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Development bonitation of the coefficients on the
content of humus and of soil erosion

Abstract: In article is stated study correlation intercoupling to productivities of the cotton plant and con-
tents humus a in erode ground for the reason creation bonitation factor. The Factor to correlations between
productivity of the cotton plant and degree erode ground is 0.97, but between productivities and humus
0,97. average quadratic equation mistake of the factor to correlations (m is 0,024 and 0,31, but validity (t) is
40,4 and 3,1. Such intercoupling between productivity of the cotton plant, humus and degree erode ground
affords ground calculate the bonitation factors.

Keywords: bonitation, relief, correlation, productivity, correlation, easy loamy, clayey, humus, erode,
irrigated, sereozem.
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Pa3zpaboTka 00HNTUPOBUYHbIX KO3(PPULUNEHTOB
no coaep>XaHuio rymyca v apoagMpoBaHHOCTHU NOYB

AnnpoTanus: B cTaTbe u3Aaraercs usydeHune KOppeASTHBHbIE B3aHMOCBSA3U YPOXKaHHOCTH XAOITIATHUKA
U COAepIKaHMe T'yMyca B 9pOAUPOBAHHBIX IIOYB C IIEABIO CO3AAHHUSI OOHUTHPOBHYHBIX K03 purmenToB. Ko-
3 PuIEHT KOPPEASIIIUN MEXAY YPOXKANHOCTHIO XAOITYATHUKA U CTETIEHbIO 9POAMPOBAHHOCTH IIOYB paBeH
0.97, a Mexxpy ypoxxaitHocTH M ryMycoM 0,97. cpeAHsisl KBappaTHdecKas OIHMOKa K03 PHIfeHTa KOPPeAs UM
(mf) pasHo 0,024 1 0,31, a pocToBepHOCTS (t) paBHo 40,4 u 3,1. Takas B3aNMOCBS3b MEXAY YPOXKAHHOCTDIO
XAOITYATHHKA, FYMYCa U CTEIIeHbIO 9POAUPOBAHHOCTH IIOYB AAeT OCHOBAHHE BHIYUCAUTh OOHUTHPOBOYHbIE
KO3 PUIIMEHTHI.

KaroueBbie cA0Ba: 60HUTHPOBKA, peAbed, YPOXKAMHOCTD, KOPPEASIIHSI, ACTKO CYTAUHUCTDIi, TANUHUCTBIM,
I'yMyC, 9pOAUPOBAHHOCTD, OPOLIAEMbIX, CEpPO3EMOB.

BonuTHpoBKa 9KOAOTMYECKHUX YCAOBHI XAOITYaTHH-
Ka U APYTHX KyABTYP C y4eTOM YPOBHS MHTeHCHHUKa-
IIUU CeAbCKOXO3SMCTBEHHOTO IIPOU3BOACTBA BBIABUIAET
OCTPYIO HEOOXOAMMOCTD CO3AQHHSI EAHOI METOAMYe-
CKOM OCHOBBI, II03BOASIIOIIIEI COITOCTABUTH OLIEHKH Kave-
CTBa II0YB ¥ APYTUX GaKTOPOB XKM3HU PACTEHUH pa3Ad-

HbIX HPHPOAHO-XOSHﬁCTBeHHbIX TePpHTOPHﬁ. TPYAaMI/I
MHOTOYHNCACHHBIMH HCCACAOBATCASIMU 60HI/ITI/IPOBH.[I/IKa-
MH CO3AAaHbI peCHy6AI/IKaHCKI/IX METOAMKH, MHCTPYKITHUH
M YKa3aHH: 110 6OHI/ITI/IPOBKC I104YB, KOTOPBIE C 60Ab]]10ﬁ
TTOAB3OM HCIIOAB3YIOTCA KaK HayIHasl OCHOBA AASI TTAQHHM-
POBaHHNA ypO)KaﬁHOCTH, PafIOHI/IPOBaHI/IH COPTOB KYAb-
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Section 1. Biology

TYPHBIX PACTeHHUIT, 000CHOBAHUSI Pa3MeIeHUS OTPACA€Tt
CEAbCKOT'O XO34MCTBA C y4eTOM IIOUYBEHHBIX M KAUMATH-
YECKHX YCAOBUM TEPPUTOPHIL.

OmnebiTHBIE pabOTHI IO GOHUTHUPOBKE OPOIIAEMBIX
IIOYB HAYaThI HECKOABKO Mmo3aHee. K HacTosmemy Bpe-
MEHH B PecITyOAVKH, TAe Pa3BUBAETCS OPOIIAEMOe 3eM-
AepeAre, IMEIOT CBOM MeTOAMYecKue mocobus. Bee cy-
IeCTBYIOIHE PerHOHAABHbIE METOAMKU OOHUTHPOBKH
II0YB CeAbCKOXO035MCTBEHHOIO NCIIOAb30BAHMUA IO CBOE-
MY COAEP>KaHUIO U KPUTEPHAM OLJeHKU MOXXHO Pa3AeAUTD
Ha 3 HaITpaBACHHS:

1. EcTecTBeHHO-HCTOPUYECKHIT METOA, pa3paboTaH-
Hbli1 B. B. Aoxy4aeBbiM. Baaabl 60HMTETa ycTaHABAMBA-
IOTCsI HA OCHOBE y4eTa reHeTHIeCKUX CBOMCTB, Hanboaee
TECHO KOPPEeAMPYIOIIUX C ypOXKaeB BeAyleil B pernoHe
CEAbCKOXO3SICTBEHHOM KyABTYPHI [4; S .

2. B ocHOBe Broporo HampapAeHHs — OIleHKa IIAO-
AOPOAMS TTOYBbI YPOXKAIO CEAbCKOXO3SMCTBEHHBIX KYAb-
TYP, IPA 3TOM 0OBEKTOM OLIEHKHU CAY>KAT arpOIPOH3BOA-
CTBeHHble rpymmb! uAH (peske) BUAbI Tous [ 1].

3. OneHKa ITAOAOPOAMS IIOYB IO HMX CBOHCTBAM
C IpUBA€YEHHEM IAEMEHTOB arPOKAMMATA U arpopeAbe-
$a. ITOT MeTOA MOKHO Ha3BaTh ArPOIKOAOTHYECKUM [ 3].

B cBsi3u ¢ 9TUM HaMU OBIAM HA4aThl HCCACAOBAHUS
B paMKax TeMbl «Pa3paboTaTh METOAUKH COCTaBACHHS
KPYITHOMACIITAOHOTO KapTHPOBAHUS IIOYB U OOHUTH-
POBKM 3KOAOIMYECKUX YCAOBHII XAOITIATHUKA HA 9POAHU-
POBaHHbIX TEPPUTOPHAX C y4eTOM YPOBHSA MHTEHCUPHU-
KaIlM{ CeAbCKOXO3SHCTBEHHOIO IIPOU3BOACTBA>.

Hayunbple nccaepnoBaHUSA IPOBOAUAKCDH B CACAYIOIIHX
HaIlpaBAEHMAX:

1. ITonck HamboAee KOHCEPBATHBHBIX B YCAOBHSX
OpOIIEeHHS U B TO e BpeMs arpOHOMHUYECKHMX BaXKHBIX
CBOVICTB AAST 0O0CHOBAHMS IKAABI OOHHTHPOBKH IIOYB;

2. YcraHOBACHHE CTEIIeHH TeCHOTHI CBSA3U MEXAY OT-
AEABHBIMU CBOMCTBAMU II0YB U YPOXKaeM XAOITIaTHHKA
C MpUMeHeHHeM KOPPeASLIMOHHOTO U PerpecCMOHHOIO
AHAAM30B AASI MATEMATHIECKOTO OOOCHOBAHHSI OOHUTHU-
POBOYHBIX KO3 PHIIMEHTOB;

3. TTouck aaemeHTOB arposkosoruu (peabeda, KAU-
Mara), OKa3blBaloIMX HAMGOAbIIee BAMSHUE HA PA3BUTHE
XAOITYaTHHMKA AASL KOMITA@KCHOM OI[eHKH BceX PaKTOpOB
arpO3KOAOTHH XAOITYATHHKA.

MeToaudeckue mpopaboTKH 10 GOHUTHPOBKE IIOYB
ITPOBOAMAKCDH Ha Y4YeTHBIX IAOIJAAKAX pasmepoM 10 x
10 M, BBIOpaHHBIX BHYTPH KAIOUEBBIX Y4ACTKOB ITOCAE
AETaAbHOI'O KapTHUPOBAHMSL (M 1:1000) 3A€MEHTaPHBIX
nouseHHbIX apearos (OI1A). yueTHble MAOIAAKH pac-
[IOAAraloTCsl B HanboAee xapakrepHoM ydacTke JDITA.
3A€Ch JK€ 3aKAAABIBAIOTCS ONOPHBIE paspesbl AASL U3-

yueHus: cBoiicTB OITA. YueT ypokas xAomka-ceparia
Ha YYeTHbIX IAOIMAAKAX ITPOU3BOAHACS IO METOAY Y3-
HUXMU (2007). 3aTeM NpOU3BOAMAKCH CTATUCTHYECKAS
06paboTKa ypOXKANHBIX AQHHBIX, BBIYHCACHHE CPEAHe-
B3BEIIEHHBIX YPOXKaeB Y4eTHBIX NMAOIIAAOK M IOMCK
KOPPEeASLIMOHHbIX 3aBUCUMOCTEH MEXAY OTAGAbHBIMU
CBOMCTBaMM II0YB C OAHOM CTOPOHBI ¥ YPOXKAMHOCTbHIO
XAOIYATHUKA C APYTOM.

HccaepoBaHMe KOPPEASTUBHBIX CBSI3€i IIPOBOAMAOCDH
C TIOMOIIbIO ypaBHeHHs mapHoit koppeasuuu (2007). Ecaun
K03 PuIIHEeHT KoppeAsy (r) Bblllle YAOBAETBOPHTEABHO,
TO BBIYUCASIAM OOHHUTHPOBOYHBIE KO3 uieHTsL. B cay-
Yae HeAOCTaTKa MaT€PHAAOB 10 YPOXKAIO MO OTACABHBIM
MO3UIIMSAM IPU3HAKOB BBIYMCASIAU CPEAHE BEPOSTHOCTHbIE
YpOXKau C MpUMEHEHNEM YPaBHEHUH peTrpecCuM.

Bonutnposka — Kak caMOCTOSITEAbHAsI U MCXOA-
Hasi OCHOBA B OOIIeN CUCTeMe OLIEHKU 3€MEAb AOAKHA
IIPOBOAUTCSI C MAKCHMAABHOM 0ObeKTHBHOCTBIO U TOY-
HOCTBIO, 2 3TO B IEPBYIO OYePeAb 3aBUCUT OT TOTO, Ha-
CKOABKO IIPAaBUABHO BHIOPAHbBI OOHUTHPOBOYHbIE KPUTE-
PHUH 1 HACKOABKO ITOAHO OHH XapaKTe€PHU3YIOT IPUPOAHOE
ITAOAOpPOAME ITOYB. BripeaeHHe CBOMCTB, MPUHUMAEMbIX
32 OOHUTHPOBOYHBIE KPUTEPUH, — HAHOOAEE CAOXKHBII
BOIIPOC TpU NPOBEAGHMH HX KAueCTBEHHOM OIljeHKH.
OHM AOAKHDI OBITH OTHOCUTEABHO MAAO AUHAMUYHBIMH
M YCTOMYMBBIMU BO BpeMEHH, OOIIMMU AASI BCeX OOHU-
THUPOBOYHBIX TI0YB OITPEACAEHHOM TePPUTOPHUU M KOAHU-
YeCTBEHHO COIIOCTaBUMBIMU.

B ycaoBusax opomaemoro seMmaepeAns BceM yKa-
3aHHBIM TPeOOBAHUSIM OTBEYaeT MEXaHIIECKHI COCTaB
[2]. MccaepoBanme BO3SMOXKHOCTH GOHUTHPOBKHU OPO-
IIaeMbIX ITOYB [0 MeXaHNUYECKOMY COCTaBy IPOBEAEHA
10 AQHHBIM 126 THIIHMYHBIX X035HCTB, 132 depmepckux
y4YacTKax U 43 KAIOYeBBIX y4acTKoB. ITo xaxpomy mo-
Ka3aTeAl0 MOYB C IPUMEeHEeHUEeM YPaBHEeHUM perpeccuu
BBIYMCAEHbI BEPOATHOCTH ypoxkau. Ha ocHoBanuu no-
Ay4EeHHBIX MATEPHAAOB COCTAaBAEHA OI[€HOYHAs IIKAAA
OOHUTHPOBKM OpOILIAEMBIX ITOYB CEPO3EMHOTO IOsICa
(Tabammma 1).

Tabnuua 1. - bazoas wkana 6OHUTUPOBKMK
OpOLLAEMBbIX TUMNYHBIX CEPO3EMOB

. bBonuTnposounbie
Ne | MexaHM4eCKHIN COCTaB
K03 PUITHeHTDI
1 | Aerxo CyrAMHHCTBIH 95
2 | CpeaHECYTAMHUCTBIN 100
3 | TsoxeAOCYTAMHUCTBIN 90
4 | TAuHUCTBIN 70

MccaepOBaHMAMU Pa3AMYHBIX aBTOPOB, ypOXKai-
HOCTDb XAOITYaTHUKA HA CHAbPHO3POAMPOBAHHBIX TOYBAX
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ymenbmaercs Ha 40-50% no cpaBHeHMIO C ypOXKaHHO-
CTBIO XAOITYATHHUKA HAa HEIPOAUPOBAHHBIX mouBax. Oa-
HAKO AO CHX IIOp He ObIAM IPOBEAEHBI CIIEIJHAAbHBIE HC-
CAGAOBAHUS 110 YCTAaHOBAEHHIO KOPPEASTUBHbBIX CBA3eH
MEXAY CTeIIeHSAMHU 3POAUPOBAHHOCTH IOYB M ypOXKai-
HOCTBIO XAOITYaTHHUKA.,

C y4yeToM M3AOXKEHHBIX HAMH IIPOBEACHO Hay4HOe
HCCAEAOBAHME 110 GOHUTUPOBKE OPOIIAeMbIX THIIMIHBIX
CepOo3eMOB ITPEArOPHBIX PABHMH I10 CTENeHHU IIOABEPXKEH-
HOCTU MPPUIAIIMOHHOMN 3po3un. 13 mprBeAeHHBIX AQH-
HBIX TAOAMIIBI 2 BUAHO, YTO KO3 PHUIHEHT KOPPEASIIUH
MEeXAY YPOXKAaHHOCTbIO XAOITIATHUKA U CTENEHbIO 9POAU-

poBaHHOCTH I04YB paBeH (.97. cpeaHss KBappaTHYecKas
omrOKa K03 pUIMeHTa KOPPEASIIUL (mT) paszo 0,024,
a AOCTOBEPHOCTb (t) pasno 40,4. Takas B3aMMOCBS3b
MEXAY YPOXKaMHOCTbIO XAOITYATHUKA M CTEIIeHbIO 3pO-
AMPOBaHHOCTH IIOYB AaeT HaM OCHOBAaHHE BBIYHUCAUTD
OOHHUTHPOBOYHBIE KO PUIINEHTBL.

B naane nccaepoBaHuMit IO YCOBEPIIEHCTBOBAHUIO
METOAMKU GOHUTHPOBKH OPOIIAEMBIX II0YB PeCIyOAU-
KU IIPOBEAU PAOOTY IO BBLIBACHUIO POAM I'yMyca KaK
PakTOpa MAOAOPOAKS M BOSMOXKHOCTD HCIIOAB30BAHHS
KOAMYECTBO I'yMyca IIpU OljeHKa IIAOAOPOAMS OpOIla-
€MBbIX ITOYB.

Tabnuua 2. — 3aBMCMMOCTb YPOXaNHOCTM XNoNn4YaTHNUKA OT CTErneHn
3POANPOBAHOCTN NOYB Y OOHUTUPOBOYHbIE KO3PPULINEHTI

I'papanmsa mo- Koan- Cpepnsisi Mo -

Crenenn CTeneHHu 3po- 9eCTBO HOCTh ryMy- | Ypoxai- ITampa-
3POAUPO- | AHPOBAHHOCTH | y4YeTHbIX | coBoro lopu- HOCTD, Xy X2 Y2 | BounbIe
parmHOoCcTH | mouB (A+Bl), |mAomaaox, |3onmra (A+Bl),| m/ray K03.

M T cm X
Heapoaupo- >75 4 75 34,1 2557 | 5625 | 1162 | 1,00
BaHHbIE
Hawmprteie >75 27 75 27,4 2055 | 5625 | 750 0,80
Caaboopoan- 50-75 14 60 256 | 1536 | 3600 | 655 | 0,75
poBapHHbIe
Cpeanespo- 25-50 13 35 23,6 826 | 1225 | 556 | 0,70
AVPOBaHHbIE
Cuabrodpo- <25 50 25 20,3 507 | 625 | 412 | 0,60
AVIPOBaHHbIE

AAs TIOUCKa CBS3H MEXAY YPOXXAHHOCTDIO XAOITYAT-
HHMKa M KOAMYECTBOM IO 3aIlacaM I'yMyca B IOAyMePTBOM
caoe paspeaeHsl Ha S rpym (Tabanna 3).

KoappuimeHT KOppeAsInu MeXAY ypOXKaiHOCTbIO
XAOITYATHHMKA U copep>kaHMeM rymyca paseH 0,97. cpea-

HsISI KBaApaTHYecKast OINOKa K0aPuIieHTa KOppeas-
117071 (mT) pasHa 0,31, a poocToBepHOCTb t=3,1. Takas Tec-
Hasl B3aMMOCBSI3b MEXAY YPOKaHHOCTBIO XAOITIATHHUKA
U COAEPKAHHEM I'yMyca AAAU HaM OCHOBAaHHE BBIYHCAUTD
6onuTHpOBOYHbIE K0adpPurmenTs! (Tabanma 3).

Tabnmua 3. — BOHUTMPOBOYHbIE KOIDDULIMEHTHI MO COAEPXKAHMIO N'YMyCa B MNOYBe

e I'papanust mo4s o 3amacy KoanyecBTo yueTHBIX Cpeansis yposkain- borurnpoBouHbIe
rymyca B caoe 0-50 cm, T/ra TMAOIIAAOK, IIT HOCTb II/Ta K03 PunyeHTHI

1 <30 30 20,6 0,55

2 31-45 41 21,3 0,60

3 46-65 26 26,9 0,75

4 66-85 10 29,6 0,85

S >85 1 35,0 1,00

Takum 06pa3oM, HAllM UCCAEAOBAHUS [IOKA3AAH,
9TO pasMepbl POCTA YPOSKANHOCTH XAOITYATHUKA TIPSi-
MO [POMOPLUOHAABHO KOAUYECTBY I'yMyCa B IOAYMepPT-
BoM caoe Ha 10 T/ra paeT mpubaBKy B yposKail OKOAO
0,7 u/ra, a 20 T/ra — okoa0 5,6 11/ra. OcobeHHo pes-

KO€ yBeAUYeHHe YPOXKANHOCTU XAOIMYATHHKA 3aMETHO
npu 3amace rymyca 6oaee 50 T/ra. Bupumo, ary uudpy
IleAeCOO0OPA3HO CUUTATh CPEAHE AASL OPOIIAeMBbIX THU-
IMYHBIX CEPO3eMOB IIPU XapaKTePHCTUKE HX IO KOAM-
4ecTBYy T'yMyca.

CnHcoK AHTepaTypbI:
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Koppo3noHHas 3awmTta 060pyaoBaHUA NOSIMMEPHbIMU KOMMO3UTaMMU

AnnoTtanus: B craTbe mpuBeAeHBI OCHOBHbIE CIIOCOOBI 3aIIIUTHI TEXHOAOTHYECKOTO 060PYAOBAHIL

OT BO3AEHCTBHSI arpeCCUBHOM pabodert CpeAbl KOMITO3UIIIOHHBIMU MATEPHAAAMH C IOAMEPHOM MaTPHULIEH.

ITpuBepeHa KAACCHPUKALIHSL, OTIMCAHbI HOBbIE CIIOCOOBI 3AIUTHI M AAHBI PEKOMEHAALIUH I10 HX IPUMEHEHHIO.

KaroueBbie caoBa: KoMriosuijonHble MaTepHaABl, 3aIUTa TEXHOAOTHIECKOIO 0OOPYAOBAHMS, arpec-

CHBHast paboyasi cCpeaa, ONacHbIe IPOM3BOACTBEHHBIE GAKTOPBI, $yTepOBKA.

KopposnonHble mpo1jecchl OTAUYAIOTCS IIMPOKUM
pacrpocTpaHeHHeM 1 pa3HOOOpa3neM YCAOBUIL 1 CpeA,
B KOTOPBIX OHHM IpoTeKaloT. IToaToMy moka HeT eanHOM
U BCeoObeMAIOIeN KAACCHMPUKALMK BCTPEYAIOIUX-
cs cayyaeB kopposuu. Kopposuro xaaccupunmpyror
IO TUITY arPeCCUBHBIX CPeA, II0 YCAOBHUSAM ITPOTeKaHMS
KOPPO3MOHHOTO IPOIIecca, 0 XapaKTepy pa3pylleHus
U T.11., OAHAKO TAQBHBIM KAQCCUUKAITMOHHBIM IIPH3HA-
KOM KOPPO3HHU CAY>KHUT MEXaHH3M IIPOTEeKAHUsI KOppo-
3un. Ilo aTOMy npu3HaKy KAACCHYeCKH Pa3sAMYalOT ABa
BHAQ KOPPO3UH: XUMUYECKasl K dAKTPOXUMHYECKas KOp-
posus. CaepyeT UMeTb B BUAY, YTO BCAACTBHE BHICOKUX
AMDAEKTPHYECKHX CBOMCTB ITOAMMEPHbIX KOMIIO3UTOB,

3AEKTpOXUMHYECKass KOPPO3Hs AAS HHMX He SBASETCS
IPUOPUTETHBIM BUAOM Pa3pyLIeHuUs, U B AAHHOM CAy4ae
OoAbIllee 3HAYEHUE B IIPOTHO3UPOBAHUH AOATOCPOYHbIX
9KCIIAYaTallMOHHbIX TApaMeTPOB UIPaeT AaHAAM3 XUMMJe-
CKOTO MAM PU3UKO-XUMHIECKOTO B3AUMOAEHCTBHS KOM-
IIO3HTA C arpecCUBHOM paboyeit cpepori.

AnHaAM3UpYS PUBHKO-XUMHIECKYIO COCTABASIONIYIO
KOPPO3HOHHBIX IIPOIIECCOB IPOTEKAIOIMIMX MEXAY H3-
AeAueM M3 TIOAMMEPHBIX KOMIIO3MIMOHHBIX MaTepHua-
AOB U paboueil CpeaOri, PACCMOTPHM TaKXKe IIPOOAeMBI
3allUTHI UBAEAUI OT AOPa3UBHOTO M3HOCA, TEIIAOBOTO
BO3AEHICTBUS, PAAHAIIMOHHOTO, OMOAOTHYECKOro, BHU-
Opanuu U IyMa, ¥ APYTHX OIIACHBIX TPOM3BOACTBEHHbIX
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pakTOpOB. B KOHIIE KOHIJOB, KAXKABII U3 IIEPEYUCACHHBIX
IIPOU3BOACTBEHHBIX (AKTOPOB HAU MX COBOKYITHOCTD
OKA3BIBAIOT CYIeCTBEHHOE BAMSHHUE Ha 9KCIIAYaTaIlMOH-
Hble Ka4eCTBa M3ACAMI, BBIIOAHEHHBIX M3 IIOAUMEPHBIX
xomnosurmonHbx Marepuasos (ITKM). U eme opHo 3a-
mevanue: Kaacc ITKM ovens mupok 1 MHOroo6paseH,
U OXBATHTH BCE €r0 BO3MOXKHBIE BHABI M MICIIOAHEHUS,
a TaKKe, MPOAHAAM3HPOBATD C TOYKU 3PEHHUS] KOPPO3H-
OHHO¥ CTOMKOCTH B Pa3AUYHBIX PaOOYIX CPEAAX, He KOM-
MEeTeHITHS OAHOM >KyPHAABHOM CTAaTbH, ITO3TOMY MBI
OCTAHOBHUMCS Ha IIOAUMEPHBIX KOMITO3UTAX C TepMOpe-
aKTUBHOM MaTpHIjei, KaK HA OAHOM H3 IIepPCIIeKTUBHBIX,
C TOYKHU 3peHHs NIPUMeHEHHs B Ka4eCTBe U3AEAHH IIpo-
MBIIIAEHHO-TEXHIUYECKOTO HadHaueHust, kaacce [TKM.
Ha puc. 1 mpeacTaBAeHa TabAUIIA, OTPAKAMOIIAS
OCHOBHbIE CIIOCOOBI 3ALIUTHI TOAUMEPHBIMU KOMIIO-
3ULMOHHBIMU MAaT€PUAAAMU OOOPYAOBAHUS U U3ACAHIL

OT BO3AEHMCTBHSA ONACHBIX IPOU3BOACTBEHHBIX PaKTO-
posB.

W3BecTHO, 9TO OCHOBHbIE CIIOCOODI 3aIfUTHI TEXHO-
AOTHYECKOTO 00OPYAOBAHMUS, MAIIMH, MEXAHH3MOB U H3-
AEAHI TPOMBIIIAEHHOTO Ha3HAYEHUS ACAATCS YCAOBHO
Ha TPH OCHOBHBIX BUAQ:

1. KOHCTPYKTHBHbIE CIIOCOOBI — CBSI3aHHbIE C ITPHU-
MeHeHHeM KOHCTPYKIMOHHBIX MaT€pHUAAOB CTOMKUX
B AQHHO arpecCHBHOI pabodeil cpeae;

2. aKTHBHBIE CIIOCOOBI — IIPEAyCMATpPUBAOLINE
[pPHMeHeHNe CPeACTB CHIDKEHMS arpecCHBHOCTH pabo-
4er CpeAbl Ha KOHKPETHOM y4YacTKe 3alUIlaeMOH IIo-
BEPXHOCTH;

3. IacCHBHbIE CIIOCOOBI — IPEAIIOAATAIOT CO3AQ-
HYe 3aIUTHOTO HEIPOHMUIIAeMOro bGapbepa Ha 3aliu-
IJaeMO IIOBEPXHOCTH 0OOPYAOBAHMS OT BO3AEHCTBI
arpecCUBHON pa60qel71 CPeADL

CMOCOBbI AHTUKOPPO3WOHHOM 3ALMTHI MKM

KOHCTPYKTUBHbIE AKTUBHbIE

MNaccusHble

Koppo3uoHHocToliKue
KOMMO3UTbl

"MHTennekTyansHbie"

KOMNO3UTbI

N3penna nus
AUCNEepPCHbIX
HanonHUTenen

W3penua us
CTEKNONNACTUKOB

BMC

— Te/IbKOYTHbIX MOKPbITUM,

CneuunansHbie BUABI

dyTepoBKa KOMNO3UTOM
MaCTUKK, WNATAEBKA M T.M.

CTeknonnacTukom

Cipp

KoHTakTHOe —
NaMMHWUPOBaHKWE

KomBunuposaHHaa

NuctoBbiM  KOMRO3UTOM [

= { ObbemHan dpyTeposka

NoanmepbeToHoM

— Habpbizarom/Hanmsom

| Mexanuyeckoe ]

| PyyHoe |

DyTepoBKa WTyYHbIM

mMaTepranom

/6 nuTbe

Puc. 1. Cnocobbl aHTUKOPPO30HHOM 3awuThl KM

KoHcTpyKTHBHbIE CITOCOOBI 3AIUTHL 00OPYAOBAHMUS
OT ONACHBIX IIPOU3BOACTBEHHBIX (paKTOPOB, IPHMEHHU-
TEABHO K PacCMaTpPUBAEMOMY B AQHHOM CTaTbe IIPEeA-
METY AESTEABHOCTH, IIPEAIIOAATAIOT €r0 U3IOTOBACHUE
U3 KOPPO3HOHHOCTOMKUX KOMIIO3ULIMOHHBIX MaTepUa-
A0B. Kputepuem BoI60pa KOMIIO3UIIMOHHBIX MATEPHAAOB

MOXET CAYXXUTb (aKTOP ONTHUMHU3AIIUH COOTHOUIEHHUS
«IjeHa/Ka4eCcTBO>, TA€ ITOA [TAPAMETPOM LiEHBI CACAYET
MOAPa3yMeBaTb CTOMMOCTb OCHOBHBIX COCTABASIFOIIMX
KOMITIO3UTA (CBﬂsy}omee, apMHpYIOIIUe MaTepUaAbl, Ha-
HIOAHUTEAH), 3aTpaThl HA U3TOTOBACHHE, IKCIIAYaTaLUIO,
06CAy>KHBaHHe H PeMOHT. A ITOA IIApaMeTPOM KauecTBa,
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IIPEXAE BCEro, CAGAyeT IIOHUMATh COBOKYTIHOCTb OCHOB-
HbIX 9KCIIAYaTALHOHHbIX XapPaKTEPUCTHK 0OOPYAOBAHISI
(HapeXHOCTD, CPOK CAY>KObI, 6€30I1aCHOCTD paboThl,
IPOHU3BOAUTEABHOCTD M APYTHE ITApaMEeTPhI, BAYKHBIE AAS
KaXXAOTO KOHKPETHOI'O BUAQ H3ACAVIA).

Mspeans u3 KOPpO3HMOHHOCTOMKUX KOMIIO3UTOB
C TEPMOPEaKTHBHOM MaTPHUIeN U3 OPTaHUYECKHUX CMOA
AFOOOTO TEXHMYECKOTO Ha3HAYEHHU S MOKHO M3TOTaBAU-
BaTh AU60 cTekao- (6a3aabToO-, yTAe-, OpTaHo- U Hp.)
[IAQCTHUKOB PAa3AMYHBIMU TEXHOAOTHYECKUMH CIIOCO6a-
MU, AUOO U3 AUCIIEPCHO- (3epHHCTo—, HAaHO- ) HAIOAHEH-
HbBIX MaTEPHAAOB THIIA IIOAUMEPOETOHOB, AU U3 IIpe-
MUKCOB ITO TEXHOAOTHH IPSMOIO IPeCCOBaHMUS (BMC).
ITpeMMKCBI, COCTOSIIIME U3 CBA3YIOUIEro, ApMUPYIOMMX
MaTepUAAOB M HATOAHUTEAEH CAYXKAT IPOMEXYTOYHBIM
3BEHOM MEXAY YACTHIMM CTEKAOTIAACTUKAMM K AMCIIEPC-
HO — HAIlOAHEHHBIMH KOMIIO3UTAaMHU, II03TOMY MBI X
BBIAGAMIAM B CAMOCTOSTEABHYIO IPYIITYy KOPPO3HOHHO-
CTOMKHUX AeTaA€el.

BaxueimM KOMIIOHEHTOM KOPPO3HMOHHOCTOMKO-
IO KOMIIO3UTA, OIIPEAEASIONIMM TaKHe €TI0 CBOMCTBA, KaK
XMMCTOMKOCTD, BAAarOHEPOHHUIIAEMOCTh, TEPMOCTOM-
KOCTb, OHOCTOMKOCTD U AP., SIBASIETCSI MATPHIL[A KOMIIO-
3UTa (CBSISYI-OIJ.Iee) , IPEACTaBASIIOLI[ee COOOM pa3AMYHbIE
BHABI OpraHudeckux cMoA. Hanboaee pacmpocrpanen-
HBIMU TUIIAMH CMOA, PaH>KMPOBAaHHBIMU B QYHKIIMH T10-
BBIMIEHUS XUMHIECKOHN CTOMKOCTH B PHU3UKO-MeXaHIe-
CKHUX XapaKTe€PUCTHUK, SBASFOTCS:

1. IToAmadupHbie CMOABIL:

— oprodTaseBble, H30PpTaseBble, TepedTareBble,
BUHMAD QUPHbIE;

2. ®denHoa — GopMaAbAETHAHBIE CMOABI;

3. KpemHuitopraHudeckme CMOABI;

4. OmnokKcHupAHbIE (MOAI/I(I)I/II_II/IPOBaHHbIe AMOKCHUA-
HbIEe) CMOABIL

Br160p THIIA CBA3YIOIETO SIBASIETCS BAXKHOM Hayd-
HO-TIPaKTHYECKON 3aAadeli, BO MHOI'OM OIIPEACASIOMER
AOATOBpEeMeHHbIe CBOMCTBA KOMIIO3UITMOHHOTO U3AEAMS,
Y OCYIeCTBASIETCS HA OCHOBAaHHM PeKOMEHAALIUH GupM-
M3TOTOBUTEAEH CMOA, OIIBITA MPOU3BOAUTEAS KOPPO3H-
OHHOCTOMKOTO 060PYAOBaHMUS, AADOPATOPHBIX HCCACAO-
BAHMI M AHAAW3A OIIBITA SKCIIAYATALIMH OOOPYAOBAHIL
B CXOXXHX TPOM3BOACTBEHHBIX CPEAAX.

Bup apMupyloero MaTepraAa, TAABHBIM 00pasom,
ornpeaeaseT PU3NKO-MeXaHHMIeCKHe CBOMCTBA KOMITO3H-
Ta (npquOCTb, BH6p0CT0171KOCTb, CTOMKOCTD K AEHICTBHIO
YAQPHbIX HaTPY30K ML T. ). MHoroo6pasue BHAOB apMH-
PYIOIIKX MaTEpPUAAOB OTKPBIBAET MEPeA U3TOTOBUTEAEM
MIIPOKHUE BO3MOXXHOCTH ITO MOAEAMPOBAHMIO KOHCTPYK-
LMY U3TOTAaBAMBAEMOTO MU3ACAHS C Pa3AMYHBIMH IPOI-

HOCTHBIMM XapaKTepUCTUKAMH, He YCTYTAIOMMMH U IIpe-
BOCXOASIIIUMH AaHAAOTHYHBIE ITOKA3aTEA METAAAOB.

HamnoannTtean, BBOAMIMBIE B MaTpPHIy KOMIIO3MTA
AO ee OTBEP>XKACHHS, TPeAHA3HAYEHBI AAS IPUAAHUS U3-
AEAUIO AOTIOAHUTEABHBIX CBOMCTB, HAlIpUMep TaKUX KaK:
abpa3sUBOCTOMKOCTD, TPHOOTEXHUYECKHE [TapaMeTPHl,
9AEKTPOIPOBOAHOCTD, OOCTONKOCTD, OTHECTOMKOCTD
U Ap.

ITeaeco06pa3HOCTD IPHMEHEHUSI U3ACAUI C IIOAH-
MepHOM MaTpHliell ¥ HATOAHUTEASIMH B BUAE PppaKIHoO-
HHUPOBAaHHbIX AUCTIEPCHBIX HATIOAHUTEAEH OpraHMIeCKOTO
Y HEOPTaHUYECKOTO IIPOUCXOXAEHUS — T. H. <IIOAMMEp-
0EeTOHOB>, B BUAE 9AEMEHTOB CTPOUTEABHBIX KOHCTPYK-
11, YHAAMEHTOB TEXHOAOTHIECKOTO 0OOpPYAOBAHMS,
IIePEAMBHBIX AOTKOB, )X€AOOOB, OTCTOMHHKOB, 6acCeHOB
HLT. IL. OIIPEAEASIETCSI X 6OA€e€e BBICOKUMU PUIUKO-MEXAHM-
YECKUMH XapaKTePUCTUKAMH M XUMUYECKOM CTOMKOCTBIO,
YyeM aHAAOTHYHbIE U3AEAMS U3 0ObIYHOrO HeToHa.

Cr10co6bI IPOM3BOACTBA UBACAHIT U3 KOMITO3UL[HOH-
HBIX MaT€pPUAAOB IIPOU3BOACTBEHHO-TEXHUYECKOTO Ha-
3HaYeHM IIepe4rCACHbI B [1].

Ilop moHSTHEM «HHTEAACKTYaABHOIO> KOMIIO3UTA
MBI TIOHMMaeM KAACC KOHCTPYKIMOHHBIX MaTe€PHAAOB,
CIIOCOOHBII K CAMOAUATHOCTHPOBAHHUIO, CAMOAAAIITAIIUH
Y CAMOBOCCTAaHOBAEHUIO. TH KOMIIO3UTBI AOAXKHBI YMeTb
Pacno3HaBaTh BO3HUKAOIUE IKCIIAYaTal[HOHHbIE YT PO3bI
(ceHcopHaﬂ (l)YHKLII/Iﬂ) , AHAAU3UPOBATh NX U IPUHHUMATD
CaMOCTOSATEAbHBIE AU KOMAaHAHBIE pellleHus (npouec-
COpHas <1>yHKLu/15[) , A TAK)Ke BO30Y)KAQTh U OCYLIECTBASITD
HeobXoAnMoe IIPOTUBOAEMCTBHE BHEIIHEN HEraTUBHON
peaxnyu (I/ICHOAHI/ITeAbHaﬂ Cl)YHKLII/Iﬂ)

K coxxaseHuro, B HacTosiIee BpeMsI He CyIIeCTByeT
KOMIIO3UTOB, KOTOPbIe OBl OTBEYAAU BCEM II€PEUHCAEH-
HBIM TpeboBaHmsIM. OAHAKO, [IOITAITHO ITU 3AAA9H MOTYT
OBITH pelIeHbl, HAIPUMeP 3aAA4H II0 CO3AAHHIO MATEPHU-
aA0B, MHQOPMUPYIOMKUX O CBOEM COCTOSIHMHM, O IpPH-
OAYDKEHHHU 9KCIIAYaTAIHOHHBIX HATPY30K K IIPEACABHO
AOITYCTHMBIM, O TPeIIMHOOOPA30BAHIHY, XUMUIECKOM
KOPPO3HUH, TOBBIIIEHHOM BOAOIIOTAOIIIEHHH 1 T. A. BaxkHo
9TOOBI « MHTEAAEKTYAABHASI» COCTABASIOIAS KOMIIO3H-
Ta, OPTaHMYECKH BXOAMAQA B €T0 CTPYKTYPY M HE YXyAIIla-
AQ TOTPEOUTEABCKIE KAa4eCTBA H3ACANSL

/3 maccHBHBIX CIIOCOOOB aHTUKOPPO3MOHHOM 3alIH-
ThI IOAUMEPHBIMU KOMIIO3UITUOHHBIMHA MaTepPUAAAMU MBI
BBIAEAMAU ABA OCHOBHBIX:

— CIIelJHaAbHbIE BUABI 3alTUTHBIX TOKPHITHI (I‘eAb-
KOaTbl, MACTHKH, IITTATAEBKHY U T. r[.) ;

— dyTepoBKa KOMIO3MLMOHHBIMH MaTepPHaAAMHU.

I'eAbkoaTHbIE, MACTHYHbIE, MIITATAEBOYHbIE H APYTHE
AHAAOTHMYHBIE BUABI 3AI[UTHBIX IIOKPHITUHM Ha OCHOBE KO-
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POTKOBOAOKHHUCTBIX, AUCTIEPCHO — (HaHO-) HallOAHEH-
HBIX KOMIIO3UI[MOHHBIX MATEPHAAOB, CO3AAIOT Ha MOBEPX-
HOCTH 00'beKTa 3aIIUTHI AOCTATOYHO TOHKYIO 3aLIUTHYIO
IIAEHKY, CIIOCOOHYIO 00eCrednTh XUMUIECKYIO, abpasuB-
HY0, OTHECTOMKY0, OMOAOTUYECKYIO CTOMKOCTD U3ACASI

Ycnosusi aKcnnyataymu

0 arieBLie

B OTpPaHMYEHHOM IIPOMEXYyTKe BpeMeHH. AOCTOMHCTBA-
MU 3TOH TPYIIIIbl MATEPUAAOB SABASIOTCS MUHUMAAbHbIE
TPYAO3aTpPaThl U SKOHOMUYECKasl BBITOAQ, a HEAOCTAT-
KM — XapaKTepHbIE AASI BCEX BUAOB IIA€HOYHbIX ITOKPBI-
THH.

BT
53N

“CpegHue”

“Msrkne”

JIKM

mer Ka KOMIO3UTOM

5 10

Cpok cnyx6bl,
net
15 20 25

Puc. 2. NpMMNHUMOCTb 3aLLUTHBIX MOKPLITUIA

Ha puc. 2 npeacraBaeHa 06001eHHasI CXeMa IIpHMe-
HSEMOCTH Pa3AMYHBIX BUAOB 3aIIJUTHBIX TOKPBITHI B 3a-
BHCHMOCTH OT YCAOBHUH 9KCIIAyaTaI[H H CPEAHEro CPOKa
CAY>KOBI IIOKPBITHIL.

«Msrkue>» ycAOBHS KCIIAYaTaIIUH — 3TO ITPOMBIII-
AeHHasI aTMOCdepa, TeXHUIECKHe CPEADI C TeMIIePaTy-
poit axcrayaranun — 40+ + 40 ° C, pH 4=7.

«CpepHue>» — TeMIreparypa pabodeit CpeAsl A0 +
100°C, pH 3+8.

«Xecrxkue» — Temmeparypa 6oaee + 100 °C, pH
1+14, Haam4re abpasMBHOIO M3HOCA, KABUTAIIMOHHBIE
SIBA€HVIS, HeCTAOMABHBIN PAOOUUIT PEXKHM.

I'panmIipl NpuMeHAeMOCTH, KOHEYHO, YCAOBHBIE, I1O-
CKOABKY ITOHSITHO, YTO (yTepOBAHHBIN IIAUTKON OOBEKT
B «MATKHX> ycAoBusAX mpoctout u 30, u SO aet. OpHa-
KO, 9TOT METOA 3aIIUTHI IIPEAHA3HAYEH AASL ADYTHX —
«JKECTKHX> YCAOBHI, TA€, KaK IPaBUAO, Ooaee 10 aer
3aIMTa He CTOMT.

DyTepoBKa creIrfaAbHPIMI KOMITO3UTaMH TIPeAHa-
3HAYeHa:

— AASL TIOBBIIIEHHUS SKCIIAYATAI[OHHBIX IIAPaMeTPOB
IPOUBBOACTBEHHOTO 060pyAoBaHus  (HaA€XKHOCTD,
AOATOBEYHOCTD, 3P PEKTHUBHOCTD, IPOU3BOAUTEAPHOCTD
L T. A.) TlyTEM CO3AQHHS CTOMKOTO MHOTOQYHKIIMOHAAD-

HOTO 6apbepa Ha [IOBEPXHOCTU U3ACAMIL, 3AIUIIAIOIIETO
OT BO3AEHCTBHS arPeCCUBHBIX PAOOUHX CPeA;

— AASL CHIDKEHHUS] CTOUMOCTHU 0OOPYAOBAHHS 32 CUET
3aMeHBI XUMCTOMKUX MaPOK CTAAU K AOPOTOCTOSIIHX Me-
TaAAOB (TUTaH, MEAb, AAFOMUHHIL U AP.) — Ha 06bI4HbIE
cTaAH, ¢pyTepoBaHHbIE CIIEITHAABHBIM KOMIIO3UTOM;

— AASL OTIEPATHBHOTO PeIleHHs BOIPOCOB TeXHHYe-
CKOTO OOCAY>KHMBAHHSI 1 PEMOHTOB TEXHOAOTHYECKOTO
060pyAOBaHMS, a TAKKe 0€30IIACHOIO BEACHHUS] PEMOHT-
HO-BOCCTAHOBHUTEABHBIX PaboT;

— AAS TIPHAQHHS HOBBIX 9KCIIAYaTalJHOHHbIX CBOMCTB
AeNCTByIOLeMY 000PYAOBAHHIO IIPU €TO MOAEPHU3ALINH
HAU IIepenpo PHANPOBAHHH.

B HacTosimee BpeMs 3am[uTa 000PYAOBAHIS, IKCIIAYa-
THPYeMOTO B arpeccuBHO#t paboueit cpeae (a aTo mpakTu-
4eCKH BCe IIPOMBIIIAEHHOE 000PYAOBAHIE 1 Pa3AMYHbIE
TEXHOAOTHYECKHE CHCTEMBI), OCYIECTBASETCS CACAYIO-
MIUMU CIIOCOb6aMu:

— U3TOTOBAEHME 0OOPYAOBAHMS U3 CIIEIIHAABHBIX Ma-
POK CTaAy;

— 3amura AKM;

— QyTepoBKa AMCTOBBIM MAACTHKOM (IIOAUSTHAEH,
PTOPOMAACT, BUHUIIAACT H AP.);

— r'yMMUPOBaHUE Pe3UHOM;
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- (l)YTepOBKa MTYIHBIMH M3ACAVSIMH (KaMEHHoe AN~

The, KNPIIUY, TIAMTKA U T. ).

HPeI/IMYIJ.IECTBa (l)YTePOBKI/I KOMITO3UTAaMHU 3aKAOYa-

€TCSI B CACAYIOIIeM:

a.) BBICOKas YAQPO-BUOPONPOYHOCTD 3AIUTHOM CH-

CTeMBI;

6.) BBICOKAsl XHMCTOMKOCTD, U3HOCOCTOMKOCTD (61O,

TCITAO U T. A.), q?YTePOBO‘IHOFO TIOKPBITHSA;

B.) BO3MOJKHOCTD 3alITUTDI CAOKHBIX IIPOCTPAHCTBEH-

HbIX KOHCTPYKIJHI AF0O0M $pOpPMBI;

I'.) BO3MOXXHOCTDb BEACHH A 3allTUTHBIX pa60T «<IIO MeE-

CTy>;

A.) OTCYTCTBHE CBAPHBIX NIBOB M CTHIKOB B 3allITUTHOM

IIOKPBITHH.

Kpome TOro, KaXXABIiT U3 CYIeCTBYIOMINX CIIOCOOOB
3AIIUTHI PELIAeT AOCTATOYHO Y3KHUI CIIEKTP IPOOAEM, CBSI-

3aHHBIX C ObecIiedeHneM HaAeXKHOM paboThl 060PyAOBa-
HMS B arpeccuBHOM cpepe. Ha mpakrike jxe Mbl iMeeM
A€AO C KOMIIA€KCOM HETaTHBHBIX pAKTOPOB, BOBACHCTBY-
IOIIMX Ha [IPOM3BOACTBEHHOE 000pyaoBatue. Hampumep:
XMMUYECKH arPecCUBHASI CPeAQ U AbPa3HBHBII U3HOC, HAU
aOpa3UBHBII U3HOC M BBICOKAS TEMIIEPATypa U T. IL. TOABKO
KOMITO3UTBI CIIOCOOHBI 00€CIIeYHTh KOMIIAEKCHYIO 3aIIUTY
B IIMPOKOM AMAIIA30HE arPeCCUBHBIX CPEA.

Boabmme BosmosxHOCTH 3) PeKTHBHOM 3aIIUTHI TEX-
HOAOTHYECKOTO OOOPYAOBAaHUSI KOMIIO3UTAMH, B TOM
4rCAe, OODBSCHSIIOTCS HAAMYHEM PA3AMYHbIX, AAAITH-
POBaHHBIX K KOHKPETHBIM YCAOBHUSIM IIPOBEACHUS pa-
60T, crioco6am HaHeceHUsT PpyTepOBOYHBIX IIOKPBITHIL
B Taba. 1 mpuBeaeHBI AQHHbIE II0 U3BECTHBIM Ha AQHHBII
MOMEHT CIIoco6aM ¢pyTepOBKH, 4aCTh U3 KOTOPBIX BIIEp-

Bble paspaboraHa B OOO CKB «Msicab».

Tabnuua 1. Cnocobbl pyTepoBKn

Cnoco6 HaHeceHHs

I'OCT P §5074-2012

byreposi Hasnauenmne Hepocrarkn, npenmymecrsa
1 2 3
1. «Moxpoe aamunupoBa- |- IToBepxuocTu aro60i1 | [Ipenmymecrsa:
HHe> IPOCTPAHCTBEHHOM — MUHHMYM CIIeIJHaABHOTO HHCTPYMEHTA M OCHACTKHY;
Ilamenm PO N2 2365679 | xonurypauuu (ma0- |- BOSMOXXHOCTb HaHECEHHS AF0GOTO BUAA 3AIJUTHOTO TIO-

CKHe, cpepriecKue,
ITHAMHAPUYECKHUE
u p.)

- Pabora «mo mecry>

KPbITH Ha MeCTe (XI/IMCTOP’IKOC, M3HOCOCTOMKOE, TETIAO-
CTOKOE U Tp.)

— AX00asi IOBEPXHOCTb

Hepocrarku:

— oracHast paboTa Kak I10 IIO)KapHbIM TPeOOBAHIISIM, TaK
Y CaHUTapHBIM

— BBICOKOE BAUSIHHE «4eAOBEYeCKOTo pakTopa>

2. DyTepoBKa AMCTOBBIM
KOMIIO3UTOM

ITamenm PO N° 92383
I'OCT P 54927-2012

— IIaockue nmosepx-
HOCTH

ITpenmymecTsa:

— XOpOIlIKe IPOU3BOACTBEHHBIE YCAOBHS BEACHHS PaborT;
— TapaHTHPOBAHHOE KAueCTBO 3aIUTHI;

— IIPOU3BOAUTEABHBIN (o CPaBHEHHIO C 1) cmocob pabor.
Hepocrarku:

— TOABKO ITAOCKHE ITOBEPXHOCTH.

3. KombuHnpoBaHHbIiT
cnoco6 ¢pyreposku (Mo-
KpO€e AAMUHUPOBAHHE +
AMCTOBO¥ KOMIIO3HT )

— AAsi KpymHOTO, 00-
€MHOTO 000PYAOBAHMS

IIpenmymecTsa:

— pocrouncTBa 1 1 2 crtoco60oB;

Hepocrarku:

— OTCYTCTBHE ITPOU3BOACTBEHHOTO OIIBITA ITI0 AAHHOMY

PYAOBaHUS U TPYO
ITamenm PO Ne 2473424

crocoby
4. Cnocob obpeMHOIt $y-|— pyTepoBKa TPYO IIpeumymiecrsa:
TepOBKU eMKOCTHOTo 060- | (BHyTpeHHss); — IOAyYeHUe HAAKHOTO, 9P PEeKTUBHOIO U Ka4eCTBEHHOTO

— dyTepoBKa eMKOCT-
HOT'O 000pPYAOBaHMS
(6aku, nucrepHsl,
MEIIAAKH U IIp.;

— dyTepoBKa BO3AYXO-
BOAOB, Ta30X0OA0B.

HOKPBITUS TPYO AI0OOTO AMaMeTpa, CedeHuHs (B TOM YHCAE
IPOQUABHOTO);

Hepocrarku:

— Ha AQHHBIF MOMEHT AOCTOMHOM aAbT€PHATHBbI — HET.
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1

2

3

5. lenTpobexxHoe AUTbe

— Aadg yTepoBku
M3HOCOCTOMKUM I10-
AUMepOeTOHOM TPY6
1 Ta30XOA0B

IIpenmymecTsa:

— M3HOCO- (TeNAO- OTHe- H Ip.) CTOMKOE HOKPBITHE IO TOA-
IMHE MeHbIIe, 4eM QyTepoBKa KAMEHHbIM AUTbeM, KUPITH-
9OM MAM K€PAaMHKOM.

Hepaocrarku:

— TOABKO I]€XOBO€ ITPOM3BOACTBO OIPAHHYEHHBIX 10 AAMHE
OTpPE3KOB TPyO

6. OyTepoBKa moauMep-
0eTOHOM «IIO MECTy>
(TopxpeTuposanue)

— M3HOCOCTOIKIIE
(TepMOCTofIme) 1o-
KpbITHSL.

IIpeumymecrsa:

— CO3AQHHE U3HOCOCTOMKHUX ITOKPBITHIL [I0 MECTY HAaOPBI3-
rOM MAU HAAMBOM.

Hepocrarku:

—<4eAOBEYECKHIT GaKTOP>;

— y3Kast 00AACTb IIPIMEHEHYISI

7. PeMOHTHbBIE TEXHOAOTHH

dyTepoBku
I'OCT P §5073-2012

— PemonTHbIE Pa6OTbI

IIpenmymecTsa:

— BO3MOXXHOCTD KaueCTBEHHOT'O PeMOHTa M MOAEPHHU3AL[UH
TEXHOAOTHYECKOTO 000PYAOBAHIIS;

Hepocrarku:

— HeT PerAAMeHTOB, HOPMaTHUBOB, KAAPOB

8. OyTepoBKa «CTaKaH
B CTaKaHe>

— Bricrpoe BoccranoB-
AeHHe paboTOCIIOCO6-
HOCTH aBapUIHOTO
060pyAOBaHMS

IIpenmymecTsa:

— GbICTpOe pelleHUe TPOOAEM PEMOHTA.

