpbs HCIIOAB30BAAM: CMENIIAHHOE MarHe3H-
AABHO-IIAAKOBOE BsDKYIIee, copepskamee S0% KayCTHIECKO-
O MarHesuTa, IeHOOOPA30BATEAD <« YHHIIOP>>, IIEHOIIOAH-
CTHPOA, TIEPEKHCh BOAOPOAR, AAS 3aTBOPEHHS — PacTBOP
xaopucToro MarHus. [ToaTammHo nccaep0BaHO BAMSHYE ITO-
POO6PasyroIIIX KOMIIOHEHTOB: IIeHOKOHIIEHTPAT, Iepe-
KHCb BOAOPOAR, TPAHYABI IIEHOIIOAUCTHPOAA.

IIpu ncnoAb3oBaHMK IEHOKOHIJEHTpaTa (TIK) stae-
UCTas CTPYKTYpa GOpMHUPYeTCs 3a CYeT MEXaHMIeCKOTro
BO3AEHCTBHA Ha MacCy IPH IIepeMeIlNBaHIH B CMeCHTe-
Ae — MuKcepe. B pesyaprare mponcxoAuT BoBAeYEeHHE
BO3AyXa B MacCy, U paBHOMEpPHOE paclpeAeAeHUe ero
B cTpykType (pucyHOK S). XapakTepucTHKu $OpMOBOY-
HOI1 cMecH U 6eToHa B Tabaute 3. QopMupyeTcst OAHO-
POAHasl, 3aMKHYTas, MEAKas IOPUCTOCTh C AMAMETPOM
staeek 0,1-1 Mm.
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PucyHok 5. — BnnsiHme Buaa nopoobpasyoLero KOMMOHEHTa Ha CTPYKTYPY MarHeamasbHbIX KOMNO3UTOB

OAHMM 13 KOMIIOHEHTOB, CIIOCOOHBIX CHUSHUTH IAOTHOCTD U3AEAHI, SIBASIETCSI ra3000pasyromasi AobaBKa — Iepe-

KHCh BOAOpoAa TexHudeckast H) O,. Ta3 kucaopoa BbIAGASTCS NpHU MIONAAAHUH [IEPEKUCU BOAOPOAR B YOPMOBOYHYIO

Maccy B TedeHue 10-15 mMuH.

Tabnuua 3. — CeoiicTea NMOopM30BaHHbIX MarHe3nalJibHbIX KOMMNO3UTOB

ITopoobpa3yrormuit AmnameTp pacnabiBa ITaorHOCTD KOMMIO3UT], | ITpOounOCTD IPU CXaTHM
KOMIIOHEHT MacChl, MM xr/Mm3 xommosura, MITa
Her 108 2050 50,0

Her 250 1500 22,5

ITK 230 525 4,0

H O, 240 650 4,6

I'paryapr [TT1IC 150 470 2,0

ITK + IIIC 108 335 1,0

INIK+H O, 230 290 1,2

ITIK + H O, + IIIIC 108 220 0,8

O¢dexkTHBHOCTD Ta3000pa3oBaTeAss 3aBUCUT  HO BSI3KAsl MACCa, CIIOCOOHAsI pABHOMEPHO 0OBOAAKUBATh

OT KOHCHCTeHIMHM (POPMOBOYHON MACCHI, KOTOPYIO
PEeTYAHPYIOT COOTHOLIEHHEM <«)KHAKOCTb: TBEPAOE>.
W3 BBICOKOIIOABIKHOM MaCChI Ta3 BBIPBIBAETCS, IOPH-
CTOCTb He YBeAUYHBaeTCs. B upeamepHO BsA3KOM Macce
yBeAMdeHHe 00beMa rasa OrpaHHYeHO, 0Opas3ylOTCs
Pa3pBIBHI U IIleAeBHAHBIE TOPL. CTPyKTypa KOMITO3H-
Ta NPEACTaBA€HA Ha PHC. S, XapaKTePUCTUKH CBEAEHbI
B TabA. 3.

ITenonoaucrupoasusie rpanyast (IITIC) cyme-
CTBEHHO ITOHIPKAIOT MAOTHOCTb KOMITO3UTOB. AAS 9¢-

L row

rpaHyAbl, OPMHUPYsI MOHOAUT. XapaKTEPUCTHKA KOMIIO-
3UTa Ha PUCYHKe 4 U B TabAune 3.

HccaepOBaHO COBMECTHOE BAUSHUE KOMIIOHEHTOB,
IOPU3YIOIUX MarHe3HaAbHble KOMIO3UTHL. ITokasaHa
11€A€CO00Pa3HOCTD COYETAHUS IEHOKOHI[EHTPATa C IIe-
PEKHCBIO BOAOPOAQ. B meHoMacce ob6aervaercst pacmpe-
A€AEHHE KHCAOPOAR, BHIACAUBIIETOCS [IPU Pa3AOKEHUH
IIEPEKUCH BOAOPOAR, CO3AQIOTCSI YCAOBHISI AASL BBIAEAE-
HUSI, PACIIPEAEACHHS M YACPIKUBAHS MEAKHX [Ty 3bIPbKOB
raza B Komrosunun. CTpyKTypa KOMIIO3UTa Ha PUCYHKe
S u B TabAmIe 3.

e

[ NK+MMC.P=3 £ A

PucyHok 6. — CTpykTypa KOMMO3UTOB C KOMOMHUPOBAHHOM Nopu3aLmnein Macehl
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IIpu coBMemeHnN IEHOKOHIIEHTPATA U TPaHyA Ile-
HOTIOAMCTHPOAQ Ha IIEPBOM 3Tarle FOTOBHUAM IIEHOMACCY,
a Ha BTopoM ararne AobaBasiau rpanyast ITT1IC u nepeme-
IIUBAAU CMECh AO IIOAYYEHHUSI OAHOPOAHOTO COCTOSIHUSL.
ITopoobpa3yrolie KOMIIOHEHTbI AOTIOAHSIIOT APYT APY-
ra, Co3paBasi CTPYKTypy ¢ maorHocTsio 300 kr/m> u me-
Hee. CTpyKTypa KOMIIO3HTa HA PUCYHKe S 11 B TabAuIie 3.

-

MNNK+H202+MMNC p=220kr/m3

AAS TOHMKEHUSI TAOTHOCTH KOMITO3UTOB HCIIOAB30-
BaHa KOMIIAEKCHAs TOPU3ALUs MaTepPHAAQ, TIPeAYCMATPHU-
BAIOI[asi COYETAHHE BCeX IIOPO0HpasoBaTeAeil, KOTOpbIe
AOTIOAHSIIOT APYT ApyTa. Co3paHHAs IIPY IIOMOIIH ITepe-
KHCH BOAOPOAQ Y TIEHOKOHI[eHTpaTa TOPU30BaHHAS MaC-
Ca OMOHOAMYHBAET IPAHYABI IEHOITOAUCTUPOAA. CTpPyK-
Typa KOMIIO3UTA Ha PUCYHKe 7 U B Tabaute 3.

PucyHok 7. — CTpykTypa KOMNO3uTa KOMMEKCHOM Nopusaumnm

Bv1600bt. CpaBHUTEABHBIN aHAAU3 PA3AMYHBIX CIIO-
CO0OB MPHUrOTOBAEHHUSI OPMOBOYHON MACCHI AASI TTe-
HOOeTOHA U3 MarHe3MaAbHBIX KOMITO3UIIUI CBHAETEAD-
CTBYeT O BBICOKOI IyBCTBUTEABHOCTHU 00bEMA, BSI3KOCTH
U CTPYKTYPbI IEHOMACCHI K IOCAGAOBATEABHOCTH CMelIle-
HIHSI KOMITOHEHTOB CMECH.

Han6oAbmmuit BbIXOA IIEHOMACCHI AOCTUIAETCSI IIPU
HCKAIOYEeHUH TePBUYHOTO KOHTAKTA IIEHOOOPa30BaTeAs
C THIICOBBIM KOMIIOHEHTOM.

Aast popMHEpOBAHIS MEAKOH IOPHCTOCTHU M YAOBALT-
BOPHUTEABHBIX ITOKa3aTeAell IIPOYHOCTHU [jeAeCO0OPa3HO
Pa3AeAbHOE IPUTOTOBACHHE MArHE3UAAbHOM U THIICOBOM
CYCII€H3HUI.

ITpepsoskeH CIIOCOO KOMIIAEKCHOM ITOPU3AIIUU
MarHe3MaAbHBIX KOMIIO3UTOB IIOCPEACTBOM COYETaHUS
IPHUEMOB BCITyYHBAHHS U IIOCACAYIOIIEro 06BbeMHOTO
OMOHOAWYMBAHUS IIOPU30BAHHON MaCCOM BCIIEHEHHBIX
TPaHyA.
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Modern automated control systems in the oil and gas industry
example on installation of preliminary gas preparation Kumli

Abstract: The relevance of automation is due to several reasons: the main — and increase gas production system
complexity, increase reliability requirements of the systems, the economic effect, stricter environmental requirements.
One of the main resource — the continuous development of information technology, the emergence of new ways to

solve various problems, new tools.

Keywords: automation, process control, installation of gas, the control parameters, measurement

Introduction

The main goal of modern automation systems is to
minimize human involvement in the management pro-
cess. Intelligent process control — the main trend in the
development of automation.

Lets consider automated process control systems, typi-
cal for installation of preliminary gas preparation of Kumli.

Condensate field «Kumli» administratively locat-
ed in the territory of Karakul district of Bukhara region
of Uzbekistan.

Installation of preliminary gas preparation «Kumli>»
designed for natural gas purification from dropping lig-
uid and solids.

Productivity Installation of preliminary gas prepara-
tion «Kumli>» Gas 2.35*10° m’ per year.

The raw material for Installation of preliminary gas
preparation «Kumli> is the production of gas wells field
Chegarakum, Kushimcha, Tailak, Kumli containing, be-
sides the gas phase, liquid hydrocarbons and formation
water. In the flow of production wells also contained me-
chanical impurities.

Natural crude fuel gas is a multicomponent mixture
and a small amount hydrocarbons

Average composition of the gas entering the UPPG
«Kumli» is shown in Table 1.

Table 1. — Composition and parameters of the gas entering the UPPG «Kumli»

Indicator name Unit. Measurement Value
1. Component
CH, % 91,39
CH % 2,65
C.H, % 0,45
iCH. % 0,08
nC H % 0,08
CH.. % 0,72
N % 0,68
CO, % 2,19
H.S % 1,27
H O % 0,49
Total 100
2. Molecular weight of gas kg/kmol 18,245
3. Density at 20 °C and 760 mm Hg kg/m3 0,758067

The main part

Automated process control system installation prelim-
inary gas «Kumli> is designed to monitor the progress of
conducting the process in order to maintain the specified

parameters of working environment, stable and trouble-
free operation of the plant, as well as to monitor key pa-
rameters when starting the installation and displays it on
the operating mode, when stop the installation, its warm-
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ing and purging. For this purpose, devices and systems are
provided for the measurement and recording of pressure,
temperature, differential pressure, flow and level among
the apparatuses and communications setup to automati-
cally maintain the specified environment settings for au-
tomatic protection equipment installation from exceeding
the specified parameters [1, 176].

Automated process control system provides the fol-
lowing monitoring and control functions:

1) control over the installation processes (primary
and secondary nodes), the measurement of process pa-
rameters and the information obtained about the state of
technological objects on duty operational and technical
personnel;

2) automatic control — is the stabilization of the indi-
vidual (local) process parameters, ensuring the stability of
the technological process and the implementation of the
control functions being to stabilize the basic parameters;

3) Remote control — is the management of opera-
tional and technical staff of the regulatory, shut-off valves
and process equipment;

4) software and logic control equipment installation;

S) emergency automatic protection and blocking;

6) alarm status objects — fixing the technological pa-
rameter of the specified limits, the alarm shut-off valves
and the state of technological equipment, signaling per-
form emergency protection and locks;

7) record, the accumulation and storage of measured
current values of the process parameters on the magnetic
storage computing means in real time with the presenta-
tion of the subsequent recorded values as a historical trend.

8) an efficient and reliable process control installa-

tions preliminary gas and auxiliary installations minimiz-

Control room installation
preliminary gas preparation

Automated Operator Workplace
server

ing operator involvement in the process and thus release
staff from performing minor tasks and handmade.

Mode of operation of the automation object — a
continuous, non-stop to the scheduled preventive (every
six months) and forced the repair work.

Technological part of the installation preliminary gas
«Kumli» includes:

— Installation of a gas treatment plant;

— Technological platform;

— Gas control;

— Site host. gas meters;

— Drain the condensate tank E-1;

— Ground flare separators and drain tanks;

— The capacity of production and rainwater;

— Pumping condensate;

— Pumping station of disposal of industrial waste;

— Pumping station fire-fighting purposes;

— Warehouse condensate V = 500 m>.

SCADA system implements a set of information and
support functions [2, 407-411].

Information functions on Installation of prelimi-
nary gas preparation are: control and measurement of
process parameters; trigger lock control and protection;
passing control commands to the controller; control of
correctness of the choice of the control object; alarm
parameters deviations from the established boundaries;
alarm system disorders of equipment; manual data entry;
formation and delivery of data to operational staff in the
protocol format of messages regime sheets and reports of
emergencies; calculation of indirect variables; collecting
and storing data [3, 79-89].

Figure 1. shows a block diagram complex of techni-
cal means

Automated Operator Workplace
server

A controller cabinet
Beckhoff controller

Engineering station

cupboard instrument ‘

@

Installation of preliminary gas preparation

Figure 1. Block diagram of the control system of the technical
means installation of preliminary gas preparation Kumili
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Control functions:

— Issue of control actions from the PC to shut-
oft valves, fans, pumps and other process equipment, by
changing the value of bits of memory in PC-controller
series Beckhoff CX5020;

— Issue of jobs and the controller mode of the auto-
matic process control in local mode or cascade control,
implemented on a PC-based controller Beckhoft;

— Changing the operating mode of the object in

the real time by selecting an appropriate control algo-
rithm.

Auxiliary functions:

— Self-diagnosis of the complex hardware and soft-
ware;

— Help screen the operator;

— Time correction of system users;

— Registration of the person performing the man-
agement of the facility.

.

Gas to the desulphurization

to flare

installation on Uchkir

Gas from the field Chegarakum
—

Gas from the field Kushimchal)
—

Gas from the field Tailak
—

Gas from the field Kumli

E —

Gas from the field Kumli
—

. Cc-101/1-16
i c-101/1-12

In drains

c-102/1-17

Fig.2. Scheme gas treatment unit Installation of preliminary gas preparation «Kumli»

Complex technical means of automated process con-
trol system has the following structure:

- The lower level is a actuators, instrumentation and
automation, instrument cabinet is designed to power the
sensors and instrumentation A.

- Medium level consists of a controller cabinet SK-
Kum. SK-Kum is designed to control and direct control
equipment Installation of preliminary gas preparation.
The cabinet SK-Kum is PC-controller of the company
Beckhoff (Germany) with additional equipment and
operator panel for reserve management.

- The upper level for the implementation of human-
machine interface (HMI) with automated control sys-
tem Installation of preliminary gas preparation.

The upper level consists of a server cabinet, commu-
nications and networking equipment consisting of:

« 2 redundant servers automatically collect, math-
ematical data processing, process control, maintenance

of archives. To improve the reliability of redundant pair
of servers used to working in sync to maintain a virtual
server. In case of failure or the physical destruction of
one of the nodes of the system or its components, the
system remains in working condition and continues to
work without any interruption;

« Operator Workstation are intended to provide
technological information in the form of survey person-
nel, trends, mimics and remote process control. Commu-
nication between the operator stations with the server is
done over the LAN Ethernet;

« Engineering station — is designed for configura-
tion and diagnostics software and hardware of the con-
trol system (controllers, etc.);

« Redundant Ethernet network combines a redun-
dant pair of servers c controllers systems.

Ethernet Network brings together a redundant pair
of servers, workstations.
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to flare
Condensate
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Figure 3. Scheme preparation of condensation on Installation of preliminary gas preparation «<Kumli»

The average level of the control system

SK-Kum are based on specialized industrial PC con-
trollers BECKHOFF (Germany) is located in the closet
complete automation. PC controllers BECKHOFF-
means is highly proven on the world market.

PC-controller BECKHOFF a process controller, fo-
cused on large-scale application in process control and
automation facilities with high demands on reliability of
operation, including the locking system and emergency
automatic protection (ESD).

As the system bus is selected Ether CAT, which sup-
ports almost any topology: linear, tree, star. Bus or linear
structure used in industrial networks, and is available on
the Ethernet. Especially practical for connecting devic-
es in the system is a combination of linear connections
and branches. The necessary interfaces are available on
the controllers, so additional switches are not needed. Of
course, you can use the Ethernet topology classic «star>
with the switches.

EtherCAT system provides a new level of perfor-
mance. The protocol is carried out solely by the use of the
chip module FMMU and direct access to the network
card master device. This ensures independence from the
runtime protocol stack, CPU performance and the soft-
ware used. Poll 1000 input-output devices produced in
just 30 ms, including a series of read and write module.
One Ethernet-frame can be up to 1486 bytes sodezh-
rat information — this is equivalent to the transfer of
nearly 12,000 digital I/O signals. Transfer this amount
of data takes only 30 ms.

To ensure reliability, longer service life and reduc-
ing the time of the repair work at the delivery system

provides spare parts for three years of operation. In the
process control system installed «Kumli» provides hard-
ware reserve I/O modules installed analog and digital
signals — 20% and 30% analog discrete.

The design of the equipment management system
provides security during routine maintenance:

« without removing the power supply voltage —
cleaning and wiping equipment enclosures;

« with stress relief (insulation resistance measure-
ment, the replacement of electronic components).

Protective earthing of equipment, metal and shield-
ing cable sheath meets the SAE.

Equipment under voltage is provided with an indica-
tion of having power switching devices and circuit pro-
tection power.

Lightinglevels, noise and vibrations generated by the
control system’s hardware, not exceed health standards in
the location of the operating personnel.

Conclusion

To solve this problem the specialists of LLC>»ASU-En-
geeniring> and Tashkent State Technical University named
A.R. Beruniybeen developed and implemented complex al-
gorithms ensure the establishment of systems of automation
control type — automatic control of technological objects.

Intellectualized technology has a number of signifi-
cant advantages: requirements for the number of operat-
ing personnel reduced to a minimum, reducing the cost
of the technical system, the informativeness of the equip-
ment and process technology reaches its maximum,
maximum economy of power resources by automatic
control parameter optimization operation of equipment
and technology as uniform technological complex.
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Sinoptical conditions of dust storms in Stavropol region

Abstract: It was made the analysis and classification of dust storm synoptically conditions in Stavropol region
over the last 50 years. This research showed that in the most of days with dust storm meridian baric fields were
fixed. In this case dust storms are forming against background of a strong pressure crest on AT . It was found that
at different times of the year there were some differences in the conditions of dust storms forming and developing.
The indexes of atmosphere circulation and their anomalies were calculated for all months of the year. It was described
the conditions of forming and developing of the largest dust storms on the North Caucasus at the second half of XX
and at the beginning of XXI century.

Keywords: dust storm, circulation, index, anticyclone, pressure crest, speed of wind.
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CuHonTtunyeckue ycnosus popmMmmpoBaHus
NbiNIbHbIX Oypb B CTAaBPONOJSIbCKOM Kpae

Annoranms: Ha 6a3e MHOrOAeTHUX AQHHBIX ITPOBEAEH AHAAU3 U THITM3AI[Hs CHHOIITHYECKHX CHTYAIUi1, 00yCAOB-
AMBAIOLIUX Pa3BUTHeE MBIABHBIX 6ypb B CTaBponoabckoM Kpae. ITokasaHo, 4To B TOAABASIION]eM OOABIIMHCTBE CAyYaeB
B AHH C ITBIABHBIMH OYpSIMH OTMedaeTcs IpeobAapaHHe MePHANOHAABHBIX OapuyecKux moAei. IIpu aToM mbisbHbIE
6ypH B OCHOBHOM Pa3BHBaIOTCs MPU Haauyuu Ha AT | MOIIHOTO IPe6Hs BHICOKOTO AABACHHS. YCTAHOBAEHDI OTAMYHS
YCAOBHIT $OPMHUPOBAHNUS BIABHBIX Oy Pb B Pa3AMYHbIE IIEPHOABI FOAA. AAsI BCeX MeCSIIIeB PACCUMTAHBI MHAEKCHI IPKY-
Asiuy arMocdepsl ¥ ux anoMaAuu. OTucaHbI TepMobapHIecKue YCAOBHS pOPMUPOBAHMS M PA3BUTHS KPYITHEHIINX
nbIAbHBIX 6ypb Ha CeBeproM KaBkase Bo Bropoit moaosune XX u Hauase XXI Bexa.

KaroueBbpie cAOBa: IBIABHAS Oy, IUPKYASIIIUS, HHAEKC, aHTUIIUKAOH, I'pebeHb, CKOPOCTD BeTpa.

ITbiabHbBIe 6ypr — OAHO U3 Hanboaee omacHbix AAst  Ha CeBeprom KaBkase mbiabHbIe OypH HaOAIOAQIOTCSI
CEABCKOTO XO3SHCTBA METEOPOAOTHMYECKUX SBACHHH.  OTHOCHTEABHO YACTO U IIO MOBTOPSAEMOCTU COCTABASIOT
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12% aHel c OIIACHPIMHM MET€OPOAOTHYECKHMH SBACHU-
AMH. AASI CeBepO-BOCTOYHBIX U BOCTOYHBIX PailOHOB
CraBpOIOABCKOTO Kpasi TbIAbHbIE Oy PH SIBASIFOTCSI OAHOM
M3 BOXXHBIX COCTABASIONIUX HX KAUMATHYEeCKOH XapaKTe-
PHCTHKH.

ITs1abHBIE OYPU OOBIYHO BOSHHUKAIOT B O€3A0KAHBIT,
3aCYIIAMBBIH IIEPHOA, IIPH OTHOCHTEABHOH BAQKHOCTH
Bo3ayxa MeHee 50%. 3MMO¥ BOZHMKHOBEHHIO IIbIABHBIX
Oypb CIIOCOOCTBYIOT HEeTAyOOKOe ITpOMep3aHue 1 cAabast
IJeMEeHTAIUs II0YBbI, OTCYTCTBHE CHEXHOTIO ITOKPOBa
U AeASTHBIX KOpoK. Yamte Bcero mbiapHbIe Oypu HabAO-
AQIOTCSI BECHOM, KOTAQ BeTep YCHAHMBAeTCs, a PacTH-
TEABHOCTb HA PACIIAXaHHBIX ITOASIX ellje CAA0O0 pasBUTA.
Bropoit MaKCHMyM IOBTOPSIEMOCTH IIBIABHBIX OYpb OT-
MeyaeTcs B KOHIje AeTa, KOTAQ [TOAsI IIOCAe YOOPKY BHOBb
HAYMHAIOT PACIIaXHMBaThCs, A TI0YBA HAXOAUTCS B HCCY-
IIIEHHOM COCTOSIHUM. 3UMHHe ITbIAbHbIe OypU — sIBA€HUE
B CTaBpOIOABCKOM KPae AOCTAaTO4HO peakoe [1].

HaunHaroTcs mbiAbHbIE Oy PH dailje BCEro B yTpeHHHe
9aChl, AOCTHIAIOT MAKCHUMAABHOTO Pa3BUTHS K ITOAYAHIO
U [peKpamaioTcs K Bedepy. Hounsle mpiabHbie 6ypu ObI-
BAIOT YPEe3BBIYAHO PeAKO. Takoil xapakTep MBIABHBIX OYpPb
COOTBETCTBYET CyTOYHOMY XOAY CKOPOCTHU BeTpa H pas-
BHUTHIO HAaHOOABIIIEl HEYCTOMYUBOCTH BO3AYIIHOM MACCHL.

CuHonTHYeCKHit aHAAM3 TIOKa3aA, 4To Ha CraBporno-
Abe OTMEYAIOTCsl KAK BHYTPUMACCOBBIE TIBIAbHBIE OypH,
Jamje BCEro BO3HHKAIONIME MEXAY YCHAMBAIOIUMCS
AHTHUIIMKAOHOM H YTAYOASIIOIJUMCSI IIMKAOHOM, TAaK
U $pOHTAABHBIE IIBIABHBIE OYPH, BOSHHUKAIOLIHE IIPEHMY-
IeCTBEHHO B 30HE YCHUACHHS BeTpa IepeA XOAOAHBIMH
$poHTaMH.

KoanuecTBeHHas OIjeHKA IJMPKYASIIUHM IIPH BO3-
HUKHOBEHHH IIBIABHBIX OyPb PACCUMTHIBAAACD IO IIPHU-
BEACHHOH HIDKe GOpPMyAe C HCIIOAb30BAHHEM HHAEKCA
E.H. Baunosoii (a) [1]:

L=1000Z =-0.7752H,, —0.4952H,, —0.1854H_ +
0]

+0.1448H., +0.4853H,, +0.8258H,,

B aToit popmyae w — yraoBasi CKOpOCTb BpallleHus
3eMan, H¢ — OCPEAHEHHBI} IeONOTEeHITHAA Ha ITUPOTE Q.

