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Morphological features of plants Heuchera villosa Michx. in ontogeny

Section 1. Biology
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Morphological features of plants Heuchera villosa Michx. in ontogeny

Abstract: The morphological features that characterize the state of plant age H. villosa Michx. Specifies the length

of the flow phases of ontogeny of this species in culture.
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Mopdonornyeckme npnusaHaku pacteHumn
Heuchera villosa Michx. B OHTOreHese

AHHOTaI.[I/ISI: Brrasaenst MOpq)OAOI‘I/I‘IeCKI/Ie IIPHU3HAKH, XapaKTEPUIYIOMIHE BO3PACTHDBIE COCTOSHUA PaCTeHI/II;I

H. villosa Michx. Yka3bIBaeTcsi AAMTEABHOCTD IIPOTEKAHIS (a3 OHTOT€He3a AAHHOT'O BHAQ B YCAOBHSIX KYABTYPBL

Karouessie caoBa: H. villosa Michx., onTOreHes, mpopocToK, I0BeHHABHbII, IMMATY PHbII, BAPTUHUABHBII.

Heuchera villosa (reiixepa MoxHatas, <«6apxat-
Haﬂ») OAUH U3 BUAOB poaa Heuchera L. cemericTsa
Saxifragaceae Juss.— MHOTOATHHX PacTeHHUI, IIPOH3-
PACTAIOIIMX B yMEPEHHO! 30He CEBEPHOTO ITOAYLIAPHSL.
Apean H. villosa, B mpepeaax CeBepHoit AMepuKH, orpa-
HyeBaercsa Cesepo-Bocrounoit, Lenrpaspnoit u FOro-
BocTounoit gactpio CIITA. DxoAroruyeckas mpuypodeH-
HOCTb BUAQ — IIUPOKOAUCTBEHHbIE M CMeIIaHHbIe AeCa,
YIleAbsI TOPHBIX PeK, KAMEHHCTbIE ¥ CKAAMCTbIe CKAOHBI
HPEeATOPBSL.

IleAp HAmMMX HCCACAOBAHUI — H3Y4IUTb MOP$OAO-
rudeckue ocobennocTu pacrenuit H. villosa B ycaoBusix
KYABTYPBI, BBLIBUTb IIPU3HAKH KOTOPbIE XapaKTEPH3YIOT
PpasHbIe BO3PACTHbIE COCTOSIHHS IIPEreHePaTUBHOTO Iie-
pHOAQ. YCTAHOBHUTD AAUTEABHOCTD IIPOTEKAHHUS OHTOTe-
HeTUYeCKuX Pas.

H. villosa B cooTBeTCTBHU C 6HOMOP(POAOrUIECKO
XaPaKTePUCTUKON — IeMUKPHUITOPUT, Me30PHT, COrAAC-
HO reanoMopde — cruoreanoPput. Bapocarie pacrenus
H. villosa 06pa3oBBIBAIOT CHCTEMY IIOAYPO3ETOYHBIX,
MOAMKAPIIMYECKUX, BereTaTHBHO-TeHePaTUBHbIX, OPTO-

TPOIIHBIX, IIOAHUI[UKAMIECKIX, MOHOIIOAHAABHO CBSI3aH-
HBIX MEXAY c00011, 106eroB. [AaBHBII OOer AAUTEABHOE
BpeMsi He ITpeKpainaeT pocT. bokosble moberu BToporo
HAU CACAYIOIIHX IIOPSIAKOB, €r0 He IlepepacTaror. le-
HeparuBHbIe o0bern opHoAeTHHe. [To ocobeHHOCTSIM
Ce30HHOTO puTMa passuTus pactenus H. villosa pooaro
BereTUPYIOLIHe AeTHe-3UMHe-3eAeHble. OTMedYeHO, 9TO
B XOA€ HAPaCTAHUSI ANCTbEB BeCeHHel reHepaliy, Iepe-
3MMOBABIIHE IIOCTEIIEHHO MOACBIXAIOT U BIIOCAEACTBUH
OTMHPAIOT. 3HAYUTEABHO PACTSHYTHI $pa3bl OTPACTAHUS
reHepaTHUBHbIX [I00Er0B U IIBETEHMs, 3a4aCTYI0 OAHOBpe-
MEHHO IIPOXOAST $asbl Oy TOHU3ALINH, [IBETEHHUS H IIAO-
AOHOIIEHHUSL.

B cBsI3M C HEAOCTATOYHBIM HU3yYeHHEM OHTOTEHe-
THYeCKUX COCTOsiHMi pacrenuir H. villosa Hamu 6b140
IIPOBEAECHO UCCAEAOBAHIE er0 6OMOPPOAOTHH B YCAO-
BUSIX KyABTYpbI, B HarimonaapHOM 60TaHHYECKOM CaAy
um. H. H. I'pumxa HAH Ykpauns. [Tpupepsxusasich cxe-
MbI BO3PACTHOM IIE€PUOAM3ALIMYI PACTEHUI

.11 Urnatpesoit [1, 6-48] u 1. U. Cuxypm [2,
9-21], B ourorenese H. villosa Mbl BUAEASIEM AQTE€HTHBII
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(se), BuprunuAbHDI (V) U IIpereHepaTUBHbII (gl) BO3-
PpacTHbIE IEPHOABL K COOTBETCTBYIOIHE UM BO3PACTHbIE
COCTOSIHUS 0COD€N.

AarenTtHsiii nepuop. OHTOreHeTUYECKOE COCTOS-

HUe — nokosujuecs cemena (se). \AHHDII IEPHOA AAUT-
cs1 6-7 mecsues. Cemena pacrenuit H. villosa remro-x0-
pHYHEBbIe, y3KOAAHIIeTOBHAHBIE, AAuHOM 0,910,73 MM,
mupuHoi 0,3+0,59 MmM. dnmpepMaAbHBIE BBIPOCTB —
KOHHYECKHU YAAUHEHHbIe IMUIUKH, KOTOPble HECKOABKO
YIIAOIIIEHBI, C 3AKPYTACHHbIM, B PsIA€ CAy4aeB CKAOHEH-
HbIM aITHKAABHBIM KOHIJOM. B XaAa3aAbHO ¥ MUKPOIIH-
ASIPHOM YaCTH CeMeHH IUIHUKU PACIIOAOXKEHBI IIAOTHO,
Ha BepXylIKe myukoobOpasHo. ITocae co3peBanus mo-
AOB Kopobouka pacrenuit H. villosa pacrpeckuBaercst
BAOAb KOMHUCCYPAABHBIX HIBOB. 3peAble ceMeHa pac-
CEeMBAIOTCSl HEIIOCPEACTBEHHO BO3A€ PACTEHHS HAM
Ha He3HAYMTEAbHOM PACCTOSIHUH OT Hero. B ycaoBumsix
OTKPBITOTO I'PYHTA CaMOCeB He IpopacTaeT. B aabopa-
TOPHBIX yCAOBUSAX, TpH Temmeparype +15 °C... +20 °C,
IPU pacCessHHOM OCBellleHHH, IPOLIeHT IPOPOCIIHX Ce-
MSIH cocTaBAsieT 92,4%.

Buprunuapssiii nepuoa. Ilpopocmiu (p) (pI/IC. 1).
YcranoBaeHo, uto Aas H. villosa xapaxrepHslit Haa-
3eMHBII TUII TpOpacTaHus ceMsH. IIpu mocepe cemsiH

B ycAOBHSIX 3aKpbiToro rpyHTa (I Aexaaa (I)EBpaAﬂ) , IpH
TeMIepaTypHoM auanasone +15 °C... +18 °C nmepsoie
BCXOADI TIOSIBASIOTCA Yepe3 8—14 aAHel OT MOMeHTa IIo-
cesa. Ha BTOpOI#1 AeHb pocTa Ha TUTIOKOTHAE IOSBASIIOTCS
O4eHb KOpOoTKHe BOAOCKH. Ha TpeTuii AeHb THIIOKOTHAD
OITyIIeHHbIA 1O Bcell aamHe. Kopemox xoHmyeckwi,
C AHTOIIMAHOBOM OKPACKOM. Y IPOPOCTKOB, CEMIAOAN
HEeKOTOpOe BpeMsl OCTAIOTCS 3aIIePThl B CEeMEHHOM 000-
AOUKe. 3aTeM OHHM ee COpACHIBAIOT. AAKMHA IPOPOCTKOB
0,25%0,09 cm, pauna runokoTras 0,5+£0,04 cm. Cemsipo-
AU CUASIUHE, STIIeBUAHBIE, TOABIE, AAHOM 0,210,03 cMm,
mupunoi 0,3+0,04 cM, 3eaeHOro 1jBeTa Ha KOPOTKOM de-
pemxe paunOM 0,09+0,08 cM. [AaBHBIN KOpeHD CTepKHe-
BOM, KoHMYecKkui, aanHo 1,5£0,03 cm. ITpoposxuTen-
HoCTb aTana 13,3+0,88 aneri.

FOsenurvrvie ocobu (]) Enuxoruas He passut. Au-
CTbsI TOSIBASIFOTCSL HEIIOCPEACTBEHHO Hap CeMSIAOAS-
Mmu. ITosiBAeHME 3a9aTKOB IIEPBOTO AMCTA IPUXOAUTCS
Ha 4—6 AeHb OT IIOSIBACHHUS BCXOAOB, yepe3 7—10 aHe#
OH HAuMHaeT pacKpyunBaTbcs. Ero maacTunka okpyraas,
II0 KParo cAa00 3ybuarasi C CepALIeBUAHBIM OCHOBAHHEM,
MTOOAMHOKHMMH BOAOCKaMU. AMCT IIPOCTOH, )KMAKOBaHHE
maabdaTo-Kpaebexroe. Yepemox panHoit 0,5£0,03 cm,
CBETAO 3€AEHOTO I[BeTa, YeTKO BbIpPa>keHHBI.

Puc. 1. OHTorenes Heuchera villosa (1- rog, Beretauymn): OHTOrEHETUHECKOE COCTOSHNE
P — NPOPOCTOK, j — IOBEHWJIbHOE, iM — MMMaTYPHOE, V — BUPTUHUITbHOE.

IIupuHa NAACTUHKU BTOPOTO AMCTAa BapbHpyeT
B pepeaax 0,6+0,03 cm. I'nmokoTrab epBa yTOAImaeTCst
Y pa3BHBAeTCs CUCTeMa IMITIOKOTUAbHUX KopHeil. [Toss-
ASTIOTCSI TPETHI M YeTBEPTBII AUCT, I10 pOpMe IIOA0OHbIE
IIepBOMY U BTOPOMY, HO pa3Mephl X ITAQCTUHKH U Ye-
pellKa yBeAHYHBAIOTCSI OTHOCUTEABHO IIEPBOrO AMCTA
B HECKOABKO Pa3 (mupmla AVCTOBOM ITAACTUHKH TpeTbe-

ro aucra — 1,1+0,03 cm, yerBepToro — 1,5+0,03 cm).
Yepemok 1 AMCTOBas MAACTHHKA omyuieHHble. Ha aTom
aTare mober pacTeHus: COCTOUT U3 4—5 PO3€TOYHBIX AU-
CTbEB, CEPALIEBUAHON POPMBI, AAMHA YepeIIKa KOTOPBIX
3,0+0,24 cm, yncao xuA0K 3—S. CeMSIAOABHBIE AUCTDSI
OTCYTCTBYIOT MAH OAMH COXPAHHUACS. [AaBHBIN KOpeHb
u 6okossie kopHU II-1II MOPSIAKOB XOPOIIO Pa3BHUTEL
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Otot atan poauTcs A0 11T pexapbt Mast — I AeKaAbI HIOHS.
ITpopoasxuTeapHOCTD 9Tama 69,7+1,4S5 AHeit.

Hmmamyproie ocobu (im). O6pasyercst maThIil AUCT
(To €CTb IIEPBbIi HaCTo;nuHﬁ) , KOTOpBIH AuddepeHnupy-
€TCsl B TAABYATOAOIIACTHOM TOYKOBUAHOM GOPMBI C CEpPA-
IIeBHAHBIM OCHOBaHHeM. Kpait AMCTOBO TAQCTHHKH ABO-
SIKOTIMABYATDIMH, BepXYIIKa IIPUTYTIAeHHAs. AAAKCHAAbHAS
[IOBEPXHOCTb AUCTOBOM IAACTHHKHY 3€A€HAsI, A0aKCHAAD-
Ha CBETAO-3€A€Has. AMCTOBas MAACTHMHKA U OCOOEHHO
YyepenoK I'yCTO OITyLIeHbl 3aMeTHBIMU BOAOCKaMU. Aua-
MeTp THITIOKOTHAS yBeanuuBaeTcs Ao 0,6+0,03 cum. I1po-
HCXOAUT BeTBA€HUE HOKOBBIX KOPHeIl. AANHA KOPHEBOM
cucrembl 6,910,30 cM. [TosSBASIIOTCSI €AMHUYHbIE THITO-
KOTeAbHble KOPHH. BcaeacTBHe KOHTPAKTHABHOM Aesi-
TEABHOCTH OOKOBBIX KOPHEIl B 9TOM OHTOr€HeTHIECKOM
COCTOSTHMM HauuHaeT GOPMUPOBATHCS KOPOTKOE eIlH-
reoreHHoe kopHesuije. KoandecTBo 60KOBBIX KOpHet
Ha rAQBHOM KOpHe yBeamunBaercs. KopreBas cucrema
cMemaHHOro tuma. PazBopaumBaeTcs M pasBUBaeTcs
IIECTOM U CEABMOM AWCT (BTopoﬁ-TpeTm?I HaCTo,que).
B nMMaTypHOM COCTOSIHUH, B YCAOBHUSX KYABTYPBI, pac-
TeHUs HaxopsTcst 58,0+1,53 AHs.

Bupzunuastvte ocob6u (v). [IposBaeHHEM TPH3HAKOB
BUPIMHHMABHOIO COCTOSIHHS MCCAGAYEMBIX PacTeHMM
H. villosa siBasieTcs1 yBeAMYeHNE KOAUYECTBA AUCTHEB

Ha TAQBHOM I06ere, KOTOpbIe B CBOEM OOABIIMHCTBE
06pean $opMy 1 pa3Mepbl B3POCABIX 0CObel, HaAndIKe
3-6 pO3eTOYHBIX I0OETrOB BTOPOrO IOPSIAKA, Pa3BUBA-
IOIIMXCS B IIa3yXaxX HIDKHUX AUCTbeB. [AaBHBII mober
opToTpomnHsbiii. KopHeBast cucTeMa cMeIIaHHOTO THIIA,
IPeACTaBACHA CTeP>KHEBBIM AABHBIM KOPHEM, C HAAHU-
qreM OOKOBBIX U AABEHTHBHBIMHU, KOTOPbIE OTPACTAIOT
B 6a3aAbHOM YacTU I00eroB Broporo mopsiaka. Ilpo-
AOAKHMTEAbHOCTD aTarna 323,3+4,41 ans (mavaso — 111
Aekapa mioAst — II Aekapa aBrycra mepBOro ropa Bere-
tanuy, saepmenue II-III aexapa noHA BTroporo ropa
BereTaIuu).

M3y4eHne OHTOreHeTUYECKHX COCTOSIHUI PaCTeHUH
H. villosa, moxa3aAo, 4T0 MM IPHCYL OBICTPBII TEMIT pa3-
BUTHS. BBISIBAEHO, UTO B YCAOBHUSIX KYABTYPBI, B XOA€ OH-
TOreHes3a, B [-i1 rop BereTariuu, 0Co6H MPOXOAST BO3PacT-
HbIe COCTOSTHUS IIPOPOCTKA, OBEHUABHBII, UMMATYPHBII.
Y BUPTHHHABHOM COCTOSTHUH PACTEHHUS 3aBePIIAIOT Bere-
TAI[MOHHBII ce30H. B X0Ae HccAeAOBaHUI YCTAaHOBACHHBI
CPOKU IPOXOXXAEHHUS U IIPOAOAKUTEABHOCTb OHTOTeHe-
THYECKUX COCTOSIHHUII IIpereHepaTUBHOTO IIEPUOAA pac-
tenuit H. villosa. PacTeHust AOCTUTAIOT reHePaTHBHOTO
COCTOSIHHS (gl) Ha BTOPOI1 ropA OHTOreHe3a. Moaoable
reHepaTHBHbIE PACTEHMS XapaKTepU3YIOTCS HAYaAOM
[[BETEHUS 1 IIAOAOHOIIEHLEM.
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CocTtaB 1 CTPYKTypa Y/IOBOB Pbi0AKOB U3 €CTECTBEHHbIX
BogoemoB KaGapauHo-Bankapun

AHHOT&IIH’I: OCOGYIO POAD B HTHAYCTPHH OTAbIXA U PaSBAe‘IeHHﬁ 3aHMMAeT AI0OHUTEeAbCKOE pr60AOBCTBO. ITo

nocaepAHUM AaHHBIM, B KabapanHo-Baakapun umeer 6oaee yem 2500 ppi60AOBOB, KOTOPbIE AOTIOAHSIIOT UX IIPOAO-

BOABCTBEHHO! KOP3HHBI 32 CYET OMMATh BUAOB PEYHON PHIOBL AOKYMEHT COACPIKUT CBEACHHUS O COCTABE U CTPYKTYpe

PbI60AOBOB IIOFIMATh U3 ecTeCTBeHHbIX BoAoeMoB Kabapauno-Baakapuu pas 2013-2014 rr.

KaroueBsie caoBa: prrdak, uxruodayna KBP, moiimars, ecrecTBeHHbIe BopoeMsl Kabapauno-Baakapuu, Ilen-

TpasbHbIH KaBkas.

BBeaeHne

«OTABIX Ha peKe, AQ ellje C YAOUKOM B PyKaX, — eCTb
Aeno 6oxecterHoe>» (Cabanees, 1885). Aannas ppasa
KAACCHKA OTeYeCTBEHHOM NXTHOAOTUH aKTYaAbHA B HAIIH
BpeMeHa. AOCTaTOYHO OTMETUTD, YTO 3HAYMTEABHOE KO-
AMYECTBO PHIOOAOBOB-AIOOHTEACTH TOTOBBI Ha AFOOBIE pac-
XOABI, AQOBI OTAOXHYTb Ha BOAOEME C YAOUKOM B PyKax.

CAepyeT OTMETHTB, 9TO I10 TIOCAEAHUM AQHHBIM TOAb-
ko B Kabapauno-Baakapuu ppiOHOI AOBA€T 3aHHUMaeT-
ca 6oaee 2,5 ThIcaY yeAOBeK. B OCHOBHOM 3TO >KMTeAH
IIpoxaapnenckoro u Marickoro paitonoB KBP, nmpea-
IIEHCHOHHOTO 1 [IEHCHOHHOTrO Bo3pacTa. OCHOBHbIE Me-
CTa COCPEAOTOUYEHHS PHIOOAOBOB-AIOOHUTEAEH YKa3aHbI
Ha (pHc. 1,2).

Hamra pabora mocBsieHa M3y4YeHHIO COCTaBa
U CTPYKTYPbI YAOBOB PBIOOAOBOB-AIOOUTEAEH U3 eCTe-
cTBeHHBIX BopoeMoB Kabapauno-Baakapuu 3a mocaea-
Hue ABa ropd. Beero c stBapst mo aexa6pp 2013 1. 66140
cocTaBAeHO 213 pprIOOAOBHBIX KapTOUEK, a C sSHBapsI
110 HOs16pb 2014 1. — 230 pHI6OAOBHBIX KAPTOUEK.

Pe3yAbTaTbl, HX 00CY>KA€HAE U BBIBOABI

B Bosoemax Kabapauno-bBaaxapuu, mo mocaepAHHM
AAQHHBIM (Hlaxwrypsos U AD., 2012) , 0butaer 33 BuAQ pbI6.
Orto Tepckuit ycau (Barbus ciscaucasicus Kessler, 1877),
ycau 6yaar-mau (Luciobarbus capito (Gueldenstaedt,
1773)), 6eaniit amyp (Ctenopharyngodon idella
(Valenciennes, 1844)), BocTpo6promka Kopeiickas
(Hemiculter leucisculus (Basilewsky, 1855) (cun. Culter
leucisculus)), cepebpsmbiit kapach (Carassius gibelio
(Bloch, 1782)), cazan (Kapn) (Cyprinus carpio Linnaeus,
1758), repckuit neckaps (Gobio holurus (Fowler, 1976)),
amypckuit ye6auox (Pseudorasbora parva (Temminck et

Schlegel, 1846)), aaunnoychiit neckaps (Romanogobio
ciscaucacicus (Berg, 1932)), rycrepa (Blicca bjoerkna
(Linnaeus, 1758)), Bocrounas 6pictpsinka (Alburnoides
bipunctatus eichwaldi Filippi, 1863), yxaeiika (Alburnus
alburnus (Linnaeus, 1758)), sepxoska (Leucaspius
delineatus (Heckel, 1843)), mecrpbiit TOACTOAOGHK
(Aristichthys nobilis (Richardson, 1845)), 6eabtit ToA-
croaobux (Hypophthalmichthys molitrix (Valencinnes,
1844)), repcxuit mopycr (Chondrostoma oxyrhynchum
Kessler, 1877), motsa (Rutilus rutilus (Linnaeus, 1758)),
kpacHonepka (Scardinius erythrophthalmus (Linnaeus,
1758)), roaasab (Squalius cephalus (Linnaeus, 1758)),
aunb (Tinca tinca (Linnaeus, 1758)), MaaopoTbiit 6yd-
dano (Ictiobus bubalus (Rafinesque, 1818)), npeaxas-
Ka3ckas muroska (Sabanejewia caucasica (Berg, 1906)),
roser; Kpommnkoro (Barbatula (Oxynoemacheilus)
merga (Krynicki, 1840)), com eBporeiickuit 06bIKHO-
Bennsbiit (Silurus glanis Linnaeus, 1758), myka 06bixHO-
Bennas (Esox lucius Linnaeus, 1758), paayxHas dopean
(Parasalmo mykiss (Walbaum, 1792)), pyubesas ¢popeab
(Salmo trutta ciscaucasicus morpha fario Dorofeeva,
1967), rambysus (Gambusia holbrooki Girard, 1859),
AeBsitumraas koarouika (Pungitius platygaster (Kessler,
1859)), obbikrOBenusiit epm (Gymnocephalus cernuus
(Linnaeus, 1758)), o6bikHOBeHHbI! (peuHOil) OKyHb
(Perca fluviatilis Linnaeus, 1758), 6BMOK-IIeCOYHUK
(Neogobius fluviatilis (Pallas, 1814)), 6braok-iymmK
(Proterorhinus marmoratus (Pallas, 1814)). Boaee
2/3 BUAOBOTO COCTaBa MOSBUAKCH K HAM CPABHUTEABHO
HeAaBHO — 0K0A0 40-60 et Hazap. K ux urcay oTHOCAT-
Cs paAy>KHast OpeAs, ITyKa, OKYHb, 6yPpParo MAaAOPOTHII,
aMypcKuit 4e0aq0K, cepeOPsIHbIIT KAPACh, KOPEHCKast BOC-
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TPOOPIONIKA, KOAIOLIKA F0XKHAST AEBSTUHIAAS, OBIYOK-ITy-
LK ¥ OBIMOK ITECOYHIK, FaMOY3Hst, G€ABIIT 1 TeCTPBII TOA-
cTOAOOUKY, GeAbIit aMyp, KPaCHOIIEpKa, TAOTBA, IycTepa
1 Ap. (Taba. 1). Papyxuas Gpopenn, 6ydpdparo MaropoThiii,
CepeOpSIHbII Kapach, O€AbIIT 1 IeCTPBII TOACTOAOOHKY, be-
ABIIT aMyP BXOASIT B COCTaB aKBAKYABTYPBL VX rosiBAeHIe
B €CTECTBEHHBIX BOAOEMAX, KaK IIPABHAO, CAYUAITHO.

B cocraB ecTecTBEHHOTO HXTHOKOMITAEKCA PEK U Py-
upeB Kabapanno-Baakapuu BXOAST pyubeBast popeab,

TEPCKMI yCad, TEPCKUI IIOAYCT, TEPCKHII IIeCKapb, BOC-
TOYHAS 6bICTP5[HKa, roAaBAb, roAer; Kprinunkoro, mu-
IIOBKA IpeAKaBKa3cKas. B HIDKHeM TedeHHM pek K HUM
cAepyeT AOGAaBUTD AAMHHOYCOTO CEBEPOKABKa3CKOI0
IecKapsl, ycaya-4aHapu U COMa.

M3 yxazaHHOTO BUAOBOTO COCTaBa pm6 AMIIb Py4Ybe-
Bas popeAb, TEPCKHUM ycad, TEPCKUM MOAYCT M OTYACTH
TOAABAb M COM OTHOCSITCSI K YHCAY OOBEKTOB AI0OUTEAD-
CKOTO PbI6OAOBCTBa Ha reppuropun KBP.

Tabnuua 1. — Buposoit coctaB uxtrnodayHbl KabapanHo-bankapckon Pecrnybnmku

HxTnodayna 50-60-x ropos
XX croaerus (Ilappennk, 1966)

Cospemennasa nxTnodpayna KbP
(0606mennbie AaHHBIE)

1

2

CEMEVICTBO AOCOCEBBIE
(SALMONIDAE)

1. PyubeBas popean

CEMEVICTBO KAPITOBBIE (CYPRINIDAE)
2. Ykaerika

3. Tepcxmii mopycr

CEMEVICTBO AOCOCEBBIE (SALMONIDAE)
1. Papyxnas popeap

2. Pyupesas ¢popeab

CEMEVICTBO IYKOBBIE (ESOCIDAE)

1. TIMyxa

CEMEVICTBO KAPITOBBIE (CYPRINIDAE)

1.

1.

1.

1.

1.

1.

4. ToaaBab 1. BocrouHas ObIcTpsIHKA
S.I1roTBa 2. VYkaeiika
6. Kpacromepka 3. Tlecrpsiit ToACTOAOOHK
7. Tepckwuit meckaps 4. Tycrepa
8. Tepcxmii ycau S.  Tepckwuit moaycr
9. Casan (xapm) 6.  Beabiit ToACTOAOOUK
10. Aunp 7. Bepxoska
CEMENCTBO BbIOHOBBIE (COBITIDAE) 8. ToaaBab
11. IIpeakaBKa3ckas MUIOBKA 9. TIlaorBa
CEMENCTBO COMOBBIE (SILURIDAE) 10. Kpacnomepxka
12. EBporeicKuil 0OBIKHOBEHHBII COM 11. Kopeiickas BocTpoOpromxa
12. Tepcxmii meckapb
13. Amypckuit 4e6ag0K
14. AauHHOYCBIN CeBepOKaBKa3CKUI IIecKaphb
15. Ycau 6yaar-man
16. Tepcxmit ycau
17. Beasrit amyp
18. CepebOpsiHblil Kapach
19. Casan (xapm)
20. Awunp

CEMEMCTBO YYKYYAHOBBIE (CATOSTOMIDAE)
CEMENCTBO BAAUTOPOBBIE (BALITORIDAE)
CEMENCTBO BbIOHOBBIE (COBITIDAE)
CEMEMCTBO COMOBBIE (SILURIDAE)

CEMEVCTBO INELIMAVEBBIE, MAV TAMBY3UEBBIE
(PECILIIDAE)

CEMEVICTBO KOAIOIIIKOBBIE (GASTEROSTEIDAE)

Maaoportsrit 6ydpaso
Toaer Kppraunkoro
ITpeakaBKa3cKasi MUIOBKA

EBpormnefickuit OOBIKHOBEHHbIN COM

XoAbOpyKcKast rambysust

Maaast 10)KHa ST KOAIOIITKA
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2

CEMEVCTBO OKYHEBBIE (PERCIDAE)

1. OOBIKHOBEHHbII epIl

2. OObIKHOBEHHBIIT, AU PEIHOI, OKYHb
CEMEVICTBO BbIYKOBBIE (GOBIIDAE)
1. Dbryok-mecouHHK

2.  Dbr4ok-Ipymmk

OCHOBHBIMU OPYAHSIME AOBA CAY>KAT CITHHHHHI, AOHKH,
TIOTIAABOYHAS YAOUKA, TTOAITyCKH. OCHOBHbIE HAXKMBKH —
AOXKAEBOW, 3eMASTHON M HABO3HbIM Y€PBH; OIAPBIILL, MOTBIAD,
AMMVHKH [IOAEHOK, OOKOIIAQB, CBIP, XKMbIX, MAPUHOBAHHbIE
KYKypy3a 1 TOPOLIEK, MSIKHII XAe0a, TEPAOBKA U AD.