Hepocrarxu:

— HEOOXOAMMO UMETb 3aI1aC H3AEAHI, 00eCIIeYnB UX XpaHe-
HUE;

— IPUMEHHMO AAS OTPAHHMYEHHOTO YHCAd I/ISAeAI/Ifl.

TeMe 3amUTHBIX $yTepOBOYHBIX HOKPBITUI ITOCBS-
meH 60AbImON LKA pabor [3; 4; S; 6 u Ap.], Konrakr-
Hoe («MOKpOe> ) AAMUHHpPOBaHHe — 9TO HaHeceHue
HEMOCPeACTBEHHO Ha 3aIJUIIAeMYI0 IIOBEPXHOCTD IIPO-
NMTAHHOTO TEPMOPEAKTUBHOM CMOAOM apMUPYIOIEro
MaTepUaAa TOAIMHON He MeHee 2,5-3 mm [7]. Aocro-
HHCTBA CII0CO6a — BO3MOXXHOCTb HaHECEHHUS HAAEXK-
HOTO M AOATOBPEMEHHOTO $yTEPOBOYHOTO MOKPBITHS
Ha IIOBEPXHOCTHU AIOOOM IIPOCTPAHCTBEHHON KOHPHU-
rypauun (IpsMOAMHElHbIE, CPepUIecKUe, KPUBOAU-
HeitHble, u Ap.). HeaocTaTku — «ueroBedeckuit pak-
TOP>, TPYAO3ATPATHl U HEOOXOAMMOCTH ObecIiedeH st
0e30IacHBIX YCAOBHUI PaOOTbI, 0COOEHHO B 3AMKHYTHIX
obpemax.

OyTepoBKa AUCTOBBIM KOMIIO3UTOM — CIIOCO6 ¢y-
TEPOBKU AMCTOBBIM CIIEIJHAABHBIM KOMIIO3UITMOHHBIM
MaTepPHAAOM IIPEUMYIIeCTBEHHO NPSIMOAUHENHBIX O~
BEPXHOCTEH OT BO3AEHCTBUSA OIACHDIX ITPOU3BOACTBEH-
HbIX $aKTOpOB [ 8 ]. AOCTOMHCTBA COCO62 3aKAIOHAOTCS
B CHIDKeHHH (10 CPABHEHMIO C BBIIEONHUCAHHBIM CIIOCO-
6OM KOHTAKTHOI1 pyTepPOBKH) TPYAO3ATPAT, OBBIIEHUH
IIPOU3BOAUTEABHOCTH paboT 1 KavecTBa 3amuTsL. Hepo-
CTaTKH — 3alJUTA TOABKO NPSIMOAMHENHbIX IIOBEPXHO-
CTen.

KoMOMHMPOBaHHBII CIIOCOO 3alUTHI 3aKAKOYAETCS]
B COYETAHHH CIIOCOOOB KOHTAKTHOM PyTepOBKY U {yTe-
POBKH AMICTOBBIM KOMIIO3UTOM.

Texnororns CIPP mpepnasHaueHa AASL peMOHTa
M BOCCTAaHOBAEHMSI H3HOLIEHHBIX TPYOOIPOBOAOB METO-
AOM $yTepOBKHM BHYTpPeHHe! IIOBEPXHOCTH CIIeIIHaAb-
HBIM, IIPONUTAHHBIM TEPMOPEAKTHBHBIM CBS3YIOIIUM,
PYKaBOM 13 apMUPYIOIIMX MATEPHAAOB, IIPOTATHBAEMbIM
B TPyOy U IPHHUMAOLIUM ee OPMY 3a CIeT IOAAUH BO-
BHYTpPb PyKaBa FOPSIMUX I1APa AU BOABL, ObecrednBaro-
IITMX TOAMMEPHU3AIIUIO CBA3YIOIIEro.

O6bemuas pyreposka [9] — cnocob samurst 060-
PYAOBAHHS, TA€ I10 TEXHUYECKUM IPUYMHAM (CTeCHEeHHbIe
YCAOBUSL, OTIACHBIE YCAOBUSL U T.1I.) HEAb3sl IPUMEHUTD
M3BECTHbIE CIIOCOOBI 3AIUTHI OT BO3AEHCTBUS arpec-
CHUBHOI paboueit cpeabl. B HacTosimee BpeMs AaHHDII
CII0CO0 IIPOXOAUT OIIBITHO-IIPOMBILIACHHBIE HCITBITAHMS
B OO0 CKbB «Msicab>.

dyTepoBka moAuMepOETOHOM IieAecO0OpasHa AASI
3AIUTHI TEXHOAOTHYIECKOTO 0O0PYAOBAHIUS H CTPOUTEAD-
HBIX KOHCTPYKIUI OT a0pasHBHOrO M3HOCA, BBICOKHX
TEMIIePaTy ], IOBbIIIEHNS XUMCTONKOCTH CTPOHTEAbHbIX
COOpY>KeHuUI U T. 1. JKUAKHIT ToAnMepOeTOH MOXKHO Ha-
HOCHTb PyYHBIM HAOPBI3TOM HAKM MEXaHUYECKUM CIIOCO-
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60oM (TOpKpeTHpOBaHUEM) C TOCAEAYIOIMM PA3TAAKHU-
BaHMEM M YIIAOTHEHUEM HAHECEHHOTO CAOSL.

OyrepoBKa WITYYHBIM MaTepHAAOM OTAMYAETCS
OT OOIENPHUHSTOTrO CIIOCO6A 3ALIUTHI TEM, YTO IIPEAYCMa-
TpUBaeT MPUMeHeHHe MITYIHbIX U3AEAUH (IAMTOK C pas-
AMYHDBIMH 32IGUTHBIMU (YHKIHSMHU), BbITOAHEHHBIMH
13 KOMIIO3UIMOHHBIX MaTepraaos [ 10]. [IpenmymecTsa
IIPEAAAraeMOro Croco6a GpyTepoBKH 3aKAIOYAIOTCS, IIpe-
A€ BCEro, B CHIDKEHHU TPYAOEMKOCTH paboT U 3a CUeT
MeHbIIIel MACChI — CHIDKEeHe Harpy30K Ha 3alljiiaeMoe
obopyaoBaHue.

LlenTpoOexHOEe AMTBE — KAACCHYECKHI CIIOCOO
HaHeCeHUsI $pyTepOBKH, KaK IIPABUAO, U3 AMCIIEPCHO-Ha-
[IOAHEHHOT'O KOMIIO3UTA Ha BHYTPEHHIOK [I0BEPXHOCTb
TPY0, BBITIOAHSIEMYIO B LEXOBbIX YCAOBHSX Ha CIIELIHAAD-
HOM 32AUBOYHOM OOOPYAOBAHHUM.

OyTrepoBKa KOMIIO3UTAMH AQ€T CYILIeCTBEHHbIE TIpe-
HMYLIeCTBa [IePeA APYTHMHU CIOCOOaM¥l 3aILHTHI, [10-
CKOABKY ITO3BOASIET:

« 3amumars 060PYAOBAHME B IIMPOKOM AUAIIA30HE
arpeccHBHBIX pabOUMX CpeA;

+ 3QIIUIIATH CAOKHBIE 06'beMHbIE TOBEPXHOCTH (IIa-
poo6pasHble, C «IOAHYTPEHUSIMU >, U T. L. );

 $yTepoBaTb MPUCOEAUHEHHbIE JAEMEHTHI KOH-
cTpyKumu (WTylepa, KAHAADL, IATPYOKH K T. A.);

¢ I'MOKOCTh «MOKPOIO> AAMUHATA KOMIIEHCHPYeT
HEPOBHOCTH [IOBEPXHOCTH U3ACAUSL, YTO [IO3BOASIET AUK-
BHUAMPOBATb 3a30Pbl MEKAY U3ACAUEM U QyTepOBOYHBIM
CAO€M, TeM CaMBIM, U30erasi IIOAIIA€HOYHOM KOPPO3HUH;

¢ MEHSTb TOALIMHY QyTEePOBOYHOIO CAOS B 3aBH-
CUMOCTH OT HAarpPy>XKeHHOCTU UBACAUS B TOM HAM HHOM
MecTe KOHCTPYKLHH;

+ KOMOUHHPOBATb CAOH QyTepOBKH, UCIIOAB3YSI Pa3-
AVIMHbIE BUADI CBSI3YIOLIETO M THIIbl HAIOAHUTEAEN

V1, HakOHell, CAeAyeT OTMETUTh HECOMHEHHBIE TIpe-
MIMYIeCTBA KOMIIO3UTOB I10 CAEAYIOIIMM [IPHYMHAM:

1. BBICOKAsI YAQPO-BUOPOIIPOYHOCTB, TO3BOASIIONIAS
BOCIIPMHHMATbh AMHAMUYeCKHe Harpy3KH, BO3HUKAIOIIHe
B IIpOIjecce IKCIAYaTAITMH U3ACANS;

2. 6OABIION AMAIIA30H PAbOYHX TeMIepaTyp Oes mo-
TepH 3alIUTHBIX CBOMCTB 3aIUTHOTO MOKPHITHUS; PEMOH-
TOIPUIOAHOCTb CTEKAOTIAACTUKOB II03BOASIOI]As BOC-
CTaHABAMBATH IIOBPEKACHHBIE YIACTKH, 6€3 AeMOHTaXa
BCEro MOKPBITHUS;

3. AOCTaTOYHO BBICOKASl IPOYHOCTb M XHMMCTOM-
KOCTb CTEKAOIIAACTHKOB ITIO3BOASIET BO MHOTHIX CAYYasiX
OTKa3aTbCs OT NMPUMEHEHHS CIIeIJUAAbHBIX XUMCTOM-
KUX MaTepuaAos (Hep>kaBeromas CTaAb, TUTAH H T.A.)
Y YMEHBIIMTDh MAaCCy KOHCTPYKIIUH 3a CYeT yMeHbIIeHUs
TOAIIMHBI TOAAOKKH (KapKaca) M3AeAHUs.

4. opraHuYecKye CMOADI, SIBASIOIIUECS CBA3YIOUIMM
B CTEKAOIIAACTUKAX, 00AAAAIOT OTAUYHON COBMECTHMO-
CTBIO C OOABIIMHCTBOM XHMCTOMKHX AAQKOKPACOYHBIX
MaTepUaAOB U APYTHUMH TUIIAMH 3aIUTHBIX MATEPHUAAOB,
HalpuMep pe3uHaMH, 4TO II03BOASIET IIPOBOAUTD KOM-
IIAEKCHYIO 3alUTy TEXHOAOTHYECKOTO 0OOPYAOBAHMS
C MpUMEeHEeHHeM Pa3HbIX BUAOB 3alIUTHBIX CHCTEM, Ma-
TepUAAOB, TEXHOAOTHUH U T. IL., B 3aBUCUMOCTH OT YCAOBUH
9KCIIAYaTaLUH, TPeOyeMOro ypOBHS 3aLUThI, IIPOPeCcCcH-
OHAABHO IIOATOTOBKH PabOYHX, i APYTHX TEXHOAOTHYE-
CKMX ITapaMeTpOB.

TakuM o06pa3oM, paccMaTpuBasi COBOKYIIHOCTb
IIPU3HAKOB OINPEAEASIOIIUX L[eAeCOOOPAZHOCTD IIPH-
MEHEHUsS] TOTO MAM MHOTO BHAQ 3alIUTHOM CHUCTEMBI,
AASL U3ACAUH 3KCIIAYaTHPYeMbIX B OIIACHBIX IIPOM3BOA-
CTBEHHBIX YCAOBHUAX, CA€AyeT KOHCTATHPOBaTb, 4TO
Ha AQHHBIN MOMEHT BpeMeHH pyTepoBKa XUMCTONKUMHU
KOMITO3UIIMOHHBIMU MAaT€PUAAAMHU SIBASIETCSI Hauboaee
IIPEAIOYTUTEABHBIM BUAOM QyTepOBKH BBHAY CBOEM
YHUBEPCAaAbHOCTH, OTAUYHOMN XMMCTONKOCTH, TeXHO-
AOTMYHOCTH U HAAWYUS SABHBIX 9KCIIAYy TalJMOHHBIX IIpe-
HUMYIIeCTB.
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Investigation of the double-ring-shaped gating system performance

Abstract: The description of laboratory double-ring-shaped gating system is provided. The results of
theoretical and experimental determination of flow rate and fluid consumption depending on the number
of simultaneously working feeders are given. It is not only segregation of the part of the flow from one
collector to another collector (or to a feeder) that takes place in the system but also joining of fluid flows
from two collectors is observed. It has been demonstrated that the Bernoulli equation is suitable for the
purposes of calculation of the gating systems with variable consumption (mass), which varies by many
times at the collector as far as flow is distributed to feeders. For the purposes of calculation the gating
system is divided into two rings (flows) of fluid, and every ring is subsequently divided into two half-
rings. The calculation is performed using the method of successive approximations applied to obtain the
specified value of the pressure head loss difference in the half-rings of each ring. Pressure head loss, fluid flow
rate and consumption in feeder are calculated and compared to each other when fluid moves along several
parallel hydraulic lines. Four types of pressure head losses are considered, namely losses for longitudinal
friction, for local resistance, for flow segregation into several parts, for flows joining. Satisfactory conformity

of experimental and calculated results has been obtained.
Keywords: pouring basin, sprue, collector, feeder, pressure head, resistance coefficient, mass-flow

coefhicient, flow rate, fluid consumption.

Introduction

L-shaped, branched, combined, cross-gate, step-
gate, ring-shaped (horizontal and vertical) gating
systems (GS) have been studied previously, including
ring-shaped GS with 4 sprues and L-shaped system
with variable cross-section collector. The difference
between the calculated and the experimental values
of flow rates and consumption amounted 1-6%,
although the Bernoulli’s equation (BE) for the variable
consumption (mass) fluid flow was used in calculations.
This equation is derived for the particular case — for the
constant consumption (mass) fluid flow where there is
no fluid dispensing on feeders [1, p. 205; 2, p. 10], i.e.
the equation is derived for the gating system with only
one feeder. It follows that the Bernoulli’s equation works
also for the variable consumption flow but it is difficult
to explain why the equation works. And the possibility of

BE usage for GS calculations when consumption in the
collector (skim gate) changes from maximum to zero is
not proven theoretically. Double-ring-shaped GS is the
most complex system, and it has not been studied yet.
Itis not only segregation of the part of the flow from one
collector to another collector (or to a feeder) that takes
place in the system but also joining of fluid flows from
two collectors is observed. The present article deals with
theoretical and experimental study of such systems.

Studying procedure

The system (see the figure) consists of pouring basin,
sprue, collector and six similar feeders I-VI. Pouring
basin internal diameter equals 272 mm, water level in the
basin — 103.5 mm. Longitudinal axis of the collector
and feeders are located in the same horizontal plane.
Fluid level H — is the vertical distance from the cross
section 1-1 in the basin to longitudinal axis of the
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collector and feeders. This level is maintained constant
by means of continuous water adding to the basin and
excessive water discharge through special opening in
basin: H=0.361 m. Fluid is discharged from the top from
the feeders to a mould. Piezometers, glass pipes with a
length of 370 mm and internal diameter of 4.5 mm,
are installed in the collector cross sections 5-35, ... 18—
18 for the purposes of pressure head measuring.
Piezometers bent at the angle of 90° are located in the

sprue cross sections 2-2, 3-3 and 4-4 (not indicated in
the figure). Fluid discharge from every feeder takes S0-
130 s, depending on the number of simultaneously
working feeders; volume of the water discharged from
each feeder amounted nearly 9 L. Such limitations by time
and by weight are determining for deviation from the
average flow rate value of maximum 0,005 m/s. Fluid
consumption of each feeder has been evaluated minimum
6 times.
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Double-ring-shaped gating system

Body
First we shall calculate the GS characteristics when
only one feeder I is operating. The Bernoulli’s equation
(BE) for the GS cross sections 1-1 and 19-19 on the way
through the sections 2-2, 5-§, 6-6 is:
2 2
Bghig=boghe (1)
y 28 Y 2
BE for the GS cross sections 1-1 and 19-19 on the
way through the sections 2-2, 16-16, 17-17, 7-7 is:

2 2

p] Vl Pl9

boiglyg=tfo gle (2)
v vooo2g

BE for the GS cross sections 1-1 and 19-19 on the
way through the sections 2-2, 16-16, 13-13, 8-8, 7-7 is:

2 2

1-19 2

1-19(16-17-7) )

&+aV_I+H:&+ah+h1—19(16—13—7)! (3)
roo28 Y 2
where p, and p, — pressure in the cross sections
1-1 and 19-19, N/m? (equals atmospheric pressure:
P=pP,=P,); @ — coefficient of the flow rate

distribution irregularity along the flow cross section

(Coriolis coefficient); is taken as a =1.1 [2, p. 108];
g — gravity acceleration; ¢ =9.81 m/s%* v, and v, —
metal velocities in the cross sections 1-1 and 19-19,m/s
(due to big difference of the area of the basin S, in the
cross section 1-1 and the feeder S, in the cross section
19-19 canbe takenas v, =0); ¥ — liquid metal density,
N/m? h_y, B oi65-000 Piopssr) — pressure head losses
when fluid goes from the cross section I-1 to the cross
section 19-19, m. The pressure head losses when fluid
goes from the cross section 1-1 to the cross section 19—
19 on the way through the sections 2-2, 5-§, 6-6 are:

1 v
A +/Id—}x—+

cm

9 ! = V; ! V129
H Gy TEHAT= la—+| {, +A— |a—,
d, 2g d, | 2g
the pressure head losses when fluid goes from 1-1 to

19-19 on the way through the sections 2-2, 16-16, 17-
17,7-7 are:

(4)
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lCVVl V:m
hl 19(16-17-7) grm +AT dm, ¥+

L. vz I
+(§4016(16) +E+A B} (Cw A4 B+C1s 7)0‘ + (5)
d 2g

K

4+ 4L IA I Vz C" +A ln V129 ,
d, 23 d, “3 g
the pressure head losses when fluid goes from 1-1 to 19-

19 on the way through the sections 2-2, 16-16, 13-13,
8-8,7-7:
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d, 2g d,) 28
Where ¢, ¢, and &,

resistances for metal entering from the basin to the sprue,

— coefhicients of local

turning from the sprue to the collector and turning from
the collector to the feeder I; A — friction losses

the sprue length (height), m; d,,, d,

cm )

coefficient; [, —
and d, — hydraulic diameters of the sprue, collector and
feeder,m; v, , v., v,, v, V., V,, — fluid flow rates in the
sections S-S5, 7-7, 13-13, 16-16, 17-17 of the sprue and
of the collector, m/s; { — local resistance coeflicient for
90° bend from the section 5-5 to the section 6-6 (not
considering change of the collector cross section areas);
I, — the distance from the sprue to the feeder I, m;

I, , — the distance from the sprue to the point B, m;
l,, — the distance between the points A and B, m;
l,_py — the distance between the points A and B on the
way through the sections 13-13,10-10,8-8, m; [, | —
the distance from the point A to the feeder I, m; [, , —
the distance from the point A to the feeder I, m; I, —
length of the feeder, m
{1, — coefficient of resistance for flow
segregation in the sprue in the section 4-4 between the
sections 5-§ and 16-16, reduced to metal velocity in the
section 5-5; ¢, .., — coefficient of resistance for flow
segregation in the sprue in the section 4-4 between the
sections 5-§ and 16-16, reduced to metal velocity in the
section 16-16. These coeflicients are determined by the
following equation [3, P.277]:
¢o=1+(v,/v) |1(v, 1), (7)
where ¢ — coefficient which depends on the rounding
of the flow segregation point edges ¢ =0.3; when

rounding radius equals zero, ¢ =1.5; in the considered

GS— ¢ =1.5, v —fluid flowrate before flow segregation,
m/s; v, — fluid flow rate in one of the channels after
tlow segregation, m/s.

In the equation (S) &, is the coefficient of resistance
for segregation of the part of the flow from the collector
cross section 14—14 to the cross section 17-17. §, isthe
coefficient of resistance for fluid passage from the section
14-14 to the section 13-13 when the part of the flow
goes to the section 17-17. Coeflicients of resistances
caused by segregation of the part of the flow from the
collector will be calculated by the equations applied to
the delivery T-bend [1, p. 112-115]. CoefRicients of
resistance for passage in the collector when the part of
the flow goes to the side branch of the collector (or to the
feeder)

¢, =04(1-v, /v ) i(v,/v.), (8)
coefficient of resistance for separation of the part of the
flow to the side branch of the collector (or to the feeder)

Lo =17 (v, ) |10, 13,)' (9)

Where v, and v,, — metal velocities in the collector
before and after separation of the part of the flow to the

side branch, m/s; v, — fluid flow rate in the side branch

6
(orin the feeder), m/s; T — coefficient. In this particular
case 7 =0.15 [4]. Coefficient ¢,, is used as reduced to
the passing flow rate v, , and ¢

the branch.
In the equation (6) ¢, is the coefficient of resis-

— to the flow rate in

ome

tance for passage when the flow from the section 8-8 is
joined together with the flow from the section 18-18 in
the cross section 7-7. In the equation (5) &, is the
coefficient of resistance in the side branch when the flow
from the section 18-18 ¢ moToxom is joined together
with the flow from the section 8-8 in the cross section
7-7. Coefficients of resistances caused by flows joining in
the collector will be calculated by the equations applied
to the collecting T-bend [1, P. 114-115]. Coefficient of
resistance for passage in the collector when flows are
joined together

$ e =1.55v, /v, —(vﬁ/vk)z, (10)
And coefficient of resistance in the side branch
(when v, " 0,4v,)

& ooen =0 75[1+(v Iv)) =2(1=v,/v.) ] (11)
where v, — metal velocity in the collector before flows
joining, m/s; v, — fluid flow rate in the side branch,
m/s. The coeflicients {, ., and ¢, belong to the flow
rate after flows joining.

It is evident that v, ) V., and it seems that v, >v,.
Let us introduce the following expressions: y =v,, /v,
z=v,/v,. The system consumption Q=Q,=v_S =

cm - cm

oma(cn)
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Section 3. Machinery construction

=vS +vS . =zv, S +vS = (z + I)VIGSK . Let us
assume that v,=1.1v, i.e. z=1.1. Then v, /v =
=S,,/(z+1)S, =1.074550. By the equation (7) we can

determine ¢ ., =2.366058.

The same way we find that
v.S., =(v5 +v16)SK =(V +v, /z)S (1+1/Z)1/SSK,
v, /v, =S, /(1+1/2)S, =1.182005, (., =2.215750.

The velocities ratio v,/v, and v,/v, are also
unknown, but it is clear that v,/v,=v./v,. Let us
assume that y=v, /v, =v_, /v, =0.3 — it is the ratio
v,/v, in the equation (8). We can determine
£, =2.177778. v, v, =1—y=0.7 —itis v, / v_in the
equation (9). And ¢, =2.190816.

When y=v,/v,=03and v /v, =1-y =0.7,using
the equations (10) and (11) we can determine that:
¢, . =0.595, ¢, =0.7205.

C VIQSVI /SCVH
=v,S, /(1+1/2)S,, v, = vam/(1+z)S =v,S,/(1+2)S,,
1/13=y-v16:y-v195n/(1+z)8“ 1/17:(1—)/)-1/16:
=(1-y)v,S,/(1+2)S, v, =V, v, =V,,.

Then the equation (4) can be written down the

1S Y
+ - |+
(Z—;cm d[m J( Scm j

h1-19 :a& +£C4 a(g)+é/+ll; lJ

v,=v, S /(1+1/Z)S =

cm - cm

following way:

. (12)

K

S ’ I
X| ———2—— | + Z+1
Cla+tros, ) 7 T

The expression in square brackets (excluding ‘1°) can
be defined as ¢, — coeflicient of the system resistance
from the cross section 1-1 to the cross section 19-19,
reduced to fluid flow rate in the section 19-19. And the
system flow rate coeflicient from the cross section 1-1 to
the cross section 19-19, reduced to the flow rate v,,,

Hi = (1 + 4;1—19 )_1/2 . (13)

V19 = #1719(19) Vng/a * (14)

Consumption can be found using the following

Flow rate

equation:
Qy =75, (1)
The same way using the equations (5) and (7) we
obtain the following:

LY(s Y !
= + A = |+ +{+ AL
4’1719(1671777) (Ccm d[m j[sm ] [§4 16(16) C d j
X S, +| &, +A by
(1+2)S, d

2o

n

L)(s, Y !
A |+ +§+ AL
d‘_m J(Scm ] [ 4-16(16) g dK J

S, 2 l#ﬂ )S, 2
><[(lan)SK] +[§13+l d, +2§+§“j[(1+z)5j ’

!
+C"+/1j (17)

The given GS has the sprue with the length
1, =0.2675 m, the length of each feeder [, =0.0495 m,

cm

C1719(1671377) = (gcm

the distance from the sprue to the first feeder
l,,=0241m. [_,=0258m, I_,,=0774m,
I, ,=0.365 m. Diameters of the feeder, collector and
sprue: d,=0.00903 m, d_=d, =..=d, =0.01603 m,
d, =0.02408 m. The same way as in the works [5, 6], let
us assume that friction losses coefficient 4 =0.03. The

cm—|

coefficient of local resistance for metal entering from the
basin to the sprue depending on the lip rounding radius
can be taken from the reference book [3, p. 126]:
£, =0.12. Coefficients of local resistances [7]:
£ =0.885, £, =0.396, ¢, =0.334. Calculation results
according to the equations (12)- (17): &, = 0.605547,

u, ,,=0.789203, v, =2.002605 m/s, 411719(1671777) =
=0.643453, Hy 906179 = 0.780048 , Visasar-7) =
=1.979375 m/s; C1—19(16—13—7) =0.614858 , Hiio6-13-7) =
=0.786924, Visneisr) = 1.996823 m/s.

The ratio values y and z were taken at random. It is
necessary to calculate these values. The considered GS
consists of two rings, namely the near one and the far one.
The ring which is located closer to the sprue consists of
two half-rings: the first half-ring — from the sprue through
the sections 5-5 and 6-6 to the feeder I, the second half-
ring — from the sprue through the sections 16-16, 17—
17 and 7-7 to the feeder 1. Pressure head losses in these
half-rings shall be equal. Pressure head losses in the first

half-ring ., , —&4 Y lc(;, |ja_
losses in the second half-ring ™ 2g

I’l C 4 A« lcm B vz
= +¢+ 4
cm—1(16-17-7) 4-16(16) d zg

Pressure head

K

2g d. . 2g

+(§17+/ll;‘i’*+§137)av—f7+/lhav—§.

v, =v,=0332872, v, =v, =0302611, v, = v, =0.090783,
v, =v,, =0.211828 m/s. The calculations give the fol-
lowing results: h,, | =0.022064 m, h,, ., , =0.030587 m,
ho o =h =ho ears = 0008523 M. The losses h,, , are
less than 4, ,, . To make them equal it is required
to increase the flow rate v, and to reduce the flow rate v, .

The ring which is located further from the sprue

consists of two half-rings: the first half-ring — from the
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Investigation of the double-ring-shaped gating system performance

point B through the sections 17-17 and 18-18 to the
point A, the second half-ring — from the point B through
the sections 13-13, 10-10 and 8-8 to the point
A. Pressure head losses in these half-rings shall be equal.

Pressure head losses in the first half-ring
2

h, , = (4’17 +}bl/;—*ﬁ+§18_7 ja ;i Pressure head losses in the
« 4

l 2
second half-ring &, :[§I3+/l";”)+§8_7)a%. The
g

calculations gave the following results: /,_, =0.009198 m,
h =0.002768 m, h -h =0.006429 m. The
losses h, , exceed h, ,, . To make them equal it is
required to increase the flow rate v, and to reduce the
flow rate v,,.

B-A(d) BA — hsz B-A(d)

Let us take z=1.2 and perform the calculations one
more time with y =0.3; then we obtain: h,_, = —0.004695,
hy, =0.005834 m. While changing z and y we change flow
rates and pressure head losses in different parts of the
hydraulic system. When z=v, /v, =1.261708 and y =
=v,/v,=0.553016 h_ =-4997-10" m,

h,, =—1.601-10"° m. Pressure heads difference amounting

5-16

10" m can certainly neglected. It is required to ensure that
the proposed calculating practice works.

BE represented by the equations (1)-(3) and
pressure head losses equations (4)— (6) raise doubts. But
the following characteristics of the feeder I have been

obtained  after calculations:  {,_,, =0.616064,
CH9(16—17—7) = 06160661 41—19(]6—]3—7) = 0616073) Hi =
=0.786630, 11, 11510, =0.786630, i1, .. ., ,, =0.786628
v, =1.996078  m/s, V.., =1.996077  m/s,

Visuesn = 1.996072 m/s. The difference is observed in
the sixth decimal place. You shall remember that pressure
head losses for one feeder were calculated by three
hydraulic lines. Certainly this outstanding result shall
be verified and discussed in future.

The table below shows calculation and experimental
(in denominator) results. N =100(Q-Q, )/ Q...

Let us determine GS characteristics when two
feeders, I and II, are operating. The Bernoulli’s equation
for the cross section 1-1 in the pouring basin and in the
cross section 19-19 in the feeder I on the way through

2
the sections 2-2, 5-5, 6-6: H=a ‘2/#9 +h,_, . BE for the
g
sections 1-1 and 20-20 in the feeder II on the way
through the sections 2-2, $-5, 6-6, 7-7, 8-8:
2

. BE for the sections 1-1 and 20-

H=al24h
=a 1-20(5-7-8)
g

20 in the feeder II on the way through the sections 2-2,
2

16-16,14-14,17-17,8-8: H=a ;— +, 61 - BE for
4

the sections 1-1 and 20-20 in the feeder II on the way
through the sections 2-2, 16-16, 14-14, 13-13, 9-9:
2

H=a2 4}
=a 1-20(16-13-9) *
g

Let us write down the evident equations:
Q=v,S., z(vs+v16)SK z(v]9+v20)8“ , Q,=vS =
= (V7 +v, )SK. Let us introduce the following expression:
x=v,/v,.Asbefore,y=v,/v,and z=v /v .v. =V,
Vo=V, ==V

Fluid consumption in the system
Q=(v,, +v,,)S, =(v,, +v,, /x)S, =v,,(1+1/x)S, =
=v,,S,,00, Where S, = (1 + l/x)Sn is the feeders area
reduced to the flow rate v,, (considering operation of
both feeders); and v,, =v,,S, ., /S, . The same way we
write down the following:

Q= (V19 + vzo)Sn = (x Y, + vzo)Sn =V, (x + l)S" =
=VS,p00)» Where S, = (x + 1)5,, — the feeders area
reduced to the flow rate v, ; and v, =v,,S, . /S.,. We
= (v5 +V16)SK = (v5 +v, /Z)Sx =

13 1/14 - V15 - V16‘

write down also: v_S

cm =~ cm

S S S
= 1+1 S = cm — np(19) o _
VS( + /Z) K)Vs V(m (1+1/Z)Sk V19 SL_m (1-}—1/2)5}\
oy Swn
Y (1+1/2)S,

Now we can write down BE for the cross section
1-1 in the pouring basin and the cross section 19-19 in
the feeder I on the way through the sections 2-2, 5-5,
66 the following way:

l S ’ l
& +A-m LISV o+ EH A
VZ ( . dcm ]( Scm J [ e dx ]
oa—= .

Y S ) ]
X| —2—— | +{,+A=2+1
(1+1/2)S, d

The expression in square brackets (excluding ‘1°) can
be defined as €, ,, — coeflicient of the system resistance
from the cross section 1-1 to the cross section 19-19,
reduced to fluid flow rate in the section 19-19.

Let us take x =1, y =0.3, z=1.1. The values of the
coefficients &, ., C\ 1)y $1sy &17 can be taken from the
previous calculation. It is also required to set the ratio of
the flowrates v, / v,. Firstlet us take v, / v, = 0.3. For this
purpose the flow rates ratio according to the equation
(8) is determined the following way: &, =2.177778 .
vS, =(1=v, v )v.S., v, /v,=(1-v,/v)S,/S, =
=2.205919 — thisis the ratio v, / v, in the equation (9).
We determine that £, =0.355504. We obtain the
following calculation results: ¢, =0.997257,
1, ,, =0.707592, v, =1.795518 m/s.

The following ratios are applicable for the feeder II
on the way through the sections 2-2, 5-5, 6-6, 7-7, 8-8:
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Section 3. Machinery construction

S Y S
y =y np(20) ’ y =y J7 np(20) ’ y =
T z)s, 7Ty (lz)s,
v S

Vs np(20)
Py, (1+1/2)S,
resistance from the cross section 1-1 to the cross section
20-20 (through the sections 2-2, 5-5, 6-6, 7-7, 8-8),
reduced to the fluid flow rate in the cross section 20-20,

l Sn 20 : L; lcmf
41—20(5—7—8) = (Ccm +A Zj(fj +[ 4)—5(5) + C +4 d_KIJ x
x Snp(ZO) + C +2‘£+§ V7vap(20) +
(1+1/2)S, Tod, T ) v (1+1/2)S,

2
_I_AZA_fn VSSnp(ZO) i ln .
d. V6(1+1/Z)SK " d,
l,,=0124 m, [,,=0.134 m. ¢ ., =0.933939,
1y s s =0.719082, v =1.824675 m/s.

The following relations are evident for the feeder II
on the way through the sections 2-2, 16-16, 17-17, 8-8:

=v . The coefficient of the system

20(5-7-8)

S S,
e :V”(ld:p(zz(;sk , Ye=velloy )(pri)sk BT
vy S

8 np(20)
v, (1+1/2)S,
resistance from the cross section 1-1 to the cross section
20-20 (through the sections 2-2, 16-16, 17-17, 8-8),
reduced to the fluid flow rate in the cross section 20-20,

LS, Y I
— +/1 cm np(20) + + +ﬂ, cm—B
4/1720(1671778) (CLM dcm ]( Scm j (4/4 16(16) C dK ]
S ’ S ’
> np(20) /1 A B + np(20) +
{(l+z)SKJ (g” d CI”J[( y)(1+z)SJ

Q 8 np(20 +é/ +/’LZL.
d v, (1+1/2)S, "o d,

=v The coefficient of the system

41*20(16*17*8) = 1'023090’ yl*20(16*17*8)
=1.784018 m/s.

The following expressions can be written down for
the feeder IT on the way through the sections 2-2, 16-16,

=0.703060, v

20(16-17-8)

S S
13-13,11-11,9-9: v, =v,, (H“ZZ;)S, L= 2°y(1+p(zzg)s'

The coeflicient of the system resistance from the cross
section 1-1 to the cross section 20-20 (through the
sections 2-2, 16-16, 13-13, 11-11, 9-9), reduced to
the fluid flow rate in the cross section 20-20,

4 = ¢ +/llf—"’ Suen 2+ ¢! +§+}tl"”
1-20(16-13-9) cm dtm Sm 4-16(16) dK

% Snp<20 4/13 +)L lA B(d) lA—II +2§ )/ Snp(20> +
(1+2)S, d, (1+2)S,

!
+C, +4 i
Crmenss =0.893275 p1 = 0.726763, Vo 1y s =
=1.844165 m/s.

Itis apparent that the obtained values ¢ , pand v for
one feeder differ a lot from each other.

The ratio values x, y, z and v, /v, were taken at
random. Itis necessary to calculate these values. The ring
which is located closer to the sprue consists of two half-
rings: the first half-ring — from the sprue through the
sections 5-§, 6-6, 7-7 to the point A, the second half-
ring — from the sprue through the sections 16-16,
17-17 and 18-18 to the point A. Pressure head losses in
these half-rings shall be equal. Pressure head losses in the

4 l[m—l Vi
hops =| Cusisy TE A= o=+
2

2g
I % -
+(C 7+/1;*'+C 78}1 i . Pressure head losses in the sec-
h

l 2
:[gf_lé(m) +¢ +A?]aﬁ+
ond half-ring

first half-ring

cm—A(16-17-18)

2g

K

2

+(cn+i B, gja .
v, =v, =0.604986 , v, =0.181496 , v, =0.566487 , v, =
=v, =0.164996, =0.549987 , v, =v, =
=0.384991 m/s. The calculations give the following re-
sults: h,_, =0078427 m, h =0.096768 m,
hy=h, , =h, 0617 = 0018342 m. The losses ,,_, are
lessthan i, ,, s - To make them equal it is required to
increase the flow rate v, and to reduce the flow rate v,,.

The ring which is located further from the sprue con-
sists of two half-rings: the first half-ring — from the point
B through the sections 17-17, 18-18, 8-8 to the feed-
er II, the second half-ring — from the point B through
the sections 13-13, 10-10 and 9-9 to the feeder II. The
ring is arranged in such a manner that the flow is segre-
gated in two parts in the point B and the flows are joined
together in the feeder II. Pressure head losses in these
half-rings shall be equal. Pressure head losses in the first

1 1/2 1 v?
h A=t Az Ay &
half-ring b, (Cl7+ +&, 8) 2 + y o 2
head second half-ring
2
$h +Al"3(2l"”ja ;ﬁ The calculations give the
g

V14 = Vl()

cm—A(16-17-18)

A cm—A

Pres-

K

sure losses in the

h

B-l(d)

K

following results: h, , =0.034561 m, h,_,, =0.007854 m,
By =hy —hy ., =0.026708 m. The losses &, exceeds
hy 4 - To make them equal it is required to increase the
flow rate v,, and to reduce the flow rate v,,.

20



Investigation of the double-ring-shaped gating system performance

Let us take z=1.2 and perform the calculations one
more time withx =1, y=0.3, v, /v, =0.3; then we ob-
tain: s, =—-0.005389 M, h, =0.024282 m. While changing
x, ¥, z and v, /v, we change flow rates and pressure
head losses in different parts of the hydraulic system.
When x=v,, /v, =0.980114 , y=v, /v, =0.644503 ,
z=v,/v,=1.163272 and v,/v,=0.390126 pressure
heads difference amounts 7, =1.950-10" m and the dif-
ference h, =1.674-10"° m.

The feeder II has the following characteristics:
C' oy =0.978204, & =0.978203, ¢ =

1-20(16-17-8) 1-20(16-13-9)

=0.978194, 14, s o 5 =0.710992

» Hisoer-s) = 0'710992’1
Iy ienss =0.710993 v, =1.804144m/s, Vo0 1y =
=1.804144 m/s, v, ,, =1.804149 m/s. The differ-
ence is observed in the sixth decimal place although the
pressure head losses for the feeder II were calculated by
three hydraulic lines. We have obtained the same result
as for the situation when only one feeder is operating.

While doing so we determine the GS characteristics
when various number of feeders are operating. The table
below shows calculation and experimental (in denomi-
nator) results.

Table 1. —-Gating system characteristics

Operating The system characteristics

feeders 41719 Hy o Vios m/s Vi) m/s Vars m/s Q19; cm?’/s Q) cm®/s N} %

I 0.616 0.787 1.996 127.83 127.83 26
2.05 131.29 131.29

L1I 1.039 0.700 1.777 1.804 113.80 229.33 22
1.81 1.85 115.92 234.39

I, 111 0.885 0.728 1.848 1.906 118.35 240.41 +2.0
1.82 1.86 116.56 235.68

I1, 111 1.030 0.702 1.781 1.803 114.06 229.53 —04
Ca) | () 1.77 183 | 11335 230.55

I-III 1.993 0.578 1.467 1.556 1.576 93.95 294.53 -3.2
1.55 1.59 1.61 99.27 304.21

I-11I, VI” 2.491 0.535 1.358 1.381 1.406 86.98 353.65 —0.3
1.311 1.41 1.44 83.96 354.86

I-VI™ 5.782 0.384 0.974 1.154 1.141 62.38 412.11 —0.8
0.98 1.13 1.19 62.76 415.64

") Fluid consumption in the feeder 11

Dy, =1377 m/s, vi," =138 m/s, N=-0.2%

"y, =1.038 m/s, vi;" =1.08 m/s, N =-3.9%

The results of the studies and discussions

The difference of the experimental results from the
calculated results amounts from -3.9% to +2.0%. It is
difficult to make any conclusions because the differ-
ences are quite small. Generally it is possible to con-
clude that satisfactory conformity of experimental and
calculated data has been obtained. It has also been dem-
onstrated that the Bernoulli’s equation derived for the
particular case, namely for the system equipped with
one feeder, works also when applied to the multiline-
fed gating system, moreover — to the most complex
system, namely the double-ring-shaped one, where not
only the flow segregation into several parts in the col-
lector takes place but also joining of the flows in the

collector is observed. And the number of consump-

tion coeflicients of the gating system corresponds to
the number of feeders.

Despite of the number of operating feeders, the
calculation is based on the Bernoulli’s equation repre-
sented by the expression (1). First it is necessary to take
random flow rates ratios in feeders and in the collector
after the flows segregation or joining, then fluid con-
sumption in each feeder and in the whole system shall
be determined. After that the system is divided into
two rings and each ring is divided into two half-rings.
Pressure head losses in half-rings shall be equal. This
can be achieved by means of fluid flow rate increase
or reduction in separate GS lines. This pressure head
losses difference in half-rings can be reduced to any
specified indefinite small quantity.
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Section 3. Machinery construction

Pressure head losses, flow rate and fluid consump-
tion in each feeder can be calculated when fluid moves
along several parallel hydraulic lines (but not upstream);
in the double-ring-shaped system fluid goes by three
lines. Although fluid flow rates in different parts of the
collector can vary by many times. The difference of the
feeder characteristics obtained in the process of calcula-
tions performed by different hydraulic lines can also be
reduced to any specified indefinite small quantity. Such
unexpected result shall also be verified and discussed in
future.

So the Bernoulli’s equation is used for the flow cross sec-
tions having various consumption values and for different
hydraulic lines in the same system, and, surprisingly
enough, the experiments confirm this assumption which
seems to be senseless at first glance. And due to this fact
the calculation of double-ring-shaped GS became pos-
sible. Without any additional principles. Only the evi-

dent one: Q= iQ,. , where Q — fluid consumption in
the i-feeder. Iﬁ:lany section of the hydraulic system the
pressure head H includes dynamic head and piezometric
head as well as pressure head losses.

In addition to 2 common hydraulic losses the cal-
culations include also losses for longitudinal friction
and losses for local resistances, such as losses for pres-
sure head changes calculated using the expressions (7),
(8) and (9) as applied to flow segregation, and using
the equations (10) and (11) as applied to flows joining.
Possibility of summation of the losses for pressure head
changing with the losses for longitudinal friction and lo-
cal resistances is not based theoretically. Although there
are no experimental data contradicting this assumption
at the moment.

The Bernoulli’s equation is derived for the filament
flow of perfect (‘dry’) fluid with steady movement only
theoretically with no experimental data used [2, p. 95~
97]: h+p/y+v'/2g = const (along filament flow), where
h is the cross section exceedance over the reference
plane. But when there is real (viscous) fluid with steady
movement it is required to introduce pressure head loss-
es for friction an local resistances as well as coefficient of
the flow rate distribution irregularity along the cross sec-
tion flow rate a [2, p. 108-111]. Besides for the pur-
poses of friction losses determining it is necessary to find
experimentally the losses coefficient 4, and for losses in
local resistances — local resistances coeflicients ¢ . The
coefficients 4 and ¢ depend on the flow rate, pipes in-

ternal surface roughness, etc. It means that the Bernoul-
li's equation becomes computational-experimental one.
Expending of the field of the equation appliance for the
flows with variable fluid consumption using experimen-
tal equations (7)- (11) should not generate opposition.

Let us consider that the feeders ‘know’ each other
as switching on or off at least one feeder leads to rear-
rangement of the whole hydraulic system operation.
At the same time the process of fluid outflow is estab-
lished very quickly, for 5-10 s even if sudden system un-
balance occurs, for example when only feeders I and II
are operating.

Taking into consideration previously studied
L-shaped, branched, combined, cross-gate, step-gate,
ring-shaped (horizontal and vertical) gating system,
L-shaped system with variable cross-section collector
gating systems and ring-shaped GS with 4 sprues, the
possibility of the Bernoulli’s equation usage applicable
to the flow cross sections with variable consumption in
several hydraulic lines is deemed to be proven. So the
Bernoulli’s equation can be used for the purposes of
calculation of multiline-fed gating systems (including
double-ring-shaped systems). Although it is not based
theoretically.

Conclusion

Thereby the most complex gating system, namely
double-ring-shaped system, has been studied both the-
oretically and experimentally with determining of flow
rates and fluid consumption in each feeder and in the
whole system. It is not only segregation of the part of
the flow from one collector to another collector that
takes place in the system but also joining of fluid flows
from two collectors is observed. The Bernoulli’s equa-
tion was used for calculation of such hydraulic system
with variable fluid consumption, i.e. for the gating sys-
tem equipped with one feeder. For the purposes of calcu-
lations GS is divided into two rings (flows) of fluid, and
every ring is subsequently divided into two half-rings.
The calculation is performed using the method of succes-
sive approximations applied to obtain the specified value
of the pressure head loss difference in the half-rings of
one ring. Pressure head loss, fluid flow rate and consump-
tion in each feeder are calculated when fluid moves along
several parallel hydraulic lines (but not upstream). The
teeder characteristics difference for its calculation by
different hydraulic lines is reduced to any specified in-
definite small quantity. Satisfactory conformity of experi-
mental and calculated results has been obtained.
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BbiOOp peareHTHOro pexuma npu ¢Gaorauum yrosibHOro waama

AHHOTaHI/UI: HPOBeAeHa OII€HKa aKTUBHOCTH C06I/IPaTeAefl npu O6OI‘31H€HI/II/I YTOABHOT'O IIIAAMa. I'Toxa3a-

HO, 4TO COOUpATeAU 00AAAAIOT IOBEPXHOCTHO-AKTUBHBIMY CBOMICTBAMH, CIIOCOOCTBYOMUMY 3P PeKTHBHOMY

Pa3AEACHHIO YTOABHOM rOPIOYei MacChl OT MMHEPAABHOM COCTABASIOLIEN.

KaroueBbie cAoBa: pAroTanus yras, OypoyroabHasi ONTYMUHO3HASI CMOAQ, IOBEPXHOCTHO-AKTHBHbIE

CBOIICTBA.

PazpereHre TOHKOAUCIIEPCHBIX YTOADHO-TAMHUCTBIX
IIAAMOB METOAOM QAOTALUH SBASIETCS AOCTATOYHO
CAOXKHBIM PHM3UKO-XUMUYECKUM ITPOLIeCCOM, OCHOBBIBA-
IOIUMCS Ha Pa3AMYHOM CMaYMBaeMOCTH TBEPABIX YaCTHII.
IToaToMy OAHOM 13 aKTyaAbHbIX 33Aa4 B TEXHOAOTHHU PAO-
TAIIMOHHOTO 00OTaIeH s YTAeH SIBASIETCS TIOUCK U CHH-

Te3upoBaHUe dPPEKTUBHBIX U AOCTYIIHBIX PeareHTOB,
B TOM YHCAe, U3 KAMEHHOYTOABHBIX CMOA. F3BecTHO, 4TO
POAb KaMEHHOYTOABHBIX CMOA KaK ChIPb€BOTO MCTOYHH-
Ka B AAAbHeMIIeM OyAeT BO3PAcTaTh C OAHOBPEMEeHHBIM
pacuIrpeHHeM BO3MOXXHOCTEH I10 UX YTAyOAeHHOI Iepe-
paboTke C OTKPHITHEM HOBBIX 00AACTEl IPHMEHEeHH ], I10-
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Ay4aeMbIX [IPU 9TOM IIPOAYKTOB [ 1].

B HacrosimeM cOOOIeHIN IPUBEACHBI PE3YABTATHI
HCCAEAOBAHUI C OYPOYTOABHON OHUTYMHHO3HON CMO-
AOI1, TIOAY4EeHHO! U3 (YAbBO-IYMHHOBBIX KHCAOT Oy-
poro rymycosoro yras (Bapanaarckoe mecroposxae-
nue, Kysbacc, Mmapka B2) caeayromux xapakTepucTuk:
BAQXHOCTb — 5% Mac.; 30AbHOCTh — 9,8% Mac.; BBIXOA,
Aetyanx — 45,8% mac.; C* =72,9; H* =5,3; Cunres
CMOABI TIPOBOAMAM METOAOM TE€PMOOKUCAUTEABHOTO
paciierniaeHus: pyAbBO-I'YMUHOBBIX KHCAOT B aBTOKAABe
B CpEAE ACASHOMN YKCYCHOM KMCAOTHI M B IIPUCYTCTBUU
KaTaAM3aTOPa YKCYCHOKHMCAOTO ABYXBaA€HTHOTO CBUHIIA.
ITo oxoHYaHMM CHHTE32a BCe KOMITOHEHTBI CMOABI KOAMYe-
CTBEHHO 9KCTParupoBaAu mupuauHoM. ITocae oTroHKH
0OAbIIIE YACTH TUPUAMHA, OCTATKH CMOABI PACTBOPSIAK
B 9THAOBOM CIIMpPTe U 3aTeM aHAAU3HPOBAAU HA XPOMa-
torpade. B mpouecce xpomarorpaduyeckoro aHaamusa
OBIAO YCTAHOBAEHO, YTO B OUTYMHHO3HOM CMOA€ IIPH-
CYTCTBYIOT AAMHHOIIEITOYeYHbIe MOAEKYABI, MAAOIIPHU-
ropHble Aad nieaedt aoranuu. [loaTomy nmpeacTaBasAOCh
HEeOOXOAMMBIM IIPOBECTU AAAbHEFIIIee paclielAeHHe
aTHX MOAeKYA. C 3TO¥ IIeABIO HCIIOAB30BAAU SAEKTPO-
XMMHYECKOe AeCTPYKTHBHOe oKucaenue [2]. [To okoH-
YaHUH 9AEKTPOCHHTE3a MPOAYKTBI PeaKIJMU UCCACAOBA-
AU METOAOM XPOMATO-MacC-CIeKTpoMeTpHu. ITpoaAyKTeI
9AEKTPOXUMHYECKOTO CHHTe32 OBIAU IIPEACTABACHBI B OC-
HOBHOM HU3KOMOAEKYASIPHBIMH KHCAOPOACOAEPIKAIUMH
KOMIIOHEHTaMH (B PSIAKE BBIXOAQ KOMIIOHEHTOB): 1 —
Ykcycnas xucaora. 2—2-Byranon-4-ruppoxcu. 3-3,4-Au
METHAAUTUAPOPYPaH-2,5-AuoH. 4-1,1-AusTokcuaTaH.
S — DTHAHUTPO303THUAOBBIN 3PHP YTOABHON KUCAOTBL
6—2-MeTuATIMpUAMH. 7—-2-DTOKCHITHAALIETAT. 8-2-
(2-AMHHOITOKCH)-3TaHOA.