PacueTp! mokaszaAn, 4TO B anpeAe-uUIOHe IbIAbHbIE
6ypu GOPMHUPYIOTCSI IPU MEPUAUOHAABHON LIUPKYASI-
nun. MHAeKC LMPKyASIIMM  AOCTHMIAaeT 3HaueHMi
L =25-30, aHOMaANUM HHAEKCA mupkyasiuu AL Bapbu-
pyioT ot —1 A0 —2.ITpu aTOM HanbOABIIAST MEPHANOHAAD-
HOCTbh OTMEYAETCS B UIOHE.

®opmMupoBaHe IBIABHBIX OYPb B UIOA€-aBIyCTe Yallie
CBSI3aHO C IIMPOTHHIMH IIPOLIECCAMH, OTKAOHEHMS HHAEK-
Ca IMPKYASLIUY OT HOPMBI IIOAOXKMTEABHBI U HEBEAMKH

(AL=0.1-0.2).

H3BecTHO, 4TO B 001eM pOPMUPOBAHIE IIBIABHBIX
Oypb CyILIeCTBEHHO 3aBHCHT OT AOKAAM3AI[UH BBICOT-
HbIX FpeOHe 1 AOXKOUH. AAsI yCTaHOBAEHUSI 60Aee KOH-
KPETHO GOPMBI 9TOM 3aBUCUMOCTH AASI TIBIABHBIX Oypb
Ha TeppuTopur CTaBPOIIOABCKOTO Kpasi ObIA IPOBeAEH
aHaAM3 oAoXkeHus oceBoit Anaun [1BD3, orpaxaromeit
noroxerue u poepopmarpmio IIBP3. Onpepeasaucs cpep-
Hee, MaKCUMaAbHOE 1 MUHUMAAbHOE TIOAOKEHHE 0CeBOM
AVIHMH Ha MEepPUAMAaHaX, B3sATbIX yepe3 10°. Anaaus mo-
Ka3aA, YTO BO BCe MECSIIBI IIPH IIBIABHBIX OYPsIX OHA pac-
noaaraetcst cesepHee S0° c.ur. OTMeYa0TCsT AOXKOUHDI
Ha torom CxkaHpnHaBuH 1 Hap 3anasHoi CHoupsio, BCro
eBpOIIeNCKyI0 TeppuTOpHIo Poccun 3aHnMaeT rpebeHs.

AAsl KOAMYECTBEHHOH OIIeHKHU CTelleHH BO3MYIIeH-
HocTu [IBD3 ricoap3oBaAcs mokasareasb o:

TA€ 0, — CPeAHsIsI KBappaTuyeckast Aoepopmanust; 1, —
YMCAO MEPUANAHOB, HA KOTOPIX OHA OTMEYAETCs; P, —
IIOAOXKEHHE OCEBOI AUHIU Ha MEPUAHAHE A; 5 — cpea-
Hee IIMPOTHOE IIOAOXKeHHe oceBoil AumHHM [IB®3,
KOTOpPO€ PacCYMTHIBAETCS IO popMyae

_ 1

I = Z@

AAS IPOAOAKUTEABHBIX IIEPHOAOB C IIHIABHBIMH
OypsIMH XapaKTepHO CTALHOHHPOBAHME OOIIMPHOrO
BBICOKOTO aHTUIMKAOHA Hap BocTokoM ETC nan Kazax-
CTAaHOM IIPH HAAMYHHU OapHIecKoit Aenpeccuu Hap Yep-
HbIM MopeM 1 Maaoit Asueii. B X0A0AHBII eproa roaa
popMIpOBaHYe IIBIABHBIX OYPb BO3BMOXKHO TAKKe Ha 3a-
[AAHOM Iepudepur rpeOHs a3MaTCKOro aHTHIJUKAOHA,
opuentuposanHoro Ha CesepHeprit KaBkas ¢ BocToka.
OO6umpHOIt 06AACTH BBICOKOTO AABAEHHS Y 3eMHOM II0-
BEPXHOCTH Ha BBICOTAX COOTBETCTBYeT MOIHbIN Mepu-
AHOHAABHBIH rpebeHb.

Haawnuwne Ha AT500 MOIJHOTO IPeOHsI BBICOKOTO AAB-
A€HUS, BHITSHYBIIETOCs C I0Ta Ha CeBepP BAOAb OAHOTO
u3 MepupraHoB Mexxay 10 u 80° B. A., ABAsIeTCS Xapak-
TepPHBIM IPOTHOCTUYECKUM IPU3HAKOM CGOPMUPOBaB-
LIEHCS TAaK Ha3bIBAEMOM « CTAAUH YTPO3BI>>, XapaKTEPHON
CHHONTHYECKON CUTYALIUH 32 TPOe CYTOK AO Pa3BUTHS
IIBIABHOM Oy pHL.

B 26% cAy4aeB MEPUAMOHAABHBIA IPeOEHb PACIIOAQ-
raeTcs B palioHe Kacnmuiickoro MOPSI MAH HaA CpeAHeﬁ
Asueii. Ero ceBepHas 4acTb HepeAKO HaKAOHEHa Ha J0T0-
3amap — Ha BOCTOYHBIE MAM IIEHTPaAbHble pPatOHBI
ETC. Tay6oxas BbICOTHaSI AOXKOMHA PacIpOCTPaHAETCS
c cepepa Ha llentpaabnyto EBporry. B roxxnO0M yacTu A0XK-
OMHBI BO3HMKAIOT OAMH MAM HECKOABKO CAMOCTOSTEABHBIX
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IIMKAOHOB, KOTOpBIE C TedeHHeM BpeMeHHU YTAYOASIOTCS
U PaCIIUPSIOTCA MO MAomaAu. BocTtounoe noaoxenue
BBICOTHOT'O IpeOHs HanboAee 4aCTO HAOAIOAQETCS TIepe,
IBIABHBIME OypsIMU B TeIaoe BpeMsi ropd. Heckoabko
pexe (24% caydaeB) 0Ch BBICOTHOTO MEPUAMOHAABHOTO
rpebHs HampaBAeHa ¢ YepHOro Mopsi Ha LleHTPaAbHBIE
paitons1 ET'C, Tak HazpIiBaeMOe IIeHTPAAbHOE IIOAOXKEHHE
rpe6HsL. LleHTpaAbHOE MOAOXKEHIE OCH MEPHAHOHAABHO-
ro rpebHs IpeobAAAALT 32 TPOE CYTOK AO HAYAAQ IIBIAb-
HBIX 6Ypb B XOAOAHOE BpeMs roaa (Hos6pb — pAekabpb
u ¢peBparb — MapT). B 18% cayuaeB MepUAHOHAAbHDII
rpebenn aexxur Hap LlenTpaspnoit EBpornoit, 3amapnee
rAy60K0171 AOXKOUHBI, PaCIOAOXKEHHOM HaA LIEHTPaAbHOM
vactpio ETC u opueHTHpOBaHHOM OT IUKAOHA Hap ba-
pennesbiM nau Kapckum mopsivu Ha KaBkas nan Yeproe
mope. Hanboabmast HoBTOpsieMOCTb TAKOM Pa3sHOBHAHO-
CTH BBICOTHOTO OapHY€CKOTO ITOASI OTMEYAETCs B SIHBApe
U UIOHE — aBIyCTe.

B 9% cayqaes nayposue AT | Hap FOrom Poccnn, 3a-
KaBKasbeM, Typrueit uau YepHbIM MOpeM HaOAIOAAETCSI
H30ASILVS OOIIMPHOTO [IUKAOHA. Bapudeckoe moae Takoro
BHAQ OTMeYaeTCs B allpeAe — Mae U UI0Ae — aBI'yCTe.

Ouenb peako (B 3% caydaeB) mepea MbIAbHbIME 6y-
psmu Hap roroM ETC nan Yepusiv Mmopem popmupyeTcs
MAAOTIOABYDKHBIN aHTUITUKAOH, KOTOPbI COXpaHsIeTCs
B TeYEHUEe eCTeCTBEHHOIO CHHOIITUYECKOIO IepHOAQ.
OTMeuaroTCs TakMe CUTYalUH B Mae, MIOHE U aBI'yCTe.

HecmoTpsi Ha mpeobaapaHie MepHAMOHAABHBIX
bapuueckux moaeit, B 20% cAydaeB BO BpeMsI IIbIABHBIX
Oypb U 32 TPOe CYTOK AO HX Ha4aAa B TpoIocepe Impe-
06AaAQeT XOpOLIO BBIPAXKEHHbIN 30HAABHBIN [TEPEHOC
(B «cTapuu yrpossi> ). Hauboaee yacto Takue cutya-
IIUM OTMEYAIOTCS C SHBAPS II0 allpeAb U B MIOAe-aBI'yCTe.

B 39% cayuaes mbiabHbIe 6ypu Ha CeBepHoM KaBkase
$opMupyroTCa Ha mepuPpepun MaAOIIOABUIKHBIX aHTH-
ITUKAOHOB, IJeHTPBI KOTOPBIX PaCIOAATalOTCs HA BOCTOKE
AtraHTHKO-EBPOIIECKOTO €CTeCTBEHHOTO CHHOINTHYe-
CKOTO paroHa.

B 28% cay4aeB mbIAbHBIE Oy pH BOSHHUKAIOT Ha FOXKHOM
HAM I0TO-3aITaAHOM Neprdepur aHTHIIMKAOHOB, CMella-
IOIUXCS C CeBepO-3aIlapa MAHM CeBepa Ha IOT0-BOCTOK.

B 12% cAy4aeB $opMUpOBaHIE IBIABHBIX OYPb IIPO-
HCXOAUT Ha Nepupepuu aHTUITMKAOHOB, CMeIAI0IUXCs
C I0Tra MAHM IOTO-3aIIapd Ha CEBEPO-BOCTOK IO BOCTOKY
€CTeCTBEHHOI'O CHHOIITHYECKOro paiioHa.

ITpumepno B 21% cAydaeB TpaeKTOPHH aHTHIIUKAO-
HOB, C KOTOPBIMH CBSI3aHO BO3HMKHOBEHHE IIbIAbHBIX
Oy pb, IMEIOT 3HAYHUTEABHYIO 30HAABHYIO COCTABASIOIIYIO
U IIPOXOAST I10 IOT'Y MAM TIO IIeHTPAAbHOM YaCTH eBpOIe-
cxot reppuropuu Poccun.

TakOBBI CHHOIITHYECKHE YCAOBHSL, CIIOCOOCTBYIOMITE
$opMHPOBAHMIO 1 Pa3BUTHIO IBIABHBIX Oypb Ha CeBep-
HoM KaBxkaze i B CTaBpOIIOABCKOM Kpae, B YaCTHOCTH.

Takum 06pa3oM, HeOOXOAUMBIMHU YCAOBHSIME $OP-
MUPOBAHHS U PA3BUTHS IIBIABHBIX OYpPb SBASIFOTCS Ha-
AuYMe OOABIINX TEPMOOAPUYECKHUX IPAANEHTOB U TOHH-
JKeHHasI BAOKHOCTD BO3AYIIHBIX MACC HAA TEPPHUTOPHEIL.
HecMoTpst Ha TO, 4TO CKAQABIBAIOIIASICSI CHHOIITHYECKA ST
CUTYaIUsl PacpOCTPaHseTCsl, KaK IIPABHAO, HA BeChbMa
OOIIMPHYIO TePPUTOPHIO, IIbIAbHbIE OYpPH IIPU ITOM Ha-
OAIOAQIOTCS He IIOBCeMeCTHO. BeposiTHOCTD peaansanuu
«<yIpo3bl» pOPMUPOBAHUS M PA3BUTHUS IIBIABHBIX OYPb
B KOHKPETHO! MECTHOCTH B OOABIION CTEIIeHH 3aBUCUT
OT O3KHAQEMOJ CKOPOCTH BETPa M COCTOSIHHS IIOBEPXHO-
CTH IIOYBBI, B YaCTHOCTH, €€ BAAXKHOCTH.

OcobeHHO OITacHbI IIBIAbHbIE OYpH B BeCEHHUI Ie-
PHOA, KOTAQ O3MMBIe IIOCEBBI ellle HeAOCTATOYHO YKO-
PEHHAUCH U IIPH HHTEHCUBHBIX OypSIX IOABEPrarOTCS
BBIAYBaHMIO. B Takoil curyaruu mpiabHast Gypst MOXeT
CTaTh HACTOSIIMM 9KOAOTHYECKUM OEACTBUEM U IIPU-
YHUHUTH OOABLION MaTepHaAbHbIH yijep0. Tak 6b1A0 Bec-
Ho 1960 roaa, Koraa mouru Bcst repputopust CeBepHOro
KaBkasa 6piAa 0OXBaueHa MHTEHCUBHOM ITBIABHOM 6ypeﬁ,
IPHHSIBLIEH XapaKTep CTUXHIHOTO 6eAcTBHs. MecTamu
OBIA IIOAHOCTBIO CAYT IIAXOTHBII CAOH, CAA0O YKOpEHHUB-
IIIMeCsl PACTEHHUsI CHOCHUAUCD C IIOA€H], @ B OHIDKEHHBIX
MeCTaX U BO3A€ AECOIIOAOC 0OPa30BAAUCH HAHOCHI, BbI-
cotoii 6oaee 4 M. KoAndecTBO IIbIAEBBIX HAHOCOB, 3aA€P-
JKQHHBIX A€CHBIMHU ITOAOCaMH, Ha CTaBpOIMOABCKOI BO3-
BBIIIEHHOCTHU cocTaBAsIAO 40—60, a mHOTAQ M 100 M3/ M.
Boiao BemHeceno mpian ot 50 po 500 m3/ra, a MecTamu
A0 1000 m3/ra, T.e. caoit mousst ot 0.5 A0 S cM, a B OT-
AEABHBIX CAy4asix Ake A0 10 cm. OTa 6ypst cpopmuposa-
AACh B pe3yAbTaTe XapaKTePHOH CHHONITHYECKO CHTYa-
ru. MOIHbIN aHTHITUKAOH, cMelaBuuiics ¢ bapenriesa
Mops Ha roro-Boctok ETC, BcTymma Bo B3aMoaericTBre
C IIMKAOHOM, IJeHTP KOTOPOTO pacroAaraAcsi Hap baakan-
CKHIM [IOAYOCTPOBOM, 2 AOXKOMHA — Hap, UepHbIM MOpeM.
CMeljeHMe aHTUIIMKAOHA Ha FOT U COAMDKEHHE €TI0 C AOXK-
OHMHO¥ HI3KOTO AABACHIS IPUBEAU K IIOSIBACHUIO 3HAUU-
TEABHBIX OapUYeCKUX IPAAMEHTOB, BbI3BABIINX, B CBOIO
OuepeAb, CHAbHbIE BOCTOUHbIE BeTphL. BeTep co ckopo-
cTpio 18-25 M/ c IIPY IIOHIKEHHOMN BAQXKHOCTH BO3AYXa
CIIOCOOCTBOBAA MICCYLICHUIO [TOYBbI X BOSHUKHOBEHHIO
TIBIABHBIX Oy Pb.

B HOBOM Beke HaMOOABILIHE 110 OXBATy TEPPHUTO-
PHU AAUTEABHBIE IIBIAbHBIE OypU OTMEYEHBI B allpeAe
2003 ropa. B MapTe u mepBoii AeKkaae alpeAst 0CaAKOB
BBIIIAAO OYeHb MAAO, IO9TOMY pacIlaXaHHAs II0YBA, 4 3TO
60% TeppuTOpHM Kpasi, HAXOAHAACh B UCCYIIEHHOM
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COCTOSIHMU. 6 ampeAs B CeBepO-3alapHble PANOHBI
Ceseproro KaBkasza 1 BOCTOYHbIe pallOHBI YKPaHHBI
BbIIIeA CPOPMHUPOBABIINICS Hap BaakaHCKUM moAy-
OCTPOBOM TAyOOKUI H30AHPOBAHHBIN IJUKAOH, AaB-
A€HHUe B IIeHTpe KOTOPOTO COCTABASIAO BCErO AMIIb
980.2 rITa. Ha BocTouHOI mepudepuu HabAIOAAACS
MOIIHBIA rpebens, mprkarsiii KaBkazckumM xpeOTom.
Taxast 6apUKO-CHHONTHYECKASI CUTYaLUs 00YCAOBHAQ
BO3HMKHOBEHHUE CHABHBIX BeTpoB (A0 40 M/c) u, Kak
CAEACTBHE, IIBIABHOI OypH B CeBepO-3aMaAHbIX PailOHAX
kpast. Yepes Hepaeato Ha CTaBpomoAbe BHOBb OOpyIIH-
AWCH CHABHbBIE BETPbI U IIbIABHbIE OypH, HO 00yCAOB-
A€HbI OHH OBIAU APYTON CHHOIITHYECKON CUTyaIlHel.
OO6mupHBI AHTUITUKAOH, 3P OAMBIIHIICS HAA IPHIIO-
ASIPHBIM YPaAOM, CMEIIAACSI BAOAb YPAAbCKOTO XxpebTa
K 10Ty, a 3aTeM K 3anaay. Haa Typuueit u Hepabim Mo-
peM B 9TO BpeMsl pa3BUBAACS IJUKAOH C LIEHTPOM Hap
Manoit Asueit. COAMDKEHHE 9THX ABYX OapHdyecKux

Y %

300

o6pasoBaHuil 14 ampeAst MpUBeAO K BOZHHKHOBEHHIO
60ABIINX OapUYECKUX IPAAUEHTOB, BBI3BABIINX CHAb-
Hble BOCTOYHbBIE BETPHI, A0 28 M/C, KOTOpBIE, B CBOIO
OYepeAb, CTAAU IIPUYHHOM IIBIABHBIX Oy Pb, OXBATUBIIHX
paxkTudecku Bcio Teppuropuio Llenrpaspnoro Ilpea-
KaBKa3bsL. [IbiAbHBIE 6y pU OTMEYAAUCH HA TEPPUTOPUH
Kpasi B TedeHHe 4—6 CyTOK, IIOCAE 9er0 BCAEACTBHE Pac-
XOXKAEHUS A3UATCKOTO AHTHUI[UKAOHA U FOXKHOT'O IJKAO-
Ha OapuYecKye IPAAUEHTHl YMEHbIIHAUCh H CHAbHbIE
BETPHI IIPEKPATUAKCH.

HecMmoTpst Ha He3HAYHTEABHYO [IOBTOPSIEMOCTD 3UM-
HUX IIBIABHBIX Oypb, HHOTAQ OHHU TAkoKe OBIBAIOT BeCbMa
MHTEHCHBHBIMU 1 KPyITHOMAcIITaOHbIMU. TakoBa 3UMHSIS
nbiabHas Oypst 1969 r., mpomeamuras mo Bcemy CeBepHO-
My Kasxkasy. Oto Ob1aa kpymHefimas msiabHast Oyps XX
cTOAeTHSI He TOABKO B CTaBpOIIOABCKOM Kpae, HO BO BCeil
Poccun. Bapuko-CHHOITHYECKAS CUTYALIUS, TPUBEAILIAsT
K ee BO3HUKHOBEHHIO, [I0Ka3aHa Ha pUCYHKe [2].

R:Sf"’ 520
4« \%

Puc 1. CuHonTnyeckme ycnoBus GpopMnMpoBaHUS NblibHOM Oypu

Tepmobapuueckoe noae S ansapsa 1969 2.3a 03u: 1 — AT, , 2 — OT Y000
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AnnoTtanus: ITpoBeAeHHBI aHAAU3 PA3BAUYHBIX AACOPOEHTOB AAS AACOPOLIH COZ, H,S u NO, or npupoanoro
rasa IOKa3aA, 4TO LjeAeCO0OPasHO HCIoAb30BaTh eoAnT NaX. AMHaMUdYecKast akTHBHOCTb AACOPOEHTOB SIBASIETCS
OCHOBHBIM [I0Ka3aTeAeM, OIPEAEASIIOLINM Pa3Mephl AACOPOEpOB U BpeMs Liukaa apcoporui. 3oTepmsr apcopOrmy,
a TaloKe TOYHOe 3HaueHHe AUHAMUYeCKOM aKTUBHOCTH UMEIOT ITPU KOMITBIOTEPHOM MOAGAHPOBAHUU 0CO00 BasKHOE
IpaKTHYeCKOe 3HAYeHHe.
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Kak ussecrno, ouncrky npupoaHoro rasa ot H.S,
CO, uNO, MOXHO IPOBOAUTD apcOpbIHett nam abcop6-
nueit. Hanboaee onrrMaabHBIM COPOLIOHHBIM CIIOCOOOM
ouncrku npupopnoro raza ot H S, CO, u NO, sBaserca
aACOPOLOHHASI OYKCTKA. AACOPOEHTAMH AASI CO2 SBASI-
0TCSl aKTHBUPOBAHHDIN YTOAD U 11e0AUThL, a Anst H .S —
TOABKO LI€OAUTBL JTOT CIIOCOD ITO3BOASIET YIIPOCTHTD KOH-
CTPYKIJMIO CHCTeMbI OYHCTKH, TaK KaK AASI pereHeparium
aacopbeHTa, KOTOPYI0 MOYKHO BECTH OYHIeHHBIM IIPHU-
POAHBIM ra30M, IIOAOTPETHIM B TEIAOOOMEHHIIKe, He Tpe-
OyeTcst crienmaabHOTO 060pypaoBaHus. HepocraTok atoro
CII0c06a COCTOUT B AOTIOAHUTEABHOM PACXOAE IIPHPOAHO-
rO rasa Ha pereHepaLuio aAcopbepos [1].

Ipu ypanrernu u3 mpupoaroro raza CO, u H,S a6-
copO1Hert, UCIIOAB3YIOT MOHO- M AUSTAHOAAMHUHBI, 00-
AAAQIOIYE BBHICOKOM IIOTAOTUTEABHOM CIIOCOOHOCTHIO.
OaHaxko, Ux IpUMeHeHHe TpebyeT BBEACHUS B CHCTEMY
OYHCTKH AOTIOAHUTEABHOTO CAOXKHOTO 000PYyAOBaHMS,
CBSI3aHHOTO C abCopOLHelt IprMecer, COAEPIKAIINXCS
B IPUPOAHOM ra3e 1 pereHepariueit abcopbeHTOB ¢ oA-
BOAOM Temaa [2].

IToaroToBka rasa, a Taloke OYHCTKA ra3a aACopOIu-
OHHBIM CIIOCOHOM Ha IPAKTHKE HAIIAO MIUPOKOE IIPHU-
MeHeHHe U HMeeT PsiA IMPeUMyIecTB. JTO BBICOKHE

9KOAOTHMYECKHE [TOKA3ATEAH, OOABLIAS TAYOMHA OCYIIKH,
HU3KWM YA€ABHBIN PaCXOA aACOPGeHTa, a TaKoKe XOpoIlnne
9KCIIAyaTalJMOHHbIE XaPAKTEPUCTUKH YCTAHOBOK.

Obmue AOCTOMHCTBA aAcop6uH0Hme METOAOB
OYUCTKU ra3oB:

1 ) rAy60Ka51 OYMCTKA a30B OT TOKCUYHbIX IPUMECEH;

2) CPaBHHUTEAbHAS ACTKOCTD PEreHePALUU dTUX IIPU-
Mecel C IpeBpalleHueM UX B TOBAPHBIi ITPOAYKT UAW BO3-
BpPaTOM B IIPOM3BOACTBO;

IlpumeHeHne HempepbIBHBIX CIIoco60B OYMCTKHU
B ABIDKYIIIEMCsI aACOpbeHTe Tpe6yeT BBICOKOIIPOYHBIX
IIP OMBIIIAEHHbIX cop6eHTOB, paspaGOTKa KOTOPBIX AASL
OOABIIMHCTBA IIPOIeccoB emle He 3aBepuieHa. [loraoru-
TeAbHasI EMKOCTD aAcop6eHTa B YCAOBHSIX 3KCIIAyaTaALAH
CUYHUTAETCS ero pa6oqe171 HAU AVMHAMHYECKON aKTHBHO-
CThI0. AMHAMUYeCKast aKTHBHOCTD BCETAQ HIDKE CTaTUYe-
CKOM M 3aBHCHUT OT YCAOBUH pa60Tb1 aacopbenTa. AuHa-
MUYecKasi aKTHBHOCTD AACOPOEHTOB SIBASIETCSI OCHOBHbBIM
IIOKA3aTeAEM, OIIPEACASIOIIMM pPasMephbl aAcop6ep0B
U BpeMs LUKAQ cop6um1. AASL OYHCTKH ra3oB OT HZS,
CO2 u NO2 IPHUMEHSIOT B OCHOBHOM II€OAMTBL

IIpu KOMIIbIOTEPHOM MOAEAUPOBAHUH 0c060 BaxXHOE
3HAYEHNE UMEIOT H30TEPMbI a,A,cop6uHH, a TaKk)Xe TOYHOe
YHCA€HHOE 3HAaUeHUe AUHAMUYECKON aKTUBHOCTHU.