Xumubix pi6 (coMa, YKy 1 OKYHSl, 2 TAKXKe KPYTTHBIX
ycaueil ¥ KApIIOB) AOBAT Ha KB, 2 TAK)KE UCKYCCTBEH-
Hble IPUMAHKH — 6AecHA U TBUTepHI (IfyKa 1 OKYHb ).

B 2013-2014 rr. ocHOBHBIE MeCTa CKOIIAEHHS PbI-
60AOBOB-AIOOHTEAEN IPUYPOUYEHBI K PABHUHHO-IIPEA-
ropuoit sonam KBP (puc. 1, 2). FimenHo 3aech cocpe-
AOTOYEHBI OCHOBHBIE 3aITAChI BOAHBIX OMOAOTHYEeCKUX
pecypcoB. Hamboaee mocemjaemsie ITyHKTBI PbIOHOM
AOBAH CACAYIOIIHE:

p. Tepek — oT maoruHB MaAoKabapAUHCKOI OpO-
CHTEABHO-06BOAHUTEABHO CUCTeMbI (HIDKE I10 TedeHHIO
100 M) BIIAOTB AO C. XaMuAHE;

p- YpBaHD — B pailOHe KeAe3HOAOPOXKHOIO M IIOC-
CceffHOro MOCTOB (OCTAHOBKa 9AEKTPOTIOe3Aa « Haabumk-

Mepedoaod
xpebSem

[laruropck>, 25-it kM) A0 ycTbs (okp. H. 1. OKTA6pPD-
CKHIN);

p- IMaaymka — ot r. Haapunk Ao camsinus ¢ p. Yp-
Baub (oxp. H. 1. Yepnas Peuxa);

p- Ypyx — ot c. Crapsiit Ypyx Ao camsHus ¢ p. Tepek
(1. 1. AAecKaHAPOBCKas);

Kapbepnsie ozepa — paitoH r. Matickwuii;

Crapuansie Bopoembr — moriMa p. Tepex B parione
nAOTHHBI MaAOKabapAMHCKOM OPOCHTEABHO-0OBOAHM-
TEeAbHOM CUCTEMBI;

P- AeMeHIOK — Ha BceM IIPOTsDKEeHUY;

p- CBeTAsSIHKa — Ha BCeM IPOTSDKEHUH;

p- Kemxe — Ha BceM MpOTSDKeHHH;

p- Yepex — o xeaesnopopoxHoro mocra (100 m
BHU3 IO TeYeHHI0) A0 cAusiHus ¢ p. Bakcan (oxp. H.m.
Maiickmit);

p- Haapunk — ot r. Haabauk A0 camstHUS ¢ p. YpBaHb
B pailoHe )eAe3HOAOPOXXHOTO U IIOCCEHHOr0 MOCTOB (OcTa-
HOBKa aAekTporioe3pd «Haavaui-Tlsruropek>, 25-i k).

atz Eypova

Cranuemel xpeGem

i Eokoaoil xpebem

FCnagHbio Kaekazckul Xpebeam

Puc. 1. OcHOBHbIE MecTa cocpeaoToHeHNs PpbibOIOBOB-NOOUTENEN B BECEHHEe-NeTHUe mecsaubl 2013-2014 .
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FITTY

NMecucmunr xpedem |

Menoeod xpebem

Mapedoaod
xpeGem [

oy, Nyposos

W Soxoeol xpebem

Cnaausin Kaekaickun xpebem

Puc. 2. OcHoBHbIE MecTa cocpeaoTo4eHns pbi00SIOBOB-N0OUTENEN B OKTAOpe-aekabpe 2013-2014 r.

B yaoBax pri60aoBoB-atobureaeir B 2013 ropy sape-
THCTPHPOBAHO 15 BUAOB PbI6 — TepCKuil ycad, TepCKHUit
noAycT, casal (xapm), 6eAblit aMyp, rOAAQBAb, PedHO
OKyHB, CepeOpsIHBII Kapach, OObIKHOBEHHBII eBPOIIei-
CKHUIT COM, OOBIKHOBEHHASI IYKa, BOCTOYHAS OBICTPSIHKA,
YKAEFIKa, TEPCKUIL IIeCKAPh, AMYPCKHUIT 4e0aI0K, FOAEL]
Kpoiauikoro u pyuseBas dpopeab [2].

B yaoBax pr160AOBOB-ATOOHTEAEH C CEHTSOPSI 11O HO-
s16pb 2014 ropa 6bIA0 3aperucTpHPOBaHO 12 BHAOB pbIO:

TepCKUIl ycad, TEPCKUil IOAYCT, casaH (KapIl), FOAABAD,
PEYHOI OKyHb, CepeOpsHbIil Kapach, OOBIKHOBEHHBI
€BPOIIEHCKHIT COM, OOBIKHOBEHHAs LIyKa, BOCTOYHAs
OBICTPSIHKA, TEPCKUIL [IeCKaph, PyubeBasi $OPeAb 1 BOC-
TPOOPIOIIKA KOPEFICKasL.

AaHHBIE O COCTaBe YAOBOB PBIOOAOBOB-AIOOHTEACTH
3a IIEPUOA C siHBapsi 1o HOsIOpb 2014 ropa mpuBOASITCS
B Tabaure 2.

Tabnuua 2. — CBefeHNs 0 KONMYecTBe PbiO0IOBOB-N0OUTENEN 1 nx ynosax 3a 2014 r. (AHBapb-HOSIOPb)

ITepuop | Koandecrso pri- CpeaHuit BHIAOB
Ne ydera, 00AOBOB-AIOOUTe- | Ha OAHOTO PHIOOAO- BupAOBOIT cOCTaB yAOBOB phIO0AOBOB-AIOOHTEAET
MecsI] Aeil B CYTKH, YeA. Ba-AIOOHTEAS], KT
1 2 3 4 S
OxyHb peuHO¥, IyKa OOBIKHOBEHHAsI, BOCTOUHAS OBICTPSIH-
1 SuBapp 3-5 0,1-0,2 Ka, TEPCKUMN YCa4, TEPCKUI IIOAYCT, TOAABAb, TEPCKUM IIe-
CKapb, cepeOPsIHBIIL Kapach
OxyHb peqHOH, IyKa 0OBIKHOBEHHAS, TEPCKHUIA [TeCKapb, BOC-
2 Despassp 3-5 0,1-0,2 YHB P Y . P _ P
TOYHAsI OBICTPSIHKA, TEPCKHI IIOAYCT, TEPCKUIL ycad
OKyHb pedHOH, IfyKa OOBIKHOBEHHAsI, TEPCKHIL ycad, Tep-
3 | Mapr 5-8 0,5-1,5 YHO P VS perH Y P
CKHI1 TIOAYCT, TePCKHII ITIeCKaph, BOCTOYHAS OBICTPSIHKA
OKyHb pedHOH, IfyKa OOBIKHOBEHHAsI, TEPCKHIL ycad, Tep-
4 | Anpeas 10-15 0,5-1,5 YHO P Ve Py P
CKHI1 TIOAYCT, TePCKHII ITeCKaph, BOCTOYHAS OBICTPSIHKA
OKyHDb pedHOI, IyKa OOBIKHOBEHHAs, TOAABAb, TE€PCKHI
N Mait 20-25 2,5-3,5 IIOAYCT, TePCKHI ITeCKaph, BOCTOYHAS OBICTPSIHKA, TepCKHUI
ycad, BOCTOOPIOIIKA KOpecKasi, paAy KHas popeab
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S

OxyHb peqHOH, IfyKa 0OBIKHOBEHHASL, TEPCKHUII [IeCKapb, Tep-
CKHH yCa4, TePCKHUM IIOAYCT, FOAABAb

OxyHb peuHOH, IITyKa 0ObIKHOBEHHASI, TEPCKHII IIOAYCT, Tep-
CKHI1 ycad, TepCKUI IIeCKapPh, BOCTOYHAS OBICTPSIHKA, TOAABAD

OKyHb peYHOI, IyKa OOBIKHOBEHHASI, TOAABAb, TEPCKUIT ITe-
CKapb, TEPCKUIL ycay, TEPCKHUIL IIOAYCT, BOCTOYHAS OBICTPSIHKA

OKyHb peyHOV, IyKa 0ObIKHOBEHHAS, TOAABAD, TEPCKHI yCad,
TEPCKUIL OAYCT, TEPCKHUIL ITeCKaph, BOCTOYHAS OBICTPSIHKA,
cOM 06bIKHOBEHHDIi, KApach cepebpsiHbiit, kKapr (casan)

OxyHb pedHOI], IIyKa 0ObIKHOBEHHASI, TEPCKUIL yCad, TOAABAB,
TEPCKUI [IeCKaphb, TEPCKUIT TOAYCT, BOCTOYHAS OBICTPSIHKA

OKyHb pedHOI], IyKa OOBIKHOBEHHAS, TOAABAb, BOCTOYHAS

OBICTPSIHKA, TEPCKUIT yCad, TePCKHIL [IeCKaPh, TEPCKHIL IIOAYCT

1 2 3 4

6 Mrous 20-25 2,5-3,5
7 Wroap 20-25 2,5-3,5
8 AsrycT 40-65 2,5-3,5
9 | Cenrs6ps 40-65 2,5-3,5
10 | Oxtsi6ps 30-35 2,5-3,5
11 Hosi6pp 30-35 2,5-3,5

BriBoabI

1. B2013roay B cocTaBe yAOBOB PBIOOAOBOB-AIOOH-
TeAeit 6p1A0 OTMeueHO 15 BHAOB ppi6. OCHOBHOE MecTO
B YAOBAX 3aHHMAIOT TaKHe BHABI PbIO KaK TEPCKHIT ycad,
TePCKHII IOAYCT, BOCTOUHAS OBICTPSIHKA, CepeOpsIHbI Ka-
Pach, IyKa 0ObIKHOBEHHAsI U OKYHb peuHoit. B 2014 roay
B COCTaBe YAOBOB OBIAO OTMeueHO 12 BUAOB PbIO, 4TO CBH-

AETEABCTBYeT 06 yMeHbIIeHHH BHAOBOTO COCTaBa YAOBOB
pB160AOBOB-AfOOHTEACIH. OAHAKO OCHOBHOE MECTO B YAO-
BaX 3aHMAIOT AHAAOTHYHbIE BHABI pbI0, uTo 1 B 2013 ropy.

2. CoraacHo y4eTHBIM AQHHBIM, OHOMacca BBIAOB-
A€HHOM pBIOBI cocTaBuAa 253,S kr 1 266,8 KT OTAOBAEH-
HOI1 BceMH ppIboAoBaMu-Ar06uTeassMu 32 2013 12014 .,
COOTBETCTBEHHO.

Cucoxk AuTeparypsr:

1. IHaxmypsos M. M., XKepyxos b. X., fIxumos A. B., Koxxoxos M. K., [ITaxmyp3os A. M., Assos B. A., Aaxues M. X. Hx-
trodayna Kabapauno-Baakapckoit Pecrry6anku (cocTas, CTpyKTypa 1 MepCreKTUBbI PAlAOHAABHOTO UCTIOAB3OBAHNS).
Haapunk: PI'BOY BITO «KBI'AY um. B. M. Kokosax, 2012.

2. Sxumos A. B. Toposoit oraer KBPO OI'BY «3ankacnpsi6Bop> 110 TOCYAAPCTBEHHOMY MOHUTOPHHIA BOAHBIX GHOPeCypcoB

U cpeAb! ux obuTanus 32 2013 1.
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Kamarli Valida Pasha,
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Institute of Zoology, Azerbaijan National Academy
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Armored scales (Homoptera; Coccinea, Lecaniidae) Cuba-Hachmaz
area of Azerbaijan, their distribution and trophic communications

This article was published with the financial help
of the Science and Technology Center in Ukraine (STCU).

Abstract: This article provides information about armored scales widespread in Cuba-Hachmaz area of Azerbaijan.
Here it was revealed the 11th species of armored scales from which 2 look is for the first time specified for fauna of
Azerbaijan, 6 species were for the first time revealed for fauna of this area.

Keywords: pests, armored scales, trophic communications, polyphagues, oligofag.
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Armored scales (Homoptera; Coccinea, Lecaniidae) Cuba-Hachmaz area of Azerbaijan, their distribution and trophic...

Mycmadgaesa Iorvzap Aruzetidap,
Kamapau Baauda Iawa,

Acaanosa I'orvnapa Mup3e6a/ta.

Hucmumym 3oor0euu HAH Aszepbaiidncana, Baky, Asepbaiioncan

E-mail: zoolog88@mail.ru

JloxHowmToBkmn (Homoptera; Coccinea, Lecaniidae) Kyb6a-Xaumasckomn
obnacTtu AzepbaiiagxXaHa, ux pacnpocrTtpaHeHme n Tpodpunyeckme CBa3un

Oma cmamovs 6viAG ONYOAUKOBAHA NPU GUHAHCOBOTE NOMOLYU

Hayuno Texnorozuneckozo Llenmpa Ypaunsi (STCU).

AHHOTaHH}I: B craTpe IIPHUBOASTCS AQHHBIE O PACIIPOCTPAHEHHE U BPEAE AOKHOIHUTOBOK, PaCIIpOCTPaHEHHDBIX

B Ky6a-XaqMa3c1<017I obaactu A3ep6a171A>KaHa. 3Aech ObIAO BBIABAEHO 11 BHA AOXKHOIIUTOBOK, U3 KOTOPBIX 2 BUAQ

BIIEpBbIE YKA3bIBAETCSI AASL payHbI A3epbaiipKaHa, 6 BUAOB BIIEPBbIe OBIAO BBLIBAEHO AASL GayHbI 9TOM 006AACTH.

KaroueBbie cA0Ba: BpPEANUTEAD, AOKHOIUTOBKH, TpO(l)I/I‘IeCKI/Ie CBA3H, HOAI/I(l)aI‘I/I, OAI/II‘O(l)aI'I/I.

AKTyaAbHOCTD T€MBI.
AOXHOITUTOBKH (Homoptera; Coccinea,
Lecaniidae) HaHOCAT 60ABIION Bpea KyCTapHHKAM, Ae-
PeBbsIM. OTH BPEAUTEAH IUTAIOTCS COKAMHU PacTeHUH,
JKUBYT Ha CTBOAAX, BETKAX U [I00erax, HHOTAQ AQXKe Ha AHU-
crbsix. OHH 3arpsI3HSIOT AUCTbsI, 4TO CIIOCOOCTBYeET pas-
BUTHIO I'PUOKOB, 3AMEAASIETCSI TOAOBOM POCT PAaCTEHHUI,
a TIPH CHABHOM 3apa’keHHH NPHBOAUT K IIOAHOMY BBI-
CBIXaHHIO. ¥ CeAbCKOXO3SMCTBEHHBIX KYABTYP, 3apaXKEH-
HbIX AO>KHOIIUTOBKOM 3aMETHO CHIDKAETCSI KOAUYeCTBa
U CHABHO TepsIeTCsl KaueCTBa ypoxKast. OTH BPEAUTEAH
€KETOAHO CIIOCOOCTBYIOT OTPOMHOMY YHHYTOXEHHIO
ypoxast. Yro6sr adppexruBHO BectH 60pnby mpoTus
AOXXHOIITUTOBOK, HY>XHO HU3YYUTh UX BUAOBOM COCTaB,
pacmpocTpaHeHre, BpEAOHOCHOCTD, OHI09KOAOTHYECKIIe
0COOeHHOCTH.

Qayna AOKHOmMUTOBOK A3sepbafipKaHa OdYeHb
Maao m3ydeHa. B mccaepoBanmax 3. C. ApyTIOHOBOM
u B. X. PycaHoBOI1 OBIAM AQHBI [IEPBbIE CBEACHHUS O AOXK-
Homuroskax [ 1,15-20.,9,18-25]. Beitbyros P. A. coo6-
IIAeT O IMAPa3uTa MATKOM AOKHOLIMTOBKE, KOTOPBIX pac-
npocrpanen B Asepbarigxkat [ 2, 661-664.,3,349-353. ]
[ A. Mycradaesa B cBoux paborax [ 5, 1-20.,6,91-101.,
7,318-320.] numeT o AOKHOIIMTOBKAX, KAK XO3SUHE
HEKOTOPbIX BUAOB adpeaunna. A. M. P3aeBa B cBoer Mo-
Horpaduu coobmaeT 0 HEKOTOPBIX BUAAX AOSKHOIIHTO-
BOK, pacipocTpaHeHHbIX B Asep6aiipxane [8,231-250].

MarepnaA 1 METOAMKA.

OHTOMOAOTHYECKHUI MaTepHaA ObIA COOpaH 1o 061me-
HPUHSATON METOAUKE C €CTECTBEHHBIX H KYABTYPHbIX O1O-
neno3o0s (Tpsmumpms, Hanupo, [fenereapuukos, 1982)
[10,70-121]. Bpeautean 6p1a1 cCOGpaHDI BO BpeMst HHAU-
BHAYaAbHBIX M KOMITAEKCHO-(ayHHCTHIECKHX IKCITeAULIH-
X, KOMAaHAUPOBKaX. Bo BpeMsi nccaeAOBaHMI IpenMyIe-

CTBO OBIAO OKA3aHO CEAbCKOXO3SIFICTBEHHBIM KYABTYPAM.
IToaroToBKa 1 pa3pabOTKa SIHTOMOAOTHYECKOTO MaTePH-
aAa IIPOXOAMAQ B Aaboparopuu «IHTPOAYKIHS TOAE3HBIX
HACEKOMBIX 1 HayYHbIE OCHOBBI OHIOAOTUIECKOI 60pbhe>
HncruryTa 3o0sorun Hanmonaavuoit Akapemun Hayk
AszepbaripxaHa. AOXKHOIGUTOBKM XPAaHHUAMCH BMeCTe
C OTPEe3aHHBIMH YaCTSIMH PacTeHuil. AAs TOro 4roOsl,
OIIPEAEAUTD BHA PACTEHHI, HAPSIAY C BpEAUTEAEM, ITPHU-
rOTaBAMBAAUCH repOapuy U3 Pa3AUIHbIX BHAOB PACTEHUI
1 OIIPEAEASIAOCH Ha3BaHHe PACTEeHHS.

BriBoABI 1 06CY>KA€HHS.

B pesyabraTe HCCAEAOBAHHI OBIAM OIIPEACAEHBI
11 BHAOB AOXHOITUTOBOK (Homoptera,- Coccinea,
Lecaniidae) ), BpeASIUX CeAbCKOXO3SCTBEHHBIM H [AP-
KOBO-AE€KOpaTHBHBIM pacTeHusiM B Ky6a-Xaumasckoit 06-
Aactu AsepbaripkaHa. PaciipocTpaHeHHs AOXKHOIUTOBOK
B Mupe ykasbiBatotcs o H. C. Bopxcennycy [4, 3-30].

Poa Coccus L, 1758.

1. Coccus hesperidum L, 1758. — Msirkast AOXXHOIIH-
TOBKA.

TeAo y caMOK yAAHHEHHO OBAABHOE, SiiiIle00pasHoe,
MHOTAA accuMmerpuyHoe. CIMHA MAaAO XMTHU3HPOBAHA,
YCHUKHU COCTOSIT U3 6—8 uaeHHKOB. LIBeT >xeATOBaTHIM,
3€AEHOBATbIi, CBETAO-KOPUIHEBDIM, HAH K& KOPUYHEBA-
Th1i1. Pasmepsr 4,5-5 mm. Ob6uTaer Ha BeTKaX, AUCTbSX
M CTBOAAX CyOTPOINYECKUX U TPOIUYECKUX PACTEHHIL.
CuapHO Bpeaur. B roay umeer 3—4 renepanum.

Pacripocrpanenue: B 6biBumit CCCP 3aBe3éHHbIi
BuA. [Ilupoxo pacnpocrpanén Ha mobepexxne Kpoima,
B Kpacnopapckoit obaactu u B 3akaBkasbe. JKusér B Te-
TIAMIIAX U OPAHXXepesixX II0 BCeMy MUDY.

Pop Eulecanium CKIL, 1896.

2. Eulecanium rufulum, CKll., 1903 — Ay6oBast A0x-
HOIIJUTOBKA.
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Ob6uraer Ha AyOOBBIX, KAIITAaHOBBIX M Ha rpabo-
BBIX AepeBbsix. Bapocasie 0cobu caMoK sifije0bpasHoi
¢opmpbr. CMHHAS YaCTh BBITYKAQAsl, UMEET 2 BBITYKAbIE,
He O4eHb 3aMeTHbIe Kpyru. CepeArHa CIIMHHOM YaCcTH
XKEATasl, OCTAAbHAS YAaCTh CBETAO-KOPUYHEBAas, KPAaCHOTO
nseTa. Aauna cocrasaser 3,3 mMm. Hanocut orpomHbiit
yiepo.

Pacripocrpanenue: 3anapnas Espoma, Kpeiv, Kapkas.

3. Eulecanium (Rhodococcus) turanicum (Arch.,
1937) — TypaHckas mapoBUAHAs AOKHOIUTOBKA.

BpeauT QpyKTOBBIM AepEBbSM, KUBET HAa CTBOAAX
M MOAOABIX BETKAX CAMBe, Ha SIODAOHe, TPYIIH, HA BUIIHE,
abpuKoce, aAbIUe, HA YepellIHe, HA MUHAAA€, HA OPEXOBOM
U Ha 4€PHOI CMOpOAUHe. Bapocabie 0cobu 0AHO TOHHBIE,
TEMHO KaIITAaHOBOTO I1BeTa, MOXKHO CKa3aTh Y€ PHOTO IIBe-
Ta. AauHa camok 2,5—4 MM. AaeT B roay OAHa TeHepaliysL.

Pacnpocrpanenue: IIlupoko pacnpocrpanéH B pe-
ciybaukax CpepHeit Asuu.

4. Eulecanium rugulosum (Arc,1937) — Mopmunu-
CTasi IAPOBUAHAS AOXKHOIIUTOBKA.

Hanocur Bpep IAOAOBBIM AepeBbsiM M IAPKOBO-Ae-
KOPAaTUBHbIM pacTeHUsM. BpeauT uBe, Tonoaro; us ppyx-
TOBBIX A€peBbeB I0AOHE, IPYIIe, YepelIHe, abpUKoCy,
IepCcuKy, cause, aiiBe. CaMKM 11BeTa CAOHOBOM KOCTH,
o 60okaM >keAToBarbie. AanHa 6 MM. ITocae oTKAAAKH
SUITy CAMOK Ha TeA€ MOSBASIOTCS MOPIIMHKH U OTTYAQ
BUA Ha3BaH 3TUM UMeHeM. B roay oaHa reneparus. B mae
Mecsie oTKkAaapbiBaeT A0 1500 su1. BiepBrie ykasbiBaeT-
cst Aast payHbl A3epbaiipKaHa.

Pacnipocrpanenue: CpepHe-A3HaTCKIIe PeCITyOAUKH.

Pop, Parthenolecanium Bouche, 1844

S. Parthenolecanium persicae (F., 1776) — Iepcuko-
Basl AO>KHOIIJUTOBKA.

Hanocut orpomHsIit yuiep6 IIeAKOBHIe, aKAI[MH
u AeHKOpaHCKOM akaruu. JKuBeT Ha CTBOAAX M BeTKax
IIePCUKOBBIX, CAUBOBBIX, MUHAAABHBIX, IOAOHEBBIX Ae-
peBbsix. Bapocabie 0cobu caMOK YAAMHEHHO OBaAbHBIE.
He oyenp Bpimykable. Ha moBepXHOCTH TeAa HMeeTCs
XOPOIIO 3aMeTHbIN MUTOK. MoAoabIe 0co6U TEMHO XKEA-
TOTO 11BeTa. B3pocabie 0c0OM KPaCHOBATO-KOPHIHEBOTO
nBeta. AanHa 5—9 Mm. JKMBET Ha MOAOABIX TOACTHIX BET-
KaX, TakKe U Ha CTBOAAX.

Pacnipocrpanenue: EBpomeiickas gacTp ObIBIIENt
CCCP, I'pysus, Asepbaitpxan, CpeaHe — A3HaTCKIe
pecIryOAMKH, a TaKKe MOXKHO CKa3aTh BO BCEM MHpe.

6. Parthenolecanium corni (Bouche, 1844) — Axanu-
eBasi AOXKHOIIUTOBKA.

SABasisch moandaroM >KUBET Ha CTBOAAX U AUCTDSIX,
MHOTAQ AQXKe Ha MAoAaX AepeBbeB. [lapasseabHO c aka-
IMeil 06UTaeT Ha KOCTOYKOBBIX U IIAOAOBBIX A€PEBbSIX.

Bcrpeuaercst Ha Tabaxe, IIUIIOBHUKE, PAHATOBOM A€pe-
Be, AyOe u Ha BuHOTrpape. Hanocur orpomusiit ymep6.
OcobeHHO BpeAUT BUHOTPAAHHUKY, CAMBe, U 6eAO#t aKa-
. B3pocabie 0co61 CaMOK MMEIOT OBAABHYIO, HAH IITH-
POKO OBAaAbHYIO, BBIITYKAYIO popMy. LIBeT TEMHO 5KEATBIH,
MAU KPaCHOBATO-KOPHYHEBBIH, OAECTSIUIL, NMeeT TEM-
HO-KOPHYHEBBII UAM YEPHBIE TOAOCKH. AAMHA AOCTHUTAeT
or 3,0 oo 7 mm. [lTnpuna 2—4 Mm. B roay umeeT opny nau
2 rexepanuy. ANYMHKY 3UMYIOT Ha [T00erax 1 BeTKax.
Camupl BeiaeTaroT B Mae. OTkAaaAKa SIUIL HabAIOAQeTCSA
B Mae-aBIyCTe MecsIjax.

Pacnpocrpanenue: CeBepHast AMepuka, 3amapHas
Espoma, Espomnetickas sactp 6piBureit CCCP, ITpumop-
ckast obaacrs, Kaskas u B pecriybanxax CpeaHeit Asum.