AAS TAKOIT CMeCH BeIleCTB BAXKHO OBIAO 3HATD HAAU-
4pe MOBEPXHOCTHO-AKTUBHBIX CBOMCTB. C 9TOM IjeAbIO
OIIPEAEASIAU TEHOOOPA3YIOLIYI0 CIIOCOOHOCTh — ITOKa-
3aTeAb, XapaKTEPHBIHA AASI TIOBEPXHOCTHO-AKTHUBHbIX Be-
mects. [Tenoo6pasyrontyto cioco6HOCTS (q) ompepes-
AW cOTAacHO [ 3] mo caeayromeit popmyae: q =Hn - tn/tp,
rae Hn — BricoTa cTOAGA ITeHBI, CM; tn — BpeMsi BCIIeHH-
BaHM, Y; tp — BpeMs CAMOIIPOU3BOABHOTO Pa3pyIIeHHS
rensl, 4. [TeHOOOpasyromas crrocoOHOCTb IIPOAYKTOB Ae-
CTPYKTHBHOTO OKHCAEHHSI OyPOYTOABHOM OUTYMUHO3-
HOI CMOABI ObIAa paBHA: =48 CM, 4TO yKa3bIBaeT HA Ha-
AWYHe TTIOBEPXHOCTHO-aKTUBHBIX CBOMCTB. [ToAyuenHas
CMeCh KHCAOPOACOAEPIKAIIINX COCAUHEHHI, 00AAAAIOIIAsT
[IOBEPXHOCTHO-AKTUBHBIMU CBOMCTBAMH, ObIAA OIIP06O-
BaHA B Ka4eCTBe pPeareHTa-cobupaTeAst BO pAOTALIMOH-
HOM IIPOIiecce C BBICOKO30ABHBIM, TPYAHOOOOTaTHMbIM
YTOABHBIM IIAAMOM. AASI HCCAEAOBAHMII ITpo1iecca PpAo-

Taruu ObIA OTOOpaH mAaM yras Mapku «K>» ¢ 30apHO-
crpio 52,0% u kpymuocTbio 0—100 MxM. YAeAbHbIN pac-
XOA IIPEAIIOAATaeMOro COOUpaTeAst COCTaBAsIA 6,0 Mr/Kr,
nenoobpasosareas (OI1-7) — 0,03 mr/kr. Onenky gpao-
TAIIMOHHOM AKTHBHOCTH PeareHTOB-coOupareAeil mpo-
BOAMAHM IIPU CTPOTOM KOHTPOAE Pa3AUYMMBIX TEXHOAO-
TUYeCKMX IIapaMeTpOB: BpeMs KOHTAKTa B AUCIIepraTrope
U CMeCHTeAe, CKOPOCTD IepeMellMBaHus B AUCTIEPTaTo-
pe U cMecHuTeAe, CKOPOCTb IMOAAYM YTOABHOM ITyABIIbI
U BO3AyXa B KOAOHHY QAOTALIMHU, KPYITHOCTb GAOTUPY-
eMBIX JACTHII, KOHIIEHTPALIUS peareHTOB-CcoOupareaer,
BCIIEHHMBATEAS M YTOABHOM ITyABITbI. COTAACHO 9KCIIepH-
MEHTaAbHBIM AQHHBIM [ 4] IPUMeHeHHUe cOYeTaHus pe-
areHTOB-COOMpATeAell Pa3AMYHbIX BHAOB, KaK IIPABHAO,
MOBBIIIAET MOKa3aTeAr paoTariu. OAHOM 13 BO3MOXKHBIX
IPUYHMH 9TOTO SIBAGHMS MOXKET CAYXXHTb MO3aHYHOCTh
3aKperAeHHs YKa3aHHBIX COOHMpaTeAeil Ha ITOBEPXHO-
CTH YTOABHO-TAMHHUCTBIX YaCTHI] U, CAEAOBATEABHO, U3-
MeHeHHe BeAMYMHBI TUCTePEe3UCHOTO yrAa CMAYMBaHuU,
OIIPEAEASIION]ETO IPOYHOCTD 3aKPENASHHUS JACTHUI] Ha I10-
BEPXHOCTHU BO3AYIITHOTrO Iy3bipbKa. [Tockoapky koanye-
CTBEHHOM MEpPOM CMAYMBAHHSA CAYXKUT KPA€BOH YIOA,
a rUCTepe3uc CMaYMBaHMA ABASIETCS MEPOM BbIpaskKeHHUs
3aBHCUMOCTH KPaeBbIX YTAOB OT YCAOBUM MX POPMUPO-
BAHMS, TO CAEAyeT 0CO00 OTMETHTb, YTO IIPH BHEIIHEN
IIPOCTOTE TUCTepPe3HCa, ero H3yYyeHne BCETAA AOCTaTOYHO
CAOXKHO, TaK KaK pa3AM4Me KPaeBbIX YTAOB MOT'YT BbI3bI-
BaTh CaMble Pa3Hble IPUYHHBI, KOTOPbIE YACTO AEHCTBYIOT
OAHOBpeMeHHO [S]. B cooTBercTBUM C BBIIIEyKasaHHBI-
MU AQHHBIMY, ObIAQ pa3pabOTaHa TEXHOAOTMYECKASI CXeMa
C paspeAbHOI opaueit pearenTos (puc. 1).

AaHHasI TEXHOAOTHMYECKAsI CXeMa pa3paboTaHa, uc-
XOAS U3 IIPEATIOCBIAOK, YTO B COOTBETCTBUH C MOAEKY-
ASIPHO-MAaCCOBBIM paclpeAeACHUeM U AeHCTBYIOMUMHI
MOAEKYASIPHBIMU CHAAMH B 3aMKHYTOM OTPaHMYEHHOM
0b6beMe MOAEKYABI peareHTa-CoOHpaTeAs], KAk U MOAe-
KYADI «CBOOOAHOM BOABI> AOAXKHBI CTPEMMTbCS BOUTHU
B yIOPSIAOYEHHOE CTPYKTYPHPOBAHHOE COCTOSIHME, 0be-
CIIeYHBAIONIee M MUHUMAABHYIO CBOOOAHYIO 9HEPTHIO
TP AAMMHAPHOM pexuMe (MCKAIOUAIOUIMM OCaXKACHHe
YTOABHBIX YacTHIL). AAS 9TOTO Mepea TOAYeil Bo Ppao-
TAIlMOHHYIO KOAOHHY BOAOYTOABHYIO ITyABITy IpeABa-
PUTEABHO II€PEMENINBAAU BMECTE C BOAHOM dMYAbCUEN
peareHTOB-cobHpaTeAeil B cMecuTeAe. Takum o6pasom,
nepep BBIXOAOM YTOAbHO-TAMHMCTOM ITYABIIBI U3 CMe-
cuTeAs, B COOPMHUPOBABIIENCS CTPYKTYpPUPOBAHHOMN
MHOTOKOMIIOHEHTHOM CHCTeMe: YTOAb-TAUHA-BOAA-CO-
bupaTeAb — B pe3yAbTaTe GU3UKO-XUMUIECKUX B3AHMO-
AEHMCTBUI AOAYKHBI IIPOU3ONTH 3aKPEIACHH OIIPEACAEH-
HBIX KOMIIOHEHTOB COOHpareAest Ha IOBEPXHOCTH YaCTHUI]
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KaK YTOABHBIX, TaK U TAMHUCTBIX. FI3BecTHO, yTO ramHa
TaKOKe CII0COOHa COpOHPOBATh OpraHUYeCKYe BeleCTBa.
B [6] 6b1a0 TTOKa3aHO, 4TO aACOPOLIMS IYMIHOBBIX KHC-
AOT Ha rAuHe (KaOAMHUTE) MIPEeACTaBASIETCS Pe3yAbTaTOM
KOMIIAEKCHOM aACOPOLIK I'YMHHOBBIX KHCAOT Ha IOIIe-
PEYHbIX IPAHSX, COAEPXKAIIHX B H30BITKE IOAOXKHUTEAD-
Hble Ipynmnsl aatoMuHus. [loaToMy npu mocrymaenun
YTOABHO-TAUHHCTOM ITyABIIBI BO PAOTAIIHOHHYIO KOAOH-

1

= 2

——1

HY OIIPEAEAE€HHAS MO3aN1IHOCTD, 06pasoBaBmaﬂc51 Inpu
3aKperAeHNN PeaI‘eHTOB-COGHpaTeA&ﬁ Ha ITOBEPXHOCTH
Pa3AMYHBIX 4YaCTHL, U AaAbHEIjIH.Iee B3aHMOAefICTBPIe
TBEPADIX YACTHI C BO3AYIIHBIMHU ITy3bIpbKaMH, AOASKHDI
IIOATBEPAUTD OIIPEACACHHYIO CTEIIEHDb CPOACTBA K BO3-
AYIIHBIM ITY3bIpbKaM. PeSYAbTaTOM ITHUX B3aHMOAeﬁCTBHﬁ
6YA6T COOTHOIEHHNE KOANIE€CTBA YTOABHBIX M TAMHHUCTbBIX
YaCTHI] ITIPH BBIHOCE UX M3 KOAOHHBI B IIEHHOM ITOTOKE.

Puc. 1. MNpuHumnmansHaga cxema GAoTaUNOHHON YCTAHOBKN C pa3aesfibHbIM PEAreHTHLIM PEXUMOM:

1 — OpnndT. 2 — PnoTaumnmoHHas KonoHHa. 3 — BBoa yrosnibHoM nynbnbl. 4 — MopucTeIv uuanuap ans 6apbotaxa
Bo34yxa. 5 — Tpex — xogoBbI KpaH gns canea Boabl. 6 — Kamepa otxogos dnotauumn. 7 — HaknoHHbIN
06e3BOXMBalOLLMI LIHEK. 8 — BbiBOA, BOAbI HA pereHepaumnto. 9 — BelBog, 06€3B0OXEHHOro ocaaka OTX040B
dnotauun. 10 — losaTop pearenta. 11 — BosayLwHbi komapeccop. 12 — Hacoc ansg nogayv yrosbHOn
nynbnbl. 13 — C60pHNK HNOTaLMOHHOIO KOHUeHTpaTa. 14 — KoHTakTHbI pe3epsyap. 15 — AucnepraTtop

Huxe npuseaen 6asanc (6e3 yuera motepnb) npo-
AYKTOB (AOTAI[IOHHOTO 00OTaIeHUs] BBICOKO30ABHOT'O
YTOABHOTO IIAAMA.

Brixoa koHIIeHTpaTa cocTaBasia: 29,8%, P 30Ab-
noctu 20,7%.

Brixoa orxoaoB $paoTanum coctaBasia: 57,1%, npu
30AbHOCTH 68,0%.

Takxum 06paszoM, poBeAeHHbIE HCCAEAOBAHMS I10-
Ka3aAH, YTO HU3KOMOAEKYASIPHbIe KHCAOPOACOAEPIKA-
e COeAUHEHNs], 00Pa3yIoIHecs IPU SAeKTPOXUMHU-

4eCKOM AECTPYKTUBHOM OKHCA€HHU OypOYrOAbHOIM
OUTYMHUHO3HOM CMOABI 0OAAAAIOT TOBEPXHOCTHO-AK-
THBHBIMH CBOMCTBaMH, CIIOCOOCTBYIOIUMU AOCTATOY-
HO 9¢$p$peKTUBHOMY PAOTALOHHOMY OOOTralleHHIO BbI-
COKO30ABHOTO TPYAHOOOOTraTHMOT'O YTOABHOTO IAAMA.
PaccMOTpeHHasl TEXHOAOTUYECKAst MOAEAD MOXKET OBITh
IpYMeHHUMA IIPU OTPabOTKe 3P PEeKTHBHBIX peareHTHBIX
PEXUMOB C HCIIOAb30BaHKMEM, KaK BHOBb CHHTe3HpYe-
MBIX PEareHTOB, TaK ¥ KX COYETAaHUH C ADYTUMU AOCTYII-
HBIMU peareHTaMH.
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Abstract: Herpes Viridae family consists of more than 80 viruses, but only 8 species affect a
person. Herp infections are the most dangerous for pregnant women, and varicella is not an exception.
Varicella is absolutely a childhood disease. When the first trimester pregnant is infected the transplacental
transmission of the virus can be fraught with fetal death, spontaneous abortion, or affect central nervous
system, eyes, limbs hypoplasia, intrauterine dystrophy. Congenital varicella is also characterized by
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deTanbHbIVi BETPAHOYHbIA CUHOPOM

Annotanus: CemerictBo Herpes Viridae HacuursiBaeT 60aee 80-TH IpeaCTaBUTeAeH, U3 HIX TOPAXKAIOT

JyeAOBeKa TOABKO 8 BLAOB. HanboabIy:o ommacHOCTD repn-uHeKIMHI IPeACTABASIIOT AASL OepeMeHHBIX, U Be-

TpsiHasl OCIIa He MCKAIOYeHHe. B aOCOAIOTHOM OGOABIIMHCTBE BETPSIHAS OCIAa — «<AETCKasi 60ae3Hp>». [Tpu

HHPUIINPOBAHUY OepeMeHHO IIepBOM TPUMeCTPe BO3MOXKHA TPAHCIIAALIEHTAPHAS [IepeAada BUPYCa YpeBa-

Tasi THOEABIO [TAOAQ, CAMOIIP OU3BOABHBIM BHIKUADIIIEM AKOO IIOpaXKeHUEM IjeHTPAAPHOM HePBHOM CUCTEMBI,

OPraHOB 3pEeHNUs, HEAOPA3BUTHEM KOHEYHOCTEN, BHYTPHYTPOOHOI AucTpodueit. BpoxxaeHHas BeTpsiHas

OCIIa XapaKTePU3yeTCs TAKKe PyOIIOBIMU H3MEHEHISIMU KOXKH.

KaroueBpie cAOBa: peTaAbHbIN BeTPSHOYHBIN CUHAPOM, HEKPOTU3UPYIONIHMI XOPUOP e TUHHT, XUMUOTe-

pamnus, auKAOBHP.

BpoxaenHas BeTpsiHas ocra, BbI3bIBaeMas BH-
pycom Varicella-Zoster (cemeiictBo Herpesviridae;
AHK — renoMHbIii BUpYC reprieca 4eAoBeKa, 3-To TUIIA),
HepeAaeTcsi peOeHKy B IPeHAaTAAbHOM IIEPHOAL.

B cBS13H ¢ BBICOKOM KOHTAardO3HOCTHIO 3a00A€BAHUSA
IIOAABASIIONIAS YACTh B3POCAOTO HACEAEHHUS UMeeT NMMY-
HHTET IT0OCAe IIepeHeCeHUs] epBUYHOM HHPeKIu. Prck
3apaXKeHUSI CEPOHETATHBHBIX OepeMEHHBIX COCTABASET
S5—-7%. YcranoBaeHo, yTo Ha 1000 poAOB MpHXOAUTCS
1-S cayuaes BeTpsiHOM ocmbl. Flcxoas U3 oTMeueHHOTO,
BeTpsiHasl OCIIa He PAaCCMaTPUBAeTCs KaK IMOKa3aHue K HC-
KyCCTBeHHOMY NpepbiBaHmio bepementoctu [ 1]. B 1o xe
BpeMsl TPaHCIIAAIIeHTapHas Iepepada VZ-BUpyca ypeBa-
Ta THOEADBIO [TAOAQ, HEPA3BUBAIOLIEHCsl HepeMeHHOCTHIO
Au00 ee CIIOHTaHHBIM NpepbiBaHueM. I Tpu naHIIIPOBa-
Hum MexXAy 13- u 20-1 HeaeAsIMH recTallii BEPOSTHOCTD
Pa3BHUTHS (pETAABHOTO BEeTPSHOYHOTO CHHAPOMA He Ipe-
BbImaeT 2%. KauHuYecku OH IpOsIBASIETCS BPOSKACHHBIMU
nopoxamu raas, [ITHC, anomaausamu ckeaeTa, HopaskeHH-
samu xoxu (amaasus, py6upn) . Ocobenno onmacho 3apa-
XKeHHe bepeMeHHO 32 HECKOABKO AHEI AO H IIOCAE POAOB,
yIpoXkaeMoe pa3BUTHeM HeOHATAAbHOH BETPSIHON OCIIBbI
MAM QYABMHHAHTHON AMCCEMHUHHPOBAHHON MHQEKIIUU
C BBICOKMM A€TaAbHBIM HcxopoM (21-30%).

B xayecTBe KAMHMYECKOTO IIPHMepa IPUBOAUTCS BbI-
nvcKa u3 ucropun 6oaesnu NS785 /1219 manuenTa B.
(A-p- 12/V-2015), nOCTYNMBIIETO B YHUBEPCUTETCKYIO
KAMHHKY C HAaIPaBASIIOIUM AMAarHO30M <«IHMITOKCHKO-
umemuyeckoe nopaxenue [JTHC, neyTounennoe nopa-
SKEHHe TIeYeHH >

W3 anamHe3a: pebeHOK OT 1-i1 bepeMeHHOCTH, Teve-
HHe KOTOPOU Ha 18-11 HepeAe OCAOXKHHAOCH pa3BUTHEM

Y MaTepH BeTPSTHOM OCIIBI; IOCA€ HAMETHAACh (PeTOIIAA-
rieHTapHasi HepoctarouHocTh III', mpuBeamras k cuH-
APOMY 3aAepPKKU BHYTPHYTPOOHOTO Pa3BUTHS IAOAQ.
Poap! Ha 33-i1 HeaeAe recTaluH SKCTPEHHBIM KeCapeBbIM
CeueHHeM, BCACACTBHUE IPOTPeCCUPYIOIel TUITOTPOPUH
a0a2; BecoM 1300 1, pocTom 38 cM, ¢ pyOIIaMu Ha KOXK-
HbIX HOKpoBax. OrjeHeH 1o mKase Anrap B 3/4/4 6aaaa.
M3-3a HapacTaHUS OTMeYaeMbIX C IePBBIX MUHYT XXH3HU
ABIXaTeAbHbBIX PACCTPOMCTB pebeHOK ObIA IOAKAIOUEH
K aIapary UCCKyCTBEHHOHN BEHTHASIUU Aerkux. Je-
pe3 KOPOTKHIA CBETABIH ITPOMEXXYTOK COCTOSIHHE HOBO-
POXAEHHOTO BHOBDb YXYAIIHAOCDH, BCBSI3U C Pa3BUTHEM
PaHHEro HEOHATAABHOTO CEIICHCA. YABTPa3BYKOBOE HC-
caepoBanue (Y3U) opranos 6promHoil MOAOCTH 06-
HAPY>KHAO MHO>KeCTBEHHbIE TUIIePIXOTeHHbIe YYaCTKU
B nmeyeHn. Ha 20-i1 aoeHb 5kM3HU 0PTAABMOAOT IIPH OC-
MOTpe TAQ3HOTO AHA BBISIBUA XOPHOPETHHUT. Teparus
IIPOBEACHHAS B POA.AOMe BKAIOYHAA POTAI[HOHHBIN KypC
aHTHOaKTepHaAbHON (CyAbOAKTALMA+ TeHTaMUIHH,
METPOHMAA30A+MepOTIeHeM, LJUIPO+IAULMH), UHPY-
3MOHHYIO, TPAHCPY3HH CBEKEe3aMOPOXKEHHOMH IAA3MBI,
3PUTPOLIUTAPHON MacChl; GpyHTUIMABL PebeHOK Haxo-
AHACS [IOA AUHAMITYECKIM HaOAIOAeHIIeM 0TaABMOAOTA.
BckapMAMBaACS HCKYCCTBEHHO; BBIIMCAH B KAMHUYECKU
CTabUABHOM COCTOSIHUU B 1,5 MecsiuHOM Bo3pacTe. B am-
OYAQTOPHBIX YCAOBHSX MaTh 0OpaTHAA BHIMAHMeE HA I10-
sBAeHUe y pebeHKa, mocAe KOHTaKTa ¢ 6oapHbIM OP3, 13-
AUIIHEN COHAMBOCTH, BIAOCTH, 3aTPYAHEHHOTO ABIXaHUSL.
ITocae ocMOTpa y4aCTKOBBIM BPauOM HAIIPABAEH B CTAI{H-
OHAp C IIeAbI0 BepUPUKAI[IH OKOHYATEABHOTO AATHO3.

CocrosHre npu npueme TsbKeAoe. BripaskeHsl pu-
3Haku yrauereHus ITHC, spaenns nuaroxcuxanuu. [Tosa
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paccaabAeHHAs «ASIyIIaubsi>. Barasa He ¢puxcupyer,
He CAGAUT 33 ABIDKYIIMMCS ITPEAMETOM; KOHTPOAD TO-
AOBKH OTCYTCTBYeT. KoXXHBIE ITOKPOBBI 0A€AHO-BOCKO-
BUAHbIE; IEPHOPAABHBII, IEPHOPOUTAABHBII U AKPOLIH-
aHo3. Bupumbie causucroie ynucToie, BAaKHbIE. [[uTanue
IOHIDKEHHOE, pusnyeckoe passurre — <P.. ToroBka
Aoamnxoneparnyeckoit pOPMBI; AU30CTO3 IO XOAY Caru-
TAABHOTO, AIMOAOBUAHBIX U KOPOHAPHBIX IIBOB. BoAb-
MIOM POAHMYOK 2X2,5 CM, CTAQXXeH; MaAbI — He 3apa-
meH. [pyObre KOCTHBIE AepOPMALIUM HE OTMEYAIOTCS,
A Py3Has MplIIeYHas TUIIOTOHUSA. AbIXaHHe TOBepX-
HOCTHOE, CO BTSDKEHHEM MeXpeOepHuil, B AeTKHX —
HepaBHOMEPHO IIPOBOAMMOE SKeCTKOe; MepKyTOPHBIN
3BYK He U3MeHeH. I'paHuUIbl OTHOCHTEABHON TYIIOCTH
cepAlla B ITpeAeAax Bo3pacTHOM Hopmbl. CeppeuHble
TOHBI TAXUKAPAWYHBI, IPUTAyIIeHbL. JKUBOT MSATKHI,
AOCTyIIeH TAy6oKoil masbmaruu. [ledeHsp BBICTyIaeT
u3-1op pebepns Ha 1,5-2,5-1,0 cM, 2AaCTUIHO KOH-
cucrennun. CeaedeHKa He nmaapnupyercs. Qusnosoru-
JecKHe OTIIPaBACHUsS B HOpMe. MeHUHIHaAbHAS CUM-
ITOMATHKA OTPHUIIATEAbHA.

Pe3yAbTaTpl MpOBEACHHBIX HCCAEAOBAHHIA: TeMOTPaM-
Ma — aHeMHs, AeHKOIINTO3, MOHOIIUTO3, YMepeHHOe
yckoperne CO3J; obuive aHaAU3bI MOYH, Kara — 6e3
OTKAOHEHHI OT HOPMBI; OHOXMMUYECKOE HCCAEAOBA-
HHe BBISIBUAO THIIO- M AMCIPOTEHHEMUIO, IIOBBIIIeHNEe
aKTUBHOCTU MapkepoB xoaectasa (Y-GT, L®); muxpo-

3AEKTPOAUTHI (Fe, Mg, P, iCa, Na, K) COOTBETCTBYIOT
BO3PACTHBIM BEAUYHHAM; KOAryAOTpaMMa — MHTAKTHa.
Pentrenorpagus opraHoB rpyaHO#l kaetku (mpsmas
MpOeKIUs) OOHAPYXKHA2 HEpPaBHOMEPHOe CryljeHHe
OPOHXOAETOYHOTO PHCYHKA, AByXCTOPOHHEE O4aroBoe
3aTeHeHHe IapaBepTeOPAABHBIX OTAEAOB, PaCIIHpeHHe
KopHeil. Y3 opraHoB OGpIOMIHOM IIOAOCTH BBIIBUAO
MHO>KeCTBEeHHbIe I'MIIePIXOTeHHbIe YYACTKU B IIeYeHH,
pasmepamu 0,2-0,25 cMm; HeitpocoHOrpadus — 6e3
ocobennocreit. Oxo KI' — B mpepeaax BO3pacTHOM
HOpMBL VIMMyHOAOTHYeCKOe HCCAeAOBAHHE HCKAIOYH-
A0 MHQEKIIMOHHBIE IeMaTUThI (HBsAg striptest-negativ,
HCV striptest-negativ), xaamuanos (anti-Chlamida tr.
IgM — negativ), moxconaasmos (anti — Toxo IgM —
negativ), repr-uH$EeKIMN — BUPYCHI IPOCTOTO reprieca
(anti — HSV %2 IgM-negativ), yumomezarosupyc (PCR
blood —negativ, anti- CMV IgM — negativ), repnec-3octep
(PCR blood —negativ, anti — VZV IgM -§,1; negativ).

Pe6eHOK KOHCYABTHPOBAH HEBPOIIATOAOIOM, [€MaTO-
AOTOM, HHQEKITMOHHCTOM, OPTaAbBMOAOTOM.

3akaroyenne oprasbmosora: OD — crexaoBuaHOE
TEAO MYTHO€, B MAKYASIPHOI OOAAQCTH — O4Yar B BHAE YA-
AMHEHHOTO 0BaAa C TPU3HAKAMU HEKPO3a H 9KCCYAALNY;
OS — raasHOe AHO 1O IeprdepUn CO CAMBAIOIIUMUCS
OYaraMy HeKp0o3a XOPUOPETHHAABHOM TKAaHH; MAKYASIp-
Hasi 06AACTb C KPAITYATOCTHIO, OYEBUAHO U3-32 HAYUHAIO-
merocs naroaormyeckoro npouecca (Puc. 1).

oy

Puc. 1. DS — aKTUBHbIN HEKPOTUSUPYIOLLMIA XOPUOPETUHUT BUPYCHOM STUOMOrmn

Ha ocHOBaHMHM OTMEYEHHOIO IIOCTaBAEH KAUHU-
yeckuti 0uazHo3 — BHEOOAPHUYHASI ABYXCTOPOHHSIS

nHeBMOHMS, cpepHeit Tsokectd, AHI, ocTpoe Teuenue;
conymcmeyouas namoAozus — aKTUBHbIN HeKPOTH-
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3UPYIOLUIT XOPUOPETUHUT, HEAKOBO-9HEepreTHIeCcKast
HepocTaTouHOCTS 11T, rumokcuko-umeMudeckoe mopa-
xenne ITHC, Tokcuueckoe mopaxkeHue meveH, 6eAKo-
BO-A€QUITUTHAS AaHEeMHSL.

HasHayeHa KOMIIAGKCHAsI Tepamus: aHTHOAK-
TepuasbHas (kaadopan), uHPy3HOHHAS, SH3UMHAS (Kpe-
on — 10.000); TpaHCy3uH SPUTPOLUTAPHOI MACCHI,
aAbBOYMHUHA; AMETOTEpAIMs MOAOYHOM CMECHIO C IIO-
BBIIIEHHOHN 9HEepreTHYecKol IeHHOoCThio — Humana
O-VLB ¢ nmepexopoM B mocaeayromem Ha Humana
medical — O.

HecMmoTpst Ha oTCyTCTBHE AAOOPATOPHBIX KPUTEPH-
eB akTuBHOCTH reprec-3ocrepa (PCR blood -negativ,
anti — VZV IgM -5, 1; negativ), Ha3HaueHa NPOTUBO-
BUpYyCHasi xuMoTepanus. [Ipy aToM yIuTHIBAAMCH aHAM-
HeCTHYecKHe AaHHble (MepeHeceHHe GepeMeHHOt Be-
TPSIHOF OCIIbI; HAAMYHE PyOLIOB Ha KOXe pebeHKa IpH
POXACHHH, KOCBEHHO CBHAETEABCTBYIOIIUX O BPOXKACH-
HOM TepIec-30CTepe), 0COOEHHOCTH MMMYHHOTO OT-
BeTa HOBOPOXXAEHHOTO (HEAOCTAaTOUHBIN CHHTE3 aHTH-
TeA B pasrap KAMHHYECKUX IPOSIBACHUI 3a00AeBaHNUS,
10 — BHAMMOMY, 00YCAOBAEHHbII HMMYHOAOTHYECKOM
TOAE€PAHTHOCTBIO K AHTUT'€HaM, a TAK)Ke ITPeMOPOUAHBIM
$OHOM — HEAOHOIIEHHOCTD, HEAKOBO-3HEepreTHIeCKast
HEeAOCTaTOYHOCTD, OCAOKHEHHOE TeUeHHe ITepUHATAAD-
HOTO mepropa). IIpOTHBOBMpPYCHAs XUMUOTEpPAmNus
IPOBEACHA AL[MKAOBHUPOM, OECCIIOPHBIME IIpeHMYIile-
CTBaMH KOTOPOTO SIBASIFOTCSI BBICOKAsI U30HPAaTeABHOCTD
¥ HU3Kas TOKCHIHOCTD | 2]. [Tpenapar HasHadeH ¢ jeAbio
AAUTEABHO (AO 6-TH MecA1eB) HIMMYHOCYTIPECHH B Pa-
30B0I1 A03e 20 Mr/kr x 4 per os. Puck popmuposanus
PE3HCTEHTHOCTH K ALIUKAOBHPY OOOCHOBBIBAA HEOOXOAH-

MOCTb UMMYHOTepanuu uaTeppeponamu. Fimmynorepa-
s BKarourAa [endepon aarit — 125.000 ME o cxeme:
1 cynmosuTopus x2 per rectum 10-Tu AHEBHBIM KypCOM
C IePEeX0AOM Ha IIOAAEPKUBAIOIIYIO AO3y — 1 Cynmosu-
Topus X1 yepe3 CyTKu B TeueHHe 2-X MecsleB. /AedeHue
OBIAO COTAACOBAHO C HHPEKIIMOHUCTOM M OPTAABMOAO-
TOM.

Ha ¢one mpoBoAMMOit KOMIIAEKCHOM TepaIliy HaMme-
THAACDH TIOAOKUTEAbHAS] AMHAMMKA KaK COMaTH4eCKOTO
CTaTyca, TAK U AOKAABHOTO IOPaKeHHs, P OSBASIOINIA-
sicsl “cTylIeBaHHeM BOCIIAAUTEABHOTO IPOIjecca U OT-
CYTCTBHEM IIOSIBA€HMS HOBBIX YYaCTKOB IIOpa’keHHs
B OpraHax 3peHusl.

ITpuBeAeHHBIN KAMHUYECKHI CAyYail IO3BOASIET CAe-
AQTb PSIA BHIBOAOB:

1. PacmpocTpaHeHHOCTb repH-uHQeKIHi, BICOKAs
4aCTOTA UX XpPOHM3ALUH U $OPMHPOBAHUSA OCAOKHEHUI
MCKAIOYAIOT BbDKHAQTEABHYIO TAKTHKY IPAaKTUKyeMYIO
neAMaTpaMu IpH MepBUYHON BupeMuu. B coBpemen-
HOM IIPeACTaBACHUH TepaIus repreTHdecKX HHQ eKITHit
AOAXKHA OBITH arpeCCUBHOM U IIPOAOAKUTEABHOI C yCTa-
HOBAEHHMEM KOHTPOAS HaA ITATOTEHOM.

2. XumuoTepanus reprn-MHQeKIMi MoKa3aHa pU
HAAMYUE AQOOPATOPHBIX KPUTEPHEB HUX AKTHBHOCTH.
OaHaKoO, HHTEpIpeTAIMs Pe3yAbTATOB CEePOAOTHYECKIX
HCCAEAOBAHUI AOAXKHA IIPOBOAUTHCS C YIETOM OCOOEH-
HOCTel XapakTepa U ¢a3pl UMMYHHOTO OTBETA, TaK KaK
B HEKOTOPDIX CAy4asX HHPUIIMPOBaHHE He COIPOBOXKAQ-
eTCsl AAeKBATHbIM CHHTE30M aHTHUTEA.

3. PanHAA AMarHOCTHKA ¥ CBOEBpeMeHHas XMMHO-
Tepanus MO3BOASIOT YCTAaHOBUTh KOHTPOADb HaA AOKAAD-
HbIM ITOpaXKeHHeM U 00IUM 3a00AeBaHUEM.
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These changes were manifested in the decrease in the diameters of disks and the central holes of erythrocytes,
the central height of pits, when height of discs was increased. It has been established that the adhesive forces
and the elastic-mechanical properties were reduced and the roughness of topography of the erythrocyte
cell membrane was increasing.

Keywords: erythrocytes, morphometry, the elastic-mechanical properties, psoriasis, atomic force

microscopy.

Hecmepos Arexceti Cepzeesuy,
npogeccop, meduyunckuii paxyrvimerm
E-mail: nesterov-alex@mail.ru

Apmamonosa Mapuna HuxoraesHa,

cmapuiuii npenodasameis, GaKysvmem nocAeOUNAOMHO20
MeOUYUHCKO020 U Papmaresmuyeckozo 06pazosanis
E-mail: artamonovamn2013@yandex.ru

Hecmeposa Arena Barepvesna,
doyenm, meduyunckuii paxyrvmem
E-mail: nesterova-alena@mail.ru

Iomamypxuna-Hecmeposa Hamaus Hocuposua,
npogeccop, axyrvmem nocreOUNnALOMHO20 MeOUYUHCK020
u papmayesmuueckozo 06pasosanus

E-mail: microprofi@gmail.com

31



Section 4. Medical science

Hemosa Hpuna Cepzeesa,

doyenm, paxysvmem nocAeOUNAOMH020 MEOUYUHCK020
u papmayesmuteckozo 06pa3oeaHus

E-mail: nemova_irina@bk.ru

N3meHeHne MmopPoMeTpUIYEeCKNX U YyNpyro-mMmexaHu4eckux
CBOMCTB 3pUTPOLUTOB Y 00JIbHbIX NCOPUa30M

AnHoTtanus: B cTaTbe IOKa3aHO, YTO SPUTPOLIMTHI IeprPepUIecKOil KPOBU OOABHBIX IICOPHA3OM H3Me-

HAIOT MOp(l)OMeTpI/I‘IeCKI/Ie N yIIpyro-MexaHnn4ieckKue CBOfICTBa, HaI/I6OAee BbIpA)K€HHbBIE B IIEPHOA O60CTPeHI/I$I

32160AeBaHI/I5[. Yka3aHHbIe H3MEHEHHUS IIPOABASIOTCS B YMEHBIIEHNHN AHAMETPOB AMCKOB M IIEHTPAABHBIX SIMOK

SpUTPOLUTOB, I‘AY6I/IHI)I EHTPAAbHBIX SIMOK Ha q)OHe YBEANYEHH BBICOTBI AUICKOB, CHIDKCHHNH aAT€3UBHbBIX

CHA N YIIPYTO-ME€XaHNIE€CKHX CBOﬁCTB, a TaK>Ke B IIOBBIINIEHNH NIEPOXOBATOCTH peAbe<]_)a KACTOYHBIX MeM6paH

SPUTPOLIUTOB.

KaroueBpie cAOBa: s3pUTPOLUTE], MOPPOMETpPHS, YIPYTrO-MeXaHU4ecKHe CBOMCTBA, IICOpHa3, aTOMHO-

CHAOBas1 MUKPOCKOIIMAL.

H3BecTHO, 4TO 6EAKOBBII LIUTOCKEAET OOYCAOB-
AUBAeT IOBeAeHUe MeMOpaHbI 9pPUTPOLUTA KaK YIIPY-
rOro TBEPAOIO TeAd M OTIpeAeAseT PYHKIMOHAABHYIO
COCTOSATEABHOCTDb 3TOH KaeTKH. Popma MoxeT usme-
HATbCS NIOA BAUSHHMEM MHOTI'MX BHEIIHUX GaKTOpOB,
a TaKkXXe B CAydae HeKOTOPBIX MATOAOTHM, HaIlpUMep,
npu unexnusx [2, 48-49]. [Toatomy onenka Gopmst
U BU3YaAU3aI[Us CABUTOBBIX YIPYTHX XapaKTePUCTHK
3PUTPOIIUTOB, SABASIOMMXCS HHTEIPAABHO-PEryAs-
TOPHBIMHU MTOKa3aTeAsIMU QYHKIIMOHAABHOI'O COCTO-
SHHS SPUTPOIUTOB, UMEeT 3HAUUTEAbHbIN MPaKTH-
4eCKUH MHTepeC M CYMTAETCS NMepPCIeKTUBHBIM AAS
MEAHMIIMHCKON AMarHOCTHKM Pa3AMYHBIX ITaTOAOTHUM
[S,100-101].

B 27011 CBsi3M Upe3BbIYAHbIN MHTEPEC IPEACTABASIET
U3ydeHVe SPUTPOLIUTOB Y OOABHBIX IICOPHA3OM — 3a60-
AEBaHMH, KPaiHe TPYAHO IIOAAQIOLIETOCS ACYeHHIO [ 3,
21-26]. UpesBbryaiiHO BaXKHO y>e [PH IIEPBOM 06pa-
IeHHU OOABPHOTO YCTAaHOBHUTH CTeIIeHb TSDKECTH I1aTo-
AOTHYECKHX U3MEHEHHUH B OpraHu3Me IallkeHTa, YTo I10-
3BOAMAO OBI IIPAaBUABHO IIPOTHO3UPOBATh AAAbHelIIee
TeyeHHe 3a00AeBaAHIS U HA3HAYUTD ONITHMAABHYIO Tepa-
nuio. B aToi cBsA3K usydeHue Tonorpadpuu U MexaHude-
CKHX CBOMCTB 9pUTPOIIUTOB, ABASIONUXCS MApKePAMHU UX
$H3MOAOTHIECKOTO COCTOSHUS, C TOMOIIIbIO ATOMHO-CH-
oot Mukpockonuu (ACM) y 60AbHBIX XpOHIUYECKHUMH
AePMaTO3aMH SIBASIETCS Ype3BbIYAHO IepCIeKTUBHOM
3apaueit [4,17-20].

IJeabto paboOThHI SIBHAOCH BBISIBACHHE H3MEHEHHIT
MOpPOMETPHIECKUX U YIPYro-MeXaHHIeCKHX CBOMCTB
SPHUTPOLHUTOB IepHUpepUIecKON KPOBU OOABHBIX IICOPU-
a30M B IIepHOA 0OOCTPEHHS U PEMHUCCHU 3a00AeBaHMs
METOAOM aTOMHO-CHAOBO MUKPOCKOIIHH.

MarepHaAbI 1 METOABI

Wzyyenne MopdoMeTpuIecKUx U yIPyro-MeXaHu-
9eCKUX CBOWCTB IPUTPOLUTOB IepUdepUuIecKoit KpOBU
OCYIIeCTBASIAM ITPH TOMOIIY CKAHHPYIOIIEro 30HAOBOTO
mukpockona Solver P47-PRO (NT-MDT, Poccus). Cka-
HUPOBaHHe 00Pa3Ii0B IPOM3BOAMAH B IIOAYKOHTAKTHOM
pesxuMe Ha maomaak 90x90 MKM, HCIIOAB3YSI 30HABI C 30-
AoThiM HamibiaerreM cepuu NSG10 (NT-MDT, Poccus)
pazmepoM 95x30 MKM, ¢ sxecTKOCTBIO 6aaku 17 H/Mm,
paamycoM 3akpyraeHus urabl 10 am. KoanuecTBeHHbIH
MOP$OMETPHUYECKII AaHAAU3 OAKTEPHAABHBIX KAETOK
¥ OIIeHKY YyIPYTo-MeXaHUYeCKHX IIapaMeTPOB OCYIIecT-
BASIAM C IIOMOIIBIO ITPOTPAMMHOT0 0becIedeH I MUKPO-
ckona Nova.

AASL OLleHKY TAyOHHBI IIOBPEXAEHHS MeMOpaH B pa-
6OTe MCIIOAB30BAAU IPUTPOLUTHI IepHUPepHIeCcKOi
KpoBH 104 60ABHBIX IICOPHA3OM B IIEPHOA 0OOCTpeHH s
(nepsas rpyma) u pemuccuu (Bropas rpynna). [pynmy
CpaBHEHMS COCTABHAH 52 MPAKTUYECKH 3AOPOBBIX UEAO-
BEKa, perpe3eHTaTUBHBIX IT0 MOAY U Bo3pacty. Ipena-
PAaThI TOTOBUAM ITyTeM HaHECEHHUS B3BeCH PUTPOIUTOB
BEHO3HOM KPOBM Ha IIOKPOBHbIE CTEKAA U BBICYIIHBA-
HUS Ha BO3Ayxe. 13 KayKAOro o6pasija B CAy4aitHOM II0-
psiAKe BBIOHPAAHU AECSTb IPUTPOIIMTOB U U3MEPSAN UX
AVHEHHbIe TapaMeTphl: AMaMeTp U BbicoTy. IIpu nsyye-
HHU MOPPOMETPUYECKUX CBOHCTB dPUTPOLUTOB PErH-
CTPHUPOBAAH KAPTHl BEPTUKAABHBIX OTKAOHEHHUH OCTPHS
ACM-30HAQ IPU HAAOKEHHU HArpPy3KH Ha KAETOUHYIO
IOBEPXHOCTD B 36 AOKAABHBIX y4acTKax [ 1, 48-51].

AASL OLIEHKH YIIPYTOCTH KACTOYHOM MeMOpaHbI 00'5-
eKTa MCCAAOBAHUS IPOM3BOAUAH pacueT MoayAs FOHra,
KOTOPBIH KOAMYECTBEHHO XapaKTepPH3yeT PUIUAHOCTD
KACTOK. AATE3HOHHYIO CHAY OIIeHHBAAM METOAOM IIpsi-
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MBIX U3MEPEHHI BEAMYHHBI OTKAOHEHHUS] KOHCOAH TIPH
HApYLIEHUH AAT€3HOHHOTO KOHTAKTa.

CrarucTudeckyo 00pabOTKy AQHHBIX IIPOH3BOAMAH
C HICTIIOAB30BaHHEM IIpOrpaMmslI « Statistika 6.0>. Onen-
Ky CTATUCTHY€CKO 3HAYMMOCTH ITOAYYEHHBIX Pe3yAbTa-
TOB OCYILECTBASIA C IIOMOLIbIO t-kpuTepusi Quimepa-
Crbropenrta (p<0,05).

Pe3yAbTaThl HCCACAOBAHHS

H3sydenne MOpPOMETpUIECKHX [IOKA3ATEAEH IPU-
TPOLIUTOB y OOABHBIX IICOPHA30M BbISIBHAO HX BBIPAXKEH-
Hble M3MEHEHUSI [I0 CPABHEHUIO C SPUTPOLIUTAMHU 3A0-

POBBIX AIOAH. YCTaHOBAGHO AOCTOBEpHOE YMEHbIIeHHe
3HAYEHUH AMaMeTpa AUCKOB SPUTPOIIUTOB U IIeHTPaAb-
HBIX SIMOK, TAYOHHBI IIeHTPAABHBIX SIMOK Ha QOHe yBeAU-
JeHHUSI BBICOTBI AHICKOB, B IIEPHOA 000CTpeHHs 3a60AeBa-
HUS yKa3aHHbIE H3MEHEHNUS ObIAY OOAee BBIPXKEHBI, 4eM
BO BpeMs peMuccuu. Tpancpopmanusa MoppomeTpuye-
CKUX XapaKTePHCTHK SPUTPOIIUTOB COIPOBOXAAAACH U3-
MeHeHHeM UX aATE3UBHOM CITIOCOOHOCTH — aATe3MOHHAs
CHAQ SPUTPOLUTOB IIEPBOM U BTOPOH IPYIII IO CPaBHe-
HUIO C KOHTPOAeM yMeHbInaAach B 1,5 u 1,2 pasa coor-
BeTCTBeHHO (TabA. 1).

Tabnuua 1. — MopdomeTpuyeckmne n aare3anoHHbIE NapamMeTpbl 3PUTPOLNTOB Y 6OSIbHBLIX NCOPUA30M

TTokazareau 1 rpynma 2 rpymnma I'pynma cpaBHeHus
AnameTp AMCKOB, MKM 5,8+0,16* 6,39+0,11* 9,54+0,24
BeicoTa AMCKOB, MKM 0,85%0,17 0,74+0,14 0,67+0,18
I'Ay6¥Ha LIeHTPAABHBIX IMOK, MKM 0,21£0,05* 0,33+0,16 0,39+0,11
AuaMeTp LIeHTPAABHBIX SIMOK, MKM 4,1+0,28* 3,9+0,15* 6,210,19
AaresnonHas cuaa, HH 32,8+1,7* 40,8+1,5* 47,5+1,2

*

— nokasameAb 0cmosepHOCMU PA3AUHUIL NOKA3AMeAil N0 CPaBHeHUI0 ¢ KoHmpoAwHoil epynnoii (p<0,05)

Hsyyenue ynpyro-mexaHu4eCKHX CBOMCTB dpUTpPO-
IIUTOB Y 6OABHBIX IICOPHA30M BbIIBUAO AOCTOBEPHOE CHH-
KeHHe MoKasaTeAeil Moayast FOHra, 6oaee BhIpaXkeHHOe
B IIEPHOA 000CTpeHus. 3HAYEHUSI MOAYAS YIIPYTOCTH KA€-
TOYHOI MeMOpaHbI y IAIJeHTOB [IEPBOIL ¥ BTOPOF IPYIIII
B BBIITYKAOH M BOTHYTOH 00AACTSIX 9PUTPOLIUTOB OBIAK
MMHHMAAbHBIMH 110 CPABHEHHUIO CO 3A0POBBIMHU U COCTa-
Buau 0,52+0,06 kI1a u 0,51£0,04 xITa cooTBeTCTBEHHO
(p<0,05). Tlocae IPOBEACHHOTO AedeHNS y HALMEHTOB
HACTYTIAAA PeMHUCCHS, CONIPOBOXKAABIIASCS YBeAMYeHUEM
nokasateaeit Moayast FOnra a0 0,79+0,08 kITa (p<0,0S)
B Bbimykaoi u 1,42+0,11 ITa (p<0,05) B BOrHYTOI
obaacTsax apuTponuToB. OAHAKO AQXKE B 9TOT IIEPHOA
3a60AeBaHNS 3HAYCHUS] MOAYASI YIIPYTOCTH MeMOpPaHbI
3PUTPOLUTOB He AOCTHI'AAN YPOBHS aHAAOTMYHbIX IIOKa-
3aTeAeil pUTPOLUTOB 3A0POBBIX Atopeit (3,210,09 kI1a
u 2,82+0,13 kI1a).

YcTaHOBAGHO yBeAnYeHHe BHICOTBI CKAAAOK MeMbpa-
HBI U, CAEAOBATEAbHO, K ITOBbIIIEHHIO IIePOXOBATOCTH
ee nosepxHocTH A0 109,6+6,7 um (p<0,05) B mepsoit
u 101,68,7 HM Bo Bropoii rpynmax (B rpymme cpaBHe-
Hus 91,9+4,6 um).

Takum o6pasom, mpu nomomu ACM BbIsIBAEHBI
U3MeHeHH MOPPOMEeTPUYECKHX MTAPaMeTPOB dPUTPO-
IIUTOB IeprpepHIecKoil KPOBH Y OOABHBIX IICOPHA3OM
II0 CPaBHEHHUIO CO 3AOPOBBIMH, TaKMX KaK AMAMETP
U BBICOTA AMCKOB, TAYOHHA U AMAMeTp LjeHTPaAbHBIX
AMOK. YCTaHOBAGHHbIE H3MEHEHUS CBUAETEAbCTBYIOT
0 AECTPYKIIMH ITPU IICOpUa3e MeMOpPaHbI 9PUTPOIUTOB,

Y4YacTByIOIIei B TOAAEPKaHUH GpOPMbI KAETKH U ee Me-
TaboAM3Me.

BriBoABI

1. BbraBAeHBI AOCTOBEpHOE H3MeHeHre MoppoMe-
TPUYECKHUX IIOKA3aTeAel IPUTPOLIUTOB Y OOABHBIX IICO-
puasoM, HauboAee BBIPRKEHHbIE B IIEPHOA 00OCTpeHus
3ab0AeBaHUsL. DTO MPOSIBASIAOCH B YMEHbIIEHUN AUaMe-
TPOB AMCKOB 9pUTPOIUTOB AO 5,8+0,16 MKM U X IleH-
TPAABHBIX IMOK AO 4,11+0,28 MKM, a TaxKe TAyOUHBI IIeH-
TpabHbIX siMOK (0,21£0,05 MKM) Ha $pOHE yBeAUdeHHs
BbICOTBI AUCKOB (0,85+0,17 MKM).

2. YcTaHOBAGHO CHIDKEHHE YIpPYro-MexaHHYe-
CKHUX CBOMCTB 3PUTPOIIUTOB, MAaKCHUMAAbBHO IIPOSIB-
AsIIOIeecsl B IIEPHOA 000CTpeHus 3a60AeBaHMUs, KOT-
Aa MOAyAb FOHra B BBIIIYKAO M BOTHYTO# 006AaCTSIX
AMCKa 3PUTPOIIUTOB, II0 CPABHEHHUIO C COOTBETCTBY-
IOIMMMH ITOKA3aTeASIMH 3AOPOBBIX AIOAEH COCTaBHA
0,52+0,06 xIla u 0,51£0,04 xIla cooTBeTCTBEHHO
(p<0,0S). Bo Bpems pemuccun 3a60AeBaHHS 3HAUE-
HUS MOAYASL YIIPYTOCTH IOBBIIAAUCH B 1,5 u 2,8 pasa
COOTBETCTBEHHO, He AOCTHUTIasl, OAHAKO, YPOBHS CO-
OTBETCTBYIOIIMX IIOKa3aTeAel 3AOPOBBIX AIOAeH
(3,240,09 1 2,8240,13 xITa).

3. Cuaa apresuu SpUTPOLUTOB ¥ 00CAEAOBAHHBIX
MAleHTOB M3MEHSIAACh B 3aBUCHMOCTH OT CTAAUH 3a-
0oAeBaHMs, B IepUOA 0OOCTPEHUS AAHHBIE U3MEHEHHS
Ob1AK OOA€e BbIpaXKEHBI, Y4eM BO BpPeMsi PEMUCCHU U CO-
crasuau 32,8+1,7 uH u 40,8+1,5 aH cooTBeTCTBEHHO
(y saoposbix 47,5+1,2 uH; p<0,05).
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4. YcTaHOBAEHBI AOCTOBEpHbBIE OTAMYUS peabeda  ee moBepxHOCTH A0 109,616,7 um (p<0,05) B cTapuio
KAETOYHBIX MeM6paH 3PUTPOIUTOB OOABHBIX IICOpHUA- O6OCTP6HI/I$I 3aboaeBanus u 101,6+8,7 HM Bo BpeMs pe-
30M, MPOSBASIONIMECS B IOBBIIIEHUN IIEPOXOBATOCTH  MHCCHH (8 rpyme cpaBHeHus 91,9+4,6 HM).
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The peculiarities of production of baby food
products in the Krasnodar region

Abstract: The article gives a brief overview of the production of baby food in Russia and abroad.

Experimental part presents the results of research in the production of canned baby food at a new

factory in Krylovskaya village, Leningrad district of the Krasnodar region. It presents recommendations

on the implementation of management system of safe food at the existing plant, focused on the production

of canned baby food made of raw materials of Kuban agricultural producers. It is emphasized that natural

conditions and resources of Krasnodar region, which are characterized by favorable soil and climatic

conditions, permit to produce better, compared to the majority of Russian regions, fruit and vegetable

products for baby food.

Keywords: baby food, canned fruit and vegetables, ecology of production, safety criteria, canned foods.

The purpose of research is to analyze the current state
of baby nutrition products based on fruit and vegetables,
and the results of authors’ research in order to introduce
their developments to industry.

The enterprises of canning industry of Krasnodar
region produce annually 350 thousand tons of canned
fruits and vegetables, and their assortment is more than
250kinds of items. Canned fruits and vegetables for baby
food are produced from Kuban natural raw materials by
the following companies: LLC “Organic Agroprodukt”,
LLC “Fine Food”, LLC “Fabrica Zdoroviya’, JSC “Syro-

del’, the branch of JSC “Experimental Plant” Lebedy-
ansky”.

The plant of children’s canned meat “Tikhoretsky”
operates in the Krasnodar region. This is the main pro-
ducer of beef nutrition for small children in Russia, which
accounts for 60% of children’s canned meat market. “Tik-
horetsky” produces 14 kinds of meat and meat-vegetable
canned food for children at the brand of “Tema”. The
plant’s capacity is 3S tons of finished products per day.
The dairy plant “Labinskiy” manufactures its products at
well-known brands such as: “Prostokvashino”, “BioBal-

35



Section 5. Food processing industry

» «

ance’, “Aktual” and “Tema”. The production capacity is
300 tons of processed milk per day.

In Krylovskaya village, Leningrad district of Krasno-
dar region a new plant for production of fruit and vege-
table-based baby food has been built recently. It is LLC
“Kombinat Detskoye Pitaniye”. It is planned to produce
dry dairy-plant mixtures packed in plastic bags with
a barrier layer and fruit puree and fruit — vegetable
canned food for children from three months and older
with consumer packing to glass containers of 100 millili-
ters according to the technology developed by scientists
and specialists of the State Scientific Institution “Kras-
nodar Research Institute of storage and processing of
agricultural products storage and processing’.

The factory produced experimental batches of prod-
ucts (11 items). Currently the demand for manufactured
types of baby food products is being studied in order to
determine the volume of production in 2016.

We examined the development of production of baby
food in Russia. It should be noted that the baby food seg-
ment of the grocery market is growing fast, both in the
world and in Russia. This is explained by the growth of
the birth rate, the growing care of parents about diversed
nutrition of high quality, the change in living conditions
connected with increasing social activity of parents and
etc. According to the portal of the international business

cooperation in Russia there was growth in sales of chil-
dren’s canned food by 11.6%, from 172.4 to 192.3 thou-
sand tons in the period of 2006-2010 [1]. The share of
canned fruit accounted for more than 50%, the share of
children’s mixed puree — almost 21% of canned food.
According to opinion of experts, the main feature of the
baby food is constant expanding of the range of products
on the basis of scientific recommendations and consum-
er priorities for the modern market.