Tabnuual. — AocopbunoHHble cBolicTBa agcopbeHToB NaX

O6pasust
IToka3arean 1 > 3

ITaoTHOCTD, I/ CM? 0,485 0,470 0,447
3epuenue (B Mm),%

2,7-2,0 33,2 34,0 31,6

2,0-1,5 63,7 62,8 63,8

1,5-1,0 3,1 3,2 4,6
Coaeprxanue, %

30ABI 7,4 7,1 7,9

KaAHST 0,20 0,26 0,27

cephl 0,46 0,47 0,67
O6mpem mop, cm*/1r

v 0,28 0,32 0,33

' 0,11 0,13 0,12

' 0,28 0,31 0,35

V. 0,67 0,76 0,80
CrpykTypHbBIE KOHCTAaHTbI

W_cm’/r 0,29 0,33 0,35

B - 10° (o 6ensoay) 0,44 0,54 0,54
Apcopbuponnas crioco6uocts, /100 r

aC H, 9,0 12,8 13,0

aC. H. 16,2 20,6 20,8

B pa6orax [1-2] nokasana BO3MOXXHOCTD BbIA€AE-
musa H S, CO, u NO, u3 npupoAHBIX ra3oB Ha IJe0AMTaX
NaX. Kak u3BecTHO, 60ABIIOE BAUSHUE HA PE3YABTATHI

apcopbmum H,S, CO, u NO, oxasbiBaeT mpupoaa I1e0AH-
Ta NaX, ero KpaTHOCTb I10 OTHOLIEHUIO K CBIPBIO U H30-
TepMa aACOPOIIMH IIPUPOAHDIX Ta30B.
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BmecrTe ¢ TeM u3ydeHHe TepMHYECKOH YCTONIUBO-
CTH LJeOAUTHBIX AACOPOEHTOB MeeT BAXKHOE 3HAYEHHE,
KOTOpOe II03BOASIET IPOHU3BECTH OIJeHKY TePMUYECKOM
CTabHABHOCTH OAHOBPEMEHHO C OIpeAEACHIEM BAAro-
€MKOCTH U HEKOTOPBIX APYTHX XapaKTePUCTHK aACOP-
OeHTa.

AaHHBIN SKCIIEpUMEHTAAbHbIN MaTepUAA IIOCBAIeH
H3YYEHHMIO aACOPOIMU B AMHAMHUYECKUX ycAoBusX H. S,
CO2 u NO2 U3 IPUPOAHBIX Ta30B U OTIPEACACHHUIO UX U30-
TePMbI AACOPOIIHH, @ TAKOKE AMHAMUYECKOM AKTUBHOCTH.

XapakrepucTuku apcopbeHT 06pasrpr eoanta NaX
HpHBeAEHbI, B TabAuIe 1.

AACOpOIIHS TO3BOASIET IOYTH ITOAHOCTBIO U3BA€YD
U3 Ta30BOM CMECH 3arpsI3HSIONUe KOMIIOHEHTHI U AAeT
BO3MOXKHOCTb OCYIJECTBASITD TAYOOKYIO OYHMCTKY Ia30B.

Ot1uM 06bsiCHsIeTCS BCe OABLIEe IPUMEHEHNE B 3aILHTe
OKPY>KaIOLell CPeABL AACOPOLIIOHHBIX METOAOB Pa3AeAe-
HUSI M OYMCTKY 308 TaM, TA€ APYTHe METOABI OKa3bIBa-
I0TCS HeAOCTATOYHO 3 PEKTUBHBIMH.

AACOpOEHTSI, HCIIOAB3yeMble B CHCTEMAX OYHMCTKH
OTXOASIIVIX Ia30B, AOAXKHBI YAOBAETBOPSITH CACAYIOLINM
TpeOOBaHUSIM: UMETb OOABIIYIO AACOPOLIMOHHYIO CIIO-
COGHOCTD IPH MOTAOLIEHIN KOMIIOHEHTOB, HMEIOIIIe
HeOOABIIIYIO KOHIIEHTPALJUIO B Fa30BBIX CMECSIX, 00AaAATH
BBICOKOV CEAeKTHBHOCTBIO, UMETb BBICOKYIO MEXaHUYe-
CKYIO IIPOYHOCTH, 06AAAATH CIIOCOOHOCTBIO K pereHepa-
LUK ¥ UMETh HU3KYI0 cTOMMOCTb. Ha mpakTuke Hamau
IIPUMEHEHUE CAEAYIOIIVe AACOPOEHTHI: AKTUBUPOBAH-
HBIE YTAM ¥ LI€OAUTBL. XapaKTePUCTHUKA HEKOTOPBIX aK-
THBUPOBAHHbIX YTA€H [IPEACTABAEHBI B Ta0A. 2

Tabnuua 2. — XapakTepucTuka 1 o61actv NPUMMEHEHNS akTUBHbIX Yrien

Mapxka Pazmep Hacpinnasa Bpewms samurHOro | IlpepeAbHBIN aACOPOIHOHHDIH
apcop6enTa | rpaHyA, MM | IAOTHOCTB, KI/M> AeHCTBHS1, MUH o6bem Mukponop, cm’/r
BAY 1-5 350 - 0,26
CKT 1-3,5 380-500 70 0,45-0,59
AI-3 1,5-2,7 450 38 0,3
AI-5 1-1,5 450 45 0,3
CAY 1-§ 450 - 0,36
KAY 1-5 400 - 0,33
AP-3 1-5,5 550 - 0,33

e

CO2

%ew
IR-Detektor

Puc. 1 Cxema akcnepmMeHTanbHOM YCTaHOBKMU
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W3 mpuBeAeHHBIX B TabAHIe 2 XapaKTEPUCTHK Pas-
AUYHBIX AACOPOEHTOB HaMH, AASL HCCAEAOBAHUS, OBIA
BbIOpaH apcopbent mapku CKT, xoropsiit o6aasaer
BBICOKOM HACBITHOM IAOTHOCTBIO U HANOOABIIUM 06'b-
€MOM Iop.

OmbIThI IO AACOPOLUH IPOBOAUAKCDH TIO CAEAYIO-
mei meToauke. HaBecku rjeoanta NaX akTuBupoBasn
B My¢eabHOH neun npu 673 K B Teuenue 2 yaca, 3aTtem
OXAQXXAAAHU B 9KCHKATOpe.

IIpornecc ounCTKM MPUPOAHOTO ra3a Ha CUHTETH-
YeCKUX IIEOANUTAX H3YyIaAH HA MOAEABHOHN YCTaHOBKe
HIpOTOYHOro THIA. [IpHPOAHBIi ra3 U3 0OIero KoAAeK-
TOpa IOAAQBAACSI HA AACOPOLIMOHHYIO KOAOHKY, IIpeA-
CTaBASIIOIYIO COOOF ITMAMHAPUYECKHIT almapar obmedt
BpicoTon 1250 u pmamerpom 100 mm (o6pem 10 A).
Ha pucynxe 1 n3o6paskeHa cxeMa SKCIIEPUMEHTAABHOM
YCTaHOBKH.

AACOpOIIMOHHbIE METOABI OYHCTKH OCHOBAHBI Ha I10-
TAOIIIEHUH TIPHMeCeH TBEPABIMU TEAAMH C PA3BHTOM ITO-
BEPXHOCTBIO apcopbenTamu. [Toraommaempie MOAEKYADI
YACP>KUBAIOTCSI HA TIOBEPXHOCTH TBEPABIX TEA CHAAMU
Ban-aep-Baaanca (c]msuqecxaﬂ aACOPGHHﬂ) MAW XUMH-

15+

_
<
;

azxc. eMxkocTh /100 T

N

veckumu cuaamu (xemocop6uus). AACOp6eHTH — Ma-
TEePHAAbI C BRICOKOPa3BUTOH BHY TPEHHE! MOBEPXHOCTDIO
(HpHpOAHbIe U CUHTeTHYeCKHe ) : OOBIMHO aKTUBHMPOBAH-
HbI€ YTAH U L{€OAUTHL.

ITo pesyabTaTaM aHAAM3a PACCUUTHIBAAM AMTHAMHUYE-
CKYI0 aKTUBHOCTb apcopbenTa NaX o popmyae:

AA =C,W._

rAe C0 — HavyaAbHAs KOHIJeHTpanus st’ CO2 u NO2
B pacTBope, r/100r;

W — ckopocTb ra30BOro noToKa;

T — BpeMsI 3allJUTHOTO ACHCTBUS aACOpOeHTa

Hamu usydeHs! H30TepMbI aACOpOLIUH CO,H,SSnu
NO, na apcopbenTax — akruBuposannbrit yroab CKT u
meoauTt NaX.

MzorepMbl apcopOLIMM OIIpeAeAeHbI HA AACOpOeHTax
neoant NaX. YcTaHOBAEHO 11€A€CO0OPAZHOCTD UCIIOAD-
30BAHHS AASL AACOPOLIHOHHOTO BbIACACHUSI COZ, st u
NO, neoaut NaX.

M30TepMbl aACOPOLIMH KOAMYECTBEHHO OITHCAHBI
ypaBHeHUSAMU ASHIMIOpA.

Ha pucynke 2 moxasanst usotepmst apcop6iuu CO "
st u NO2 OT IIPUPOAHOTO rasa.

H,S

CO,
NO,

3IO P mm. pm. ct.

napuruaJIbHOC AaBJICHUC

Puc. 2. sotepmbl ancopbumn H,S, CO, n NO, Ha ueonute NaX
X-H,§, A-CO,, 0-NO,

W3 prucynka 2 BUAHO, YTO PABHOBECHAS BEAUYMHA AA-
COpOIMH B 3aBUCUMOCTHU OT Fa30B PA3BAUYHBL YCTAHOB-
A€Ha TIpeAeAbHAsI CTATHYECKast aKTUBHOCTD aACOpbOeHTa
NaX mo CO,, H,S u NO.,. IlpoBeaenHbI#t aHaAu3 pas-
AMYHBIX apcOpbenToB Aast apcopbumm CO,, H.S uNO,
OT IIPUPOAHOTO ra3a MOKa3aA, YTO I[eAeCO0OPasHO HcC-
1oAb30BaTh IieoAuT NaX. IToaydyeHHbIe HAMU H30TEpPMbI
apcopbrmm CO,, H S u NO, mpupoaHsoro raza MoryT
6BITb OCHOBOIT AAAbHEMIIIero MaTeMaTH4eCcKOTO OIIMCa-
Hus mponecca [3].

AuHaMIT9ecKast aACOPOIIMOHHAS eMKOCTD [IOTAOTHUTe-
AsI MEHBIIIE eT0 PAaBHOBECHOI AACOPOLIIOHHOM EMKOCTH,

IIOCKOABKY B PaOOYMX YCAOBHUSIX IIPH HEIIPOAOAKUTEAD-
HOM KOHTAaKTe TBEPAOM M ra30BOI $pa3 apAcopOLHOHHOE
paBHOBeCHEe He MOXKeT yCTaHOBUTbCSL.

a =a_1,
TAE 1] — CTEeeHb UCTIOAb30BAHKS PABHOBECHOMN (craTm-
CTI/IquKoﬁ) aAcop6un0HH0171 €MKOCTH.

ITpu caeayromux yCAOBHSX IIPOBEACHHS IIpoIiecca
aacopbuum: BeicoTa caosi apcopbenta Ha=0,6...0,75 m;
w=0,3-0,5M/c; CO=(1-17) - 10-3 xr/m> cTenens uc-
IIOAB30BAHNUSI PABHOBECHO aACOPOIIMOHHOM eMKOCTH 1|
npuHuMaet 3HadeHns ot 0,85 40 0,9.
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12+
H,S
- CO,
2 87 X NO,
=
S
44,
10 20 30 40 T, [MUH]

Puc. 3. 3aBMCMMOCTb BEMMYMHBI 2A4COPOLMM OT BDEMEHN KOHTaKTa
X-H,S, A-CO,, 0-NO,

TaxuMm 06pazoM, KOaPPUIMEHT 3arraca — BEAUYH-
Ha, OO6paTHasl CTENEHU HMCIIOAB30BAHUS PABHOBECHOM

AACOPOLIMOHHOM EMKOCTH HMEET BHA:

1 ao
k:7=

Tna

U “U3MeHseTcs B mpeaeaax oT 1,12 a0 1,28.

AvHamudeckass cop6UMOHHAs eMKOCTb (aKTHB-
HOCTb) aA — KOAMHYECTBO aACOPOTHBA, TIOTAOIEHHOTO
cAoeM copbeHTa A0 MOMEHTA €ro IIOSIBACHHUS 32 CAOEM
(mpockoxa), kr/m%

a = Cywr,
rae C — HavaAbHAS KOHI[EHTPAIHS AACOPOTHBA B ra3o-
BOM IIOTOKE, KI'/M>;

W — CKOPOCTb a30BOT'0 ITOTOKA, M/ C;
T, — BpeMs 3aIUTHOTO AGHCTBHUS CAOS aACOp6enTa
omnpeaeaseTcs 1o ypasHenuio Ilnaosa:
aOO
Ts = ks (Ha - ha); k3 'ha = TO; T3 = k3 ‘Ha —TO; ks = W'CO ’

NS k3 — K09 PUIIUEHT 3aLIUTHOIO ACHCTBHS CAOS AA-

cop6eHTa, BBIPKAIOIMI BpeMsl IepeMeleHrs poHTa
COpOIMK Ha eAVHHUITY BBICOTBI CAOSI IOTAOTHTEAS], C/M;

ha — BBICOTA HEHCIIOAB30BAHHOTO CAOSI AACOpOeHTa
B YCAOBHSIX AMHAMUYECKOTO OIIBITA, M;

T, — BpeMsl 3a[UTHOTO AGHCTBHSA CAOS aACOpbOeHTa,
¢. DTO BpeMs, IpoLIeAIIee OT HAYAAQ [IPOITYCKAHUS [TAPO-
ra3oBOi1 CMECH Yepe3 CAOM aACOpPOEHTa A0 MOMEHTa IO~
aBaenus (MPOCKOKa) aACOpOTHBa 32 cAOeM apcopbeHTa.

Tabnnua 2. — BennymHbl CTaTUYECKOM 1 AMHAMUNYECKOM aKTUBHOCTEN

aacopbeHToB akTUBMPOBaHHbIN yrofib CKT u ueonmnt NaX

AacopbenTbI Axrtusup. yroa CKT Ileoant NaX

KOMITOHEHTHI HS CO, NO, HS CO, NO,
CraTndeckas akTUBHOCTD, I/ 100 T 9.88 7.63 6.96 12.27 10.51 9.75
AvHamMuyecKast akTuBHOCTb, I/ 100 T 7.02 5.24 4.73 9.89 8.34 7.81

IIpoBeAeHHDIN AHAAU3 PABAMYHBIX AACOPOEHTOB
aast apcopbumn CO, H,S n NO, ot npupoasoro rasa
[IOKa3aA, YTO I[eAeCOOOPA3HO HCIIOAB30BATb I[EOAUT
NaX. ITpu KOMIIBIOTEPHOM MOAEAMPOBAHHUHU 0COO0 BaXK-
HOe 3HaueHIe UMeeT H30TePMbI AACOPOIIIH, a TAKKe TOU-

HO€ YMCAEHHOE 3HaYeHHe AMHAMIYECKOMN aKTHBHOCTH.
AMHaMI9eCKasi aKTHBHOCTb AACOPOEHTOB SIBASIETCS OC-
HOBHBIM [TOKA3aTeAEM, OIPEACASIIOIIIM Pa3MePBI AACOP-
0epoB 1 BpeMs IIUKAA COPOIIUIL

CnHCcOoK AHTepaTyphbI:

1. Kemmbea A.M. Ouncrka u nepepaboTka npupoaHsix ra3os. [lep. c aura. M., “Heppa’, 1977, 349 c.

Keasnies H. B. OcroBsr apcopbuuonHoit Texuuki. Mocksa, 1984, 592 c.
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Spiro- and ansa- macrocyclic polyethers

Abstract: The reaction of polycondensation of quinone and hydroquinone with ethylene oxide in the presence of
catalyst has been fulfilled. The new spiro- and ansa- macrocyclic polyethers have been synthesized and investigated.
It was established, that the synthesized crown-ethers display expressed ability to complexformation and show high
selectivity at the extraction of metals.

Keywords: crown-ethers, reaction of polycondensation, intramolecular cyclization, ethylene oxide, quinone,
hydroquinone, metal extractants, complexformation.
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Cnupo- n aHca- Mmakpouukanyeckue coeauHeHus

AHHOTa].II/ISI: OCYIlIeCTBAeHa PpeaKknys IOAMKOHAEHCAMH XMHOHA ¥ THAPOXHHOHA C OKCMAOM 3THA€HA B IIPUCYT-

CTBUH KaTaAHu3aTopa Tpex¢propucroro 60pa. CHHTe3pOBaHbI U HCCAEAOBAHbI HOBbIE CIIUPO- M AHCA- MAKPOIIUKAH-

YeCKHe MMOAMIPUPHL BhIAO BBISIBAEHO, UTO CHHTE3HPOBAHHbBIE KPAyH-dUPHI IIPOSBASIOT BHIPAXKEHHYIO CIIOCOOHOCTD

K KOMHAeKCOOGPaSOBaHI/IIO H ITOKa3bIBaIOT BbICOKOCEACKTHUBHYIO I/I36I/IPaTEAbHOCTb ITpH SKCTPAKHMH METAAAOB.

KaroueBble cAOBa: KpayH-2HUPHI, peaKIfHs TIOAUKOHAEHCAIIH, BHY TPUMOAEKYASPHAS ITMKAU3ALUS, OKCUA 3TH-

A€Ha, THAPOXHNHOH, XHHOH, 9KCTPAareHTbl METAAAOB, KOMHAeKCOO6PaBOBaTeAI/I.
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IIpupoAHSBIe U CHHTETUYECKIE MAKPOLIUKANYECKIE
COEAMHEHVIs TUIIA IOPPUHOB U KOPPUHOB, GyPPYACHOB,
eppoLIeHOB U Pa3ANYHbIX KPAYH-COEANHEHNUIT IPUBAE-
KaIOT K ce6e 0co60e BHUMAHIe MHOTHX HCCAEAOBATEALIL.

IToBbILIEHHbI HHTEPEC K 9THM COEAMHEHUSIM 00'b-
SICHSAETCS MX HEOOBIYHBIMU XUMHUIECKMMH CBOMCTBAMHU,
a IMEHHO CIIOCOOHOCTBIO CBSI3bIBATH Pa3HOOOpa3HbIe
HMOHBI METAAAOB B KOMITAE€KChI OTAMYAIOIHECS BbBICO-
KOM YCTOMYMBOCTDHIO U KATAAUTHYECKON aKTUBHOCTHIO.
MakpOoLHKANYECKIEe COEAVHEHNS SIBASIOTCS 9P PeKTUB-
HBIMU U II€PCIEKTHUBHBIMU COEAVHEHUSIMH, UCIIOAB3Y-
FOTCS AASL CEAEKTHBHOTO M3BAEYEHHMS IIeHHbIX METAAAOB
U3 Pa3AUYHbIX pacTBOPOB. OHU YCIEIHO IPUMEHSIOTCSE
B QHAAUTUYECKON XMMUH, MEKPA3ZHOM KaTaAU3e, TOHKOM
OpraHUYeCKOM CHHTE3€e, S9AEKTPOXHMUHU, MEAULIFHE U Me-
TaAAypIUH, arPOHOMUH.

B AuTepaType OTCYTCTBYIOT AQHHBIE O CHHTE3€ Ma-
KPOLIMKANYECKHX COEAVHEHHUI Ha OCHOBE LIUKAMYECKUX
keToHOB [1-5]. Panee Hamu 6b1A paspaboTa crnoco6
[IOAyY€HHs KPayH-9QHPOB Ha OCHOBE AAULIMKAMYECKUX

M APOMATHYeCKUX KeTOHOB H AMOAOB C OKCHAOM 3THAEHA
[6-9].

M3BecTHO, 4TO peakIis B3aMMOAEHCTBHS OKCHAQ
3THAEHA C M3OBITKOM KETOHOB B IPUCYTCTBHU KHC-
AOT AbIOMCa IPUBOAUT K 06paszoBanuio keraeit (Au-
OKCaAaHOB). [Ipy U3MeHeHUH MOABHOTO COOTHOIIEHHS
HCXOAHBIX KOMIIOHEHTOB B M30BITKE OKCHAQ ITHAEHA
peaxiysi He OCTAaHABAMBAETCSI HA CTAAMU O00pa3OBaHUS
KeTaAel, a IPUBOAMT K IIOAYIEHHIO MAKPOITUKANYECKUX
COEAUHEHUM.

ITpoaoaxast UCCAGAOBAHUS B 9TOM HAIpaBACHHH,
HaMU OBIAU ITOAyYeHbI HOBbIE HEOIMCAHHBIE B AUTEPA-
Type KAACChI MAKPOLIUKAMYECKUX COGAMHEHUH Ha OCHO-
Be xuHOHa (criupo- I) u ruapoxunona (anca- I1) kpayn-
a¢uphL

PazpaboTaHHBIIT CIOCOO ITOAyYeHHsI KpayH-9QHPOB
3aKAIOYAETCS B IIPOBEACHHE PEAKIIMH B3aHMOACHCTBHUS
XMHOHA U THAPOXMHOHA C OKCHAOM 9THAEHA B IIPUCYT-
CTBHMHU KaTaAM3aTopa d¢upara Tpex$ropucroro bopa
IPOTEKAeT II0 CACAYIOIeH CxeMe:

I ‘?—{CEJ—CEEO}n—CEj—CHJ I
CH, CH, | BFO(C,Hs) .
N | 0
[ 0 @
n
0] 0—(CH,—CH,0)——CHsCH, roe =8+12
OH — (CH,—CH,0)—CHs—CI1;-0H
CHy Hz2 | BF;0(C,Hy),
+ _ r—
-H,0
n
H O—(CH,;—CH,0)—CH;—CH;OH I

AaHHBIF CIIOCO6 ITOAYYEeHHs CIMPO- UM aHCa- KpayH-
9dHPOB MMO3BOASET U30eXKaTh MOOOYHBIX PEAKIHI OAU-
TOMEpH3aANH U N30MEPHU3AITHHU HCXOAHDIX CO&AI/IHeHHﬁ
U AOCTHYb KOAUYECTBEHHOTO BbIXOAQ I]@AEBBIX IPOAYKTOB.

IKCnepuMeHTaAbHAs 9aCTh

1. IToayuenue cnupo-kpayn 3¢upos.

B 4eTbIpeXropAoByI0 KOADY, CHa6)KEHHYIO MEIIAAKOH,
TEPMOMETPOM, OOPATHBIM XOAOAUABHUKOM, KaIleAbHOM
BOPOHKOM, MOMEIIAIOT XMHOH B Cpeae CEepHOro agupa

.,

, rae =810

B IIPUCYTCTBUH KaTaAM3aTopa d9upaTa TpexPTOPUCTO-
ro 6opa (0,01% OT peaKIMOHHOI MacChl) H AOOABASIOT
I10 KAIIASIM OKCHA 9THAEHA B U3OBITOYHOM KOAUYECTBE
B TeuyeHuH 2 4. CoOoTHOIIEHHE PearupyoouX KOMIIOHEH-
TOB KETOH: OKCHA 3THAEeHA cocTaBaseT 1:8+12. Peakruzo
npoBoAAT npu Temneparype 30-3S °C u MHTeHCUBHO
IepeMeNIuBaroT eme S—6 4.

ITocae 3aBepuieHMS peaKIIMM COAEPKHMOE KOA-
OBl 0OpabaTHIBAIOT BOAOM, IIOABEpPraiOT IIEpPEeroHKe
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Ha pOTOPHO-BaKyyMHOM HCIIAPUTEAE AO IIOAHOTO M3BAE-
JeHus pacTBopuTeAs. OCTaBIIyIOCS peaKIJMOHHYIO MAacCy
$UABTPYIOT, IPOMBIBAIOT aIleTOHOM M CYIIAT B TEPMOCTA-
Te. CHHTe3MpOBaHHbIE CIIUPO-KPAayH 3QUPHI TOAYIAIOT
[IepPeKPUCTAAAU3AIINEN U3 H-TEIITaHA B BHAE O€ABIX KpH-
CTaAAOB, KOTOpbIE HE PACTBOPUMBI B BOAE, HO XOPOIIO
PacTBOPUMbI B OpraHM4YeCKUX PAaCTBOPUTEASIX.