Poa Sphaerolecanium Fonsc.,1873

7. Sphaerolecanium prunastri Fonsc., 1873 — Causo-
Basl AO>KHOIIJUTOBKA.

JKuBer Ha BeTKax M 06erax CAUBOroro, abpuxoco-
BOT'0, MUHAQAEBOTO, BUITHEBOTO, YePEITHEBOIO ACPEBbeB.
Muorpa BpeAuT sibAoHe 1 aiiBe. B roay passuBaercst opHa
reHepariys, 3UMYIOT AMIMHKH, BBIAET CaMI[OB IIPOHCXO-
AHUT B cepeprHe Masi. Bapocabie 0cobu caMok KpyTable,
BBIITyKABIE B IIOAYIIApo06pasHoit popme. CaMKH TEMHO-
KaIITAaHOBOT'O 1IBETa, HHOTAA AQ)Ke YePHOBATOIO IIBETa.
Aamna 3,0-3,5 MM, mupuHa 2,7-3,2 MmM. OTKAAAKA SIHI]
Mai, HIOAb, CAMKH OTKAAABIBAIOT AO 822 suil.

Pacnpocrpanenue: Espomneiickas, IOxnas yvacrsp
osiBureit CCCP, I'pysus, Asep-6aiiaxan, 3amapnast Es-
poma, Mpan, fnonus, CesepHas AMepuxa.

Poa, Pulvinaria Targ, 1869.

8. Pulvinaria betulae (L. 1758).

SBasieTcs moAngaroM, JKUBET Ha TOIIOAE, HA KOCTOY-
KOBBIX, ITAOAOBBIX A€PEBbSIX, a TAKXKe Ha BUHOTPAAHHKE
M Ha KyCTaX CMOpPOAHHA. B3pocable 0cobu caMok, nme-
IOT CePALIEBUAHOM pOPMBI, CEpOBATOTO HAH SKEATOBATO-
ro 11BeTa. BAOAb TeAa HaXOAMTCS MHOTO MOPIIMH. AAMHA
7 MM, IMpUHA S MM. SiIIeBOM MEIIOK BIPa’K€HHO BbI-
ITyKAOH GOPMBI 8 MM.

Pacnipocrpanenue: EBpomeiickast gacTp ObIBIIeit
CCCP, I'pysus, Azepb6aitpxan, Cpeanast Asus, ITpumop-
ckuit obaacts, CeBepHast AMmepuka, 3amapnasi EBpora,
Hpan.

9. Pulvinaria aurantii Ckll, 1896. — Msirkas myAbBu-
HapHsL.

SIBAsieTcs BpeAUTEAEM YaHHBIX KyCTOB, IIUTPYCO-
BBIX PACTeHMI, SITOHCKOM MYIIMYABI B Ha OOBIYHOTO
AaBpoBoro pAepesa. CaMKH 3eA€HOBATO-KEATbIE UAU
KopHuyHeBaToro nsera. Ilo poAuHe Teaa UMeIOTCS KO-
pHUYHEeBble UAU TEMHO-KOPHUYHEBbIe IOAOCKH, 110 60-
KaM TeAd HaXOAATCS IMIHPOKHE >KeATOBAThle UAU KO-
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PHYHEBATOTO IIBeTa IIOAOCKH. Bo BpeMs 0TKAAAKH sHI]
06pasyeTcs siLeBON MEIIOK, KOTOPBII OBIBAET B AAHU-
Hy 7 MM, a B mupuny 4 Mm. OpHa 0cO6b OTKAAABIBAET
okoA0 2000 su1. B roay umeer 2 reHepanuu B Mae-
HIOAE U B CeHTs0pe-oKkTsi0pe. BriepBrle ykassiBaeTcst
AAst payHsr AsepbaiipxaHa.

Pacmpocrpanenue: Illupoko pacnpocTpaHés.

Pog Saissetia Depl., 186S.

10. Saissetia hemispaerica (Targ., 1867) — Iloayma-
PpOBasi AOXKHOIUTOBKA.

OcobeHHO BCTpedaeTcst BO BCEX TEIAUIIAX U OPaH-
xepesix. lllupoko pacrpocTpanés, BpeAUT Asparagus,
Murtus, Begonia. OrpoMHbIit Bpea HAHOCHT B APYTHM
TEMAMYHBIM PaCTeHHUSM.

B3pocasie 0061 CaMOK SKEATOBATO-KOPHIHEBATOTO
nsera. Pasmep B npeaesax 3,5-5 mm. Bo Bcém mupe mu-
POKO pacpOCTpaHEH.

Pacnpocrpanenune: Ascrpaaus, HoBo-3eaanpus,
Ienrpaabnas, FOxuas u CesepHas Appuky, LleHTpasn-
Has, IOxnas u CeBepnas Amepuka, [Takucran, IOro-3a-
napHas EBpoma. B 6piBiryto CCCP 3aBe3éHHbBII BUA,.

Pop Ceroplastes Gray., 1830.

11. Ceroplastes yaponicus Green., 1921 — fInouckas
BOCKOBasl AOJKHOII[UTOBKA.

Hanocur Bpep IIUTPYyCOBBIM pacTeHHUSM, OACAHADY,
0OBIYHOMY AQBPOBOMY KYCTY, aOpPUKOCY, Ipylile, SO0AOHH,

CAVIBE U MMHAQAIO. B3pocable caMKy KPyTAOBATO BBIITY-
kable. AamHa 3,5-4,0 MM. AaHHAasT AOXKHOIITUTOBKA ITO-
KPBITa KOPUYHEBBIM BOCKOBBIM ITUTOM. B roay oaHa re-
Hepawus. 3UMYIOT OIIAOAOTBOPEHHBIE B3POCABIE CAMKU.
B uroHe pOXXAQIOTCS AMIHUHKIL

Pacnipocrpanenue: SInonwus, B 6piBuryro CCCP mpu-
BE3EHHBIN BUA,.

BriBopBI

1. B pesyabTare mpoBeaEHHBIX HccaepOBaHuil B Ky-
6a-Xaumasckoit obaactu Azepbaiip)kaHa OBIA BbISIBAEH
11 Bup AoxHOmHUTOBOK. Cpear HUX 2 BUAQ (Eulecanium
rugulosum, Pulvinaria aurantii) BrepBble yKa3bIBaeT-
cs1 ansa dayubr Asep6aiipxana, 6 Bupos (Eulecanium
rugulosum, Eulecanium rugulosum, Eulecanium rufulum,
Pulvinaria aurantii, Pulvinaria betulae, Saissetia
hemispaerica) BriepBble 6HIAM OTMeYeHBI AASL payHBI
3TOM 00AACTH.

2.B Ky6a — Xaumackoit obaactu Asepbaripxate OT-
MeueHO 11 BUAOB AOKHOIMTOBOK, OTHOCAIMIUXCA K 7 PO-
Aam. Cpean Hux poa Eulecanium HaxopuTcs Ha iepsom
MecTe. DTOT POA UMeeT 3 BHAOB AOXKHOIIUTOBOK. POABI
Pulvinaria, Parthenolecanium umeror o 2 Bupa, BUABI
Coccus, Sphaerolecanium, Saissetia u Ceroplastes nme-
FOLUM I10 OAHOMY BHAY.

3. BuABI AOKHOLIUTOBOK B OCHOBHOM ITOAH(Ary,
OAMTO(ATH, CPEAH HIX MOHO(ArH He HMEIOTCSL

Cnucok AuTeparyphl.
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Study of Bacillus thuringiensis 4ant strain for warm blood animals

Abstract: The change in species composition and abundance of various representatives of the micro biota of the
large intestine of warm-blooded animals under the influence of oral and dermal administration of the strain Bacillus
thuringiensis 4ant at a dose of 100 mg/kg body weight. There is inhibited growth of the normal microflora in the
large intestine — bifidobacteria, lactobacilli, bacteria microflora and Escherichia with normal enzymatic activity.

Keywords: Bacillus thuringiensis 4ant, biopreparation, toxin, pathogenicity.

Bacteria Bacillus thuringiensis (Bt), having effective
biopesticidal actions against the entomoobjects and
phytopathogens, are widely used to control pests of
Lepidoptera, Diptera, Coledptera and various phyto-
pathogenic microorganisms. The widespread use of this
species of bacteria in the biological control is based by
their frequent occurrence in nature [1,2]. The apparent
advantage of their use is safe for human health, animals
and plants. However, the frequency of occurrence of
this species in different ecosystems suggests the breadth
of intraspecific diversity of options on morphological
and biochemical properties. In this connection, it is natu-
rally to assume that strains with different environmental
conditions can significantly vary the characteristics of
biologically active substances synthesized by them.

From the literature it is known that Cry-proteins of
parasporal crystals formed by a plurality of subspecies B.

thuringiensis entomopathogenic bacteria with high speci-
ficity affect certain insects, nematodes, mites, which are
plant pests and disease carriers. Therefore, on the basis
of crystals and spores B. thuringiensis there are produced
more than 80% of all of the world’s bio-insecticides, in-
cluding such drugs permitted for use in different coun-
tries, as lepidocide, bitoksibatsillin, novodor FC and
Foray 48 B.

In addition, there are a number of publications,
where there is the adverse effect to human health, based
on the use of biopreparations B. thuringiensis. For ex-
ample, in 2009, in a wooded area of a western part of
London as well as in the province of Ontario (Canada),
after the outbreak of gypsy moth larvae and use it to sup-
press air spray preparation «Foray 48 B> on the basis
of B. thuringiensisvag. kurstaki, from local residents were
observed health problems specific to the organism poi-
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soning and allergic reactions. Then it was suggested that
the drug may have not only local, skin-resorptive action,
but also can cause allergies and poisoning [3]. There are
also a number of reports from the Society to control the
excessive use of pesticides [4] that there are more than
290 incidents of S1 symptoms, including nausea, vomit-
ing, spasms, diarrhea, exacerbation of asthma and cases
of severe itching after use biopreparations based on B.
thuringiensis. Mentioned above facts require a more care-
ful approach to the assessment of the pathogenic strains
and Allergenic properties of B. Thuringiensis when used
as biopesticides.

Evaluation of pathogenic and Allergenic properties
of microorganisms based on the manifestation of spe-
cific reactions of organisms warm-blooded animals and
humans. It is known that the body of warm-blooded ani-
mals and humans and its micro biota is a highly, self-reg-
ulating system, “which maintain the equilibrium of the
components of the internal environment of the organism
to the metabolic, cellular, and molecular genetic levels”
[5,6]. Balancing of system “host-micro flora” may fail
“In excess of the intensity of negative external effects on
adaptive thresholds body systems” [7] and shifts in the
metabolic activity of the micro flora [8]. Pathogenicity
as a determinant of poly genotypic traits controlled gene
cluster of microorganisms responsible for the formation
of a number of structures of the bacterial cell, enzymes
that violate the integrity of the tissue, and toxins. The ac-
tions of these formations are specific. They cause typical
for this type of agent pathological and pathophysiologi-
cal changes in specific tissues and organs in the natural
way for him to challenge. This is manifested in the respec-
tive pathogenetic and clinical type of infection: purulent,
respiratory and intestinal [9-11].

The basis for our research was the excessive devel-
opment of diseases trunks urbanodendroflory represen-
tatives of the southern region of Kazakhstan, which is
the number of causative agents of phytopathogenic mi-
croorganisms from the genera — Alternatia, Fusarium,
Verticillium, and strains of bacteria of the genera — Pec-
tobacterium, Erwinia, Pseudomonas, Xanthomonas, Clavi-
bacter and others. Our results identified a local strain of
the bacterium B. Thuringiensis, which has a high antago-
nistic activity against pathogens of major tree species.
In this regard, the purpose of our research was to study
the toxicity of the strain B. Thuringiensis 4-ant to warm-
blooded animals.

Materials and methods

The objects of study were the bacteria of the genus
Bacillus thuringiensis 4ant, isolated by us from different

types of soils of southern Kazakhstan. Tribal affiliation
of isolated strains was determined by the determinant
Bergey. Bacteria antagonists were identified by using the
gene sequence analysis of 16S ribosomal RNA (rRNA).
Genomic DNA was extracted from 4ant Bacillus thuring-
iensis strain as a template for polymerase chain reaction
(PCR) and 16SrRNK gene was amplified by PCR from
the National Center for Biotechnology in Astana.

Defining the parameters of toxicity of Bacillus strains
for warm-blooded animals were performed on white
rats in accordance with the methodical instructions.
When forming groups of experimental animals were
randomly as defining indicators take into account gen-
der, age.

Determination of acute dermal toxicity

Determination of acute dermal toxicity and irritat-
ing to the skin of rats were performed by application
wipes impregnated with bacterial culture without dilu-
tion, or a 50% aqueous solution (in doses 0.25x10 or
0.125x10 CFU/kg, respectively) for epilate portion side
surface of the trunk skin of rats (6 males and 6 females
per dose) in the area of 4x4 cm. After 4 hours the cloth
was removed and the slurry was washed from the skin
with sterile water. Control animals received sterile water
was applied in an equivalent amount.

Definition of dysbiotic actions

Before the start of experiments in experimental ani-
mals in all variants were performed to study the back-
ground of the intestine according bacteriocenosis. In
the acute experiment, the material for analysis were
collected before and after drug administration. Feces
were removed on the morning of sterile tank seals were
weighed. The suspension sowing material was prepared
on phosphate-buffered saline pH 7.2-7.4. Crops 10-fold
dilutions were performed on a selective medium within
1 hour after collection of the material. For the study
of enterobacteria used selective media: Endo, Levine
Ploskireva, Olkenitski. Hemolysing and coccal flora
detected on MPA supplemented with 5% of donated
blood. Anaerobes and microaerophiles isolated in spe-
cial environments for growing semi bifidobacteria and
lactobacilli.

Research results

Acute oral toxicity

Study of acute oral toxicity of the strain Bacillus
thuringiensis 4ant showed no signs of experimental ani-
mals intoxication during the observation period after
administration. Food and water consumption, as well
as physical activity in experimental animals correspond
to the index rules specified in the literature. The body
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weight of rats in all groups had no significant difference.

The impact of the strain Bacillus thuringiensis 4ant
led to a change of integral indicators of the body of ex-
perimental animals: weight loss, increased frequency
of defecation and fecal matter consistency change, sig-
nificant increase in weight ratios of immune competent
organs (spleen and thymus), detoxification of organs
(liver) and excretion (kidney), changes in hematologi-
cal parameters.

Acute dermal toxicity strain of Bacillus thuringiensis 4ant

In determining the acute dermal toxicity in terms
epicutaneous application does not reveal any irritant
effect cell culture Bacillus thuringiensis 4ant after the

application of the drug and subsequent 14-day obser-
vation period. Irritation of the skin of animals, clinical
signs of intoxication and death of rats were detected. The
strain Bacillus thuringiensis 4ant for acute dermal toxicity
relates to pesticides of 4th class of danger; skin-irritating
effect does not occur.

Thus, the results of clinical observations of the gen-
eral condition of the animals, hematological and bio-
chemical analyzes of blood and pathomorphological
studies in multiple intragastric administration at a dose
of 1.0x109 CFU/kg/day strain of Bacillus thuringiensis
4ant not have toxic effects on the body of warm-blooded
animals. Cumulative properties are not expressed.
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Abstract: Wilson’s formula (for generating primes) becomes much simpler and competitive as compared with
other methods, or even ahead of them, by using the determinant divisibility.

Keywords: a prime number, Wilson’s theorem, a generation of large prime numbers.

Wilson’s theorem was published in XVII century

and is written as [1; 2]

neN {(n—l)!+1}§n<:>neIP’, (1)
andisreadas: to 7 is prime number, ifand only {(n - 1) I+ l}
is multiple of 7. Wilson’s theorem is a formula of prime
number, the formula is in all textbooks on the theory of
numbers, and actually almost never used. The fact, that
factorial grows on complex exponential function and while
modern supercomputers are not able to work with them.
Indeed, to prove that n=11€ P, it is required (10!+1) =
3628801 divided into «11>, that gives 11-:329891.

This article shows that by using of the determinant
divisibility (DD), that created by V. V. Druzhinin [2, 3],
Wilson’s factor W = {(n - 1)!+ 1} can be significantly
reduced while maintaining the theorem itself.

DD is formulated as: if the dividend A=A " +a4,
and divider B= B, +b,, and if A:B, then D(A,B):B.
Here D(A,B) is function of divisibility

1 aO
(_1)k+1 Blk b(l;
Wherein D(A,B) can be much smaller A or even
zero, because a factor B is completely removed. Leibniz
made an attempt [2] to reduce W . He reduced this
number to W = {(n - 2)!— 1} . We have received greater
reduction. If n =2m+1, then
W =1 (m!) +(-1)"{. (3)
For example, if n=11, then (120 —1)(120+ l) =
11-11-119, i.e. we have reduction of W by two orders

D(A,B)= =A, b +(-1) B’ -a,. (2)

of magnitude.

Reduction of W' occurs so. We single out a multiplier
(2m)  in (n-1)!=(2m)!

and write

W= é(Zm)(Zm - 1)!+ 1} . Assuming in  (2)
A =(2m-1)!, a, =Lk =1,b,=1,B =2m, we find the
result  of  Leibniz W= {(Zm - l)!— 1} . If
(2m—1)'=(2m—-2)!(2m—1), divider n =(2m—1)+2
2m—1), then new reduced value
W:{2(2m—2)!+ 1} . The next step of removing
(2m—2) gives W = {2-3-(2m—3)!—1} , 80 we get to
(3).Ifat once take (it is further used) m =2s5+1 (odd),
then

and we remove

W ={(@2s+1)!%1}. (4)

Ifat least for one sign is performed W:n,then n € P
. Thus, for a prime number of the form p=4s+3, we
drastically reduced the Wilson’s factor.

Removing further multipliers m,m—-1,m-2,...,
m—1, We even more reduce

W ={(2t 1)1l (m—t)£2'}. (5)

For example.

For p=19,m=9,t =3,W =3.5-2-3-4.5-6%2".
Reduce 2°,and we get W = (1350 + 1).When the signis
« — »then W=1349=19-71. By (1) 18!~6,4-10",
e.i. we have reduced the Wilson’s factor by 12 orders.
There is another more effective method to reduce
W= {m!il} . We use algebraic identity

@s+1)=TT((s+1)(s+2) -t +1).  ©

Note that the left side consists of (25 +1) multipliers,
and the right side — s. When we substitute (6) in (4),
you can remove the multiplier at t =s—1, because it
equals to (45 + 2)) and comparable with (4) ata modulo
(4s+3). The new shortened Wilson’s factor has the form

W:{i—z[((s+1)(5+2)—t(t+1))i1}. (7)
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For=19 W= (30~28 ~24)i 1. Using the theory of
comparisons:

((s +1)(s +2) —t(t+ 1)) = 5(s,t)(modp), (8)

and taking the deduction (—p /2) <6 (S,t) < (p /2), we

write W in a much reduced form
W={ﬁ|5(s,t)|il}' ©)

For =19 W=(8-9-5)£1=360+1, when the
sign is «+ », W =361=19". Compared with example
(5), we reduced W about three times.

DD allows you to get to other forms of W . Use

comparison
(2s—2t)(2s-2t—1)=

= ((4(t + 1)2 - 1) —s)(mod(4s + 3))’

which also reduces the number of multipliers of W more

(10)

than twice.

W = {ﬁ(((4(t 1y —1)—5))11}.

(11)

If p=19,then W = ((—1)-11-31)i1 or, going over
to deduction in (8), W = (8 -7) +1=56*1. When the
signis «+ », W=57=3-19. As compared with last
example, reductions of Wilson’s factor occurred about
ten times.

Practical use of Wilson’s theorem will help canonical
decomposition of the factorial. Indeed, there is

m!=2%-m, , where m, contains no multipliers «2».
a, =[AI2]+[[A/2]/2]+[[A/2]/2]/2] ... Here
brackets denote the most integer, that not exceeding a
fraction. We also find other degrees in the canonical
decomposition. As n=2m+1, then using DD, we can
get this form for
W =2""m +tm', (12)
where t —  integer, 0<t<a,. For
p=19,m=9, 91=2".2835. Taking t = 4, we have in
(12) W =8-2835£9". Reduce W by 9°, we get
W =8-3519° =280+81 . When the sign is <«<+>»
W =361=19",

Next, we apply Wilson’s theorem on a specific
example with the full canonical decomposition of m!.If
p=29=2-14+1, then m=14. 14!=2".3".5".7%.
-11-13.According to the theory of congruences, we find
the remains of division by «29>. They constitute squared
formula  (3). Write W =55.16-23-4+1=
=36801=1269-29. According to Wilson’s theorem (1)
W ~3-10”,

The proposed method can effectively compete with
the existing method based on the division of n by all

primes, that smaller than \/; . When numbers are large,
we cannot use the division as such, but DD (2), which
provides a qualitative answer, but requires considerably
less time. Our calculations confirm this.
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Numerical methods of majorant type of solving the
Cauchy problem for ordinary differential equations

Abstract: With the use of two approaches to the construction of the apparatus non-classical Newton majorant

and diagram of functions given in tabular form, developed two numerical interpolation methods of solving the
Cauchy problem for ordinary differential equations, which, without regard to the rounding operations are accurate

to certain classes of functions.
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YucneHHble MeToAbl MAXXOPAHTHOIO TUMNAa peLueHnsa 3aaa4um
Kowun gns 06biIKkHOBEHHbIX anddepeHumnanbHbiX ypaBHEHUN

AHHOTaI[I/ISI: C uCIoAb30BaHHEM ABYX IIOAXOAOB K IIOCTPOEHHIO aIlllapaTa HEKAACCHIECKUX MAXKOPAHT U AHA-

rpaMM HrroTona CI)YHKHHﬁ, 3aAaHHBIX Ta6AI/I‘-IHO, PaSpa6OTaHbl ABa YHCACHHDBIX METOAQ MHTEPIIOASIIMOHHOI'O THUIIA

pemenus 3apadu Kommm Aast 06bIKHOBEHHBIX A PpepeHITMAABHBIX YPABHEHHI, KOTOPHIE, 6e3 yueTa oIlepaljiil OKpy-
TA€HHS], SBASIOTCS TOYHBIMU Ha OIPEASACHHBIX KAACCaX QyHKITHIL.

KAroueBbie cA0Ba: HeKAaCCUUECKas Ma>XOpaHTa U AHarpaMMma HbIOTOHa, YHMCACHHDBIC ME€TOADI, 3apAa4da Kormrm.

Bcrynaenne. Teopuro masxopasT u puarpamm Hpro-
TOHQ, Pa3pabOTaHHYIO AASL CTEIIEHHBIX PSIAOB PyHKIIUI
OAHOI KOMIIAEKCHOH II€PEMEHHOM, IUPOKO UCIIOAB3O-
BaAM B MccaepoBaHusax I Tronso, Aroma, Apamap, Baanpon
[1], A. OctpoBckuit [2] u pApyrue maremaTuxu. Aaab-
Hellllee pa3sBUTHE 3TOM TeopuH NpuHasrexuT A. Ko-
CTOBCKOMYy U ero yueHukam [ 3—11]. Ouu reoputo Maxo-
pasT u Aarpamm Hprorona nepenecau Ha psabl AopaHa
u Aupuxae, 060061[eHHbIE CTEIIEHHBIE PSIABL, Ha CTEIIeH-
Hble PSABL, PSABL AopaHa u Aupuxae QYHKLUH ABYX
KOMIIAEKCHBIX ITepeMeHHbIX. Kak mpraosxeHue, AAS CTe-
IIEHHBIX PSIAOB, 00001 HHBIX CTEIIEHHBIX PSIAOB U PSIAOB
Avpuxae BbIBeA€HbI pOPMYADI AASL OTIPEACASHHUS HUDKHUX
IPaHMI] UX HYA€H M OIIPEAEACHBI AOCTATOYHBIE YCAOBHS
CyIIecTBOBaHHs “MaKCHMaAbHBIX  obaacteit (B Bupe
KOA€I] MAH TIOAOC), B KOTOPbIX 3TU PSAABI He PUHHMA-
IOT HyAeBbIX 3HAUeHMIT; AASI CTEIIEHHBIX PSAOB U PSIAOB
Aupuxae $yHKINI ABYX KOMIIACKCHBIX IIepeMeHHbIX Bbl-
BEACHO ypaBHeHHUe IPAHHUI] UX 00AACTH a6COAIOTHOI CXO-
AMMOCTH Ha Auarpamme PefHxapTa, TOCTpOEHHI IPHOAH-
JKEHHbIe METOAbI OTBICKAHUS 9TUX I'PaHML], OTIPeASACHbI
AOCTaTOYHbIE YCAOBHS CYI]€CTBOBAHUS “MAKCUMAABHBIX
obaacreit (B BuAe GMKOAEI] MAM GUIIOAOC), B KOTOPBIX 3TH
PSABI He IPUHUMAIOT HyAeBbIX 3HAUYEHUH U AD.

Haes kaaccuyeckoro mopAXoad K MOCTPOEHHIO Teo-
pHUH MOXOPaHT U Auarpamm Hprorona psiaos B [12,13]
ObIAQ UCIIOAB30BAHA AAS IIOCTPOEHHUS AIIIApaTa TaK Ha-
3bIBae€MbIX HEKAACCHYECKHMX MaXKOPAHT U Auarpamm Hero-
TOHa QYHKIUN AeHCTBUTEAbHON IepeMeHHOM, 3aAaH-
HbIX TaOAUYHO, KOTOPBII HAIlleA IIUPOKOe IIPUMeHeHN e
B UMCA€HHOM aHaAu3e. B yacTHOCTH, 3TOT anmapar Hamu

HCIIOAB30BAHO AASI TIOCTPOEHHS YHCACHHBIX METOAOB
pemmenust 3apaun Ko Aast 06bIKHOBEHHBIX AP PepeH-
ITMAABHBIX YPAaBHEHHI U X CHCTEM.

B crarpe mpuBOAATCS ABa MOAXOAA K TOCTPOEHUIO
aImapaTa HeKAACCHYECKUX MAXKOPAHT U Auarpamm Hero-
TOHA q)YHKLII/Iﬁ AEHCTBUTEABHOM IIEpEMEHHOM, 33 AAHHBIX
TaOAMYHO, 1 €I0 UCIIOAb30BAaHUE AASL Pa3pabOTKU ABYX
YHCAEHHBIX METOAOB pelteHs 3apaun Komu Aast 06bIK-
HOBEHHBIX AM(PEepeHITMAAbHbIX YPaBHEHHI I1ePBOTO
HOpsIAKA, KOTOpHIe, 0e3 ydeTa oIepaliil OKPyTAeHHUs,
SIBASIFOTCSI TOYHBIMH Ha OTIIPEACACHHBIX KAACCAX QYHKITHIL.

1.IlepBbpIii MOAXOA K IOCTPOEHHIO amIapara
HEeKAACCHYECKHX Ma>KOpPaHT u pnarpamm HeroToHa
¢yHKIui, 3apaHHBIX TabAmuHo. Ilycts yHKIMA
¥ = f(x) 3apaHa CBOMMM 3HAYEHUSAMU B HEKOTOPBIX TOU-
kax X, (i=1,2,...,n):

fx)=y, (=L2,.,n),
|yi |=a,. <M (=L2,..,n), aa #0,
rae M — HeKkoTOpas MOCTOSHHAS.