The share of imported products exceeds more than
6 times the share of domestic production in Russian
market of baby food. The following international com-
panies dominate among the imported products of baby
food: Nestle and Hienz, Abbott Laboratories company,
Mead Johnson, Gerber (USA), Danone (France), Nutri-
cia (Holland), International Nutrition Company (Den-
mark), Semper (Sweden), Valio (Finland), Fruktal, Ko-
linska (Slovenia), Hipp (Austria), Humana (Germany),
“Bellakt” (Belarus). The smallest share of imported prod-
ucts for baby food is in the segment of fruit and vegetable
juices, liquid and pasty dairy products.

In 2015, the volume of baby food market in Russia
has grown in comparison with 2012 by 47%. According
to BusinesStat expert agency the Russian export of baby
food products will be increasing during next few years
(Figure 1).
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Figure 1. The forecast of the Russian export of baby food ($ Million)

At the same time Russian producers also export their
products mainly to the CIS countries: Ukraine, Kazakh-
stan, Azerbaijan, Kyrgyzstan and others. The experts not-
ed the growth of consumer confidence in the products
of Russian producers, who offer high quality products at
cost 1.5-2 times cheaper than from foreign competitors.

The main Russian producers of the baby food mar-
ketare: CJSC «Plant of children’s canned meat «Tikho-
retsky>, which is the part of «Danone’s Group — Uni-
milk>, JSC «Vologda baby food factory» (Vologda),
County State Unitary Enterprise «Ekaterinburg City

Dairy Plant number 1 (Ekaterinburg)>, JSC>» Plant
of baby milk products (Moscow) «, JSC « Baby food
«Istritsa — Nutricia», CJSC «Faustovo» (Moscow re-
gion), JSC Lebedyansky EKZ, Pepsico, JSC «Petmol>,
LLC «Baby food and food concentrates plant « (Saint-
Petersburg).

In all countries the baby food manufacturers pay
special attention to product safety. For example, the firm
Semper (Sweden) uses only environmentally-friendly
Swedish raw materials — genuine natural products: veg-
etables, fruits and grains, grown on soils that are abso-
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lutely free of chemical fertilizers, and harvested without
preservatives. As for milk and meat products they should
be received from animals without use of artificial addi-
tives, antibiotics, hormones.

Before entering into the production the raw materials
are subjected to thorough check-up for compliance to
regulatory requirements (bacteriological and toxicologi-
cal control, testing for nitrates and nitrites, heavy met-
als, physical and chemical and organoleptic evaluation
and others.). Finished products are undergone to careful
analysis for compliance to quality and safety. One of the
main requirements for manufacturers of baby food is a
certificate of conformity of production and the products
to standards, developed on the basis of the Alimenta-
rius Codex adopted by the International Commission
of FAO/WHO. «The regulations of the Code relate to:
hygiene and nutritional value of food, including micro-
biological criteria, the requirements for food additives,
pesticide residues and veterinary drugs, contaminants,
labeling and appearance, as well as sampling and risk
assessment methods» (the Code Commission Alimen-
tarius Commission, Joint FAO/WHO Programme for
food standards).

Experimental part. The existing national and interna-
tional experience was carefully analyzed during prepa-
ration for the establishment of domestic production of
fruit and vegetable baby food in Krylovskaya village,
Leningrad district of Krasnodar region. The results of
this analysis became the basis for the adoption of tech-
nological, technical and organizational solutions of cre-
ators of this unique enterprise. Non-standard equipment
for the enterprise was produced at a pilot plant in the
research institute “Mir-Prodmash” (Moscow).

While selecting the construction site for the plant in
Krylovskaya village, Leningrad district of Krasnodar re-
gion, close attention was paid to environmental prob-
lems. The analysis examined and assessed not only
the influence of the forthcoming economic activity of
the enterprise on the environment of its location (air,
soil, groundwater and surface water streams, flora and
fauna, the nearest residential area), but also compliance
of state environmental components to the high sanitary
requirements to the territories in which the production
of baby food must be carried out. In addition, it was
taken into account that the company is focused on the
production of baby food products mainly from raw ma-
terials of Kuban agricultural producers.

Krasnodar region is one of the leading Russian re-
gions in terms of investment activity and it constantly
ranks first in the Southern Federal District. The agrar-

ian and industrial complex of the region is the lead-
ing branch of industry which attracts investments and
determines the priority of regional economy. Natural
conditions and resources of Krasnodar region, charac-
terized by favorable soil and climatic conditions, allow
to get better than in most of Russian regions yields of
agricultural products. The total land area of Krasno-
dar region is more than 7.5 mln. hectares, including
3.8 mln. hectares of arable lands, of which more than
80% are black soils. The system of agro-industrial com-
plex of Krasnodar region is conditionally divided into
S zones (Figure 2).

Zone 1 (Northern) — a shallow wavy steppe plain,
gradually rising from west to east. Here, the ordinary
black soils (carbonate) are widely spread.

Zone 2 (central) has typical black and leached soil.

Zone 3 (southern, soils of foothill zone) has gray
steppe — brown forest — rendzina soils.

Zone 4 (zone preferably for rice growing) — soils of
hydromorphic series, mainly alluvial meadow, meadow-
bog, marsh and saline and alkaline difference.

Zone S (predominant viticulture zone) — typical
black soil and meadow black soil dominate.

The black soil is the most fertile soil of the region.
Itis common in plain zone 1 and 2. Humus stocks are not
the same and vary from 783 tons/ha to 142 tons/ha and
on an average compose about 456 tons/ha. The black
soil is suitable for cultivation of all agricultural crops.
100 different species are cultivated in Kuban fields.

Investigations of sanitary conditions of soil for
agricultural purposes in accordance with GOST
17.4.2.01-81 were held accordingly to Kuban land
monitoring program. They showed that the territory
of the region can be divided into areas with different
qualitative assessment of pollution and namely:
successful, selectively successful, little successful,
unsuccessful depending on its functional specialization,
the density of economic objects, the intensity of
ecological and geochemical anomalies, and other
factors [2].

The successful area includes fields for agricultural
purposes in Beloglinsky,
Krylovskoy administrative districts of Krasnodar region,

Novopokrovskiy —and
within zones 1 and 2 of the system of agro-industrial
complex, with a total area of over 12 thousand km*
There are no large industrial enterprises there, chemical
warehouses of mineral fertilizers, plant protection
factories, complex geochemical anomalies, which are
the sources of pollution of the environment (air, soil,
groundwater).
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Figure 2. The administrative-territorial division of the Krasnodar region in the system of agro-industrial complex

The assessment of the ecological state of the Kras-
nodar Territory land according to the total index of
heavy metal pollution (Z_) was made by Professor Naz-
arko M. D.in 2014. It showed that there were agricultural
areas of high local pollution in zones 1 and 2. To assess
the ecological state of soils the guidelines for determi-
nation of heavy metals in soils of agricultural and crop
production were used [3].

Total index of pollution (Z_) is determined by the
formula:

Z = Zn:Kci —(n-1)
i=1

where:

n — the number of determined ingredients;

Kc,= C/C, - metal concentration factor equal to the
quotient of the mass fraction of the i-th element in the
contaminated (C) and background soils (C ¢). For gen-
eral environmental characteristics of the main areas of
cultivation of agricultural products (zones 1, 2 and 3)
according to Z, the number of defined elements in the

soil is n = 25, for area characteristics according to ele-
ments of food safety n = 4 (Pb, As, Hg, Cd).

The indicator of environmental condition of Z_
soils is calculated for all territory of zones 1 and 2 for
25 chemical elements: Cu, Zn, Pb, Ag, Bi, Sn, Mo, W,
Co, Ni, Mn, Tj,V, Cr, Ga, Ge, P, Li, Be, Sr, Zr, Nb, Ba, As,
Hg, as well as for 4 elements: Pb, As, Hg and Cd, which
are the indicator of safety of plant products, according to
the technical regulations of the Customs Union TRTS
021/2011 “About food safety” (hereinafter TR CU
021/2011), approved by the decision of the Customs
Union Commission dated 09.12.2011, N¢ 880 [4]. The
same elements are normalized in the soil for Hygienic
Standard (hereinafter HS) 2.1.7.2041-06 [4] and HS
2.1.7.2511-09 [6].

From the analysis of the results it is seen that in all
three zones there are areas with high values of the indi-
cator of ecological state of soils. Increased pollution of
these areas with chemical elements is connected main-
ly with man-made influence on the environment, due
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to close location of residential areas, industrial plants,
roads, etc. It is obvious that agricultural lands in these ar-
eas should be subjected to monitoring system in order to
observe their ecological status in accordance with special
developed programs.

According to Russian laws, children’s nutrition
should be organized in accordance with the requirements
of SanPiN 2.3.2.1940-05 [ 7] “Baby Food Organization’,
registered in the Ministry of Justice on the 03.02.2005,
Ne 6295. This document defines requirements to:

— Technical documents of children’s food products
production;

— Raw materials and components used for produc-
tion of baby food;

— Ingredient and chemical composition of finished
baby food;

— Packaging of baby food and information printed
on the label of product;

— Technological equipment and technological pro-
cesses in the production of baby food;

— Organization and carrying out of production con-
trol at factories manufacturing baby food;

— Production facilities of enterprises for production
of baby food.

Results and its discussion. It is obvious that the pe-
riod of formation of baby food company in Krylovs-
kaya village will take several years, but it is necessary to
set goals and objectives, which will allow the company
to take a leading position among Russian producers
of canned fruit and vegetable-based baby food. To
do this, they must make full use of world experience
of creation of similar enterprises. The first step is to
develop and implement HACCP system in the com-
pany — a risk analysis system and critical control
points (Hazard Analysis and Critical Control Point
systems), which will ensure the safety of products of
baby food at all stages of the life cycle (production,
storage, transportation, realization) and providing sys-
tematic identification, assessment and control of haz-
ards that affect the safety of the manufactured product.
Implementation of HACCP system in enterprises of
members of the Customs Union is provided for TR
CU 021/2011, Chapter 3, Article 10. The basic prin-
ciples of the HACCP system are stated in EU Regula-
tion number 852/2004 of 29.04.2004 and include the
following key statements:

— Food safety must be guaranteed throughout its
production chain;

— 'The primary responsibility for food safety lies on
manufacturer;

— Implementation of procedures based on HACCP
principles will allow the manufacturer to obtain safe food
depending on the degree of responsibility;

— The use of HACCP system will establish indica-
tors for monitoring the production mode, based on sci-
entific assessment of risk;

— The application of HACCP system will ensure the
production of food products according to EU standards,
or at least equivalent to these standards.

The principles of HACCP system development are
set out in the GOST R 51705-2001 “Management of
food quality based on HACCP principles.” During im-
plementation of production processes (manufacturing)
of food products associated with the safety requirements
of such products, the manufacturer should develop,
implement and maintain procedures based on HACCP
principles stated in Part 3 of Article 10 of Chapter 3 TR
CU021/2011.

While forming the company it is necessary to imple-
ment procedures of Quality Management System (QMS)
based on ISO 9000, Environmental Management Sys-
tem (EMS) based on the standards 14000 and ISO
22000 Food safety management (SMS) [8-10]. This
will create a system of management of the entire pro-
duction — economic activity of the enterprise with re-
gard to product quality. This will develop policies, will
set tasks and objectives, will identify effective ways of
their solution.

Certification of Quality Management System to ISO
9000 requirements will allow:

— The company to be sure that manufactured prod-
ucts correspond to regulatory requirements, market re-
quirements and consumer expectations;

— Consumers to be confident that they acquire the
products with the quality corresponding to the regula-
tions on quality and safety.

Implementing an EMS will allow the company
to identify and control the environmental influence,
monitor and improve its environmental performance,
reduce costs for utilization of industrial wastes, reduce
ecological payments, save energy and material consump-
tion, improve its image among consumers of products
and public opinion, to increase competition of manu-
factured products.

Implementation of SMS food is an integral part of
the QMS, if we accept the definition that quality — is
a measure of conformity of the product to its purpose.

Conclusions. Thus, only the implementation of the
above mentioned measures will help Krylovskaya baby
food plant to occupy its deserving place in the baby food
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market sector, as essentially the only measure of trust, ~ the company as a stable and decent partner. However,

recognized by the international community, is organiza-  experts of the enterprise should not forget that only high

tion of the enterprise production based on the require-  quality and low price provide competitive ability, stabil-

ments and norms of the international standards ISO. The ity and the possibility of enterprise survival in today’s
presence of QMS, SEM, SMS certificates characterizes ~ market.

10.
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Introduction

During pathological processes fungus are excret-
ing different ferments, toxins, antibiotic compounds,
substances possessing toxical impacts. They are split
up complex polymers of plant tissues and organic sub-
stances [1]. By many factors fungus connected to Fusar-
ium and Alternaria are excrete different toxic substances
mycomarazmin, Fusarium acids, Yavanizin, Martizin,
Enniatin and et.cetra [2; 3; 4]. Fungus are weaken in
connecting to these substances in plants cells mem-
brane and then they are penetrating to endoderm. Af-
terwards by pathogenenesis processses accured in plant
tissues storage and transportation of water is weaken in
transportation processes. Therefor the total water bal-
ance is broken.

There are decreased the activity levels of fungal tox-
ins impacts to plant cells oxidation processes provided
by enzymes, there are changed the nucleus structure, the
activity of mytochondrias deminished [S]. In connection
with toxic impacts are spread propogated use of biologi-
cal struggle methods among of natural antibiotics against
plants poisoned disease derivations, antagonists, hyper-
parasites, phytohormons, phytoncides [6; 7].

Zirkon drugs obtained from Echinacae purpurea L. are
used to increase plant anti stress increasing resistance, as
the growth and development regulator, plant flowering,
fruiting, anti diseases resistance increasing.

Zirkon is used as stimulator in different plants im-
mune system regulation.

Materials and Methods

There are studied by O.A. Berestestski (1978)
and V.I. Bilayn methods in laboratory condition to re-
search the phytotoxic abilities of Solanum tuberosum L.,
Solanum lycopersicum L., Capsicum L., Solanum melon-
gena L. species leaf spots, withering induced by Alter-
naria sp, Fusarium solani va Foxysporum f.sp. licopersici
fungus [8; 9].

There are determined phytotoxic abilities by mesur-
ing of the growth and development of Zea mays L. and
Solanum lycopersicum L. seeds after moisten by patho-
genic cultural decoction (CD).

Results, A= 100 (D D )/D,D_- 100 calculated by
the formula.

Therein,

A, - phytotoxic activity,%-ls,

D_-length of shoots after 24, 48 and 72 hours later,
in mm;

D, - length of shoots in control version, in mm;

D_ - initial length of shoots, in mm.

Zirkon is used in closed area above the Amiry F1 hy-
brid of Solanum lycopersicum L. species for increasing the
sustainabilities against diseases.

Experiments are put in S variants:

1. Zirkon 10 ml/ha;
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2. Zirkon 12,5 ml/ha;

3. Zirkon 15 ml/ha;

4. Standard: Megafol 0,1 1/ha;

S. Control: no acts proceeded.

Experiments are proceeded in 4 repeats. The spread
of diseases in plants has been carried out on the basis of
registration of the S-point scale by evaluation of Zirkon
against plants diseases sustainability.

Discussions and Results:

Solanum lycopersicum L. seed shoots are moistened in
cultural decoction (CD) by artificial infection of patho-
gens. After 72 hours size of shoots in control measure
were 26 mm, moistened in Alternaria solani by cultural
decoction (CD) the size of shoots were in 8 mm, moist-
ened in Fusarium solani fungus. by cultural decoction
(CD) the size of shoots were in 13 mm, moistened in
Foxysporum f.sp. licopersici by cultural decoction (CD)
the size of shoots were in 12 mm (Table 1).

Table 1. — Toxic impacts and growth indications of Solanum lycopersicum L. seeds shoots pathogens

Initial Shoots length, in mm Befor growth development, in%
Varians shoots,

inmm 24 hour | 36 hour | 48hour | 72hour | 24 hour | 36 hour | 48 hour | 72 hour
Alternaria 2 5 7 8 8 375 | 461 | 555 | 692
solani Sor.
Fusarium solani | 6 9 12 13 25 30,7 33,3 50
Mart.
Foxysporum 2 7 10 11 12 12,5 23,1 38,9 53,8
f.sp.licopersici
Control:
moistened in 2 8 13 18 26 - - - -
distilled water

The seed shoots were 69,2% less than compared
with the results of the control options by moistened in
Alternaria solani cultural decoction (CD), the growth
and development of seed shoots were 50% less than by
moistened in Fusarium solani fungus cultural decoction
(CD), the growth and development of seed shoots were
53,8% less than by moistened in Foxysporum f.sp. lycop-
ersici cultural decoction (CD).

There are accured the stagnation in growth and devel-
opment of seeds by impacts of pathogen toxins neverthe-
less to sharp difference in control compare under the same
sprout condition belonging to the same seeds exposures. It
has shown by microscope definition under experiments in
shoots width ends that Fusarium solani and F.oxysporum
fibers are spread in xylema pipes. Fungus candides and
fruit particles are clear shown in Alternaria solani grown
shoots under micoscope observations.

Table 2. - Increase of sustainability impacts of Zirkon to Solanum lycopersicum L. seeds shoots pathogens

Amiry F1. Station: in Buzovna private hothouse.

Alternarioz, in% Fusarioz withering, in%

Experiment versions | Distribution, | Intensivity, | Biology |Distribution, | Intensivity, : l::l(:iy S,
in% in% benefits, % in% in% e. eo % | in%

in%

1 |Zirkon 10 ml/ha 17,8 6,2 48,5 28,5 14,2 33,1

2 | Zirkon 12,5 ml/ha 14,2 5,7 58,9 24,0 10,6 43,6

3 |Zirkon 15 ml/ha 12,5 42 63,9 16,2 4,0 61,9
4 | Standart Megafol 1,62

& 20,9 10,6 39,5 30,4 15,0 28,6

11/ha
S |Control: 34,6 18,9 - 42,6 21,8 -

There are tested as biological struggle against propo-
gation of pathogens Zircon obtained from the terestrial
space of Echinacea purpurea L. and 3 organic acids com-
bination against withering diseases the Alternarioz and
Fusarioz.

Obtained results have shown in control version the
distribution of Altenarioz is in 34,6%, in standard version
20,9%, in control of Fuzarioz against withering disease
42,6%, by use of Zirkon in normal version to 15 ml/ha it
was 16,2%, intensivity was in 4%. These results are more
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by using of Zirkon in compare with another versions. By
high biology benefits version — 61,9% (Table 2). Zirkon
can be mixed in neutral condition (pH=6-7) with most

drugs. It is profitable to eliminate influences of diseases
and their toxic impacts during products maturity periods
with the application of biological drugs.
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Abstrakt: Es lasst sich drei Gruppen der Schluchten nach dem Grad der Erosionsaktivitit in der Spitze
ausmachen. Zur Gruppe mit dem hohen Grad der Erosionsaktivitit gehort 17% Schluchten. Der mittlere
Gradist 21%. Der Niedergrad ist 62%. Die Einwirkung der Akkumulation auf die Dynamik der Schluchten ist
geforscht.

Schliisselworter: Schlucht, Erosion, Akkumulation, Abfille, fluviale Prozesse.

Die Forschung der Linienerosionsformen wurde
auf dem Gebiet der Republik Ekuador der Provinz
Pichincha durchgefithrt. Die Detailforschung der
Schluchten wurde im typischen Schliisselbezirk, der fir
dieses Gebiet im Norden der Stadt Quito typisch ist,
mit der Flache von 9 Quadratmeter realisiert. Diese
Randzone, derer Boden zurzeit meistens fiir die Land-
wirtschaft zur Verfiigung gestellt sind. Das geforschte
Gebiet charakterisiert sich mit der breiten Erweiterung
der Schluchten nach verschiedener Linge, Breite, Tie-

fe und verschiedenem Grad der Erosionsaktivitit. Die
Hohe tiber Meerniveau betragt 2600-2700 m. Das
Forschungsobjekt befindet sich in der Nihe der Aqua-
torlinie.

Die Schluchten entwickeln sich in den modernen
Geschiebeablagerungen, die teilweise die Abfille iiber-
decken. Die Austritte der Festgesteine in einigen Fillen
bilden das mehr komplizierte Bild der Entwicklung der
Erosionsakkumulationsprozesse in den Grenzen des
Grabenbetts.
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Die wesentlichen Hohendifferenzen und die Nei-
gungswinkel der Abfille schaffen die erforderlichen Vo-
raussetzungen fiir die Wasserstromungsausbildung, die
zuldssigen Raumungsgeschwindigkeiten der Erde iiber-
schreiten. Die Linge der Abfille tiberschreitet haufig
1 km. In der Regel, haben die Abfille komplizierte Form
mit der Abwechselung der konvexen und konkaven Stre-
cken.

Die Klimacharakteristiken begiinstigen insgesamt
die Entwicklung der Wassererosion. Die fliissigen (sel-
ten als Hagel) Niederschlige dominieren, aber mit dem
wesentlichen Anteil der Regenschauer. Die jahresdurch-
schnittliche Anzahl der Niederschlige in der Stadt Quito
betrigt 1149 mm [1]. Wahrend der Analyse der jahres-
durchschnittlichen Verteilung ist bemerkbar, dass die
maximale Anzahl der Niederschlige, einschliefSlich der
Regenschauer in April ist. Ebenso fiir diesen Zeitraum
entsteht die Hauptetappe der Erosionsaktivitit. Auch
muss man darauf hinweisen, dass es ,trockene” Mona-
te von Juni bis August gibt. In diesem Zeitraum bei der
Reliefbildung und der Bildung der Ablagerungen spielt
der dolische Prozess eine grofle Rolle. Die Verwehrung
der ausgetrockneten, schwach befestigten mit der Pflan-
zenvegetation Erde bringt zu der Ansammlung der Lage-
rungen der Staubannteile in den negativen Formen des
Reliefs und teilweise der Abfille. In folgenden, mehr
feuchten Monaten bleiben die der unterstandenen doli-
schen Bearbeitung Gesteine unter dem Einfluss der Was-
sererosionsprozesse. Sie unterstehen der Auswaschung
und weiterer Akkumulation im Bestand anderer fluavilen
Ablagerungen.

Zu den Felduntersuchungen gehorten die Forschung
des Mikroreliefs, die morphometrischen Charakteristi-
ken der Schluchten, die Forschung der Ablagerungen in
den Schluchten und auf den Abfillen, die Forschung der
Bodendurchschnitte und des geologischen Profils, das
Bohren. Die Analysen der Boden und Ablagerungen auf
den Enthalt der organischen Stoffe. Fiir die Bestimmung
der Lage der Untersuchungspunkte, ihrer Koordinaten
und der Hohenkoten wurde das G.P.S. benutzt. Es wur-
den auch die Kartierungsbasen, einschlieflich der Sa-
tellitenaufnahmen benutzt. Auch fiir die Forschung der
morphometrischen Reliefcharakteristiken wurde die
Theodolitaufnahme benutzt.

Die Boden des geforschten Bezirks sind stark ero-
diert und arm auf die organischen Stoffe. Solche Aspekte,
wie der Gehalt der organischen Stoffe in den Schlucht-
ablagerungen, wurden vom Autor frither geforscht [2,
3]. Es ist festgestellt, dass der Gehalt der organischen
Stoffe in der Oberbodenschicht auf dem forschenden

Gebiet von 1-1,5% betrigt. Die hoheren Werte sind fiir
die Gebiete, wo die Neigungswinkel 3 Grad nicht iiber-
schreiten, bemerkt. Auch in den Zonen mit der aktiven
Akkumulation des ausgewaschenen Materials in den B6-
den der Erosionsformen und in den Geschiebekegeln ist
der Gehalt der organischen Stoffe bis 1,7-1,8% festge-
stellt. Die Analyse der Bodenmuster wurde im Labor der
Zentralen Universitit der Stadt Quito durchgefiihrt.

Auf dem geforschten Gebiet wurde die 181. Linien-
erosionsform untersucht. Das sind die Schluchten und
Auswaschungsrinnen mit der Lange tiber 20 Meter. Von
diesen sind 97 einzelne Auswaschungen. Und 84 Ero-
sionsformen, die in den gabelférmigen Schluchtensys-
temen gesammelt sind und die Seitenadern des Haupt-
schluchtbetts sind. Die Verteilung der Schluchten und
Auswaschungen ist nach der Meinung vom Autor be-
dingt. Die Untersuchung der Reliefform muss man wie
einzige Gruppe der Linienerosionsformen anschauen.
Und der Begrift ,Schlucht® wird im breiten Sinn verwen-
det, einschlieflich der Bedeutung , Auswaschungen®

Die geforschten Schluchten wurden nach dem Krite-
rium — Erosionsaktivitit der Spitze — gruppiert.

Zur Gruppe mit dem hohen Grad der Erosionsak-
tivitit gehdren 31 Schluchten (17%). Die frischen An-
schnitte in den Spitzen der Schluchten haben die Ab-
fille, die zu den senkrechten Winden niher sind. Auf
der Strecke mindestens einige Meter von der Spitze
durch das Schluchtbett entsteht der offene, nicht mit
der Pflanzenvegetation befestigte Grund. Das sind die
Kennzeichen der Erscheinung der regressiven Erosi-
on zurzeit, die Fortschreitungen der Spitze durch den
Anfall. Es passiert der Nachbruch des Bodens, der mit
dem Wasserstrom durch das Schluchtbett transportiert
wird. Entlang den Schluchtkanten durch den Abfall, in
dem die Auswaschung sich entwickelt, werden die Rut-
scherscheinungen aktiver. Diese Gruppe der Schluchten
bildet die grofite Gefahr fiir die Zerstérung der Boden.

Die Gruppe der Schluchten mit dem mittleren Grad
der Erosionsaktivitit ist mit 38 Reliefformen (21%) vor-
gestellt. Die Schluchtwinde sind in der Spitze fragmen-
tarisch nicht vergrast. Die Spuren des nicht wesentlichen
Spitzanwuchses.

Die Mehrheit der Schluchten 112 (62%) gehért zur
Gruppe mit der niedrigen Erosionsaktivitit. Die Spitzen
sind abfallend, vergrast. Die regressive Erosion entsteht
zurzeit nicht.

Aber man muss darauf hinweisen, dass diese Klassifi-
kation nur solches Kriterium beriicksichtigt, wie Charak-
ter der Erosionsaktivitit der Schluchtspitzen im Moment
der Forschung. Das ist wesentliche Charakteristik fir die
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Bewertung der potentialen negativen Einwirkung auf die
Boden. Aber der Prozess der Entwicklung der Schlucht-
formen ist mehr kompliziert.

Bekanntermaf3en begiinstigt das V-férmige Querpro-
fil die Konzentrierung des Stroms und der Vergroflerung
seiner zerstorenden und transportierten Fahigkeit. Diese
Profilform ist, in der Regel, fiir die oberen abschnitte der
Schluchten typisch ist. Die Schlucht verstirkt die zer-
storende Fihigkeit des Wasserstroms. Aber der Wasser-
strom ausgehend ins Gebiet des unteren Abschnitts der
Schlucht und beim Ausgang aus diesem Gebiet plattet
sich ab und die Ablagerung der transportierten Stoffe
passiert. Die zerstorende und transportierte Fihigkeit
des Stroms wird kleiner auf den Abschnitten der Schlucht
mit dem breiten und flachen Boden. Es entsteht die akti-
ve Ablagerung der Anschwemmungen. Man muss darauf
hinweisen, dass die Grenze zwischen den Schluchtabla-
gerungen und Ausgangsgesteinen der Abfille nicht rasch
ware. Wahrscheinlich wurden andere Prozesse mit der
fluvialen Akkumulation gemischt. Die kolluvialen Abla-
gerungen — die Produkte der Zerstorung der Schlucht-
abfille haben den flieRenden Ubergang zwischen den
Schluchtablagerungen und Ausgangsgesteinen.

Die Schluchtform veriandert sich mit der Zeit. Die re-
gressive Erosion bringt zur Fortschreitung des oberen Ab-
schnitts der Schlucht durch den Abfall und zur Bildung der
neuen Abschnitte mit dem engen Boden und der grofien
Tiefe. Aber gleichzeitig entsteht die regressive Akkumu-
lation — Ablagerungen befiillen den unteren Abschnitt
der Schlucht und diese Zone der aktiven Akkumulation
schreitet langsam in die Richtung und durch den oberen
Abschnitt der Schlucht fort. Da die Schlucht schon wei-
ter infolge der regressiven Erosion nicht anwichst, kénnen
die weiter gehenden Prozesse der Akkumulation zu sei-
ner Befiillung teilweise oder vollstindig bringen. Und die
Schlucht kann sein Existieren als Depression der Schlucht
stoppen. Auf diese Weise, andern die Erosionsakkumulati-
onsprozesse die Form der Schlucht und die transformierte
Reliefform zur Anderung des Charakters und der Intensi-
tit des fluvialen Prozesses bringt.

Hiufiger nach der Befiillung teilweise verliert die
Schlucht die Erosionsaktivitit, wird vergrast. Nach dem
Anwuchsstoppen und der Abflachung der Abfille, Be-
tullung des unteren Abschnitts erhilt die Schlucht die
Hauptformen. Nach der Beendigung der Anfangsetap-
pe der Akkumulation, die sich sehr intensiv entwickelt,
kommt die Etappe der langsamen Entwicklung, Be-
fallung der Schlucht, die sich wihrend einiger Hun-
dertjahre entwickeln kann. Es hingt von den Groflen
der Schlucht. Vielleicht kénnen einige wesentliche

Schluchten vollstandig ohne wesentliche Anderung der
Bedingungen der Ansammlung der Niederschlige be-
fullt werden. Aber in der Schlucht, die seinen Anwuchs
gestoppt hat, bewahren die potentiellen Méglichkeiten
der Entstehung der Erosion wieder immer.

Die Lage einiger Schluchten ist auch bemerkbar.
Diese Schluchten befinden sich fast auf einer Linie von
oben nach unten durch den Abfall. Es ist beobachtbar
eine ,mehrschichtige®, ,vierstockige® Lage der Schluch-
ten. Im Abstand zwischen dem Ausmiindungsabschnitt
der Schlucht und dem Kopf der Schlucht der unteren
Schicht nach den Ergebnissen der Bohrung wurden die
Fragmente der Schluchtablagerungen gefunden. Die-
se Fragmente zeugen tiber das Existieren der frithren
Schluchtausmiindung. Anschauend des Entwicklungs-
prozesses der ,mehrschichtigen” Schluchten kann man
tiber das Folgende voraussagen. Die Schlucht entwi-
ckelte sich von dem unteren Abschnitt des Abfalls. Der
Stof zu seiner Entwicklung war infolge der Anderung
(der Reduzierung) der értlichen Basis der Erosion. Im
Weiteren schritt die Schlucht nach oben durch den Ab-
fall fort, anwachsend mit ihrer Spitze. Aber gleichzeitig
auf Rechnung der regressiven Akkumulation passierte
die Befiillung des unteren Abschnitts der Schlucht. Falls
die Verlingerung der Schlucht auf Rechnung der regres-
siven Erosion gleich ihrer Reduzierung auf Rechnung
der regressiven Erosion ist, so schreitet die Schlucht nach
oben durch den Abfall ohne Vergréflerung ihrer Linge
fort. Man muss darauf hinweisen, dass die beschrieben in
dem Artikel Dynamik der Schluchten fiir den Zeitraum
der Zehnjahren oder Hundertjahren entsteht (abhin-
gig von den Natur- und anthropogenen Bedingungen).

Weitere Anderung der értlichen Basis der Erosi-
on bringt zur Bildung der neuen Schlucht im unteren
Abschnitt des Abfalls. Und schon wieder die gebildete
Schlucht so zu sagen holt die mehr alte Schlucht ein. In den
ymehrschichtigen Schluchten, falls die Geschwindigkeit
der Befiillung der Erosionsform der oberen Schicht (be-
findet sich hoher durch den Abfall) die Geschwindigkei-
ten des Anwuchses der ,einholenden® ihrer Auswaschung
der unteren Schicht iiberschreitet, so entwickelt sich die
junge Schlucht (im unteren Teil des Abfalls) im Ort der
alten Schlucht, die vollstindig befiillt ist. Falls die Form
der Linienerosion der unteren Schicht mit ihrer Spitze
die untere Schicht der Schlucht von der oberen Schicht
zerstort, so entsteht ihre Verschmelzung und Aktivierung.

Auf diese Weise, entsteht der unkontinuierliche
Wechsel der Dominierung der Erosion oder Domi-
nierung der Akkumulation bei der Entwicklung der
Schluchten. Wenn ein Zyklus der Entwicklung der
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Schluchten vollstindig nicht beendet wird (Schlusssta-
dium dieser Entwicklung ist vollstindige Befullung der
Erosionsform), beginnen die Prozesse der wiederhol-
ten Auswaschung, als eine Erosionswelle andere Wel-
le einholt. Die Schluchten entwickeln sich durch die
Zuriickkehrung in den Ausgangsstand [2, 4, 5]. Aber
die vollstindige Ahnlichkeit passiert nicht, wenn die ent-
stehenden Anderungen im Vergleich zu den vorherge-
henden Zyklen der Entwicklung entstehen. Die Prozesse
der Akkumulationsentwicklung der Schluchten sind Ge-
setzmifigkeit, die ein Bestandteil der zuriickkehrenden
Phase in die Entwicklung des fluvialen Reliefs ist.
Zusammenfassungen: Es lasst sich drei Gruppen der
Schluchten nach dem Grad der Erosionsaktivitit in der
Spitze ausmachen. Zur Gruppe mit dem hohen Grad der
Erosionsaktivitit gehort 17% Schluchten. Der mittlere
Grad ist 21%. Der Niedergrad ist 62%. Die Einwirkung

der Akkumulation auf die Dynamik der Schluchten ist
geforscht.

Bei der Entwicklung der Schluchten spielt eine gro-
e Rolle nicht nur die regressive Erosion, aber auch die
regressive Akkumulation. Die Schluchtablagerungen bei
der Befiillung der Linienerosionsformen wirken auf den
Wasserstrom ein. Die regressive Akkumulation modifi-
ziert das Relief und bringt zur Reduzierung der Erosi-
onsaktivitit. Aber gleichzeitig schafft die Akkumulation
die Voraussetzungen fiir die neue Erosionsentwicklung.
Es passiert die Zyklusselbstentwicklung, Selbstregulie-
rung der Schluchten, infolge des inneren Widerspruchs
des Erosionsakkumulationsprozesses.

Das Vorhandensein der ,mehrschichtigen® Schluch-
ten, die sich fast auf einer Linie von oben nach unten
befinden, ist die Folge verschiedener Etappen der Erosi-
ons- und Akkumulationsselbstentwicklung des Reliefs.
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Method of fighting with phylloxera

Abstract: Using of preparation consisting of new biologically active mixture in fighting against harmful
pets and parasites in agricultural plants (cotton, melons, vegetables, etc), particularly against phylloxera
on grape plant leaves is examined in the article. The method is based on preparation of biologically active
mixture (infusion) from crushed leaves of walnut (Juglans regia L.), oak (Quercus iberica Stev.), Linden ( Tilia
caucasica Rupr.) and green peel of walnut and processing of grape leaves 3—4 times with that mixture.

Keywords: phylloxera, Juglans regia L., Quercus iberica Stev, Tilia caucasica Rupr., parasites in agricultural plants.

As the soil and climatic conditions of Azerbaijan
are very favourable for grape, therefore viticulture had
existed since ancient times. Given the importance

of viticulture products, the establishment of new
production facilities for further development of this field,
important government measures to improve the methods
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of cultivation are being implemented in Azerbaijan.
For increasing the productivity of viticulture farms and
the production of quality products, new methods to
fight against diseases, pests, insects in this field are to be
developed, too.

The article is dedicated to a new method of fighting
against one of the insects that damages grape —
phylloxera.

Although the birthplace of phylloxera pests is
considered to be the North America, but the end of
the XIX century, it reached the south of France, and
then many European countries, including Azerbaijan.
Phylloxera is a widespread insect that causes serious
damage to the development of grape plant, in general,
viticulture. First of all, the size growth of grape
plants infected by phylloxera becomes weak, weak shoots
do not grow longer, the product is reduced, and during
the winter weather they are completely destroyed.

There are a variety of methods and chemicals known
to combat phylloxera. For example, there is a method
of interbreeding of European grape infected with
phylloxera to durable American grape varieties by twining
[1]. However, the disadvantage of this method is that
the process is complicated, and a lot of time and effort is
required to implement it and it is not effective enough.

In addition, the method of using of pesticides
(hexachlorbutadien, keltan etc.), as
well as biologically active substances and their

phasalon,

mixture with insecticides, is also known. This
method is implemented by spraying of pesticides
on vineyards infected with phylloxera 18-20 times on
the season. The disadvantage of this method is a use of
a large amount (up to 500 kg 1 hectare of land) of toxic
chemicals (pesticides) and the danger if they ingested on
human organism [2, 264-287].

In general, as the most of the methods of struggle
against phylloxera is based on the toxic substances, it leads
to accumulation of those items on the leaves of plants,
fruits, on the ground, resulting in the environmental
pollution, causing deterioration of the environment.
In this regard, the development of new methods of
struggle against phylloxera that cause serious damage
to wine-growing economy, and use of these methods is
characterized by its urgency [3, 65; 6].

Methods of preparation of environmentally safe
medicines preparation and their use against pests of
plants, pests using a mixture of biologically active
substances are limited. In this regard, the method of
fighting in agriculture, especially against phylloxera on
grape plant leaves, developed by G.M. Rasizade and

O.K. Babayey, is very important. The above-mentioned
method is based on preparation of biologically active
mixture (infusion) from crushed leaves of walnut
(Juglans regia L.), oak (Quercus iberica Stev.), Linden
(Tilia caucasica Rupr.) and green peel of walnut and
processing of grape leaves 3—4 times with that mixture.

For the biologically active mixture the ingredients will
be taken in following weight ratio: the leaves of walnut,
walnut peel, oak leaves, linden leaves = 8: 2: 1: 1. The
advantage of the method is explained by the fact that the
due to juglan, ascorbic acid in leaves and green peel of
walnuts, and also carotene, alkali and astringent substances
the bactericidal properties of infusion rise. To prepare the
above infusion we should take 800 + 10 g of fresh crushed
leaves of walnuts, 200+ 10 g of crushed green peel of
walnut, 100 £ 10 g of crushed linden leaves and 100 £ 10 g
of crushed leaves of oak and add on them 1-1.5 litter of
boiling water and then to mix within 25-30 minutes.

At that it should be noted that the above-mentioned
leaves are to be collected in August-September and must
be used within 24 hours. Then the prepared infusion
(liquid part) is separated from raw pulp. Pouring
boiling water on the raw pulp in the same amount the
process is repeated 3 times and the raw mass is squeezed
and raw pulp is separated fully from liquid part. At the
end of the process it is possible to get an infusion of
2,8-3,0 litres. The infusion (2.8-3.0 litres of infusion)
is diluted with water of 17 litres before using at grape
leaves. 1,0-1,2 litres of solution is needed for one-time
processing. So 0.5-0.6 litres is used for leaves and the
same amount is used for processing of plant roots. If
necessary, the infusion may be prepared in advance and
kept in hermetically closed glass bottles for one year ata
temperature of 4-6°C.

The processing of grape leaves and its roots with the
above-mentioned solution is carried out in 3 stages. For
the first time processing is done when the leaves began
to emerge (in April-May months), then at the second
time in stage of blooming (in May-June months), and
finally a third time when the crops is yielded (in June-
July months).

The efliciency of infusion developed by method of
G.M. Rasizade and O. K. Babayev and used phylloxera is
tested in practice as follows. First of all, S out of 10 grape
leaves from the experimental area were taken with
artificial infection with phylloxera and S were processed
with said infusion 3 times. After 14-18 days the larvae,
nymphs and matured samples taken from processed
grape leaves were studied under a microscope (with
600-800 times zooming). The died larvae, nymphs and
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matured samples were observed in black colour. If 10—
15% of them were in other colour (dark orange to dark
red colour), then the processing can be carried out for
the 4th time. At result of works carried out in grape leaves
we observed that phylloxera was destroyed for 100%.
The phylloxera infected grape becomes weak and
may be infected by a number of other diseases. For
this reason, it is important to increase the resistance
ofiinfected leaves. There are 3-4% of alkali substances on
leaves of walnut and about 25% on oak leaves, so that they
may have a destructive impact on disease pathogens [4].
And linden leaves are rich in carotenoids and saponine
and as it is known they have softening influence on
tissues, presence of these components in infusion softens

the outer membrane of knobs and thus facilitates the
effective absorption of juglan. And it also increases the
effectiveness of the infusion during the first and second
processing of grape leaves [S]. In addition, the presence
of ascorbic acid in green peel of walnuts accelerates the
destruction of phylloxera.

It is known that the assessing of the effectiveness of
the fight against phylloxera is done based on the process
of formation of knob. There are about 180-240 larvae in
one knob which then turn into matured individuals.
The more knob remains after processing, the method is
considered less effective. The information on knob
formation levels in grape plant, processed 3 times with
above-mentioned method, is given in the following table:

Table 1.

Ne Kinds of experiments Knob formation level, in%
1 Checking 8

2 Nut 1,6
3 Green peel of nut 14
4 Oak 2,0
S Linden 2,5
6 Nut+oak 1,1
7 Nut+linden 1,4
8 | Nut+green peel of nut+oak+linden (8:2:1:1) 0

As can be seen from the table, complete destroying
of knobs on grape leaves take place when processed
with infusion prepared from walnut leaves, green peel of
walnut, oak leaves and linden leaves.

Studies carried out in the laboratory under a
microscope allows to make judgment on influence
of infusion of walnut leaves, green peel of walnuts, oak
leaves and linden leaves both separately and together on
phylloxera of leaves of plant and its roots.

The destruction of phylloxera for 100% occurs
when the infusion contains all walnut leaves, green peel
of walnuts, oak leaves and linden leaves. As mentioned
above, the key component to destroy phylloxera is juglan
and ascorbic acid and other alkali items, astringent
substances, carotene, saponine, etc. play a supporting
role and leads to further increase the efficiency of juglan
against phylloxera.

Using of method proposed to fight against phylloxera
has a number of advantages compared with other existing
methods: this method is ecologically clean and allows to
avoid using of toxic chemicals and pesticides poisoning
the environment; it is non-waste, so squeezed raw
formed as a result of preparation of infusion further may
be used as green manure; in addition to phylloxera, it
allows to destroy a number of other pests in grape leaves
(grapes and spider mite) and diseases (mildew, oidium,
anthracnose etc.). The above-mentioned method is
considered to be useful for coping with the phylloxera,
as well for preventive purposes.

The preparation made against phylloxera, in
addition to viticulture may be used also against the pests
and insects of a number of agricultural crops (cotton,
melons and vegetables, etc.).
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Anwendungsperspektiven des ESTA-Verfahrens fiir
Aufbereitung von carnallithaltigen Kalirohsalzen

Abstrakt: Die steigende Nachfrage nach Kalidiingemitteln motiviert Produzenten zur Verwendung von
Auflerbilanzkalirohsalzen mit absinkender Qualitit des ausgeforderten Erzes. Viele aktuelle und im Abbau
stehende Lagerstitten sind durch einen vergleichsweise erhohten Magnesiumchloridgehalt gekennzeich-
net, der die Verarbeitung von Sylvinitrohsalz beeintrichtigt. Der Hochstgehalt von Magnesiumchlorid im
Rohsalz betragt beim industriellen Flotationsverfahren 5% sowie beim Heif}loseverfahren 2% bis 4%. Da fiir
die Aufbereitung von Kalirohsalzen in mehr als 80% der Falle das Flotationsverfahren angewendet wird, ist
die Vermeidung des negativen Einflusses von Magnesiumchlorid ein aktuelles Problem Kalisalzverarbeitung.

Schlagworte: Kalirohsalz, Aufbereitung, Carnallit, Magnesiumchlorid, Flotationsverfahren, Filtration

Trennung, ESTA-Verfahren.

Es ist bekannt, dass man in einigen Heif3lose- und
Flotationsfabriken mit dem Abstof3 eines Teiles der um-
laufenden Mutterlauge arbeitet um einen Austrag von
Magnesiumchlorid aus dem Prozess zu gewihrleisten.
Dies fithrt zu einer Abnahme der Ausbeute von Kalium-
chlorid in das Produkt.

Hervorzuheben ist, dass es eine prinzipielle Moglich-
keit [1] fiir das Eindampfen des abzustoflenden Teiles
der Mutterlauge gibt mit einer gleichzeitig zusitzlichen
Herstellung des Zielproduktes gibt. Durch den Schritt
des Eindampfens erhilt man eine Mischung aus NaCl
und KCl als kristallisierte feste Phase (sogenannter
kiinstlicher Sylvinit) mit einer gleichzeitigen Erhohung
der MgCl -Konzentration in der eingedampften Lésung.
Die hochkonzentrierte Magnesiumchloridlosung kann
zur Herstellung von Magnesiumhaltigen Produkten

wie z. B. Magnesia benutzt werden. Allerdings erfordert
dieses Verfahren der Magnesiumchloridabfithrung und
-aufbereitung hohe Investitionskosten.

Neben einer Losungseindampfung ist es auch mog-
lich, Magnesiumchlorid durch das Ausfillen mit kaus-
tischer Soda (NaOH) in Form von Mg (OH), abzu-
trennen. Allerdings ist dieses Verfahren kostenintensiv
aufgrund der hohen Kosten des Fallungsmittels NaOH
und hat keine praktische Anwendung gefunden.

Im Normalfall ist eine gewisse Menge Magnesi-
umchlorid im genutzten Sylvinitrohsalz im Form von
Carnallit (KCI-MgCl,-6H, O) enthalten. Der Carnallit
wird in der Sylvinit-Verarbeitung vollstindig zersetzt
oder gelost. Da das Rohsalz meist mit KCI-gesittigten
Loésungen gemischt wird ist die Zersetzung, d.h. Losen
des Magnesiumchlorids und des Wasser bei gleichzeiti-
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gem Ausfillen der KCI-Komponente des Carnallits nicht
ungewohnlich.

Wenn das Sylvinitrohsalz Carnallit enthilt, der eine
hohere Loslichkeit als Sylvin und Halit besitzt, erhoht
sich die Konzentration von Magnesiumchlorid in der
umlaufenden Losung und gleichzeitig sinkt die Kon-
zentrationen von Natrium- und Kaliumchlorid. Carnallit
16st sich so lange auf, bis ein Gleichgewicht im System
KCl — NaCl — MgCl, — H,O bei einer gegebenen
Temperatur eintritt [2].

Wenn die Konzentration von MgCl, in der Um-
lauflauge 8—10% erreicht hat, erfolgt eine Absenkung
des Adsorptionsvermogens von Aminen an die Sylvin-
Kristalle und somit eine Minderung ihrer Flotations-
aktivitat.

Gemif einer Ausarbeitung [3] zeigt Tabelle 1 die
Ergebnisse der Grundflotation des Rohsalzes aus der
Starobinsk-Lagerstatte mit kiinstlich in die Flotations-
suspension gegebenen definierten Magnesiumchlorid-
Anteilen.

Tabelle 1. - Gemessene Parameter der sylvinitischen Flotation des entschlammten
Rohsalzes abhangig von dem Magnesiumchloridgehalt in der Mutterlauge

Gehalt Gehalt KClimRoh- | Masse % Kon- | KCl-Ausbringen ins Gehalt KCl,%
MgCl, % salz, % zentrat Konzentrat, % Konzen-trat | Riick-stand

2,5 28,8 31,0 92,0 85,8 3,3

S 28,8 30,6 91,6 85,6 34
7,5 28,7 30,7 90,9 85,1 3,7

10 28,6 30,8 90,7 85,0 3,9

15 28,5 30,7 89,6 84,2 4,3

20 28,6 30,6 89,1 83,1 4,4

25 28,5 30,5 88,5 82,9 4,7

Wie aus der Tabelle 1 ersichtlich ist, hat ein Magnesi-
umchlorid-Gehalt von bis zu 5% in der Lauge keinen we-
sentlichen nachteiligen Einfluf3 auf die technologischen
Parameter der sylvinitischen Flotation des Kalirohsalzes.
Wenn der Magnesiumchlorid-Gehalt in der Mutterlauge
mehr als 5% erreicht, sinkt der KCI-Gehalt im Konzentrat
sowie auch die Ausbeute von KCl ab. Auf Grund der ho-
hen Hydratationsenergie der Magnesiumionen besitzt das
Magnesiumchlorid im Vergleich zu Kalium- und Natrium-
chlorid eine wesentlich hohere Loslichkeit. Demzufolge
steigt die Konzentration von Chlorionen an und sie iitben
einen aussalzenden Effekt auf dir Flotationsamine aus.
Es ist bekannt, dass die Oberfliche des Kaliumchlorids
eine negative Ladung aufweist. Aufgrund der Adsorpti-
on von gelosten Magnesiumkationen auf die Oberfliche
der Sylvin-Kristalle ist eine Verstarkung der Hydratati-
on vom Kaliumchlorid und eine Ladungsumkehr seiner
Oberfliche zu beobachten, was die Fixierung des Flotati-
onsamins auf der Sylvin-Oberfliche verschlechtert.

Die Einfiihrung des gut wasserbindungsfihigen und
maflgeblichen (im Vergleich zu Na+ und K+ Ionen) bi-
valenten Magnesiumkations in die Losung, mindert
die Beweglichkeit der Wassermolekiile und erhoht die
Lésungsviskositit, die 3,32 Pa-s bei einer MgCl -Kon-
zentration 35,4% erreicht, was einem Aufsittigen der
Losung an Magnesiumchlorid bei 20 °C entspricht. Die
Erhéhung der Losungsviskositit verkompliziert auch die
Entwisserung des Konzentrats und der Riickstinde der
Flotation.

Auf Grund der Ergebnisse von modellierten Filter-
prozessen des Flotationskonzentrats bei unterschied-
lichen MgCl -Gehalten in der Mutterlauge wurde es
festgestellt, dass die Suspensionsviskositit durch den
Riickgang des Massenanteils von MgCl, in der Fliissig-
phase des Konzentrats absinkt. AufSerdem verringert sich
der Einheitswiderstand des Filterkuchens wihrend der
Filtration. Die Untersuchungsdaten der Filtrationseigen-
schaften von Suspensionen sind in Tabelle 2 angegeben.

Tabelle 2. — Die Forschungsergebnisse der Filtrationseigenschaften von Suspensionen
mit unterschiedlichen MgCl,-Gehalten in den Flissigphasen

Massenanteil MgCl, in der Filtrationszeit. s Dynamische Viskositit | Einheitswiderstand des
Fliissigsphase, % ’ des Filtrats, Pa.s-10°3 Filterkuchens, m?2.10"

16,51 9,23 3,157 3,675

14,84 8,49 3,098 2,549

12,28 8,16 2,836 2,134

10,43 6,15 2,637 1,984

8,97 6,21 2,411 1,952

6,79 6,27 2,204 1,930
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Die Abbildung 1 zeigt Forschungsergebnisse iiber
die Spiilung von Flotationskonzentraten mit einem An-
fangsgehalt von MgCl_von 1% und 1,5% auf einem Filter
mit Reinwasser. Der Wasserverbrauch pro Spiillung wur-
de anhand der Verringerung der MgCl,-Konzentration
bis zu akzeptablen Werten (weniger als 0,3% MgCl,)
ausgewahlt.
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Das Diagramm zeigt, dass je hoher der MgCl,-An-
fangsgehalt im Flotationskozentrat ist, desto mehr
technisches Spiillungswasser wihrend eines Filtriervor-
ganges fiir ein Absenken der MgCl, -Konzentration bis
zum vorgesehenen Wert erforderlich ist. Diese Menge
Spiilwasser tibertrifft mehrfach die Menge an Spiilwasser
pro Spiilung beim Fehlen von MgCl, in der Mutterlauge.
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Menge des Spiilungswassers , kg/t

Die Abbildung 1- Die Anderung des MgCl,-Gehalts im Konzentraten bei
unterschiedlichen Mengen an Spiilwasser pro Spilung

Der MgCl,-Gehalt in Rohsalzen von mehreren Welt-
lagerstitten in Usbekistan, Turkmenistan, Russland,
Thailand und im Einzelnen in der Petrikov-Lagerstitte
der Republik Belarus betrigt 1,5% bis 5%. Mit der Erho-
hung von Aufbereitungskapazititen werden wirtschaft-
lich zu nutzende Haupthorizonte fiir den Aufbereitungs-
prozess beriicksichtigt, die Auflerbilanzhorizonte mit
MgCl -Gehalten von bis zu 10% und mehr darstellen.