2. IToayuenue anca-kpayn 3gupoe.

AHAAOTMYHO MeTOAMKEe 1 MOMemaoT rMApPOXUHOH
B CpeAe MHEPTHOTO PacTBOPHUTEAs-0eH30Aa B IIPUCYT-
CTBHHU KaTaAM3aTopa apupara Tpex$ropucroro 6opa
(0,01% ot PeaKLMOHHOM Maccm) U AOOABASIOT IO Ka-
IIASIM OKCHA 9THA€HA B U30BITOYHOM KOAMIECTBE Ha IIPO-
TspKeHHH 2 4. COOTHOIIEeHHe pearnpyromux KOMIIOHeH-
TOB THAPOXMHOH: OKCHA dTHAeHa 1:8+10. Peakuuio
npoBoAAT pu Temmeparype 80 °C 1 MHTeHCHBHO Iepe-
MenuBatoT emre 10-12 4.

Peak1juio KOHAGHCAITM IIPOBOAAT AO ITpeKpalleHus
BBIAEAEHISI BOABIL, COOupaeMyto B A0BymKy Auna Crapka
IIOCPEACTBOM a3e€0TPOIHO cMecu HeH30A-Boaa. PacTBo-

PHTEAb OTTOHSIOT Ha pOTOPHO-BAaKyyMHOM HCITAPUTEAE
M OCTATOK MOAKHUCASIIOT S MA KoHIleHTpHupoBanHoi HCI
(A0 KHCAO# peaKIiy 110 yHHBEpCAABHOMY HHAUKATOPY),
IIPOMBIBAIOT BOAOH, QUABTPYIOT, a 3aTeM IIPOMBIBAIOT
aIleTOHOM M CyIIaT B TEPMOCTATe.

CocTaB M CTPYKTYpBl CHHTE3MPOBAHHBIX CIIHPO-
M aHCa-KpayH 9¢upoB 6biau ycranoBaeHst SSMP' H
u MK-cnexrpockomnuest.

HK-criekTpsl: IPHCYTCTBHE IOAOCHI B 00AACTH
1135-1138 cM! xapakTepHbI AASI KpayH-3GHPHOTO ppar-
MEHTa, AASL TOAMIQUPHBIX Iermodek 1440-1500 cm?,
1450, 1350 (v,,,), 1120 (v, )em™.

Crexrpot AMP! H, o m. A.: 8.2-7.3 M. a., 3.56 (c.),
4.42 (c.),7.32 (M.) M. A., CATHAABI IPOTOHOB KpayH-3{H-
pa [IPOSIBASIFOTCSL B BUAE MYABTHIIAETOB B 06AacTH — 4.2—
2.6 M. A.

ITpeaBapuTeAbHBIE UCIIBITAHUS TIOAYYEHHbBIX KPayH-
9}HpPOB [TOKA3AAH BBIPAKEHHYIO CIIOCOOHOCTD HX K KOM-
AEKCOOOPA30BAHMUIO U BBICOKOCEAEKTHBHYIO U30UpaTeAb-
HOCTb IIPH 9KCTPAKIJY METAAAOB B PA3AMYHBIX CPEAAX.
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Copper extraction process from Tanzanian oxidized copper ore

Abstract: Copper extraction processes are widely used for pure metal obtaining in a compact or powder form
and waste water purification. The process of copper extraction oxidized ore leaching solution was investigated. It
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was shown that copper content in such ore reached 30% wt. and all copper can be extracted after acid leaching of
grinded ore. On the base of obtained results the new scheme for environmentally friendly waste-free process for

copper electrowinning proposed.

Keywords: copper electrowinning, sulphuric acid leaching, continuous process, closed production cycle.

The conventional copper electrowinning process, in
spite of its present extensive use, has some drawbacks
that over the last 20 years have been attempted to be
overcome, but there are few implementations at the in-
dustrial level [1].

Today the world copper production extremely in-
creased, for the last decade increasing of copper produc-
tion amount 30% and copper concentrate — 37%. The
world copper production reaches 16 mln. ton/year, 38%

from such amount products Chili, 7,7% — in USA. The
Ukraine has alittle part in world copper production and
main part is for recycling of scrape metal. So the present
work is actually for supplying of copper as a metal or
powder and other useful byproducts obtaining.

Results and discussions: The object of investiga-
tion was rich oxidized copper ore from Tanzania which is
a part of the Africa copper belt. Presented copper ore
consists of:

Table 1. — Copper ore composition from RFA analysis data

Component (in oxide form) Content% wt.
Na,0 1,64
MgO 0,4
ALO, 6,52
SiO, 33,7
PO, 0,37

50, 4,62
K,0 0,76
CaO 1,75
TiO, 0,05
Cr,O, 0,04
MnO 0,15
Fe O, 9,46
CuO 37,69
SrO 0,04
BaO 0,65

Itis obvious that such copper ore has a very high cop-
per content (up to 30% wt.). The content in most others
copper ores reaches only to 2-5% and contain copper in
a sulfide form. Such ores needs thermal treatment to ob-
tain copper oxide or metallic copper. The main idea of
such work was to obtain pure metallic copper without
thermal processes. We use diluted sulphuric acid to cop-
per leaching, in result we obtain copper sulphate elec-
trolyte. The metallic copper then can be extracted from
solution by constant current applying (electrolysis). Ob-
tained diluted solution can be used for copper powder
obtaining by cementation process [1].

For reach copper ore with copper in oxidized form
we use the next technological sequence:

1. Mechanical grinding.

2. Clay extraction.

3. Copper leaching by sulphuric acid solutions.

4. Ore rinsing
S. Ore drying
6. Copper electrodeposition
6.1 Compact copper electrodeposition
6.2 Powder copper electrodeposition
6.3 Copper cementation by iron stripes
The initial ore was grinding and separate the fraction
of 2-5 mm by sieving (the bigger lumps do not leach fully,
but the smaller decrease leaching velocity due to caking).
The next step was clay extraction, because clay is re-
tard acid copper extraction. The grinded ore mixed with
water and after some time water with main part of clay
was decanted. When all clay was separated to portion of
clay diluted sulfuric acid was added and copper traces
were analyzed by reaction with ammonijum hydroxide
solution or complexions titration by EDTA salt. There
are no traces of copper in clay residue were found.
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Acid copper leaching

For copper leaching we used concentrated and diluted
(1:1,20% wt.) sulphuric acid solutions. In all cases copper
are fully extracted from ore in a form of Cu’* ions butin a
case of concentrated leaching solution the significant part
of ferrous is also extracted in ion form into solution:

CuO + H,S0,»>CuSO, +H,0 (1)
CuCO, - Cu (OH)2 +2H,SO,~» 2)
2CuSO,+3H,0+CO, 1

CuCO, +H,SO,» CuSO,+H,0+CO, 1 (3)
The acid was added to ore by portions (0,1 | per
1 kilo of wet ore) after some time (20 min to 60 min) of
mixing solution was decant. The first portion of obtained
was saturated by copper sulphate. In decanted solution
some clay traces were found so obtained electrolyte was
filtered before electrolysis.
Ore rinsing
The ore after leaching contain copper sulphate and
sulphuric acid solutions. So such mixture was rinsed sev-
eral times by water to obtaining clear solution. Qualita-
tive analysis of copper presence was made by iron cemen-

Fig. 1 — Electrodes after electrolysis

After electrolysis obtained copper foil were striped
off rinsed by deionized water, dried and weight on ana-
lytical scale with accuracy of 10~ g (Fig. 2). By obtained
data current efficiency and residue copper concentra-
tion in solution.

Results were compared with analytical data. The ini-
tial current density was 1-3 A/dm?, due to copper con-
centration decreasing the current density also decreases
according to calculated copper concentration [2].

Electrodeposition of copper powder

When copper concentration reaches 8 g/1, the pow-
der copper were deposited. The current density was
3-15 A/dm? [3]. Electrolysis time was 10-40 min. The

tation probe. The stripe of 08 kp steel was immersed into
solution acidified to pH 2 by sulphuric acid. If there is no
copper deposited after 20 min. on steel due to cementa-
tion reaction we suppose that copper concentration is
small and can be neglected.

Compact copper electrodeposition

Depends of copper concentration it is advisable
obtain compact or powder copper. For compact cop-
per deposition we use solution with copper concen-
tration 10-60 g/1, for copper powder 1-7 g/I1. From
the waste waters with copper concentration smaller
then 0,5 g/l we extract copper powder by cementation
reaction [1].

For copper electrodeposition rectangular bathes
from polypropylene or polymethylacrylate were used
by volume 0.3-2 1. Kathodes were made from stainless
steel and non-soluble anodes from lead plates. The work-
ing surface of cathodes was 1,2-1,5 sq. dm. The cathode
edges were insulated against dendrites. Before electroly-
sis cathodes were cleaned and stay on air or in water for

passive film formation.

Fig. 2 — Copper cathode deposits after stripping off

range of copper concentration which allows obtaining
fine copper powder was 2-5 g/1.

For copper powder formation copper must deposits
at limiting current density. Experimental determination
of limiting current was made by cathodes curves of cop-
per deposition analysis (Fig. 3).

So limiting currents were 2,5; 1,5; 0,45 A/dm? for
copper concentration 60; 35 and 12 g/I respectively. Cal-
culated i, values have greater values and differences in-
crease with copper concentration increasing (Fig. 4).

On a basis of obtained results the next technologi-
cal scheme for complex copper ore conversion proposed

(Fig. S).
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Fig. 3 — Copper cathodic polarization curves in electrolyte with
copper ions concentrations (g/1): 1-60, 3-35, 3-12
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Fig. 4 — Experimental (1) and calculated (2) limiting current of copper deposition from copper ions concentration

After copper electrowinning the copper concentra-
tion in electrolyte decreased but concentration of sul-
phuric acid increased. So obtained weak electrolyte can
be reused for leaching the next portion of copper ore. In
such case sulphuric acid do not spend.

The main spending reagent in such case is electric
current. For electrowinning process of compact copper
current efficiency reaches 95-98%, for copper powder
55-65% end energy spending 2,5-3 and 3-S5 kW*h/kg
of copper respectively.

There is a lack of electricity in Tanzania but it is near to
equator and Solar activity there is almost constant during all
year. So we proposed to use solar panels as current sources.

The semi plant equipment was constructed
(1001 volume electrolyzer, with cathode surface 1,5 m?).

All equipment work from 3 solar panels (150 W) and has
productivity 0,2 kg of copper per hour.

Conclusions: The technological process of copper
leaching and sequential electrowinning proposed. The
technological regimes for compact and powder copper
obtaining proposed. Process is very simple and has closed
production cycle. In such case there is no environmental
pollution. The semi plant equipment for electrowinning
process constructed.

Acknowledgments: The author is grateful for finan-
cial support and specimens of Tanzanian ore JET Com-
pany, Kiev, Ukraine. Also author very thankful his col-
leagues Linucheva O.V,, Donchenko M. I, Redko R. M.
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participated in discussions.

133



Section 15. Chemistry
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Fig. 5 — The complex scheme for copper ore conversion
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Research of reaction of interaction n-phthalimide with acrylic acid

Abstract: Synthesis of new reactive monomers is carried out by interaction N-phthalimide with acrylic acid.
Influence of various factors is studied on their reaction: natures of catalyst and solvent. It is established that the most
effective solvent of process dimethyl formamide appeares. The structure of the synthesised connections is established
by methods of IR — NMR — of spectroscopy and their properties are defined.
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U3yyeHue peakumm B3aMmMopencTens
N-dbTanumupa c akpnnaoBom KUCNOTOMN

Annoranms: OcymecTBAGH CHHTe3 HOBBIX PEAKIJMOHHOCIIOCOOHBIX MOHOMEPOB ITyTeM B3aMMOAEHCTBIUS

N-¢rasnmMupa ¢ aKpHAOBOI KUCAOTOM. F3ydeHO BAMSAHME PasAUYHBIX pAaKTOPOB HA UX PEAKIIUIO: IIPHUPOABI KaTa-

AM3aTOpa M PACTBOPHUTEAS.. YCTAHOBAEHO, YTO HanboAee 3P PeKTUBHBIM PACTBOPUTEAEM IIPOLIECCA OKA3AACS AMIMe-

TUAPOPMaAMUA. YCTaHOBAGHA CTPYKTYpa CHHTE3MPOBAaHHbIX coepuHeHui MeTopamu VK-, IMP- ciexTpockomun

1 OIIPEAEAEHBI UX CBOMCTBA.

KaroueBble cAOBa: CHHTE3, PEaKIJHOHHOCIIOCOOHDIN, N-$pTaAnMuA, aKpHAOBASI KHCAOTA, KATAAM3ATOP, AUMETHA-

$opmamua.

B nacrosmee Bpema npoussopHbie N-pTasuMHAOB
IIPUBAEKAM BHHMMAHHE HCCAeAOBaTeAell BO MHOTHUX
CTpaHax. JTO BbI3BAHO UX HEOOBIYHOIN MOAEKYASPHOM
CTPYKTYpOI1 1 IINPOKUM CIIEKTPOM 0OAACTH IIpUMeHe-
HYA. N-BUHHAQTAAMMEA U €TI0 IPOU3BOAHDIE SABASIOTCS
COEAMHEHHUSIMH OOABIIOrO CHHTETHYECKOTO MOTEHIHA-
AQ, OHU HAaXOAAT ITMPOKOe ITPAKTHIeCKoe IpHMeHeHHe
BO MHOTHX 00AACTSIX HAYKH U TeXHUKH. OHHU HCIIOAB3YIOT-
Cs1 B KayecTBe (pU3MOAOTHIECKH U OHOAOTNYeCKU-AKTHB-
HBIX BEIIeCTB, 3aMEAAUTEAS ITPEXAEBPEMEeHHOM ByAKa-
HU3AIIMHU Pe3HHOBDIX U3ACAUI, B IPOU3BOACTBE MeMOpaH
U T. A. Peak1jHoHHOCIIOCOOHOCTD aTOMa BOAOPOAQ ITO3BO-
ASIeT ITOAYYATh Pa3AUYHbIE TPOu3BoAHbBIE N-pTasumupa.
PaccMOTpHM HEKOTOPbIe 0COOEHHOCTH MOAYYEHHS ITHX
coepuHeHMiL. Bo dTasnmMuae aToM BOAOPOAA AOCTATOYHO
IIOABIDKEH U A€TKO MOXXET OBITh 3aMelljeH.

BsanmopericTBeMHykA€OPHUABHOTO peareHTa PTasu-
MHAQ C SIIUXAOPTMAPHHOM CHHTE3UPOBAaHO COOTBETCTBY-
tomee npoussopHoe 1-N-pTasnMupA0-3-XxAopIponaHoA-2
[ 1,8-11 ] . YCTaHOBAEHO, 4TO IIOA AeFICTBHEM QTAaAMMUAR
PaCKpbITHE OKCHUAHOTO KOABI]A IIPOMCXOAMT IO TIPABUAY
Kpacycxkoro, T.e. THAPOKCHABHASI IpyIa obpasyercs
y HalMeHee IMAPOTeHH3MPOBAHHOTO aTOMa YTAEPOAQ.

Apyrumu aBropamu cunTe3npoBaH N- (uKkaorex-
CHATHO)PTAAUMHUpA B3AaHMOAENCTBHEM IIMKAOTEKCHA-
CyAbEHUAXAOPHAA C PTAAMMHAOM B IIPUCYTCTBHU BOADI,
meaoun [2].

Haupapr pocdhopa u asreHOATH! ¢ PTAANMHUAHBIM
$parMeHTOM SBASIOTCS II€HHBIMU CHHTETHYeCKMMH
MHTePMeAMaTaMHU B CHHTE3€ TPYAHOAOCTYIHBIX IIPOM3-
BOAHBIX ITUPPOAUSHAMH, HHAOAUSMAMHAMOHA, IIUKAO-
OyTaHa, MMPa3oAa, MHOTHE U3 KOTOPBIX 0OAAAAIOT BBI-

COKOM (papMAKOAOTHYECKON aKTUBHOCTDBIO. ABTOpPaMH
paspaboTaH Crocob IMOAyYeHUSI COEAMHEHHI C IIUPPO-
AOM30UHAOAAMOHOBOM 1 HU30MHAOAOXHHOAMHAMOHOBOM
CTPYKTYpPaMU BHY TPUMOAEKYASIPHOM IIMKAM3aIed pra-
AUMHACOAEPIKAIIMX KeTOCTAOUAM3UPOBAHHBIX HAHAOB
docopa [3,316].

ITeAbt0 AQHHOM PabOTHI SIBASAOCH HCCAGAOBAHHE
npoiiecca B3auMoAeHcTBUs N-PTaAMMHIAA C aKPHAOBOM
KHCAOTOM U OIIpeAeAeHHe CTPYKTYPbl HOAY9eHHBIX ITPO-
AYKTOB.

O6cyskAeHHe IIOAYYeHHbIX Pe3yABTATOB

OKCIepIMEHTAABHO OOHAPYKEHO, YTO TIPH B3aUMO-
AetictBuu N-PTaANMUAQ C AKPHAOBOI KHCAOTOM B OObIY-
HBIX YCAOBHUSIX IAPAAAEABHO TPOTEKAIOT ABE PeaKIUU
U IIPH 9TOM OOPa3yIOTCs IPEACAbHBIE M HEIPEAEAb-
Hble COEAMHEHHS, T. e. 3-prasumup-3-oH-iponen-1 (1)
1 N-$pTasumua-mponanosas kucaota (2), cTpykrypy
KOTOPBIX, MOXKHO ITPEACTABUTb CACAYIOIe CXeMOM:

MsyyeHo BAMAHME pa3AMYHBIX GAKTOPOB HA IPO-
I1ecC: MPUPOABI KaTaAM3aTOPA, PACTBOPUTEAS U COOTHO-
INEeHHUS HICXOAHDIX peareHToB.

Peaxrusa sTepudukanuy mposeaeHa B anmapare Au-
Ha-CTapTa, C I]eAbI0 TPEAOTBPAIeHHs 0O PATHMOCTH pe-
AKI[UH, BRIACASIIONIYIOCS BOAY YAQASAU U3 PEAKIIMOHHOM
cucrembl. Peakyus ocymecTBasiaach B Macce (6e3 pac-
TBOPHTeAsI) B IPUCYTCTBUM Karaausaropa H, SO, mpu
remneparype 80-100°C B reuenue 1-3 gacoB. Ouncrky
CHHTe3UPOBAHHbIX IPOAYKTOB PeaKI[uH IIPOBOAMAU Me-
TOAOM NepeKkpucTassn3anyy. CHHTe3UpOBaHHBIMN IIPO-
AYKT TIpeacTaBAsieT coboil Geaoe MOPOIIKOOOpasHOe
BemecTBO 6e3 3amaxa. Bemxop 52%, T =171-176°C;
d**=1,2500. ITpoBeaeHa TOHKOCAOMHASI XpOMATOrpadst
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B cucreMe 6eH30A: anjeToH 1:3; Rf:0,73. HccaepoBanne
CTPYKTYpPbl CHHTE3UPOBAHHOTO IIPOAYKTA ITOKAa3bIBAET,

NH+ CH—CH—COOH—»

o—0x

4TO B peaKI[UH 00Pa3yeTCcsi TOABKO IIPOAYKT (2),a0cTaas-
Hoe 48% He BCTYNUBLINIA B peakijuio N-PTaAuMuA.

1
c O
N
o ™ N—C—CH=CH, ()
i
0

(0]

c
L . C{ “N-CH,— CH,—COOH (2)
/
ﬁ
o

Hatipeno,%: C-64,8; H-3,6; N-9,7; Beruncaeno,%: C-65%; H-3,5%; N-9,5

Aanee peaknuio atepudukanuu  N-Prasummupa
C AKpUAOBOM KMCAOTOM IIPOBOAUAM B IIPUCYTCTBUH Pac-
TBOPHTEAS, B KA9eCTBE KOTOPOTO HaMH H30OpaHbl 6eH30A
1 AM®A. AAst AAHHOTO B3aHMOAEHCTBHS B OeH30A€ IIPH-
MEHSIAU YCAOBUS, aHAAOTHYHBIE B IIPEABIAYIIIEH peaKIlnu,
HO 6e3 karaauzaTopa. OYHCTKY IPOAYKTOB PeaKI[HH [IPO-
BOAMAACh METOAOM aTMOC(EPHOI MeperoHKH, CTpyKTy-
pa uccaepoBana MK-crexrpockonueit. Cpasaenne MK-
CIEeKTPOB MCXOAHOIO U CHHTE3HPOBAHHOIO IIPOAYKTA
IIOKA3bIBAaeT MX CXOACTBA, T. €. CIIEKTP IPOAYKTA aHAAO-
rudeH co crnekTpoM N-PTaAuMHAQ, 9TO B CpeAe 6eH30Aa
OBIA TOAYYEH OTPHULIATEABHBIH pe3yAbraT. [loaToMy peak-
ITHIO IIPOBOAMAM B cpeae AnMeTuAGopmamupa mpu 80°C
B Teuenue 1,5-3,0 gaca. ITocae oTronku pactsoputess
B BaKyyMe, TIOAyYEeHHBbIH IPOAYKT BbIITAAAET B OCAAOK.
ITocae mepexpHCTAAAM3AIIUY U3 STHAOBOTO CITHPTA OBIA
IIOAy4YeH AHAAUTHYECKH YHUCTBIM IIPOAYKT C BBIXOAOM
73-75%. IloAydeHHDBIE Pe3yAbTATBI IIOKA3bIBAIOT, YTO
OCHOBHBIM (aKTOPOM, BAUSIOIIUM Ha CKOPOCTb IIPOTe-
KaHM peaKLuH 3TepuPUKAIIH, ABASETCS TOABIKHOCTD
IIPOTOHA y aToMa a3oTa N-PpTaauMupa B cpeae MoAsip-
Horo pactBopuTeas. Tax, peakus B cpeae AM®A npo-
TeKaAa B 60Aee MSITKHUX YCAOBHSIX (80 °C) Bbxop mpo-
AYKTOB 9TepHUPMKALUU OKA3aACS 3HAUUTEABHO BbIIIE
(73-75%). V3 mpuBeAeHHbIX peakiiuii TOAbKO KOMOHHa-
s N-$pTasnmus, — akpraoBasi kucaota B cpeae AMOA
npu 80 °C mo3BoAMAA TIOAYYHTH LeAeBOl poaykT (1)
C AOCTaTOYHO BBICOKMM BBIXOAOM.

CocraB u cTpOeHMe CHHTe3UPOBAHHBIX COEANHEHHIH
(1) upeHTHUIHpOBarach mo AanusiM MK, SIMP' H
CIIEKTPOCKOIHE, a TAKXKe 3IAeMeHTHbIM aHaAu3oM. Haii-
aeHo,%: C 64,8; H 3,6; N 9,7; seraricaeno,%: C 65,0; H
3,56; N 9,67.

B UK-crexTpe cuHTe3uposanHbix Bemects (1) or-
CYTCTBYIOT ITOAOCHI oraomjenuss NH-rpyrmmst B obaactu

3200-3500 cM!, XapaKTepHBIX AASL ICXOAHBIX BTOPUY-
HbIX aMrHOB. HabAr0AQeTCsI CHABHOE IIOTAOLIEHYE TIPH
1752-1774 cm’! oTHOCAMeecs k BAAGHTHBIM KoAebaHUAM
KapOOHUABHOM IPYIIITe IMHAHOTO KOABLIO. Takoke Haiipe-
Ha [TOAOCa BaAeHTHBIX KoaeOanuit C=0 mpu 1728 cm’!,
XapaKTepHasi AAS KeTOHHOU rpyIisL. BaaeHTHBIE KOAEOa-
Hust pu 1604 cM™! COOTBETCTBYIOT XapaKTEPHUCTHIECKOM
gacrore noraomeHui - C=C- ABoitHOM cBs131; IpH 1288—
1387 cm' HabAIOAQIOTCS A6POPMALIMOHHBIE KOACOAHUS
>C-H- casu npu =CH, rpynm; xapakTepucTuyeckue
KOA€OAHUST KOHACHCHPOBAHHON CHCTeMBI (pTAAUMHUAA
HabatopatoTcs B obaactu 1468 e u 817-793 em! Tlo-
Aoca TorAoeHue B obaactu 746—715 cooTBeTCTBYIOT
CTPOEHHIO ApOMAaTHUYECKOTO KOABIJA.

B SIMP cniekrpe nipoayxta (1) o6HapyxeHbl peso-
HaHCHBbIE CUTHAABI: CUTHAABI B ob6AaacTu 7,68-7,75 M.A
orHocarcsa k H -H, nporonam 6EH30ABHOIO KOABIIA, CHT-
HaA 7,47 M.A OTHOCUTCS K IPOTOHOM C2 H3 6eH30ABHOTO
sIApa, KBapTeT B obAaactu 7,39-7,45 OTHOCHTCS K IIpO-
toHy >CH- npu BunuasHoM rpymie. Curaaa B 006AacTu
5,8-6,5 M.A OTHOCHTCS K IPOTOHY METHACHOBOM I'PYTIIIbI
-CH,-mipu BuHMABHOI TpyTITIE.