Touky P, (xi,— In al.) C KOOpAMHATaMu X =X,
y =—Ina, Bmaockoctu Xy HazoBEM MOUKOIL npedcmas-
renus 3HavenHus ynkuuu ¥ = f(X) B Touke X =X, .
IIpeAllOAOKHMM, YTO BCe TOYKU IpeAcTaBAeHus: P

(i=1,2,...,n) B maockoctu Xy mocrpoensl. C KaxA0l
TOYKH IpeAcTaBAeHust P mpoBeaéM moaynpsimyio B mmo-
AOXXHTEABHOM HAITPABACHHH OCH OPAMHAT, TePIIEHAUKY-
ASIPHO K ocH abcrpcc. MHOXeCTBO TOYeK STHX ITOAYIIPSI-
MbIX 0603HaYNM Yepe3 S, a ee BBIIYKAYI0 060A0UKY Yepes
C(S). Aas xaxporo X € [xl ,xn] OIIPEACAUM TOYKY
B, (x, X, ) , e X,= inf V. MHoxecTBO TOYEK

(x,y)eC(S
B.(x,2.), x€[x,,x,], obpasyer aumo &, , koropas
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orpannuusaer C (S) CHHU3Y. DTa AMHUS SIBASITCS Herpe-
PBIBHOM, BBITYKAON AOMAHOM AMHUEN U €€ YpaBHEHHE
umeer Bup ¥ = ¥(x), x € [xl,xn], ae x(x)=x..Aoma-
Has AMHHA O f» OIIPEACAEHHAST HA TIPOMEXYTKe [xl,x” ],

Ha3BIBAETCS HekAaccuteckor duazpammoti Horomona aast
dyukuuu ¥ = f(x) Ha aTOoM mpomeskyTke. Ha puc. 1 mo-
CTpOeHa HeKAaccuyeckas puarpamma HbroToHa aAAd
QYHKIIMH, 3aAAHHOM B AGBSATH TOYKaX.

Puc. 1. Heknaccuyeckaa guarpamma HeloToHa

O6osnaunm M (x)=exp(—x(x)), x € [xl,xn].

Torpa aas xaxporo X, (i=1,2,...,n) BrmoaHsercs
uepasencrso | f(x,)|=a, < M, (x,).

Kpowme Toro, Mf(xl)=|f(x1) , Mf(xn)=|f(xn)

Oynxyus y = M (X), onpepeseHnas Ha pOMeXxyT-

Ke [xl’xn] , Ha3bIBACTCS HEKAACCUHECKOH) MANOPAHINON
Hytomona dyuxuuu ¥ = f(x) na arom mpomexyTke. dta
$YHKIUSA ABASETCSA HEeNPephIBHOM M AOrapuPpMUIeCKU
BOTHYTOI Ha IIPOMEXYTKe [xl’xn]' Ecam pmarpamma
Hotorona 6, MMeeT S BepIIMHHBIX HHACKCOB (MHAEKC S
Ha3bIBAETCs BEPILIMHHBIM, €CAM TOUKA IPeACTaBAeHMs P,
HaxoAMTCsl B BepmmHe O, ), To MaxkopanTa HproTona
M, (x) cocrout u3 (s —1) -it BBITYKABIX AYT.

dopmyaa HekaaccHdeckor MaxopaHThl HproToHa
Ha IpOMeEKyTKe [X,,X, ], rAe P 1 § — ABa cocepHyX Bep-

IINMHHBIX KMHACKCA:
1

M, (x)= (a;”a;“x” ) "

2. Bropoii mopAxop K HOCTPOEHHIO ammapara
HEeKAACCHYECKHX MaKOpPaHT u AnarpamMm Herorona
¢yHKIMi, 3apaHHBIX TabamuHo. IlycTp QyHKIHSI
y = f(x) 3apaHa cBOMMY 3HAYEHUSMH B HEKOTOPBIX TOY-
kax X, (1=1,2,...,n):

fx)=y.,y.<M (i=12,..,n),

rae M — HexoTOpast MOCTOSIHHASL

Touxy N, (x;,€") c xoopaunaramu x =x,, y =¢”"
BIIAOCKOCTH X) Ha30BeM rMo4Koil npedcmasAerus 3SHade HusI
$ynxym y = f (x) BTOUKE X = X ;- IIpeanioaoxmm, 4To Bce
TOUKY npepcTaBreHnst N, (i=1,2,...,n) B maockocTu Xy

i

7

5f ona QyHKUMM, 3agaHHON B AEBATUN TOYKaxX

nocTpoeHsl. C KaXKAO! TOUYKH ITPEACTABACHHU N, IIPOBEAEM
TOAYTIPSIMYIO B OTPULIATEABHOM HAIIPABACHUN OCH OPAHHAT,
IIepPIIEHANKYASPHO K OCH abcrpicc. MHOXeCTBO TOYeK 9TUX
HOAYTIpSIMBIX 0603HaunM yepe3 N, a ee BBITYKAYI0 060A0Y-
xy wepes C(N). Aast kaxporo X €[x,,x, | onpeaearm
Touky D, (x,nx) ,mae . = " SEEN))’ . MHO))ecTBO TOYEK
D, (x,nx) , X€E [xl,xn], o615ya3yeT AVIHUIO gf, KOTOpast
orpanruusaer C(N) cBepxy. DTa AUHUS ABASIETCS HeTpe-
PBIBHOH, BOTHY TOM AOMAHOM AMHHE! U €€ YPaBHEHHE NIMEET
Bup ¥ =1(x), x € [xl,xn], Ae N(x) =7_. Aomanas AvHuS
5 /» OTIPEAGACHHAST Ha TIPOMEKYTKe [x1 , X, ] , Ha3bIBAeTCs
Hekaaccuueckorw Oduazpammoti Hvtomona asst QyHKumm
y = f(x) Ha atom mpomexyTke. Ha puc. 2 nocrpoena
HeKAaccuyeckas puarpamma HeroroHa aast GyHKkiumy, 3a-
AQHHOI1 B AEBSITH TOUKAX.

O603HauUM
M, (x)=In(n(x)), x €[x,,x,].

Toraa aas xkaxporo X, (i=1,2,...,1) BrmoaHseTcs
nepasenctso f(x,)=y, <M (x).

Kpowme Toro, Mf(xl) = f(x,), Mf(xn) =f(x,).

Oynxus y = M ;(x), onpeaesenHas Ha mpomeskyT-
ke [X,X,], Ha3bIBaeTCA HekAdcCUMECKOI0 MANCOPAHMOTO
Hotomona ¢yrxuuu ¥ = f(x) na arom mpomexyTke. dta
$YHKIUSA SABASIeTCS HeIIPpepbIBHON U BOTHYTOM Ha IIpO-
mexytie [x,,%, |. Ecan gnarpamma Heroroma 5 ; IMeeT
S BEepIIMHHBIX MHAEKCOB, TO MakopaHTa HproToHa

M, (x) cocrout uz (s —1)-it BOrHyTBIX AYT.
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Ya

xl xz x3 X X

4 &)

v

85 Xq Xg Xo

Puc. 2. Heknaccunyeckasa gnarpamma HoetotoHa 5f Onga GyHKUMKW, 3aaHHON B AEBATU TOYKaX

DopMyaa HEKAACCHYECKON MakopaHThl HproToHa
Ha mpomeskyTke [X ,X, ], TAe P i § — ABa cocepHMX Bep-
IIMHHBIX HHAEKCA:

y‘"(xq—x)+eyq(x—xp).

M, (x)=In"
x‘i - xP
3. IaTepnoAsImHOHHbIE METOABI Ma’KOPAaHTHO-
ro tuna pemenus 3apaun Kommn. Paccmorpum 3apauay
Ko AAst 06bIKHOBEHHOTO AU PEPEHIIMAABHOTO ypaB-
HEHU IIePBOrO MOPSIAKA

y'=f(x%y), y(x,)=y,. (1)
I[Mpeanoaoxkum, uto pemenue 3apaun (1) HyKHO
HAITHU Ha [IPOMEXyTKe [xo , X, + a], rae a > 0. IIpuatom
6yAeM cuuTarh, 4TO B obAacti D, koTOpast coAepKUT
R:{xo SxSx0+a,y—y0|Sb} ,
dynxiusa f(X,y) HempepbIBHA U YAOBAETBOPSIET YCAO-

BHI0 Aunmuiia mo ¥ ¢ mocrosiHaoM L.

MPSAMOYTOABHUK

BribepeM Ha mpOMeEXyTKe [xo,x0 + a] CUCTEeMY TO-

a
qeK X,,X,5..»X,,Tae X, =X, +kh (k=0,1,..,n), h :;,

U, HCIIOAB3Ysl 0062 MOAXOAQ K IIOCTPOEHHMIO aIlllapara
HEeKAACCHYeCKUX MaXopanT Herorona ¢ynkiui, 3apan-
HBIX TA6AUYHO, HOCTPOMM ABA YHCACHHBIX MeTOAR (MH-
TepHOAAMOHHOTO THNA) pemeHus 3apauu (1).

Ilyctp y = y(X) — uckomoe pemenne sapaau (1).
EcAu ero moacTaBuTD B ypaBHEHHE, TO IIOAYIHUM TOXAE-
CTBO

y'(x)= f(x,y(x)).

IIpounTerpupyeM 3TO TOXAECTBO Ha KaKAOM

u3 npomexcyTios [ x,,%,,, | (i=0,1,..,n—1). [oayamm

Y )= y)+ [ Flry@)de. ()

3.1. icnoAp30BaHHe IIEPBOTO MOAXO0AQ K IIOCTPOe-
HHIO ANIAPaTa HeKAACCHIECKHX MAKOPAHT U AHATPAMM
Hstoroua. Ecan B (2) dpynxammo f (x,y(x)) samerurs
HeKAaccHeckoi MaxoparToit Hetotosa M (x), moctpo-

€HHOM II0 ABYM TOYKaM (xi,f(xi,y(x,-))) u
(XHl )f(xm y(x,, ))) U IIPOMHTET PUPOBATD, TO IIOAYIUM
y(xi+l):y(xi)+
f(®yx)) = f(xoy(x) o
In(f (.o (e))/ f (x05(x))

rae R, — ocrarounsii uaen. Takum 06pasoM, AAsL OTBI-

CKaHUSI IPUOAKEHHDIX 3HAYCHUI V)5V, 5+-+» ¥, PEIIeHHS
y = y(x) B TOYKAX X,5X,,...,X, OAy4aeM GOPMYAY
V.=, +h f(xi+1’yi+1)_f(xi’yi)
ln(f(xi-H ’yi+l )/f(xl’yl))
. (3)
i=0,L..,n—1
IMoayuennas popmyaa (3) sBastercst paKTHIECKH
YPaBHEHHEM AASl OTHICKAHHUS

ITosToMy AASI BbIYHC-

i+l

A€HHMS V), TIOCTPOEH UTEPALIMOHHBIN IIpoIiecc
yfﬁﬂ) =y, +h f(xiﬂ’yi(fl)(z)_f(xi’yi) )
ln(f(xi+1’yi+1 )/f(xi’yi)) (4)
k=0,1,...

Aast cxopumocTr MeToAR (3) AOCTaTOYHO, UTO6BI BbI-
IIOAHSIAOCH HEPaBEHCTBO

af|_|or o
dx| |0x Oy

AASL CXOAMMOCTH MTEPAIJMOHHOIO IPOIlecca AOCTa-

<N<w’

Touno, uTob6br HL <1.

ITockoapky MasxopanTa HproToHa cocTouT U3 BhIIIy-
KABIX AYT, TO 9TOT METOA AQ€T OOAee TOUHbIE Pe3YABTATHI,
4eM M3BEeCTHbIe ABYXTOUEUHbIE METOADL, B CAydae, KOTAQ
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dynxuus f (x, y(x)) sBAsieTcs BhITyKA0H0. Kpome Toro,
Ha Kaacce GpyHKumu A e"" tae A >0, MeTop A2eT TOU-
HbIEe PE3YABTATBI, eCAU He YIUTHIBATD OTPEIIHOCTe! Olle-
pauui OKpYTACHHSL.

3.2. McnoAp3oBaHNe BTOPOTO MOAXOAA K IOCTpOe-
HHIO ANNAPATa HEKAACCHIECKHUX MAKOPAHT H AHArPaMM
Heiorona. Ecau B (2) dpynximmo f (X, y(x)) 3aMEHHTD
HEKAACCHYIECKO MakopaHTor HprotoHa M . (x),mocrpo-
€HHOM II0 ABYM TOYKaM (xi,f(xi,y(x,.))) u
(xM, f(xy(x, )) ¥ TP OMHTET PUPOBAT, TO TIOAYYUM
y(xm) = y(xi)+

f(xoy(x))+
+h + f(xm’y(xm )_f(xi’y(xi)) 1 +R‘+1 :
1- eXp(f(xi’y('xi)) - f(xi+l’y(xi+l)))
Taxum 06pasoM AAS OTHICKAHUS IPUOAVDKEHHBIX 3HA-

YeHUHN V)5 Y,»e-» Y, TIOAYIaeM GOPMYAY

U AAA BBIYMICACHHA y
(k+1)

yi+1 =yi+

.11 IOCTPOEH HTePaLIOHHbII IIPOIIecC

f(xi-v-l’yffl))_f(xi’yi) .
1=exp(f (x0) = (%.001))  J(6)
k=0,1,..,

AocraTouHble YCAOBHS CXOAMMOCTH MeETOAQ (5)

+h f(xi,yi)+

U UTePAIJMOHHOrO IpoIiecca (6) aHaAOTMUHBI AOCTATOY-
HBIM YCAOBISIM CXOAIMOCTH METOAQ 3)u UTEPAIIIOHHO-
ro mporecca (4).

ITockoabky Ma>kopaHTa HploTOHa cocTOouT 13 BOTHY-
TBHIX AYT, TO 9TOT METOA AQET OOAee TOUHBIE PE3YABTATBI,
4eM M3BEeCTHbIe ABYXTOUEUHbIE METOADI, B CAydae, KOTAQ
PyHKIHA f (x, y(x)) sBAsieTcs: BorHyToi. Kpome Toro,
na kaacce pynkumit Aln(kx +b),rae A >0, meTop paet
TOYHBIE PE3YAbTAThl, ECAU He YYMTBIBATh IOI'PEIIHOCTeH
oIepanui OKPYTACHHMS.

Ob6a MeTOAQ IMEIOT BBIYUCAUTEABHYIO YCTOMYHBOCTb.

=y +
Y 70 £ ' f( ) 4. IIpamep. OTbICKATh YNCACHHOE PELIeHHE 3aAQ9H
Xi> Yin) T\ XY _ , (1+2xylnx)y
+’l[f ) b ()~ ) IJ o Koy D0 mnponey
i=0,1,..,n—1 xe [1,2]. Touroe pemenue y i xt2) PesyabTa
ThI PeLIeHNs 3aAQ4H [IPEACTABACHBI B TAOAULE.
Tounoe
Touxu pasbueHus HureprioasimonHbrit MeToa (3) HHTeprioasimonHbrit MeToa (S)
pelnenue
1.1 0.452522 0.452501 0.452490
1.2 0.409903 0.409859 0.409855
1.3 0.371872 0.371808 0.371818
1.4 0.338062 0.337980 0.338009
1.5 0.308062 0.307966 0.308014
1.6 0.281459 0.281351 0.281417
1.7 0.25785S5 0.257739 0.257821
1.8 0.236889 0.236767 0.236861
1.9 0.218231 0.218108 0.218209
2.0 0.201593 0.201466 0.201576

BriBoabl. [IpuBeaeHbI ABa MOAXOAQ K TOCTPOEHUIO
anmapaTa HeKAACCHYIeCKHMX MasKOPAHT U Aarpamm Hpro-
TOHAa QYHKIMI, 3aAaHHBIX TabamdHO. Vcnoassys atu
IIOAXOABI, Pa3pabOTaHbI ABa YHCACHHBIX METOAA HHTEP-
HOASILIMOHHOTO THUIIA pelreHus 3apaun Kommu AAst 06bIk-

HOBEHHbIX A PepeHIINaAbHBIX YPaBHEHUH IIePBOTrO II0-
psAka. PaccMoTpeHbl BOIPOCh CXOAMMOCTH, TOYHOCTH
U BBIYMCAUTEABHON YCTOMYHBOCTU MEeTOAOB. bes yuera
Omepanuil 3aKPYTACHHS METOABI SBASIOTCS TOYHBIMH
Ha OITPEeAEAEHHBIX KAACCaX QpyHKIUIL.
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Investigation of the effect of nanoparticles on
nanosystems’ rheological parameters

Abstract: The purpose of this paper is to evaluate nanosystems’ structural characteristics by means of IR spec-
troscopy method and study the effects of metal nanoparticles on the rheological parameters. It was determined that
nanostructured composites have been obtained from the waste industrial oils by effect with aluminum (Al) nanopar-
ticles. It has been found that developed nanosystems have both hydrophobic and hydrophilic nature.

Therefore, due to their application in oil industry it is expected gaining future economic benefits in terms of sav-

ing in used materials. In conclusion the challenges and future trends of nanotechnology application in oil industry

are highlighted.

Keywords: waste industrial oil, nanoparticles, rheological parameters, hydrophilic, hydrophobic, structure, IR

spectroscopy

Introduction

Nanomaterials and their associated manufacturing
and processing technologies are the key enablers of
nanotechnology industry and encompass a wide range of
materials. Nanomaterials are typically in the range of 1 to
100 nanometer (nm). This means the clusters of atoms or
grains less than 100 nm in size, fibers less than 100 nm in
diameters and films with thickness less than 100 nm.
Nanomaterials exhibit properties such as being lightweight,
ultrahigh strengh, high electrical and heat conductivity and
an increased surface area [1,2]. The superior behavior or
nanomaterials compared to the parent materials originates
from nanoparticles grain boundary, surface area per unit over
mass or volume, size, purity and perfection of the particles
[3]. Nanotechnology is not new, but its application in the
oil and gas industry certainly in its infancy [1].

The development of innovative technologies
for increasing the efficiency of oil production is of

greatimportance. One of the effective methods for solving
this problem is the application of nanotechnologies.
Recent years, it should be noted that nanosystems which
were developed by the Department of Nanotechnology
of the State Oil Company of Azerbaijan Republic
(SOCAR) have a wide application.

Now it’s very important using a nanotechnology as
one of the scientific directions of the XXI century in
oil recovery processes (EOR), obtainment of various
liquid systems in presence of nanoparticles and
their application in different areas of oil industry.
Therefore, it is important to study the effects of metal
nanoparticles in the hydrocarbon environment [4].

At SOCAR’s Nanotechnology Department it has
been developed the scientifically proved methods and
methodology for new nanosystems on the improvement
of rheological parameters. Rheological change is related
to the structure of nanosystems. In order to discover the
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mechanism of their formation the number of research
works was investigated.

Experimental part

IR spectra were taken with FTIR (Fourier
Transform Infrared Spectrometer) Varian 640-IR
spectrometrs in frequency range 4000-400 cm™ at room
temperature. The absorption spectra of the samples were
obtained as form of a thin layer on the KBrboards. Two KBr
prisms were used to constitute the interferometer cavity.

By varying the amount of aluminum (Al)
nanoparticles impacting on waste industrial oils (WIO),
it was developed the nanocomposites with new chemical,
physicochemical and structural-mechanical properties.
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For example, after nanoimpact of metal nanoparticles
on waste industrial oils its viscosity decreased by 8-9%.

The Al nanoparticles in different concentrations:
0,001; 0,005; 0,01; 0,05; 0,1; 0,5; 1,0% were added to the
waste industry oils, and after this there has been investigated
the changes in their chemical content and structure.

Discussion of the results

The IR absorption spectra of these samples are
given in the figure 1-S. Figure 1 presents the infrared
spectra of the ordinary waste industrial oils, i. e. initial
compound (waste industrial oil). In this spectrum, it is
possible to identify following frequencies of absorption
bands with several maximums:
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Fig. 1. — Infrared spectrum of waste industrial oil (initial compound)

« 3070 cm™ — stretch vibrations of -C = C alkenes

«2954 cm™ and 2923 cm' — asymmetric and
symmetric stretch vibrations of methyl (CH,) groups

+ 1457 cm™ and 1376 cm™ — asymmetric (as) and
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(CH,)
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Fig. 2. — Infrared spectrum of waste industrial oil after impact by 0,001 mass.% Al nanoparticles

ol
200

As seen from Figure 2, in the IR spectra of nanosystem
obtained by mixing of waste industrial oil with Al
nanoparticles (where consentration of nano Al content is
0,001 mass.% ) several changes can be observed. Comparative
analysis of the infrared absorption spectra between WIO and
NanoWIO (fig.1 and fig.2) allows to say the following:

1. There is no change in the frequency value of
maximums in the range 4000-400 cm which corresponds
to the absorption frequencies of methyl (CH,) and
methylene (CH,) groups, that is the functional structure
of substances (waste industrial oils and nanocomposites).
New absorption bands maximums are not observed.
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2.The absorption coefficient (A) of
nanocomposite (nano-WIQO) in range 4000-400 cm!
is increased several times (A/A = 2-3) compared to
the absorption coefficient of the initial substance-
waste industrial oils (A ). In its turn this change is
accompanied by the changing of intensities (J) of
the absorption bands of methyl (CH,) and methylene
(CHZ) groups.

3. Simultaneously with the increasing of the
absorption coeflicient of NanoWIO system, change
of intensity ratio of methyl and methylene groups takes
place. The ratio CH,: CH, was 5:1 in waste oil industry,
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but this value after nanoimpact decreases by 2:1. It
means the amount of CH, qroups in NanoWIO, i.e.
after interaction of Al nanoparticles with waste industrial
oils, increases by 2,5 times.

The change of intensity ratio of methyl and
methylene groups in nanosystems confirms that with
entering Al nanoparticles into the waste industrial oils
a nanostructuring takes place in the presented sample.
It was found that with influence of small amounts of
nanoparticles on waste industrial oils re-groupping
process took place in a certain part of hydrocarbon in
waste industrial oils.
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Fig.3. Infrared spectrum of waste industrial oil after impact with 0,05 mass.% Al nanoparticles
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Fig.4. a) Infrared spectra of waste industrial oil after 0,1 mass.% Al nanoparticles impact (left)
b) Infrared spectra of waste industrial oil after 1,0 mass.% Al nanoparticles impact (right)
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As seen from figure 4, with the increase of the concentration of Al nanoparticles the change of absorbtion bands’
intensities corresponding to CH, and CH, groups are not observed. New characteristic bands were not found in
the IR spectrum of the NanoWIO. However, due to the stretch vibrations of the -C = C- alkenes at 3070 cm™ band
which characterizes alkenes, with increase of concentration of Al nanoparticles from 0,001 up to 1,0%, the vibration
of the bands disappeared in comparison with the spectrum of initial waste industrial oils.

Based on the results of spectral analysis, we can conclude that when the amount of Al nanoparticles contains
more than 0,05%, the destruction process of -C=C- alkenes takes place, and the latter enters into the composition
of waste industrial oils.

The correlation between concentration of Al nanoparticles and change of absorption bands of methyl (n in
materials it is expected economic benefits from the application of these nanosystems in different branches of
oil industry (drilling, enhanced oil recovery and etc.).

Nanosystems: nano Al (mass.%) + Initial compound

No Rheological parameters (waste industrial oils)
0.001 0.05 0.1 1.0
Reduction of viscosity as compared with initial
1 8-9 8-9 - -
compound (%)
Reduction of surface tension as compared
2 8-8.5 8-8.5 - -

with initial compound (%)

Conclusions

1. It has been obtained the nanosystems with new chemical, physico-chemical and mechanical properties
by variation in the amount of Al (d=60-80 nm) nanoparticles impacting the waste industrial oils.

2. By means of IR spectroscopy method, it was determined that in initial waste industrial oils nanostructuring
takes place when concentration of affecting Al nanoparticles is 0,001 mass.%. The ratio of the intensities of methylene
(CH,) and methyl (CH,) groups are changing, re-group process occurs in the hydrocarbon chain and this is stable
up to 0,05 mass.%.

3. When Al nanoparticles concentration is over 0,05 mass.% it causes destruction of the initial compound, i. e.
waste industrial oils behaves as a reducing agent in the case of nanoimpact.

4. Changes in the structure after impact of nanoparticles to the waste industrial oils creates different rheological
parameters in contradistinction to initial one:

— Viscosity decreased by 8-9%;

— Surface tension decreased by 8,5%.
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Investigation into a vertical ringshaped gating system

Abstract: The results of theoretical and experimental study of gating system are given. A method of calculating
the velocity of and flow rate in each feeder and the entire system based on the number of concurrent feeders, their
diameters and their position adjustment form. A good agreement between the calculated and experimental data is

presented.

Key words: collector, feeder, head, resistance coefficient, expence coefhicient, stream speed, concumption of

liquid.

Bacenun Baaepuii Hearnosuu,

ITepmckuti HaYUOHANHBILL UCCALI0BAMEALCKUTI NOAUMEXHUHECKUT] YHUBEpCUMem
doyenm kagpedpot “Mamepuaivl, mexHoAo2uu u KoHCMpyuposarue mauiun”,

Kanoudam mexHuHeckux Hayx
Bozomszkos Arexceii Bacuavesuu, acnupanm

Ilapos Koncmanmun Baadumuposuy, acnupanm

UccnepoBaHue BepTUKaNbHOMU KOJIbL,EBOW JINTHUKOBON CUCTEMbI

AHHOTaIII/ISI: HpeACTaBAeHbI PE3YABTAThI TEOPETUIECKOTO H SKCIIEPHMEHTAADPHOI'O NCCACAOBAHH AUTHHUKOBOM

cucremsl. BriepBble paspaboTaHa METOANKA pacyeTa CKOPOCTEN U PACXOAOB SKHAKOCTH B KAXKAOM IIUTATEAE 1 BO BCel

CHUCTEME B 3aBUCUMOCTH OT KOAMIE€CTBAa OAHOBPEMEHHO pa60Ta101111/1x HHTaTeAEﬁ, HX AUAMETPOB 1 UX PACIIOAOKEHH T

II0 BBICOTE (l)OprI. HOAY‘{CHO xopouree COOTBETCTBHE PAaCIE€THDBIX U OIIbITHBIX AAHHDIX.

KaroueBbie cAOBa: KOAACKTOP, IMTaTeAb, HAIIOP, KOAPPUITEHT COIPOTHBACHHM S, KOIPPUITUEHT PacX0OAd, CKO-

POCTb IIOTOKA, PACXOA KXUAKOCTH.

BBeaenue

Panee 6b1an nccaepoBanbl L-o6pasnas [ 1,2 ], passer-
BAeHHad [ 3, 4], kombunupoBanHas [ S, 6], kpecToBHHHAS
[7, 8], spycnas [9, 10] u ropusoHTaAbHAS KOABLIEBASL
[11, 12] autnukossie cuctembt (AC). PazHura Mesxay
PaCYeTHBIMH M OTIBITHBIMHU 3HAYEHUSIMHU CKOPOCTeH, pac-
XOAOB M HATOPOB COCTABASIAA HECKOABKO ITPOLIeHTOB. Mc-
TIOAB30BaAU B pacuerax ypasHeHue Bepuyasu (YB) aas
TIOTOKA C TlepeMeHHBIM pacxoaoM (u Maccoit). XoTs oHO
BBIBEACHO AAS TIOTOKA YKUAKOCTH C TIOCTOSIHHBIM pac-
x0a0M [13, 205] — npu OTCYTCTBHH paspaqu MOTOKA
IO TIUTATEASIM, TO €CTb IIPU PA6OTE TOABKO OAHOTO [IUTA-
Teast. V1 ero mprMeHeHue Py pacdeTax MHOTOIUTATEAD-

HbIX AC ¢ HU3MEHSIOMHUMCS OT MAKCUMAABHOTO AO HYAS
PACXOAOM XKHAKOCTH B KOAAEKTOPe (IIAaKOyAOBHTeAE)
meopemuuecku He 060cHosarno. IToaTomy mpeacTaBAsieT-
CsI IleAeCOOOPa3HBIM IKCIIEPUMEHTAABHO M PacyeTaMu
HCCAEAOBATh CaMyI0 CAOXKHYI0 AC — BepPTHKAAbHYIO
KOABIIEBYIO. JTa CUCTEeMA SIBASETCS CEABMOM II0 CYeTy
U TIEPBOM 110 BAXKHOCTH, TaK KaK M3 Hee IIOAYJalOTCs BCe
OCTaAbHbIE CHCTeMBI (KpoMe KPeCTOBUHHOI).