Neben Heifflose- und Flotationsverfahren ist das
elektrostatische Trennverfahren (ESTA) fiir die Auf-
bereitung von sylvinitischen Rohsalzen eine aussichts-
reiche Verfahrensoption. Auflerdem ist eine breite
Anwendungsmoglichkeit der ESTA bei der Rohsalzver-
arbeitung in kombinierten Verfahrensvarianten gegeben.

Das ESTA-Verfahren [4] beruht auf der Tren-
nung von Mineralen, die unterschiedliche triboelektri-
sche Ladungen haben. Die Trennwirkung entsteht durch
ein Hochspannungsfeld, das die zu trennenden Minerale
passieren. Die elektrische Aufladung der Rohsalzparti-
kel entsteht durch Reibung der Partikel untereinander
oder unter dem Einfluss von erhohten Temperaturen.
Um eine bestimmte Ladung (positiv oder negativ) auf
der Oberfliche bestimmter Salzminerale auszubilden
wird das Rohsalz vor der triboelektrischen Aufladung
mit bestimmten Reagenzien konditioniert.

Durch das ESTA-Verfahren lisst sich bisher nur
Kieserit in verkaufsfahiger Qualitit als direktes Produkt

gewinnen. Das Kaliumchloridkonzentrat muss dagegen
noch weiteren Verarbeitungsschritten unterzogen wer-
den.

Prinzipiell ist es auch moglich durch das ESTA-
Verfahren Kalirohsalze mit den Werkstoftkomponenten
Sylvin und Carnallit aufzubereiten. Insbesondere fiir die
Aufbereitung von carnallithaltigen Rohsalzen mit hohem
Gehalt an MgCl, konnte dies von Interesse sein. Nach
einer Abtrennung von Carnallit aus dem Salzgemisch
dann der Sylvinit der weiteren Aufbereitung unterzogen
werden.

Esist bekannt, dass die Oberfliche des Kaliumchlo-
rids wie auch die Oberfliche des Magnesiumchlorids
eine negative Ladung aufweisen, was die Schwierigkeit
der Trennung dieser Minerale durch das ESTA-Verfahren
ausmacht. Fiir die Lésung dieses Problems sind 2 Rich-
tungen denkbar: (1) Erforschung der technischen Ver-
besserung von bestehenden elektrostatischen Anlagen;
(2) Einfilhrung von neuen Konditionierungsmitteln
zum Zweck der Variation der Ladungsintensitit oder
Ladungsvorzeichen von den Mineraloberflichen.

Als technische Losungen der ESTA-Technologie
gibt es zum jetzigen Zeitpunkt Freifallscheider [S], der
auch zur Trennung von carnallithaltigen Kalirohsalzen
dienen kann. Das Prinzip der Arbeit dieses Scheiders
besteht darin, dass Carnallit und Sylvinit unterschied-
liche Ladungsintensititen zugewiesen bekommen. Da-
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bei entsteht auf Carnallit-Kristallen eine grofiere nega-
tive Ladung als auf den sylvinhaltigen Partikeln. Beim
Durchlauf der Rohsalzpartikel im elektrischen Hoch-
spannungsfeld eines Freifallscheiders erfolgt zuerst die
Abtrennung von Carnallit und danach die Abtrennung
der Sylvin-Partikel.

Im Laufe der Jahre sind bei der Andwendung des
ESTA-Verfahrens schon verschiedene Konzepte der
Konditionierung von Kalirohsalzen mit Reagenzien
durchgefiihrt worden.

In einer Ausarbeitung [6] wurden positive For-
schungsergebnisse der ESTA-Aufbereitung von Syl-
vin aus einem Kalirohsalz mit Anfangsgehalt von 12%
K, O beschrieben. Die Konditionierung des Aufberei-
tungsgutes erfolgte dabei mittels organischer Substan-
zen, die eine oder mehrere SO, Me- oder SO, Me-Grup-
pen und 6 und mehr C-Atome im Molekiil enthalten.

Auflerdem wurden in der Literatur Ergebnisse vor-
gestellt [7] welche die Anwendungsméglichkeit von
Carbonsauren untersuchen die mindestens 3 C-Atomen
der aliphatischen, cycloaliphatischen, aromatischen oder
hydroaromatischen Reihe enthalten. Diese Stofte haben
beim ESTA-Verfahren als Konditionierungsmittel in der
Aufberewitung von Kalirohsalzen mit verschiedenen An-
sitzen gute Parameter gezeigt.

In einer weiteren Ausarbeitung [8] wurde das Ver-
fahren der elektrostatischen Aufbereitung von Carnal-
lit enthaltenden Rohsalzen in zwei Stufen verarbeitet.
Dabei wurde bei einer Trenntemperatur gearbeitet,
die in den Grenzen zwischen Raumtemperatur und
Schmelztemperatur von Carnallit lag, vorzugsweise im
Bereich von 30 °C bis 80 °C. In der ersten Stufe erfolgt

die Abtrennung der nichtkalihaltigen Bestandteile aus
dem Rohsalz unter Verwendung von bestimmten Kon-
ditionierungsmitteln. In der zweiten Stufe wird die wei-
tere Auftrennung des in der ersten Stufe erhaltenen car-
nallithaltigen Vorkonzentrates in eine sylvin- und eine
carnallitreiche Fraktion unter Nachkonditionierung mit
organischen Verbindungen in der Art von organischen
Siuern durchgefiihrt.

Auf der Grundlage der vorgenommenen Experi-
mente und analysierten Daten kann man eine negative
Auswirkung von Magnesiumchlorid auf Flotationsauf-
bereitung eines sylvinitschen Kalirohsalzes hervorhe-
ben. Diese neagtive Wirkung besteht in der Unterdrii-
ckung der Reagenzwirkung, der Verlangsamung des
Filtrationsprozesses und der Mengensteigerung von
Spiilungswasser wihrend der Entwisserung des Flota-
tionskonzentrats. Eine Losung dieses Problems konnte
die Verwendung von kombinierten Verfahren sein, die
auf der elektrostatischen Trennung und Flotation ba-
sieren. Aber der unzureichende Untersuchungsstand
des elektrostatischen Trennverfahrens, ein Mangel an
Kenntnis tiiber chemisch-physikalische Oberflachener-
scheinungen, die bei der Konditionierung von Minera-
lien mit verschiedenen Reagenzien eine Rolle spielen,
sowie ein Mangel an approbierten Verarbeitungstech-
nologien von magnesiumhaltigen sylvinitischen Roh-
salzen erschweren die Ubernahme und Anwendung
solcher Verarbeitungskonzepte. Diesbeziiglich gibt es
die Notwendigkeit fiir die Durchfithrung von weiteren
Forschungen im Bereich der Technologien fiir den kom-
plexen Einsatz der sylvinit- carnallitischen Rohsalze auf
Grundlage kombinierter Aufbereitungsverfahren.
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Heat dissipation when driving hydrocarbons in
a vertical pipe in a supercritical pressures

Abstract: Explanation results of experimental studies of heat transfer in a supercritical hydrocarbon
pressure. As a result of studies have established non-linear allocation ; over the length of the channel and,
depending on the g. Illustrated that in the area ] 2, communication between a and q can be represented
by power dependence.
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Tennootaaya Nnpu ABNXXEHUM YINEBOAOPOAOB B BEPTUKAJIbHOM
TpyOe B yCNIOBUSAAX CBEPXKPUTUYECKUX AaBJIEHUN

AnnoTtanus: I3AaraloTcs pesyAbTaThl 9KCIIEPUMEHTAABHBIX HCCACAOBAHMIL TEIIAOOTAQUU B YCAOBUSAX
CBEPXKPUTUYECKHMX AABACHHH YTAEBOAOPOAOB. B pesyabTare nccaepoBaHMI yCTAaHOBACHO HEAMHEHHOE pac-
IpeAeAeHre I Kak II0 AAMHE KaHAAQ, TaK M B 3aBUCHMOCTH OT . [TokasaHo, 4to B 0baacTu &) 2, cBA3b
MEXKAY @ U  MOXET OBITb [IPEACTAaBACHA B BUAE CTEIIEHHON 3aBUCHMOCTH.

KaroueBbie cAOBa: KpUTHYECKOE AABACHHE, TETIAOOTAAYA, TETAOEMKOCTD, IAOTHOCTD, TeMIIepaTypa CTeH-
KH, IAOTHOCTD TEIIAOBOI'O ITOTOKA, ICEBAOKPUTHUYECKASL.

Beeaenue. IlccaepoBaHie KOHBEKTHBHOTO TEIAOOO-  IPEACTABASIET COOOI 3aAady, aKTYaABHYIO AASL MHOTUX
MeHa 1ipu cBepx Kputndecknx AaBreHmsix (CKA) Bemects  06AacTeil TeXHUKH, BKAIOYAIOLIMX SHEPreTUYeCKyTO, XU-
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MMYECKYI0, Ta30BYI0 U aBHALIMOHHYIO OTPACAH IIPOMBIII-
AeHHOCTH. VIcrioAb3oBaHue peXXHMOB C YAYYLIEHHbIM Te-
IIAOOOMEHHOM MOKET II03BOAUTD 3HAYUTEABHO COKPATHTb
rabapUTHI TEIAOOTAIOLIHX TOBEPXHOCTEN UAH B HECKOAD-
KO pa3 YMEHBIIUTb CKOPOCTb TeUeHHsl pabodeil Cpeabl
U COOTBETCTBEHHO MIOTPEOHYI0 MOLIHOCTD HacocoB. [Ipo-
L1eCC YAYYLIEHHOTO TEIAOOOMEHA Ype3BbIYAHO CAOXKEH,
OTAMYAeTCS HEPAaBHOMEPHOM MHTEHCUBHOCTDIO ITO AAMHE
OXAQ’KAQEMbIX KaHAAOB M BO3HHUKHOBEHHEM TepPMOaKY-
crryeckux aBTokoAebanmit (TAAK) aaBaenus. Dtu ero
0COOEHHOCTH IOKa TPYAHO IIOAAQIOTCSI TEOPETHIECKOMY
pacyeTy, BCAGACTBHE YeTO BHEAPEHHE B IIPAKTHKY PeXXHMOB
C YAYHUILEHHBIM TETAOOOMEHOM BO3MOXKHO TOABKO IIOCAE
IIPOBEACHUSI TIOAPOOHBIX HCCAEAOBAHHI IIPH PA3AMYHBIX
YCAOBHSX C PAa3AMYHBIMU TelAOHOCHTeAsMH. K urmcay
MTOCAEAHUX MOXXHO OTHECTH OpraHMYecKHe BellecTBa,
IIMPOKO IPUMeHseMble B Pa3AMYHbIX OTPACASX IIPOMBIII-
aenHocTH. Crienuduka Takux BeIeCTB OOYCAOBAMBAeT
He0OXOAUMOCTD 9KCIIePHMEHTAABHOM IIPOBEPKH BO3MOXK-
HOCTel IpUMeHEeHHUs AAS HX pacyeTa MoaeAelt U GopMyA,
IIOAYYEHHBIX Ha BOAE, TeAHH, BOAOPOAe B ycaoBrsix CKA,.

Takum 06pa3oM, OTMedeHHbIE 0OCTOSTEABCTBA IIOA-
TBEPXKAAIOT AKTYAABHOCTD AQHHOM ITPOOAEMBI U TPeOYIOT
AAQABHEMNIIHNX HCCACAOBAHMI ITPOL}€CCOB KOHBEKTHBHOTO
TeraoobmeHa B ycaoBusix CKA,.

AanHas pabora BbloAHeHa Ha Kadeape «Temao-
dHepreTHKa>» B COOTBETCTBHU C T€MAaTHYECKHM IIAa-
wom HUP AT'YHII (rocyAaPCTBeHHoﬁ perucrpanuu
0-111 Az203T'), maasom Baxxaeitmux HUP, KOOPAMHHU-
pyembix AH 1o kommaexcrol mpobaeme «Temaodusnka
U TETIAO9HEPTeTHUKa>.

B crarbe n3AararTCca HEKOTOpbIE PE3yAbTAThI HCCAE-
AOBAHUI TETAOOTAAYHN ITHAOEH30AA C YIETOM U3MEHE-
HISI HAIIPABAGHUS TeUEHHUS SKUAKOCTH B ycAoBHAX CKA.

IKCnepHMeHTaAbHas yCTAaHOBKA

TernaooTpaya U TeMIIEPaTypPHBIH PeXHUM OTTEHOK
TPY6 HCCAEAOBAAKCH HA 9KCIIEPUMEHTAABHOM YCTAaHOBKE,
P EACTaBASIOIUI coboit Bcex Pa3OMKHYTHIA IIUPKYAS-
LIMOHHOW KOHTYP, U3TOTOBAEHHBIN U3 HEP KaBeIOMIMMI
craau. [ToapobHOe OmvcaHye YCTAHOBKH M METOAHKA
IpOBeAeHHUS OMBITOB AaHBI B [ 1]. OcHOBHOI aAeMeHT
YCTaHOBKU — 9KCIIEPUMEHTAAbHAS TPYDa, H3TOTOBAEH-
Hasl M3 Hepxaperomuit craau Mapku 12X18 H10 T uan

0X 18 H10 T, pAAuHa 1 AMAaMeTp KOTOPBIil BEIOHPAAKCH
IO YCAOBHSIM IIPOBOAMMBIX HCCAEAOBAHHI.

MakcuMaAbHasi OTHOCUTEABHAS TIOTPENIHOCTD IIPU
oIpeAeAeHHU KO3 PUIMEHTA TEITAOOTAAYM COCTABASIAA
*+19%, cpepne kBappaTudHas +14%.

OcHoBaHHS BEIOOPA TENAOHOCHTEASI

Bri60p aTHAGEH30A2 B Ka9eCTBE MOAEABHOM XKHA-
KOCTH CBSI3aHa C TeM, YTO BO-TIEPBBIX — ITO Bellle-
CTBO 00AAAQeT HUBKHM KPUTHUYECKHM AABACHHEM
(PKP=3,7195 MITa) KOTOpHIH TO3BOASIET MPOBOAUTH
9KCIEpPHMEHTHI B IIHPOKOM MHTEPBaAe H3MEHEHHS AaB-
A€HUs, BO-BTOPhIX — TeNAOPHU3UIeCKUue CBOMCTBA e€
B IIMPOKOM MHTEPBaAe H3MEHEHHS AABACHUS M TeMIIe-
PaTyp AOCTaTOYHO XOPOIIO U3y4YeHbl B IPOOAEMHOI Aa-
6oparopunu «Temopusuxa yraesopopoaos> Al' YHIL

XapakTep U3MeHeHHs TelAOPU3NIECKHX CBOMCTB
aruabensona (A, o P pT) B 3aBHCHMOCTH OT TE€M-
nepaTypst npu P=5,0MIla uaarocTpupoBaH Ha puc
1. OT™MeTHM, 4TO BCe yKa3aHHbIe TeIMAOPU3UIECKUE
CBOMCTBA OIPEAEAEHBI C BBICOKOH CTEIeHbI0 TOYHO-
CTU METOAOM TIbe30MeTpa MOCTOSHHOTo o6bema (p),
Harperoit HutH (), KAMUAASIpHOTO BUCKO3uMeTpa (1)
AMabaTHIECKOTO LIUPKYASIIIMOHHOTO KaAOMeTpa (cp).
Haaunuune paHHBIX 110 A, C, M {1 TO3BOAMAO PACCUUTATD
3HaueHMs KpuTepus IIpaHATAS Ipu pasAMYHBIX AaBAe-
HUSX U TeMIIepaTypax.

M3 pucyHKa BUAHO, YTO TIPH OIIPEACACHHOM 3Haue-
HHUH TeMIIePaTypPhl )KUA-KOCTU BCe TeIAOPH3MIECKUe
CBOMCTBA CyILIeCTBEHHO U3MEHSIOTCS, @ TeIIAOEMKOCTh
SKUAKOCTH AOCTHTAeT CBOEr0 MAaKCUMAaAbHOTO 3HAYEHHUSL.

OTa TeMIiepaTypa IPpUHATO Ha3bIBaTh IICEBAOKPUTH-
4eCKOM, T.. 9TO TeMIIePaTypa COOTBETCTBYeT MAKCHMAAD-
HOMY 3HAUeHHIO U300apHOI TEIAOEMKOCTH IIPU CBEpX-
KPUTHUYECKOM AABAGHHMH M 0603HadaeTcst oHa /- B[2)|
PaspaboTan pacueTHast OPMyAA AASI OTIPEACAECHHS YKa-
3aHHOM TeMIIepPaTypPhl B BUAE
(mr+B) ( 1)

T+C
rae aas oaTrAbeHsoaa A=689,01.10°; B=113,320-107%
C=324,487-10°u Tt = i
B,
Pe3yAbTaThI pacu€TOB t PUBEACHBI HIDKE B TaOAMITE

ly =

N MAAIOCTPHUPOBAHBI Ha pUC 2.B BHAC 3aBUCHMOCTH.

Tabnuua 1. — Pacuett

o] o] o] o] o] o] o] o] o] o] o] o]
SO EICIEIQCIEIQPIEIQCIEIQCIEILIEIVYIEIYDIEIYIE|IY
o o o o o o o o o o o o
g & g & g & g & % & % & % k] % & % & % R % & % &
o o o Ne) = v o o o~ Ne) — 0
2132323212122 @2223 I 2222128
SRR AR R R R A R N O R R e R AR RN N L =S S R R -2 BRSO IR0 (=€ o N I
o 5} 5} e} e} e} e < < < < <

[3)]
a



Section 7. Technical sciences

OO6cyxAeHHe pe3yAbTaTOB HCCAEAOBaHMIAL. B yka- P=(1,075... 2,016)13@; t. =(0,028... 0)638)%;
3aHHOM BBIIIE 3KCIIEPUMEHTAABHOM YCTAaHOBKE OIIBITHI . 4
P Y t°=(0,086...1,588)t,; R, =(1..8)-10%
IIPOBOAMAMCH B CTAIJMOHAPHOM TEIIAOBOM PeXXHMe B CAe- Bt
AYIOIIUX MHTEPBAAAX M3MEHEHHS PeXHMHBIX Iapame- q=10,49...7,00)- 10° W

TpOB IIporecca:

u-10" ¢
ke

Pa-5: kg k * |
T000 ‘\ P 1200 —
\L . T 6
A
N \Y SANT
. \ is

2

3000 } 800 —!
3 \ w2
2 —— 3 2

..--""""

- N
10 o

100 200 300 400 r.'C

Puc. 1. XapakTtep nameHeHus Tennodusanyecknx CBOMCTB aTunbeH3sona
B 3aBMCMMOCTU OT TemnepaTtypbl Npu P=5,0 Mla

HOAY‘-IeHHbIe PESYAI)TaTbI O6pa6aTbIBaAI/ICb I10 061118- CHUMOCTHU xapaKTepnsonmHe HNHTEHCHUBHOCTD TEIIAOOT-
HPI/IHSITIJIM METOAHNKaM 1 CTPOI/IAI/ICb rpaqmqecm&e 3aBHU- Ad4uHu 1 TeMnepaTyprIﬁ pe)KI/IM CTE€HOK TPY6
fute

7 //O
1

P

350

(o
4 5 6 7 8 9 P, MPa

Puc. 2. 3aBucumocTs t,, = f(P) ana atTunbexsona

I/ISBCCTHO, 4TO AAS TEIIAOBOTO paciueTa u HaAE)KHOfI HOBaHHH ITIOAYYE€HHDIX PE3YAPTATOB BbIAAYA OKOHYATEAD-

OLI€HKH TEMIIEPATYPHOTO PEXHMa OXAa)KAaEMOﬁ I10- HBIX PACYETHBIX PEKOMEHAAIMH AASl OIIPEACACHUS
BEPXHOCTH CTEHOK pr6 BbICOKoq)OpCI/IpOBaHHbIX TEITIAO- MECTHBIX KOS(l)(l)I/II_II/IEHTOB TEIIAOOTAQAYH. B aroit cBa3u
TEXHUYICCKHX O6OPYAOBaHI/Iﬁ BE€CbMa BAa’KHBIM SABAACTCA CHa4YaAa PACCMOTPHM PaCIHPEACACHHUE TEMIIEPATYPbI
OKCIIEPUMEHTAAPHOE OIIPEACACHHE 3aKOHA PaCIIPEACAE- CTC€HKHU BAOAD BepTI/IKaAbHOfI TPY6]JI W Ha PI/IC3. TIIPEACTAB-
HHS TEMIIEPATYPbI IIOBEPXHOCTH CTEHKH pr6bI. Ha oc- ACH I‘pa(l)I/IK PpacrpeACACHU TEMIIEPATYPBI JKHAKOCTH (a)
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U TEMIIEPATYPhl OXAAKAAEMOM TOBEPXHOCTH BAOAD BEp-
TUKaAbHOHN TPY6bI (B). V3 pucyHKa BUAHO, YTO MpH
t; <t, XapaKkTep M3MeHEHHS TEMIIEPATyPhl OXABKAAE-

o |w

W

INRRS

i
")
w
s
[
(}\
o

2)

MOJ1 [TOBEPXHOCTH CTE€HKH TPYOBI TAaKOH e KaK IPH
OOBIYHOM KOHBEKTUBHOM TEITAOOOMEHE AO KPUTHIECKOM
06AacTH cocTosHuY BemecTsa (kpusas 1 Ha puc. 3, B).

L:: OC
/6
440 1-o
\ / i
4 3-x
420 &/4 . 4-"0
y A ; 1 S5— o
400 N A e
380
MK N4t
360 - =
< \ 2
340 e
I 3
320 - - —
300 - -
15 2 3 4 5

x/d
b)

X . X
Puc. 3. 3aBucumoctun t, = f E (@ut =f E (B) ons nogbeMHOro aApunxeHus aTunbeHsona npu P=4,5 MlMa,

t* =12°C u pw = 3600

Ke
M?*.¢

7] £z40.
d

1-2,057;2-2,354;3-2,830; 4 - 3,537; 5-4,825-10° %

ITpu MOCTOSHHBIX peXXUMHBIX [TAPAMETPaX C YBEAU-
YeHHeM IIAOTHOCTH TeIIAOBOTO IIOTOKA TEMIIEPATypa OX-
AQKAAEMOI MOBEPXHOCTH CTEHKH TPYObI AOCTHIraeT
IICeBAOKPHUTHYECKOI TEMITePaTyPbl HCCACAYEMOI SKHA-
koctu. ITpu aToM XapakTep pacrpeAeAeHHs TeMIIepaTy-
PbI CTEHKH, HECKOABKO M3MEHSIeTCS M B HAYAAbHOM YaCTH
Tpy6b1 06pasyercst cAaGOBbIPaXkeHHbII MaKCUMYM (Kpu-
Bast 2). IIpy 60ABIIMX 3HAYEHUAX TAOTHOCTH TEAOBOTO
II0TOKA TeMITepPaTypa CTEHKH 110 BCeil AAMHE TPyObI Ipe-
BBIIIAET IICEBAOKPUTHUYECKYIO TEMIIEPATyPy HCCAEAye-
MO XKHAKOCTH M XapaKTep PACIPEACACHHS e€ [0 AAMHE
TPYyOBI BHOBb H3MEHSETCS U K&XKAOMY 3HAYEHHMIO [IAOT-
HOCTH TEIIAOBOTO IIOTOKA COOTBETCTBYeT CBOE pacIpe-
peaenus ¢, (kpusble 3—6), KOTOPDII TPYAHO IIOAAETCS
PusmieckoMy o6bsicHeHHI0. OTMETHM, YTO HEMOHOTOH-
HOe pacIipeAeAeHHUsI TEMIIEPATYPbl CTEHKH BAOAb BEPTH-
KaAbHOM TPYOBI TAKKe HAOAIOAAETCS ITPHU OITyCKHOM ABH-
JKeHHU dTHAOEH30Aa CBEPXKPHTHIECKHX AABACHUIL.

Ha puc. 4 usobpaxeHsl rpaduky 3aBUCHMOCTH
t.=f(q) ut’ = f(q) AAITIOADEMHOTO H OITYCKHOTO ABH-
JKeHHs 9TUAOEH30Aa CBEPXKPUTHIECKUX AABACHHUIL. YKa-
3aHHBIE 3aBUCUMOCTH IIOCTPOEHDI IT0 AAHHDIM ITOAYYeH-

HOI B CeYeHUU %z 40 ot BXOAQ TPY6HI IpH £ =12°C,
P=4,5 MITa u pw=3600 kr/m>-c. VI3 pucyHKa BHUAHO, 4TO

3aBUCHMOCTH ¢’ = f(q) Kak AASI TOABEMHOTO TaK U AAS
OIyCKHOTO ABMDKEHHS] UMeeT UACHTUYHDIN i AOBOABHO

CAOXHBIH XapakTep usMeHeHus. CHavaAa C IOBbIIEHHEM
IIAOTHOCTH TEIIAOBOTO IIOTOKA [, yBeANYMBAETCS
1o nmpsmoAuHeiiHomy 3akony (yuacrok AB). B Touxe B
f.  AOCTHraeT IICeBAOKPUTHYECKON TeMIIEPaTyphl
nccaepyemoit sxupxkoctu (t =362,20 °C). Ilpu arom
B TPyOe IIOSIBASIETCSI IEPUOAMYECKHUIT 3BYK U TETIAOOTAAYA
COIIPOBOXKAQETCSI KOACOAHMSIMHU AABACHHUS YKUAKOCTHU
U TemIiepaTypbl crenku. HaunHas ¢ aToro MmomeHra xop,
TeMIIepaTypHOil KPUBOM H3MeHSeTCS U 0OpasyeTcs
rOopu3aHTaAbHas maomaaka bB ( t°~t =const) T.e.
HACTYIAeT NEPBUYHO YAYYIIEHHbIH PEXKHMM TEIIAOOTAAYH.
ITo mepe moBbIIIEHUS] TIAOTHOCTH TEIIAOBOTO ITOTOKA
NEePHOAUYECKUH 3BYK MEPEXOAUT K IPOH3UTEABHOMY
cBUCTY. B xonne yyactka BB yBeandenue nmaoTHOCTH
TE[IAOBOTO IIOTOKA IIPUBOAUT K BO3PacTaHHIO [,
B pe3yAbTaTe KOTOPBIX obpasyeTcsi yuacTok BI' —
OTHOCUTEABHO YXYAIIEHHBIA PEXHM TEMAOOTAAYH.
B Touxe I' o6Hapy>xeHDI ITpeKpaljeHrne CBUCTA K CIIaA
TeMIIepaTypbl CTEHKH — BTOPHYHO YAYIIIEHHbIN PEXUM
TeraooTAadn. OTMeTHM, 4YTO IOAOOHBINA XapakTep
M3MepeHuUs ;B 3aBUCHMOCTH OT ( PaHee HAOAIOAAACS
B OIIBITAaX C ADYTHMH OPTraHUYeCKUMH TEAOHOCHTEASIMU
[1;3;4].

IToaaraem, 4TO HaCTyIAEHHE EPBUYHO YAYYIIEHHO-
IO ¥ OTHOCHTEABHO YXYAIIEHHOTO PEXMMOB TEIIAOOTAAYH
CBA3aHO CYI|eCTBEHHBIM U3MEHEHUEM TETIAO PU3MIECKHX
IIApaMeTPOB XXUAKOCTH B IPUCTEHOYHOM CAO€.
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Bropuinoe nHTeHCH$UKALIUH ITPOLIeCCa TEIIAOOTAA-
4 [10 BAAMMOMY €CTb Pe3yAbTaT COBMECTHBIX ACHCTBUI
Pa3AMYHBIX B3aUMOCBA3aHHBIX PAaKTOPOB B TOM YHCAE,

IIPOIIeCCa; Pa3AOKEHHEM HCCAEAYEMOM )KUAKOCTH B OKO-
AOCTEHOYHOM CAO€ M BAMSIHHEM CBOOOAHOM KOHBEKIIUU
Ha TEMIAOOOMEH, YTO TPeOyeT AAABHEHIINX HCCAEAOBAHMUIT

HN3MEHEHUEM aMHAI/ITYAHO-‘IaCTOTHbIX XapaKTepI/ICTI/IK nu YTOquHHﬁ.
tz, 'CH c / r
/ (ﬂ' P s E
89"
w1 S OREE L e ! D
z” o—: 11
300 A 1 [ T
- o 2|
¢ i
200 [a]
/ .
© t pw = 3600 ’
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Bt
105

Puc. 4. N'padukm 3aBucmumocTu £, = f(q) nt = f(q) 019 10ABEMHOIO (1) 1 ONYCKHOrO (2) ABMXEHUS

atunbensona npu p=4,5MMa, t =

Ha puc. 5 B sorapu¢Muueckux KOOpAMHATaX H300pa-
>keHbI rpaduk 3aBucumocTu A = f(q) oA TOABEMHOTO
H OITyCKHOT'O ABIDKeHHs 9THAOeH30Aa. VI3 prcyHKa BUA-
HO, 4TO B obAacTH I 2, C yBeAUYEHHEM IIAOTHOCTH Te-
IIAOBOTO IOTOKa KOPQPUIMEHT TEMAOOTAAYU pacTeT
II0 AUHEHHOMY 3aKOHy. B 9Toi1 06AaCTH CBSI3b MEXAY o
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3Aech 1 ABASIeTCA tg yTAa HAKAOHA 9TOM IPSIMOM T. e.
n=1tgd =1,08 u c=0,001, KOTOPBLIT AOAXKEH YAOBAETBO-

PUTH AFOOOI TOUKE YKa3aHHBIH IIPSIMOIL.
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Puc. 5. 3aBucumocTb a = f(q) Ons nogbeMHOro (1) n onyckHoro (2) aBmxeHus aTundeHsona
B NlIorapudmMmnyeckmnx KoopanHatax

HEKOTOPI)IC PE3YABPTAThl PACUETHBIX M OKCIIEpH-
MEHTAAbHbBIX 3HAYEHUMN TEIIAOOTAQAYU AAA IIOABEMHOTO

¥l OITyCKHOT'O ABIDKEHUSI 9THAOEH30Aa IIPUBEACHBI HIDKe
B Tabawurie 2.
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Tabnuua 2. — PacyeTHOE 1 aKcnepuMeHTanbHOe 3Ha4yeHust KobduumeHTa TennooTaaum

TToabeMHOE ABUKEHHE OnycKHOe ABUKEHHE
q-10_6,B—t2 of, l;t a’, l;t OTxA. B% q-10_6,B—t2 of, l;t a’, ];t OTxA. B%
M M” -k M” -k M M” -k M” k
1 2 3 4 1 2 3 4
2,697 8817 8630 2,1 2,631 2647 8640 0,1
2,893 9511 9390 12 2,822 9259 9210 0,5
3,112 10291 9890 3,8 3,024 9977 9950 0,2
3,325 11054 10690 32 3,237 10738 10650 0,8
3,587 11998 11660 2,8 3,466 11562 11230 2,8
3,782 12704 12210 3,8 3,722 12486 13230 5,6
4,106 13883 13290 4,2 4,086 13810 13460 2,5
4,472 15224 13950 8,3 4,435 15088 14320 5,0
4825 16526 15050 8,9 4,809 16467 15140 8,0
5,207 17944 16980 53 5,186 17865 16140 96
5,634 19538 18530 51 5,300 18290 16930 7,9
6,509 22835 23220 1,6
6,769 23821 23090 3,1

113 TabAMIIBI BUAHO, YTO MAKCHMAABHOE OTKAOHEHYISI
MEXAY 9KCIIepPUMEHTAABHBIMHU M PaCYeTHBIMU 3HAYEHH-
AMU K03 PHIIMEeHTa TETAOOTAAUH He npesbimaeT 10%.

Taxum 06pa3oM, B pe3yAbTaTe IPOBOAMMBIX HCCAEAO-
BaHMM YCTAaHOBACHO KpaliHe HEMOHOTOHHO€E U3MEHEHHEe
TeMIIePaTypbl BHYTPEHHE! CTeHKH KaK IT0 AAMHE KaHAAAQ,
TaK U B 3aBUCHMOCTH OT MAOTHOCTH TEIIAOBOI'O IIOTOKA.
ITokxazaHa BO3MOXXHOCTD IPEACTAaBACHHS CBSI3H MEXAY
K03 PHIIMEHTOM TEIIAOOTAAIU U IIAOTHOCTHU TEIIAOBOTO

IOTOKA B 06AacTH t = f, B BHAE CTEIIEHHOM 3aBUCHMOCTH
a=c-q"

O603HaueHus

P — aaBaenue, MI1a; PKP — KPUTHYEeCKOe AABACHHE,
MIla; £, - TemIepaTypa BHyTpeHHel! IOBEPXHOCTH CTEH-
xkuTpy6sr, °C;t_—Temmeparypa xuakocrs, °C; p@ —mac-
coBast ckopocTh kT, M -¢; f — TIICEBAOKPUTHYECKAS TEM-

Bt

neparypa, ° C; g — IAOTHOCTb TEIAOBOTO ITOTOKA, IV
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Abstract: This article analyzes the water resources of the Kyrgyz Republic. Given data on glaciers and

contamination of surface water and groundwater. We examine the sources of pollution of major rivers such
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as the Naryn, Chu. Tup, Jyrgalan etc. Given the degree of mineralization of the major rivers of the Kyrgyz
Republic.Indicated contamination of freshwater supplies fertilizers and pesticides. The government should
take strict control of water resources and their protection from pollution.

Keywords: water resources, glaciers, pollution, river, salinity, freshwater, fertilizers, pesticides, control.
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3anacbl BogHbIX pecypcoB Kbiprbi3ckoi pecnyo6JIukKvu n ux UCnoJib3oBaHue

Annoranusi: B AaHHOI cTaThe IpHUBeAeH aHAAU3 BOAHBIX pecypcoB Ksipraizckoit Pecrrybanku. AaHbl
AQHHbIE O AGAHHKAX U 3arpsI3HEHMSX IIOBEPXHOCTHBIX M ITOA3EMHBIX BOA. PacMOTpeHbI HCTOYHUKY 3arpsi3-
HeHMs KpyNHbIX pek Takux kak Hapsn, Yy. Tron, JKviprasan u T. A. IlpuBeaen crenenp MuHepaAusanuu
kpymnHsIx pek Keipreckoit Pecry6anxu. O603HaueHbI 3arpsI3HEHIUS 3aI1ACOB IIPECHOMN BOABI YyAOOPEHMIMU
u necrunupaaMi. [ocyAapcTBy HEOOXOAMMO B3SITh ITOA XKECTKHI KOHTPOAD HCIIOAB30BAHIUS BOAHBIX PECYPCOB

H MX 3alTUTY OT 3arpsI3HEHMSI.

KaroueBsbie caoBa: BOAHDBIX PECYPCbhI, ACAHHKH, 3aIPA3SHEHNS, PEKH, MUIHEPAAN3AIsI, 3aI1aChl HpeCHOﬁ

BOABI, YAOOPEHIs, ITeCTULIUABL, KOHTPOAD.

3armacel BOAHBIX PeCypPCOB KaXKAOHM CTPaHBI SBASI-
IOTCSI OAHUM M3 HanboAee BaXKHBIX M, BMECTE C TEM,
YSI3BIMbIX KOMIIOHEHTOB IIPUPOAHOH cpeabl. OT panu-
OHAABHOTO HCIIOAB30BAHUS PECYpPCOB, COXpPaHEHHS HX
Ka4eCTBa 3aBHCUT OAArOMOAyYHE U YCTOMYMBOE Pa3BH-
THe 9KOHOMUKH.

ITo cpaBHEHMIO C HAIIMMU OADKAMIINME COCEASIMHU
(Vabekucran, Tapxuxucran, Kazaxcran) Keiproizckas
Pecrry6Anka pacroaaraeT 3HaYUTEAbHBIMH 3aIIACAMHU BO-
AHBIX PECYPCOB: OKOAO 50 MAPA. * FOA IIOBEPXHOCTHOT'O
PEYHOrO CTOKA, 13 MAPA. M? rOA IOTEHIJAABHBIX 3aI1ACOB
IIOA3EMHBIX BOA, 1745 MApA. M? oA 03epHOI BOABL.

B Hacrosimee Bpems cBou BopHbIe pecypcbl Koiprois-
ckast Pecrry6Avika Hcoab3yeT ToAbKO Ha 12—-17%, u3 xo-
TophIx 90% pacxoayeT Ha OPOCHUTEAbHBIE LIeAH.

3HaYNTEABHAS YaCTh 3a0MPAEMbIX BOA TEPSIETCS IIPH
HCIIOAb30BAHUH, H3-32 [IAOXOT'O TEXHUYECKOTO COCTOSIHUS
HMPPUTALMOHHBIX U BOAOPACIIPEACAHTEAbHBIX CHCTEM,
H3HOCA 000PYAOBAHMUS, OTCYTCTBUSI BOAOCOEperarmux
TeXHOAOI'MI U 6eCCTOYHBIX CCTEM BOAOCHAOKEeHN .

B mocaeaH¥e roABI B CBSI3H € TAOOAABHBIMH [TPOIIEC-
CaMM M3MeHEeHUS KAMMAaTa BO3POCAA YyTPO3a COKPAIeHUs
AepHHKOB. B mepcriektrBe k 2025 roay, naomaau oaeae-
HEeHM B Halllell CTpaHe MOTYT COKPAaTUThCS B CPeAHEM
Ha 30-40%, uTo mpuBeAeT K YMEHbIIEHHIO BOAHOCTH

Ha 2,25-35%.

Hanb6oasImyio TpeBory BbI3bIBaeT 9KOAOTHIECKOE CO-
CTOsIHHE [TIOBEPXHOCTHBIX U IIOA3€MHBIX BOA, dyFicKoit AO-
AMHBI U ITPOMBIIIACHHBIX paitoHOB IOxxHOTO pernona. 3to
CBSI3aHO, C TeM, YTO 3HAYUTEAbHAs JaCTh MAABIX TOPOAOB
M PaliOHHbIX [JeHTPOB PeCITyOAUKH He HMeeT LjeHTPAAU-
30BaHHbIX KAHAAU3AITMOHHbIX CHCTEM U OYHCTHBIX COOpPY-
sxeHuit. K AOKaAbHOMY 3arpsi3HEHHUIO OTKPBITHIX BOAOEMOB
IPUBOAUT yBEeAMYeHHe cOpOca 3arpsI3HSAIONIUX BeljeCTB,
HeAOCTaTOYHOE BHUMAHMe CIIOCO0aM XpaHeHws, 06paboT-
KH, YTHAU3AIUH [IPOMBIIIAEHHBIX M OBITOBBIX OTXOAOB,
HH3KasI KYABTYPa CEAbCKOXO3AHCTBEHHOTO IIPOU3BOACTBA.

ITpaxkTryecky Bce MPEANPHATHS KUBOTHOBOACTBA
He UMeIOT CUCTeM COOpa, XpPaHEeHHs U yTHAU3AIUK CTO-
xoB. HeounmenHbie HaBO30COAEpPIKaIIe CTOKU OTXOAOB
JKUBOTHOBOACTBA CTAAM OAHHM 13 HanOOAee OIACHBIX HC-
TOYHHKOB 3arps3HEHUS BOAHBIX 9KOCHCTEM.

B oTKpBITBIE BOAOEMBI X BOAOTOKH 6€3 O4HCTKHU cOpa-
CBIBaeTCSI BCE YBEANIMBAIOIIUIICSI 06beM OIACHO 3arpsi3-
HEHHbIX CTOYHbIX BOA, COACPKAIUX HUTPAThI, XAOPHADI,
XpoM, He{Tb U HePTEIIPOAYKTBI, COAH TSDKEABIX METaA-
AoB. Han6oaee mopBepikeHBI 3arpsI3HEHHIO B CBOUX CPeA-
HUX U HIDKHUX TedeHusix 6acceitrnl pek Uy, Coip-Aapbs,
Kapa-Aapps, Axeprasas, Tion u psia APyTHX.

PaccMOTpHMM MCTOYHMKM 3arpsi3HEHUS U CTeIleHb
MuHepaausanuu peku 1y u Hwxre -Aaa-ApunHckoro
BOAOXPaHHAHIIA.
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Ecan mpoaHaaM3HpyeM TIHAPOXHMMHYECKHMI PeXHUM
6acceitta pexu Uy, TO MHHEpAAU3aLKs BOABL B HEM KO-
AebAeTCS B 3aBUCHMOCTH OT THAPOAOTHYECKOTO PeXKUMA
( 175-436 mr/ A) , YBeAUYEHME MHHEPAAU3AITNH HabAIOAQ-
€TCsI BHU3 [10 TeYEHHIO U HaOOADBIINX 3HAYEHHIT AOCTH-
raeT B ctBope noc. Hixue-Yyiickuit. Munepaausanus
BoAbl B HinkHe-AAaa-ApunHCKOM BOAOXPaHHAMIIE CO-
craBager 215-289 mr/A. K¥cAOpOAHBIi pesKIM yAOBACT-
BopuTeAbHbIi. CoAepIKaHUe KMCAOPOAA OBIAO B IIpeAeAax
8,75-11,4 mMr 02/ A, TIPOIIEHT HACBHIIEeHUs KHCAOPOAOM
cocraBua 86-129%.

OcHOBHBIE UCTOYHHUKH 3arpsIBHEHHUS PACIIOAOKEHDI
B CpeAHeM M HIDKHeM TedeHHH peku 1y, y ceaa Bacuabes-
Ka, TAe B PEeKY IIOCTYTIAIOT CTOYHbIE BOABI TOPOACKOM KaHa-
AM3aIMU. 3AeCh OTMEYAEeTCs yBeAUYeHHe KOHIIeHTPAIfiY
BPEAHBIX U SAOBHTBIX BelleCTB (a30Ta HUTPATHOTO, a30Ta
aMMOHHITHOTO, He6oAbIIOe copepixanue pocdopa). B pe-
3yAbTaTe CaMOOYMIIIeHHUs BOABI y ntoc. Hivkne-Yyiickuit
KOHIIEHTPAIIVS 3arpSA3HAIONINX BEIeCTB CHIDKAETCSL.

Yro xacaercs mpurokos peku Uy, To B p. Krun-Ke-
muH, Yon-KeMun MuHepaAu3ariys He3HAUUTEAbHA, B Bep-
XOBBSIX p. Ara-Apua u Arameans — 80-91 mr/a., B p.
Ax-Cyy — 481-756 mr/a, B p. Hoypys u Kpacras —
6,0 MoAb/A. Tak 5Ke B 9THUX peKax HaOAIOAAETCS [IOBBILIEH-
HOE COAepKaHHUe 3arPSA3HAIONIHX BellecTB.

ITo xumrrgeckoMy cocTaBy BoAa ITpUTOKoB p. 1y, kpo-
Me p. Ak-Cyy, OTHOCHTCSI K THAPOKapOOHATHOMY KAACCY,
rpymIe KaAbIust; BoAa p. Ak-Cyy OTHOCHTCS K CyAbaT-
HOMY KAQACCY.

ITpobaeMe COXPaHHOCTH B YMCTOTE MOA3EMHBIX BOA
B HACTOsIIlee BpeMsI He YACASeTCSI AOAXKHOTO BHIMAHIL.
OTO OO'BSICHIETCSI TeM, UTO IIPEACTABUTEAN BAACTH H LIIU-
POKast 061eCTBEHHOCTb He UMEIOT AOCTATOYHO TOYHOTO
IPEACTaBACHHUS O HUX.

IToa3eMHbIe BOABI IO CBoeMy obmeMy o6beMy
(654 xm* B 200-300-MeTPOBO#t TOALIE YETBEPTUUHO-
r0 BOAOHOCHOTO KOMIIAEKCA M BO30OHOBASIEMBIE PeCy-
pp1-380 M3/c) yeTymarT pecypcam MOBEpPXHOCTHBIX BOA,
COCPeAOTOUYEHHBIX B PeKaX, 03ePaX U BOAOXPAHHAUIIAX.
Ho y mop3eMHBIX BOA €CTh IPEHMYIIECTBO, KOTOpOe
HIOAHOCTBIO KOMITEHCHPYeT OTHOCHUTEABHO MAABII 00beM.
OHo BbIpa)KaeTcs B TOM, 4YTO OHH ITOAYIHAH IIPAKTUYECKH
IIOBCEMECTHOE PACIIPOCTPaHEHHE B IIPEAEAAX MEXIOp-
HBIX BIIAAUH, IMEIOT BBICOKO€ Ka4eCTBO U He3aBUCHMOCTb
OT Ce30HHBIX KAUMAaTH4IeCKUX H3MEeHEHHU 1 COITYTCTBYIO-
IMX UM siBAeHHI. B npepesax Bcex paBauH Kbiprezcrana
Ha BCeH X ITAOIITAAY PACIIPOCTPAHEHBI €CTeCTBEHHBIE TTOA-
3eMHbIE «03€Pa>, B OCHOBHOM, C YUCTOM IIPECHOM BOAOH.

ITporHo3HbIe BO30OHOBAsIEMBIE PECYPChI [IOA3EMHBIX
Boa, UyricKoil BITapAUHBI COCTaBASIIOT 71 M*/ c., cyMMapHsIe

yTBepKAeHHbIe 3amackl — 66,5 m?/c.; B Mccpik-Kyas-
CKOM baccefiHe OLIEHUBAIOTCS B pasMepe 67 M*/c., 3ama-
CBI ITOA3EMHBIX BOA II0 MECTOPOXAEHHSIM OL}eHUBAIOTCS
B23,3 M*/c.; B Koukopckoii Brasuse cocrasasior 18 m*/c,
yTBep>kAeHHbIe 3amachl IIlaMCHHCKOrO MeCTOpOXKACHUSE
onenens B 0,32 M/ c.; B Taaacckon Bmapune — 26 M3/,
YTBEPKACHHBIE 3aIIaChl [I0 MECTOPOXKAEHHSIM OLIeHEHBI
B 3,46 M*/c.; B Hapsixckoit Brlapuae — 4 M*/c, yTBepx-
AeHHbIe 3arachl KyrapTckoro MecTopoxXAeHHs TOA3€MHBIX
BoA cocraBAsioT 0,05 M/ c.; Ha fore CTpaHbI BO30OHOBASIE-
MBI€e PeCypChl IIOA3EMHbIX BOA COCTABASIOT 52 M?/c., Cym-
MapHbIe yTBepXAeHHbIe 3amacsl — 30,14 M3/ c.

Ipenmy1iecTBO MOA3EMHBIX BOA 3aKAIOYAETCS B TOM,
9TO OHU MMEIOT MeHbIIle BRIPKEHHYIO CTelleHb 3arpsis-
HeHust. KoHeuHo, KanuTaAbHbIe 3aTpaThl HA AOOBITY ITOA-
3eMHBIX BOA BEAUKH, HO IIPU HAAAEKAIEM OOCAYKUBa-
HUH CKBOKVH, HACOCHOTO 0OOPYAOBAHMUS, MbI [IOAYIHM
CTaOMABHBIN MCTOYHHK KAa9€CTBEHHOM BOABL

Haao oTMeTHTSD 4TO, B [IeAOM I10 pecIryOAnKe, B KPyII-
HBIX HACEAEHHBIX [TyHKTAX, FAE CKOHIIEHTPUPOBAHBI IIPO-
MBILIAEHHBIE [IPEAIPHSTHS, IOA3EMHbIE BOABI 3arpsi3He-
HBI B OOABIIIETT CTENEHH, TaK KAK MX CTOKH, IIPOCAYUBASICH
CKBO3b TOAII[Y 3€MAH, YBEAUYHBAIOT [IAOIAAD 3aIPSI3HEH-
HBIX 0YaroB.

TpeBory BbI3BIBAET COCTOSIHHME IIOA3EMHBIX BOA
OpTOo-AABILICKOTO MECTOPOXKAEHMS, 0becIedrBaromie-
ro mUTheBON BOpAOH 60% croaunsl (3adHUKCHpOBaHBI
HHUTPATbl), aHAAOTHYHAs cuTyarus — B I. Kapa-Baara,
Om-Kapacyiickom oasuce, Kyraprckoit ooanne, Taxrek-
ckoi, barkenckoi Bmapunax, Tye-MoroHCkoM paBHHHE,
rAe, KpOMe HUTPATOB, OOHAPYKUBAOTCS HEPTEIPOAYKTHI
U SAOXUMHMKATEL

3arpsi3HeHHe IIOA3EMHBIX BOA BOCTOYHOM 4acTH
yiickoit BITaAUHDI, CBS3aHO C ITPOIIAOM ASTEAbHOCTDIO
AxTr03CcKOr0 pyAHHKA 1 OPAOBCKOTO XUMUKO-METAAAY -
rH4eCcKOro 3aBopa. HecMoTpst Ha mpexpaiieHue AesiTeAn-
HOCTH TIPEATIPUSITHUI, AHTPOIIOTeHHOE 3arpsi3HEHHe CO-
XPaHSIeTCs], 32 CYeT GUABTPALMU U3 XBOCTOXPAHHAHIIA
«Byypaunnckoe» B pooaune pexu Bepkyr.

IpupoaHOe 3arpsi3HeHue OA3eMHBIX BOA B Uyrickoit
BIIAAMHE TaK K€ CBS3aHO C BBII[EAAYMBAHMEM COAEHOC-
HBIX IIOPOA TTAA€OTe€H-HeOreHa ¢ 00pa3oBaHUeM ITOBHI-
LIIEHHBIX KOHIIEHTPALIUIT CyAbPATOB, XAOPUAOB B paiioHe
cea beaoBoackoe, Hmwxnssa CepadprmoBka.

B mpepeaax Mccepik-Kyabckoit BapuHbI IPUPOA-
HOe 3arpsi3HeHHe IIPEACTABACHO BBICOKHUM COAEpPIXKa-
HUeM $TOpa B IIOA3EMHBIX BOAAX AO 28 Mr/A (TIAK —
1,5 MIr/A) ¥ HOBBIIEHHOH MUHEPAAU3aLUeit TPYHTOBbIX
Boa A0 10 r/a B paitone Cyxoro xpe6Ta Ha BOCTOKe BIIa-
AuHBL TToBbIIIEHHAST MIHEPAAU3ALMS AO S T/A U CYAB-
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$aTHBIN COCTaB OOHAPYIKEHbI HA OTACABHBIX Y4aCTKAX
B6Au3u Gepera osepa (Tamra-Bokon6aesckoe, B paiioHe
ycrbs pek Yoxk-Taa, Topy-Aiirsip, Ax-OAOH); B MeXAY-
peube Ak-Tepex-Tyypa-Cyy 3adpuKcrpoBaH XAOPUAHbII
COCTaB ITOA3EMHBIX BOA IIPU MHHepaAu3anuu 1-3 r/A.

B Hapriackoit, AT-bBammHckoit BlapAuHaxX Ha TeppH-
TOPHH HACEACHHBIX ITyHKTOB KaueCTBO IIOA3EMHBIX BOA
COOTBETCTByeT HOPMaM IHMTHEBOTO BOAOCHAOXKEHMS,
HO I 9TOM HAaOAIOAQETCS yBEAUIEH e MUHEPAAU3ALIIH,
COAepPYKaHUSI HUTPATOB M 00IIeil )KUAKOCTH.

ITo Omckoit 06AaCTH COAEPIKAHHE HUTPATOB OCTAET-
cs1 Ha yposHe 1999-2000 ropoB. OCHOBHOM MPHYUHOMN
ocTaeTcst M~HQHABTPALHS OBITOBBIX CTOKOB U3 PA3AUYHBIX
HEeHM30AUPOBAHHBIX OTCTOMHUKOB. CTeIeHb 3arps3HeHus
TeM 6OAbIIIe, YeM MeHbIIe TAYOHHA 3aAeTaHHs YPOBHSI
ITOA3EMHBIX BOA.

B pafioHax opomIaeMOro 3eMAEAEAHSI FOTa PeCcITyOAH-
KH, TalOKe KaK ¥ B CeBEPHBIX PalOHAX IIPH HETAYOOKOM
3aAeraHHHU YPOBHS IIOA3EMHBIX TPYHTOBBIX BOA U Hed -
peKTHUBHOI paboTe APEHAKHBIX CHCTEM IIHPOKO Pa3BUT
IPOIIeCC 3ACOACHHS IPYHTOBBIX BOA U IPYHTOB. B eaom
IO pecITybANKe 3aCOACHHUIO TIOABEPXKEHO MOopsiaka 40%
CEAbCKOXO3SIIICTBEHHBIX 3€MEAb.