IIpoBepeHO TepMOAaHAAMTHYECKOE HMCCACAOBAHHE
cunTesupoBanHoro coepunenus (1) (puc.).

13 tepmorpammsr TT-ACK BuaHO, 4TO 0bpaser;
He ITpeTepIeBaeT HUKAKuX u3MeHeHu# A0 200° C, mocae
9Yero HaYMHAETCs MPOLIeCC IAABACHUS, COBMEIeHHbIN
c poteccoM pazaoenus u Bosronku (Ha ACK-kpusoit
BupeH aHpoTepMudeckuii iuk T =237,6° C), moraomae-
Masi 9HepTHUs BMeCTe C 9Hepryel aKTUBALUU COCTABASIET
-546,1 J/g. IIponecc pasAosKkeHHs KOMIIAEKCA IIPOHC-
XOAUT B AOBOABHO Y3KOM TeMIIEPATyPHOM AHAIla30He
200-250° C c BoIAeACHHEM ACTYYHX BeIJeCTB (NH3, COZ,
HZO) — AQHHOMY ITPOIIeCCY COOTBETCTBYET IIOTeps Mac-
cpt 91,90%. OcraBinecs 4% Macchl HCXOAHOM HaBECKH
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B TemrnieparypHoM nHTepBaAe 280-300° C moasepraroTcst
AaAbHelImeMy pasaoxeHH0. CyMMapHasi HOTepsl MacChI
HCXOAHOM HaBecKH cocTaBasieT 95,20%. Takum o6pasom,
IPeACTaBACHHBIN Ha AHAAM3 KOMITAEKC SIBASIETCSI BBICOKO-

KPUCTAAAUIHBIM, OAHOPOAHBIM, 0€3 IpUMeCH HCXOAHBIX
BelleCTB, TepMudecku cTabuabHbM A0 200 ° C 1 nipu Tep-
MUY€CKOM BO3AEHCTBUM IMPAKTUIECKU ITOAHOCTDIO Pa3-
AaraeTcs A0 AeTYYUX KOMIIOHEHTOB.

TG M% DSC AmWing)
Area” 546.1 Jig Tex
100 | Lo
- ]
m_
80 - 05
70
60 (\1 Mass Change: -91.90 % W a0 0
m_
\ L 15
40_
m_
L 20
20_
Peak 237.6°C
10 1 m
| . Ml 25
50 100 150 200 250 300 350 400
Temperatre 7C

Puc. 1. — TepmoaHanuTtn4eCckuin CnekTp CUHTE3NPOBAHHOIO coeamnHeHns (1).

IKCnepuMeHTaAbHAs 9aCTh

Cuntes npoaykros (1) n (2) BsammopeiicTBus
N-¢Tasumupa ¢ aKpUAOBOM KUCAOTOM. B Tpexropayio
KOAOY, CHA6)KeHHOI MEIIIAAKOH, TEpPMOMETPOM U HACAA-
xoit Auna-Crapka, nomemarT N-pTaruMHAQ, CBeXe Ie-
persanHoro pumeTnapopmamuaa. [Ipu nepemenisanyu
IIPUKAIbIBAIOT PACTBOP AKPHUAOBOM KMCAOTBI C TUAPO-
xuHOHOM (~0,5%). ITocae OKOHYAHHS PHKAIIbIBAHH
AKPHAOBOM KHCAOTbI PEAaKIJMOHHYIO CMeCh IlepeMelIrBa-
1ot ripu Temneparype 80 °C B reyenue 3 yaca. 3aTeM pac-
TBOPHUTEAb — AMMETUAPOPMAMUA OTTOHSIOT B BAKyyMe
BOAOCTpYy#tHOro Hacoca. ITocae aTroro u3 o6pasyromiero
PEaKI[OHHOIO PAaCTBOPA BBIITAAAET OEABI 0CAAOK, €ro
¢uAbTpyIOT BOpOHKO# broxHepa u cymar npu KOMHat-
HOIt Temneparype. CunresuposanHoe coepunenre (1)
OYHMINAAACDH TTePEKPUCTAAAMBAIIMEN U3 9TAHOAQ, TIOAYYa-
10T OecIjBeTHbIE KPHCTAAABL, BbIX0A 75%. ITocae Beipeae-
HHs1 6@AOTO 0CAAKA PEaKIIMOHHBIN PACTBOP BBIAMBAIOT
B AUCTUAAMPOBAHHYIO BOAY, BBIIABIINIT OEABIN 0CAAOK
(2) OT$UABTPOBBIBAIOT, IPOMBIBAIOT BOAOY ¥ BBICYIIMBA-
10T. IToay4aror mopomox 6eAoro ysera — IpoAyKT (2),
KOTOpBI Xopomo pactsopum B AM®A, Anokcane, ero
BBIXOA cocTaBaseT 20%.

TepMoaHAANTHYECKHIT AHAAM3 BBITOAHEH Ha IIpubope
Netzsch Simultaneous Analyzer STA 409 PG, ¢ repmora-
poit K-tuna (Low RG Silver) 1 aAtoMuHEEBbIMY THIASIMY.
Hasecxka nccaepayeMoro BemecTsa B KOAHYECTBE 4 MT KC-
CAGAOBAAH B TeMIIepaTypHoM AuarasoHe 20-450°C. Bee
M3MepeHNUs OBIAM TPOBEACHBI B MHEPTHOM a30THOM ar-
Mocdepe co CKOPOCTHIO ToToKa azora SO Ma/MuH. Tem-
TiepaTypHBIH AMana3oH u3Mepenuii coctabasia 20-470 °C,
ckopoctp HarpeBa — S K/mun. Koandecrso obpasira
Ha opHoro usmepenus 10,8 mr. MismepureapHas cucrema
KaAn6pOBaAach CTaHAAPTHBIM Habopom Bemects KNO,
In, Bi, Sn, Zn, CsCl. DAeMeHTHBIIT aHAAU3 HA COAEPIKaHHE
YTAEPOAQ, BOAOPOAQ, a30Ta IIPOBOAMAU Ha aBTOMATHYe-
ckom CHN-anaauzarope ¢pupmsr Carlo Erba.

WK-crieKTpbl HCXOAHBIX M CHHT@3UPOBAHHBIX IIPO-
AYKTOB Ha OocHOBe N-QTaAMMHAQ C aKPHAOBOM KHC-
sorort cammasum Ha MK-Oyppe cnekrpodporomerpe
«SISTEM-200> na naacrunkax KBr. IMP-cnexTpsr
3armmceiBaarch Ha mpubopax UNITY 400 pupmer Varian.

YucToTy CHHTE3MpOBAaHHBIX COEAMHEHHUH KOHTPO-
AUPOBAAM METOAOM TOHKOCAOMHOHM XpoMaTorpapuu
Ha raactuHkax Silufol: aaroeHT-6eH30A-a11e TOH, IPOSIB-
AeHHE — TTapaMH HOAQ.
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Pyrolysis products angren coal of uzbekistan and
the possibilities of their use for wastewater treatment

Abstract: In the research, by the thermal pyrolysis of coal Angren Uzbekistan marked as 2BPK (lignite, stove,
large) without air access within temperatures of 500-600°C there obtained hydrophobic carbon adsorbent with
wetting angle a>900 and porosity of 30% and an absorbing fuel (oil product) to 24%. The obtained product of the
pyrolysis of coal — a hydrophobic carbon adsorbent is recommended for purifying wastewater from oil. It was found
that in the wastewater treatment of Mubarek Gas Processing Plant of the Republic of Uzbekistan with hydrophobic

carbon adsorbent degree of purification of the water from the oil and gas processing products is 96.0-97.0%. Defined
exit gases during pyrolysis of coal, which is §7 m*/t with content of CO,-78.0%; CO — 12.0%; H,-4.0%; CH,-3.0%
and calorific value of 4300 kcal/Nm®. The obtained gas is recommended to be used as a domestic fuel.

Keywords: Angren coal, industrial wastewater, purification, pyrolysis, carbon adsorbent, gas, calorific value.

Introduction. In recent decades, over the world
there have been noted the intensive growth of man-
made chemical pollution of water bodies used by the
public. The development of the chemical and oil and
gas industries, chemicals in agriculture, the widespread
use of new drugs in the home and at work drastically
exacerbated the issue of prevention of getting elevated

concentrations of unwanted organic and inorganic
contaminants in the human body with water. The main
source of water pollution are industrial enterprises, and
especially the chemical industry, oil and gas processing
enterprises industry, production of new synthetic
materials, pesticides, detergents, heat treatment plants
for solid and liquid fuels. Their discharges of untreated

138



Pyrolysis products angren coal of uzbekistan and the possibilities of their use for wastewater treatment

or poorly treated sewage can pose a significant threat to
public health [1-2].

Wastewater of oil and gas processing industry,
released into ponds contain various dissolved inorganic
substances and products that degrade water quality
(contamination and salinity of water bodies), and having
a negative impact on flora and fauna of water reservoirs.
The content of impurities exceeds the norms of maximum
permissible concentration (MPC). Therefore, treatment
of industrial wastewater using adsorbents is one of the
most effective methods of treatment, which allows for
deep cleaning of water [3-4].

In connection with the above stated, the preparation
of new carbon adsorbents based on Angren brown coal
by pyrolysis of coal and the use of obtained pyrolysis
products in industry and everyday life has great scientific
and practical interest and it is very relevant.

Objects and methods of research. Previous [5-9]
we have obtained a number of carbon adsorbents on the
basis of brown and stone-coal of the Republic of Uzbeki-
stan for the treatment of industrial wastewater of metal-
lurgical and chemical industries. In continuation of these
studies, the aim of this work is to obtain new carbon ad-
sorbents by pyrolysis based on Angren brown coal for
purifying and softening industrial sewage of oil-gas pro-
cessing enterprises. In the work as a research object was
used Angren brown coal of Uzbekistan marked as 2BPK
with ash content of 12.7%. It is known that the Angren
brown coal differs from stone-coal in physical and chemi-
cal properties. They contain reactive acidic (carboxyl and
hydroxyl, phenolic) groups. To increase the adsorption
capacity of coal, we used the method of pyrolysis at tem-
perature 500-600°C without air for 30 minutes [ 10-12].
It is established that during the heat treatment of coal
there derived hydrophobic (contact angle with a = 990),
highly porous (pore volume 30%) adsorbents with ca-
pacity of 25% to benzine and with specific surface area
of 150 m?/g, suitable for the purification of wastewater
from oil products.

We used the set of physical and colloid-chemical
methods of investigation such as adsorption, analysis and
so on and the object of study for the purifying and soften-
ing — industrial wastewater of Mubarek gas processing
plant in Uzbekistan. The amount of oil products in the
water was determined by the method that was developed
by the State Specialized Inspection of Analytical Control
(SSIAC), approved by the State Committee for Nature
Protection of the Republic of Uzbekistan.

Results and discussion. For purifying wastewater
from oil products in the work [9] there was proposed

using thermally processed (about 500 °C) Shargun
stone-coal as the adsorbent. In this connection, there is
a great interest to investigate the possibility of using
adsorbents based on Angren brown coal for treatment
of sewage of oil processing [6,7,13]. It should be noted
that for adsorption of oil from the surface of wastewater,
it is necessary that the adsorbent should possess high
porosity and hydrophobic properties, i. e. adsorbent sur-
face should be well wetted by oil products and not to be
moistened with water.

Angren coal — hydrophilic, well moistened with wa-
ter, due to the presence oxygen-containing groups in it.
Therefore, the original coal can not be directly used for
the purification of wastewater from oil products. The
coal must be given hydrophobic properties, for example,
by its pyrolysis without air access. During the pyrolysis
process existing coal carboxyl and hydroxyl groups in the
coal are decomposed, which leads to hydrophobisation
of its organic mass. Therefore, we studied the effect of
pyrolysis temperature on the physicochemical properties
of the Angren coal. For the study was taken Angren coal
with a moisture content of 15% and an ash content of
12.7%, with a volatile content of 35%. Deselected pulver-
ized coal size 2—-5 mm was subjected to heat treatment
without access of air at temperatures of from 300 °C to
800 °C in a laboratory (Figure 1.) consisting of a verti-
cal furnace (1) with electric heating, the reactor (2), a
thermocouple (3) with a millivoltmeter (4), a glass tube
(5) which diverts gases and liquid products from the re-
actor, gas collector (7), a glass flask of Wurtz (6) cooled
with ice (8) for collecting the resin and pyrogenetic wa-
ter, measuring device (9) for measuring the gas outlet
and the gas analyzer VTI-2 (10) for gas analysis.

The experiments were carried out as follows. A
charge of air-dried sample at S0 g poured into the
reactor, which is a cylindrically shaped container made of
refractory material closed at one end. The sample in the
reactor was heated to a predetermined temperature and
held for about 30 minutes (until the evolution of gases
from the reactor). The gases collected in the gas collector,
and the resin and pyrogenic water trapped in the glass
flask of «Wurtz>», which from the outside was cooled
with ice. The gases were analyzed on the device VTI-2
consecutive absorption in the vessels filled with difterent
solvents: CO, was absorbed by KOH, O, — by the
solution of pyrogallol, CO — by ammonia solution
Cu,Cl, On CuO at 300-350°C degree there burned CO
and H,, at a temperature 850-900°C methane and its
homologs, formed during combustion of CO, H, and
CH, were determined with adsorption method [2; 3;
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5]. The solid decarbonized products released during the
heat treatment of Angren coal and gas is subjected to

further research and testing to determine the possibility

of their practical use.

Fig. 1. Laboratory installation for thermal treatment of Angren coal without air access

1. Electric furnace 2. Thermocouple 3. Reactor 4. Milli-voltmeter S. The outlet pipe for gas and liquid products 6.
glass flask of Wurtz 7. Gas collector 8. Ice for cooling 9. Measuring tank for measuring gas 10. Gas analyzer VTT — 2.

The solid decarbonized product was studied in order
to use it as a carbon adsorbent for the purification of
wastewater from oil products. Adsorption of oil products
on a firm surface of coal complicated by the presence
of water, molecules that can also be adsorbed on the
surface of the adsorbent and therefore be a competitor
of molecules of adsorbent.

The intensity of interaction between the molecules is
determined by the phenomenon of wetting, which is a
prerequisite for the adsorption [14]. A natural measure
of wetting is the contact angle or angle of wetting. To
measure the contact angle formed by water on a solid

surface it is applied a small drop of water, it designs
side image of the drop on the screen. Then the screen
outline contour drops sitting on a solid surface and
through the point at which all three phases in contact,
tangent to the contour of the drop, the angle of inclination
of which determines the angle of contact.

Then on the screen there delineated the contour
of the drop sitting on a solid surface and through the
point at which all three phases in contact, tangent to the
contour of the drop, the angle of inclination of which
determines the angle of contact. On Fig. 2 Here is shown
droplets forming on the solid surface.

Fig. 2. Various cases of incomplete wetting: a) a < 90°; b) a =90"; ¢) a > 90"

On the surface, the acute angle of contact (a <900),
the contact angle equal to 900 and a blunt edge angle
(a> 900). Full wetting is not, then there is the case
where the contact angle is equal to 1800, almost never

observed as there is always attractive force between the
liquid and the solid. Following values: contact angle
formed by water at the surface of different solids in air
[14]:

Surface Quartz MalaShite

Galena Graphite Talc Wax

Angle of wetting, o 0° 17°

47° 60° 69° 106°

Wetting is a process in which in a system of three
adjacent phases there decreases the free energy. When
spreading liquid around the solid surface it is replaced
with a high surface tension at the surface with a smaller
surface tension. As wetting accompanied by a decrease of
the surface energy, it is always accompanied by heat. The
heat of wetting of the surface of 1 sm? typically ranges

from 107 to 107 cal. If it is impossible to determine the
contact angle, for example when wetting liquid powders,
the heat of wetting can serve to characterize the ability of
liquid to wet the surface of the solid [10].

About the liquid which wets the surface better,
it is said that it has greater selectivity with respect to
the wetting of the surface. If the surface is selectively
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wetted with water, the contact angle a <900, the
surface is called the hydrophilic. If the body is
better wetted by a non-polar hydrocarbon, ie water
a> 900, the surface is referred to as hydrophobic.
The substances with a hydrophobic surface are all
hydrocarbons — oil products. When contact angle
a = 900 there will be an intermediate case, and there

will be no selective wetting. From the above, in solid
decarbonized residues obtained by heat treatment of
coal Angren at 300, 400, 500, 550, 600, 700, and 800°C
on alaboratory setting there was measured the contact
angle of wetting. Below there presented are the results
of determining the contact angle of the heat-treated
samples of Angren coal:

Temperature of heat treating,°C 300

400 500 50 600 700 800

YroA cMauMBaHMS, o 70°

0° 97° 99° 98° 70° 60°

The initial sample of Angren coal is well wettable due
to its hydrophilic properties of its high content in the
organic part of its molecules polar carboxyl, hydroxyl,
and other groups. The latest ones during the heat
treatment, as the temperature rises, leave as CO, and CO,
the obtained decarbonized product will get hydrophobic
properties and the wetting angle will increase reashing
a maximum value at 500-600 °C. A further increase in
temperature of the pyrolysis results aromatization and
graphitization of the decarbonized product, to decrease
of the contact angle (see above). And so, with increasing
treatment temperature of Angren coal the angle of
wetting increases and reaches a maximum value (a = 99°)
during heat treatment — 550 °C. Further increase in
the treatment temperature (up to 800 °C) reduces the
wetting angle (a = 60°).

Therefore, the optimum temperature of pyrolysising
Angren coalis 500-600 °C at which the angle of contact is
the largest (a> 97-990), and accordingly, it to turns
hydrophobic decarbonized residue — carbon adsorbent.
To establish its capacity to petroleum products, it is
necessary to determine its porosity.

The porosity of the adsorbent obtained from Angren
coal was determined by acetone in accordance with state
standart 6217-52. [14]. For comparison, there also
determined the porosity of the heat-treated Shargun
coal at 500 °C. In parallel with the study of porosities

of adsorbents there was determined their capacity
to benzine. The studies found that if the porosity and
capacity of adsorbents, which are derived from coal
Shargun, to benzine respectively equal to 12 and 9%,
these characteristics of adsorbents Angren coal is 30 and
24%, it’s almost 2.5 times higher.

Thus the obtained carbon adsorbent based
on pyrolysis (at S50°C) Angren coal, during its
use in treatment processes wastewaters from oil
processing industries shows 2.5 times more effectiveness
compared to Shargun coal and certainly it can be
recommended for use in industry.

The analysis of the initial industrial wastewater
of Mubarek gas processing plant revealed that the oil
content in the initial water was 14.6 mg/1. Table 1 shows
the experimental data to determine the oil content in
the process of adsorption treatment of wastewaters of
Mubarek gas processing plant using a carbon adsorbent.
It should be noted that for the purification there were
used adsorbents amount of from 1.0 g to 6.0 g per 1 liter
of purified water. From the data of Table 1 it is clear
that if the oil content of the original waste water is
14.6 mg/l, it is enough to use carbon adsorbent up to
S g/l in the adsorption treatment, because at such a
concentration of the adsorbent water becomes almost
pure (oil content 0.43 mg/1), meets the standards of
MPC.

Table 1. — The content of residual amount* of oil products in adsorption treatment process
of wastewater of Mubarek Gas Processing Plant using a carbon adsorbent

Amount of used adsorbents, g/1 The content of residual amount of oil products in the waste water, mg/1
1 0,91
2 0,85
3 0,69
4 0,58
S 0,43
6 0,41

*content of oil products in the original sewage 14,6 mg/1

For purifying the industrial wastewater of Mubarek
Gas Processing Plant from oil products and inorganic

mineral impurities we also tested the carbon adsorbent
obtained by pyrolysis of coal at 550 °C and by composite
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carbon adsorbent obtained by the addition of the carbon
calcium hydroxide [7]. The results are shown in Table.
2. From the data it is clear that in the purification of
waste water with carbon adsorbents, the degree of its
purification from both oil-gases processing products
and inorganic mineral impurities meet the standards

of MPC. Oil products are mainly adsorbed on the
heat-treated carbon adsorbent (to 96.0-97.0%), and in
the composite carbon adsorbent there are adsorbed
remaining small amount of oil products (about 3.0-
4.0%) and cations dissolved inorganic contaminants
from water hardness reduction of up to 0.5 mg/1.

Table 2. — The results of treatment of wastewaters of Mubarek Gas Processing Plant from
oil and gas processing and inorganic mineral impurities using carbon adsorbents

Content of the initial | After purification using heat- | After purification using
Name of .
Ne pollution types sewage of the plant, treated carbon adsorbent, composite carbon adsor-
mg/1 mg/1 bent, mg/1
11 Oil products 14,6 0,43 0,03
22 Potassium 3,2 2,8 1,0
33 Sodium 24,0 18,6 10,3
44 Calcium 40,8 35,8 18,4
58 Magnesium 22,7 20,6 5,1
66 Chloride 53,2 52,0 8,4
77 Sulfates 129,8 127,0 32,0
88 pH 7.9 8,0 8,0
99 Solids 512,0 470,6 178,6
110 Total hardness, 89 8.4 05
mg.eq./1

Thus, the above set of studies on the development
of technology for production of new high-carbon adsor-
bents based on local Angren coal by pyrolysis of their
allowed that in the purification of industrial waste water
Mubarek Gas Processing Plant carbon adsorbent, the de-
gree of cleaning and softening up to the ceiling standards.
It should be noted that when using a heat-activated car-
bon adsorbent purification rate of oil and gas processing
products purified almost to 96.0-97.0%, that is, if the
source water, these products were 14.6 mg/l, after ad-
sorption treatment values of these products was reduced
to 0.43 mg/1. It should be noted that in this case the oil
and gas processing products are available on the surface
of the waste water is almost completely adsorbed ther-
mally activated carbon adsorbent. The composite carbon
adsorbent adsorbs mainly products of inorganic min-
eral matter and wherein the water in the exact content
of calcium, magnesium, chlorates, sulfates, nitrates, and
the dry residue is reduced by 4-$ times, and the hard-
ness values are also reduced from 8.9 mg.ekv./1to 0.5 mg.
ekv./1, besides carbon composite adsorbent and adsorbs
the remaining quantity of oil and gas processing products
(approximately 3-4%, which is 0.43 mg/1), which are in
dissolved form in the volume of waste water

It should also be noted that during the pyrolysis of
coal at 550 °C Angren release gases, which can not be
released into the atmosphere and zagazovyvat environ-
ment. It is necessary to dispose of them for practical use.

These studies established that the overall yield of the
gases of about 57 m*/t, and the percentage of CO,, CO,
CH, and H,, respectively, are 78, 12, 4 and 3%. The calo-
rific value of gas is low due to the high content of CO,

Combustible gases, such as natural and passing, coke
gases, refinery gases, gases of generators etc., in most
cases gas must be purified from CO,, SO, and other
contaminants. In most cases gas is cleaned from carbon
monoxide and nitrogen oxides. On a large scale in the in-
dustry to clean emissions from CO, [15]. If the gas, pro-
duced during the pyrolysis of Angren coal, is cleaned of
CO, by one of the existing industrial methods, the caloric
content can be increased up to 4300 kcal/Nm* Industrial
methods for treating gas by CO,, described in the litera-
ture are based on a chemical raw material (ethanolamine,
potassium carbonate (KZCO3), NaOH, etc.) instead of
them there can be used quicklime, milk of lime at 10%
concentration. For 1 m? purification of quicklime gas it’s
required 2.0 kg burnt lime or 110 kg for cleaning 57 m*
gas produced during the pyrolysis of 1 t Angren coal. The
calculation is based on the reaction: CO, + Ca (OH), »
CaCO, +H, 0.

In literatures, there are widely covered industrial ad-
sorption units for gas purification from impurities. In prac-
tice, one can use these materials when selecting plants for
gas purification from CO, [15] using lime milk.

After purification by CO, gas with lime milk, the
gas outlet is reduced up to 12.5 m?/t, and the percent-
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age of CO, H, and CH,, respectively, is increased to 58,
20 and 23%, resulting in a gas with a calorific value of
4300 kcal/Nm* This gas can be used for both domestic
use and for chemical synthesis.

On the basis of experimental data developed tech-
nological scheme of pyrolysis Angren coal without air at
550 °C. From 1 ton of Angren coal taken in the dry air,
itis possible to receive about 57 m? of gas, or 12.5 m’ pu-
rified from CO, and 750 kg — decarbonized material —
hydrophobic carbon adsorbent. To clear the 57 m* of gas
from the CO, it is required 110 kg of quicklime.

As aresult of the pyrolysis of Angren coal and puri-
fication of gases there revealed the following character-
istics of the obtained product:

1. Gas output — 57 m*/t, gas composition: CO,-
78.0%; CO — 12.0%; H,~4.0%; CH,~3.0%.

2. Gas output purified from CO,-12.5 m*/t calorif-
ic value of the gas — 4300 kcal/nm?, gas composition:
CO — 58.0%; H,-20.0%; CH4—23.0%.