MeToAMKa HCCAGAOBaHHI

AwuTHukoBas cuctema (puc. 1) cOCTOUT U3 Yamu—CTO-
AKa, KOAAEKTOpa (MMEMIero TPH TOPU30OHTAABHBIX
Y4aCcTKa U ABa BepTHKaAbHbIX ) U Tpex uTateaeit [-111. To-
PH3OHTAAbHAs TIAOCKOCTb CPAaBHEHUs IIPOXOAUT depes
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POAOABHYIO 0Ch 0—0 ropu30HTaABHOM YaCTU KOAAEKTO-
pa. AuaMeTp Jalm-cTosiKa paBeH 175 MM. YpoBeHb XKHA-
xkoctu H — paccrosiHue IO BEpTHUKAAM OT CedeHUsI
1-1 B yame-cTosIKe AO TAOCKOCTH CPABHEHHS ITIOAACPIKH-
BAACS IIOCTOSTHHBIM ITyTeM HeIPepPhIBHOTO AOAMBAHUS
BOABI B YaIlly M CAMBA €€ M3AMIIEK Yepe3 CIIeIIMaAbHYIO
meab B yame: H =0,4530 m. J)KuaxocTp BrlAMBaeTCs
CBepXy M3 ImUTaTeAell B popMy. Bpems ucreuenus sxua-
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KOCTH M3 KaXXAOTO ImuTaTeAs: coctaBasiao S0-300 ¢ —
B 3aBUCHMOCTH OT KOAUYECTBAa OAHOBPEMEHHO paboTaio-
IUX MUTATEACH, a 0ObeM BBHIAMBIIEICS U3 IUATATEAS
BOABI — OKOAO 9 A. DTH BpeMeHHbIe i 00beMHbIe Orpa-
HUYEHHs] 00eCIIeYHAN OTKAOHEHHE OT CPEAHErO 3Hade-
uust ckopoctu 0,005 M/, He 60aee. Pacxop xuakocTH
U3 KQKAOTO ITHTATEeAsI OPEACASIACS He MeHee 6 pas.
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Puc. 1. BepTukanbHas KosnbLeBast IMTHUKOBAA cUCTEMA

HN3yyeHne pa3soMKHYTOH KOAbIIEBOM CHCTEMbI

Chavaaa moacunraeM xapakrepuctuk AC AAST cAy-
9JaeB, KOTAA THAPAaBAMYECKAsl CUCTEMA Pa3OMKHYTa B ce-
venun 11-11 (uer xoabiia). Cocrasum ypasuenue bep-
uyasn (YB) aas cedennit -1 u 12—12 AC (cumTaem, uto
paboTaer TOAbKO mHTaTEAD 1):

2 2

H+Piigh —=H, +p12 Vi+hl_]2, (1)
yoo28 rooo2g

TA€ P, U P,, — AAQBA€HHUs B cedenmsix 1-1u 12-12, H/m?

(paBHBI aTMOC)EPHOMY AABAGHHIO: P, = P, =P, ); & —
K03 PHUIMEHT HEPABHOMEPHOCTH PACIIPEACACHHUS CKO-
POCTH 1o cedeHuIo oToKa (koadpdunuent Kopuoawnca);
npunnmaeM a =1,1 [13,108]; ¢ — ycxopenmue cBo60p-
HOro ImapeHus; ¢ = 9,81 m/c? v, u v,, — CKOpPOCTH Me-
Taara B ceveHmsax 1-1 u 12-12, m/c (BCAEACTBI/Ie 60AD-
HIOM pa3HOCTH TIIAOIIAAeM damu S, B CeYeHUH
I-1 u nuratead S,, B cedeHuu 12—-12 MOXHO IIPUHATD
v, =0); ¥ — yAeABHBIi1 BEC XXKHAKOTO MeTaraa, H/m3;
H, | — paccrosiHue 1o BepTUKAAU OT MMAOCKOCTHU CpaB-
HEeHUsI AO IPOAOABHOM ocH muTareas I, m; h_,, — mo-
TepPU HAMopa NPU ABIDKEHUH >KUAKOCTH OT CeYeHHs
I1-1 po cevenus 12-12, M. OTu moTepu Hamopa

I +1 v

A4+ |la—+
=| ¢, ] $ut6 2 o
2
Cot Ao,
d,) 2g

ned,, ¢, ud,

THUBAEHUMN BXOAQ METAAAQ M3 YAIIH-CTOSAKA B KOAAEKTOD,

— K09 QUIIMEeHThI MECTHBIX COIIPO-

IOBOPOTA U3 ceyeHHs 3-3 B ceyeHue 4—4, moBopoTa
B KoAaseKTOpe Ha 90° moBOpoTa U3 KOAAEKTOPA B ITUTa-
TeAb I; V, — CKOpPOCTB KHAKOCTH B cedeHuu 3-3, M/C;

v,=v,=v,=v,; v,=0;

,=0; | — aauma xoanekTopa

Ha y4aCTKe OT YalIM-CTOSKA AO ITOIEPEYHOMN JaCTH KOA-
AEKTOpa, M; I, — paccTosiHue OT TOYKU IlepecedyeHus
avHnU 0—0 ¥ IPOAOABHOM OCH MOIEPEYHOM YaCTU KOA-
AEKTOpa AO IIPOAOABHOM Oocu nuTaTes I, M; dud, —
TUAPaBAMYECKHE AUAMETPBI KOAAEKTOpa M MUTaTeAs I, M;
A — xoadduiment norteps Ha Tpenwue; [, — pruna
rurareas I, M. Pacxop B AC mpu cauBe cBepXy ompeaest-
eTCs CKOPOCTBIO MeTaAAd V|, B BBIXOAHOM cedeHuu 12—
12 nutareast I u maomaapio S, ero momepeyHoro ceve-
HUS: Q = VIZSIZ

OcraabHBIE CKOPOCTH >KHMAKOCTH B KaHarax AC
oIpeAeAsieM U3 ypaBHeHMs Hepa3phIBHOCTHU ITOTOKA:

Q = Vss VIZSIZ’ (3)
rae S, — MAOIAAb CeYeHUs] KOAAEKTOPa, M”. Bripasum
BCE CKOPOCTHU METAaAAA B (2) yepe3 CKOPOCTb V,, , NCTIOAD-
3ys ypaBHEHHE HEePa3phIBHOCTH IIOTOKA (3):

2

h

12

2g

I + S
+l" °1+ + 21 +f +A-=
. Coat G || | +Gu+a

K K 12

112012) a x

2 ] (4)

BbIPa)KEHI/Ie B KBaAPaTHBIX ckobOKax 0603HAYMM KaK

CI—IZ(IZ)

ot ceuenus I1-1 po cedenus 12-12, NpUBEACHHBIN K CKO-

— 3TO KO3QPUITMEHT CONPOTUBAEHHUS CUCTEMbI

POCTH 5KUAKOCTH B cedeHnH 12-12:
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Section 5. Machinery construction

§11212) [C AK 01+§34+gj

: (3)
S /
x| 2|+, +A2.
S, d,
Tenepn (1) MO>KHO 3aITHCaTh TaK:
H- Hofl - avlz (1 + C12712(12) /Zg (6)
A x02dPuUIMEHT pacxopa CHCTeMbl OT CeYeHHUs
I-1 po ceuennsa 1212, npuBeAeHHBIN K CKOPOCTH V, ,
1/2
JLtl 12(12) (1 + Cl 12 12)) * (7)
Ckopoctp
Vi, = ul—lz(lz)\/zg(H - Hofl ) la. (8)
Pacxop Q Haxoaum 1o Beipakenuio (3). Auamerp

mutateas 1 d, =0,00903 M, pamHa mnuraTeas I
I, =0,04515 m. Auamerp koasekropa d, =0,01603 m.
I =0,2255 m, I,, =0,246 m, I, , = 0,494 M, [, , =0,732
m. H  =H, ,=0,1240m, H , =0,2480 m. ITpurnma-
eM, KaK u B pa6ore [14], uto xospduumenT noreps
natperne A = 0,03. Koadppunment {, — aro xoadpdu-
IIMeHT MECTHOTO COIIPOTHBAEHHMS BXOAQ M3 COCYAQ HOAD-
1oro aAuameTpa B Tpy6y. [Ipu HecKpyrAeHHOM BXOAHOI
xpomke Tpy6b1 koadpduuuent &, =0,3 [15]. Koadpdu-
IJUeHT MECTHOIO COINPOTHBAEHHUA IoBopora Ha 90°
B KOAAEKTOpe U3 cedeHus 3-3 B cevenue 4-4 (6e3 us-
MeHEeHHsI IIAOIAAE CeYeHHI MOTOKA AO U ITOCAE IIOBO-
pora) ¢, ,=0,885[16]. ¢, , =¢, , = .Koappuuuenr
MECTHOI'O COIIPOTHBAEHH TOBOpoTa Ha 90° 13 KoAAeK-
TOpa B IIUTaTeAb | (c u3sMeHeHMeM TAOIAALI CedeHHN)
¢,, =0,334 [16]. PesyAbTaTn! pacueToB Mo COOTHOLIE-

HIAM (5)) (7)) (8) n (3) C1712(12):O’692088;

Mo =0,768756 , v, =1,862257 wm/c, Q=0Q, =
=119,262800-10" m%/c.

Pacuerni ncreyenns xuaxocty u3 mutareaeit Il u Il mpo-
M3BOAVIM AHAAOTMYHO CO CACAYIOIMMU  ITOIPaBKAMHL
d,=0,00803 w, [,=0,04015 m, (,=0,309. d,=
=0,00703 m, I, =0,03515 wm, ¢,, = 0,302 [Tpu paGore rm-
tareas 11 B Bopakennu (8) Bmecro “H —H |~ poaxHO
osis “ H — H " Koo drireHTs! COPOTHBACHMUIT

G —(4 satth "+434+zc)

K

s, I
x| 2| +§,+A2,
[S J 413 d

K 13
+1

G [c +A’*d°"'+434+3cj

K

s, I
2| +4,+AE
x(s j 4’14 d

K 14

Pe3yAbTaThI PAaCYeTOB U SKCTIEPUMEHTOB (B 3HaMeHa-
TeAe) — B TabA. 1. AASI KQXXAOTO IUTATEAS IIPHBEAEHDI
€ro XapaKTepHCTHKH, KOTAQ OH PabOTaeT B CHCTEMe C pas-
poiBoM 1ienu B cedennu 11-11 (aeBbiit croabux nudp)
¥l KOTAQ THAPABAMMECKAS LjeTlb 3AMKHyTa (IPaBblil CTOA-
6uk). Q" = IOO(Q -Q, ) / Q,,%.I1pu paspbise enu B ce-
yeHnn 11-11 TeopeTHuecKkoe 3HAYCHHE PACXOAQ AASL
nuTaTeast I amamerpom 9,03 MM 6o0Ablle OIBITHOTO
Ha 1,7%, aas mutaTeas 11 smamerpom 8,03 MM 1 AAST ITH-
tareas III aomameTpom 7,03 MM MeHbIIIe SKCIIEPHUMEHTAAD-
Horo Ha 1,2 1 0,7% coOTBeTCTBEHHO.

Tabnuua 1. — XapakTepucTmku NUTHUKOBOM CUCTEMBI MPKU padoTe OOHOro nuTaTens

Paboraromue nuraTeAu
TToxasareau
I 11 III
d, Mmm 9,03 8,03 7,03
¢ 0,781 0,753 0,730 0,632 0,660 0,551
o 0,749 0,755 0,760 0,783 0,776 0,803
v M/ 1,815 1,830 1,454 1,497 1,880 1,945
’ 1,784 1,829 1,471 1,526 1,893 1,985
. 116,24 117,18 73,63 75,80 72,97 75,51
Q-10°, m3%/c
114,25 117,13 74,49 77,28 73,47 77,05
Q*)% 1,7 0,04 -1,2 -1,9 -0,7 -2,0

Haitpem pacxoa metasra B AC mpu pabote muraTe-
Aeit I u II. CocraBum YB aas cevennit 1-1 u 12—12 nu-
Tareas I (v, =v,=v,=v,, v,=v,, v,=0);

H=H, +(§ +/ll" l°'+§34+§jav—+
d 2¢

K

l 2
+( N +ldl—2+1Ja;i,
12 g

U Ans cedennit 1-1 u 13-13 nmurareas I1:

(9)
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Investigation into a vertical ringshaped gating system

2

I, v,
+ + — 4
T c]azg

-1l Ve l V_123
feabieg ol eatn o,

ome
TAe &, — KOB(l)(l)I/ILII/IeHT COTIpOTUBAeHUS (He MeCTHO-
ro) Ha OTBETBAEHHE YacTH NOTOKA U3 KOAAEKTOPA B IH-

oIl

H=H +[§ +/”tl"
(10)

Tareab I; {, — koapurment conpotusaerus (He mect-
HOTO) Ha TIPOXOA METAAAQ U3 CeYeHHs S-S B cedeHue
6—6 KOAAGKTOPA IIPH OTBETBACHHH JaCTH ITOTOKA B IIMTA-
TeAb | ¢ BorxopHBIM ceueHueM 12-12. KoaddurmeHTsr
COIPOTHBAEHHI, 00YCAOBAEHHBIX OTACACHHEM II0TOKA
13 KOAAEKTOPa B IIUTATEAD, OYA€M IIOACIUTHIBATS II0 $OP-
MyAaM AAst TpOiHEKOB [17, 112-115]. Koaddurment
CONPOTHBAEHH Ha IIPOXOA B KOAAGKTOPE IIPU OTBETBAE-
HHM 9aCTH IIOTOKA B TIUTATEAD
2 2

¢ =0a(1-v, v ) 1(v,1v,). (11)
a K03pPUIMEHT COMPOTHBACHHUS Ha OTBETBACHHE YaCTH
IIOTOKA B IIUTAaTEADb

g :[1+T(V /v)z]/(v /v, (12)

ome n Ve n Ve

A€ V, M ¥, — CKOPOCTH METaAAA B KOAAEKTOPE AO U TI0-
CAe OTBETBAEHMS YaCTH IIOTOKA B [IUTATEAB, M/C; V, —
CKOPOCTD KMAKOCTH B IIUTAaTeAe, M/C; T — KO3 PHIHU-
eHT. AAs Hamero caydas mpu S, /S, =0,317 7=0,15
[18]. Koapunuent Cop

K CKOPOCTH IIPOXOASIIEro MoToKa v, ,a &,

MIOAYYAeTCsl IIPUBEAEHHbIM
— K CKO-
pocru B uTareae v, . Kak BuAHO, koadpdurreHTd & w1
€ e 3ABHUCAT OT HEM3BECTHBIX OTHOLIEHUI CKOpOCTei
Vv, /v, v, /v, tounee, or v, /v, u v, /v,. BBeaeM cae-
Ayrompe obosHaveHus: x =v,, /v,;, y=S,/S,,. Pacxop
B cucreMe 1npu pabore mmrareaert I u I
Q=S =v,5,+v,5,=

_ 3aech

XV 'ysls + VISSIS VlSSla (xy + 1) - VISSnp(IS)'

Snpm) = (xy + 1)513

U TIAOIAAM S, TIAOIAAD ITUTaTeAe . AHAAOTUIHO HAXO-

LS,
Q = VIZSIZ + V13813 VIZSIZ + —%=
Xy
v S TAE

12%np(12)2
Sy = (1 + l/xy) 1, — TpUBEAEHHAs K CKOPOCTH V,,

— IIPUBEACHHAA K CKOPOCTH Vi

AHM: =v_ S (1+l/xy)

12712
u MAOII[AAU S, MAOIaAD MUTATeAE.
V=V, = Vlzsnp 12) /SK =V np(13) /S a Vg VISSIS /S
y=S,/85,;,=1,264574, CaepyeT 3aAaTbCSI BEAUIHHOM
X. Aas Hasaaa BospMeM X =0,5. B arom cayuae
S, =2,581560S,,, S, ., =1,632287S ;.

12 Vup13)
Hy)KHo elje HAlTU OTHOMeHus V,, [V, u v, [ V..

.S VS, S 1

12712 — 12712
)
v.S, leS”P(lz) 1+1/xy

12

(1+1/xy)$12 -

Yo _ ; — 9TO M ecTb OTHOWIEeHue v, /V, B 3a-
v, 1+1/xyS§,
BUCHMOCTHU (12) HaxopanMm, uto v, /v, =1,220701 , a
¢’ =0,821091.
V6SK — V13SI3 — SIS — 1 ,
V.S, VBS@(B) (xy + 1)813 xy+1

v 1
v, xy+1
Omnpepeasem: v, /v, =0,612637, £, =0,159915.

Tenepn Boipaxkenns (9) u (10) MOXKHO 3amHMCaTh TaK:

[t
H-H, =a-2 . S,

2
§ +cj”’”“+/lcll12

[g“ +/’Ll"
Q

— 9TO OTHOLIeHue V /v, B dopmyae (11).

. 24]( 5 J+
JE I GRa
+ §6+A by +¢ || = +cjl3+/1d‘—3+1

CooTHoIIeHus B KBaApPaTHBIX ckobKax (33. HCKAIOYEC-

0l

uueM “1”) — 2T0 KO3PPUIMEHTbI COMPOTUBACHHIA
Cl a2 H Cl 13(13) OHPeAeAﬂeM 4,1 12(12) =2,951796 )
:ul—lz(lz) 0’793631 ’ 4,1713@3) 1’049200 )] ALtl—13(13) =

=0,698567. ITo (8) maxoaum, uro v,, =1,218579 m/c
(aas mamopa H—-H,,), v, =1,335789 wm/c (aas
H-H,,). Ornomenue ckopocreit: X=V,, /v, =
=0,912254. A zapaBaaucs X =0,5. AeaaeM caepyromiee
npubarmwkenue: X =0,912254  TTosropsiem pacuer u mo-
aygaem: X =1,207137 . TTyrem mopOOHBIX IPUOAKEHHIT
npu 3apaHHoM X = 1,533485 naxoanm: X =1,5334853.
Ha aTom pacyeT BeAMMHMHDBI X MOXKHO 3aKOHYHTb, TaK KaK
IIOAYYMBIIEECS 3HAYEHIE OTANYAETCS OT 3aAAHHOT'O BCe-
0,0000003 . TIIpunmmaem x =1,533485;

» =1,533485v,, . [IpuBeaeHHbIE IAOIIAAN [IUTATEAEI:
S.pan =1L515675S,, S, 5 =2,939206S,,. C ., =
=1,214088, ., =0, 672052 ¢ =2,244233
M 0p =0,555193 . Tlo (8) ompepeasem, 4TO

L, =1,627997  wm/c (aam caywas H-H,),

, =1,061632m/c(paaa H-—H, ). Q, =104,260319-
10°m%/c, Q,, =53,764426-10™° m?/c. Pacxop B cucre-
me Q=Q, +Q, =158,024745-10"° m3/c.

Anaroruvyso PpacCUuThIBaEM pa60Ty AC u3 nurarte-

'O Ha

1-13(13)

aert L u III, II u I11. Ficmoab3yem ypaBHeHHS (9) u (10)
C COOTBETCTBYIOIIUMHU IIONpPaBKaMHU. TeopeTHdeckue
Ul OIIBITHBIE AAHHBIE IPUBEAEHBI B TA0A. 2.

ITopcunTaem pacxop B AC npu pabore nuTateaeii I,
II u I1I; ruapaBAMYecKas CHCTEMA PAa30MKHYTa B CE4eHHH
11-11; v, =V, =V, =V, v,=v,,

59 Vg =V, V=V, =0.
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Section 5. Machinery construction

CocraBuM Yb pag cevennit 1-1 u 12—12 nurareas I:

H:HO|+(§ +/’Ll"+l° L+4, 4+§jav—+
d 2¢g

K

l 2
(C”"’“r/l L= +1] 4E L]
d, 2g
Aas ceaennit 1-1 u 13-13 nurareas 11:

H=H_, +(§ +ll”;l

(13)

2

°'+c“+cJa”—+
28

K

+(§6+/1 '”+§ja—+(§"’“+ll‘3 +1j “1s £,
d,, 28

U AAs cedennit 1—1 u 14—14 nurareas I11:

(14)

H=H_ ,”+(§ +/’Ll"+l° L+4, 4+§jav—+
d 2¢

K

d

K

+(C6+/ld—+§}a 2g+(és +A +§]a 2g+ (15)

K

+ §14+)Ll]—4+1 as,
d,, 28

BBepeM caeayrome O0OO3HaYeHMS: X,
:Sl2 /5147 y2 :Sl3 /Sl4

= V12 /V14 )

X, =V vy, ¥ . Nmeem Taxke:
Vi3 S
Vo =XV, =X SIZ = y1814 =)
x2 3
Pacxoa B cucTeMe mpu paboTe Tpex muTaTeAett
XV Y 2512
XN

Q=vS =v,5,+v,S,+v,S,=v,S, +— +

13713 14714 12712

ceSe g Xty

12%12 — T12%mp(12)”

X N XN

Xy +xy,+l
3aech Sn 1)~ N
p(12) X,y
1 .
POCTH V,, ¥ IAOIJAAH S, TIAOIAAD TUTATEACH.
X5 S Vi3 Sis _
Q= 1/12812 + V13813 + V14814 V13513 Tt =
X, V2

X, N

12 — IIPUBEACHHA K CKO-

TAE
=y S x1y1+x2y2+1_v S

1313 = T13Yanp13)°
x2y2
Xy +x,y,+1
Spis) = #SB — IpHBeAEHHAsI K CKOPOCTH
2/2

v, M TIAOIAAU S, TIAOIAAb IIUTATEAEH.
Q=v. S, +v.S.+v, S

12712 13713 14714 1 14 ylsl4+x v

2714

V.St

+V14SI4 14 14 (x1y1+x2y2+1) V14 np(14)
3Aech

S sy = (%171+%,y,+1)S,, — IpHBeAeHHAS K CKOPO-

CTH V,, U rmoma,m S,, TIAOIJAAD ITUTATEACH.
/S =v,S /S =v,S

Vy =V, = 12 np(12) 13Ynp(13) 14%np(14) *
y, =1,649927, y, =1,304729 . Ilpunumaem (mpo-
M3BOABHO): X, =1, x,=1. B arom cayuae Sopin) =
=2,396867S Snpm) 3,031017S,;, S, 1,y = 3,9546575,,.

Hy>xHo naiitu koaduumentn § ), 7, &, u {,.

127

S
VS, =v,S. =S, +v,S, =S +%f—v13 5 (141/x,,).

13713 14714 13713
2 2

szS = V S 1/13513 + V14sl4 - 2 14 : yZSM + V14SI4 14 14 (x2y2+1)
V13SI3 — V13813 — 1
v.S. v.S.(1+1/x,y,) 1+1/xy,’
Y S 9TO U eCTb OTHOIeHue V, [V,
v, (1+1/x,,)S,
B 3aBucumoctu (12). Haxopum, uto v,, /v, =2,255986,
a g =0,346484.
vgsK v,S, vy 1
V7Sr< V14814 ( X, ), + 1) X, ), +1 v, XY, +1

ot oTHOmeHHe V, [V, B dopmyae (11). Onpepeasiem:
v, /v, =0,433890, £, =0,680927 .
) v,S S

12712 12712 __ 12

V5Sx Vi, - SIZ (x1y1+x2yz +1)/x1y1 )

12%np(1

v S

12

Vs - S12(x1y1+x2y2+1)/x1y1

— 9TO M €CTb OTHOIIIEC-

aue Vv, /v, B saBucumoctu (12). Haxoaum, uTO

L v, —1 314763,a £ =0,728502.
v6$ v13Sl3(1+1/x2y2) _ 13(1+1/x2y2)

)
V5SK V13Sﬂp 13) Sl3 (xl)/l + nyZ + 1) / x2y2
14 x,y,+1
Yoo ENHT: o ornomenne v,,/V, B dop-
Vi Xy txy,+l

myae (11). Ompepeasiem: v,/v,=0,582789, { =
=0,204998.

Teneps soipaskerus (13)—(15) MoxHO 3amucarh Tak:
2

£ 12><

2g

I +1 S l
+A. K 0-1 +2 np(12) + am5+ﬂ, 12 ,
lerstsiose e rarvslen
_ ¢ +ll" Z”'+2§ Sups 2+ |

] S

2 1 S )
I—I_I—Iofuzah + gs'*')vll;”-f-g % +
%8 d xS,

H-H,,

<

K

+§+ A by

13

(C l K d CJ{ np(mj +
g IAEES AR
_azg +[§6+/’LdK +§j( s, J +

+(Cs+l 1 g){—‘*j +CM+/12—“+1

|'>N

H-H_,
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Investigation into a vertical ringshaped gating system

CoOTHOIIeHH S B KBaAPATHBIX cKOb6Kax (3a HcKArOUe-
uueM “1”) — 3T0 KOSQHIMEHTH COMPOTUBAEHMI
§1—12(12) ’ g1-13(13) H 41-14(14) . Omnpeaeasiem: 41-12(12) =
=2,585934, u, ., =0,528079, C .., =2,509278,
:u1—13(13) = 0’533815 ) 41—14(14) = 2’539886 ) lu1—14(14) =
=0,531503. o (8) Haxopum, uro v,, =1,279234 m/c
(aas mamopa H-H_,), v,=1,020754 wm/c (ansa
H-H,, ), v, =1,287527 wm/c (aas H-H, ). Or-
HomeHust  ckopocrei: X, =V, /v, =0,993559 ,
x,=v,/v,=0,792802. AzapaBanucs X, =X, =1. Ae-
AaeM caepayromue npubamwkenws: X, =0,993559
x,=0,792802. TloBropsieM pacyeT U IIOAyYaeM:
x,=0,990734, x, =0,686557 . ITyTem mocaepOBaTeAD-

HbIX IpubAmwkeHmit  Haxopamm: X, =0,993578 ,
x, =0,500838. v, =0,993578v,,, v,, =0,500838v,, .
ITpuBeaeHHbIe IAOIIAAM TIUTaTEACTE: S, ) = 2,008617S,,,
Spay = 0390225, S, =3,292790S,, . & ., =
=1,905352, u,_,., =0,586679 , ¢ . ., =6,124701,
Moy =0,374642 , (0, =1,868155, u ., =
=0,590471.T1o (8) onpeaeasiem, uro v,, =1,421189 m/c
(ans caywas H-Hg,), v,=0,716385 wm/c (pas
H-H, ), v,=1430375 wm/c (amaa H-H ).
Q, =91,015872-10 "m3/c, Q,, = 36,280038-10 °m*/c,
Q,, =55,520115-10° m3/c. Pacxop B cucreme
Q=Q,+Q,+Q, =182,816024-10" m*/c.