YpoBeHb 3aAeraHus IOA3EMHBIX BOA PA3AMYHA B Pa3-
HbIX YaCTSX AOAUH, KaK ITPABHAO, OHA BEAMKA B IIPEATOPBSIX.
B npeaeaax mpaxruyecku Bcex BapuH Koiproscrana —
Uyiickon, Mccrik-Kyabckoit, Koukopckoi, Tasacckor,
Depranckoit — HaOAIOAAETCS IIOATOIIACHHE HaCeAEHHBIX
IIyHKTOB ITIOA3€MHBIME BOAAMH B PaliOHaX HETAYOOKOro
A0 1-2 M. 3aAeraHus ypoBHs ITOA3EMHBIX BOA,.

Ipouecc 3aboraunBanmst 3aGUKCUPOBAH B TAKUX Ha-
CeAeHHBIX ITyHKTAX KaK:

- Axarar-Abapckast obaacts: CysakcKuil paiioH —
c. Apaa, Cysax; Axcpriickuii paitoH — c. Kopron, ABaermm.

— Ouckas o6aacTp: ApaBaHckuit pafioH — c. ['yas-
6axop, Kepeax, Taaxke; Kapacyiickuit paiton — c. Tammn-
pos; Hooxarckuii paitor — c. beap-Opyk; Yarenckmit
paitor — c. XKuaanppy; r. Om.

— Mccpix-Kyabckas o6aacts: Torckuit paito: . Ba-
AbIKYH, C. AK-Onon; Asketn-Orysckuii paiton — c. Iaa-
Ba, Ak-Axxap; Trorckuit pation — c. Trom.

— Hapsiackas o6aacTs: AKyMraAbCKUil pailoH —
c. Keizapt, Keipremg, Yaex; Koukopckwuii paition — c. Ycy-
6aaueBa; AKTAAUHCKHUI paiioH — c. BaeTtoso.

— Taaacckas o6aacts: Manacckuit paitoH — c. Ma-
Hac; Kapa-Bypuncxkuit paitor — c. AMan6aeBo, JoamoH-
6ast, XKuitpe; Bakait-Arusckuit paiion — c. Bakaii-Ara,
Opaoska, Keiprescran; Taaacckuit paiton — r. Taaac,
c. Kox-O11, Apaa, Kenpe-Basap, Kapa-Cyy.

— Uyiickas obaacts: Uyiickuit pafion — r. Yyit-
Toxmox; Mcchik-ATuHCKHIT pafioH — c. BaHOBKa,
Kpacnas peuka; Kanrckwuit paiton — r. KanT, c. Mus-
asHQaH, Aara; CokyAyKckui paiioH — c. Axxanru-ITax-
ta, Kamprmanoska, Coxyayk, Crmaprak, CpeTtenka; Axa-
uAbckmil pafioH — I. Kapa-Baara, c. Yaaoska, CrenHoe;
ITan¢uaosckuit paiton — c. KanHABL

[TpuurHO# MOATONIACHNS, HA POHE MHOTOACTHHX IIPH-
POAHBIX KOA€OAHUIT YPOBHSI IIOA3EMHBIX BOA U HEPALIMO-
HAABHOT'O UCIIOAB30BAHUS IIOAUBHBIX BOA, SIBASIETCSI, TAAB-
HBIM 00Pa30M, IIAOXO€ COCTOSIHIE APEHAKHBIX CUCTEM.

CBo10 AenTy B 3arpsiI3HEHUE TIOA3EMHbIX BOA BHOCHT
PUABTpAIIKSA C OAEH TPH OPOIIEHUH 3a CYET PacTBOpe-
HUSI YAOOpEeHUIT U IIeCTHIMAOB, OCOOEHHO B YCAOBHSIX
HErAyboKoro, B IIpeAeAaX MepPBBIX METPOB, 3aAeTaHIS
YPOBHS ITOA3EMHBIX BOA,.

C momeHnTa 06peTenns KolproiscTaHoM He3aBUCHMO-
CTH B BOAHOH IIOAUTHKE He IIPOU3ONIAO YAYUIIEHHH, TaK
KaK OCHOBHbIE HETaTHBHBIE (pAaKTOPHI IIPOAOAKAIOT AeH-
cTBOBaTh. [OCYAAPCTBY HEOOXOAUMO B3SITh [I0A KOHTPOAD
OypeHre HOBBIX BOAO32OOPHBIX CKBAKHH, TEXHOAOTHHU
UX 000PyAOBaHUS U pexknuMa dKcrayaranuu. OTcyTcTBue
MOHHTOPHHIA MOXXET IIPHBECTHU K YXYALICHHIO KadyeCcTBa
IIOA3EMHBIX BOA, MPUBECTH K YCHAEHMIO IIpoljecca 3a-
TPSI3HEHHS M HCTOIIeHHSL.

T'ocypapcTBeHHBIN KOHTPOAD 33 BRXKHEHIIHM CTpPa-
Tern4eCKUM PeCypcoM — BOAOM, CTAHOBHUTCS 0CObeH-
HO aKTYaAbHBIM B CBS3H C HAPACTAOMel B IOCACAHUE
TOABI TEHAEHI[UEeN K UCCYLUIEHHIO U OITyCTHIHUBAHUIO
B LleHTpaAbHO-A3HATCKOM peruoHe. AAs 9TOro Heob6-
XOAMMO CO3AATh TEPPUTOPHH, B IIPEAEAAX KOTOPBIX OY-
AT AFICTBOBATb XeCTKUI PEKUM OXPAHBI TOA3EMHBIX
BOA.
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Reserch of movement of the viscous elastic fixed vertically
located cylinder in liquid with the free surface
under the influence of the seismic waves

Abstract: The problem about movement of the rigid cylinder keeping vertical position under the influence
of running superficial waves in a liquid is considered. The indignation of a falling wave caused by presence
of the cylinder which mo ves is thus considered. Special decomposition on a falling harmonious wave is
used. The problem dares an operational method. For a finding of the original the decision, considering that
the image denominator represents tabular function, Voltaire’s integrated equation of the first sort which
dares a numerical method is used.

Cylinder movement in the continuous environment under the influence of waves is considered in
work [1]. Problems are solved by an operational method, thus originals of required functions are looked
for by numerical definition of poles of combinations of transcendental functions and calculation of not
own integrals.

Using specificity of a task below, decisions are under construction the numerical solution of the integrated
equation of Volter of the first sort that doesn’t create computing problems of the complex roots of
transcendental functions [2; 3] connected with search.

Keywords: cylinder, liquid, wave, movement, surface.

1. Problem definition

It is supposed that the rigid circular cylinder locat-
ed in liquids with a free surface towers over a surface of
liquid and can move in the horizontal direction. Move-
ment of liquids it is considered from the point of view of
the theory of long waves [4].

The equation of movement of the cylinder looks like

da’ de

i ar ()

where m — the mass of the cylinder, & — horizontal

m

movement, P — effort on the cylinder from liquid.

Pressure of liquid upon the cylinder [4] is equalin a
common ground

p.=pg(¢—2) (2)
where p — density ofliquid, g — acceleration of a free
fall, { — a deviation of a surface of liquid from initial

situation, z — depth.
The equation of movement of liquid looks like
a’¢
a’Ag =
> dt’
where h — liquid depth, A — Laplace’s operator.

Force having per unit length of a core is equal

(3)
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q=-, fpcos@d@ (4)

0
where 0 — apolar corner, 7. — cylinder radius. Having

c

substituted pressure expression from (2) in (4) we will
receive

q= —pogrozf (¢ —2)cos0do ()

0
Size can be presented in a look

E=YE cosv (v=12..) (6)

Having substituted (6) in (), we will receive

q=—pgroé’l(fcosz0d0—zfc059d9j5

jcoscosvd =0 atv=#l,
or g=-p gLt (7)
Boundary condition is [4]
o%g) __10oy, (8)
orl,._, g ot
where U, — a projection of speed of liquid to a normal

to a cylinder surface.

Considering (6), a condition (8) it is led to a look:

o, 1o, )
or g ot
v, =v_cosO
d
where U, — cylinderspeed | U, | = d—fj

Change of a surface of liquid consists of two parts:
result of a falling harmonious wave and the indignation
caused by presence of the cylinder which, thus, moves, i.e.

C=¢"+¢" (10)
¢r = bH(t)sin(kx —a)t)
where kK — wave number, ® — frequency.

Indignation of a surface of liquid is defined by the
wave equation (3) which decision in Laplace-Car-
son’s images looks like:

- ZDK( Jcosz@(ll)

where K, — McDonald’s function  — about.
Surface deviation on a harmonious wave considering
that it is possible to present in a look:

{r= bH(t)(sinkxcosa)t—coskxsina)t) =

—bH { [] kr cosd) 7, (kr)cos3¢+] (kr)cosSd) ]cosa)t+

(12)

+[]0 (kr)—2], (kr)cos2¢+2], (kr)cos4¢—...]sma)t

where J, — Bessel’s function.
Having substituted (12) previously having

transformed according to Laplace — to Carson in (9),

taking into account (6) we will receive:
2

kb{Z[L’(kro)cosqﬁ —J. (kr,)cos3¢ +]§(kr0)c035¢—,,,] rL

+[](§(kr0)

a a
Equating coefficients at in (13) it is possible to write

(for):
~PE —opiy (k)L —+ LD x| 25 j (14)
g p t+to a
If cylinder length [, force P=¢ql. On the cylinder
force of a wave dispersing from it, i. e. acts on length [:
P=-pgrr,-DK, Pl (15)
Having substituted (15) in the movement (1) equa-

2] (kr)cosZ(/b +2]! (kr)cos4¢ —] @op }4_

pKJ!(Kr,)K, (pr()jmol
a

p2+a)2

(13)

p2+a)2

+£{DOK (pr j+DK (p jcos¢+D (%jcoszqﬁﬁ.}:—p—zgcosqﬁ
a a g

tion in images, we will receive:

mp’E =—pgnr, Dk& L |—cE —upE  (16)

Having excluded from (14) and (16), we will receive:

2

_pzpﬂrolK1§_+ﬂp3K1§_ = ZbkpgﬂrolKljl’ ZP B
a p t+to

c e 2901
~SpKE-EpKE,
a a

Whence:

2bg

52 2 2
CpKl’(prOj+uK’(pr°j—prolK (pr j+ pK’ (prj pto
a a a a a a a

(17)

Having increased numerator and adenominatorin (17) by exp (pro/a), we will define the original of a denominator

of the first factor:
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2a

e 2 Je[ %)

z(p)

Having entered designation S =

According to Borel's theorem we have:

ﬁs(t-f)z(f)d: (a—t+l)2 1

0

or j.S(Q—T)Z(T)d’L':Q, (19)

1
where

Q:%[(HO) (1+0)2—1—ln(1+0+ (1+9)2—1)}

For the solution of the integrated equation (19) area
of integration breaks into n of small sites of A@ for the
purpose of approximation of subintegral functions. Con-
sidering that on a piece 0 <0 < AO the fractional mem-
ber in (18) bike in comparison with the others, we have:

B m
~1= | == 20
On the piece end
B
zZ| = z, 21
=2 (21)
From (20) and (21) follows
A6
z2=2z,|— 22
e (2)

Further we will define S by means of (9), from where
considering that at z definition, the numerator and a de-
nominator in (17) were increased by exp (pro/a), let’s
receive:

sl . ba
Or - rﬁp
3~ b
- n ﬁ
pr ra -BT1
T.x. K —e ', —=—> \ 2
( a j PN o (23)

(nfl)AO (nfl)AB

nAo@ 0 0
=S z —z n—
IR G
nAo 2
:Sl(n—'I[)AQ{(Z” T2, AG—Q—(Z" _Zn—l)fe +n[nzn_l —(fl—

_ﬂ[(1+9) (1+9)2—1+arch(1+0)} -z

| stmo-0p0)0=s, T (10 ez 5 +nz. (-
j[nzl— - ]}de_

= CZJZ {(1+0)arch(1+9)—\/er%\/[(l+9)—1]}_P7”ol\/(1+9)2 -1-

(1+0) (18)

(1+9) Lg—ﬂ_lJ

- s |m 5 [z
2a 2pr
From (23) and (26) follows:
=2
t~0 222

On the piece end 0, = A0 u3 (23)

b
S =——A0
=75 (25)

(24)

§--LC2h) (26)

B 2z’
S ==

1 2
2

For periods the integral in (20) is calculated by lin-
ear interpolation of functions S and z on each interval,
except the first for z and the last for S.

Thus, on the first interval:

0<0<A0, Z=Z“’%0

and therefore:
A0
[S(A6-6)z(6)d6 =
AO
=z, AO j[(snl —sn)Ai+sn}ﬁ=

_ %zlAO(ZSn +5,.)

Respectively on a piece (n—1)A0 <0 < nAO willbe

z= (zn —znl)AiQHflzn1 —(n—l)zn,

Sle(n—ij
AO

In this case:

1)2Jd9:

(28)
l)zn]—[nzn_1 —(n—l)z
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:Zn_zn—lne_z_ﬁe_s_p[ner—(n—l)Zn]ﬂO— BQ_

AO 2 AG* 3 A 2

1 1
:{En(zn—zn1)(271—1)—5(2”—2 )(37° =3n+1)+n|nz,_ —(n-1)z ]——[nz L —(n-1)z }}AQ:
= %(ZZn +z,,)SA®.

On the others i-intervals

S

(Sn—i - Sn—i+1 )% + iSnfiJrl - (l - I)S”*I

z=(z, —zil)%ﬂzil —(i-1)z.

Then
iAO iAO 9 . . 9 . ) 3
1 stuao0-0p(0)do- (,-Le[(s“ o) iS, _(1_1)5,1,.“(2,. _ZH)EHZH (i -1)2,}19 _
= T {(S -S )(z -z )02 S =S [zz —1 1 ]—+[z$ ](z -z )i+
_(i—l)AS n—i n—i+1 i i-1 A 9 i i i-1 AO
) AG
+[iS, ., —(i-1)S,., |[iz., —(i-1)z ]}d@ (54—5”7,41)(21-—2,;1)[1 —(i- 1)] 3 (29)
0 AQ
+{(sn,,._s,. )(12 ~(i=1)z,)+[iS, .. ~(i-1)S,. J(z.~2. )} = (i-1) | =~ ;
+[iS"_M ][zz (i-1)z :'AQ
Putting 1ntegrals (27), (28) and (29) we will lead the integrated equation (20) to a look:
2 1 Q
5(25n+SH)zl+Z+5(2zn+z LS, =29 (30)
Here:
y=51s -5 )(z-2 )[i3—(i—1)3]+
P 3 n—i n—i+1 i i—1
1
+E{(SH—SHH)[ZZ —1 1 ] [zS ]}x (31)

x| i =(i=1) |+[iS, ...~ (i-1)s, J[iz., ~( i—1)z,.]

Expression (31) can be transformed as follows

(Sn—l_sn—i+1){(zi_z )( _H/) [ ~l=l) J( %)}+

#is, . ~G-DS J{(z 2, 1)('—%){% 1—(1‘—1)4}:

(Sumi=Suin )2 iat oz aviz, () iz~ (),

-i(i-1)z,+( 1) (i-1)z }{ism—(i—1)sn7i][izi—(%)zi—iz H( W)z, +iz, ~(i-1)z
=(S,.-S...) (i —i+/3—i2+i+(%)i—%)zi+(—i2—i—%ﬂ (%))

8, -G-8, fiz.~( 1)z -z +( 15 )z +iz., —iz.+z.[!:[(%z— )z,+(Az—/3)zHJu
(S =S+ (Y2 Yz )80~ (-8, 1=(5,. =S, )| (Yi- Y)z+

n—
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+(%i—%)zifl}+[i8nﬂ,ﬂ—(i— ]/ z.+z, [(/1—/)2 +(/z—/)
_(i—l)%(zi+zi_l)]+5" M[/ z,+z, (/z—/)z —(/z—/) }
:SH(%Z,.+%zi71)+5nﬂ.”(£zi+AZH):/SH(Z,.+/22i71)+/5nﬂ.+1(/22i+zH).

Finally:

D= ZKZ+ z, jsnl+ezi+zij Ml} (32)

The formula (30) taking into account (32) represents

_[S sin(0 —7)dr (33)

In dimens10n1ess 51zes

a recurrent formula for definition S, . Zkb = IS sm 0 T dr
From (17), considering that the original: i g | ’Oh tely final .
p sinwt Replacing integral with approximately final sum it is
T had:
pt+to (0] .
according to Borel’s theorem it is possible to define X = AOZ S, sin[(n—i)AQ:I (34)
movement: .
— C
Figure 1
27
S \ &
. z
——
Sn-1
S
0
5, o, nae
Figure 2
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Figure 3
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n=5000; k=0.02
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Figure 4
n=5000; k=0.02
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Figure 5

In figure 3 schedule S (0) is submitted at p = 4, and in fig. 4 the schedule of dependence of movement from time is
submitted: oscillations are imposed on cylinder oscillations with the big period answering to elastic fixing with the
smaller period, caused by the frequency of waves in liquid.
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Revisiting physical essence of the process of time dilation in
the theory of special and general relativity. Part 1.

Abstract: It is shown that the process of Time dilation in the theory of special and general relativity is a
physical phenomenon with unitary nature. Basic elements of the method required to establish the fact of

integration of two metamorphisms into one are formulated. The notions of the phase angle of Time ‘¥, and

temporal currents of Time J; are used. The function ensuring the correlation between ‘¥, and efficient

temporal processes was found.

Keywords: Einstein, theory of special and general relativity, phase angle of time, currents of time.

1. Introduction

A. Einstein managed to formulate the basic princi-
ples of the special theory of relativity (STR) in 1905 in
his work «On the Electrodynamics of Moving Bodies>
[6]. Later, in 1916, he proposed the general theory of
relativity (GTR) in the final form, including gravitation,
in his work «The Foundation of the General Theory of
Relativity» [6] .

The predicted STR and GTR specified effects were
the winning argument in favor of the validity of the de-
veloped theories. The data of astronomic observations as
well as a big number of physical experiments confirmed
the accuracy of expected processes, which contributed
to the positive consolidation of new notions in physics.

Among the entire family of physical effects resulting
from STR and GTR, relational time dilation and depen-
dence of the march of time on the gravitational field pose
exclusive interest.

It is reasonable to write down mathematical equa-
tions for each of the physical processes.

1. Relational time dilation in the special theory of
relativity is presented by the equation:

dr = (1)
=2

2

c

where dt — a differential of coordinate time ¢ selec-
tively related to some immovable inertial system of refer-
ence K ; dr — a differential of proper time 7 related to
moving clocks in the inertial system of reference K';

v — velocity of moving clocks; ¢ — velocity of li%ht. It
T

should be noted that relational parameter dt =
Vv
CZ
is so-called: y — factor [4]. It plays a crucial role in the
special theory of relativity. From the equation (1), it fol-
lows that proper time of the moving object is always less
than the respective interval of time of the still body,
dr < dt . Herewith, if v < ¢, then numerical values of
coordinate and proper time are identical, dt =dr.

2. The dependence of the march of time on the gravi-
tational field in the general theory of relativity is defined
as follows:

(2)

gt — dr

-
1—-=

’
where dt — coordinate time of the remote observer de-
termined along its concrete world line; dr — proper
time of the observer located at distance r from gravita-

tional masses; 7,

g
2GM
=—5— (G — gravitational constant, M — body

— gravitational radius of the body,

r
g
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mass, ¢ — velocity oflight). From (2), it is seen that the
process of time dilation as compared to the time at infin-
itydr <dt , takes place at final distances from the gravi-
tational masses. It should be specified thatif r — r,, then
at any non-abstract interval of proper time dr, dt — ©;
and, if r — o0, then the interval of proper time coincides
with the interval of coordinate time, dz =dt.

Below and throughout the work, terms: Time, Future
(F), Present (PR)and Past (P)will be written in capital
letters, where they are mentioned as real physical objects.
Herewith, Past, Present and Future are temporal areas,
which are the function of Time. The work [1], in which
wider mathematical definitions of these three temporal
parameters from the point of their topological morpho-
genesis are formed, comes under notice.

2. Setting of the problem

Today, within the frames of the considered issue, one
can speak about the fact that, actually, only reasons caus-
ing the dynamic processes, which are of interest to us, are
formulated in the special and general theory of relativity.
Hypothetically, hidden internal mechanism of Time dila-
tion should be based on physical criteria, which are
closely related to the very physical essence of Time. In
[1], the arguments in favor of outlining the Time as well
as temporal parameters F,PR,P as a special range of
physical objects with a priori affine connectivity are pre-
sented.

Thus, the quintessence of this research reduces to
the indication of existing possibility to describe, from
the point of geometry, the phenomenon of time dilation
as physical phenomenon, which has same morphologi-
cal basis.

3. Theoretical part

Let’s add the program proposed in the article to the
complex analysis of the problem about the operation
of internal mechanism of time dilation [2]. Notice that,
in this work, the subject of discussion was a complex
topic named as Hawking-Ellis problem (the problem of
connectability in time orientation). It reccommends the
method serving as basis for its solution.

Thus, in both Einstein theories, operations with the
differentials of coordinate time ¢ and proper time 7 are
performed. At certain initial conditions, the Time inter-
vals t,—t, = At and 7,— 7, = AT correspond to these
differentials during integration. It is natural to assume
that, for differentials & and At with sufficient degree
of accuracy, one can indicate: currents of Time j, and
i [2].

From the physical point of view, it is obvious that j,
and j, are temporal currents equivalent to events, which

take place in coordinate and proper time, respectively.
Such correlation does not face difficulties because the
discussed parameters are proper characteristics of Time.
Herewith, the following fundamental conditions should

always be fulfilled [2]
Atelt, t,] At elr), 1,]
At =[t,—t] At = [1,— 1] 3)
t,>t, T,>T,
At# 0 At# 0
The effect of ¥ — factor and coeflicient on
1= e
’

the currents of Time j, and j, , which generate effective
change of their numerical values, can be referred to the
category of obvious moment. Since proper time is always
smaller than coordinate one, the value of currents will be
different.

To understand basic principles of functioning of the
mechanism of time dilation, we will rely upon the con-
clusions of the work [2].

The main task is to define:

A) how the currents of Time are oriented towards
each other;

B) the class of calibration mode and calibration con-
stant that connect them.

To solve this problem, it is reasonable to perform the
following mathematical transformations:

1) let’s orient temporal currents of Time j, and j,
relative to each other in such way that their reference
points coincided in the point — 0. Hypothetically, this
point represents a pole that

0ej Nj) o oejinbej) W
2) assume that one of the currents of Time (for in-
stance, j, ) has the direction parallel to space Time T
(7], j, I T. The parameter T implies a priori kind of space
Time in the sense that any function s increases along
every non-spatial-like curve directed into Future. Then,
the current of Time j, will be oriented relative to j, of
the non-spatial-like curve under a certain angle (Fig. 1).
From the epistemological point of view, we find that
oriented reflection of temporal current j, on current j,
is made through the angle parameter. According to [2],
this parameter is the phase angle of Time '¥',.
Then,
Y.:j—> (s)
where W, reflects j in W, (j,).
Conclusion: the phase angle of Time V', is a calibra-
tion mode, which identifies parametric correlation be-
tween coordinate ¢ and proper 7 times.
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T

Ji

J= b

Fig. 1 Mutual position of temporal currents of
Time and intervals of coordinate and proper time
corresponding to them in the segment of space Time

Proceeding to the quantitative evaluation of the val-
ues for the intervals of Time & and A7 , it is required
to modify the scheme in (Fig. 1) in a certain way (Fig.
2). Let’s draw a normal line to the end of the current of
Time j,, so that it simultaneously crosses the end of the
temporal current j, . Let’s call this line the normal line of
Time and indicate it via A. The normal line of Time A
should comply with the following conditions: this line is
perpendicular to proper Time 7 and everywhere and
always crosses coordinate Time ¢ . Based on this, it can
be concluded that there is a conjunction:

(AL jia{2 Nj} (6)

(Fig. 2) shows clearly that the current of Time j,
is identical to hypotenuse, and j, is equivalent to adja-
cent leg. Then, using known trigonometric proportions,

one can obtain fundamental equation:

1 =secV (7)

]T

Jt

0

Fig. 2 Quantitative evaluation of commutativity
of temporal currents of Time expressed
through the phase angle of Time

Thus, it is established that temporal currents are
commutated with each other by the function — secant.
This function acts as calibration constant. It is necessary
to recall some important properties of this function:

1) function of a complex variable

2
SeC‘Pz =% i,
e “t+e ¢

) (8)

this function does not have zeros on the entire open
plane.
2) series expansion
1 2 5 4
secW =1+ — +— +
. 5 V. a VY.
=0

61 .
+—Y. +...+E
720\PZ en)! *’

2n

where F, — Euler number and 2 <V, < z

3) function sec'¥', doesn’t have any zeros at all, either
at real or complex values of the argument, i. e.

{if ¥,= 0, thensecV = 1} A {if ¥, :%) then
secV = o} [3].
3
4) sec'¥  has asymptomsat ¥, = % ; P, = Tﬂ
and sec’V,=1g"¥V + 1.

5) also secV =
) ° cos¥

6) inequation | sec'¥' 1>1 is fair, secant is a non-lim-
ited function.

7) area of definition of D(f) for all numbers n differ-
standard  designations:

ent from zero, in

D(f): ¥, ¢§(2n+1),n=2, [3]

8) parity of secant: for any values of ¥ from the area
of designation of secant, there is an equation
sec(-¥,) =sec?,.

sin't
9) derivatives of this function: (sec¥,) = T‘P
cos

10) integral of this function: :
[sec¥ d¥, = ln‘tg(%+ II;Z ]‘ +C [3]

11) considered function — periodical, with the pe-
riod 2# ; thus, for any integer values of 7 and any values
of ¥, from the area of designation of secant, the follow-
ing equation is valid sec(‘t', + 27n) = sec'¥,

12) series expansion of secant

T 3r 5r
secV | = - -

B (5w (5]
2 2 2

Taking into account that the currents of Time are

proportional to respective integrals of Time At and At
, then, similar regularity will prevail for both, differentials
of coordinate and proper Times. Consequently, the equa-
tion (7) is adjusted to a new kind
dt = drsec¥ . (10)
Specifying upper and lower limits of integration, we
find the intervals of time we are interested in

]%dtzifdrsec‘Pz (11)
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It follows from (10) that if ¥, — z , then, at the
set interval of proper Time dr,dt —o;and if ¥, =0,
then dt =dr .

The main objective of implementation of the phase
angle of Time W, as calibration mode as well as calibra-
tion constant sec't', ensuring its correlation with the
currents of proper and coordinate time, is the proposi-
tion that in the general and special theory of relativity,
the phenomenon of Time dilation has same physical
basis. In other words, endogenic mechanism of this pro-
cess is unified and does not depend on transgression in
the special and general theory of relativity. Then, relying
upon the principles of concatenation, it is rightful to
write down the system of the following kind

d
dt = ‘
r
1—¢
,
=dt =dr -sec¥
dr :
dt = -
1Y,
C

Thus, from the mathematical point of view, the de-
finitive (12) regulates unified operation allowing calcu-
lating the values of # and 7 in generalized form.

In the first part, we have considered only theoretical
aspects of the problem. All calculations and discussions
will be in the second part of the same name work.

Conclusion

It is shown well that in the first part of this work,
the ideas of STR and GTR develop coherently and sys-
tematically, without any rotation of the basic foundations
of the Einstein’s theory. The present research presents
deeper and more detailed elaboration of the mecha-
nism of time dilation. The implementation of calibration
mode in the form of the phase angle of Time is deter-
mined by the need to make this physical process uni-
fied. And this, in turn, contributes to the understanding
of dynamic metamorphisms taking place in the internal
structure of Time.
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Abstract: Presented calculations and statistical data confirm the existence of a unitary mechanism of
time dilation in the special and general theory of relativity. It is shown that during the use of the phase angle

72



Revisiting physical essence of the process of time dilation in the theory of special and general relativity. Part 2.

of Time ‘¥, and calibration constant sec'¥ ,, chronological transaction of material bodies and signals through

the chronotopic bifurcation point in such temporal areas as Future and Past.

Keywords: Einstein, special and general theory of relativity, phase angle of time, currents of time.

In the first part of the same name work [3, p. 11],
theoretical aspects of the study of the process of time di-
lation in the special and general theory of relativity were
discussed [7, p. 497]. In this work, we will present a se-
ries of calculations and statistical evaluations, which will
allow, from the mathematical point of view, demonstrat-
ing that endogenic mechanism of this metamorphism is
universal and does not depend on transgression in both,
STR and GTR. In addition, a situation, when the pres-
ence of the bifurcation point during the translation from
one segment of Time to the other, allows performing the
transaction into the Past or Future without disruption
of causally chronological conditions, will be considered.

Here and elsewhere, the terms Time, Future, Present
and Past will be in capital letters where they are talked
about as real physical objects. Herewith, Past (P), Pres-
ent (PR) and Future (F)are temporal areas, which are
the function of Time. The work [4, p. 18] draws atten-
tion, in which widened mathematical definitions are
formed for these three temporal parameters from the
point of their topological morphogenesis.

Let us establish a functional dependence between:

1) velocity v of the clocks moving relative to us and
the phase angle of Time ¥ ;

2) coordinate 7 (distance from gravitating masses)
and the phase angle of Time Y.

Let us recall that calibration mode is understood by
Y, which identifies parametric correlation between co-
ordinate ¢ and proper 7 time 3, p. 15];

Let us use the equation (12) from the work [3, p.
15]:

dt = (1)
L
-

dr =22 )
1=V
c

dt =drsecV, (3)

Then, performing mathematical operations on
the integration and drawing of proportions, we find that

Jsec'V -1 @)

sec ¥,

v=c

2
P (s)
sec’'V, -1

Formulas (4) and (5) are necessary to establish one-
to-one correspondence between current values: phase

angle of Time, velocity v and distance 7.
1. Calculation of numerical norms of coordinate
and proper time in STR, GTR and consideration of cal-

ibration constant sec'', [3, p. 15], at the change of the
phase angle of Time ¥, from 0 to z.

To perform statistical analysis, itzis required to set the
following initial conditions:

1) all events take place in the congruent projection
on the parameter T , which extrapolate as space Time of
the Universe in the sense that it increases along every
non-spatial-like curve directed into the Future [8, p. 72].
It is not difficult to note that T reflects such course of
Time from Past to Future, at which all events along the
time-like are determined according to cause-and-effect
relationships.

2) weacceptthat c =land r, = 1;

3) for the sake of simplicity of calculations, we select,
in all cases (it is intended as areas filled with matter)
proper Time 7, equal, for instance, to 10 temporal units.
Which units of measurement (seconds, minutes, hours,
days, years etc.) will be involved, depends on the choice
of time scale;

4) for the area of measurement of the phase angle of

Time measured in the interval ¥, € [0; z [, the sign of

proper Time 7, it is naturally positive (+);
S) phase angle of Time is calculated within the limits

of 0 < ‘PZ<£;

6) still inzertial system of reference K and inertial
system of reference K conjugated with moving clocks
were synchronized before the start of calibration con-
stant.

It is required to define:

a) coordinate Time in the special theory of relativi-
ty —t,,;

b) coordinate Time in the general theory of relativi-
ty—1t,;

c) coordinate Time depending on the phase angle of
Time — ¢, (Table 1).
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Table 1. — Numerical parameters of coordinate time in the STR, GTR and at the phase angle of Time [0; 90°]

v =nc r=mnr,
t secY t Y
" ir " air : :
1 2 3 4 S 6 7
0 10 ) 10 1 10 0
0,0174328 10,001520 3290,4735 10,001520 1,0001520 10,001520 1
0,0348914 10,006092 821,41183 10,006092 1,0006093 10,006092 2
0,0523247 10,001371 365,24563 10,013717 1,0013718 10,013718 3
0,0697558 10,024418 205,51151 10,024419 1,0024419 10,024419 4
0,0871513 10,038194 131,65916 10,038194 1,0038195 10,038195 S
0,1045265 10,055080 91,52641 10,055081 1,0055081 10,055081 6
0,1218694 10,075098 67,33015 10,075098 1,0075099 10,075099 7
0,1391729 10,098275 51,628556 10,098276 1,0098276 10,098276 8
0,1564358 10,124653 40,862711 10,124653 1,0124654 10,124654 9
0,1736461 10,154262 33,164164 10,154262 1,0154263 10,154263 10
0,1908094 10,187167 27,466298 10,187167 1,0187168 10,187168 11
0,2079091 10,223400 23,134078 10,223400 1,0223401 10,223401 12
0,2249509 10,263040 19,761689 10,263040 1,0263041 10,263041 13
0,2419204 10,306132 17,086557 10,306133 1,0306133 10,306133 14
0,2588178 10,352758 14,928332 10,352758 1,0352759 10,352759 15
0,2756362 10,402991 13,162164 10,402991 1,0400299 10,402991 16
0,2923705 10,456913 11,698561 10,456913 1,0456914 10,456914 17
0,309015 10,514614 10,472262 10,514615 1,0514616 10,514616 18
0,3255667 10,576200 9,4345193 10,576202 1,0576202 10,576202 19
0,3420189 10,641773 8,5486908 10,641773 1,0641773 10,641773 20
0,3583666 10,711444 7,7865579 10,711443 1,0711443 10,711443 21
0,3746059 10.785344 7,126077 10,785344 1,0785345 10,785345 22
0,3907306 10,863602 6,5500547 10,863602 1,0863602 10,863602 23
0,4067352 10,946355 6,0447213 10,946355 1,0946356 10,946356 24
0,4226176 11,033775 5,5989253 11,033776 1,1033776 11,033776 25
0,4383709 11,126018 5,2037488 11,126018 1,1126019 11,126019 26
0,4539893 11,223255 48518619 11,223256 1,1223256 11,223256 27
0,4694706 11,325694 4,5371484 11,325696 1,1325696 11,325695 28
0,4848088 11,433534 4,2546001 11,433536 1,1433536 11,433536 29
0,4999988 11,546997 4,000182 11,546997 1,1546997 11,546997 30
0,5150384 11,666336 3,769819 11,666338 1,1666338 11,666338 31
0,5299193 11,791783 3,5610692 11,791785 1,1791785 11,79178S8 32
0,5446381 11,923623 3,3711936 11,923626 1,1923626 11,923626 33
0,5591921 12,062171 3,1979948 12,062173 1,2062173 12,062173 34
0,5735763 12,207745 3,0396066 12,207746 1,2207746 12,207746 35
0,5877851 12,360678 2,8944279 12,360679 1,2360679 12,360379 36
0,6018141 12,521345 2,7610547 12,521348 1,2521348 12,521348 37
0,6156611 12,690176 2,6382535 12,690178 1,2690178 12,690178 38
0,6293203 12,867595 2,5249713 12,867596 1,2867595 12,867595 39
0,6427868 13,054061 2,4202817 13,054063 1,3054063 13,054063 40
0,6560584 13,250122 2,3233511 13,250122 1,3250122 13,250122 41
0,6691303 13,456322 2,2334614 13,456324 1,3456324 13,456324 42
0,6819979 13,673267 2,1499766 13,673269 1,3673269 12,673269 43
0,6946581 13,901632 2,0723242 13,901632 1,3901632 13,901632 44
0,7071064 14,142127 2,0000013 14,142131 1,4142131 14,142131 45
0,7193390 14,395548 1,9325581 14,395552 1,4395552 14,395552 46
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1 2 3 4 S 6 7
0,7313530 14,662775 1,8695874 | 14662778 1,4662778 14,662778 47
0,7431443 14,944752 1,8107292 14,944756 1,4944756 14,944756 48
0,7547095 15,242529 1,7556592 15,242533 1,5242531 15,242531 49
0,7660440 15,557226 1,7040894 15,557231 1,5557228 15,557228 50
0,7771454 15,890139 1,6557523 15,890141 1,5890141 15,890141 51
0,7880102 16,242673 1,6104089 16,242678 1,6242678 16,242678 52
0,7986354 16,616399 1,5678434 16,616404 1,6616402 16,616402 53
0,8090171 17,013020 1,5278633 17,013026 1,7013023 17,013023 54

0,819515 17,434444 1,4902920 17,434450 1,7434450 17,434450 55
0,8290374 17,882910 1,4549618 17,882916 1,7882913 17,882913 56
0,8386705 18,360782 1,4217301 18,360785 1,8360785 17,360785 57
0,8480482 18,870804 1,3904611 18,870808 1,8870808 18,870808 58
0,8571672 19,416033 1,3610331 19,416011 1,9416040 19,416040 59
0,8660254 20,000000 1,3333332 20,000000 2,0000000 20,000000 60
0,8746194 20,626628 1,3072587 20,626650 2,0626637 20,626637 61
0,8829473 21,300520 1,2827155 21,300524 2,1300524 21,300524 62
0,8910062 22,026863 1,2596167 22,026878 2,2026868 22,026868 63
0,8987940 22,811712 1,2378826 22,811738 22811727 22,811727 64
0,9063078 23,662019 1,2174424 23,662030 2,3662030 23,662030 65
0,9135452 24,585899 1,1982287 24,585929 2,4585911 24,585911 66
0,9205048 25,593035 1,1801785 25,593068 2,5593055 25,5930588 67
0,9271836 26,694628 1,1632375 26,694649 2,6694342 26,694642 68
0,9335803 27,904253 1,1473512 27,904323 2,7904277 27,904277 69
0,9396922 29,237945 1,1324742 29,238056 2,9237970 29,237970 70
0,9455186 30,715540 1,1185604 30,715662 3,0715549 30,715549 71

0,95105 32,360637 1,1055726 32,360700 3,2360679 32,360679 72
0,9563046 34,202966 1,0934706 34,203142 3,4203001 34,203001 73
0,9612614 36,279402 1,0822226 36,279625 3,6279467 36,279467 74
0,9659258 38,637009 1,0717957 38,637293 3,8637039 38,637039 75
0,9702956 41,335551 1,0621642 41,335739 4,1335637 41,335637 76
0,9743700 44,454026 1,0532981 44,454896 4,4454125 44,454125 77
0,9781475 48,097225 1,0451791 48,097942 4,8097271 48,097271 78
0,9816271 52,408292 1,0377835 52,408566 5,2408429 52,408429 79
0,9848077 57,587631 1,0310898 57,588957 5,7587763 57,587763 80
0,9876882 63,924068 1,0250854 63,924722 6,3925313 63,924313 81

0,990268 71,852707 1,0197466 71,862001 7,1853017 71,853017 82
0,9925461 82,054648 1,0150717 82,066567 8,2055321 82,055321 83
0,9945218 95,666865 1,0110456 95,672997 9,5667231 95,667231 84
0,9961945 114,73363 1,0076526 114,74943 11,473679 114,73679 85
0,9975639 143,35108 1,0048826 143,46008 14,335478 143,35478 86
0,9986294 191,06138 1,002746 191,094974 19,107306 191,07306 87
0,9993907 286,49929 1,001219 286,541161 28,653295 286,53295 88
0,9998476 572,977240 1,0003046 572,974178 57,2986884 572,986884 89

1 00 1 ) 00 ) 90

In this part, similar initial conditions specified in
section 1 are accepted. However, it should be noted that
here, the phase angle of Time is calculated within the

Detailed discussion of the obtained results will be
presented in section 3.

2. Calculation of numerical norms of coordinate and
proper time in the STR, GTR as well as consideration of

7
limits of —- < ¥_ < mand proper Time, also positive.
calibration constant sec'V', at the change of the phase

As in the section 1, it is required to define ¢, t, and

angle of Time \PZ from % toTm ; (Table 2) str) g
) .
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Table 2. — Numerical parameters of coordinate time in the STR, GTR and at the phase angle of Time] 90°; 180°]

_ r=nr
Y _n ne t, nn - o secV t Y.
1 2 3 4 N 6 7
1 o0 1 oo oo oo 90
-0,9998476 572,78689 1,000304 572,606504 -57,300022 -573,00022 91
-0,9993907 286,49929 1,0011977 28607152 -28,654116 -286,54116 92
-0,9986294 191,06138 1,002746 191,040213 -19,107306 -191,07306 93
-0,9975639 143,35108 1,0048698 143,64802 -14,335684 —-143,35684 94
-0,9961945 114,73679 1,0076526 114,74943 -11,473679 -114,73679 95
-0,9945219 95,66778 1,0110458 95,672173 -9,5668146 -95,668146 96
-0,9925461 82,054648 1,0150717 82,066567 -8,2055321 -82,055321 97
-0,9902681 71,852707 1,0197466 71,862001 -7,1853017 -71,853017 98
-0,9876883 63,924354 1,0250904 63,918593 -6,3924722 -63,924722 99
-0,9848077 57,587631 1,0310898 57,588957 -5,7587763 -57,587763 100
-0,9816271 52,408292 1,0377835 52,408566 -5,2408429 -52,408429 101
-0,9781477 48,097456 1,0451779 48,098567 —4,8097503 -48,097567 102
-0,974370 44,454026 1,0532981 44,454896 -4,4454125 —44,454125 103
-0,9702956 41,335551 1,0621642 41,335739 -4,1335637 -41,335637 104
-0,9659258 38,637009 1,0717957 38,637293 -3,8637039 -38,637039 108
-0,9612617 36,279546 1,0822211 36,279902 -3,6279599 -36,279599 106
—-,09563046 34,202966 1,0934706 34,203142 -3,4203001 -34,203001 107
-0,9510564 32,360637 1,1055726 32,360700 -3,2360679 -32,360679 108
-0,9455186 30,715540 1,1185605 30,715643 -3,0715549 -30,715549 109
-0,9396926 29,238030 1,1324741 29,238073 -2,9238056 -29,238056 110
-0,9335803 27,904253 1,1473512 27,904316 =2,7904277 -27,904277 111
-0,9271836 26,694628 1,1632375 26,694649 -2,6694642 -26,694642 112
—-0,9205048 25,593035 1,1801785 25,593068 -2,55930585 -25,593055 113
-0,9135452 24,585990 1,1982287 24,585929 -2,4585911 —24,585911 114
-0,9063078 23,662019 1,2174424 23,662030 -2,3662030 -23,662030 115
-0,8987940 22,811712 1,2378828 22,811733 -2,2811727 -22,811727 116
-0,8910067 22,026912 1,2596149 22,026936 -2,2026916 -22,026916 117
-0,8829478 21,300565 1,2827137 21,300579 -2,1300570 -21,300570 118
-0,874620 20,626675 1,3072572 20,626688 -2,0626679 -20,626679 119
-0,8660254 20,000000 1,3333332 20,000000 —-2,0000000 —-20,000000 120
-0,8571672 19,416035 1,3610331 19,416046 -1,9416043 -19,416043 121
—-0,8480482 18,870804 1,3904611 18,870808 —-1,8870808 —18,870808 122
-0,8386705 18,360782 1,4217301 18,360785 -1,8360785 -18,360785 123
-0,8290374 17,882910 1,4549034 17,883703 -1,7882913 -17,882913 124
-0,8191522 17,434475 1,4902893 17,434484 -1,7434481 -17,434481 125
- 08090171 17,013020 1,5278633 17,013026 -1,7013020 -17,013023 126
-0,7986354 16,616399 1,5678434 16,616404 -1,6616402 -16,616402 127
—-0,7880110 16,242702 1,6104056 16,242704 -1,6242704 -16,242704 128
-0,7770998 15,888710 1,6557485 15,890016 -1,5890167 -15,890167 129
-0,7660440 15,557226 1,7040895 15,5587231 -1,5557280 -15,557280 130
-0,7547095 15,242529 1,7556592 15,242533 -1,5242531 -15,242531 131
-0,743145 14,944774 1,8107246 14,944779 -1,4944779 —14.944779 132
-0,7313539 14,662797 1,8695848 14,662790 -1,4662799 -14,662799 133
—0,7193401 14,395571 1,9325528 14,395573 -1,4395573 -14,395573 134
-0,7071064 14,142127 2,0000013 14,142131 -1,4142131 -14,142131 135
-0,6946581 13,901632 2,0723242 13,901632 -1,3901632 -13,901632 136
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1 2 3 4 5 6 7
—0,6819979 13,673267 2,1499766 13,673269 ~1,3673269 | -13,673269 137
~0,6691303 13,456322 2,2334614 13456324 | -13456324 | -13456324 | 138
~0,6560596 13,250138 2,3233427 13250140 | -1,3250140 | -13,250140 139
—0,642788 13,054078 2,4202729 13,054080 | -1,3054080 | -13,054080 140
~0,6293203 12,867595 2,5249713 12,867596 | -1,2867595 | -12,867595 141
~0,6156611 12,690176 2,6382535 12,690178 _1,2690178 | -12,690178 142
—0,6018155 12,521361 2,7610422 12,521364 | -12521364 | -12,521364 143
~0,5877851 12,360678 2,8944279 12,360679 | -1,2360679 | -12,360679 144
-0,5735763 12,207745 3,0396066 12,207746 _12207746 | —12,207746 145
~0,5591936 12,062186 3,1979785 12,062187 _1206187 | -12,062187 146
~0,5446381 11,923623 3,3711936 11,923626 _1,1923626 | —11,923626 147
~0,5299193 11,791783 3,5610692 11,791785 ~1,1797785 | -11,791785 148
~0,5150384 11,666336 3,7698190 11,666338 ~1,1666338 | -11,666338 149
-0,4999988 11,546997 4,0000182 11,546997 | -1,1546997 | -11,546997 150
—0,4848088 11,433534 4,2546001 11,433536 | -1,1433536 | -11,433536 151
-0,4694706 11,325694 4,5371484 11,325696 | -1,1325695 | -11,325695 152
~0,4539912 11,223267 4,851822 11223267 | -1,1223268 | -11,223268 153
—0,4383709 11,126018 5,2037488 11,126018 ~1,1126019 | -11,126019 154
—0,4226176 11,033775 5,5989253 11,033776 ~1,1033776 | -11,033776 155
—0,4067375 10,946367 6,0446527 10,946368 _1,0946368 | —10,946368 156
~0,3907306 10,863602 6,5500547 10,863602 | -1.0863602 | -10,863602 157
—0,3746059 10,785344 7,126077 10,785344 | -1,0785245 | -10,785345 158
~0,3583687 10,711453 77864524 10,711453 _1,0711454 | -10,711454 | 159
~0,3420189 10,641773 8,5486908 10,641773 _1,0641773 | -10,641773 160
-0,3255667 10,576200 9,4345193 10,576202 | -1,0576202 | -10,576202 161
-0,3090150 10,514614 10,472262 10,514615 ~1,0514616 | -10,514616 162
~0,2923705 10,456913 11,698561 10,456913 ~1,0456914 | -10,456914 163
0,2756362 10,402991 13,162164 10,402991 ~1,0402991 | -10,402991 164
—0,2588178 10,352758 14,928332 10,352758 ~1,0352759 | -10,352759 165
—0,2419204 10,306132 17,086557 10,306133 ~1,0306133 | -10,306133 166
~0,2249509 10,263040 19,761689 10,263040 ~1.0263041 | -10,263041 167
~0,2079091 10,223400 23,134080 10,223400 ~1,0223401 | -10,223401 168
~0,1908094 10,187167 27,466298 10,18716 _1,0187168 | -10,187168 169
~0,1736461 10,154262 33,164164 10,154262 | -1,0154263 | -10,154263 170
~0,1564297 10,124643 40,865893 10,124643 _1,0124644 | —10,124644 171
-0,1391729 10,098275 51,628552 10,098276 | -1,0098276 | -10,098276 172
—0,1218694 10,075098 67,330150 10,075098 -1,0075099 | -10,07509 173
~0,1045265 10,055080 91,526410 10,055081 ~1,0055081 | -10,055081 174
~0,0871513 10,038194 131,65916 10,038194 ~1.003819 | -10,03819S 175
—0,0697558 10,024418 205.51151 10,024419 ~1,0024419 | -10,024419 176
~0,055113 10,01522 365,24563 10,013717 ~1,0013718 | -10,013718 177
~0,0348914 10,006092 821,41183 10,006092 | -1,0006093 | -10,006093 178
~0,0174328 10,001520 3290,4737 10,001520 | -1,0001520 | -10,001520 179
0 10 o0 10 ~1,0000000 | —10,000000 180

Complete analysis of the obtained results will be pre-
sented in section 3.

3. Discussion of results

Currently, there is a well-pronounced tendency
aimed at the solution of certain physical tasks with the
use of geometric approaches. These approaches be-

came widespread because one can have a deeper look
at a range of problems existing in some areas of physics.

This study is not an exception; its essence is to obtain a
constructive scheme of work of the internal mechanism
of Time dilation using the method of natural geometric
transformations.
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Section 8. Physics

One of the major requirements, which should be tak-
en into account in the discussion of results, is the impera-
tive at which, all surveys are built from the position of an
observer related to the inertial system of reference K . L.e.
all events are accepted as projection on the system of refer-
ence K connected with proper time.

If, during mathematical calculations, it is found that
t, and t at

str) Ugtr

numerical values of coordinate Time ¢
fixed coordinate r, certain velocity v and at set value of
W, are identical, one can fully speak about the fact that,
from physical point of view, the genesis of internal mech-
anism of dilation of Time has unitary character.

3.1. Results of Table 1.

How the calculation was done? First, one-to-one
correspondences according to the formulas (4) and
(5) were established between current values of the
phase angle of Time ¥, and concrete values of veloc-
ityv, and coordinater. In other words, every angle
characteristic has precise value of v and r. Then,
knowing numerical norms of v, r and ¥, it is not dif-
ficult to find ¢
Table 1: to what degree the concord of values of time

o tgand £ It is lapidarily seen from
for these three cases takes place. Let’s note that for v,
r and sec'V _, the calculation was done to the sixths or
t and t —to

str) T gtr

seventh sign after comma, and for ¢
the sixths sign, respectively.

Let’s select, for instance, several rows with cer-
tain values of the phase angle of Time from Table 1 and
wr by and .

Example 1: let’s select ¥, = 8 and consider that 7 =
10. Herewith, sec 8" =1,009876. In parallel, we find that
the following is proportional to this angle: velocity v =
0,1391729 cand distance 7= 51,6285560 . . In this case,
t, =10,098275; t, = 10,098276 and t = 10,098276.
Asitis seen, the results turn out to be identical to the fifth
sign after comma.

Example 2: let’s select ¥, = 59" and consider that 7
=10. Herewith, sec 59" = 1,9416043. We find synchron-
ically that the following corresponds to this angle: veloc-
ity v = 0,8571672 c and distance r = 1,3610331 ,. In
this case, t, = 19,416035; t = 19,416011 and t =

gtr

see which figures will appear for ¢

19,416040. Eventually, the results are identical according
to their values till the fourth sign after comma.

Example 3: let’s select V', = 89" and consider that 7 =
10. Herewith, sec 89" = 57,2986884. Simultaneously, we
find that the following is proportionate to this angle: veloc-
ity v =0,9998476 c and distance r = 1,0003046 7,. In this
case, f,= 572,977240; t, = §72,974178 and t =
572,986884. It is well distinguished that final numbers
correspond till the fifth sign after comma.

str

It is universally known that angle values, except for
degrees, are measured additionally in both, minutes and
seconds. Let’s review a task with widened angle unites
of measurement.

Task 1.