3. Output of the decarbonized product (hydropho-
bic carbon adsorbent) — 750 kg/m, porosity to ac-
etone — 30%, the capacity to benzine — 24%.

After removal of oil products from the wastewater it’s
necessary to clean them from the oil products which
are in the form of colloidal particles and dissolved inor-
ganic impurities. For this it’s proposed to use of hydro-
phobic and composite adsorbent of Angren coal. After
removal from the wastewater oil products with hydro-

phobic adsorbent, the water is cleaned from dissolved in-
organic impurities in it composite adsorbent that can
reduce water hardness and the content in the wastewater
cations Ca, Mg, etc. up to the norms of maximum per-
missible concentration (MPC).

Conclusion

By thermal pyrolysis of Angren coal of Uzbekistan
marked 2BPK without air access within temperatures
at 500-600°C there has been obtained decarbonized
residue having a hydrophobic property (wetting angle
a>900), a porosity of 30% and absorbing benzine (oil
products) up to 24%. The obtained product of the
pyrolysis of coal as a hydrophobic carbon adsorbent is
recommended for purification of wastewater from oil.
It was found that in the purification of industrial waste
water of Mubarek Gas Processing Plant of the Repub-
lic of Uzbekistan received by a hydrophobic carbon
adsorbent the degree of purification of the wastewater
reaches up to the standards of the maximum permis-
sible concentration (MPC), where the degree of pu-
rification of the water from the oil and gas processing
products is 96.0-97.0%. Defined exit gases during
pyrolysis of coal, which is 57 m?/t with content of
CO,-78.0%; CO — 12.0%; H,—4.0%; CH,~3.0%. The
caloric content of the gas after cleaning CO, with lime
milk is 4300 kcal/nm?3 with content of CO — 58.0%;
H,-20.0%; CH,-23.0% in it. The obtained gas can be
used as a household fuel.

References:

1. Jukov A.I, Mongait I.L., Rodziller I. D. Techniques for treating industrial wastewater. Moscow: Stroyizdat.

1989.- 223 p.

2. BorisovI. A. Methods of wastewater treatment. Book 1, Moscow: Stroyizdat. 2008.— 196 p.
3. Proskuryakov V.A., Schmidt L.I. Wastewater treatment in the chemical industry. Leningrad: Chemistry. 1977.

P. 372-391.

4. Krichko A.A., Lebedev V. V,, Farberov I. L. Non-fuel use of coal. Moscow: Nedra. 1978. P. 94-106.

S.  Shimkovich V. V. Wastewater refineries and petrochemical plants. Moscow: Oil TSNIIE 1973, P. 11-16.

6. Shi-syan V.V, Jumaeva D.]., Gumarov A.D. Agzamhodjaev A. A. Treatment of industrial wastewater with new
carbon adsorbents//Collection of articles of scientific and practical seminar on World Environment Day “ Protection
of the environment in Uzbekistan: its status in real time with the development of “Tashkent. 2012. P. 143-14S.

7. An application for a patent of the Republic of Uzbekistan IAP 20120235 from 18.06.2012, the method for
producing a composite adsorbents for reducing the hardness of the water (Agzamhodjaev A. A., Gumarov A.D,,
Jumaeva D.]., Shi-syan V. V., Eshmetov L. D., Salihanova D.S.).

8. JumaevaD.].,, Eshmetov . D., Agzamhodjaev A. A. Process Wastewater Treatment carbon adsorbents obtained
on the basis of the Angren coal//Uzbek chemical journal. Tashkent. 2014. Ne S. P. 38—-42.

9. Shi-syan V.V, Jumaeva D.J, Gumarov A.D., Agzamhodjaev A.A. Process of wastewater treatment using
local coal adsorbents//catalog of innovative projects and developments presented at the VI Republican fair

of innovative ideas, technologies and projects in the “technology transfer”. 2013. P. 9-10.
10. Jumaeva D.].,, Eshmetov I.D. Agzamhodjaev A.A. Adsorption treatment and mitigation of industrial
wastewater//Journal of Chemical Industry. Russia. 2014. Vol. 91. Ne 3. P. 150-154.

143



Section 15. Chemistry

11. Jumaeva D.J.,, EshmetovI.D., Agzamhodjaev A. A. Process Wastewater Treatment carbon adsorbents//Materials

Resp. Scientific conference on technics “The ingredients are from local and recycled materials to produce new

composite materials.” Tashkent. 2014. P. 114-1185.

12. Jumaeva D.J., Eshmetov I. D., Agzamhodjaev A. A. Wastewater production of carbon adsorbents//Proceedings
of IV Republic Scientific Practical Conference “Actual issues of chemistry” Termiz. Part 2: 2014, P. 301-303.

13. Kalendarev L. Y. Influence of physical and chemical properties of coal in the compressibility and conditions for
briquettes and molded adsorbents.//Abstract of dissertation work. Candidate of Science. Tashkent., 1984.-22 p.

14. Voyutsky, S.S. Course of Colloid Chemistry, Graduate School, Moscow, 1964. -356 p.

1S. Serpionova E. N. Industrial adsorption of gases and vapors, Moscow: Higher School, 1969,-324 p.

Toghasharov Ahat Salimovich,

Institute of General and Inorganic Chemistry,
Academy of Sciences of the Republic of Uzbekistan,
Senior Researcher

E-mail: ionxahat@mail.ru.

Tukhtaev Saidahral,

Institute of General and Inorganic Chemistry,
Academy of Sciences of the Republic of Uzbekistan,
head of the laboratory "Defoliations”

E-mail: ionxahat@rambler.ru.

Study of the Solubility of Components in the System

Ca(Cl0,),—2NH,C H

272

OH-H,C_H_07-H,0

Abstract: The solubility of components in the system Ca(Cl03)2-2NH2C2H40OH-H3C6HSO7-H20 was stud-
ied from the complete freezing temperature -43.6°C to 40.0°C. A polythermal solubility diagram was constructed, in
which the crystallization fields were determined for ice, Ca(Cl03)2.6H20, Ca(Cl03)2-4H20, Ca(Cl03)2.2H20,
2NH2C2H40OH-H3C6HSO7-H20, 2NH2C2H40H-H3C6HS507, and new compound, (C6H507)2Ca3-4H20,
which were identified by chemical and physicochemical analysis methods.

Keywords: solubility, system, the diagramme, concentration, crystallization, temperature, calcium chlorate,

citric acid.

In this report the results of studies of solubility of
the water system consisting of calcium chlorate and di-
monoetanolamina citrate, which are absent in the litera-
ture, but have a certain scientific and practical interest in
obtaining polifunktsionalnodeystvuyuschih defoliants.

For research was used calcium chlorate — the active
ingredient calcium chlorate-chloride defoliant inorganic
origin. However, its effect on plants in excess hectare ap-
plication rate results in drying of leaves and burns young
unopened cotton bolls. Moreover, the drug has no effect
polyfunctional. In the synthesis of new effective defoliants
is of considerable interest to use monoethanolamine salt of
citric acid, a plant growth stimulator. It has biological activ-
ity, enhances oxidation-reduction processes, carbohydrate
biosynthesis and action enzymatic activity [1, 2].

For physico-chemical study of the process of ob-
taining an effective defoliant based on chlorate cal-
cium and citrate dimonoetanolamina investigated the

solubility of the components in the system Ca(ClO,),-
2H,NC,H,OH-H,C.H,O,-H,0 in a wide temperature
and concentration range.

Dimonoetanolamin citrate synthesized based on cit-
ric acid and monoethanolamine, taken at a molar ratio
of 2:1.

Solubility in the system 2H NC H,OH-H,C . H.O.-
H,O We studied in the temperature range from
-23.0 to 70.0 °C. Polytermic solubility diagram is
characterized by its branches crystallization ice,
2H NC HOH-H,CH.O.-H,O and 2H,NC H,OH-:
H,C ,H O, which intersect at two points of double co-
existence of two solid phases. The first double point
meets co-crystallization of ice and citric acid monohy-
drate dimonoetanolamina at -23.0 °C and a concen-
tration of 67.0% 2H,NC,H OH-H,C H.O_ and 33.0%
H,0. The second double point corresponds to co-crys-

tallization dimonoetanolamina citrate monohydrate and
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anhydrous at 26.0 °C and the concentration of citrate
dimonoetanolamina 77.0% and 23.0% water.

Calcium chlorate dihydrate obtained by reacting
stoichiometric mixtures of sodium chlorate and cal-
cium chloride fused mark «h> in an acetone medium,
followed by recrystallization from an aqueous solution
of a solid material isolated from the acetone extract [3].
The binary system of calcium chlorate-water, part of the
system under study has been studied earlier by the au-
thors [4]. Data obtained are in good agreement with the
literature.

Polyterm solubility of Ca(ClO,),-2H NC H,OH.
H,C,H,O_-H,O studied visual polythermal method [S].
For the 1dent1ﬁcation of the resulting new phase were
used chemical and physico-chemical methods of analysis.
When quantitative chemical analysis of liquid and solid
phases calcium - volume determined by complexometric
[6], the content of chlorate ions is the volume perman-
ganometric method of [ 7], the elemental analysis for car-
bon, nitrogen, hydrogen was carried out according to [8].
Thermal analysis was performed on System derivatograph
Paulik-Paulik-Erdei [9] with a rate of 10 dg / min at linkage
0.1125g sensitivity galvonometrov T-900, TG-200, the

DTA-1/10, DTG-1/10. Recording was carried out un-
der atmospheric conditions. Holder served as a platinum
crucible with a diameter of 10mm without cover. Used
as reference Al O,. Radiographs of the test compounds
were recorded on a DRON-2.0 with filtered copper ra-
diation at 40 kV, current strength — 20 mA speed counter
-2 deg/ min [10]. IR absorption spectra of the starting
components and the test compounds were recorded on
a spectrophotometer Specord IR -75 at frequencies 4000
- 400 cm™. Samples were prepared by compression with
KBr and trituration in vaseline oil [11].

System Ca(ClOs)2—2H2NC2H4OH-H3C6HSO7—
H,O studied using eight internal cuts. -V of them
held by dimonoetanolamina citrate-water to the top of
Ca(ClO3) ,-2H,0, and VI-VIII of the hand calcium chlo-
rate - water to the pole 2H NC H OH-H,C H.O..

Based on the solubility data of binary systems and
internal sections built polytermic solubility diagram of
calcium chlorate-dimonoetanolamin citric acid-water
from -43.6 to 40.0 °C, which demarcated the field of crys-
tallization: ice, six-, four- and dihydrate chlorate calcium,
citrate dimonoetanolamina monohydrate, anhydrous
and as anew phase (C.H 507) ,Ca -4H,O (Fig. 2, Table).

Table 1. — Double and triple point of Ca(Cl03)2-2H2NC2H40OH-H3C6H507-H20

Composition of liquid phase,% Tcr., °C Solid phase
Ca(Cl0,), 2NH,C HOH-HCHO, | HO
1 2 3 4 S
46,1 -~ 539 | -403 Ice+Ca(ClO,),-6H,0
Ice+Ca(ClO,) -6H O+
444 1.8 53.8 -43.6 (C6HSO7)2C3:a23-4H220
39.2 2.0 588 | 425 Ice+(CH,O,),Ca -4H,0
18.6 7.0 74.4 -18.0 To xe
13.6 17.2 69.2 -7.0 To xe
10.5 3S5.8 53.7 -8.6 To ke
6.9 56.0 37.1 -13.6 To sxe
Ice+(C ) Ca,-4H,O+
5.8 61.8 32.4 -24.2 2NH2C2H4OH H3C6HSO7 H,0
- 67.0 33.0 | -23.0 Ice+2NH,C,H OH-H,C H.O.-H,O
(C 0,),Ca -4H,0+
4.9 66.6 28.5 6.5 2NH2C2H4OH H3C6HSO7 H,0
(CH,0,),Ca 4H,0+
3.6 742 222 | 240 2NH,C,H,OH.H,C,H,0,H,0+
2NH,C H,OH-H,C H,0,
- 77.0 230 | 260 Ice+2NH,C,H,OH-H,C.H.O,
3.1 77.6 193 | 338 (CHO,),Ca 4H,0+
2NH.C,H,OH-H,C,H.O,
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1 2 3 4 5
55.0 - 450 | -272 Ca(ClO,),-6H,0+Ca(ClO,) -4H,0
Ca(ClO,),-6H,0+Ca(ClO,),-4H,0+
54.1 1.7 442 | -282 (C.H.0.),Ca 4H.0
62.0 - 380 | -638 Ca(ClO,),-4H,0+Ca(ClO,),-2H,0
Ca(ClO,),-4H,0+Ca(ClO,),2H,0+
61.2 1.4 374 | -76 (C.H.0.),Ca, 4H,0

Analysis polythermal chart shows that in the stud-  isolated in crystalline form and identify chemical and
ied concentration and temperature within the systemis  physico-chemical methods of analysis.
formed as a new phase (C 6HSO7) ,Ca -4H O, which is
Ca(Cl03)2,%

w‘:-,ig

Hmo 0 T4 Moo BINIBINY 3 NH,CrHOHH;CeHz07,%

Fig. 2. Diagram of the solubility of Ca(CIO,),-2H,NC,H,0H-H,C.,H.0,-H,0

Chemical analysis gave the following results were  alcohol and benzene insoluble.

found,%: X-ray diffraction analysis showed that the composi-
C-26.9; H-3.15; CaO -29.50. tion of the compound (C6H507)2Ca3-4H20 is character-
for (C,H,O,),Ca,-4H O calculated masses. % ized by the eigenvalues of the interplanar distances, that
C-27.0; H-3.16; CaO - 29.47. confirms his personality (Fig. 3). X-ray analysis showed

It is poorly soluble in hot water than in cold water,  formation of a new phase, it does not contain impurities
very soluble in ammonia, and organic solvents acetone, ~ precursors.

P,y

-

2

Fig. 3. Radiographs 1 - Ca(CIO,),-2H,0, 2 - Connect (C,H,0,)2Ca -4H,0
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Fig. 4. Derivation of the compound (C,H,0O,),Ca,-4H,0

On warming curve (C 5H507)2C33'4H20 six endothermic effects observed at 138, 188, 370, 702, 848, 871 and
exothermic effects when six 269, 315, 423, 502, 551 and 618 °C. The endothermic effect at a temperature range 138-
188 °C, accompanied by a weight loss agent 0.2-16.8%, which corresponds to a loss of four water molecules. The total

weight loss in the temperature range of 60-900 °C by thermogravimetry curve is 69.78% (Fig. 4).
90—

Fig. 5. The IR spectrum of the compound (C,H,0,),Ca,-4H,0.

6 577

For these compounds the change of the absorption
bands in the IR spectrum similar to that observed regulari-
ties for the compound (C 6H507) ,Ca -4H, 0. Absorption
bands Non in 3434.63 cm™, which are broadened due to
the formation of hydrogen bonds with water molecules. In
metallic karboksilotah COO" observed symmetric stretch-
ing vibrations at 1360-1450, and asymmetric stretching
vibrations between 1540-1650 cm™ [12]. In the results

obtained symmetric stretching vibrations of COO" groups
1388-1437 cm’', and asymmetric stretching vibrations ob-
tained bands 1541-1618 cm™ (Fig. S).

Thus, the data on the solubility of the com-
ponents in the system studied Ca(ClO 3) )
2H NC,H,OH-H,C H O_-H,O which can serve as a sci-
entific basis for the production of liquid defoliant based

on chlorate and calcium dimonoetanolamina citrate.
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U3yuyeHne rmpponusa ocHosaHum LUndpoda nupmnpoxkcans

AHHOTaIII/IH: B cratpe IIPUBOAHUTDHCA AAHHDBIE O CHHTE3€ a30METHHOBBIX IIPOU3BOAHDIX ITMPHUAOKCAASL C aMHHOCO-

€AMHEHMAMH Pa3AMYHOM IPUPOADL I [pHBOASTCA AaHHBIE O U3Yy4eHHH YCTOMYMBOCTH CUHTE3MPOBAHHbIX COCAUHEHUM

oT mpupoAbI pactBopuTeas 1 pH pacTBopa. IIpoBoanTCS aHAAN3 OTHOCHTEABHOH YCTONYHBOCTH Tay TOMEPHBIX GOPM

CHHTE3NPOBAaHHbIX COCAI/IHeHI/IfI C IIOMOIIbI0O KBAHTOBO-XMMH1IE€CKUX PACIETOB.

Karouessie caoBa: YO u 1K-cexrpockomus, ocHosanust Illuda, mupraokcass, 6eH30UAHO-XHHOHUAHOE Tay-

TOMEPHH, KBAHTOBO-XMMHUYE€CKIE PaCY€ThI.

OcnoBanms HIudda B 3aBUCUMOCTH OT UX CTPYK-
Typs! 1 ycaosuit (pH cpeabl, pacTBopuTeAb, TemIepa-
Typa), B KOTOPOIl OHH HaXOASTCS B PaCTBOPE, MOT'YT
U3MEHATDb CBOIO CTPYKTYPY, IpeTepIeBaTb pa3AMIHbIe
npespamenus. B aTom cayyae ocnoBanus Iudda BoI-
CTYNAIOT B KA4eCTBE MPOMEXXYTOIHbIX IPOAYKTOB | 1;
2]. Hanpumep, npoM3BOAHBII BUTaMuHAa — B, mupu-
AokcaabpochaT HeOOXOAUM MHOTMM KUBOTHBIM U MH-
KPOOPraHM3MaM, TaK Kak OH AeHCTBYeT KaK MepPeHOCYUK
AMHHOTPYTII, 2 B HEKOTOPbIX CAYYasiX U KaK IepeHOCYHK
aMuHOKHCAOT. Hanboaee BasKHYI0 pOAb IIPH 9TOM UT'pa-
eT ero aAbAeTMAHas (-CHO) rpynma. AAbAeTHAHAS
rpynma Tpebyercs, 4To6bl: ) 06pazoBaTh UMUH C AMU-
HOKHCAOTOI1; 6) COXpaHATbH NH,-rpynny npu npespa-

CHO
| P +RNH,
H;C N

IIIeHUH AMHHOKUCAOTBI B COOTBETCTBYIOIYIO KETOKHC-
AOTY; B) AQTh aMHH C a-KeTOKHCAOTOM. VIHTepecHo, 410
II0 3aBepIIEHHU BCeH CAOXKHOM [IOCAEAOBATEABHOCTH
PeaxIuil MUPHAOKCAAbPOCPAT pEreHUPYETCS H CIIOCO-
OeH IIPUHSTH y9aCTHE B CACAYIONINX B3AUMOIIPeBpallle-
HUSIX AMHHOKHCAOT H A-KETOKUCAOT, H3BECTHBIX ITOA Ha-
3BaHMEM peaKI[iH IIepeaMUHUPOBAHMS. DTH IIPOLECChI
KATAAUBHPYIOTCSI KOMIIAEKCOM MHPHAOKCaAbpochara
c pepmenTom [1; 2].

OG6'beKTBI 1 METOABI HCCACAOBAHHI

YauThIBas BHIIEU3AOXKEHHOE L{EABIO HACTOSIIEN Ha-
ureit paboTs! 051 cunTe3 OcHOBaHuUi [IludPa mupraok-
caast. IToAydeHre a30METHHOBBIX IIPOM3BOAHBIX [IMPHU-
AOKCAAS OCYIIECTBASIAOCH 10 CAEAYIOIEN CXeMe:

CH=N-R
> | +H,0
=
H;C N

rae papukasom-R caysxnau — aaudarmueckue (1-a, 6), apomaruaeckue (2-a, 6) 1 rereporukandeckii (3) coepAnHeHus.

Hexoropsre Gpu3HKO-XUMUIeCKHe KOHCTAHTbI TOAYYEHHBIX COEAUHEHHIT IIPEACTABACHBI B TabAmIie N 1.
Tabnmua 1. — PUBMKO-XMMUYECKME KOHCTaHTbl a30METMHOBbIX MPOU3BOAHbIX MMPUAOKCaNs

Brixop,
CoepvHeHue Papuxaa — R M. M. T °C R,
" L. (%)
la -CH,CH,COOH 238 150-52 0,34 0,65 72
16 -C (CHZOH)z 270 146-47 0,83 0,35 50
2a
OH
302 238-40 0,45 0,73 90
COOH
26
OOCHz(CHz)SCHs 328 Macao 0,22 0,81 68,2
3
N 330 262-64 0,45 0,49 63
|

Cucrema. Xaopodpopm — meranoa (5:1)
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IKCcrepuMeHTaAbHASI 9ACTh

Cunres ocHoBanuii I1lnpda ocymecTBasacs 1o me-
TOAMKe [ S ] myTem HarpeBaHWS 9KBUMOASPHBIX KOANYECTB
IMHPUAOKCAAST THAPOXAOPHAA C aMUHOCOEAMHEHHSIMHI
IIPU OIIPEAEACHHBIX YCAOBHUSX. [IpOAYKTBI HACHTHOHIIN-
posaauch meropamu YP— u MK-cnexrpockomnmy, a Tak-
xe TCX xpomarorpaduert.

Cunmes ocrosaruii ITugda nupudoxcars. Cmecs crmp-
TOBbIX pacTBOpoB 0,003 Moab mupupokcass u 0,003 moab co-
OTBETCTBYIOIETO AMUHOCO@AMHEHHST HATPEBAAY Ha BOASTHOM
6ane rpu 60—70°C IpH IOCTOSIHHOM IepeMeII1BaHNH B Te-
geHHe 2—3 4acoB. BbIaBImii ocAe OXAKASHHS OCAAOK OT-
(UABTPOBBIBAAH, TIPOMBIBAAH STHAOBBIM CIIUPTOM U CYIITHAHL.

1. ITuprAOKCHAMACHIMUHO-ITPOIIIOHOBAS KMCAOTA
(1a).T_=150-52°C,R=0,34, Bbix0p 0,651 (72%). K-
cnextp: (KBr): 3402 (N+H), y, cm-1: 1600-1616 (C=N,
C=0, COO-), YO-cnekrp: A Em: 350 u 430.

2. ITuprAOKCHAMACHUMHIHO-TPUOKCHMETHA MeTaH

(16).T_=146-47°C, R =0,83, Bbixop 0,351 (50%). Y-

OH
N

/ \ OH OH
N=— 0)

(A)

TaxuM 06pa3oM, pe3yAbTaThl IOAYYEHHBIX KBAHTO-
BO-XMMHUYECKHMX PaCUeTOB ITOKA3aA, UTO AASI COEAUHEHMS
1 a OTHOCUTEABHO YCTOMYMBBIM SIBASIETCS XUHOUAHAS
(B) dpopma.

AAs1 0O3HaKOMAEHHMS IIPOTeKAHHI KOHAEHCAIIH IIHPH-
Aoxcaast (PL) c aMUHOCOEAMHEHUSIMH, HAMH ObIAK H3y4e-
HbI IPOTeKaHKe TMAPOAK3a CHHTE3UPOBAHHBIX PA3AMUYHbBIX
o crpykrype ocHosanuii I1lngda B 3aBucuMocTH OT yc-
AOBHI, B KOTOPBIX OHM HAXOASITCS B pacTBOpe.

Wsyyenne KMHETMKM M MeXaHH3Ma XMMHYECKUX
npespamenuit ocHoBanuit Illudda npu pasanunsix pH
CpeAaxX IOKa3aA, 9TO Ipu 3HaveHmsiX pH GAM3KUX K Hell-
TPAAbHBIM, OHM YCTOMYUBHI B pacTBopax. B xucabIx cpe-
AaX OINTHYeCcKas IAOTHOCTb PacTBOPOB CO BpeMeHeM

?HZCHZCOOH
N
Il
CH
HO AN CH,OH ruapomms
—>
H
H;C N/

[—

cmekrp: A, mm: 350, 410.

3. ITupuaOKCHAUACHUMUHO-3-KapOOKCH-4-peHoA
(2a).T_=238-40°C, R =0,45, Bbrxop 0,73 r (90%). Y-
cmekrp: A, mm: 350, 420.

4. TTupuAOKCHAUACHIMHIHO-4 - TIEHTUAOKCHOEH30A
(2 6). Macao, R=0,22, Brixop 0,81 r (68,2%). Y-
cmekrp: A, mm: 350, 420.

5. ITupupoxcruanpeH-N-uMuHOKap6a3oa (3).
T_=262-64°C, R=0,45, Bbixop 0,49 r (63%). YO-
crekTp: Amax, HM: 360, 450.

OO6cy>kAeHHe B pe3yAbTaThI HCCAEAOBAHHUM

Aast ocHoBanuit [ludda xapaxrepHa Haandre 6eH-
30MAHO-XMHOMAHOE TayToMepHOe paBHOBecue [ 3]. [Toa-
TOMY C IOMOIIbI0 KBAHTOBO-XUMHYECKHX PACIeTOB OIpe-
AGAHAM OTHOCHTEABHYIO YCTONIHBOCTD 6er3oudroii (A)
u xuroudnoii (B) popmt 1 a. [Tpr aToM 6b1aa OnpepeseHa
SHeprHs AAs 06enx TayToMepHbix dop 1 a (aas Genso-
uAHOI GpopMmsl = 24,8690 KKaA/MOAD, 2 AASI XKHHOUAHOI
dopmsr = 18,2504 kkaa/MOAD).