Tabnuua 2. — XapakTepuUCTUKN IMTHUKOBOW CUCTEMbI NP pa3pbiBe Lenmu B cevernn 171-11

Moxasarean PaboTaromue NUTaTeAU
I, 11 I, 111 11, 111 I, I, 11
Crnay 1,214 1,318 1,905
My 0,672 0,657 0,587
v, 1,628 1,591 1,421
1,543 1,506 1,353
Q,-10° 104,26 101,90 91,02
98,84 96,46 86,64
Q% 5,5 5,6 51
s 2,244 1,814 6,125
K ) 0,555 0,596 0,375
, 1,062 1,140 0,716
. 1,067 1,090 0,663
Q. -10° 53,76 57,73 36,28
° 54,05 55,18 33,57
Q ,% -0,5 4,6 8,1
S 1,370 1,079 1,868
Hy o) 0,650 0,694 0,590
, 1,573 1,680 1,430
a 1,576 1,682 1,411
Q. 10° 61,07 65,21 55,52
" 61,17 65,27 54,80
Q,% -0,2 -0,1 1,3
Q-10° 156,02 162,97 122,94 182,82
152,89 157,64 120,45 175,01
Q' ,% 3,4 3,4 2,1 4,5

N3y4yeHne 3aMKHYTOM KOABIIEBO CHCTEMBI
Ecan nurareap 1 HaXOAUTCS B KOAbLIE, TO IIOTEPU
HAaIopa B IIAPaAAeAbHBIX TPyOonpoBopax 4-Su 11-10-

9-8-7-6 He CyMMHUPYIOTCSI, 1 OHU PaBHBI APYT APYTY.

VB aas ceennit 3-3 u 12-12 (10 myTH Yepes cedeHHs
4-4uS5-5):




Section 5. Machinery construction

2
H=H_  + §K+Al—’< a2+
d 2g

] \ ! :
H Gl TAHC at C,+A—+1 ale.
drc Zg dlZ 2g
VB aas cedennit 3-3u 1212 (vepes cevenms 11-11,
9-9,6-6)

2 1
H=H,, +(§K+/‘t§ja;—;+[§f_u(m +/IM+3§]><
(17)

(16)

K K

2 2
xaﬁJ{Clz +ll‘—2+1JaVi,

28 12 28
rae & :74(4> — ko3 ulmeHT conporuBaeHus (He Mect-
HOTO) Ha AEACHHE IIOTOKAa B KOAAEKTODE B CedeHHH
3-3 Mexay ceyeHusMU 4—4 u S-S, IPUBEASHHDIH K CKO-
pOCTH MeTaAAa B cedeHnu 4—4; & :711(11) — K09 $PHULIIEeHT
COnpoTHBAeHHs (He MECTHOTO) Ha AeAeHHe MOTOKA
B KOAAGKTOpe B CeuYeHHMH 3-3 MeXAy CeYeHHSAMH
4-4n 11-11, npuBEAEHHBIN K CKOPOCTH )KUAKOCTH B Ce-
geHuu 11-11. ITu KO3PPUIMEHTHI OITPEAEAIeM IO CAe-
Aytomemy cooTHomenuio [ 19,277]:

Cb:[1+¢(va/v)1/(va/v)2, (18)

rae ¢ — KO3 PUIIMEHT, 3aBUCAIIHI OT CKPYTACHHS KPO-
MOK MeCTa A€AEHUSI [IOTOKA; ¥ — CKOPOCTb KUAKOCTH
AO AEA€HMs IOTOKA, M/C; V, — CKOPOCTb KUAKOCTH
B OAHOM U3 KQaHAAOB IIOCAE A€AeHHsI I0TOKa, M/ c. ITpu
6oabmom paauyce ckpyraenus ¢ =0,3 , mpu HyareBoM
paauyce ckpyraenust ¢ =1,5; pas mameit AC ¢ =1,5.
Kax BuaHO, K0addurmentst &, ., u §, ., 3aBuCAT
OT OTHOWIEeHWI1 ckopocreit V, /v, u v, /V,, KoTopbie
TOXXe HeU3BEeCTHBL

Aesbie yactu soipaxenuit (16) u (17) pasusr. [Tpu-
paBHHBaeM IIpaBble YACTH U [IOCAE ITPe0Opa3OBAHHIL I10-
aydaem (z=v, /v, loi100-5) = 0,736 M):
$y i +4,032417

Gl +1,352873

z= (19)
vS =vS +v,S =zv, S +v,S = (z+1)v“SK,

v, =(z+1)v,,. [onsrro, uro v, > v,,, cM. popmyast (16)

u (17). TIlpeamoaoxum, uro z=11. Toraa

v, lv, :1/(z+1) =0,476190 . Tlo (18) maxopum:

¢}y = 5910009 .

Tax KaK v,=2zv,, TO
v,S = (v4 +V11)SK = (v4 +v, /Z)SK = (1+1/z)v4SK,
v,=(1+1/2)v,, v,/v,=1/(1+1/2)=0,523810 . Ompe-
Aeasem 1o (18): 631374(4) =5,144629.

TloacTaBasieM HaiipeHHBIE 3HAUeHUS & 3'374(4) u ¢ :711(11)

v,=v,/z.

B (19) nmoayaem: z =1,237009. A mb1 3apaBaAuch z = 1,1.
Aeraem CAeayrolee npn6An>1<eHHe — z=1,237009 —

u nosTopsieM pacuéT. [Tocae psapa HpHGAI/DKeHHﬁ npu
3apaHHOM 2 =1,392567 moAyyaeM IO  pPacde€ry
z=1,3925673 . Ilpunumaem z =v, /v, =1,392567 . IIpu
stom v, /v, =0,582039, (), =4,451862, v, /v, =
=0,417961, ¢} |\, =7,224377, v, =0,718098v,.

v,S, =(1+1/2)v,S, =v,S,, /(1+1/2)s,.
Koadppurment conporussennss AC or cedeHus
I-1 po ceyenns 12-12, mpUBeACHHBIN K CKOPOCTH V,,

av, = Vlzslz

B rmuTaTeAe |,

2
1\ s , I
ol rp 3] o(eioc)

S I
X| —2— | +{, +A .
(1+1/2)s, b
HOACT&BI/IB HN3BECTHbIE BEANYHNHDI, nMeeMm:

$rny =0,752744 i =0,755337 , v, =1,829750
M/c, Q, =117,181011-10° m3/c.

Kak BHAHO, 3aMBIKaHIe KOABIIA BOKPYT ImUTaTeAs I
IPHUBEAO K YMEHBIIEHHIO KO3 PUITEeHTa COIIPOTUBAE-
HUS &y, € 0,781 a0 0,753, cM. TabA. 1. ITosiBaenue
IIAPaAAEABHOTO KOAAGKTOPA IIPUBEAO K ITAACHHIO CKOPO-
CTEM )XUAKOCTH B KOKAOM M3 AMHUM, K CHIDKEHHIO II0TEPb
Ha TPEeHHUe U B MECTHBIX COITPOTUBAEHISIX, YTO 1 BBI3BAAO
YMeHbIIeHHe G, , POCT My ,,), V;, U Q), IO cpaBHe-
HUIO CO CAy4aeM, KOTAQ IUTaTeAb | paboTaa pu paspeise
KOABITA B ceueHnH 11-11.

Koraa nurareas II HaxoAUTCS B KOABLIE, TO TOTEPHU
HAIopa B [IAPAAAEABHBIX TPyOompoBopax 4— S—6-7u 11—
10-9-8 He cymMmupyIOTCS, 1 OHH PaBHbBI APYT APYTY.
V, =V =V =V, =V, =v, =V, =V, . Yb AAd cedeHmit
3-3 u 13-13 MOXXHO 3amucaTh TaK:

lK V2 ) l,
H=H,, +(§K+lja§+[§“w +}L°d—H+2§ X

d, i
v 1 v (20)
Xa—=>+| §,+A—=+1 |a—.
28 5 28
Wan tak:

2

H=H,,+ [§K+l§ja;—;+ {g“_fnm) +ll°d;”+2§j X

v [ l ] v =
Xa—=+| §,+ A +1 a2

2g d, 2g

YroOB! HATH OTHOLIEHNE V, [V, 3aIIMIIEM CAEAYIO-
mee paBeHCTBO — V,5 =v,S +v S =2v,S =2v S =
=v,S,,, Tak Kak v, =v,,. meem: v, /v, =S /25 _=0,5.
[oacTaBus oTy Beamumny B (21),
C3074(4) = 430711(11) =55. ISe) vi=visSy
1 13 (20) MOXXHO BbIBECTH TaKyI0 GOPMYAY:

MTOAyYaeM:

vy =58, /12§,
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2
— A lK 513 0 }u lcm—ll 2
41713(13) = CK + d_K g + 4374(4) + d_K +2¢ |X

2
| 2
ZSK 13
iy =0,632346 . Tlo (7), (8) u (3) ompeaeasiem:
Iy 1y = 0,782697 , v, =1,496663 m/c, Q, =75,795765
-10™° M/ c. 3aMBIKaHME KOABLIA JKUAKOCTH OKOAO [THTATe-

l
+6,,+ A

13

A4 Il npuBeAo K yMeHbIIeHHIO K03 GUIIMeHTa COIPOTHB-
AeHus &\ ;5 € 0,730 A0 0,632. CTaso 2 moToKa XKHAKO-
CTH, CKOPOCTb B KOAAEKTOpE yIaAa B 2 pa3a, MOTepH
HAIopa B KOAAEKTOpe Ha TPeHHe U B MECTHbIX COIIPOTHUB-
A€HMAX YMEHBIIUANCH B 4 pa3a. A CKOPOCTb KHAKOCTU
B murarere II yBeamumaace ¢ 1,454 po 1,497 m/c
(cm. Taba. 1).

Ecan nurareas 111 HaxoauTCA B KOABIIE, TO IOTEPH
HAIlopa B IMAPAAAEABHBIX TPybOOIpoBoAax 4—-5—6-7-8—
9 u 11-10 He CyMMHPYIOTCS, U OHHM PaBHBI APYT APYTY.
VB aas cedennit 4-4 u 14—14 (1o myTu yepes cedeHus
5-S,7-7,9-9):

2 I
H=Hy, + (CK*‘;LIKJO‘ = + (C:4(4) + A 3§j X
d.) 28 d
' (22)
28 y 2¢
VB aas cedennit 3-3u 1414 (vepes cedenma 11-11,
10-10):

1) v I
B +[€“”‘dj“§+[if_m +l%+§jx

K

2 2
v l v
xa—4+(§14 +Ai+1]ai.

K

(23)
v l v
><a¢+[§14 +Ai+1jai.
2g " 2g
Aesble yactu Boipaxkennit (22) u (23) pasust Ilpu-
paBHUBaeM IIpaBble YaCTHU H ITOCAe IIPe0Opa3oBaHuUl IO-
AydaeM (z =v, /vy, lcm—HI(4—6—9) =0,736 M):
8y +4,032417

Yy +1,352873

(24)

v,S =vS +v,S =v, /z-S +v,S = (1 lz+ 1)1/HSK ,
v, = (1/z+1)v11 . IlonsTHO, 4TO V|, >V, , CM. POPMYABI
(22) u (23). Ilpepmoaoxum, uto z=1,1. Toraa
v, lv,=1/ (1 lz+ 1) =0,523810 . ITo (21) maxoaum:
) = 5144629,

Takkak v, =v, /z,T0 v\, =2v,. V,S, =(V4 +v”)8,c =
=(V4+ZV4)SK =(1+Z)V4S‘ v, :(1+z)v4’ v, v, =1/(1+z)=
=0,476190. Onpepeastem o (21): &7, =5,910009.

TloacTaBasieM HalipeHHbBIE 3HAYEHUS 53_4(4) u Cf_“m)
B (24) noayuaem: z =1,237009. A MbI 3apaBaAUCH Z =1,1.
AeaaeM caepytonee npubAmwkenne — z =1,237009 —

u nosTopsieM pacuéT. Ilocae psaa HpI/IGAI/DKEHI/Iﬁ npu
3apaHHOM 2 =1,392567  moAyyaeM IO  Pacdery
z=1,3925673 . Ilpunumaem z =v, /v, =1,392567 . I1pu
stom v, /v, =0,582039, (), =4,451862, v, /v, =
=0,417961, ¢ | | =7,224377, v, =0,718098v,.

v,S, =(1/z+1)v,S, =v,S,,av, =v,S,/(1/2+1)S,.
Koadppurnment conporussenns AC or cedeHus
I1-1 po ceuennsa 14-14, npuBeAEHHBIN K CKOPOCTH V,,
B ruTaTeAe III,

2
) S I
z;1—14(14) :[gx +)’Z](S;:j +[C:11(11) +A';_:+C}X

2

S l
X| —H— | +¢,+A .
(1/z+1)s,

14

IToacTaBuB ~ M3BeCTHbIE  BEAMYMHBI, HMeeM:
$\ sy = 0,550721, p 1, =0,803033, v,, =1,945290 M/,
Q,, =75,506583-10° m*/c. 3aMbIKaHMe KOAbI]A BOKPYT
nuTareas 11l npuBeao k ymMeHbIIeHHIO K09 dUIleHTa
CONPOTHBAGHHA &,y € 0,660 40 0,551, cm. Taba. 1. ITo-
SIBA€HHE MTAPAAAEABHOTO KOAAEKTOPA ITPHBEAO K TTaje-
HMIO CKOPOCTEH XMAKOCTH B KXKAOM 13 AMHUH, K CHIDKe-
HMIO TIOTePb Ha TPeHHE U B MECTHBIX COTIPOTUBACHMIX,
4TO M BBI3BAAO YMEHbIIEHUE &\ ;4 POCT My 4, Viy U
Q,, 10 CpPaBHEHHIO CO CAydaeM, Koraa rurateas 111 pado-
TaA IIPHU Pa3pbiBe KOAbIIA B cedeHuu 11-11.

ITopcuuraem xapakrepuctuku AC mpu paboTe nura-
teaeil I u III. Ecau Obl mUTaTeAU MMEAM OAMHAKOBbIE
AMaMETPBI, TO CKOPOCTHU XXHAKOCTU B HUX OBIAH ObI paB-
HBIMU — V|, =V, A V, =V, =V =V, HV =V, =v,=v, =0.
Koraa maomaab cedenns murareasi I 6oabine maomaau
cegenus nuraTeas III, pacxop sxuakocru Q, B ceyeHHH
12-12 6oabure pacxopa Q,, B cevuenun 14-14. Mmerotcs
ABa Pa3sHbIX IIOTOKA: OAUH 10 YaCOBOM CTpeAKe — yepes
ceveHus 4-4 1 5-5, Apyrosi — NpOTHUB YACOBOM CTPEAKH,
yepes ceueHus 11-11 u 10-10. HenspecTHO Hanpasae-
HUE ABIDKEHHS >XHAKOCTH B ceuyeHUsx 6-6, 7-7,
8-8 n 9-9. IIpeArIoA0OKHUM, UTO ABIDKEHHE SKUAKOCTH
B CeYE€HHMH /-7 — CA€Ba HalpaBo, TO €CTh B mUuTaTeAb 111
XMAKOCTD MOCTynaeT u3 cedenust 9-9 u 10-10 — us-3a
TOTO, 4TO 3apaAuCh d,, > d,, (1 Q,, > Q,, ). [ToToxu BcTpe-
YalOTCs Ha BXoae B tuTaTeab III B Touke A, koTOpas Ha-
3bIBaeTCs mMouKoii 6000pasdera uu yresoii mouxoii 13,
240-241]. MbIcAeHHO pa3pe3aeM Halle KOABLO IO Ha-
MeueHHOMN AMHUM BOAOPA3AEAA U ITOAYYaeM y4acTOK CeTH,
M300paXKeHHbIN Ha puC. 2. Aasee 110 0OBIYHBIM PpOpPMY-
AaM [TOACYUTHIBAEM IIOTEPH Hartopa AAst AMHUH 1-3-10-
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Section 5. Machinery construction

KAIOYaeM, 9TO HaropsI BToukax A’ u A" 6yAyT opnHaKo-
BBIMH, YTO U AOAXKHO OBITD, IIOCKOABKY TOUkH A" 1 A"
IPEeACTaBASIIOT cO6011 pusmaecku opHa TOUky A . Caepo-
BaTEeAbHO, IIOAYYMB YKa3aHHOE PaBEHCTBO, MOXEM YT-
BEP>KAATh, YTO MBI IPABHABHO 33aAAAUCH BEAMYHHAMH
pacxoaos Q,, Q; n Q,,. Ecau ykasaHHOe paBeHCTBO

14" 14"

He ITOAYYAeTCs, TO IPUXOAUTCS M3MEHSITh BeAMIHHBI 3THUX
PacXOAOB, a HHOTAQ U IIEPEHOCUTD TOUKY BOAOPA3AEAQ,
HaIipyMep, B TOUKY BXOAQ XKXHAKOCTH B niuTareab L. Ilpu
9TOM 06pamaeMc;1 KO 2-H, 3-11 ¥ TOCA@AYIOIUM IIOTIbIT-
KaM, AOOHBAsICh TOTO, YTOOBI IPHBEACHHOE BBIILIE PABEH-
CTBO OBIAO BHIAEPYKAHO C HY>KHOM TOYHOCTBIO.

9-1-9

l A

1=14"" A

0-1-1

Puc. 2. Cxema ong pacyeTta MIMTHUKOBOW cuctemsl ¢ nutatenamu | u lll (Hynesas Touka — B nutatene lll)

CocraBuMm Yb aas cevennit 1-1u 12-12 (AAsi Iy TH
Jepes cedeHUs 4—4, 5-35):

ZK V2 ) Z_
H=H,, +(CK+AdK]a§+(CH(4) +A;—:+§ X

2 2
v l v
xa—“+[§lozmg +/11—2+1jai,
28 2 28
¥ AAsL cedennit 1-1 u 14-14 (aAad myTu yepes cedeHns

11-11, 10—10)
lx ; lO—III
H=H,,+ §K+ld— — 4’3 1A Ad—+§ X

(25)

(26)
2 2
v, L v,
Xa—+|C, + A +1 la—.
2g 14 28
3amuiieM O4YEBUAHbBIE paBeHCTBa- Q,=vS =
=Q-Q,=vS, .S, Q,=v,S5,=Q+Q,=vS +.
BBepAéM  caepyromue  obosHaveHms:  x=v, /v,
y=8,18,,z=v,1v,, W=V6/V5. Vi=Vsy Ve =V, =V =
=Y Vio =V
Pacxop SKUAKOCTHU B cucreMme
Q = V3S VIZSIZ + V14sl4 = xv14 AySM + S —
» TAE np(14) =

+V14514 1/14514 (xy+1) V14Snp 14)
= (1 + xy)Sl .
S,, TIAOIIAAD MUTaTeAe. AHAAOTHUYHO 3aIKChIBAEM:

vy, S
Q=v,8, +v,S, =22 +v.S, =v,S,(1/xy+1)=v,$

1212 1414 12°12 12°np(12)°

— MPUBEACHHAS K CKOPOCTH V,, Y IMAOIAAN

3aech S, 1) = (1 / xy + I)S12 — IpPHUBEAEHHAsI K CKOPOCTHU

v12 U TAOIAAM S, TIIAOMm[AAb IHUTaTeAed. A

VS ! S = ViaSpan ! Sk - Nmeem TaKoKe:
Q—VSSK —(v4 +v11)SK —(V4+v4/z)SK =v,(1+1/2)S, ,
& _ V4SK _ V4SK _ 1
Q s v(1+Uz)S, 1+1/Z

VSSK Vlzsnp (12) ZSnp(lZ)
Vy=Vs = = =i :
(1+1/2)S.  (1+1/2)S, (1+2)s,

Tenepn Boipaxkenue (25) MOXHO 3alHMCaTh TaK:

, -
LV Span l
+A1= || = +AE g X
V122 (CK di{J[ SK Ca " d;c é’

2| (a8, Y 1
x| —22 | g a2
(1+42)S, d

Bblpa)KeHI/Ie B KBaApPaTHBIX cKobKax (3a HCKAKOYCHU-

H=a

M “1”) — 910 {1y, ) KOO PUIMEHT CONPOTUBACHHS
cucTeMbl OT cedeHus 1-1 po cedyenns 12-12, npuseaeH-
HBIN K CKOPOCTH V,, ¥ YYHTBIBAIOIIHUI pabOTy 060X H-
tareaeit (I u IIT).

[Npunumaem (mpoussoabHo): x =1, z =11, w=0,4.
y=5,18, =1,649927. B aTom cayuae S, ,, =1,606087S,,,
S,y = 2,649927814 vy lv, =S /(1+1/ z)SK =0,523810 ,
4574(4) =5,144628 — 110 3aBUCUMOCTH (18).
$\ sy = 1,225226
QIZ =

Pesyabrarsr
I 10 = 0,670367
=103,999051-10 °m>/c.

Aas nurateas 11l Ha myTn yepes cevyenus 11-11,

pacyeTosB:

v, =1623918  wm/c,

10-10  o4eBHAHBI  CAEAYIOIIME  COOTHOIIEHHS:
Q=vS, = (v4 + vn)SK = (zv11 + VH)SK =v, (z + I)SK,
v v, =S 1(1+2)S, =0,476190.A {7, =5,910012 —
no ypasHenuio (18).
Ipu w=0,4 (,=0,9 — mno dopmyae (11).
S —
Qo Yl &-Q =l-w=0,6" £ =1,890788"
QS V S Q5 VS SIZ
ITo (12) maxopmm: &) =0,429714 .
v ooy = V.S, _ V14Snp(14 &: VS, _ VS, _ 1
O (z41)8, (z+1)SK Q S v, (z+41)S, z+1

U Bripaxenue (26) 6yaeT BBITASIACTD TaK:

. _
L[ Swan fo
VZ (gk"_l;J(;_f] +(€:11(11)+)“0d_’1”+(:]x
-

2
S L
x| —20 } +6, F A4
(z+1)S_ d,
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B kBapparHbIx ckobkax (3a nckarouenunem “1”) — xo-
a3 HIIEeHT COMPOTUBACHHSA (,_,\,, CHUCTEMBI OT cede-
Hus 1-1 po cedenus 14-14, npuBeAeHHbIN K CKOPOCTH
v,, ¥ yduTbIBaromuil pabory murateaeit [ u 111
=1,062225, g, =0,696357
=65,476221-10° M3/c.

Q=Q, +Q, =169,475273-

Haxopmm: €,y
v, =1,686876 m/c, Q
Pacxop B

14
CHUCTEME

10° m*/cv,=Q/S, =0,839749m/c. Q, = Qz/(1+2) =

=88,772762-10 'M*/c, v, =Q, /S, =0,439868 m/c. Q, =
=Q/(1+2)=80,702511-10"° m*/c, L=Q, /S, =
=0,399880 m/c. Q, =Q, -Q, =-15,226890-10°" Mm>/c,
v, =Q, /S, =-0,075446 m/c. OTHOmEHNE W=V [V, =
=-0,171520. A MBI w=0,4,
x=v,/lv,

3aAABAAUCD
=0,962678, 3apaBaauco x =1.
B cucreMe AOAKHO OBITH CAeayIOlllee PaBEHCTBO:
20 ly = Py Iy + H9—10) HAR Py, = Py +J/H9_10, TAe H9—10 -
paccrosiHue 110 BePTUKAAU MEeXAY cedeHusamMu 9-9 u 10—
10,m. H,_; = 0,12 M. [IpoBepum aTo cooTHOomeHue. Co-
craBuM YB pas cevennit 1-1 u 9-9 (auans 1-4-6-8):

H pu _ lrc V; 9 lO—l
+===H g +| { tAja—=+| { ., tA—+{ |X
y d ) 2g d
(27)
P9

2
o 4 (§6+Al"”_l'”9+2§ +1j
d g y

2g

K

rae I, — paccrosinue ot ocu nuTareas 111 oo cevenus
9-9,m. 1 ,5=0,06 m. p, T Py Vs
Boipaskenue (27) MOXKHO IIPEACTABUTD B CACAYIOLIEM

BHAE:
2

- l
H9:M:H_Ho,g_ 4"(+A_'< aV_3_
Y d.) 28

2 2
) l 14
_(63_4(4) dK gj g (46 /l I ”|dK (= 9+2§+1j i

Bce Beanunab! 3pech u3BecTHB, U Hy =0,169316 M.
CocraBum Yb aas cevennit 1-1 u 10-10:

(C +A ) 2;
+(43 " +AM+C+1J v Lo

3aech Iy, —
venns 10-10, m. 1, ,=0,06 m. 3amermm, uto p,, T p,,

Py
H+7,_

(28)

paccrosiHue oT ocu urareas I1I oo ce-

v, =V,,. 3anumiem (28) Tak:
Py~ P, L
H, = = :H_H0—10_(€K+}“_ja_3_
Y d,

I =} v,
_ C:_u(u)"_l o-lll___"li-10 +C+1 o2
d, 2g
Haxoaum, uro H , =0,288161 M.
H,,=H,-H,-yH, ,=-0,001155 M. Hamop H,

B ceyeHnHu 9-9 6oabmre Hariopa H,; B cedernu 10-10 Ha

0,001155 wm. ITpraem CKOpPOCTH v, MMeeT 3HAK “MHUHYC
TO €CTb, HallpaBA€HA B IPOTHUBOIIOAOKHYIO CTOPOHY TOH,
KOTOPOM MbI 33AABAAMICh — CA€Ba HAIIPABO B CEYEHUH /7.

3apaemcs CAeAYIOIIMMH BeAndrHamu: X = 0,962678,

z=11, w=-0,171520. IloayyaeM 1O pacuery:
Q =174,599437-10° m3/c, x =0,999088 , w = —0,188250,
H, =0,155640 ™M, H,, =0,281970 m, H ,=H —H, —
—y 910 = 0,00633 M.
Aas x=0,999088, w=-0,188250, z=1,1

H,6 ,=H,-H,—-yH, 6 =0,005679 m.

MeTOAOM ITOCAEAOBATEABHBIX TPUOADKEHHUIT HAXO-
z=1,002000 u
w =—-0,258588 o pacyeTy IMOAYYAIOTCS CAEAYIOIUE Be-
AMYMHBI: x=1,0316431, w =-0,2585876 ,

-6
H,,=H,-H,—yH, , =6,4-10 " m. Ha sTom ompeae-

10-9

AWM, 9TO IIPHU 3apaHHBIX X =1,031643,

A€HHE OTHOIIEHUN CKOPOCTEH >XUAKOCTH M Pa3HOCTHU
HAIOPOB MOXXHO 3aKOHYHUTD, TAK 3AAAHHbIE 3HAYEHHUS X
U W OTAMYAIOTCA OT PACCYMTAHHBIX HA BEAUYHHY, MEHb-

IIYIO 10°, a H,,=64-10" M Haxopum, uTO
$ iy =0,976939, p1 1 =0,711219, v,, =1,722878 m/c,
Q,, =110,336667-10"° M3/, Cuae =1,104031,

My yop = 0,689404 ., =1,670033 M/c,

Q,, =64,822464-10 ° M*/c, Q=175,159131-10"° m*/c.

Kax BuAHO, pasHOCTD HanopoB H | , MOXXHO IpuBe-
CTHU K AI06OI1 Harepea 3aAaHHOM 6eCcKOHeYHO MAAOI! Be-
AMYUHE, XOTSI CKOPOCTD V, TIOAYYHAACh C MUHYCOM U Ha-
IIPaBA€HA, CAE€AOBATeABHO, CIpaBa HaaeBo. Hamop
B ceuennu /-7 H,=av,/2g+p, 1y, OTpHIlaTeAbHAs
BeAMYMHA V, BO3BOAUTCA B KBAAPAT M CTAHOBHUTCS IIOAO-
>KUTEABHOM, a pa3HOCTh Hanopos H,) —H, —yH, , cTpe-
MUTCsL K HyAlo. IloaToMy mpuBOAUMBIE B ydeOHMKe
P.P. Yyraesa [13] pekoMeHAQLMM O paBEeHCTBe HATIOPOB
OKOAO OAHOTO M3 OTBEpPCTHIA (mmuTareaett) sBASIOTCS
HEOOXOAUMBIMU, HO HEAOCTATOYHbBIMH.