Given: ¥, =8949'49";

Weaccept: c=1; 7, =1; 7=10

We need to find: ¢,,, f,, and ¢

Solution:

1) we find the value of calibration constant sec'¥ _,
sec 89°49'49" =337,5861013;

2) according to equation (3), we establish that =
3375,861013;

3) using (4), we define that v = 0,99999561¢ and
relying upon (2), we establish that ¢ = 3374,836535;

4) using (5), we have r =1,0003046 7, and then, con-
sidering (1) t, =3376,760067;

From the mathematical point of view, it is reasonable
to analyze items 3) and 4) in task 1 with respect to the in-
ternal verification content. For this purpose, we adapt
the definitive: about measure of central tendency [9, p. 28],

which is written down as t = lzn:ti on this task. Conse-
n i=1
- 1 -
quently, mean ¢ is defined as —(tm + tg”) and then, t =
2
=3375,798301.
From the gnoseological point of view, it is undoubt-

edly an important result. Actually, mean ¢ is identical to
f in the integer part. From this fact, it possibly follows
that out of three values in task 1, only the numerical val-
ue of Time ¢ will be significant. This conclusion obliges
to use Time ¢ as priority in temporal statistics.
Generalizing the results of the first, second and third
examples, and, naturally, task 1, one can say that the
change of precision of coincidence of numerical values
of coordinate time from the fifth sign after comma to the
first sign as well as directly in the integer part in task 1,
is determined by the understanding that, for instance,
quantum and topological fluctuations appear in the re-
lational velocity segment as well as in the field of critical
gravitational potential with a bigger likelihood ratio.
There is a separate question of approximation of the
results in projection on spatial-time hyper-surface relative
to set event obtained in Table 1. It is clear that the area of

change of the phase angle of Time from 0 to Z s pro-

jected on the light cone of the Future. The scheme in Fig.
1 is borrowed from [8, p. 81] with a small addition. The
above presented position is fair for both, special and gen-
eral theory of relativity. Taking into account the impera-
tive in this work about the domination of proper time 7
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Revisiting physical essence of the process of time dilation in the theory of special and general relativity. Part 2.

as substantive system, relative to which the analysis of
temporal events is conducted, one can observe the transla-
tion in F of the observer related to coordinate time .
Forinstance, if ¥,=79 and 7 = 10, coordinate time of the
observer ¢ is equal to approximately 52,408 of conven-
tional temporal units. Based on this, it can be concluded
that chronological transaction in coordinate time is approx-
imately S,2 times higher than the value of proper time.
Thus, checking entire Table 1 and comparing nu-

merical parameters for ¢ and t, we come to a firm

str tgtr
conclusion that the process of dilation of Time in STR
and GTR is a unitary phenomenon and the internal
mechanism of dilation of Time is universal for both Ein-
stein’s theories.

3.2. Results of Table 2.

Similarly with section 3.1, knowing the current value
of ¥ ,wefind v and r. The next stepis to define ¢, £,
and . Table 2 demonstrates the degree of real correla-
tion of found characteristics. It is easy to note that nu-
merical data in Table 2 will be symmetrical to those,
which are contained in Table 1. The difference is only in
qualitative evaluations.

In parallel, we note that in the conditions, when the

phase angle of Time covers the interval [% ; m], basis
principles of the special and general theory of relativity
do not reflect full physical picture describing the tempo-
ral area of the Past.

1. Let us analyze the numerical presentations in the
context of fundamental principles in the STR. In Table
2, it is established that velocity v has a negative value.
It is clear that such configuration cannot be materialized
within the frames of spatial-time continuum of the real-
ity surrounding us, because it is difficult to find such
physical system, in which a scenario with negative ve-
locities would be realized. However, there were attempts
to give reverse arguments. Let us formulate them as fol-
lows: a) inertial system of reference related to moving
clocks K is transferred to the mode of uniformly re-
tarded motion (dilation represents negative accelera-
tion) relative to immovable inertial system of reference
K ; b) negative velocity is allowed in the case if the move-
ment of the immovable inertial system of reference K
relative to inertial system K prevails; c) it is forecasted
that the velocity, as kinematic invariant, can take nega-
tive values, which are integrated into temporal areas iden-
tical to the Past. Theoretically, it is unlikely to specify
such quasi-systems, in which variants a) and b) would be
fully adapted. As for the variant c), it cannot be realized
even hypothetically. It is related to the fact that, accord-

ing to Table 2, even in the event of presence of the sign

of minus in velocity, during the calculation of 7 ., the sign

str)
of this characteristic is always positive. Hence, it is nor
rightful to speak about temporal areas of Time congruent
to the Past.

The fundamental conclusion obtained from Table
2 for the STR s the velocity taken according to the mode is
always lower than the velocity oflight, | v| < c.Thus, the
following is observed strictly: 1) the second principle of
Einstein (concept of consistency of velocity of light) [7,
p- 276]; 2) thesis about the fact that velocity of light is
the terminal velocity of transfer of interactions and sig-
nals from one point of space to the other [S, p. 512]; 3)
principle of causality [7, p. 301].

2. Let’s consider numerical parameters for GTR. In
Table 2, it is clearly seen that coordinate r (distance from
gravitational radius) fully depends on ‘¥ . As the phase
angle of Time changes from 90" to 180, the distance from
r. increases uniformly, i.e. ¥ > 7, . In other words, the
situation when r can become smaller than gravitation
radius is excluded completely. Let us consider predict-
ed values for the time in the section of GTR. Asfor ¢,
the time of ,, has positive sign. It means that, in these
conditions, there is no possibility to adapt temporal areas
of the Past for the given time norm definitively.

3. Now, let us consider the data in Table 2. It estab-
lishes that the phase angle of Time ‘¥, has consecutive
numbering of angle values. The fundamentality of this
event ensures transgression of values of calibration con-
stant sec'¥’ through chronotopic [6, p. 34] point of bi-
furcation [1, P. 56]. ¥, = 7 s implied as this point. In
the proposed contemplations, we have: ¥ € [0; % [U]
Z .

Mathematical calculations shows that time ¢ re-
lated to action sec, within the limits of < Y <=
forms a group of effective negative numbers. It is easy
to note that a known mathematical operation — op-
eration of time reversion, i.e. t > — t, is well formed
here.

Based on this, a conceptual follows: inversion of
Time is set by not mechanical postulation, but is formed
as result of strict mathematic actions.

For instance, let’s take the values of ¥, from Table 2.

Task 2

Given: ¥, =105 49" 49"

We accept that: ¢ =1; 7, =1; 7=10

We need to find:?,,, f, and ¢

Solutions:

1) we find the value of sec'¥_, sec 105 49’ 49" =
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=~ 3,6658411;

2) according to equation (3), we establish that ¢t =
=-36,658411;

3) using (4), we define that v = - 0,9620739 ¢ and
relying upon (2), we establish that ¢, = 36,658356;

4) using (5), we have =1,0803962 r, and then, con-
sidering (1)

£, = 36,658403;

Obtained numbers have good convergence and dem-
onstrate that only item 2) can ensure translation to the
Past. In other words, chronological transaction in P rela-
tive to coordinate time ¢ is about 3,6 times (in abso-
lute value) bigger than proper time 7. As for items 3) and
4), they do not generate areas of negative Time at all.

In this section, the conclusions a priori adequate to
the whole complex of postulates, which are the conse-
quence of the operation of reversion of Time, take place.
For instance, the following is preserved: 1) certain T
-symmetry, herewith, ¢ as physical value refersto T -odd
parameters [2, P 720];

2) principle of causality. As well as other conditions
[4, p. 18].

To sum up, we want to note that for the phase angle

of Time changing from % to , the process of dilation of

Time described in the special and general theories of

relativity also narrows down to a unified unitary mecha-
nism. Constructively, this fact is in certain concord with
calculation facts.

Conclusion.

As result of the research of the set task in this article,
we arrive at a non-trivial solution. Namely, the work of
the internal mechanism of dilation of Time narrows
down to one general physical process. This conclusion
can be made only in the case, if the method, the basic
elements of which are calibration mode ¥, (phase angle
of Time) and calibration coefficient sec'¥' _, is used.

It is important that for out area of visible part of the
Universe, where the Space is filled with matter, the fol-
lowing values of the phase angle of Time are objective
and really effective V', € [0;90° [\U]90°; 180°]. Because,
at this section of angle characteristics, both, temporal
areas of the Past and temporal areas of the Future of our
World are reflected.

In addition, we would like to make the following
remark: one should not view the concept proposed in
this work as alternative program aimed at substitution of
Einstein’s fundamental theories. The formulated hypoth-
esis fits well within the Einstein’s fundamental doctrine.
Herewith, it is a direct consequence following from the
STR and GTR, which widens our notion about the effect
of dilation of Time.

References:

Anpponos A.A., Aeonrosud E. A., Topaor 1. M., Maitep A.T. Teopust 6udypKaruii AHHAMUYECKUX CHCTEM
Ha maockocTu. — M.: — Hayxka, — 1967.- 56 c.

bepecrenxuii B B., Au¢mmi E. M., ITutaesckuit A.I1. Teopetudeckas ¢usuka. Mspanue 4-e, ucnpapaensoe. —
M.: Ousmaraut, — 2002. T. IV. KBanTOBas aaekTposrHamMuka. — 720 c.

3a06un M. B. K Bompocy o ¢pusmdeckoit CyIHOCTH IpoLjecca 3aMeAAeHUS] BpeMeHH B CIIEIJMAAbHOM U obmielt

3a06un M. B. HepCHEKTI/IBHbIe ACIIEKTbI PA3BUTHA (1)H3HKO-TOHOAOI‘PI‘IECKHX HPEACTaBAeHI/Iﬁ (6] Bpe—

3.

Teopuu oTHOCcuTeAbHOCTH. JacTs 1//European research. —2016.— N 3 (13) C.11-16.
4.

menn//European science. - 2016.— N2 3 (13) C. 16-25.
S.

Aanpay, A. A., Au¢umr, E. M. Teopus moas. Mzpanue 7-e, ncipaBaensoe. — M.: Hayka, — 1988. C. 512.
®nopenckuit IT. A. Bpemst u mpoctparcto//Conmoa. nccaepoBarmst. — 1988, — Ne 1; Time in Science and Phi-
losophy. Prague, — 1971. C. 34.

OrrmrreitH A. Cobpanne Hayunsix TpyaoB, T. 1//TToa. pea. Tamma .Y, Cmopoaurckoro f. A. Kysueno-
Ba b.T. Hayka, - M., - 1965-1967.

Hawking S.W., Ellis G. F.R., The Large Scale Structure of Space-Time, Cambridge University Press,—1973.
Havil J., Gamma: Exploring Euler’s Constant. Princeton, N J: Princeton University Press, — P. 120, - 2003. - C. 28.

80



Entropy of Strings and Black Holes

DOI: http://dx.doi.org/10.20534/EJTNS-16-3-80-83

Sadikaj Ndrigim,

Duka Anila,

University “Ismail Qemali”Vlora, Albania

MSc. in Mathematics, The Faculty of Technical Sciences
E-mail: ndsadikaj@gmail.com, dukaanila@gmail.com
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Abstract: This paper gives a brief introduction to black holes in string theory, in which we primarily

focused on describing some of the recent calculations of black hole entropy using the statistical mechanics.

The behavior of the entropy indicates that at high energies the temperature approaches a finite constant,

the Hagedorn temperature. We explain how the counting of string states can be used to give a statistical

mechanics derivation of the entropy of black holes.
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1. Introduction (A review of statistical
mechanics)

The microcanonical ensemble consists of a collection
of copies of a particular system A, one for each state
accessible to A at a particular fixed energy E. We let Q
(E) denote the number of possible states of the system
A when it has energy E. The entropy S of the system is
defined in terms of the number of states as

S(E) =kln Q (E),
where k is Boltzmann’s constant. The temperature T of
the system is defined in terms of the derivative of the
entropy with respect to the energy:
1_as
T OE

Suppose we know the quantum states {a} of the
system and their associated energies {E }. Then the
partition function Z for system A is defined as

N, g L
“= ;e P

If system A is known to have temperature T, then,
using Z, we can calculate

the probability that A is in a particular quantum state.
The probability P_ that the system, in contact with the
reservoir at temperature T, is in the state a is
¢ P

We can calculate the avenge energy E of the system
A in the ensemble by differentiation of the partition
function and the pressure p respectively
E-YPE, :_Gan) :iéan.
« op p ov
Another useful quantity is the Helmholtz free energy
F.Its basic properties can be obtained in a few steps
starting from the first law of thermodynamics.

p

The free energy F is defined as
F=E-TS=-kTInZ.
We will calculate entropy as a function of temperature
which comes to be:

_OF,

Our aim is to use the basic thermodynamic relations
reviewed above to compute interesting properties of the
string. The agreement between the string calculations
and the thermodynamical expectation is only qualitative
for the case of Schwarzschild black holes, but it is
quantitative for certain types of extremal black holes.

2. Hagedorn temperature

Now we are considering open strings that carry
no spatial momentum. For example, if the open string
endpoints end on a D -brane. When momentum is zero,
the string has energylevels that are simply given by the rest
masses of its quantum states. The mass-squared of a given
state can be expressed in terms of the number operator N*

%~M\/E~Mzs.

It follows that the energy E=M is related to the
number operator and in the microcanonical ensemble,
the number of states 2 (E) equals p,, (N ), because we
have 24 light-cone directions, and
consequently 24 oscillator labels for each mode number.
Asaresult, S (E) =kInp, (N*). For large energy, N*
is also large, and we find

transverse

1
S(E) = 27k | Y - 24 iakIN-.

Making use of the number-energy relation we find
S(E)=AnkJa 'E.

This is the entropy-energy relation at high energy. An
entropy proportional to the energy is unusual because it
leads to a constant temperature:
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1 108
—=—Z yna.
e ke
This temperature is called the Hagedorn temperature
T |
Y —

By ara'
3. Black holes and their entropy
Black hole have thermodynamical temperature and
entropy, but these properties are difficult to understand
at the fundamental level of statistical mechanics, where
they should be derived from a counting of degrees of
freedom. String theory has had some impressive success in
understanding the entropy of black holes. We review basic
features of black holes and use string theory to discuss the
entropy of four-dimensional Schwarzschild black holes.
For a particle of mass m, this energy includes the
rest energy mc” and the gravitational potential energy

-mMG/R. Setting the sum of these two equal to zero, we
find

mcz—m—MczO:RzM—f.
R c

Physicists often speak of the Schwarzschild radius
associated with a mass, meaning by this the radius of a
black hole carrying such mass.

The Hawking temperature of a black hole of mass M
turns out to be kT» =1/87 MG, so by inserting back the
factors of 71, ¢, and G we find
KT =

8T MG

This equation allows us to calculate the Bekenstein
entropy S, of the black hole. Using E= Mc” for the energy
of the black hole and the first law of thermodynamics

dE = THdSB, we write

hc’ 1
—ds,.
8 MG k
Integrating this equation, and assuming that the
entropy of a zero-mass black hole is zero, we find

S_Bz_]\/[2

dE = c*dM =TxdS, =

A useful alternative expression for the entropy uses
the area A of the event horizon. With A=47R?, one
readily obtains
S ¢’ A

B

kK 4nG' 4P,
where lP is the Planck length. The right-hand side in this

equation has a simple interpretation: the Bekenstein

entropy S, is one-fourth of the area of the horizon
expressed in units of Planck-length squared. String
theory provides candidate degrees of freedom for black
holes, but they do not relate directly to the horizon area.

In string theory, we attempt to relate a stationary
black hole to a string with high degree of excitation
but zero momentum. Entropy of the string by equation
putting E=M,

S, =4nkvJa'M,
where we have added the subscript “str” to refer to the
entropy of the string.

This result should be compared to the black hole
entropy

S, =4nkM’G.

The disagreement appears to be clear: the entropy of
ablack hole goes like the mass squared, while the entropy
of a string goes like the mass. The linear dependence of
the string entropy on the mass M of the string is not
surprising. Entropy is an extensive quantity, and for a
string the mass M is roughly proportional to its length
L. The black hole entropy, on the other hand, exhibits a
surprising feature: it is not proportional to the volume
enclosed by the event horizon, but rather, to the area
enclosed by the horizon. This failure of extensivity is a
feature of gravitational physics.

Before considering the relation between two above
equations let us give a heuristic derivation of the string
entropy. For this, we consider a string of mass M and
estimate its length L to be roughly given by

M~TL~ L'L,
where T ~ 1 /a’is the string ter?sion. We now imagine a
string built by joining together bits of string, each of
which is of length / = Ja'

Each string bit can point in any of n possible directions.
The number n may be equal to the number of spatial
dimensions, but since our arguments are rough, we will not
be specific. Since the number of string bits is L/ Vo', the
number of ways (2 that we can build this string is roughly

O~ nL/JoT — nMJ? _ eMJ?lnn .

The entropy of the string is obtained by taking the

logarithm of Q:

%~M\/E~Mzs

where we discarded the In n factor, in keeping with the
accuracy of the estimate. This result is consistent with the
expression given by formula: S, /k=4r Jo'M

Equations of entropy disagree because the black hole
entropy S, was calculated in a regime where interactions
are necessary, while the string entropy S was calculated
for free strings.

4. Conclusion

The existence of black hole entropy indicates the
existence of microscopic degrees of freedom which are
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not present in the usual Einstein theory of gravity. String ~ the appropriate string system agrees with the Bekenstein
theory does provide a microscopic framework for the  entropy. This provides an existence proof for a consistent
use of statistical mechanics. In all cases the entropy of  microscopic theory of black hole entropy.

References:

1. Zwiebach B.: A First Course in String Theory, Second Edition, — 2009.

2. Becker K., Becker M., Schwarz J. H.: String Theory and M-theory, a modern introduction, — 2007.

3. Susskind L., Lindesay J.: Black holes, information and String Theory revolution. The Holographic Universe, -
2008S.

4. Myers R. C.: Black holes and String Theory, - 2001.

5. Callan C.G,, Myers R. C. and Perry M. ].: Black Holes In String Theory, — 1989.

6. Wald R. M.: The thermodynamics of black holes, - 2001.

7. Carlip S.: Black Hole Thermodynamics, arXiv:1410.1486 v2,- 2015.

DOI: http://dx.doi.org/10.20534/EJTNS-16-3-83-88
Eyvazov Edil Alj,

Azerbaijan State Pedagogical University,

Doctor of Physical and Mathematical Sciences, Professor,
Head of the Chair “Mechanics and Molecular Physics”
Physics Department

Masimov Eldar Ali, Baku State University,

Doctor of Physical and Mathematical Sciences, Professor,
Academician of the Russian Academy of Natural Sciences
Head of the Chair “Structure of Matter” Physics Department

Ibrahimli Aygun Balayaz,

Azerbaijan State Pedagogical University,

Graduate student, chief assistant of the department
“Mechanics and Molecular Physics” Physics Department
E-mail: Aygunibrahimli@yahoo.com

Mirzoyev Giiney Gurbanali,

Doctoral student of the Azerbaijan State Pedagogical University,

chief assistant of the department “Dynamics and strength of machines”
Petroleum-mechanical faculty of Azerbaijan

State University of Oil and Industry

The viscosity without activation of the liquid metals

Abstract: According to electron theory of metals at melting process character of inter atomic (ion) bond
doesn’t change, but relative change of special volume makes < 10%. For alkali metals the final change is
especially little ~2,5% [7]. Besides, it was experimentally determined, that at the result of melting process
only 20+25% of inter atomic bond is broken, that is to say in liquid and crystalline metals coordinative
numbers are practically similar [S]. The described structure of liquid metal has dynamic character and this
allows accepting liquids as a correlated system, which consist of positive charge ions and free electrons. It is
known, that free electrons play significant role in the formation of viscosity of liquid metals. Confirming
the potential distribution along with the whole volume in liquid metals according to Thomas-Fermi pseudo
potential, it was shown, that viscosity is defined n= AT->-D law (A and D are value, which don't depend on
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temperature). On the example of alkali liquid metals satisfactory matching of this phenomenological position
was determined at melting temperature till 1S00K by corresponding experimental results (with <4% error).
Keywords: liquid metals, Thomas-Fermi pseudo potential, viscosity.
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He¢mu u ITpomviurennocmu

Bbe3akTuBauMOHHAaA BA3KOCTb XUAKUX MeTaJlJiIOB

Annoranusi: COrAacHO 3AeKTPOHHOMN TEOPUU METAAAOB B IPOLIeCCe TAABKU XapaKTep aTOMHbIX (MOH-
HBIX) CBSI3efl He M3MEHSeTCsl, HO OTHOCUTEABHOE M3MeHeHHUe yAeAbHOTO 0b6beMa coctaBasieT < 10%. Aast
IIEAOYHBIX METAAAOB OKOHYATEABHOE U3MeHeHHe 0cobeHHo Maro ~ 2,5% [7]. Kpowme Toro, sxcniepumen-
TAABHO OBIAO YCTAHOBAEHO, YTO B Pe3yAbTaTe IIPOLiecca MAABAEHHUS pa3pyuraeTcsi TOABKO 20 + 25% aTOMHbIX
CBA3€l, T. €. B )KUAKHMX U KDUCTAAAMYECKIX METAAAAX KOOPAMHALMOHHBIE YHCAA IPAKTUIECKA OAUHAKOBBI [ S ].
CrpykTypa >KHAKOTO MeTaAAd IMeeT AUHAMHYECKUI XapaKTep, U 9TO IMMO3BOASIeT IPHHUMATD )KUAKOCTD KaK
KOPPEAUPOBAHHYIO CUCTEMY, KOTOPAsi COCTOHT U3 IIOAOXKUTEABHO 3aPsDKEHHBIX HOHOB U CBOOOAHBIX 9AEKTPO-
HOB. [Toxa3aHo YTO CBOOOAHBIE IAEKTPOHDI HIPAIOT CYIIeCTBEHHYIO POAD B pOPMUPOBAHIUHU BI3KOCTHU KUAKHUX
MeTaAA0B. [Ipeamoaarast paciipepeAeHre IIOTEHIIMAAQ BAOAD BCETO 00beMa B XKUAKUX METAAAAX B COOTBET-
CTBHH C nceBAOIOTeHIMaA0oM Tomaca-Qepmu, 6bIAO TIOKA3aHO, YTO BSIBKOCTD OIPEAEASIETCS I10 3aKOHY 1=
= AT2-D (rae A u D — BeAWYHHBI, KOTOpbIE He 3aBUCSAT OT TeMIeparypbl). Ha mprMepe meAOYHbIX MeTaA-
AOB YCTAaHOBACHO YAOBATBOPHTEABHOE COTAACHE 3TOM 3aKOHOMEPHOCTH C 9KCIIePHMEHTAAbHBIMH AQAHHBIMH.

KaroueBble cAOBa: )KHAKHI MeTaAA, IceBAOTIOTeHI[UAA Tomaca-Depmu, BA3KOCTb.

BBepenne HePaTYPHYIO 3aBUCHMOCTD BA3KOCTH SKUAKHX METAAAOB.
CoraacHO COBpeMeHHBIM IIPEACTABACHHUSAM XXHAKO-  [Ipu aTOM moaaraercs, 4To XapakTep MeXXMOAEKYASIPHOTO
MY COCTOSIHMIO CBOCTBEHHA AMHAMHMYECKas CTPYKTypa  (MeKaTOMHOTO) B3aMMOAEHCTBHS TIPH MAABACHHH COOT-
¥l CTaTUCTHYeCKUil 6AOKHUMIT OpAAOK [1]. VI3-3a u3me-  BeTCTByIomeil TBepAOi pasbl CyIeCTBEHHO He MEHSETCs
HEHHMS CTPYKTYPbI )XHAKOCTH IIPY M3MEHEHHH Tapame- | S]. DKCIepUMEeHTaABHO YCTAHOBAEHO, YTO B Pe3yAbTaTe
TPOB COCTOSIHUS AO CHX [IOP OTCYTCTBYET €AVHas], 00Ie-  IAaBAeHMS OOpbIBaeTcst ~25% MEXKATOMHBIX CBSI3el, T. €.
IPUHATAs TEOPHUS )KUAKOCTEH. KOOPAMHAIIMOHHOE YHCAO ITPH (pa30BOM IIEPEXOAE TBEPADII
B Hacrosmeit pa6oTe paccMaTpUBaeTCs OAMH PEHO-  METaA-KMAKOCTb MEHSIeTCsl He3HauMTeAbHO [ 7). YKuaxmit
MEHOAOTHYECKUI METOA, MO3BOASIOIIUI OIUCATh TEM-  METAAA MOXKET OBITh IIPEACTABAECH KAK KOPPEAMPOBAHHAS
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CHCTEMa, COCTOSIIIASE M3 TOAOXKUTEABHBIX HOHOB U CBOOOA-
HbIX 9AeKTPOHOB. B nIpuHIHIIIe, B BOSHUKHOBEHME BSI3KOCTH
XKMAKOTO METAaAAQ, HAPSIAY € MIOAOKUTEABHbIMHA HOHAMH,
CBOOOAHBIE SAEKTPOHBI TAKOKe AOAXKHBI AABATh OIIPEAE-
AeHHBIH BKAAA. I ToaToMy BkpaTIie paccMOTpUM HEKOTOpbIe
aCIIEKTHI TEOPHU CBOOOAHBIX 9AEKTPOHOB B METAAAAX.

O6muit mopxoa

B Teopun Tomaca-Oepmu moaaraercs, 4To IOTEH-
IIHAAbHAS] SHEPTHS U IIAOTHOCTD SAEKTPOHOB I10 BCEMY
00EMy pacripeAeAeHbI OAHOPOAHO, T. €. HIMITYABC U [IAOT-
HOCTD 3AeKTPOHOB 3aBHCSAT OT KOOPAUHAT [6]:

n(r)=§%[11(r)]3 (1)

3A€Ch I-papnyc-BEeKTOP IAEKTPOHA, h-mocrosHHasS
ITaanka. Kak caeayer us (1), MAOTHOCTb 9AEKTPOHOB
B €AVHHYHOM OOBEME OIPEAEASeTCSI COOTBETCTBYIO-
UM M3MeHeHUeM UMITyAbca. VI3MeHeHMe IMAOTHOCTH
9AEKTPOHOB IIPOHCXOAUT B pe3yAbTaTe IPOCTPAHCTBEH-
HOM HeOAHOpOAHOCTH. HaAnure moAoXuTeAbHBIX HOHOB
IPUBOAUT K 3apPSIAOBOMY ITepePacIpeASACHUIO dIAeKTPOH-
HOTO rasa. B pesyAbTaTe 9TOro BOKpyT MOAOXHTEABHBIX
MOHOB 06pasyeTcs aAeKTpoHHOE 06aako. CoraacHo [4]
II0A€ 9TOrO 06AaKa IIOAOOHO MOAHPHIIPOBAHHOMY KY-
AOHOBOMY IIOAIO H €€ IMMAOTHOCTb YMEHbBIIAeTCS IO JKC-
IIOHEHITHAABHOMY 3aKOHY C yBeAUYEHHEM PacCTOSHHS
OT IjeHTpa 06AaKa. DAEKTPOHHOE 00AAKO BOKPYT IIOAO-
JKUTEABHOTO HOHA KaK ObI 9KPAaHUPYeT B3aUMOAECTBUS
MEXXAY IOAOXKUTEABHBIMU HOHAMHL.

B teopuu Tomaca-®epmu noxasano, uro (1) umeer
CACAYIOIIHI SBHBIN BHA [9]:

3eq r
n(r) nU 2E0 .r exp )« ( )

0
3paech E; —aneprum @epmu npu 0 K, q — 3apsip noHa,
1, — IAOTHOCTb 9A€KTPOHOB B HEBO30OY>KACHHOM 4aCTU

F

MeTaAAQ.

Kak caeayer u3 (2), pu paccrosamsxr >\ n(r) = n,,
T. €. TAPAMETP A — XapaKTEPU3yeT IKPAHH3AIIHIO IIOAOXKH-
TeAbHBIX HOHOB. OOBIMHO ero Ha3bIBAIOT PAAHYCOM 9Kpa-
nusanun (A, , ) u B Teopun Tomaca-Oepmu oH ompeae-

ASI€TCS BPIpA)KEHHUEM:
12 1/2 1/2

n E h’
/IT—F = i = . = s (3)

am'e’K, 6re’n, am'e’n)”

TAe M — addexTuBHAS Macca drekTpona, K, — Oepmu-
eBBIiT BOAHOBO BeKTOp. B MeTaasax E, u 1, mpakruye-
CKM He 3aBHCAT OT TeMmIeparypsl IToaTomy, kak caepyer
u3 (3), A,_, TakKe He AOAKHO U3MEHSTCA C TEMIIEpaTy-
poit. ITo o3HavaeT, BkAap Tomac-OepMueBoro skpaHu-
POBaHMA 32 CIET IAEKTPOH-IAEKTPOHHOTO U HOH-HOHHO-
IO B3aMMOAEHCTBMS Ha BA3KOCTb He AOAKEH 3aBUCETb
oT Temreparypsl. C APYro# CTOPOHBI, IIOCKOABKY B CO-
orBercteuu (3) A, ~n, " 1o ¢ YBEAWYEHUEM AAWHBI
9KPaHMPOBAHMA MEXKHOHHOE OTTAAKMBaHKE YMEHbIIAeT-
cs, 2 9pPeKTUBHOE MIPUTDKEHHE MeXAY HOHAMH C y4a-
CTHeM CBOOOAHBIX JA€KTPOHOB YCHAMBAETCSI, YTO IKBHU-
BAACHTHO YBEAUYEHMIO BA3KOCTH KUAKOCTH.

BrrurcaeHHble HaMu 3HadeHUs A, . U HEKOTOpBIe
XapaKTepHble TapaMeTPhI AASl PAAA EAOYHBIX METAAAOB
IpHUBeAeHbI B Ta6.1

Tabnuua 1. — HekoTopble xapakTepHble NapaMeTphbl LLLENOYHBLIX METAJNOB

Me- | Tap.pem. | AV 10° [9] T _,K | Koop.Ynucao m_ (8] E_.10", | n.10% A -10"
Tan | 10°M[9] | V [9] [11] m, C[8] v [ 8] Mm[10]
Li 0,3502 16,5 453,7 9,5-9,8 1,19 2,26 4,7 6,07
Na 0,4250 25,0 371 7-8 1,03 1,81 2,65 6,68
K 0,5247 25,5 336,4 9-10 0,99 1,52 1,40 7,43
Kax caepyer u3 Tab.1, npu nepexoae or Li k K anep- F= @ .dS ( 4)
I'Mis CBA3HM YMEHDIIAETCs, YTO B IPUHITUIIE AOAKHO ITPH- =0 dr
BeCTH K yMeHblleHuIo BsaskocTu. Hipke nmoxaxem, 4To Beanunna
OTMeuYeHHasl 3aKOHOMEPHOCTh COOTBETCTBYET AeMCTBU- dg B
’ ’ n=E|| 2" |ds (s)
TEAbHOCTH. dr

denomeHOAOTHYECKOE ONHCAHHUE BA3KOCTH.

IToab3yscy peHOMEHOAOrHIECKIM IIOAXOAOM, pac-
CMOTPHM AMHAMUYeCKyI0 BA3KOCTb HbIoTOHOBOM KHA-
xocru. Kak nssecrro [11], Bsiskoe TeueHne onucsiBaercs
3axoHOM Hpl0TOHA, COrAacHO KOTOpPOMY B ITOA€ CTalL[UO-
HApHOT'O I'PAAMEHTa CKOPOCTHU B HaITPaBACHHH IIepIIeH-
AUKYASIPHOM TPAAMEHTY Ha IMOBEPXHOCTH dS cA0s XHA-
KOCTH AGHCTBYET CHAA BHYTpeHHero Tpenus F :

HAa3BIBAETCSI AMHAMMYECKON BSIBKOCTBIO U I10 CYIECTBY
O3HAYaeT CUAY BHYTPEHHEIO TPEHUS, ACHCTBYIOLIYIO
Ha eAMHUYHYIO maomaab (dS=1) B moAe eAMHUYHOTO
IPaAMEHTa CKOPOCTHU. B MOAEKyASIPHOM TOHMMaHUHM 9Ta
CHAA BO3HUKAET GAAropapsi B3AaMMOAEHMCTBUIO MEXAY
MOAEKYAAMH SKMAKOCTH, HAXOASIIIUMH HA [IPOTUBOIIO-
AOXKHBIX IIO3ULUSIX OTHOCUTEABHO BHIOPAHHOM TOBEPX-
HocTu dS.
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HPI/I AAMUHAPHOM TE€YEHUH | —— (= const , IOTOMY
-1 r
a9

r

-dS | =const =C. Torpaus (5) umeem
n=C-F (6)

(6) HOCHT yHMBEPCaABHBII XapaKTep, T. €. He 3aBUCHT
OT TIIPUPOADI JKUAKOCTEH UM IIOKA3bIBaeT, YTO AMHAMUYe-
CKas BA3KOCTD IPH AAMUHAPHOM TeYEHUH OAHO3HAYHO
OTIpeAeASIeTCS MEXMOAEKYASPHOM CHAOM U €CAU M3Be-
CTeH SIBHBIN BHA CHUADBI B3AUMOAEHCTBHS, TO B IIPHHIIMIIE
nocpeacTBoM (6) MOXHO BBIYHCAUTD AMHAMUYECKYIO
Bsi3kocTh. Ha aTom 6asupyeTcs: peHOMEHOAOTHIeCKUIT
TIOAXOA, IPEAAOYKEHHBIN HAMU OTHOCHTEABHO IIPUPOABI
AMHAMMYeCKOH BA3KOCTHU XUAKOCTeH. COoraacHo aromy
TIOAXOAY, TIOCKOABKY AMHAMHYECKAsl BA3KOCTD OTIPEeACAS-
eTCsl MeXKMOAEKYASPHOM CHUAOM, TO MOXXHO AOITYCTHUTb,
4TO BA3KOCTD I10 CYIIECTBY He ABASETCS aKTUBAIJMOHHBIM
IPOIIeCCOM, a TePeHOC UMITYAbCa MEXAY CAOSIMHU KHAKO-
CTH OCYIIIeCTBASIETCS] KOA€OQHUSIMU ATOMOB UAU MOAEKYA.

Ha nnpumMepe XMAKHX METaAAOB, OCHOBBIBASICh Ha (6)
IpOaHAAM3HPYeM AUHAMIYIECKYIO BA3KOCTb. ByaeMm ncxo-
AUTb U3 TOTO, YTO B METAAAMIECKUX KPHCTAAAAX CBOOOA-
HbI€ SIAEKTPOHbI ABUXKYTCS B 9AeKTPOCTATHYECKOM ITOAE,
CO3AQHHOM IIOAOXKMTEAbHBIMU MOHAMU U MX ABIDKEHHE
XapaKTEPH3yeTCs CAEAYIOIINM IICEBAO IOTEHIHAAOM [9]:

q)(r) =éexp(—B-r), (7)

-1
rae A-nocrosiHHas Beanduna, B=4,", . Tlpu Br<1 (7)
MOYKHO IIPEACTABUTD KaK

exp(—B-r)z 1—Br+—(B.r)

Toraa u3 (7) umeem:

AB2

o(r)= é—AB+ (8)

ITockoasky F=-grade, To craa mexay Hemocpea-
CTBEHHO COCEAHHMH CAOSIMHU XUAKOCTH, C y4éToM (8)

OyaeT:
do(r) A AB A
F(r)=——F—*==-——==-D 9
(r) a2 7 )
3aech D, = = const U He 3aBHCUT OT TeMIIepa-

TypsbL Yaurbias (9) B (6) AAS BA3KOCTH METAAAUYECKUX
JKHAKOCTEHN IIOAYYUM:

CA A
n :BFzr_z_CD:r_;_Dl :171+772)

(10)
rae, A, =CA u D, =CD — nocrosiHHbIe BEAUIHHBI AASI
AQHHOM >XUAKOCTH.

Kax caeayer us (10), AuHaMI9ecKas BA3KOCTD SKUA-
KUX METAAAOB COCTOHT U3 ABYX COCTaBAsIOINMX. ITepBast

1), =— BepOSITHO OOYCAOBA€HA MEXXYACTUYHBIM IPHTSI-
n

JKeHHeM, a Bropas 1, = —D, = const u cBs3aHa C ra3oM
CBOOOAHBIX 9AeKTPOHOB. B mapaboamaeckoM mpubarmke-
HUH MOXXHO ITIOAAraTh, 9TO C yBEAHYEHHEM TeMIIePaTy Phl
MEXHMOHHbIE PACCTOSHUS B XKUAKOCTHU PAaCTyT 110 AUHEH-
HOMY 3aKOHY, T. e. I~ I, KaKk 3TO MMeeT MeCTO B TBEPABIX
KPUCTAaAAMYECKMX METAAAAX. (VBeamuenue o6béMa Me-
TAaAAQ TP IIAABA€HMHU BCero Ha ~2+5% paeT ocHOBaHHe
A€AATh TaKoe HpeAHOAO)KeHI/Ie). Caep0BaTeABHO, IIOAB3Y-
SICb $eHOMEHOAOTUYECKHIM IIPUOAKEHHEM TEMITEPaTyp-
HYIO 3aBUCHMOCTD BS3KOCTH >KMAKHX METAaAAOB MOXXHO
33aAaTh CACAYIOIIMM BRIpAKEeHHEM:

n(T)=1z-D ()

Coraacuo (11), AMHaMHYeCKas BSA3KOCTDb KHA-
KOTO METaAAd COCTOMT M3 ABYX CAAraeMbIX: IIepBOe
00YCAOBAEHO HMOH-IAEKTPOHHBIM B3aUMOAEHCTBHEM,
a BTOpOe- He3aBHCAINlee OT TEMIIEPATYPhL. CAAaraeMoe,
IO CYTH, SIBASIETCS BSI3KOCTBIO CBOOOAHOTO 9AEKTPOH-
HOTO rasa.

IIpu nsBecTHbIX 3HaUeHHAX A 1 D MoXHO Bbrumc-
AUTb AUHAMHYECKYIO BSI3KOCTD IIPU AIOOOI TeMIepary-
pe. OAHAKO, SBHBI BUA 3aBUCUMOCTEMN STUX [TAPAMETPOB
OT KaKUX-AM0O0 XapaKTePHCTUK XUAKOCTH He U3BECTEH.
[ToaToMy B HacTosiIell paboTe MCIIOAB30BAH IIOAYIM-
MUPUIECKHM METOA, IIO3BOASIOIIUN YCTAHOBUTD TEMIIe-
PaTypHYIO 3aBUCHMOCTD BA3KOCTH PAaCCMATPHBAEMOIO
JKHAKOTO METAAAA. DTOT MeTOA 0asupyeTcs Ha 3HAHUH
3HaYEeHUS AMVHAMHIECKON BA3KOCTHU IIPU ABYX TPOU3BOAD-
HBIX TeMIepaTypax. AAs ICHOCTH, IIPEAIIOAOXKHM, 9TO
IPU ABYX IPOM3BOABHBIX Temmeparypax T, u T AVHAMH-
YecKast BA3KOCTh COOTBETCTBEHHO PaBHa 1), U 11 Yuursr-
Bast oTH 3HaveHus B (11) M COBMECTHO pemIas MOAy4eH-
HbIe ypPaBHEHUS], IOCA€ IPOCTHIX IPEOOPAZOBAHUIL AAS
napameTpoB A u D nmoayunm:

2 2 2 2

A_T TZ(77 ”) T 7]*
TZ

_ I
T TZ 1—;2 _ TZ

i

A nij

D=———(n-n)-n=-"=4an-n (12)
s (12) u (11) TemneparypHas 3aBHCUMOCTD AU-
HAMHMYECKOI BSIBKOCTH KUAKIX METAAAOB OTIPEACAUTCS

CACAYIOIITNM aHAANTHYIECKHNM BbIpAKEHHEM:

1

T° | T - T2

2 2

T,
1=\ |
j i

2

—L—An,—-n, |(13)

ITo ABYM 3MHI/IPI/I‘{eCKI/IM 3HAQYCHHWAM BA3KOCTH B34-
e u3 [ 10] nocpeactsom (13) Hamu ycTaHOBACHA TeM-
IepaTypHast 3aBUCUMOCTD BSI3KOCTH AASL PSIAQ XKUAKHX
MeTaAA0B. COOTBETCTBYIOIIME Pe3yABTATHI IPUBEACHDI
B Ta0. 2.
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Tabnunua 2. — BbluncneHHble 3Ha4YeHus senandmHd Au D

SKuaxumi A K w2 D.105, —
AKHIA MeTaAA ' oen ' - cex Tem. maTepBas AT, K
Li 95,84 -146,8 500<T<1500
Na 81,69 -97,1 400<T<1500
K 52,7 -83 400<T<1500
Pb 621 -638 720<T<1100
Sn 363 -560 510<T<1100

Kax caepyer u3 Tab. 2, mpu mmepexoae 1o XUAKHUM Me-
taaraM Li, Na u K o6e Beanunnst A u D ymeHbImaroTcst.
BcaeacTBue 9TOTO yMEHBITACTCSI M BA3KOCTD, T. €. COTAAC-
HO HAIIMM BBIYUCAEHHSIM 1] (L1)<-r]>K (Na)<'r]>K (K). Bor-
YHICACHHbBIE ¥ SMIIMPHYECKHe 3HAYeHUS BSI3KOCTH HaMH

BBIOPAHHBIX JKUAKIX METAAAOB AOCTATOYHO XOPOIIIO CO-

TAACYIOTCSI MeXAY co60it. COOTBeTCTByIOLUE AQHHbBIE
B KauecTBe IPHUMepa AAS XKHUAKOTO AUTHS IIPUBEACHBI

B Ta6.3 U AAS JKAKOTO KaAWs Ha PUCYHKE.

Tabnvua 3. — BblumcneHHble (1) ¥ TabnnyHble (1N,) 3HaYeHN BASKOCTM XNOKOrO IMTUS

T, K 500 600 700 800 900 1000 | 1100 | 1200 | 1300 | 1400 | 1500
17,-10°
Lq 531 426 358 310 275 247 225 207 192 180 163
(- cex)

[11]

1,10

K2 530,2 413 342,4 | 296,6 | 261,1 | 242,6 226 213,3 | 203,5 | 195,7 | 189,4
(M-cex)’l

’73/77T 0,998 | 0,976 | 0,956 | 0,958 | 0,964 | 0,984 | 1,004 | 1,030 | 1,059 | 1,088 | 1,118

CoraacHo Tab.3u PHC. IIpH TEMIIEPATYPAX BbIIIE TEM-
IepaTrypbl KMIIEHNA BbIYHCACHHBIE 110 (11) 1 TabAMYHbIE
3HAQYCHUA BA3KOCTH HECKOABKO OTAMYAIOTCA. Beposn'Ho,

9TO CBA3aHO C TE€M, UTO IIPH CTOAD BBICOKHMX TEMIIEpATypax

rapMOHHYECKOE HPI/I6AI/DK6HI/I6 HE IpreMAE€Ma M ITIOTEHITH-

aA BSaHMOAEﬁCTBHﬂ OTAMYACTCA OT IICEBAOIIOTCHITMAAAQ.

6
K
o
gl84 L
=
h
[
]
[
2 -
Pl
-k
- a
A
A
i i |
0 2 4 5
T2.10% K2

Puc. 1. TemnepaTtypHas 3aBUCUMOCTb BA3KOCTU (PpuUrypbl-Tabnamy., CrIOLWH. BbIYUCH.)

TaxuM o6pa3oM, B HacTosiIell paboTe OCHOBBIBA-
sCb Ha (PEeHOMEHOAOTHYECKHMH ITOAXOA YCTaHOBAEHO
AQHAAMTHUYECKOe BBIPAXKEHUE BI3KOCTH KUAKHX MeTaA-
AOB U IIOKAa3aHO, YTO OHO CTOUT U3 ABYX CAaraeMbIX:
nepBoe — OOPaTHO IMPONOPIIMOHAABHO TeMIIePATYPBI,

4 BTOpO€ — ITIOCTOSAHHAS BEAUYNHA AASL AaHHOfI JKHAKO-

CTH. HpeAAO)KeHHbeI METOA INIPUMEHEH K HECKOABKHM

METAAANIECKHUM J)KUAKOCTAM M YCTAaHOBACHO, YTO BbIYMC-

A€HHbIE U TaOAMYHbIE 3HAYEHUS BA3KOCTH YAOBAETBOPH-

TEADPHO COTAACYIOTCA MEXKAY coboi.
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Abstract: In this paper, we treat the evaluation of mercury concetration, in the soil samples taken in the
study.These sampels are taken in the area of the ex-Plant of PVC Vlora. (Albania) after the rehabilitation
of this area.The results of the samples analysis, done by CVAAS methodology, are in a higher concetration
than 0.07-0.3 mg/kg (“the preliminary critical limits to prevent ecological effects” according UNEP

Chemicals.).

Keywords: Pollution, concentrations of Hg, Soda-PVC, CVAAS.

Introduction

Vlora city, with a population of about 200,000 in-
habitants, is the largest city of the South-West area of
Albania, which stretches along the bay that holds the
same name. Five kilometers north of the city of Vlora,
with an area of about 1km? is located the territory of the
former industrial complex of Soda PVC.

During the 1976-1992, this industrial complex pro-
duced chlorine-alkali products, by using the mercury
and its compounds as key elements in technological
processes [1, 7-8].

The remains of this complex, which contain mercury,
are deposited close to the sea and it*s surrounding build-
ings, thus enabling environment pollution.

The process of remeditation of the polluted area is re-
alized through the combination of several technologies,
which consist of the encapsulation, excavation of contami-
nated soils and deposit of waste in the ground [2, 2-3].

During 2007-2008, was conducted a rehabilitation
project in this area. The project anticipated in several
stages of work that will be finalized through cleaning of
the area.

Soda-PVC
plant

Fig. 1. The map of Vlora city (Albania)

Previously would be opened a huge pit, which
will be laid with a layer of clay in its bottom and slats,
thereafter will be raised a thick plastic layer in order to
prevent filtering of hazardous waste in the ground or in
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the sea. In the area would be demolished some of the
buildings already left as skeletons, while inert would
go into the isolated opened pit, also a thickness of soils
and waste to a depth of two meters will flee the area,
and then would be thrown into the open pit and will be
carried out their isolation by covering the entire pit by
planting greenery on it. In the cleaned area would be
thrown pure and friable soil, and the whole surface will
be planted with grass and trees [4, 1-2].

After the remeditation is conducted a monitoring in
order to analyze the evolution of pollution in the
area. This monitoring conducted during the month of
December 2015 and consists in the analysis of several
samples at different depths in the former soda plant PVC.

Materials and Methods

Sampling Procedure

Area included in this study is the surrounds of the
former Soda PVC plant, located 5 km North of the city
of Vlora.

The sampling has been done at 13 points within
the study area. Each point are formed by three samples
at different depths, respectively at 30 cm and 150 cm.
The geographical coordinates of the points have been
measured using GPS. Soil samples were collected up
to 150 cm deep from the surface, were air dreid, sieved

Lamp D2

i

Hg — HCI

I Hg(0) outlet

Quarc Cell

through a 2.0 mm screen, and then grounded and sieved
through a 0.063 mm screen. The homogenized samples
were stored in airtight pure plastic bags.

Analytical Procedure of soil samples:

A procedure based on UNEP/IAEA Reference
Method for Pollution Studies was used [8, 12—
13]. A 0.3-0.5 g sub samples was treated with a
mixture of HNO, +HCI (9:1) in a hot plate at 70—
80 °C for 3 hours in closed PTFE vessels. After
cooling, Iml of 5% K ,Cr,0, was added and water
up to SOml. Depending on mercury content on
the sample, an aliquot of clear solution was used
for mercury determination by Cold Vapor Atomic
Absorbtion Spectrometry (CV-AAS) [S, 81-82].
All measurements were carried out using a Varian
SPECTRAA 10 Plus instrument equipped with a
home-made schema having a sensitivity about 0.2ppb
Hg. All reagents used for mercury analyses are “low in
Hg” quality (from Merck).

The determination of Mercury

The system used for volatilization and atomization
of mercury is shown schematically in Fig.2 [1, 16]. The
optimum of the operation of cold vapor system were
sample volume injected: 20 ml and air carrier gas flow
rate: 2.0 L/min.

Dedector

Monochromator

$i o\

Air ———

[ Hg(0) inlet

AAS
: il Wi

—_—
Air /
Compresor - ] J
oy S—
Air

Air
Cleanning

Reaction
flask

| digested
sample

Figure 2. Schematic diagram of the system used for volatilization and atomization of mercury

Reagents

All reagents were of analytical grade and met the
requirements for determination of mercury. Tin (II)
chloride was used as a 10% solution in HClI for reduction
of Hg?* to Hg* The solution was purified in the gas wash
bottle for 10min with airflow of 2.0 L/min.

Operation of cold vapor system

Samples ready for determination of total, inorganic,
or organic mercury were transferred to the gas wash bottle
and SnCl, solution (10 mL) was added. Gas flowing
from the bottom of the bottle transferred mercury (Hg®)
vapor through the measuring quartz cell, mounted in the
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optical path of the apparatus. After signal recording the
stream of gas was changed to cleaning mode and the
system was ready for next measurement. The signal from
standards was measured by the addition method, after
removal of mercury vapor from sample. Blank samples
were prepared from distille water and treated in the same
way with natural samples [3, 12-13].

Quality assurance of the data.

Two reference certified materials (CRM) were
analyzed at the same time with sediment samples of
studied area, SDM/2-TM and IAEA 405 purchased
from IAEA Monaco. It could be noticed that data

obtained were in good agreement with certified values.

A reference certified materials (CRM), IAEA
086 and an inner standard prepared in our laboratory,
were analyzed at the same time with our samples of the
studied area. It could be noticed that the data obtained
were in god agreement with certified values.

Results and discutions

In Table 1. are presented concentrations of Hg
(mg/kg DW), which were obtained by laboratory
tests. Every S point represent the average of the soil
samples, collected on a circle with a radius of one meter
[6,56-57].

Table 1. - Hg content (mg/kg DW) in soil, ex-Plant of Soda-PVC Vlora

No.

sample S, 5, S S, S S S Ss S S S, S, S,
Hg
[mg/kg] 0.029 | 18 |0.023|0.148 | 7.667 | 55.6 | 7.286 | 16.7 | 450.7 | 1.279 | 2.543 | 0.464 | 0.170
DW

Figure 3. The map of ex-Plant Soda-PVC, made by Google Earth

S,i=1, ..., 13 it shows the center of a circle which
has radius of one meter, where some samples have been
taken.

As clearly seen from Table 1, the concentration of
mercury found in this area ranges from minimum value
0.023 mg/kg (DW) in maximum value 450.7 mg/kg
(DW); with an average of about 43.12 mg/kg.

In §, point, we have a very high concentration of mer-
cury (‘This point represents the maximum value), but in
S3 point, we have a lower concentration of mercury.

Meanwhile is also noted that in the points S , S, S,
the concentration of mercury is high, by exceeding the
amount of about 10 mg/kg. Thus, about 30% of the sam-

ples have a mercury concentration higher than 10 mg/kg.

The results of the description of statistical analysis of
mercury concentration, determined in soil samples are
shown in Table 2.

High variation exists in the concentrations of Hg
data in soil samples under investigation. Coefficient
of variation (CV%) is very high (286%> 75%). The
coefficients of skewness and kurtosis are respectively
higher than 0 and 3, indicating that the frequency distri-
bution of Hg in the area under investigation are strongly
positively skewed. The great variation, positively skewed
distribution, and high kurtosis suggest that the Hg con-
centrations were still under the pollution level.
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Table 2. — The results of statisticaly treated data

7]

= s - S [} 2} 2 E E

Qo 2 o g 5 8 =9 © 7 3 =) = =
5 & SN ECE- R 202 3 2|7

3

% 43.12 2.54 123.41 15230.78 2.86 | 1249 | 3.51 | 0.02 | 450.70 | 13.00
g

The highest concentration level as found in point S, Conclusions

when Hg concentration goes more than 10mg/kg.

Actual Hg concentration in soil samples are lower
than the concentration level before the remediation. If
we compare the range of concentration before and after
remediation, it is as is show in Table 3.

Table 3. — The concentration of Hg
(mg/kg, DW) in different periods

Hg Rang of Hg
(Mean) concentration
Before 205.6 0.08-2472
remediation
Actual study 43.12 0.023-450.7

Beside the Hg concentration in actual study is
low compare to the values before the remediation it is
still high in the area of the electrolysis building
(C=43.12 mg/kg, DW), that is higher than 0.07-
0.3 mg/kg, the “preliminary critical limits to prevent
ecological effects” according UNEP Chemicals. [7, 7]

The area of the former industrial complex of PVC
Caustic represents the highest mercury pollution area.
This pollution comes as a result of technological waste
thrown in an uncontrolled manner.

During the years 2007-2008 was carried out the
remeditation of this area. Soils contaminated with
mercury (>10mg/kg DW) are replaced with clean soil
(unpolluted with mercury) and the whole surface will
be planted with grass and trees.The measurements of the
area, at a depth of 150cm include precisely these soils.

Although the area has been rehabilitated, by the
results of the measurements performed, results an
average concentration of 43.12 mg/kg DW.