O O

(B)

YMEHBbIIAeTCs], A )KeATas] OKPAcKa IMOCTENeHHO HCYe3aerT.
B cAaBOKHCABIX CpeAax AKTUBALIMS PEAKIJMOHHOTO LIEHTPa
IPOMCXOAMT 3a CYeT IPOTOHMUPOBAHMUS ATOMA a30Ta ITH-
PUAMHOBOTO KOABIJa, a B 0A€e KHCABIX CPEAAX — 32 CUeT
npoTronupoBaHus aroMa a3ora C=N cBs3H, ¢ mocAeAyo-
VM pa3pylleHueM XeAATHOH CTPYKTYpPbI (Xmax 430 um),
IPHCOEAMHEHNEM MOAEKYABI BOABL F OOpa3oBaHUEM HC-
XOAHBIX KoMIToHeHTOB — PL 1 amuna. AokasaTeabcTBOM
IIPEAAOKEHHOM CXeMbI pacIiapa IMPOAYKTOB KOHAEHCALIUH
PL ¢ amuHOCcOoeanHenusvu (ocuopanuii [udda) 6140
BbIACAGHHE U UACHTHPUKALMI KOHEYHBIX IPOAYKTOB. [ Ipu
9TOM OBIAO BBISIBAEHA TOT (KT, UTO IIPOAYKTAMU THAPOAH-
32 IBASIIOTCSL IePBOHAYAAbHbIE BelecTsBa (MMPUAOKCAAD
¥ 3-aMMHONPOTIMOHOBAs KUCAOTA):

CHO
HO. N CH:0H + CH;CH,COOH
NH,
=
N
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MHoi X0A peakijuy HabOAIOAAETCs IPU IIEePEXOAe
B LIEAOYHYIO 00AacTh. B meA0uHOI cpeae BO3HHKAET
HOBBIF IPOAYKT ¢ A 450 uM. BHavaae HabaropaeTcs
pe3Kkoe yMeHbIIeHHEe ONTHYEeCKOH IAOTHOCTH CMeCH
pactBopos PL ¢ amuHOKKCAOTaME (Xmax 450 um), a 3a-
TeM CO BpeMeHeM OINTHYeCKas MAOTHOCTD IOCTeIeH-
HO Bo3pacTaeT. CHI)XeHHE ONTHYECKOH IMAOTHOCTH
pacTBopoB ocHoBaHuil IlIudda B mMeA0UHBIX cpeaax,
IO-BHAMMOMY, CBSI3aHO C OBICTPBIM OTIIENACHHUEM
0-BOAOPOAQ Y aMHHOKHMCAOTHOTO $parMeHTa, Iepe-
CTPOMKOM CTPYKTYPbI B XHHOHAHYIO popmy. B paab-
HeHIIeM XHHOUAHAS CTPYKTYpPa IIOA AeHCTBHEM BOADBI

TUAPOAHM3YETCsI ¢ 0Opa3soBaHMEM HOBBIX IIPOAYKTOB
THAPOAHM3A.

Boaee ca0KHOI 3apaueit OBIAO BRIACACHHUE U MACH-
TUQUKALUS TPOAYKTOB IEAOYHOTO TMAPOAM3a OCHOBA-
uuit [Ilupda. briro 3ameueHo, 4TO B psAe CAyYaeB Ipu
1leAOYHOI 06paboTke pacTBopoB ocHoBauuit Iludda
U BBIACPXKHBAHHH CMECH HEKOTOpPOe BpeMsl, TPOAYKTHI
xoHAeHCanu PL ¢ 3-aMuHO IIpONMOHOBOM KMCAOTOM
B IIpoIlecce XUMUYECKHX IIPeBPAIeHHI AABaA OCAAOK,
KOTOPBII OBIA BbIACACH U HACHTHQHUIMPOBAH METOAAMH
Y®- u K- cnexrpockonuu. MM okazaaoch coorBeT-
CTBEHHO HAaTPUEBAsI COAb 3-OKCO IIPOIMOHOBOM KHCAOTBL.

CH,NH,
THAPONH3 {10 N CH,OH + ﬁHCHZCOONa
NaOH | s
HsC N/

BnnaHne pactsoputensa Ha yCTOMYMBOCTb OCHOBaHuM LLUndda

?HZCHZCOOH ﬁHCHZCOOH
i h
CH CH,
HO X CH,OH ) HO X CH,OH
-—
H,C N/ H,C N/
I/IsyquI/Ie YCTOMYUBOCTH OCHOBaHHUM H.[I/I(l)-

$a B 3aBUCHMOCTH OT PacCTBOPHUTEAS MOKA3aA0, YTO
C yBeAUYeHHEeM IPOIIEHTHOTO COAEPKAHHUS BOABI B BO-
AHO-CIIMPTOBBIX OydepHBIX PaCTBOPAaX CKOPOCTH KHC-
AOTHOTO M IIEAOYHOTO THAPOAM3a BO3PACTAIOT. JTO
II0-BUAMMOMY, CBSI3aHO, C T€M, YTO MOAEKYABI BOABI y4a-
CTBYIOT B ITpoljecce pacnapa ocHoBanu# Illudda na uc-
XOAHbIE KOMIIOHEHTBI (KHCAblE CPEABL) B B IIPOLIecce

THAPOAM3a XHHOUAHBIX CTPYKTYp ocHoBaHuil Iludda
c 0bpa3oBaHMeM COAll KETOKHCAOT U IMPUAOKCAMUHA
(meaouHbBIe Cpeabl).

3akAroueHue

Taxum 06pasoM, pe3yAbTaThl HCCAEAOBAHMII ITOKA3a-
AH, 9YTO HaHOOABIIIeH YCTOMYMUBOCTHIO P OAYKTHI KOHAEH-
canun PL ¢ aMmuHOCOeAnHeHMIMU 00AAAQIOT IIPH 3HAYe-
Husix pH, 6AM3KUX K HeATPaABHBIM [4].
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B HEBOAHbIX, CMeLUaHHbIX U BOOHbIX cpeaax

Annortanus: B pabore mokasaHa mpUroAHOCTb AMIIEPOMETPHIECKOrO TUTPOBAHMS cepeOpa, BUCMYTA U [TAAAAAMS

CEPOCOAEPXKAITMMHI OPIraHNYIE€CKUMHU peareHTaMH B TP OKUX AHAIIA30HaAX UX KOHLIeHTpaLII/IfI HIIpY COOTBETCTBYIOLIEM

HOADOpe YCAOBHIT OIIPEAEACHHS OHO CTAHOBUTCS YyBCTBUTEABHBIM M BEICOKOM30HPATEABHBIM.

KAroueBbIe CAOBa: CeAEKTHBHBII, MOAGABHBIE CMECH, AMIIEPOMETPHUS, KOHAYKTOMETPHSL, IPUPOAHbIE OOBEKTHL.

CdopmupoBasIIasics CUCTeMA YIIPAaBACHHUS YUCTOTOM
OKpY’KaIOIllefl CPeABbl Pa3BUBAETCS M COBEPIIEHCTBYETCS
B COOTBETCTBHHU C HOBBIMU TPEOOBAHMSIMU U 3aAa9aAMH
COIIMAABHOTO Pa3BUTHSL. B 9TOM maaHe BceBo3pacTaromjie
HOTPeOHOCTH IIPOMBIIIAEHHOCTH B 6AQarOPOAHBIX METAA-
AAX U MX CITAQBAX AGAAIOT AaKTYaABHOM IPOOAEMy aHAAM3A
00BEKTOB OKPY>KAIOI[el CPEADI C BHICOKHM COAEPIKAHU-
eM IIAQTUHOMAOB U 30A0Ta. Hapsiay ¢ axcpeccHOCTBIO
OIpeAeAeHHS U BOXKHEHIIUM TPeOOBaHMEM, IPEADbSIBAS-
eMbIM K AaHAAU3Y Pa3AMYHBIX 10 IIPHPOAE MATEPHAAOB,
SIBASIETCSI TAlOKe U TOYHOCTD. [Ipu onpepeAeHnu maatu-
HOBBIX METAAAOB ITPABHABHOCTD U BOCIIPOH3BOAMMOCTD
0COOEHHO BaYKHBI U3-3a BBICOKOM CTOUMOCTH M A€ PUIIUT-
HOCTH OIIPeAEAsIeMBIX OAATOPOAHBIX 9AEMEHTOB.

Bospociuuie TpeboBaHUs, IpeAbsBAsieMble K aHa-
AUTHYECKOMY KOHTPOAIO COCTaBa OOBEKTOB OpraHH-
YeCKOTO MPOMCXOXKAEHHUS, IIAOXO PACTBOPUMBIX B BOAE
Ha CaMbIX PA3AUYHBIX ITAMAX TEXHOAOTHYECKHX IIPOIIeC-
COB AMKTYIOT IIOBBIIIEHHbIE TPeOOBaHUS K TOYHOCTH,
9KCIIPECCHOCTH, H30MPATEeABHOCTH U PACHINPEHHUIO AHA-
I1a30Ha OIPeAEAsSeMbIX COAEPKAHHUI pa3pabaThBaeMbIX
HAU BHEAPSIEMBIX B ITPOM3BOACTBO METOAMK aHAAM3A.
Hemaayio poAb AAsI BHEAPSIEMBIX B IIPOM3BOACTBO METO-
AHMK QaHAAUTHYECKOTO KOHTPOASI UI'PAaeT IKCPIIeCCHOCTD
OIIPEACACHHH B COYETAHUH C AOCTATOYHOM IIPOCTOTOM
U AOCTYIIHOCTBIO QHAAUTHUYECKOM anmaparypbl. OAHAKO,
B [TPOLjecCe Pa3BUTHS METOAA AMITEPOMETPHIECKOTO TH-
TPOBAHHSI HOHOB METAAAOB M APYTHX COEAUHEHHII B BO-
AHBIX, HEBOAHBIX M CMEIIAHHBIX PACTBOPAX BO3HUKAIOT
pobAeMBI, peleHre KOTOPBIX PACIIMPHAO OBI BO3ZMOX-
HOCTHU 9TOTO METOAA AHAAM3A, & TAKKe CITOCOOCTBOBA-
AO 65l ero 60Aee MUPOKOMY BHEAPEHHIO B aHAAUTHYE-
CKYIO ITPaKTHKY.

Baskueiiurest 13 9THX IPOOAEM SIBASIETCS CEAEKTUBHOE
OlpepeAeHHe HECKOABKUX 9A€MEHTOB HAHM COEAHHEHHI
B OAHOJ AAMKBOTE aHAAM3HPYeMOI IIpOoObI 6e3 IIpoBeae-

HHS AOTIOAHUTEABHBIX OTI€PAIUi: KOHIIeHTPUPOBAHIL,
pasAeAeHHS B MACKMPOBAHHS MeIIAOMUX KATHOHOB.

Komnaekcyrome cBOMCTBA HCIIOAB3YeMbIX Cepo-
COAEpPXKAIlINX pPeareHTOB HEMOCPEACTBEHHO CBsI3aH-
HBl C TPUCYTCTBUEM OAHOTO (Tmoareramumpa-TAA,
tuonaaupa-THAA, audenusrnoxapbosona-AT3) nau
ABYX (AnaTHApuTHOKap6amaTos Harpus-AATKNa, py-
6eanoBoAOpOAHOIT KucA0TH-PK) aTOMOB AOHOPOB cepbl,
a Takke AOHOPHO-aKIIeNITOPHbIE BOZMOXXHOCTH al[eTH-
A€HA ¥ eT0 IIPOU3BOAHBIX, OIIPEAEASIOIIIE TAABHBIM 00-
Pa3oM IIPHPOAY XUMHIECKON CBS3H C HOHAMU METAAAOB
¥ IIPOYHOCTH 0OPA30BAHHBIX KOMIIAEKCOB.

BoxoBble papMKaAbI B MOAEKYAE peareHTa He OKa-
3BIBAIOT CKOAb-HHOYAD 3HAUMTEABHOT'O B3AUMOAEHCTBI
Ha CBSI3b METAAA- CEPa, HO MOTYT OIIPEAEASITD B PSIA€ CAY-
JaeB HeKOTOPbIe AaHAAUTHYECKHe CBONCTBA KOMIIAEKCOB.
B aHaAMTHYECKOM OTHOLIEHUHU OOABIIAS YACTh BAXKHBIX
CBOJICTB pPeareHTOB IIPUCYIA AASL HX ABYX 3aMeIlIaHHBIX
¢opm. MoHO3aMeleHHbIe THOABI MeHee IIPUTOAHDI U3-3a
UX CHABHO BBIPQ)KEHHBIX BOCCTAaHOBUTEABHBIX CBOMCTB.

AASL aHAAMTHKA BaXKHBIM CBOMCTBOM CEPOCOAEpPIKa-
IJVX PeareHTOB SIBASIETCS X IIOCACAYIOIee Pa3AOKeHHe
Ha Cepy, yTAePOA U IPOTOHUPOBAHHBIN AMHUH.

Bansnue sanpspxkenus. Ha ocHoBaHMM BbIIBAGHHBIX
BoAbTaMnepHbIx xapakrepuctuk THAA, TAA, AT3

u PK Ha MAaTHHOBBIM AICKOBOM MHKPOAHOAE B IIPUCYT-
CTBUM PA3AUYHBIX GOHOBBIX SIAEKTPOAUTOB B YKCYCHOM
KHCAOTE CAEAYET, YTO aMIIepOMeTPHIECKYI0 MHAMKAIILIO
KOHEYHOH TOYKM TUTPOBAHMS HOHOB Pa3AMYHbBIX METaA-
AOB C ABYMsI HFHAMKATOPHBIMU 9A€KTPOAAMH HEOOXOAH-
Mo npoBoauts npu Hanpspkenun 0,50-0,65 B; 0,90-
1,25 Bu0,50-0,85 B mpu rurposanmu pactsopamu TAA,
THAA u PK cooTBeTcTBEHHO B 3aBUCHIMOCTH OT IIPHPO-
AbI IPUMEHeMOro pOHOBOTO dIAEKTPOAMTA. B caydae nc-
noab3oBanust MMI'O u AT'3 Ha pa3AM4HBIX ITO IPHPOAE
poHax 110 BO3HUKAIOIeMy aHOAHOMY TOKY TUTPAHTA aM-
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IepoMeTpUYecKoe TATPOBAHKE CAeAYeT IIPOBOAUTD B AU-
amaszone notenuaaos 0,60-0,80 B u 0,75-0,95 B coor-
BeTcTBeHHO. [Ipu THTpOBaHNHU 6OAEE KHCABIX PACTBOPOB
HMOHOB HCCACAYEMbIX METAAAOB IIOTEHIIMAA, IIOAABAEMBII
Ha MHAMKATOPHBIA 9AEKTPOA HEOOXOAUMO IIOBBICHUTD
coorBercTBeHHO Ha 0,1-0,2 B.IIpu mposeaeHun TH-
TPOBAaHUSA HOHOB METAAAOB C AByMs MHAUKATOPHBIMU
9AEKTPOAAMH MUHHMMAAbHOE HAIPsDKeHHe Ha IAATHHO-
BBIX 9AEKTPOAAX AOAXKHO 6bITh 0,40 B, uT06BI OAHOBpE-
MEHHO MOTAM IIpOTeKaTh okucAenue AT3 Ha aHOA (E
muH. = 0,60 B) 1 BOCCTAaHOBAEHME KHCAOPOAQ Ha KaTOAE
(Emmz 0,2 B). Ecau e HanpskeHHe GyAeT IIpeBbIIaTh
MuHHMaAbHOe 3HadeHue Ha 0,2-0,3 B, To B cayuae Tu-
tposanust Ag (1) uau Cu (II) nepea soctmxennem KTT
OYAYT OAHOBPEMEHHO IIPOTEKATh OKUCACHIE AUTH30HAT-
HOTO KOMITIA€KCA Ha aHOAE M BOCCTAHOBAEHHE TUTPYeMbIX
KAaTHOHOB Ha Karoae. Toraa BMecTo _/ — 06pa3HoOil KpH-
BOM aMIIepOMETPUYECKOTO TUTPOBAHUS IIOAYIHUTCS KPH-
Bas C MAKCHIMYMOM Ha A€BOH BETBH.

IIpaBUABHOCTD 3THX MIPEAAOSKEHHI O BOSMOXKHOCTHU
IIPOBEAEHUS TUTPOBAHMUSA HOHOB METAAAOB M O popme
KPHUBbIX TUTPOBAHUSA OATBEPAHAOCH IKCIIEPHMEHTAAD-
ubivu Aausbivi. Ag (1), Bi (I11) u Cu (II) npu npounx
PABHBIX YCAOBHUSIX THTPYIOTCSI AOCTATOYHO OBICTPO 1 ITpa-
BUABHO C XOPOIIe BOCIIPOU3BOAUMOCTDIO, IIPH 3TOM OT-
HOCHTEABHOE CTAHAAPTHOe OTKAOHeHHe He 6oaee 0,031.

OKCIIepHMEHTHI MTOKAa3aAH, YTO IPU THTPOBAHHH
HMOHOB METAAAOB B YKCYCHOH KHCAOTE ITOAYIAIOTCSI KOM-
rAeKchI coctaBoB Me: PearenT=1:1 AAST OAHOBAAEHTHBIX,
1:2— AByXBaAeHTHBIX U 1:3— TpeXBaACHTHBIX METAAAOB.
AOCTaTOYHO XOPOIIO COOAIOAAETCS IPOIOPIIHOHAAD-
HOCTh MEXAY B3STBIMH KOAUYECTBOM MeTaAroB (0co-
OEHHO 9TO BHAHO U3 PE3yAbTATOB THTPOBAHHS HOHOB
cepe6pa)  3aTpayeHHbIMU 06HEMAMH PEAreHTOB B T. 3.

B cepuu onpITOB, TOCTaBACHHBIX C 1J€ABIO BbISIBACHUS
XapakTepa BAMSAHUA 3TOro ¢pakTopa Ha $OpMY KPUBBIX
U pe3yAbTaThl aMIIEPOMETPUYECKOTO TUTPOBAHUSA HOHOB
MeTaAAOB pacTBOpoM TAA nccAepOBaHMSA OCYIeCTBASAK
IIPU CAGAYIOIIMX ONTHMAAbHBIX yCAOBHAX: poH—-101S M
HUTpPAT AUTHUSA, KOHLleHTpanusa TurpanTa — 0,001 M,
06beM aHaAu3upyeMoro pactsopa — 10,0 Ma, Temmepa-
Typa okoao 20°C, pacTBOpUTeAb—0e3BOAHASI YKCYCHASI
KHCAOTA MAU APYTOH IPOTOAUTHYECKHM PaCTBOPUTEAD.
Hanpspkenne Ha MHAUKAaTOPHBIX 3A€KTPOAAX U3MEHSIAU
B mpeaesax 0,1-1,1 B crynensamu B 0,2 B. Aas xaxporo
CAy4Yas U3y4eHMs BEAUYMHbI HAIIPsDKEHHS TUTPOBAHUE
MOBTOPSIAM He MeHee 3—5 pas.

Briao mokazaHo, UTO M3MeHEeHHEe BEAHMYHHBI ITO-
ro ImapamMeTpa Ha 9AeKTPOAAX B YKa3aHHOM AMaIla3oHe

OKa3bIBaeT BAUSHUE HA KPYTH3HY 00enX BeTBeil KPHBOI
TUTPOBAHUSA U Ha AAUHY €€ TIPSIMOAUHENHbBIX y4aCTKOB,
HO B TO K€ BpeMs IIPAaKTH4eCKH He BAUSET Ha Pe3yAbTaThl
TUTPOBAHUS HOHOB HCCAEAYeMbIX METAAAOB.

OKCIIepUMEeHTHI IIOKA3aAH, YTO CpeAHee 3HaYeHHe
pacxoaa turpanTa B KT'T, kak 1 cAeAOBAaAO OXXHAATD,
He 3aBHCHUT OT BEAUYHHBI IIOAABA€MOI0 Ha MHAUKATOP-
HbIe 9AKTPOABI HanpspkeHU . OAHAKO IIPH OYeHb MAABIX
ero 3Hauenusx (menee 0,3 B) IIpaBas BETBb KPUBOM I10-
Ay4aeTCs CAMIIKOM IIOAOTOM U OBICTPO TEPSIIOIeit CBOO
NPSMOAUHENHOCTD, TPUBOASAIIEH K YXYAIIEHUIO BOCIIPO-
U3BOAMMOCTH U ITPAaBUABHOCTH ITOAYYaeMbIX PE3yAbTATOB.

Ilpu TakoM AMama3oHe 3HAYeHMI HANpsDKeHHUS MH-
AUKATOPHBII TOK AO T. 3. 00yCAOBAEH BOCCTAHOBACHUEM
TUTPYEMbIX KATHOHOB Ha KaTOAE M OKMCACHHEM CACAOB
BOABI Ha aHoAe. ITocae mpoxoskaerns KTT anpysnon-
HbIM TOK HaUMHAeT BO3PAacTaTh 3a CYeT BOCCTAHOBAEHUS
KHCAOPOAQ Ha KATOAE U OKHCAEHHS CBOOOAHOTO TUTPaH-
Ta Ha AaHOAE.

briro nmokazano, 4To Hamayumue Mo $opMme KpUBbIe
aMIIepOMeTPUYECKOTO TUTPOBAHMUS HAOAIOAQFOTCS B AU~
na3oHe 3HaueHui Hanpspkenus 0,50-0,75 B (B 3aBuCH-
MOCTH OT IPUPOADbI pOHA M TUTPYEMOit CPEADI) U BbIIIE.
Ho B cuay Toro, 4ro mpu 60Aee BBICOKHX BEAUIHHAX I10-
TEHIJMAAOB Ha 9IAEKTPOAAX OAHOBPEMEHHO C OKHMCAEHH-
€M peareHTa HAYMHAIOT IPOTEKATh 1 APYTHe 0OOYHbIe
IIPOLIeCChI, CHABHO BAUSIOIIYE HA ITOAC3HbIM aHAAUTH-
YEeCKMIl CUTHAA, TIO3TOMY ONTHMAAbHOE HaIpsDKeHHe
IIPY TUTPOBAHUH HOHOB METAAAOB B HEBOAHBIX CPeAAx
HEOOXOAUMO OBIAO AepKaTh B 00AACTH 3HAYEHMUIT, YKa-
3aHHBIX BbIllle TOTEHIIUAAOB. Pe3yAbTaThl TUTPOBaHUH,
IIOAYYeHHbIe ITPU Pa3AMYHBIX BEAMMMHAX HAIPsDKeHMS,
AOCTaTOYHO TOYHBI, IIpHUYeM, HanboAee IpaBHABHbBIE
U3 HUX YCTAaHOBAEHBI HA HUTPATHOM U XAOPUAHOM PpOHAX
C OTHOCUTEABHBIM CTAHAAPTHBIM OTKAOHEHHEM, He IIpe-
ormaromumM 0,05.

IToABOAS UTOT paCCMOTPEHUIO AMIIEPOMETPHIECKO-
IO TUTPOBAHM HOHOB Pa3AUYHbIX METAAAOB PACTBOPAMHU
cepocopepxamux pearentos (THAA, TAA, PKu AT3)
u MMTI'O B yKkcycHO# KHCAOTE U ee CMeCsIX C HeKOTO-
PBIMU HHEPTHBIMHU PACTBOPUTEASIMU MOXKHO 3aKAIOUHTD,
4TO ONpeAeAeHHe HCCAEAOBAHHbIX KATHOHOB BIIOAHE BO3-
MOXXHO, Pa3pabOTaHHbIE METOAUKH OTAUYAIOTCSI BBICOKOM
9KCIIPECCHOCTDIO, A PE3YAbTAThl, IIOAYYEHHbIE IIPU 3TOM,
BOCITIPOM3BOAMMBI U IpaBHAbHBL [Ipepsaraempie meTo-
AMKH MOT'YT YCIIEIIHO TPUMEHSTbCS IIPU OIPeAeACHUH
PA3AMYHBIX METAAAOB B O0BEKTAX OPTaHUYECKOTO IIPO-
HCXOXAEHHS, IKCTPAKTAX, MaTepuasax (IIAOX0 PacTBo-
PHMBIX B BOAE) B ADYTHX CAOXKHDIX IO TIPHPOAE 06 beKTax.
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Interrelations of Valence fluctuation frequencies and Force constants
with the Debye temperature of a Chemical compound metal

Abstract: The relationship of valence fluctuation frequencies and force constants of the IR spectra of inorganic compounds
with the metal element Debye temperature has been established. The Debye temperature plays the role of a genetic factor.
Keywords: IR spectra, inorganic compounds, valence fluctuation requencies, force constant, Debye temperature.