PaccmoTpyM cxeMy MOTOKOB XKUAKOCTH, KOTAQ HyA€Bast
TouKa Haxoputcs B rurateae I (puc. 3). Cocrasum VB aast
ceuenmit 1-1 u 12-12 (aag myTu yepes cevenust 44, 5-S):

2
H:HO|+(§K+lija;—;+[gf4(4)+ﬂ,l;—‘:+§jx
v l v
Xo—++ A +1 a2,
2¢ ( d, j 2¢
¥ AASL cedennit 1-1 u 14-14 (AAst myTH Yepes cedeHus
11-11,10-10)

l V2
H=Hy, +(ck+&dj€] % [43 o A d +Cj

2 2

v l v
xai+(§i’”“ +li+1]ai.
2g d, 2g

(29)

(30)
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6-|-6

212" | 4

2= ’
5 _

Puc. 3. Cxema ong pacyerta NIMTHUKOBOW cuctembl ¢ nutatenamu | n lll (HyneBas Touka — B nutatene |)

3ammmreM CAeAYIOIIHe BBIPKEHISL:
Q12 = VIZSIZ = QS + Q6 = VSSK + VGSK) Q9 = V9SK = QIO - Q14 =
=v,,S, —v,S,,. OcTaAbHBIE pacyeThl AeAaeM B COOTBET-
CTBUHM C U3AOKEHHBIM BblIllle. MeTOAOM IOCAEAOBATEAD-
HBIX TIPUOADKEHMII HAXOAMM, YTO IIPH 33AAHHBIX
x=0,967187, z=0,940020 u w =0,252628 mo pacuery
MOAYYAIOTCSL CA€AYIOIHe BeAHduHbl: X =0,9671868 ,
w=0,2526277, H, =H -H -yH_ =1810° M.
Ompepeasiem, uT0 &y, =1,116048 , 1, ) =0,687444
v, =1,665284 M/c, Q,=106,648233-10° w3/,
Cvvany = 0,979458 , 0, =0,710766 , v, =1,721781
M/c, Q,=66,831079-10° wm3/c, Q=173,479312-10"°
M3/ c. PesyAbTaThl pacueToB 1 9KCIIepUMEHTOB (B 3HaMe-
HaTeAe) TIPUBEAEHDI B Ta6A. 3.

Tax 4To ke Mbl UMeeM? Pacxopbl IO 0b6enM cxeMam
pacuera pasamuarorcs Ha 0,97% — 175,16-10° m3/c u
173,48-10 ° m3/c. Ho mo cxeme Ha puc. 2 v, >V,
0 cxeMe Ha puc. 3 v, <V,,, 4TO COOTBETCTBYeT JKCIIe-
PUMEHTAAbHBIM AAHHBIM. OTHOIIeHMEe W=V, [V =
=-0,258588 1o epBOIt
w=v,/v,=0,252628 1o BTOpOI1 cxeMe U be3 yueToM

cxeMe 6AU3KO K
« » 0,

3HaKa ‘-~ pa3HHIIA MeXAY HUMHE cocTaBasiet 2,4%. To ectp

HY>)KHO CMOTpeTb He TOABKO Ha PasHHUI)y HAIOPOB

H,,=H,-H,—yH, , wau H,_ =H.—H —yH

10-9 5-6 )
HO 1 Ha 3HaKH IIE€PEA CKOPOCTSIMH M Ha OTHOIIEHHE CKO-

9-10

pocreit v, /v, — CKOpPOCTb B OOABIIEM IO AUAMETPY
[MTaTeAe AOAXKHA OBITh MEHBIIIE.

U Bce >xe ocTaeTcsi COMHeHHe B IPAaBHABHOCTH BbI-
bopa HampaBAEHHS CKOPOCTH B cedeHHH 7-7. YTOOBI
CHATD 3TOT BOIPOC, B KOAAGKTOP IO CTpeAKaM X HAHU Y
(cm. puc. 1) 4epes OTBepCTUSI AUAMETPOM S MM BBOAH-
AQACDh TIOAKpAIIeHHAs MAapraHIlOBKOM Boaa. M moaxpamen-
Hasl BOAQ BBIXOAMAQ U3 nuTaTeAs I, a He us muraTeas 111

ITpu pabore nutateaeit I u II, xoraa HyaeBast Touka
HaXOAMTCS B muTarese Il ¢ MeHBIIMM AHMaMeTpoOM,
w=v, /v, =-0,208100, mpu ee pacIIOAOXeHHNHU B IIUTaTe-
ae I 6oabmrero pmamerpa w=v, /v, =0,260929 — ana-

aormgHO pabote nutareaeit I u III. Aas nurateaeir 11
u I1I mpu pacrnoAokeHHy HyA€BOM TOYKY B MeHbIIIeM ITH-
tareae III w=v, /v, =0,000606 . EcAu HyAeBast TOUKa
HAXOAMTCS B bOoapmeMm  mmTateae II,  TO
w=v, /v, =0,061105, a moaxpaiIeHHasi MapraHI[OBKOH
BOAQ ABIDKeTCsI OT MeHbmrero rurateast 111 x 6oabiemy
nuTareato II. HyaeBble ToukM pacroaararoTcs B muTaTe-
ASIX OOABIIIETO AUAMETPA, XOTSI KAXKETCSI, YTO OHU AOAYKHBI
HAXOAUTDHCS B IIUTATEASX MEHDBIIETO AMaMeTpa.

ITpu pabore nutareaeit I, IT u III B xoab1e B mmuTa-
Teab | mocTymaer >KuAKOCTb 3 cedeHns S-S (He Bcs),
B muTateab 111 — u3 cevenns 10-10 (He Bcs), B mUTa-
TeAb II — u3 cevennit 7-7u8-8. v, =v,, v, =v,, v, =V,
v,y =v,,. CocraBum YB aast cevennit 1-1 u 12-12 (ans
myTH 4epes cedenus 3-3, 44, 5-5):

ZK VSZ 9 lO*I
H=H,, + §K+/’Ld— a£+ 4’374(4)+ld—+§ X

K K

(30)

28 2 28
Anst cedennit 1 -1 u 14-14 (aas myTn yepes cevenus 3-3,
11-11,10-10):

_ 3 V; E b
H=H,  ,+| { +A1= ja—+ 4,“4711(11)+A—+§ X
d 2g d.
(31)

2 2
v 1 v
xa—“+£§l”2"”+ i+1]ai,

2 l 2
xam+(§&ms | avi,
28 14 28
¥ AAs cedennit 1-1 u 13-13 (AAst IyTH Yepes cedeHus
3-3,4-4,5-5,6-6,7-7):

1) v ) I
H=Hy +| { +A=|a—=+|{ 5 tA—+C |X
d 2g d
(32)
2 I 2 I 2
s by )2 LA
a—+|{+A—+ la—=+| {,+A—+1 |a—.
28 d 28 dyy 28
Beeaem caepyromue o6osHaweHus: X, =V, /v,
X, =V vy 1, =8,18,, ¥, =5,18,,2=Q,1Q,=v, v,
w, :Qs/Qs =V6/V5 y W, =Q9/Q10 :V9/V10 . Mimeem

K K

K
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Investigation into a vertical ringshaped gating system

Sl4 = y2813

1

S
:y272) SIZ

S
=S5 =, y—

2

Tabnuua 3. — XapakTepuCTUKU IMTHUKOBOWM CUCTEMbI MPU 3aMKHYTOW rMOpaBANYeCKONr Lenm

Mokasareas Paboraromue nmuraTeAu
L1I I, 111 I1, 111 L 11, 111
. 1,079 1,116 1,434
JTRI. 0,694 0,687 0,641
, 1,680 1,665 1,553
2 1,649 1,582 1,474
107,59 106,65 99,43
Q,-10°
105,61 101,30 94,40
Q% 1,9 53 5,3
. 1,770 1,158 3,920
JTR. 0,601 0,681 0,451
, 1,149 1,302 0,862
s 1,120 1,289 0,867
58,19 65,91 43,66
Q,-10°
56,73 65,28 43,91
Q,% 2,6 1,0 -0,6
s 0,979 0,692 1,406
TR 0,711 0,769 0,645
, 1,722 1,862 1,562
" 1,749 1,832 1,535
66,83 72,29 60,62
Q14 : 106 e on P o
67,89 71,10 59,58
Q,% -1,5 2,4 L7
0-10° 165,78 173,48 138,20 203,71
162,34 169,18 136,39 197,89
Q,% 2,1 2,5 1,3 2,9
Pacxop B cucTeMe Ipu paboTe Tpex IUTaTeAei x v +1l+x
Q=v,S, =v,S, +v,S, =v,S, + VS, + V.S, = Snp(14) = 1)’1x y Lo S,, — TIPHUBEACHHAsI K CKOPOCTH V),
2/2
—v.5, e S PP Xy +4x,y, H IIAOIIAAU S14 MAOIIAAD ITUTATEAEH.
12 2
e x Tltx n 12 np(12) /S Vi3 np(lS /S 14 np(14) /S
3aech Snp ay = u S,, — TPHUBEAEHHAS K CKO- 3amumeM O‘IEBHAHbIe paBeHCTBa:
19 QG = VGSK = QS _QIZ = VSSK 12 121 QIS 13 13 Q +Q =
OCTH V,, U IIAOIIAAU S MIAOIIAAD IIUTATEACH.
P N - = V7S;< + VSSK) Q9 = V9SK = QIO Q14 10 K V14SI4 ° Q =

HaripeMm mprBeaAeHHYIO K CKOPOCTH V,; IAOIIAAD ITH-

TaTeAeH S,
Q - Vlzslz + VISSIS + V14514 =XV yISIS + Vlssla +
TAC

LT yz 13 Vlssls ('xlyl +1+ XY, ) VISSnp(B)

SW) = (xly1 +1+x,y, )S13 — IPUBEAEHHAs K CKOPO-

CTHU V,, U IIAOMAAY S,; TIAOIAAD IUTATEACH.

V14 814 1/14 Sl4

Q= leSIZ + V13Sw + 1/14514 =Xt V14514 =

X, e X, V2
3aech
_y g ANty
Y14t T 14 np(14)°

XV

=v,S, =(v4+v“)SK =(v4 +v, /Z)SK =v, (1+1/Z)SK,

Q,
Q

— V4SK _ V4S;< _ 1
v,S, ‘V4(l+1/Z)S 1+1/z,
_ V3SK _ VIZSnp(IZ _ ZSnp(lZ) —y anp(ls) _
(141/2)S,  (141/2)s, " (1+2)s, " (1+2)s,
—y Z8 514
" (1+Z)SK )

Tenepn ypasrenue (29) MOXKHO IPEACTABATD B CAe-

AyIOIIIeM BUAE:
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Section 5. Machinery construction

2
l Sn (12) 0 l
CoAA= || B2 +] &) FA G [X
sz ( d;c SK e d;c
Y2

2g S ’ !
Z
% np(12) CIDZME l 12 +1
(1+2)S, d,

BbipakeHue B KBaAPaTHBIX CKOOKax (32 HCKAIOYEHHU-

H-H, =a

0-1

eM “1”) — 10 ¢,y , KOIDPUIMEHT CONPOTUBACHHS
crcTeMbl OT cedeHus1 1-1 a0 cedenns 12-12, nmpuseaeH-
HBII K CKOPOCTH V,, U YIUTBIBAIOIIUI pabOTY BCeX Tpex
MHUTATeAEH.

¥, =1,264574, y, =0,766442 . TIpuaumaem (npo-
U3BOABHO): X, =1, x,=1, z=11, w, =0,4, w,=0,4.
B arom cayuae S, =2,396867S,,, S, ., =3,031017S,,
Spaa) = 39546575, . Tlpn w, =0,4 &, —0 9 — o ¢op-

myre (11). & = VS :M =1-w,=0,6. A
QS VSSK QS

v .
Yo £ _1,890788 ° Ilo (12) HaXOAWM:
VS SIZ
Co=0,429714 . v, /v, =S, /(1+1/2)S, =0,523810 ,
CLM) =5,144619 — mo 3aBucumoct (21).

PesyabTaTspl pacyeTos: €y =2,017368
Hy 1y = 0,575686 v, =1,394559 M/c, Q, =

=89,310471-10"°m%/c.

Anst murareas 111 Ha my T yepes cevenns 3-3, 11-11,
10-10  AeHCTBYIOT  CAGAyIOLIME  COOTHOIIEHUS:
Q=vS, —(v +v, )S =(zv +v, )S =vn(z+1)SK,
=S, /(z+1)S =0,476190.A ¢\, =5,910012 —
no ypasuenuio (21). [Tpu w, =0,4 ¢, =0,9 — o pop-

v, lv,=

myae  (11). QS _R0~Q Clew, =06
Qo VS, Q,
£ =3,119663. Ilo  (12)  Haxopum:

Vio 514

ome S % Sn
¢ =0,252751 . v, =¥, = Vo, Vi )

(142)S, (1+z)sK

& — V“SK _ VIISK _ 1

Q vS.  v,(1+z)S, 1+z

U 3aBucumocTs ( 30) OyAET BBITASIAETD TaK:

2
V124 dK SK dK
Yia s ) l )
x(—"”(“) J +C A 4
(1+2)S, d,

B kBappaTHbIx cko6Kax (3a uckarouennem “1”) — xo-

i
T

o =

3¢ PUIEeHT COMPOTUBACHHS &, ,,,, CUCTEMBI OT cede-
HuAa I1-1 po ceuenns 14-14, mpuBeAeHHBIN K CKOPOCTH
4 Haxopum: &, =1761814, n ., =0,601732,

4 =1,457652 M/c, Q, =56,578891-10"° m?>/c.
A cootnomenue (31) zanumeTcs cAeAyromuM 06-

14

pasom:

r 2
L Swas 2 L
(gKHLd_KJ[;_K + §374(4)+)L;—K‘+§ X

2 2
2 zS 1 zS
HfHH:aﬁ x| —2 g A ||, — 2|
28 (142)S, d (1+2)s,
+§13+/'Ll—+1

BripakeHHe B KBAaAPATHBIX CKOOKaxX (3a nckarouenu-
« »
em“1”) — K03 PHUIEHT CONPOTUBACHUS &, 55, CUCTe-
MBI OT ceueHHs 1-1 a0 cedenus 13-13, mpuBeAeHHbIN

K ckopoctu V. Haxopum: ;. =1,953773,
Hy 1y = 0,581851 v, =1,112606 M/c,
Q, =56,345922-10°  Mm3/c. Pacxop B cucTeme

Q=Q,+Q,+Q, =202,235284-10° M*/c, v,=Q/S, =
=1,002074m/c. Q, =Q, = Qz/(1+2) =105,932768-10 *m>/c,
v,=v,=Q,/S, =0,524896 wm/c. Q,=Q,=Q,-Q, =
=16,62230-10° M3/c, v, =v. =Q,/S_=0,082363 m/c.

Q,=Q,=Q,-Q, =39,723626-10°  M3/c, v,=v,=

=Q, /S, =0,196830 m/c. Q,=Q,=Q/(1+2)=
=96,302516-10 °M>/c, v, =v,, =Q,, /S, =0,477178 m/c.

OrHomenust ckopocreit: x, =v,,/v,; =1,253417 ,
x,=v,/v,=1310124 w,=v, /v, =0,156914 |

w,=v, /v, =0,412488. A mbI 3apaBasuch x, =1, x, =1,
w,=0,4, w,=0,4.

B cucTeMe AOAXKHO OBITh CAEAyIOIlee PaBEHCTBO:
P, = p, . IlpoBepum aro coorHomenue. Cocrasum Yb
AAs ceyenmit 1-1u 7-7:

H+ 17)’“ Hoy + (C ‘M*j

— v: p
+(§6+/11L“d—xlu+§+1)ai+77.
3aech 1,
wenmst 7-7, M. 1 ,_,=0,06 m. 3amernm, uro p, T p, . 3a-

mmem (32) Tax:

_ 1 2
H=P"P_g g | ax|al
¥ d ) 2g

£ ek, ot £opataThe ooy ot
4-5(5) 6
d, 2g d, 2g

Haxopum, uto H, =0,063899 m.
Cocrasum YB pas cevennit 1-1 u 8—8 (ammmsa 1-3—

(élsﬁld +¢j ag+
(32)

— paccrosnue oT ocu nuTareas II po ce-

11-10-9-8):
L l
H+%=Hy, +(§ +/1;;) (54 () +/1 +§)a—g+ (33)

+(§9+/15&wfu=i+§+l) 2g ‘1;8

3aech I, — paccrostHue ot ocu mmuTareas I ao ce-
venus 8-8, M. |, ;=0,06 m. p, T p,. ITpeacrasum (33)
B CACAYIOIIEM BHAE:
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Investigation into a vertical ringshaped gating system

l 1/32
Hy=——"=H-Hy, —| ¢, +A—~ |a—~
Y d.) 2g

2 2
S AT T Z, PP TSNS Y
d, 28 d, g

Omnpepeasiem: Hy =0,065926 M.

H, , = H, — H, =0,002028 M.

Hanop H, B cedenun 7-7 6oasiie Hariopa H, B cede-
H1M 6-6 Ha 0,002028 M. MeTOAOM IIOCACAOBATEABHBIX ITPU-
OAVDKEHHIT HAXOAMM, 4YTO IIPH 3aAQHHBIX X, =1,801116,
x,=1,811645, w, =0,032816, w,=0,399231 wu
z=1,018900 mmo pacuery x, =1,8011158, x, = 1,8116450],
w, =0,0328161, w, =0,3992314 , H,—H,=15-10" wm.
Ha aTom onpepeseHne OTHOLIEHHUM CKOPOCTEH KUAKO-
CTH MOXXKHO 3aKOHYHUTH, TaK 3aAAHHbIE 3HAYEHUS X,, X, ,
W, U W, OTAMYAIOTCS OT PACCUYUTAHHBIX HA BEAHUUHY,
MeHburyo 107 Haxopum:

4’1_12“2) =1,434228 |
=1,552639 M/c, Q,, =99,434213-10° M3/c,
Cinns) = 3920424, 11 =0,450815, v,, =0,862043 M/,
Q, = 43,656588-10"° mM/c, Craaey = 1,406015, g1, ) =
=0,644690, v,, =1,561716Mm/c, Q,, = 60,618112-10 "m*/c.

Q=Q,+Q,+Q, =203,708920-10° wm>/c. Pacxop
B cucreme u3 riutareaeit I, IT u 111, Haxoasmuxcs B KOAb-
ne, Ha 11,4% O6oAbllle IO CpaBHEHUIO C CHUCTEMO
U3 9THX Xe IHMTaTeAeH C PaspbIBOM I'MAPABAMYECKOM
ey B cedeHnu 11-11 — u3-3a pabOTbI TAPAAAEABHOTO
KoaAekTopa (cM. Taba. 2 u 3).

Pe3yAbTaThl HCCACAOBAHHS H HX 00CYKAeHHE

OmnpITHBIE AQHHBIE OTAMYAIOTCS OT PAaCUeTHBIX Ha Be-
AmguHy ot —1,9% a0 +5,6%, cm. Taba. 1-3. 1 ToapkoO
B 1-M cAyyae u3 32-x pasuuiia cocrabaser 8,1%. OTamdus
HeOOABIIIIe, F KAKKe-TO BBIBOABL O BEAUYHMHAX PACXOXKAe-
HUI 1 UX 3HAKAX CAEAATh HEBO3MOXKHO. B 11eA0M MOXKHO

Hy 00y = 0,640943 , v, =

12

CYMTATh, YTO IIOAYIE€HO XOPOIIee COOTBETCTBUE OMbITHBIX
U pacueTHbIX AaHHbIX. M ypaBrHenue bepuyaan, BoiBepen-
HOE AAS YaCTHOTO CAyYasi — AASI CHCTEMBI C OAHMM ITHTaTe-
AeM, pabOTaeT 1 B BEPTHKAABHOM KOABLIEBOI AUTHHKOBOI
CHCTeMe C Pa3HBIM KOAUYECTBOM IHMTAaTeACH Pa3AMYHbIX
AHAMETPOB, PACIIOAOXKEHHDIX Ha Pa3HBIX YPOBHSX, IPHIEM
B OAUH M3 IIMTaTEAEH XMAKOCTD IIOAXOAUT C ABYX CTOPOH.

OTAnune aKCriepUMeHTaAbHBIX AAHHBIX OT TEOpeTH-
9eCKHMX HEBEAHMKO U AQXKe CTABUT IIOA COMHEHHE Pe3yAbTa-
TbI pab0THI. XOTSI 9TO OTMEYAAOCH M IIPH HCCAEAOBAHUSIX
L-o6pasHoii, pa3dBeTBACHHO, KOMOMHHPOBAHHOI, Kpe-
CTOBHUHOM, APYCHOMN X TOPU30HTAABHOM KOABII€BOM AUT-
HHKOBBIX cucTeM. Ho ommbox HU B pacyeTax, HH B I1O-
CTaHOBKe 9KCIIEPUMEHTOB, HU B 00pabOTKe OIBITHBIX
AAQHHBIX HAFIACHO He OBIAO.

O Meropuke pacueTa. Yb “lepeMasbiBaeT” BCe TaKUM
06pa3oM, 4TO Pa3HOCTb AABACHUIT CIIPABA U CAEBA OT Hy-
A€BOM TOYKH B OAHOM U3 [IUTATEAeH CTPEMHTCS K HyAIO
TOABKO ITPU OIPEAEACHHBIX 3HAYEHUSIX APYTUX BEAUUHH.
IMombrTky cAeAaTs ero paBHbIM 0 TOABKO 32 CYET KaKOTO-
TO OAHOTO (aKTOPA IPEATIPUHUMAANCH, OAHAKO OCTAAD-
Hble GAKTOPBI — 3aAAHHBIE B HAYAAE U ITOAYYHBIIIECS
B pe3yAbTaTe pacyeTa — CTAHOBHUAKCH HEIIPHEMAEMO
pasubivi. HysxHo MeHsTD Bee Bansromue Ha paboty AC
¢pakTophL

3Aech IOTPeOOBAAOCH PACCUUTHIBATD IIPUBEACHHbIE
Snp(m s S

IAOIIAAY BCeX ITUTATeAel, HallpuMep, wp(13) U

Supatn npu pabote nurareaeit [-111. B L-o6pasnoi, pas-
BETBAEHHOM, KOMOMHUPOBaHHOH 1 KpecToBHHHON AC
MOXXHO OBIAO HAXOAUTbD TIPUBEACHHYIO IAOIIAAD ITHTATe-
A€M TOABKO AASL CKOPOCTH )KUAKOCTH B OAHOM U3 IIUTAaTe-
Aefl, YAOOHO 3TO AEAATD AASI AAABHETO OT CTOSIKA ITUTATEASL.
M3-3a MaABIX OTAMYUH SKCIIEpUMEHTAAbHBIX AQHHBIX
OT TeOpeTUYEeCKUX BOSHHKAET MbICAb O IOPOYHOM KpyTe,
KOTAQ B pacyeTax UCIIOAb3YIOTCS AAHHbIE, TOAyYeHHbIe
B CBOUX )Ke OIIbITaX. AeHCTBUTEAbHO, KO3 PUITMEHTHI CO-
NPOTHUBAEHHI1 Ha IIOBOPOT B KOAAeKTOpe Ha 90° 1 13 Koa-
A€KTOpa B MUTATeAb U U3MEHEeHHe MAOMAAeH cedueH i
TIOTOKA AO M IIOCA€ TIOBOPOTA HAXOAUAMCH AASL 3TOM ke
AC. OpHako nmopo4Horo Kpyra HeT. Bo-mepBbix, B akc-
IIepPMMEHTaX 10 OITPEAEAEHHUIO 3TOTO KOad pHIeHTa npu
pabome morvko 001020 numamears (He GBIAO AEACHHS TO-
TOKa) MCIIOAB30BAAACh He HOBAsl, A U3BECTHAS 3aBUCH-
MOCTb — ypaBHeHue bepayaan. Bo-Bropsix, aas onpe-
AGAEHHUS YKAa3aHHOrO KO3(QUIIMEHTa IPOBOAUAKCH
He3aBHCHMble onbIThL M1 — raaBHOe — K03 PHIIEHTHI
CONPOTHBAEHUIM B TUAPABAMKE PacyeTy He IOAAAIOTCH,
a OTIPeAeASIOTCS dKCIIepUMeHTaAbHO. TOABKO cOTpOoTHB-
A€HMe Pe3KOT0 PaclIupeHHs OTOKA, a TAK)Ke — C HeKO-
TOPBIMHM AONYIIEHUSMH — COINPOTHBAEHHE Pe3KOro
Cy>KeHHs M COIIPOTHBAEHHUe ITOBOpoTa Ha 90° 6e3 n3Me-
HeHH IAOIIAAeH CeYeHHI AO M TOCA€ TIOBOPOTA IIOACYH-
THIBAIOTCS TEOPETUYECKH. A HAIIIK TAABHbIE COTIPOTUBAL-
HHS — IIOBOPOT B KoAaAekTope Ha 90° u moBopoT
U3 KOAAEKTOpA B IIUTAaTeAb C M3MeHeHHeM MAOIIaAe ce-
4eHMHI AO U TIOCAE TOBOPOTA — HAXOASTCS TOABKO OIIBIT-
HbIM ITyTeM. Kak 1 xoa$ppurueHT moTeps Ha TpeHHe A .
KoaddurpienTs! CONpOTUBACHUM Ha AGACHHUE TIOTOKA,
noacuuThiBaemsble 110 (18), 1 Ha IPOXOA U Ha OTBETBAE-
HHe 9aCTHU OTOKa, onpepeasiembie 1o (11) u (12), Toxe
IIOAYYEHBI ITyTeM 00pabOTKM pe3yAbTaTOB OIBITOB. Pa3
TUAPABAMKA — PacyeTHO-dKCIIepUMeHTaAbHas HayKa, TO,
KaK ObI 9TOTO HU XOTEAOCH, IPHAETCS HCIIOAb30BATD B Te-
OpeTHYeCKUX HCCAEAOBAHUSAX OIIBITHBIE AAHHbIE.
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He3saBucumo 0T KoAndecTBa pabOTAIOMIHX TUTATEACT
ypaBHeHHe BepHyAAH BBHITASIAUT OAMHAKOBO — 3TO BbI-
paxeHue (1). Yiau moxHO 3ammcath YB aAAs ceueHms
1-1 n aro60ro cevenust AC, UAM ABYX AIOOBIX CedeHUH],
XOTSI PaCXOAbI )XMAKOCTH B 3THX CEYEHHIX MOT'YT OTAH-
4aTbCsl BO MHOTO pa3. To ecTb MblI ucnoib3yem ypasHenue
Bepryaau 0rs cewenuii nomoxa ¢ pasHoimu pacxodamu u,
KaK 3TO HU YAUBUTEABHO, 9KCIIEPUMEHTHI TIOATBEPIKAAIOT
AQHHOE AOTIyIIeHHe. 3a CYeT STOrO CTAA BO3MOXKHBIM pac-
ger AC.Be3o Bcsxux AOTIOAHHUTEABHBIX TIPHHIUIIOB.
Toabko oueBupHOe: Q = _ZIQ,- , Tae Q — pacxop KuA-
KOCTH B j -TOM nuTaTese. B AI6OM cedennu TUAPaBAU-
YecKoil cucTeMbl peiicTByer B Bupe CyMMBI CKOpOCT-
HOTO U Ibe30MeTPHIECKOTr0 HallOPOB U IIOTePb HAIlopa.