Around 30% of the analyzed samples result in a
concentration higher than 10 mg/kg, showing that the
concentration of mercury in the area of former Soda
PVC plant is still high, compared to the rates allowed
by UNEP.
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Onpep,eneHMe onTnMaJsibHOro COoOTHoOLUeHUsa Mmexxay
MMrMeHTomM n HanoJiHuTesieM B JIaKOKpaCO4YHbIX COCTaBax

AHHOTaI.II/IH: Ha OCHOBe obecledyeHrs MUHMMAAbHOTO CPEAHECTATHCTHIECKOI'O padMepa AUCIIEPCHHU

H, CAeAOBAaTE€AbHO, MAKCMAABHOTO AM3arperupyiomero agp¢dekra, Obiaa MpoBeAeHA OITUMH3AIUS PACXOAA

PaACTBOPHUTEASL H OTHOCHUTEABPHOT'O COAEPIKAHHMS AHOKCHAQ TUTAaHA, THHKOBBIX OeAnA u KaP6OHaTa KaAbITHA

B KOMITO3HIJHSIX HA OCHOBE IIEHTOPTAAEBOTO ITAEHKOOOPa3yIoIIero.

Karouesbpie caoBa: nurmenT, [IAB, aucniepruposanue.

B nacrosmee Bpemsa A0 80 % IOKpPBITHIL, HCIIOAB3Ye-
MBIX AASL aHTHKOPPO3HOHHOM 3aIUTBI M ACKOPATUBHOM
06pabOTKH CTAABHBIX METAAAOKOHCTPYKIIUIL, OCHOBAHO
Ha IIPHMEHeHHH AAKOKpacouHbix Matepuaros (AKM),
4TO 0OYCAOBAEHO MX OTHOCHUTEABHOH AEIIEBU3HOM U
AOCTYITHOCTBIO, 2 TAKXKe IIPOCTOTOM U arpOoOUPOBAHHO-
CTBIO TEXHOAOTHUYECKHUX OTlepalluil X HAaHEeCEeHHs], B TOM
9HCAE U Ha 00'beKThI, HAXOASIINECS B PEXKHMe HeIpephIB-
HOM 9KcrayaTaruy [ 1-3].

OAHO¥ 113 OCHOBHBIX XapaKTePUCTHK, OTIPEACASIONUX
YKPBIBUCTOCTD U 3aI[UTHbIE CBOHMCTBA AAKOKPACOYHBIX
matepuaros (AKM), sIBASieTCS CTeleHb Ae3arperamuu
IUTMEHTOB U HaroAHuTeAel [4]. Hanpasaenwue u ray6u-
Ha ITPOIeCCOB AUCTIEPCHOTO B3aUMOAEHCTBHS B CyCIIeH-
3usix AKM ompeaeAsieTcst He TOABKO IIOBEPXHOCTHBIMHU
CBOMCTBAMHU M FeOMeTPHIECKHMH IIapaMeTPaMU TBEPAO-
¢$a3HBIX KOMIIOHEHTOB, HO M Ka4eCTBEHHO-KOANYECTBEH-
HBIMH OCOOEHHOCTSIMH COCTaBa AMCIIEPCHOHHOM CPEeAbI
(maenxoobpasyrompue, pactBoputean). B aroit cBsi3u mpu
orrrumuzarivy cocraBa AKM HeO6XOAMMO y4HTHIBATh pe-
3YABTHPYIOIHI BKAQA BCEX YKA3aHHBIX COCTABASIIOIHIX.

B Hacrosimeit paboTe IpeACTaBAEHBI PE3YABTATHI HC-
CAEAOBAHMIA [TO M3BICKAHUIO ONTHMAABHBIX COOTHOILIIE-
HUI TBepAODA3HbIX IUTMEHTOB 1 HaroAHuTeAel B AKM
Ha OCHOBE MeHTadTaAeBOTro MAEHKOO6pasyomero (Aak
I1®-060) u YTA€BOAOPOAHOTO PAaCTBOPHTEAS] — YalT-
crimpura (mo TOCT 3134-78). B kauecTBe MMUrMeHTOB HC-
TIOAB30BaAH AMOKCUA THTaHA (Mapka R—02) u numnkoBbie
6eanaa (BLIO-M), a HanoanuTeas — mea (Mapka M-20).
Koanuecrsennsie coorHomenus murmentos (C IJ%)
U HalloAHMTeAs BapbupoBaau oT 0 oo 100% (orR.), 3apa-
Basi [IOCTOSIHHBIM HX O01Ijee COAepIKAHIe B CyCIIEH3MSIX —
16%. Pacxoapt pactBoputeas (C P,%) U3MEHSAU B HHTEp-
Base 10+50% (B mepecuere Ha o6bem aaxa [1D-060).

Meroauka mpuroroBaenus cycnensuit AKM c pas-
AUYHBIM COAEPIKAHHEM [IACHKOOOPa3yIoIero 3aKAKYa-

AACh B IIPEABAPUTEABHOM Pa3BeACHHH YaHT-CIIUPUTOM
Aaka ITP-060 B caepyromux 06beMHBIX COOTHOIIEHUSX:
1:9, 3:7, 1:1. Tloay4ennbie pacTBopbI (B AaabHefimem A)
HAITPABASIAM Ha NPUTOTOBACHHE CYCIIEH3Hi, KOTOpoe
ocymectBAsiau ripu Temieparype 20 ° C B repmeTnaHOM
peaktope (06bemom 0.2 AM*), CHAGKEHHOM MepeMeNnIH-
BaIOIIMM YCTPOMCTBOM (MMIIeAAEPHAS MEIIAAKa, 9aCTO-
Ta — 700 Mun). ITpoAOAKUTEAPHOCTD OIlepaliuH, Ipu
KOTOPO¥ PUKCHPOBAAU CTAOMAM3ALIMIO PABHOBECHBIX Xa-
PAKTEpPUCTHUK CYCIIEH3HI U B, IEPBYIO OYepPeAb, IO Gppak-
IIMOHHOMY COCTaBYy ITMI'MeHTa, cocTaBasiaa 1.0 gac. Ko-
AMYECTBEHHbIE COAEPIKAHUS TUTMeHTa (AMOKCUA THTAHA
I OKCHIAQ ITUHKA).

Hccaepyembie IpOOBI AAKOKPACOYHBIX CYCIIEH3HI
¢ moMombio THeBMopo3aTopa (o6beM kamau 0.02 ma)
IIOMeIJAAH Ha ITPEAMEeTHOe CTEKAO, QUKCHPOBAAH ITO-
KPOBHBIM CTEKAOM U BBIACPXKHBAAHU OIIPEACACHHOE BpeMs
oA Harpyskoit. Kak nasectHo, o Mepe ncrapeHus pac-
TBOpuUTeAs (BO BpeMeHH), 32 CYET CTATUBAIOIIEro dddex-
Ta (MO BBICOTE U B AOCKOCTH), YCUAMBAeTCS Pa3BUTHE
AepOpPMaIMOHHBIX IIPOLIeCCOB, KOTOPbIe BAUSIOT Ha Xa-
paKTepHUCTUKH (TeOMeTPUYECKUX, CTPYKTYPHbIX) CAMHX
IIAEHOK, a TaKXKe COIPSDKEHHO-CBSI3aHHBIX C HUMHU 00'b-
eKTOB (B YaCTHOCTH IMUPUHY 3330Pa MEKAY IPEAMETHBIM
¥ TOKPOBHBIM CTEKAAMH). AAS MUHUMHUBALUU BAUSHHUS
casuroBbix Aepopmaruit (F), ucxopuau us Heobxopu-
moctu obecrievenus ycaosus P>F (P, r/cm? yaeabHas
Harpyska). PesyAbTaTbl MpeABapUTEAbHbIX HCTIBITAHMIA,
BBIITOAHEHHBIE Ha IPOOaX PA3AMYHOIO COCTABa, IIOKa-
3aAH, YTO ITOMY YCAOBHUIO OTBEYAeT PeXHM Harpys3Ku
P>10r/cm* OaHOBpeMeHHO ONTUMU3UPOBAAU TIEPUOA
BBIAEPKKH TIPO6 (T10A HATPY3KO#t), KOTOPDIit yCTaHABAH-
BAAU II0 BpeMEeHH, HEOOXOAMOMY AASI CTAOMAM3AIIUK
AepOpPMaIMOHHBIX ITPOIIECCOB B IMMAEHKAX. AAS HCCAGAY-
€MO CHCTeMBI IIEPHOA CTATUYECKOM HaTPY3KU COCTABUA
S MUHYT.
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ITpu BHITOAHEHMHU AHAAU30B KPAaTHOCTD YBEAUYEHHUS
KOMITBIOTEPHO-ONTUYECKOHN CUCTEMbI 3aAABAAH ITOCTO-
sunoit (x350). BasoBbie XapaKkTepUCTHKU AUCIIEPCHOTO
cocrasa cycniensuit AKM (o6miee KOAUYeCTBO 4acTHI]
nurmMeHTa — N, pasMephI U IAOIAAD, 3aHMMaeMast Ja-
crunaMu — Su) oIpeAeAsAM Ha QUKCHPOBAHHOH IAOIIA-
Au 0bpabarpiBaemMoro Bupeousobpaxenns S = 0.38 mm™

Bausnue BpimeykazaHHBIX GaKTOPOB Ha AMCIIEPC-
HBIA COCTaB CYCIIEH3UN YCTAHABAUBAAM C UCIIOAb30Ba-
HHEM KOMITbIOTePHO-OIITHYECKOTO aHAAU3ATOpa, KOTO-
PBblil II03BOASIET HEIIOCPEACTBEHHO OIIPEAEASITh Obliee
xoamgectBo (N) unmaotHocTb pactipeaeaennst (P,%) auc-
HepPCHI Ha MTOAAOXKKE C 3aAAHHOH IAOIITAABIO (S) [5,6].

3akoHomepHOCcTH n3MeHeHHs N u P B cycrensmsax
OT PacXOAOB PACTBOPHUTEAS] M KOAMYECTBEHHBIX COOTHO-

TiOZ)
K HAaITOAHMTEAIO OTpa’XaloT I‘Paq)I/I‘IECKI/Ie 3aBHUCHMOCTHN

HMIEHUH ABYX Pa3HOBHAHOCTEN IUTMEHTOB (CZnO uC

peACTaBACHHBIE HA pUC. lar CymeCTBeHHbIe U3MEHe-
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HUS PPAKIMOHHOTO cOcTaBa (IO YMCAY YaCTHUI]) Pert-
CTPUPOBAAU B CHCTeMe Ha OCHOBE AIOKCHAQ TUTAHA; 06-
Ijee KOAMYECTBO YaCTHUI] yBEAMIUAOCH B 3.8—4.0 pasa mpu
yBEAMYEHUH OTHOCHUTEABHOTO copepxanus TiO, B cy-
cren3uax ot 0 oo 75%. B To xxe Bpems B cucreMe Ha OCHO-
Be «ZnO — CaCO > B aTOM Xe psiay nsmenenus C,
3HavyeHMs N IIpaKkTHYeCKH He U3MEHHAHUC.
Heopno3HauHOE BAMSHME Ha pa3BUTHE IPOIIECCOB
arperanuu U Ae3arperaniy 4acTHI] OKa3bIBalOT KOH-
IleHTPaIlMOHHbIe ITapaMeTpPhl CYyCIeH3Ui M0 PacTBO-
puTtearo. ITo Mepe yBeAnmueHHs pacXOAOB pacTBOpPHUTe-
Al OTMEYAAH 9KCTPEMAABHBIM XapaKTep B M3MEHeHHHU
YMCAQ YACTUI] U MAOTHOCTHU HX PAaCIPEACACHHS Ha MTOA-
Aoxke. Ob1ee YMCAO YacTHI] B 0OEHUX HCCAAYyEeMBIX
CHCTeMaX yMEHBIIUAOCH B 1.5 pasa npu yBeAndeHNH CP
ot 10 po 30%. Ilpu paspHelineM pa3BeA€HUH MTACHKO-
0bpasyrolero HHTEHCUPUIIUPYETCST OOPATHBIN IPO-
I1ecc — Aes3arperarus.
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Puc. 1. BanaHmne pacxogoB pacTBOPUTENS N KOSIMYECTBEHHbIX COOTHOLUEHMN TBepA0da3HbIX
KOMIMOHEHTOB B CYCMEH3MSX Ha NX 00LLEee KONMYECTBO U MIIOTHOCTb PacnpeneneHns Ha nogaoxke
(1 — cucTema Ha ocHoee «Ti0,-CaCO,»; 2 — cuctema Ha ocHose «Zn0O-CaCO,»)

CoBMeCTHOe BAWSHUE BBILIEYKA3aHHBIX PaKTOPOB
Ha U3MeHeHHe 0611ero KOAM4ecTBa YaCTHUI] ¥ MAOTHOCTD
HX PacIipeAeAeHIUSI Ha IOAAOXKKeE OIMCBIBAAKM 00001IeH-
HBIMU YPABHEHUSIMH COOTBETCTBEHHO:

a) AASL CYCTIeH3HIH Ha OCHOBe I[HHKOBBIX OeAHA:
N=(5.6-10"-C’-0.043-C, +1.5)(1.6-10" -C}, , +0.23-

ZnO

.CZ

ZnO

-094-C, , +493

ZnO

P=(52:10"-C}=0.032:C, +1.4)(10°-C’, ,+6-10" -

pZnO
.C,,+0.82

6) AASL CYCTIeH31il Ha OCHOBE AMOKCHAQA THTAHA:
N= (3.6 107 ~C§ -0.03-C, + 1.2)(4.6 107 -C;OZ +0.76-
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-Cho, —15.1-C,,, +593

P=(2:10"-C}-8-10°-C,+0.97)(5-10" - C},, —0.03-
Chp, +593

CymecrBennble oTkaoHeHHs N u P oT npsmoan-
HeriHOCTH Npy Bapranuax C  u Cp CBA3aHBI O4EBUAHO
C Pa3AMYMAMH B Pa3BUTUH (II0 CTENIeHH U HAMIPABACHHIO)
ABYX ITPOTHBOITOAOKHBIX IIPOIIECCOB: C OAHOM CTOPOHBI
ACCOIMAIIMY, A C APYTON — Ae3arperaruu TBepAoQpasHbIx
KOMITOHeHTOB. IIpuyem ykazaHHBIE IIPOLIECCHI MOTYT
Pa3sBHBATbCA KAK IO TOMO-, TaK U reTepo¢dasHbIM KaHa-
AaM. AAS UX Pe3YABTHpPYIOIeH OLleHKU PeKOMEHAOBaH
YAEABHBIN ITOKa3aTeAb — dcpeA) KOTOpBIM 110 pU3NIECKOM
CYIJHOCTH XapaKTepusyeT CpeAHeCTaTUCTUYeCKHIT Pa3-
Mep AUCIIEPCHI B CyCIIeH3HAX. 3HaYeHHs clCPeA PacCYHTHI-
BaAM C HCIIOAb30BaHUeM 0606meHHbIX ypasHenuit (1-4),
o popmyae:

N — obuiee KOAUYECTBO YACTHI] HA TIOAAOXKKE C 3a-
AAHHO¥ aomaabio (S = 3793 mxm?);

k — xoapPunuenT mepecyera, KOTOPHII IIPU Kpar-
Hoctu yseandenus (x350) cocrasua 70 mxm/% />

BansHue pacxopaoB yaHT-CIMpHTa Ha M3MeHEHHe
CPeAHECTATUCTHYECKOTO pa3Mepa YacTHIL] B 00eUX Aa-
KOKPaCOYHBIX KOMITO3UIMSX OTPAXKAIOT 3aBHCUMOCTH,
IpeACTABACHHBIE HA PUC. 2 ¥ MUKPOU300pasKeHUSI Ha PHC
3, 4. Ilponeccol aesarperanuu (quy COOTBETCTBYeT
yMeHbIIeHHe dCPeA) B CYCIIeH3HSIX, U B HAUOOABLIET CTe-
nenu B cucreme Ha ocHose «Ti0,-CaCO,», unrencu-
PUITMPYIOTCS IO Mepe YMEHbBIIEHHUS B HIX COACPKAHI
pactBopureas. IIpu ymenbmenuu CP Ha 40% (ot 50%
Ao 10%) dCpeA YMEHbBIIIAeTCSl OpUeHTHPOBOYHO Ha 20%
(o1 2.7 70 2.2 Mxm). Takum 06pa3oM Ae3arperupyromuit
apdexT mpeobAapaeT B CYCIEH3HUSX C IOBbIIIEHHBIM
COAepIKaHHeM IeHTapTaAeBOTO MMAEHKOOOPa3yoIero.

J —k p AMCIIeprupyIomyo akTUBHOCTb AAKUAHBIX CMOA B OT-
@0 N HOIIEHHMHU APYTHX IIMTMEHTOB U HalIOAHUTEAeH OTMeYaAU
rae, P — maoTHOCTD pacnpeaeseHns acrur, % u B pabore [7].
3.5
. 2
= 3.0
i
z H/_"/_,—-r—'—t—H
¥ 2.5
= 1
2.0
1.5 T T T T T 1
1] 10 20 30 40 50 a0
Cp, %%

Puc. 2. BnusaHne pacxoaoB pacTBOPUTENS HA CPeaHecTaTUCTUYECKUIA
pa3mep 4YacTuL, B cycrneH3unax (06o3HaveHns Te xxe — puc. 1)

Cp=
Puc. 3 MukponsobpaxeHus okcuaa umHka

70%
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Ilpu oTcyTcTBHE MPOLIECCOB arperaljiy u Aesarpe-
ralfuy 3aKOHOMEPHOCTHU M3MEeHEeHHs CPeAHeCTaTHCTH-
4eCKOTO pa3Mepa 4acTHI] (dT) B 3aBUCHMMOCTH OT OT-
HOCHTEABHOTO COAEpPXKaHMS B CyCIeH3USAX IMUTMeHTOB
Y HATTOAHUTEAS OITUCHIBAIOTCS AAAUTUBHOM QyHKIIHEN:

d,=cC,-d,+(100-C,)-C

CaCO;

TA&, drmr u dCaCO3
CPeAHeCTaTI/ICTquCKI/Ie paSMepr YaCTHUII B CYCHeH?)I/IHX,

— YCTaHOBAC€HHDBIE 9KCIIEPUMEHTAADHO

coorBercTBeHHO pu C_ =100% u C_ =0%;
nur nur
d_— pacueTHbIe 3HAYCHIS CPEAHECTATHCTHIECKOTO
pa3Mepa 4aCTHI] IIMTMEHTA U HAIIOAHUTEAS IIPH UX CO-
BMECTHOM IIPUCYTCTBHU B CYCITeH3USX.

Cp = 70%

Cp = 90%

Puc. 4. MukpounsobpaxeHuns amokcuaa TutaHa

3aKOHOMEPHOCTH U3MEHEHUSI CPeAHEeCTaTHCTHYe-
CKOTO pa3Mepa YacTHI] B 3ABUCUMOCTH OT OTHOCHTEABHO-
IO COAEPIKAHMUS IUTMEHTOB B CYCIIEH3USX, IOAYIEHHbIE
pacuernsm riyTeM (1) u axcrepumeHTasbHO (2) Mpea-
CTaBA€HBI Ha puc. S.

ComocTaBUTEAbHbIN AHAAU3 TEOPETHIECKUX 1 IKC-
[IePUMEHTAABHBIX AQHHBIX Ha OCHOBE Pa3HOCTHOTO II0-
xazareast Ad (Ad= dr — ds) nossoasier npoussecTu
onrumusanuio cocrasa cycrnensuii mo C_, Koanve-
CTBEHHOMY A€3arperupoBaHUIO TBEPAOPA3HBIX AUC-

3.5 :I 1

5.0 . . R .

25 7

20 A
1.5 4

dcp, mem

1.0 4

0.5 A

] T T T T 1
u] 20 40 a0 g0 100

CTipz %

dep, mem

Nepcuil MpU Pa3AMYHBIX COOTHOIIEHHSAX ITHTMeHTa
U HAllOAHUTEAS B CYCIIeH3UAX COOTBETCTBYeT yBe-
andenne Ad. ITocaepAHeMy YCAOBHIO AASI CYCII€H3HUM
Ha OCHOBE IJHHKOBBIX OEAHA OTBeYaeT OrpaHUYEHHBIH
yuacrok (puc. 5), a umenno C, = 50%+5%. Vs-3a
Ae3arperanuu MOHO]a3HbIX aCCOLMATOB CpeAHecTa-
THCTHYeCKHMI pasMep YacTul (B COBOKYITHOCTH MeAd
M OKCHAA LjMHKa) mpu ykasamHom C,

B 1.5 pasa MeHbIIe 4eM 03KHAAAOCH IO pacyeTaM M CO-
CTaBHUA 2.2 MKM.

OKa3aACsa

35 1

S.D-M

2.5 4

2.0 2

15
1.0 7
0.3 9

u] T T T T 1

0 20 40 =] o 100
Czno, %6

Puc. 5. BamsaHne OTHOCUTENBHOIo COAEPXAHUS MMTMEHTOB B CYCMEH3UAX
Ha UBMEHEHME CPeagHECTATUCTNYECKOro pa3dmepa YacTtul, (1 — paccymTaHbl HA OCHOBE
aganNTUBHOM GYHKUMN, 2 — pacCyUTaHbl NO SKCNepPMMeEHTasbHbIM AaHHbIM)

Aas xomnosuimit Ha ocHose TiO, u CaCO, ana-
nasoH sHavenuit CTiO, (25-75%), obecneunBaronuit
npupocT B mokasareae Ad, okasaacs 6oaee mmupe. Oa-
HAaKO C [IO3UIINIT 9KOHOMUU AOPOTOCTOSIIETO IUIMEHTa
1ieaecoo6pasno orparmauthes CTiO, = 50-60%.

Takum 06pasom, AAST 0becIIedeHns] MAKCHMAABHOTO
Aesarperupymomero adpdexra M, Kak CAGACTBHUE YAyY-

MIeHUS YKPBIBUCTOCTH AAKOKPACOYHBIX KOMIIO3UITUI
Ha OCHOBE ITeHTO(TAAEBOTO IAEHKOOOPA3yIomero, Ha-
MIOAHUTEAS] — MEAA, IMTMEHTOB — AMOKCHAA THTaHA
U OKCHAQ TUHKA PEKOMEHAYIOTCS OTPAaHMIUBATh PACXOABI
yalT—cnupuTa Ha ypoBHe 10%, a oTHOCHTeAbHbBIE COAEP-
xanust TiO, u ZnO (1o OTHOWIEHMIO K MeAy) Ha ypOBHe

50%.
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KBaHTOBO-XMMU4YeCKoe Ndy4eHme HOBbIX KOMMJIEKCOB «MOHUT —
Cu (ll)» B pamkax Teopuu GpyHKLLMOHANA MJIOTHOCTH

Annoranus: B pa6ore B pamkax DFT-MeToAQ IPOBEAEHO KBAaHTOXUMUYECKOE MOAEAUPOBAHIE MEAD-

COAEP>KAIIMX KOMITAEKCHBIX CTPYKTYP, 0Opa3soBaHHBIX HOBBIM KOMIIAKCUTOM. PaccuuTaHbl 9Hepruu CBssu
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B paMKax MOAeAeﬁ, IIOCTPOEHHBIX C YIE€TOM (l)YHKI_[I/IOHaAbeIX I'pymIl KOMIIA€KCHTA. OCHOBBIBASCH Ha 3Ha-

YEHHNAX reOMETPHUIECKHX XaPAKTEPHUCTUK PaBHOBECHBIX COCTOS{HI/Ifl, YCTAaHOBAEH XapaKTep CBsI3ell B KOOp-

AMHAIIMOHHBIX CTPYKTypax.

KaroueBrpie cAoBa: I/IOHOO6MeHHI/IK, COP6I_II/IS{, OHEPTIHi CBA3H, KOMIIAEKCHAA CTPYKTYpa.

BBeaenue

MeToabI KOMBIOTEPHOTO MOAEAMPOBAHMS MOAEKY-
ASIPHBIX CHCTeM MO3BOASIOT POrHO3MPOBATh CBOMCTBA
HOBBIX MAT€PHAAOB, @ TAIOKE MOTYT OBITh HCIIOAb30BAHbI
AASL TOTO, YTOOBI ITOHSTh ¥ OXaPAKTEPU30BATh CUCTEMBI,
IIOAy4YeHHbIe B Pe3yAbTaTe dKCIIepHMEHTOB.

B AaHHO# paboTe KBAaHTOBOXHMUYECKUMH METOAAMU
HCCACAYIOTCS CTPYKTYPHbIe U 9HepreTUYeCKHe CBOMCTBA
KOMIIAEKCA HOBOTO aHHOHHTA ¢ HoHamu Meau (II) ¢ me-
ABIO TIOMCKA ITyTell HallpaBA@HHOTO M3MEeHeHUs UX QU3H-
KO-XMMHYECKHX CBOHICTB.

MoaeAb 1 METOABI pacyeTa

OO6BbeKTOM HCCAEAOBAHHS CTAA HOBBIN KOMIIAEKCO-
00pasyromuil HOHNT, paHee [TOAYYEHHbIM HAMH XUMU-
yeckoil MopuuUKaliuell TpeXMepHOIo CeT4aToro co-
MOAMMepa AKPUAOHUTPHAA C AMBHHHAOEH30AOM IIOA
BO3AENCTBUEM TMAPOKCcHAamMuHa | 1, 37-39].

YricAeHHbIE PacyeThl TPOBOAUAUCH B IPHOAYDKEHUH
3AEKTPOHHOM MMAOTHOCTH C HCIIOAb30BaHKHEM IIPOTPaMM-
Horo maketa OpenMX, Bepcus 3.7 [2]. O6menno-xop-
peasaunoHHbIN ¢yHKkMOHaA PBE-Tuma ncnoab3oBaacs
B npubamkennn GGA 6e3 y4eTa CIIHH-IIOASIPU3AIIN.
MaxcumaAbHasl KUHETHYeCKAs SHePI sl MAOCKUX BOAH
Ecutoff Betopana 120 Ry.

OHeprus CBA3bIBAaHMA HOHOB MEAH K IIOAMMEPHOM
ey 6bIAA PACCUMTAHA IO METOAHUKE, IIPEAAOKEHHOM

B pa6ore [8, 24-70].

IToAyueHHbIE pe3yAbTAThI H HX 00CYyXKAeHHE

HoBpli1 aHHOHHT ITpeACTaBAsieT COOOI ITOANMEP, CO-
Aeprkarmuit amupokcumabie (—C (NH2)=NOH) TPYIIIbL
OpaHaxo, mpaKTHYecKH He YAAeTCSl KOAMYEeCTBEHHO 3aMe-
HUTDb HUTPUADBHBIE I'PYIIITbI B AMUKAOKCHMHbIE B CHAY HEKO-
TOPBIX PAKTOPOB, TAKUX KaK CTePHYECKHUI, 3PPEKT cocea-
Hero 3BeHa. B yacTHOCTH, BcaepCTBHe addexTa cocepAHero
3BeHa 00pa30BaBIINeCss HOHOTeHHbIE IPYIIIbI MOT'YT CO3-
AaBaTh AEKTPOCTATUYECKHE HAM IIPOCTPAHCTBEHHbIe Oa-
Ppbepbl, IPENATCTBYS AAAbHEHIIeMY IPOTEKAHHIO PeaKIfU
Ha COCeAHMX 3BeHbsX. I ToaToMy mpu mocTpoenun MoaeAu
CAEAYeT yIUTBIBaTh HEPOPEearkpoBaBIIie HUTPHABHbIE (—
CN) rpymnmst. Kpome TOro, B MakpoLeIs HoAMMepa MOTy T
npucytcrsosars amuanbie (—-CONH, ) n kap6okcrabHbie
(~COOH) rpymmbl, KOTOpbIe B 04€Hb MAABIX KOAMYECTBAX
00pa3yIOTCst IIPY YACTHIHOM THAPOAH3E.

KBanTOXMMIYeCKHEe pacyeThl MOXXHO YIPOCTHUTD
BBeAEHHEM HEKOTOPbIX AOIyIeHui. Bo-nepsrix, B ka-
JecTBe IPeABAPUTEABHOrO 3Tala, MOKHO OTPAHHYHTD-
CsL IPOIleCccOM copbuuK U3 BakyyMma. Bo-BTopbix, Aas
IIpOBeAeHMsI 60Aee IIPOCTHIX PacUETOB, COPOIIUIO HOHOB
MeAU Ha HOHHUTE MOKHO PaCCMOTPEeTb Kak COBOKYITHOCTD
PeaKIiHii, IPOTEeKAIOMUX Ha Pa3AMYHBIX pparMeHTax Ma-
kponenu. [Ipu mocrpoennu MopeAn KOMIIAGKCA MOXHO
PaccMOTpeTh CAeAyIomue ¢pparMeHThl aHHOHHTA, MOAE-
AUpyIoIye ¢yHKIHOHAAbHbIE TPYTIITbI MAKPOLIeIIH, CTI0-
COOHbIE K KOMITAEKCOOOPa30BaHHUIO:

1 I NH; 111 HON-.___NH;
NH, .
/\W “UNOH
NOH
TN HON =" Nj,
Iv* \'% VI
NH
/wNHZ NOH NH, ’
* \
N
NOH HzN/k/ “>noH NOH
CONH, COOH

* Opazmenm IV codeprcum dse amudokcummvie S4etiKuy, OMHOCIUUECS K PASAULHBLM MAKPOUENIM.

PacuyeTsl mOKa3aAu, 4TO MPH B3aHMOACHCTBUHI AHOHH-
Ta C HFOHAMH MeAU 0OPa3yIOTCs SHEPreTHIeCKH YCTOMIH-
Bble KOMIIAEKCHbIE CTPYKTYPBbI B 3aBUCUMOCTH OT PyHKIIU-
OHAABHBIX I'PYTIII, YTO OIOCPEAOBAHHO TOATBEPIKAAIOTCS
BBICOKMMU 3HAUYEHHSIMU 9HepPI'UH CBA3bIBaHUS. B obpaso-
BaBIIIHXCS KOMIIAEKCAX HOH MEAH 00pasyeT CAOKHbIE CBS3H.

B paBHOBeCHOI cTpyKType KoMIlAeKca pparMenTa I
C OAHHMM HOHOM MeAU OOPa3yIOTCsl KOOPAHUHAI[OHHbIE

CBA3H C yYaCTHeM MOHA MEAHU, KUCAOPOAQA U a30Ta AMHH-
HOM rpymnmbl. A B KoMIaekce pparmMenTa I c AByms no-
HAMH MeAU HaOAIOAAeTCst ApyTast KAPTHHA: BTOPO HOH
MeAH 06pasyeT ¢ a30TOM OKCUMHOI IPYIIIIbI XeMOCOPO-
IIMOHHYIO CBA3b, QOPMUPYS ABYXKOOPAHHAIIMOHHYIO
cBsizb. IIpu aToM HabAIOAAeTCs mepepacmpepeAeHHe
ABOTiHOI cBsizu (puc. 1 a, 6).
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a) Ecops=554,960 m3B . Ecops=1638,276 mdB
& R (Cu-0)=2,353 A 05 R (Cul-0)=2,387 A
° R (Cu-N")=2277 A R . R (Cu2-0)=2.970 A
P-g® (Cu-N')=3,084 A 29 R (Cul-N"=2.866 A
e 9 Z (0-Cu-N")=69.,8" >q R (Cu2-N'=1,974 A
? RS Z (O-Cul-N")=62,9°
Z (O-N-Cu2)=125,8°
J Eeops=1169,439 voB . ° R (Cul-0)=3,024A
DL S .’ R(CuN)=2481A | Doy R (Cu2-N")=2,305 A
" d - ] R (Cu-N"), 3,151A dQ9 @@ | R(Cul-N)=2271A
o O R (Cu-0)=3,1924 » | & R (N"-C)=1,156 A
o - © Z (Cu-N-0), 107,8" ’ Z (O-N-Cul)= 108,5"
’ ° Z (Cu2-N"-C)=147,90

PucyHok 1. PaBHOBECHbIE CTPYKTYPbI KOMMJIEKCOB C OAHUM 1 ABYMSl aTOMaMu Mefn:
dparmeHTal (a, 6) n pparmeHTa ll (B, r) (roe: N/ — atom a3oTa OKCUMMHOW Fpynnbl,
N/ — aTom a3oTa amuHHoOM rpynnbl, N/ — a30T HUTPUNBLHOW FPYMMbI)

BcaeacTBre 06pa3soBaHust HOBOY XeMOCOPOIIMOHHOM
CBSI3U, 9HEPIHsI COPOLIMHU AASI KOMIIAEKCA C ABYMSI HOHAMH
MeAHU OKa3aA0Ch CpaBHUTEABHO 6oabime (1638,276 maB),
YyeM KOMIIAEKCA C OAHHM HoHoM Mean (554,960 maB).
OaHako, KaK IIOKa3aAM PacyeThl, AAAbHeMHIIee yBeArde-
HIMe YHCAAQ AaTOMOB MEAH B CHCTeMe He IIPHBOAHT K 006-
Pa30BAHUIO HEPTeTUYECKU BBITOAHBIX KOMIIAGKCHBIX
CTPYKTYP.

CaeayeT OTMETHTB, 4TO B CAydae KOMIIAEKCA C yda-
crueM QparMeHTa, COAPXKaIly0 HUTPUABHYIO TPYIIILY,
TakOKe HAOAIOAA€TCSl YBeAMYeHHe dHePIUH B3aUMOAEH-
CTBHS], CBUAETEAbCTBYIOIIHI, IO BCeH BEPOSTHOCTH,
00 y4acTHM HUTPHUABHBIX TPYIIIL B OOPA3OBAaHUH XEAaT-
HbIx cTpykTyp (puc. 1B, 1).

OTOT $aKT MOATBEPHKAALTCS H3MEHEHHEM dHEepPTUH
B3auMOAeHcTBuUs B koMnaekce ¢pparmenTa II c oanmmM no-

HOM MeAH A0 867,02 MaB mpoTus 554,96 MaB koMmaekca
¢parmenTa I. OpHaKO BKAIOUEHME BTOPOTO HOHA B COCTaB
KOMIIAEKCA IIPHBOAUT K YMEHbIICHUIO 3HAYeHU S SHEPIUH
cop6umu (1511,822 MaB) no cpaBHeHuIO ¢ «parment [
+2Cu» (1638,276 MaB).

B 06pasoBaHUH paBHOBECHBIX CTPYKTYP B KOMIIACK-
cax ¢pparmenTa Il akTHBHOE y9acTHe IPUHUMAIOT ATOMBI
N/u N/

MHTepecHast KapTHHA HAOAIOAA€TCSI IIPU CpaBHe-
HUM COPOILMOHHBIX crocobHocreit ¢pparmentos III
u IV. ®parmenr I1I mposiBAsieT 60ABIIYIO COPOLIHOHHYIO
axruBHOCTH (1908,460 M3B) 10 cpaBHeHwMIO ¢ pparmeH-
tom IV (1304,538 M3B), B KOTOpOM aMHAOKCUMHbBIE
TIPYIIIBI HAXOASTCS B Pa3HBIX MOAEKYAAX H, KA3aA0Ch OB,
00AaAQIOT OOABIIIEl CTEIEHBI0 CBOOOADBI AASL pOpMUPO-
BaHMs KOMITAEKCHBIX CTPYKTYP.

9 2 a) Ecopﬁ=1908,460 vaB

R (Cu-025)=2,604 A
R {Cll—033)=2,?42 A

9 G

9 R (Cu-N'21)=2,308 A
R (CU—N"I:_‘.')=2,128 A

Z (055-Cu-N'y)=32,5"
£ (Cu-N-0,3)=30,2°

6) Ecopﬁ=1304,538 maB

9 9
5 | R(Cu-01)=2218 A
oAy Ay w-On

R (Cu-Os5)=2.284 A
F 9
w )
- ?

R (Cu-N';5)=2,119 A
R (Cu-N'»)=2,077 A
{.“ L ")

Z (0-Cu-N12)=37.8°
Z (0-Cu-N'p2)=37,2°

PucyHok 2. PaBHOBECHbIE CTPYKTYpPbl kKoMMnekcoB meau ¢ dparmeHtamu lll (a) n IV (6) (N/ — aTtom
asoTa OKCUMMHOW rpynnbl, UHAEKC O3HAYaeT NOPSAKOBbLIA HOMEDP AEKAaPTOBbIX KOOPANHAT)

B xommaekcax ¢ ¢parmenTamu III u IV non mepnt
IIOCPEACTBOM AOHOPHO-aKIIENTOPHOM CBSA3U B3aHMO-
AEHICTBYeT C 4 aTOMaMM: AByMs aTOMaMH KHCAOPOAQ
U AByMS aTOMaMH a30Ta, BXOASIIUMH B COCTaB OKCHUM-
HbIX QYHKIIMOHAABHBIX IpymiL [Ipu aTom HanboAbIIyo
AKTHBHOCTD IIPOSBASIIOT ATOMBI 230Ta OKCHMHBIX I'PYIIII,
9TO IIOATBEPIKAAETCS yMeHbIIeHHeM AAMHBI cBs13u Cu-N
o cpasHeHuio Cu-O.

Oanaxo, xommnaekcol ¢pparmentos Il u IV ¢ aABymsa
aTOMaMH MeAM OKa3aAMCh SHePTeTHIeCKU HEBhITOAHBIMH
CTPYKTypaMH.

IIpumedareAbHO, BBeACHHE B COCTaB pparMeHTa aMUA-
HBIX U KapOOKCHUABHBIX IPYIII TAKOKE IIPHBOAKT K YCHACHHUIO
B3aUMOAEHCTBISA MEXKAY MOHOM MEAU U TIOAMMEPHOM sT9ei-
xoit. IIpu aToM sHeprus B3auMOAEHCTBUS B PaBHOBECHOM
CTpPYKType KoMriAekca pparmenTa V paBHa 893,36 MaB. Bae-
AeHHe BTOPOTO MOHA MEAM CUABHO YBEAUYUBAET SHEPTHIO
copbuuy, kotopast Aoocruraer 2370,648 MaB.

B cAyuae BBeAeHNMS KApOOKCHABHOF IPYIIIIBI B COCTAB
¢parMeHTa TaxKe HAOAIOAAETCSI AHAAOTUYHAS KAPTHHA:
9Heprus cBA3bIBaHMA PparmeHTa VI ¢ AByMa MoHaMu
mean (2616,160 MaB) 3ameTHO 60AbIIE, YeM SHEPrHs
Cc opHEM HOHOM Mepr (2282,224 MaB).
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9 Ecops=893.360 m3B Ecops=2370,648 m2B
& o a)| R(Cu-0)=1,89 A ? é’s d o R((;‘ul—O’)jrl,S‘)EA
= ) s [ — - 10
24y ® R (C-0)=1.406 A ,J :: sl £ (0-Cul-N')=106,]
de r @2 | R(CuN)=19394A ol o ‘0'3 R (Cul-N=1,937 A
@ Z (0'-Cu-N")=108,1° @ R (Cu2-N"y=2712 A
@ ? 99 R (C-0)=1,402 A
R (Cu2-N)=2,516 A
Ecops= 2282.,224 3B » Ecops= 2616,160 m3B
o IR 2 R(Cu-O)=1913A | o8 , , 9 R (Cul-0)=1,912A
0.3 R(CuN)=1993A | 3" &g 42 R (C-0)=1,396A
3 o .’ 2 | R(Cu-0'y=2,663 A Zo’ @, | R(Cul-0h=29314
:. o Z(O-CuNy=1239 | @5 @ £ (0-Cul-N")=119,6"
@ o B) 9 ‘, r) | R(Cul-N")=1971A
R (Cu2-N)=2,985 A

Puc. 3. PaBHOBECHbIE CTPYKTYPbl KOMMIEKCOB C OOHUM 1 ABYMsi aToMamMu Megn: dparmeHTaV (a, 6)
n dparmenTa Vl (B, 1) (roe: O/ — atom knucnopoga kapboHuneHoi (C=0) rpynnbi,
O/ — aTom kucnopoga rugpokcunsHol rpynnel (—-OH), N/ — atom asota OKCUMHOW rpynnbl,
N/ — aTom azota amuHHow rpynnsl N/// — atom azota kapbamuaHoin (CO-NH,) rpynnbi)

BmecTe ¢ TeM, HabAIOAQETCSI ApyTasi 3aKOHOMep-
HOCTD: YHCAO KOOPAMHHPYEMbIX HOHOM MEAH aTOMOB
BO3pacCTaeT C yCHAGHHEM IHAPOPUABHOCTH PYHKIIHO-
HAABHOM rpymmsl. Tak ecau B koMmIaekce ¢pparmMeHTa V
HOH Mear Koopaunupyert ABa atroma (O/, N’/), 1o B kom-
naexce VI — tpu aroma (O/, O/, N/). B paccmorpen-
HBIX CHCTeMaxX (yHKIIMOHAAbHbIE TPYIIIbI, KOTOpbIE

IIOCAE BBBEACHUSI B COCTaB pparMeHTa CIOCOOCTBYIOT
YCHAEHHIO er0 KOMIIAEKCOOOpa3yoleil CriocCoOHOCTH,
HAXOASITCSL B CAEAYIOILEN 3aBUCHMOCTH:
- CN>-CONH, > - C (NH,)=NOH > - COOH
CaepyeT OTMeTHTH, 3Ta 3aKOHOMEPHOCTb HUMeeT
Ba)XHOE 3HAYEHUe IIPH BHIOOpE PEXMMA MPOLECCOB
COpOLUU-AECOPOLIM HIOHOB MEAV HAa HOHUTAX.
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Ethanol conversion over binary cerium-copper catalysts

Abstract: The reaction of ethanol conversion was studied over cerium copper catalysts of different
composition. It is found that activity of binary cerium copper catalysts depends on both reaction temperature

and atomic ratio of cerium to copper.
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In recent years, the conversion of ethanol into
valuable monomers for the chemical industry has
become the subject of extensive researches [1-4]. This
is due to the fact that ethanol is a renewable feedstock
obtained in large amounts of vegetable raw materials.
Thus, many investigations concerning the ethanol
conversion on heterogeneous catalysts are carried out in
order to produce acetic acid, acetaldehyde, ethyl acetate,
diethyl ether, hydrogen and the other valuable chemical
products. Catalysts based on various elements are used
for these reactions. The presented scientific work is
dedicated for studying the activity of cerium and copper
oxides catalysts in the ethanol conversion reaction.

Experimental

Binary copper cerium oxide catalysts of various
compositions were prepared by coprecipitation from
aqueous solutions of cerium and copper nitrate. The
mixture was subsequently evaporated and dried at 100-
120°C. Then it was decomposing until the complete
emission of nitrogen oxide at 250 °C. Next, it was being
calcined at 600°C for 10 hours. Thus, the nine catalysts
were prepared with the atomic ratio of the elements

Ce:Cu =1:9 to Ce:Cu =9:1 Activity of the synthesized
catalysts were studied in a flow unit with a tubular reactor
in the temperature range of 100-500°C. The reactor was
charged with S ml of the catalyst grained to 1.0-2.0 mm
and its activity in the ethanol conversion reaction was
studied. Reaction of ethanol conversion was carried
out under nitrogen. Carbon dioxide was measured on
chromatograph with a thermal conductivity detector
and column filled with 3-meter paraffin oil deposited
on celite. Ethanol and its transformation products were
determined on chromatograph with a flame ionization
detector on a column 3 m in length, filled with specially
treated sorbent polisorb-1.

Results and discussions

During the process of the conversion of ethanol on
cerium copper oxide catalysts the following products are
formed: ethylene, acetaldehyde, acetone, ethyl acetate,
and carbon dioxide while at the temperatures above
350°C we can detect the formation of carbon monoxide
and other products of decomposition. It should be noted
that the distribution of the reaction products strongly
depends on the atomic ratio of cerium to copper.
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Figure 1. Effect of the temperature on yields of ethanol conversion
products in the presence of Ce: Cu = 1: 9 catalyst

Figure 1 shows the effect of temperature on the yields
of the reaction products of the ethanol conversion in
presence of the Ce:Cu =1:9 catalyst. It is obvious that the

catalytic conversion of ethanol begins at a temperature of
150°C with formation of only 1.7% of ethylene and 17.6%
of acetaldehyde. As we increase the temperature, the yield
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of these products also increases. As shown in Figure 1 the
product formed in the greatest amount in presence of the
Ce:Cu =1:9 catalyst is acetaldehyde. The maximum yield
of acetaldehyde is 44.4% that can be reached at 350 °C. The
yield of ethylene also reaches its maximum value when
rising the temperature. The highest yield of ethylene is
also observed at 350°C and is equal to 9.5%. Acetone on
observed samples starts to form at 250 °C temperature.
When increasing the temperature, its yield also runs up,
reaching its maximum value at 300 °C. From the figure one
can also see that the starting point of formation of ethyl
acetate is 200°C and similarly to the previous products,
its yield advances with increasing the temperature of the
reaction and passes through its maximum — 8.9%. The
study of the activity of the catalyst Ce:Cu = 1:9 shows that
the formation of the carbon dioxide which is the product

of the deep oxidation begins at 250 °C and monotonically
increases with rise of the temperature reaching its top value
- 12.6% at 450°C. It should be noted that the maximum
conversion of ethanol in presence of the investigated
catalyst reaches 80%.

Our studies have shown that the activity of cerium
copper oxide catalysts in the ethanol conversion reaction
is strongly influenced by the atomic ratio of cerium to
copper. Table 1 shows the yields of the different products
in the presence of cerium copper oxide catalysts of
different composition at the temperature of 250°C.

Table 1 shows that the yield of carbon dioxide rises
with the increase of cerium in the content of catalyst and
reaches 67.5% in the presence of Ce:Cu=5:5. However,
in presence of this catalyst the formation of other reaction
products is not practically observed.

Table 1. — The yields of products of ethanol conversion reaction using Ce-Cu-0O catalytic system at T = 350°C

Atomic ratio Yield of products, %. .
ofCetoCu | CO, CH, | CH,CHO CH,COCH, C,H,00CCH, | Conversion
1:9 5.6 9.6 444 12.5 3.2 794
2:8 8.7 7.2 282 18.2 174 73.7
3.7 13 10.6 23.6 317 5.4 84.7
4:6 17.2 34 11.3 384 0 70.3
5:5 67.5 0 0.6 0 0 68.1
6:4 13.5 7.2 1.9 38.3 10.1 71.1
7:3 12.4 2.9 3.2 19.2 9.4 55.3
8:2 18.2 1.9 29.6 16.3 6.7 727
9:1 25.6 0 12.8 25.3 1.2 64.9

The graph of formation of ethylene with increasing
amount of cerium in the content of catalyst has the form
of a curve with two maxima when using Ce:Cu=3:7, and
Ce:Cu=6:4 catalysts. Table 1 illustrates that the yield
of acetaldehyde decreases with increasing content of
cerium in the catalyst and is reduced to 0.6% with use of
Ce:Cu=5:$, butitincreases to 29.6% due to the presence
of Ce:Cu=8:2 catalyst.

The graph of the yield of acetone to change the
content of cerium in the catalyst has the form of a
curve with two maxima on catalysts Ce: Cu=4: 6 and
Ce: Cu = 6: 4. In presence of these catalysts, the yield
of acetone reaches about 38%. A similar pattern is also
observed in the release of ethyl acetate, the maximum

yield of which is observed by using Ce: Cu =2: 8 and
Ce: Cu = 6: 4 catalysts, and does not exceed 17.4%. As
it is seen from the Table 1 the conversion of ethanol
in the presence of the investigated catalysts varies
from S5 to 85% at 350°C. Studies have shown that
the similar effects of the composition of the catalysts
on the activity of reaction are observed at the other
temperatures.

Thus on the basis of studies it can be concluded that
in presence of cerium copper catalysts the main products
of reaction are acetaldehyde, acetone and ethyl acetate.
The yield of the catalytic reaction products and its
distribution depends on both the reaction temperature
and the atomic ratio of cerium to copper.
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Research of the influence of chemical reagents on properties
of the flushing liquid on the basis of local raw materials

Abstract: The paper examines the impact of chemicals on the properties of the new polymer reagent

waste polyacrylic fabric for handling of drilling fluids were prepared on formation water with high mineral

content. Findings from the bentonite solution fluid from additive reagent of TAC are also given. It is shown

that the initial speed of a filtration decreased, this is due by a blockage of steamchannels of the filtrational

crust, the lattice dispersed polymer particles.

Keywords: boring solution, polymeric reagent, stabilization, mineralization, synthesis, rheology, reser-

voir water, viscosity, waterreturn, well.

Currently, the drilling of wells in areas of Uzbekistan
held in both normal and complicated geological condi-
tions. The geological structure of layers drilled, the depth
of productive horizons, as well as the difference between
reservoir pressure and the presence of zones of complica-
tions require high-quality drilling. This requires effective
drilling fluids, well downhole cleaning of the cuttings,
forming a thin crust with a smooth surface on the walls
of the wells of the diameter of the circle hole.

It is known that drilling fluids quality significantly
depends on the composition and structure of the used
chemical reagents.

When drilling oil and gas wells used drilling fluids
prepared using chemical reagents, both organic and in-
organic origin. They are usually relatively expensive and
not always effective, especially when drilling oil and gas
wells in oilfields with highly reservoir water as deposits
of Surkhandarya, Kashkadarya regions and the Ustyurt
Plateau in Karakalpakstan [1-3].

In connection with the foregoing, we investigated
the physicochemical properties of the new polymeric
reagent waste polyacrylic fabric for processing of drill-
ing fluid at the formation brewed water with high sa-
linity.

The polymeric reagent was prepared as follows:
water is recruited to the reactor and it was heated to a
temperature of 40-50 °C. The reactor was then charged
with the caustic soda. After stirring and dissolving it in
caustic treated waste acrylic fabric. Continued heating
the reactor to a temperature of 95 °C for better dissolu-
tion acrylic fabric waste.

Gradually added to the reactor ammonium persul-
fate and soda ash. After 4 hours stirring in the reactor
mass was poured into the finished product tank. The final
product is a viscous 10-term concentration of the solu-
tion. The reagent is very soluble in water, and has the
chemical formula:
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CH;  COONa
| |

-CH,-CH-CH;-CH-CH,-CH-CH, -C-CH,-C-CH, -

| |
NI, CN

with a molecular weight of 110000-120000.

Thus, the composition of a water-soluble reagent
consists of the following components (in weight%):

«  Waste carpet-weaving factory —9-10

« Caustic soda -4-5
« Sodaash -2-3
« Ammonium persulfate -0,2-0,3
«  Water — the rest

Waste carpet factory, which is available in the right
quantity and in the garment factories, carpet weaving,
composed of 80-85% of the filaments of acrylonitrile,
10-15% — wool and 5-10% cotton.

Reagents stable to divalent cations, and differs from
the known K-9 content of ammonium persulfate. The
resulting reagent has a density of 1050-1100 kg/m3 and
a viscosity of 0,5-1,0 cps.

One of the important indicators of clay suspensions is
considered to be the return or not chemically related to
the dispersed phase — water. This process is called the
dispersed fluid loss or filtration system. The principle of
determining the value of water loss of drilling fluids is
profiltrovanii “free” water under a certain pressure drop.
Water loss or the amount of liquid to be filtered clay
suspensions are measured under static and dynamic

COONa

| |
COOH; COONa n

conditions [4, 5]. Water loss of drilling fluids in them
shows the origin of physical and chemical changes.
Therefore, in the future we would be interesting
to investigate water loss we developed a polymeric
chemical. For this has been studied the kinetics of
filtering mud prepared in highly mineralized produced
water and the effect of this process is a water-soluble
polymer reactant (PVR). To this end, a solution was
prepared bentonite on highly mineralized formation
water area of East Berdakh (Aral Sea area). Fluid loss was
measured at the time of VM-device 6 through 3 minutes.
Results of the study are shown in figure 1.

From the curves it is seen that the initial filtration
rate of the untreated reagent solution is higher than in
the treated solution. Addition of a reagent solution
and 0.5 to 1.0% decreased the initial rate of the filtrate
respectively — 1.7 and 4 times. This can be explained
by clogging of the pore channels of the filter cake, the
polymer particles disperse the lattice or on the surface
adsorbing polymer ion channels filtration.

In one way or another in the case of increasing the
resistance of the pore channels. It is also possible seal
clay particles occurs in the crust by reducing the friction
between them.
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Fig. 1. Dependence of the rate of water loss of bentonite slurry additive agent PVR
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Based on the above it can be concluded that waste  that can be used successfully in the process of drilling oil
carpet-weaving factories — hydrolyzed polyacrylonitrile  and gas wells in complex geological and technical condi-
fiber can be considered as one of the effective compo-  tions of our country.
nents in the development of chemicals for drilling fluids
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