Infrared spectroscopy (IR) as a physical method
for investigating the structure of molecules has been of
widely spread in chemistry. Valence fluctuation frequen-
cy is determined by the equation:

1 |K
V=—
2rc\ p

where ¢ — velocity of light; K — connection (relation)

)

force constant which can be regarded as the coefficient
of elasticity for certain structural molecular fragments;
p - reduced mass of a particle. Value K increases with
the increase of connection multiplicity. For diatomic
molecules HF, HCI, HBr and HI it was found that their
dissociation energy in the force constant function is de-
scribed by the first degree polynomial [ 1, 23-24].

According to the theory of fluctuation spectra of
polyatomic molecules the atom displacement is as-
sumed to be inversely proportional to the atom masses.
In this regard, it is interesting to consider the impact of
the metal nature on the valence fluctuation frequen-
cies and force constants in the series of similar chemical
compounds.

The characteristic Debye temperature was chosen as
the main parameter defining the nature metal © [2,229],
which appears to be a data carrier being a complex wave
function. Physical properties of solids are connected
with this parameter [3, 143-145].

Let’s show that the frequencies of valence fluctua-
tions of the Group I s-element v-chlorides of the periodic
system [4, 78] are closely related to the metal Debye tem-
perature. For the entire set of halides (LiCl, NaCl, KClI,
RbCl, CsCl) the following equation (correlation factor
0.986) was derived:

v=_81.3517 + 2.30460.

For NaCl, KCI, RbCl and CsCl this association (cor-
relation factor 0.999) is shown in Fig. 1.

Let’s consider relationship of characteristic valence
symmetric fluctuations of Group I s-elements azides v_
(N,) with the metal Debye temperature. For compounds
LiN,, NaN_, KN, RbN, and CsN, Spectrums of combi-
national dispersion [ S, 26] were taken. For the entire set
of azides the correlation dependence (correlation factor
0.94) was obtained: v_ (N3) =1331.4469+0.1190.
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Na

230 Rb
Cs

30 60 90 120 150
Metal Debye temperature, K

Fig. 1. The dependence of valence fluctuation frequencies of the Group
1 s-elements chlorides on the metal Debye temperature

For the same set of azides the correlation depen-  polynomial with a higher correlation factor of 0.98
dence without lithium is described by the first degree  (Fig. 2).

1360

S 1350

Q

Z 1340

2 1330 | &
1320

20 60 100 140
Metal Debye temperature, K

Fig. 2. Dependence of the characteristic valence symmetrical fluctuations v_ (N,) of
the metal Debye temperature: 1 - CsN,, 2 - RbN,, 3 — KN3, 4 — NaN,

Table. 1 shows the relation of fluctuation frequencies ~ 149] to the metal Debye temperature. It is notable that
of tetrahalides GeCl,, TiCl,, ZrCl,, SnCl, and PbCl, [1, these dependencies are given by d- and p-elements.

Table 1. — The correlation equation, the correlation factor R

Frequency correlation dependency of osculation xoae6anmit v, v,, v,, R

v, =318.5741 + 0.19790 0.90
v, =307.3816 + 0.25820 6e3 TiCl, 0.96
v, =79.8722 + 0.1077© 0.85
v, = 309,3384+0,40740 0.98
v, = 78.4716 + 0.18030 0.76

Ideal dependence of v, tetrahalides frequency  with ahigh correlation coefficient of 0.98 (Fig. 3).
[1,149] on the metal Debye temperature was obtained
490

90 190 290 390 490
Metal Debye temperature, K

Fig. 3. The frequency of the metal Debye temperature v3
1-PbCl4,2-SnCl4, 3-27rCl4, 4 - GeCl4,5 - TiCl4
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The frequencies of valence fluctuations of the
chloride emission spectra of d-elements ZnCl,, CoCl,,
NiCl, FeCl, [4, 79] in the function of the metal Debye
temperature are satisfactorily described by the first de-
gree polynomial with a high correlation factor of 0.976

(Fig. 4).
520
515

510

v, em!

505

500

495

320 370

Frequencies of combinational dispersion spectra of
cyano-complexes (K, [Cr (CN) ], K, [Co (CN) ], K,
[Rh (CN),], K, [Ir (CN),]) [1, 235] in the Debye tem-
perature function is satisfactorily described by the first
degree polynomial (correlation factor 0.95):

v=-339.9638 + 1.74980.

420 470
Metal Debye temperature, K

Fig. 4. Dependence of the valence fluctuation frequency of transition metal halides v
on the metal Debye temperature: 1 - ZnCl,, 2 - CoCl,, 3 — NiCl,, 4 - FeCl,

Table. 2 shows the relations of frequencies of ion
fluctuations of octahedral molecules MeCl, [1, 166 ] with

the metal Debye temperature.

Table 2. — Octahedral molecule ions MeCl,, correlation equation the correlation coefficient R

MeCl Correlation equations R
[TiCL]%, [SeCl.]%, [SnCL ], [PtCI |7, [PdCI ]> v, = 265.8831 + 0.36890 0.72
[TiCl.]%, [SnCl. |7, [PtCL,]%, [PdCL |* v, = 160.8693 + 0.6980 0.94
[TiCl |7, [SeCL ], [PtCl |7, [PdCL ]> v, = 257.0428 + 0.19220 0.88
[TiCl,]%, [SnCL]%, [PtCL.]%, [PdCL]* v, = 54.5151 + 045670 0.96

For force constants of the NO F (NO) group in
the ion nitrosyl complexes [IrClSNO]', [Fe (CN) 5NO] x,
[IrBr NOJ, [RuCINO]?*, [Os (NH,) NO]J* and [Os
(NH,), (OH)NO] the connection with the Debye
temperature of the metal-complexing agent was defined
(correlation factor 0.89) [6, 171]:

F(NO) =2909.537 - 3.20680.

There are a lot of similar examples available. Im-
portantly, that valence fluctuation frequencies and
force constants are associated with Debye tempera-
ture of the metal forming an inorganic compound. It is
possible to speak of genetic impact of a metal element
on the physical and chemical properties of inorganic
compounds.
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Abstract: This article presents a program for calculating active transition arc resistance for phase faults and
determines the current in the arc. Different models for determining active transition arc resistance.
Keywords: active transition resistance, electric arc, short circuit, arc current.
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OnpepeneHne akTUBHOIO NEPexXoaHOro CoOnpPoTUBJIEHNS
ayrn npy mexaydasHoM KOPOTKOM 3aMblKaHUU

AHHOTa].IIrI}I: B crarpe IIpEACTAaBACHA IIpOrpaMMa AASL pacdeTa aKTUBHOI'O IIEPEXOAHOTO COIIPOTHUBACHUS AYTH

IIpu Me)Kqu)aBHOM K3 u OIIPEACACHUS TOKA B AyTeE. PaCCMOTpeHbI Pa3AMYIHDbIE MOACAN AASL OIIPEACACHI AKTUBHOT'O

MEPEXOAHOTO COTPOTUBACHUS AYTH.

KAroueBbie CAOBaA: AKTUBHOE IIEPEXOAHOE COIIPOTHBACHHUE, JIACKTPHUIECKAA AyTa, KOPOTKOE 3aMbIKaHHE, TOK AYyT'H.

IlepexoaHble compoTuBAeHus: R, B obuieM cAydae
OTIPEAGASIIOTCS] COIIPOTUBASHUSAMHU SACKTPHUUECKHX AYT,
IIOCTOPOHHUX IIPEAMETOB B MeCTe MOBPEXAEHH, OIIOp
U MX 3a3€MAEHHI, a TaKKe CONPOTHBACHMAMHU MEXAY
npoBopaMH $a3 U 3eMaelt (Harpumep, Py aAeHUH IIPO-
BOAOB Ha 3eMAIO).

ITpu 3ambIkaHMAX MeXAY PazaMu IepexoAHble CO-
IPOTHBAEHUS JaCTO ONPEACASIOTCS CONPOTUBACHUAMHU
AyT. B TedeHme KaXKAOTO IIOAyIIEPHOAA CONPOTHBAE-
HHe AyrH usmeHsercs. Hampsbkenue Ha Ayre B oTAmdMe
OT TOKa, pOpMa KOTOPOTO OOBIYHO OCTAETCS OAM3KOM
K CHHYCOMAAQABHOM, CHABHO HcKaxxaeTcs. [Ipu paccmo-
TPeHUH 3aI[UT HCIIOAb3YeTCs IPEACTABACHHE 00 9KBHU-
BAACHTHOM COITPOTHBAEHUH AYTH.

OKCIepuMeHTaAbHbIe HCCAEAOBAHHS OTKPBITBIX AYT,
IIPOBOAMMBbIE BO MHOTHX CTPaHaX, MOKa3aAH, YTO IPH
ToKax I, B Ayre B COTHU amiiep 1 6oAee CONPOTHBACHUE
Ayru (SKBUBAaAEHTHOE 3HAYEHHUeE), SIBASIOLIEeCs [IPAKTH-
4eCKH aKTHBHBIM, MOXET B O0II[eM CAydae OMPeAeASeT st
1o BoIpakenuio [1]:

R - UmI;La )
14
rae U, — rpaaneHT HanpspkeHus Ha Ayre, B/m; L, —
AAUHA AYTH, M.

OKBHBAaAEHTHOE 3HaYeHHe aKTHBHOTO IIePEXOAHOTO
conpoTuBAeHus AyTu B MecTe K3 onpepeasiercs 1o oa-
HOM U3 CAEAYIOITHX POPMYA:

1.EcAu mpeAlIOAOXKUTD, YTO HAIpsDKeHHE Ha AyTe
He 3aBHCHT OT 3HaYeHHsI TOKA U PABHO IPUOAM3UTEABHO
2000-2500 B/m (mopean ayru Heobayapa). Toraa co-
IPOTHBAEHHE AYTH [2]:

20 1)

dyeu

Oyeu

rae L, — pauna ayry, M; I, — aAeficTBylolee 3HaUeHMe
TOKa B AyTe, A.
2.Ilpu y4ere 3aBUCHMOCTH HAIIPSDKEHIS AYTH OT TOKA

AYTH HUCTIOAB3YIOTCS MOAAb Bappunrrona (ypasnenue
«Warrington») [2]:
~28700-L,

dyau - 1,4
ou

rae L, — pamnHa ayru, M; I, — peificTByIOIee 3HAYeHUE

[Om], (2)

TOKa B AyTe, A.

3.Ha ocnoBanuu nccaeposanuit B. B. Byprcpopda
TPAaAMEHT HaIpsDKeHHUS Ha Ayre KaK MaAO 3aBHCAIUMI
OT TOKA IIPU OOABIINX 3HAYEHHUSIX TPUHUMAETCS II0CTO-
SHHBIM U paBHbIM 1400-1500 B/M, a mokazaTeab cTe-
nenu k =1. Toraa conporusaenue ayru [1]:
u, L U, L 1050-L,

= ~ 3
I \/E*Ia I, ’ ( )

rae L, — aamHa Ayru, M; I, — pelicTByIoIee 3HAYeHUE

R, =

TOKa B AyTe, A.
4.ITpu ncrioAb30BaHUH MOAeAU AyTH BeficTurrxayca
HMICTIOAB3YETCS CAeAyIoIIee Bipaxkenue [3]:

:1444-La[

R Om], (4)

0
9

rae L, — pamna ayry, M; I, — peficTBylomee 3HaYeHHe
TOKa B AyTe, A.

S.M3-3a AeficTBUS BeTpa Ayra pacIIMpseTcs, TOTAQ
HMICTIOAB3YeTCs CAeAytoIee Beipaxkenue [1];

R” = 1+5"/—'t3

0

R,[On], (5)
9

rae L, — pamHa Ayru B HagaabHBIH MOMeHT K3, M; V —
CKOPOCTD BeTpa, M/ C; t, — BpeMsi CyILeCTBOBAHMUS AYTH,
¢; R, — comporuBAeHue Ayru B HauaAbHbI MoMeHT K3.

PacyeTHast cxeMa 3aMellleHUs IIPEACTABACHA B CACAY-
romem Bupe (puc. 1).

OKBUBAACHTHOE CONPOTHUBACHUE CHCTEM

7=z =Lt

Z+Z,
rae Z, 1 Z, ~KOMIIAEKCHOE COIIPOTHBAEHHE CUCTEM S, U
S, cooTBeTCTBEHHO.
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. . K, . .
El Zl % Z2 E2
Q | EE— f L O

S S,
Lyl |Ra

-
Puc. 1. PacyeTHaa cxema 3amelleHnsa

OxBuBasenTHast JAC:
i - E Y +E, Y, _ E-Z +E,-Z,

=

b

Y +Y, Z,+2,
rae E u E, — xommaekcuas DAC cucrem S, u S, coor-
. 1 . 1
BETCTBEHHO, Y, = = u Y, = = —IIpOBOAMMOCTH CUCTEM

1 2
S, 1 S, COOTBETCTBEHHO.

}Figure 2: Reswstance_Arc

Tox ayru:

P _p L E, | _ \/ﬁ
I=I+]l —Z.E+Ra,la I*+jI7,
TAE Ra — aKTHUBHOE€ nepeonHoe COHPOTI/IBAeHI/Ie AYI'I/I.
Ha OCHOBAHHH BBIINIECHU3AOXKECHHOTO AAS OHPCAEACHI/ISI
AKTHUBHOTI'O COHPOTI/IBAEHI/IH AYI‘I/I HeO6XOAI/IMO HalTH pe-
IIeHHEe CUCTEeMbI HEAMHEMHBIX YPaBHEHHfI:
I )= E; ;
Z,+R, (6)
R =f(|L].L,).

AAS peleHIs AAHHOM 3aAQYH B ITAKeTe MIPUKAAAHBIX

nporpamm Matlab cospana mporpamma — Resistance
Arc. IToab3oBaTeAbcKuil HHTepdelic IpeACTaBAeH Ha PH-
CyHKe 2.

Bsoa PacueT  BOnoMOraTEmbHLE MHCTRYMEHTE!

‘ Mporpamma pacyeTa akTUBHOIO NEPEX0AHOro CONPOTUBNEHWA AYTI U TOKa AyTH I

‘Pa:paﬁuruwk nporpammel: Masen Knunos. 2014 I

Puc. 2. Nonb3oBaTenbckmin ntHTepdenic k nporpamme Resistance Arc

BXOAHbIe AAHHBIE IIPOIrPaMMbI IIPEACTABAEHDI B Ta6AI/ILIe 1.

Tabnvua 1. — BxogHble faHHble nporpaMmel Resistance_Arc

O6o03HaueHne
Ne Haspanme mapamerpa HNsmepenne
mapaMerpa
1 2 3 4

1 El Moayab IAC cucremsi S1 kB

2 f1 ¢aza DAC cucremsr S1 rpaa

3 E2 Moayab IAC cucremst S2 kB

4 2 ¢aza IAC cucremsr S2 rpaa

S Z1 KOMITAEKCHO€E COITPOTHUBAEHHE crcTeMbIS 1 OMm

6 72 KOMIIAEKCHO€E COTIPOTHUBAEHUE CUCTEMBIS2 Om
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1 2 3 4
7 RdO COIIPOTHBAEHHE AYTU B HAYAABHOM IPHOAKEHUN OmMm
8 Ld AAMHA AYTH M
9 \Y CKOPOCTb BeTpa M/ ceK
10 t BpeMs CyIeCTBOBAHMSA AYTU ceK

AAsL BBOAQ HCXOAHBIX AQHHBIX HEOOXOAMMO B CTPO-
Ke MEHIO HaXXaTb Ha «BBoA>» U B BhIIaparomeM CIIMICKe  AQ IIApaMeTpPOB (pnc. 3).

BBIOpaTh «BBOA MCXOAHBIX AQHHBIX>>, B 9TOM CAYYAE AASI

Beegute mogyne 30C cucTembl N21 B kB, E1=

Puc. 3. OkHO BBOZA NnapamMeTpoB

AAst BbIOOpa pacueTHOM MOAEAH HEOOXOAUMO B CTPO-
K€ MEHIO HaXaTh Ha «PacueT>» u B BhIMaparomem cru-
CKe BBIGPaTh COOTBETCTBYIOIYI0 Mopeabto («Pacuer

conporuBaenus ayru (Moaeab Heobayspa)», «Pacuer  pwuc. 4.

) FHgure - Hesistance_Arc

Eeoa NEEEISSE BonomoraTensHBIE HHETPYMEHTEL

PacdeT cOMpOTHENEHHA AyTH (MOAEeE Heobayspa) |

PacyeT cOMpOTHENEHHA AYTH (MOAEME BappHHRTOHA) |
PacyeT conpoOTHENEHHA AyTH (MoAeE Byproaopda)
PacyeT CONPOTHENEHMA AYTH (MOAENE BEACTHHM xayca)
PacueT Toka ayru

Puc. 4. Beinagarowmini CNUCOK C pacyeTHbIMU MOOENAMU

ITocae pacueTa CONPOTUBAEHHSI AYTH ITO BHIOPAaHHOM
MOAEAM ITPOrpaMMa IO3BOASET PACCYUTATh TOK B AyTe

(puc. 4, «Pacuer Toka AyTu> ). CTaBAHBI B TabAmIIe 2.

Tabnvua 2. — BeixofHble AaHHble nporpamMmbl Resistance_Arc

BBOAQ KQXKAOTO [TapaMeTpa 6yAeT OTKPBIBATHCS OKHO BBO-

conpoTuBAeHus AyTH (MOAeAb BappunrTona) >, «Pacuer
conpoTuBAenus Ayt (Moaeab Byprcpopda)>, «Pacuer
conpoTuBAenus Ayru (MopeAb BeiicTunrxayca)>») —

PesyabraT pacuer OyaeT IIPEACTABAEH B OKHE ITOAB-
30BaTeAbCKOro MHTep¢eiica. BoixopHble AaHHBIE TIpe-

O6o03HaueHne
Ne Haspanue mapameTpa HN3mepenne
nmapamerpa
1 | Rarc AKTHBHOE COIIPOTHBACHHE AYTH Om
2 | Rarc2 COITPOTHBAEHHUE AYTH IIPU PaCIIMpeHUH U3-3a AeHICTBUS BeTpa Om

ITocae pacdeTa COPOTHBAEHHUS AYTH 10 BBIOPAHHOI
MOAEAHU IIPOrPaMMa IIO3BOASIET PACCYUTATH TOK B AyTe.
Kpowme Toro, B okae Matlab 6yayT BBIAQHBI AOTIOA-

Tabnuua 3. JonosHUTENbHbIE BbIXOOHbIE JAHHbIE

HUTEAbHbIE BHIXOAHbBIE AAHHbBIE, XapaKTepU3yoll1e pe-
IeHHue — KOAMYECTBO MTepalui, 3HaueHHe QyHKIIUH,
TOYHOCTD pacdeTa U Ap. (Tabamma 3 u puc. S).

_ First-orderoptimality Trust — region
Iteration Func-count Norm of step _
(sreparms) | (Func-paceer) f(x) (stopwamara) (onTHMaAbHOCTD TIEpBO- radius
pat P P rO TIOPSAKA) (CG utepanun)
0 8 0.256384 0.503 1
1 4 4.317e-008 0.50961 0.000207 1
2 6 1.25e-021 0.0002089 3.52e-011 1.27

Hmxe mpeacTaBAeHbI pacyeTsl. AAs pacueTa IpUHSA-
ThI CAeAyIoIre ucxoaHsie panubie: E1 = 230 kB, f1 =
0 rpaa, E2 =230 B, f2 = 0 rpaa, Z1 = 5,9+j45,02 Ow,

t=2cex, I, =~/3-1¢ = 11267 A.

72 =5,73+j36,64 Om,Rd0=1Om,Ld =8 M, V =8 M/ cek,
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MATCAB 7.10.0(RZ070a)

File Edt Debug Parallel Desktop Window Help
SIS S Ml 9 o | @ 2| @ | Current Foider: | D:\My documentsiElectric Power Industry\Programs_Matlab\Arc_resistance
. Shortouts #] How to Add 2] What's New

Command Window i b
Norm of First-order Trust-region
Iteration Func-count £ix) step optimality radius
o 2 0.256354 0.s03 1
1 4 4.31779e-008 0.50361 o.000zo7 1
2 -] 1.25003e-021 0.000208962 3.52e-011 1.27

Egquation solwved.

fsolve completed because the wector of function valuss is near zero
as measured by the default value of the function tolerance, and
the problem appears regular as measured by the gradienc.

<stopping criteria detailss>

Rarc =

0.4906

Rarcz =
5.3966

S>> |

Pwuc. 5. lononHuTENbHbIE BbIXOAHbLIE JAaHHbIE

Tabnuua 4. — CpaBHUTENbHbIN aHanM3

Pacuer mmo mpo- Pacuer R, I, (pacuer Veearde. Morper-
Ne | M rpamme IpUIPUHS- | mpou3BeAeH
B opeab ayru | Dopmyra | pocico AL - HHEe TOYHO- HOCTb
= [0 IpOTpaMMe cru, % IO TOKY,%
R,Om| I,A |I,=v31) | APMCP3A)
MOAEAD
1 1 1 11 1 11 1 1
Heobayopa (1) ,804 084 775 086 ,6 0,016
o | MosewBap- [ oy 601 | 11224 0,488 11226 0,61 0,011
PHHITOHA
3 | MoAeARBYPT-| gy 1 o5 | 11200 0,745 11201 0,6 0,007
caopda
Beit-
I (4) | 1,034 | 11171 1,025 11173 0,84 0,014
CTHHIXayca
Tabnuua 5. — Pacuet R, no nporpamme Resistance_Arc
Pacuer R, no nporpamme Resistance Arc, Om
Bpems cymecTsoBannsa =
Ne AyTH — t, cex MOAEAD MOAEAD MOAEAD MOAEAD
’ Heobayapa Bappunrrona Byprcaopda BeiicTunrxayca
1 0 1,804 0,491 0,75 1,034
2 0,5 6,315 1,717 2,625 3,619
3 1 10,826 2,944 4,5 6,204
4 1,5 15,337 4,17 6,375 8,79
) 2 19,848 5,397 8,25 11,375
6 2,5 24,359 6,623 10,125 13,96
7 3 28,87 7,85 12 16,545
8 3,5 33,38 9,076 13,875 19,13
9 4 37,892 10,303 15,75 21,715
10 4,5 42,403 11,529 17,625 24,3
11 S 46,914 12,756 19,5 26,886
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Tabnuua 6. — PacueT I, no nporpamme Resistance_Arc

Pacuer I, no nporpamme Resistance Arc, A
Bpewms cymecrBoBanus 4
Ne AYTH — t, cex MOAEAD MOAEAD MOAEAD MOAEAD
Heob6ayapa Bappunrrona Byprcaopda BeticTunrxayca
1 0 11084 11224 11200 11171
2 0,5 10352 11094 10977 10830
3 1 9410 10932 10685 10374
4 LS 8445 10741 10340 9848
S 2 7554 10526 9961 9291
6 2,5 6774 10292 9562 8734
7 3 6105 10044 9156 8197
8 3,5 5835 9787 8753 7689
9 4 5050 9524 8359 7217
10 4,5 4634 9258 7980 6783
11 N 4277 8993 7619 6386

Ha ocnoBanuu BoIeN3A0KEHHOTO MOXKHO CAE€AATb CACAYIOIHE BPIBOADI:

1. BoIcOKHi1 ypOBeHb TOYHOCTH PacieTa aKTHBHOTO [IEPEXOAHOTO COIPOTUBAEHHS AyTH B HAYaAbHbIN MOMeHT K3
3
obecreynBaeTcs npu npussTHn I, = NED o

2. AAsi obecriedeHIs CeAeKTUBHOCTH AUCTAHIIMOHHOR 3AIUTHI ITPH IIOCTPOEHHHU IOAUTOHAABHO XapaKTepUCTHKH
PEeKOMEHAYeTCs AAS pacyeTa aKTHBHOTO IIEPEXOAHOTO COIIPOTHUBACHHMS AyTH HCIIOAb30BaTh MOAEAD Ayru Bappunrrona
(ypaBuenme «Warrington> ) uau mopeab ayru Byprcaopda.

Cncox AnTepaTypsi:

1. ®epocees A. M. Peaefinasi 3amuTa 9A€KTPOIHEPreTHIECKUX CHCTeM. PeAefiHast 3amuTa ceTeit: YaebHOe mocobue
AAs By30B. — M.: DHeproaromusaar, 1984. 520 c., na.
2. Walter, M.: Der Selektivschutznachdem Widerstandsprinzip; Verlag Von Oldenbourg, Munchen Berlin, 1933
(in German) (Title: Protection according to the impedance principle).
3. Warrington, A.R. van C.: Protective Relays, Their Theory and Practice; Volume 1, Chaptman and Hall, London,
1962.
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