B pacyerax yuuThIBarOTCsl, KpOME 2-X OOBIYHBIX T'H-
APaBAMYECKHX ITIOTePb — Ha TPEHHe IT0 AAUHE U B MeCT-
HBIX COIIPOTHBACHUSX, — IIOTEPH Ha U3MEeHEeHHUe HaIlopa,
HoAcuHThIBaeMble 1o cooTHomrernwam (11), (12) u (18).
Bo3MOXHOCTD CyMMUpPOBaHUS IOTePh HA M3MEHEeHHe
HAIopa € IOTepsIMU Ha TPEHHe IO AAMHE U B MECTHbIX
COIPOTHUBAEHMSIX TeOpeTHYeCcKH He obocHoBaHa. Oa-
HAKO ITOKA He IIOAYYeHO 9KCIIePUMEHTAABHBIX AQHHBIX,
IPOTUBOPEYAIUX AAHHOMY AOITYII|€HHIO.

B pacuetax 06Hapy>KeHO MOSIBACHIE OTPHULJATEABHbIX
CKOPOCTeH ABIDKEHUS KUAKOCTH B OTAEABHBIX YaCTSX
KOAAEKTOpa. DTO 3HAYUT, YTO B 9TOHM JACTH KOAAEKTOPA
HeBEepPHO BbIOPAHO HAIIPABAEHUE ABIDKEHMUS XUAKOCTH.

YcTaHOBAGHO, UTO TeYeHHUEe SKUAKOCTH B KOAAEKTOpe
IPOMCXOAUT OT ITUTATEAsI C MEHBIIMM AMAaMEeTPOM K ITUTa-
TEAIO C OOABIINM AUAMETPOM, XOTS KKETCS, 4TO AOASKHO

6517 Ha060pOT. HO pacueTs! 1 OIBITHI IIOATBEPXKAAIOT
9TO SIBAEHUE.

B 3aKkAlOueHHe 3aMETHM, YTO IUTATEAH 3HAIOT APYT
O APYyTe, TaK KaK BKAIOUEHIE HAU BHIKAIOYEHHE XOTSI OBl
OAHOTO ITUTAaTeAsl IPUBOAUT K IepeCcTpOiiKe paboThI
Bceil ruppaBAMYecKoit cuctembl (cM. Taba. 2 u 3). Ilpu-
4eM 9KCIIePHMEeHTAAbHO IPOLIeCC HCTeYeHUs KUAKOCTH
YCTaHABAMBAETCSI O4€Hb OBICTPO, 32 3—5 ¢, AdXKe IIpHU pes-
KOM ‘TIepekoce” B CHCTeMe, KOTAQ pabOTaloT, HallpuMep,
mutaTeAn [ u 1L

TaxuM 06pa3oM, BIiepBble TEOPETHIECKH U JKCIIe-
PUMEHTAaABHO MCCAEAOBAaHA BePTHKAAbHAsl KOAbIleBas
AWTHHKOBAsI CUCTEMA C OIIPEAeACHHEeM CKOPOCTeH U pac-
XOAOB JKHAKOCTHU B KAXKAOM ITUTATEAE U BO BCEH CUCTEME,
IIpUYeM TUTATeAH IMEIOT Pa3Hble IAOIIAAH ITOTIePeYHbIX
CeYeHMI, paCIIOAOXKEHBI Ha PA3HBIX YPOBHSX, a B OAUH
U3 IUTaTeAeH XMAKOCTD IIOCTYTIAET C AByX CTOpoH. [Ipu
pacyéTe TaKOM IMAPaBAMYECKON CHCTEMbI C U3MEHSIO-
ITUMCSL PACXOAOM KMAKOCTH HCIIOAb30BAAU YPaBHEHHE
Bepuyaan, XoTs OHO TOAY4YEHO B TEOPUU U IIPOBEPEHO
Ha ITPAKTHKE AAS TOTOKA XMAKOCTH C IIOCTOSIHHBIM pac-
x0pA0M, T. e. Aast AC ¢ opHuM nurareaeM. Pacuer ocHo-
BBIBAETCS Ha ITOAYYEHUH 3aAAHHOM Pa3HMIIBI AABACHUI
OKOAO HYA€BOH TOUKHU B OAHOM H3 IIUTAaTEACH METOAOM
[IOCAEAOBATEAbHBIX IpubArKeHuil. [ToaydeHo xopomree
COOTBETCTBUE OIIBITHBIX M PacyeTHBIX AaHHBIX. ITo-
BUAUMOMY, MOXKHO CUUTATh AOKA3aHHOH BO3MOXXHOCTb
HCIIOAB30BAHUS ypaBHEHUS bepHyAAu AAs cedeHuit mo-
TOKA C Pa3HbIMH PAaCXOAAMH, IO KpaliHel Mepe, AASL AUT-
HUKOBBIX CHICTEM.
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HeO6XOAI/IMOCTb y4eTa TPe60BaHHfI, TIIPEADBSABASIEMBIX K Hpe06pa3y101ueﬁ, pEI‘I/ICTpI/IPYIOH.Ief;I u I/IBMEPPITeAbHOﬁ aI1-

maparype.

KaroueBbie cAOBa: IPEPHIBUCTOE pE3aHUE, TEMIIEPATYPA, AAT€31s, YAAp, METOAMKA.

B cBeTe HenpeppIBHOTO pocTa 06beMOB TPYAHOOOPa-
OarpIBaeMbIX MaTepraAoB, craHkoB ¢ UITY u Ae3BuitHOM
06paboTKM B MAIIMHOCTPOEHUH, BHEAPEHISI B IIPOU3-
BOACTBO HOBBIX HHCTPYMEHTAABHBIX MATEPUAAOB, B TOM
YHCA€ C PA3BAMYHBIMH U3HOCOCTONKHMH ITOKPBITHSIMH,
KOMIIAEKCHO€ UCCAEAOBAHIE OCHOBHbBIX PaKTOPOB, BAU-
SIOIUX Ha pabOTOCHOCOOHOCTD MHCTPYMEHTA: CHABI
U TeMIIePATypbl Pe3aHus], AAT€3UH, YAAPHBIX SBACHHI,
U pa3paboTKa HayIHO-0OOCHOBAHHBIX PEKOMEHAALIUI
IO TIOBBINIEHHIO CTOMKOCTH HMHCTPYMEHTA, SIBASIETCSI
aKTyaAbHOM 3aAa4ell PasBUTHA MaIIHHOCTpoeHus. B Ha-
CToslliee BpeMsl B AHTepaType HeT eAUHOTO MHEHMs
O BAMSIHUH KQKAOTO U3 OTMEeYEeHHBIX PaKTOPOB Ha pa-
6OTOCIIOCOOHOCTD TBEPAOCIIAABHOTO PEXYINEro KAUHA
IIPH IIPEPHIBICTOM PE3aHHUM, YTO, HA HAII B3TASIA, SIBASI-
eTCsI CAGACTBHEM PA3AMYHBIX IOAXOAOB U MEAOAHK II0-
CTAHOBOK 9KCIIEPUMEHTAABHBIX HCCACAOBAHHIL.

BaskHeHIINMHU yCAOBUSIMU IIOAYYEHUS AOCTOBEPHbIX
Pe3yABTATOB HCCAEAOBAHMIT PAbOTOCIIOCOOHOCTH PEXY-
II[ero TBEPAOCIIAABHOTO HHCTPYMEHTA B IIPEPHIBUCTOM
Pa3aHUM SBASIIOTCS YeTKasi IOCTAHOBKA 3aAA4H, BHIOOD
METOAHKH ITPOBEACHHUSI HCCAEAOBAHMIT U PA0OYHX XapaK-
TEPUCTHUK NIPe0OPasyoleil, pEruCTPUPYIOLIEN U H3Me-
PUTEABHOHN amlIapaTypbl

AAsL M3MepeHHs TeMIIepaTyphl PeXyIero KAMHA
HHCTPYMEHTA [IPH [IPEPHIBICTOM Pe3aHUH KaK B IIEPHOA
pabouero, Tak 1 XOAOCTOT'O XOAOB HAMU CKOHCTPYHPOBaH

Y M3TOTOBAEH CII€LJMAABHBIM COCTAaBHOM pe3el], II03BO-
ASIIOIIMIL B IIPOLiecce Pe3aHus 00eCIIednTd HaAeXKHOCTb
KOHTAKTA 32 CYIET GOABIION JXeCTKOCTU KOHCTPYKLuH | 1,
S]. B kauecTBe MHCTPYMEHTAABHBIX MATEPHAAOB (TEpPMO-
nap) 6bIAM BHIGPAHBI: AAS BBICOKHMX CKOpOCTelt (Temrte-
paryp) pesanns — BK8 u T15K6; Aaq HU3KUX U cpe-
Hux — BK8 u P18.

ToueHnuem, o cxeme CBOOOAHOTO pesanus, obe-
CIIEYNBAAACD ITOAHASI HACHTUPUKALUS YCAOBHI paboT
ABYX PEXyIIHMX MaTepHaAOB. AAsS AOCTOBEPHOMH pe-
TUCTPAalMU 3HAYEHUN TEeMIepaTyp, HU3MEeHSIOIUXCS
B peXHMe peaAbHOrO BpeMeHH, Ha Pa3AMYHbIX 3Ta-
IIaX IPEPHIBUCTOTO pe3aHusi, IpHMeHeHa paspabo-
TaHHAs HAMH HU3MEPHUTEAbHAsl CHCTeMa, OCHOBAaHHAs
Ha [pUHIMIE paboTsl U $YHKIMOHUPOBaHUs 16-pas-
PSAHOTO  OAHOKPHCTAaABHOTO MHKPOKOHTPOAAEpA
MSP430F149 c asymsa YCAIIII, ALIIT 1 MPY mpo-
u3BoAcTBa Texas Instruments. Baok-cxema usmepenus
TeMIepaTyphl U U3MEePUTEAbHAs allllapaTypa MpHBeAe-
Hbl B [2, 68]. [Ipn n3MepeHNHU U perucTpanum Temre-
PaTypbI KaXXADBIH OIBIT cOCTOSIA M3 400 0ITpOCOB U IATH
ITMKAOB C AAUTE@ABHOCTBIO KaXKAOTO IMKAa B 0,6 ¢ 1 0a-
Horo ompoca — 0,0075 c.

Ha puc. 1 mpuBepeHBI XapaKTepbl U3MEHEHHS TeM-
nepaTypbl BO BpeMeHH ITPH Pe3aHUU M XOAOCTOM XOA€
HMHCTPYMEHTA, 3aIICaHHbIe C IPUMEHEHHEeM COCTaBHOIO

pesna.

AT EI ST I TN Py (A R TR AT TATRT (e T

TEET TP IR T E R T e TR R T e A TR T T T ET AT A C TR AL TR TR AT

6)

281288295302309316323330337344351358365372379386398

4145495357616569737781

Puc. 1. ®parmeHTbl U3MEeHEeHU s TeMrepaTypbl BO BDEMEHU PU MPePbLIBUCTOM pe3aHuy (HarpeBaHus
BO Bpemsi pabo4ero xoaa v OX/1aXkKaeHusl BO BPEMSI X0J10CTOIro Xo4a)
a)t ~0.15¢,t =0.18¢;6)t ,=0.0525¢, t,  =0.0225 c.
ObpabaTtbiBaembie Matepuasbl U MHCTPYMEHT: a) cTanb 45 — BK8; 6) 12X18 H9 T — BK8.

ITpoBeaeHHbIE HAMU MCCAEAOBAHUS TEITAOBBIX U AA-
re3MOHHbIX SIBACHUI IIPU IIPEPHIBUCTON 06paboTke Ma-
TePHAAOB pPe3aHHeM ITOKA3bIBAET, UTO IPU 06paboTke
BA3KUX MaTePHAAOB, TEIIAOBbIe IPOIIECCHI, MPOTeKa-
IOI[Yie Ha KOHTAaKTHbIX MAOIAAKAX KAMHA, OKAa3bIBAIOT
CHAbHOE BAMSIHME Ha BOSHMKHOBEHHE U Pa3BUTHE aAre-
3MOHHBIX SBA€HHUH, U MOXXHO IPEAIIOAOXKUTD, YTO KK
KOAeDOaHHe TeMIIepaTyphl Ha 9TUX IAOIIAAKAX IIPU XOAO-
CTBIX U pabOYMX XOAAX HHCTPYMEHTA, TaK M HX AAUTEAD-

HOCTH OKa)KyT 3HAYUUTEAbHOE BAUSHUE Ha AAT€3MOHHBIN
U3HOC KAMHA.

V3BecTHBIE AQHHBIE IIO IIPEPHIBUCTON 0OpaboTke
IIAQCTHYHBIX MATEPHAAOB ITOATBEPIKAAIOT, YTO BAUSHUE
AATE3MOHHBIX IBACHHI CBA3aHO B OCHOBHOM C BBIXOAOM
KAMHA U3 KOHTAKTa C IPUBAPUBIIEHCS CTPYKKOH, OAHAKO
CBEACHHS O HAAMMHH ¥ BAMSIHUM aATe3HOHHBIX (3aCTOil-
HbIX) BA€HHI1 Ha PafOTOCIIOCOGHOCTD HHCTPYMEHTA IIPH
€ero BbIXOAE U3 30HbI Pe3aHMs C HyAeBOM TOAIIUHOM cpe3a
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HEeAOCTaTOYHBL B cymecTByIOmMX AMTEpaTyPHBIX HCTOY-
HUKaX OTCYTCTBYIOT TAaKXXe AQHHBIE O BAUSHHM AAT€31O0H-
HBIX SBA€HUH Ha CTOMKOCTD PEeXYIero TBEPAOCIIAABHOTO
KAMHA B 3aBUCHMOCTH OT IIPOAOAXKUTEABHOCTEN pabounx
M XOAOCTBIX XOAOB M X COOTHOIeHHUH. O1eHKa POAU
aAre3uoHHOro dpakTopa (Ha GOHE TEMAOBBIX IBACHHI)

L.zar

[ -

an. ]| 0 EU W NG 1O SR VRS EEW) S NEE WD SEN GeS

1 xon.

1 Pa6.
'

Puc. 2.3arotoBka ¢ KosbLEBbIMW/ KaHaBKaMWU.

D opMbI 3ar0TOBOK, IPHBEAECHHbIE HA PHC. 2 U 3, TI0-
3BOASIIOT ICKAIOUHTD BAUSIHHE YCAOBHUIL BXOAQ M BBIXOAQ
MHCTPYMEHTA U3 30HbI pe3anus (puc. 2), a TakKe IMHUTH-
POBATh IPOLIECCHI BPE3aHNUSI H BHIXOAQ KAMHA M3 KOHTAKTa
C 3aTOTOBKOI1 ITPH IIOITyTHOM U BCTPEYHOM Pppe3epoBa-
Hun (puc. 3 — IpephIBUCTOE TOYeHHE PabOIrX ImIeeK
C IIPSAMBIM U OOPATHBIM KOHYCHOCTSIMH).

BapbupoBaHie AAMH ITyTeil pe3aHHsi, XOAOCTBIX XO-
AOB U UX AAMTEABHOCTEI OCYIIIeCTBASIETCS U3MeHeHeM
Pa3MepoB KOABIIEBbIX KAHABOK U paboyux meek obpaba-
THIBAEMBIX 3aTOTOBOK,  TAK)Ke [I0AQYH 1 YACTOTHI BpaIlje-

Puc. 4. CoctaBHas 3arotoBka U3 TOHKMNX
OTLWNMPOBAHHbIX KOJiel, cobpaHHbIe Ha ornpaBKe.
AAsl CpaBHEHHS U OLIeHKH PabOTOCIIOCOOHOCTE UH-

CTPYMEHTOB, PabOTAIOIINX C OAUHAKOBBIMU PEXXUMAMH
pe3aHMs B YCAOBHAX HEIPEPBIBHOTO U IPEPhIBUCTOrO
TOYEHNs], B 9KCIIEPIMEHTaX CYMMapHasi AAMHA pabodnx
IeeK CTAAbHBIX 3aTOTOBOK C KOABII€BBIMU KaHaBKaMU
paBHsAeTCS pa6oqe171 AAMHE IIeAOi OaaBaHKH. B IepBOM
CepHuM 9KCIEPHUMEHTOB CPAaBHUBAIOTCSI CTOMKOCTHU MH-

CTPYMEHTOB IIPH IIOCTOSHCTBE IIPOYHX YCAOBHﬁ.
A A

Craap 45
(X18HIT)

Bomnpoc 0 HaanmuMKK U BAMSHMU YAAPHBIX SIBAGHUI
Ha CTOMKOCTD PEXYIIEro KAUHA B MOMEHT €r0 HA9aAbHO-

B IIOTepe pabOTOCIIOCOOHOCTH TBEPAOCIIAABHOTO KAMHA
IPOM3BOAMAACH 1O CIIELUaABHOM MeToAHKe [ 3, 96; 4, 62—
65], OTAMMMTBEABHOI 0CO6EHHOCTBIO KOTOPOI SIBASIETCS
3aMeHa MPepBIBUCTOTO Pe3aHus (CTporaHue, AOAGACHHE,
dpesepoBaHue 1 T. A.) HPEPHIBUCTHIM TOYEHHEM CIIELjH-

AADbHBIX 3arOTOBOK C KOABII€BBIMH KaHAaBKaMH (PI/IC 2, 3)

Puc. 3. 3aroToBku ¢ KOMbLIEBLIMU
KaHaBKaMu (C LLMANHOPUYECKUMW NN
KOHNYECKMMU Paboymmu LLemnkamm)

HIH IIITMHAEAS] TOKAPHOTO cTaHKa. MeToanKa AoITycKaeT
BO3MOXXHOCTb HUCCAEAOBAHUS BAUSIHUSI AAUTEABHOCTEH
PaboYUX U XOAOCTBIX XOAOB HAa CTOMKOCTD PEXYIIero
KAMHA HauYMHasl OT tpa6:0,04 ¢, t =001 cao pecsaTkoB
CEeKyHA, B 3aBUCUMOCTH OT KOHCTPYKTHBHBIX Pa3MepOB

o6pabarbiBaeMbix 3aroToBok (puc. 4, 5).

Maasie 3HaveHUs e Mt obecrieunBaeTcsi 0bpa-
00TKO# OTHIAMPOBAHHBIX TOHKUX KOAel], COOpPaHHbIX
Ha orpaBke (PHC. S ¥ MPOAOABHBIM CTPOTaHHEM MOCAE-
AOBATEABHO PACIIOAOXKEHHbIX 3arOTOBOK C Pa3AMYHBIMU
MHTEPBAAAMU MEXAY HUMHU.

Puc. 5. OTwnmndoBaHHbIe MO BbICTYNam TopLa
LLeeK NIacTUHbI, COBpaHHbIE Ha OMNpPaBKe.

Bo BTOpoOi#l cepuM IpepBIBUCTOE TOYEHHE IIPOH3-
BOAMTCSI 0OpabOTKOM COCTaBHBIX 3aTOTOBOK U3 CTAAM
co BcTaBKamu u3 ceporo yyryHa CU20 Ha xoHIjax pabo-
YUX (o6pa6aTb16aeMbIX) [IeeK 3aTOTOBKH C 0OecreyeHu-
€M ITOCTOSIHCTBA AAUTEABHOCTEH PabOYUX U XOAOCTHIX
XOAOB, KaK ¥ ITpu 06paboTKe B riepBoit cepuu. Toamuna
BCTAaBASIEMBIX IIPOMEXKYTOYHBIX IYT'YHHbBIX KOAEL|-O4H-
cruteaeit cocrasaster 0,6 ... 1,5 mm (puc. 6).

Puc. 6.CocTtaBHas 3arotoeka ans
HEenpepbIBHOW U MPepPbLIBUCTON 00paboTKu.

r0 KOHTAKTA C 3aTOTOBKOM, AO TIOCA@AHUX AET, OCTAeTCs
AMCKycCUOHHBIM. OCHOBHasi TPYAHOCTb 9KCIIepHMeH-
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TAABPHOTO M3y4eHHe SIBACHHS YAAPa COCTOHUT B TOM, YTO
BCA@ACTBHE KPaTKOBPEMEHHOCTH IIPOTEeKaHH IpoIlecca
YAApa K YaCTOTHBIM XapaKTePHCTHKAM AIIIAPaTyPhI AAS
PEruCTPaIMH STHX IIPOLIECCOB IPEABSIBASIOTCS KeCTKHE
Tpe6oBanus [ S, 73].

ITpumeHeHHe ATHAMOMETpa IIPY U3MEPEHUH CHA I10-
3BOASIET TOBBICUTH AOCTOBEPHOCTD PE3YABTaTOB HCCACAO-
BaHHi. OCHOBHBIM yCAOBHEM IPUMEHEHHUS AHHAMOMETPa
U NCCAEAOBAHHMU AUHAMHYIECKOH CHABI B MOMEHT IIepPBO-
HAYaABHOT'O KOHTAaKTa KAMHA C 3aTOTOBKOM SIBASIETCS YCAO-
BUi€e TIPEBBILIEHIS €70 COOCTBEHHOM YaCTOThI KOACOAHHUI
(v, ) Hap usmepsemoit vacroroit (v ): v, /v =5 [6, 54].

Ilpy HUBKMX CKOPOCTSX pe3aHHs, IPHU CTPOTAHUHU
U TOYeHHU B Ka4eCTBe IIPeoOpas3oBaTeAss MEXaHHIeCKUX
IIapaMeTpoOB yAapa HaMH IIPUMEHEeH YHHUBepCaAbHBIN
TPeXKOMIIOHeHTHbIN AuHamMoMeTp BHHMI YAM-1200,
cobcrBenHas wacrora xoroporo v,~1000 I, a co6-
cTBeHHas yacToTa AnHaMoMeTpa 2 KAD 1, mcoasayemo-
ro npu $peseposanuu, v =700 I'. ITpu aTom 65140 co-
OAIOAEHO YCAOBHE IIPEBOCXOACTBA COOCTBEHHOMN YaCTOTHI
KOA€OAHHI AUHAMOMETPOB Hap U3MepsIeMOI YaCTOTOM.
ITpu BBICOKMX CKOPOCTSIX pe3anus (HanpuMep Py TOp-
1eBoM Qpe3epOBaHUM) YACTOTA U3MEHEHUS AUHAMIYe-
CKOM CHABI B MOMEHT BPe3aHHs KAMHA Pe3KO yBEAHIMBa-
eTCSI M AASL ee OIIPeACACHHUS pa3paboTaHa CIIelnaAbHasI
METOAMKA C IPUMEHEeHHeM BBICOKOYaCTOTHOTO AQTYHKA
YCKOpeHHs U AuHaMoMeTpa [ 6, 54].

AASL AOCTaTOYHO! YyBCTBUTEABHOCTH 3AIIHICH CHUT-
HAAOB OT TEH30PEe3UCTOPOB B M3MEPHTEABHBIN TPaKT
BBOASIT YCHAUTEAH W PEeTUCTPUPYIOUIME YCTPOMCTBA,
TpebGOBaHNUS K KOTOPBIM 3aBUCST OT YaCTOTHOM Xapak-
TePUCTHKU H3MepsieMoro mpouecca. MamepureapHas
aImaparypa IpeACTaBAsieT cOOO0I IIOAOCOBOM PpUABTP
C HIDKHEN (fH) u Bepxueit (f B) IPaHHUIIAMHU YaCTOT U 3a-

ITNCb CHUTHaAa 6bIBaeT YAOBAETBOPHTEABHOfI HPI/I YCAO-
e == |

a)

B kadecTBe perucTpUpyIOIIero mpubopa HaMu Hc-
IIOAB30BAH ABYXAy4YeBOM 3aIlIOMHHAIOIIUI OCITHAAOTPAg
trra C8-2, 0TBevaroNmuil BceM TpeOOBaHHUSIM, IIPEABSIB-
AsIEMBIM K aIIIIApaType AASI U3MepeHHsI OBICTPOIIpOTeKa-
IOIIUX ITPOIIECCOB.

Bum f <1/T<f, tae T — aamTeabHOCTD yaQpa [7,386].
MaxkcumaAbHasi 1 MUHUMAAbHAS 9aCTOTBI, IIPOITyCKae-
Mble IPUOOPOM € 5%-HBIM 0CAAOACHHEM OIIPEACASIIOTCSI
BBIPA)KEHUSIMU [7,387]:

fu >51T, f,, <1/40T (1)

EcAm curHaA ¢ BRIXOAQ YCHAUTEAS HEITOCPEACTBEH-
HO ITOAQeTCS Ha IMAACTUHBI KATOAHOTO OCIIUAAOTPada,
TO OCIUAAOTPad He BHOCHT AOTIOAHUTEAbHbIE MCKaXKe-
HIS. BpeMms BpesaHus MHCTpyMeHTa B 3arOTOBKY IIPH
MIPEPHIBUCTOM pe3aHUU th:10‘4... 1c. [8,152], moaro-
MY AASI PeTUCTPAITMU U H3MepeHUs AUHAMUYECKOM CHABIL
HAaAO IIPHMEHSTh M3MEPUTEABHYIO alllapaTypy ¢ IO-
Aocoit poryckanus 0,25 ... 50 kI (saBucumoctu 1).
AAsl onpeAeAeHHS CHABI YAAPA, CKOPOCTH, YCKOPeHHS
¥ IlepeMellleHHI yAAPSIEMOTO TeAd HarboAee peKOMEHAO-
BaHHBIM SIBASIETCS] BBICOKOYACTOTHBIM ITbe30AATYHK YCKO-
penmst. COOCTBEHHAsI YaCTOTA aKCEAEPOMETPA AOAXKHA
YAOBAETBOPSTD ycAoBHIO [9, 234 ]:

fizm/an T, (2)
TA€ 7 —OTHOCHTEAbHAs IIOTPEITHOCTh aKCeAepOMETpa.
YAOBAETBOpHTEABHAS TOYHOCTD 3AIIMCH YCKOPEHHUH AO-
cruraercss npu 1=0,5...0,9 [9, 234]. T — mepepnmit
QpOHT, T.e. BpeMs AOCTIDKEHHS MAKCUMAABHOTO yCKOpe-
HUS, KOTOPOE 10 3HAYEHUI0 PABHO T=t5p=10—4 ...lc,te.
nMeeM f0z8 ... 15 xI'11. Ficx0A 51 M3 BBIIIEM3AOKEHHOT'O AASI
IIepeXOAHOTO IIPOIeCcca B HCCAGAYEMOM AMAIIa30He CKO-
pocreit ncroab3oBanbl akceaepomerpsl 11TA-10B ¢ f0
25,5 kI u MUC-312 f <20 xI1.

OmpeaereHne mapeHUsI CKOPOCTH Pe3aHUs B Iepe-
XOAHOM IIpOIlecce BPe3aHUs PeXYIero KAMHA B 3aro-
TOBKY, OCYIIIeCTBACHO CKOPOCTHOM pOTOperucTparueit
kamepoir CKC-1M c yacroro#t cremku 4000...8000
kaap/c. OLeHKa U3MeHeHUsI CKOPOCTHU BPe3aHUs IIPO-
BeAeHa 00paboTKOM KMHOrpaMM ¢ moMoigsio MMI-2

(pHc. 7).

Puc. 7. Annapartypa
CKOPOCTHOM
KUHOCBLEMKU

(a) n pparmeHT
KuHorpammbi (6)

Ha puc. 8 npusepeHbl HEKOTOpble XapaKTepHbIE
OCIIMAOTPaMMbI M3MEHEHHUs CHA Pe3aHUs U YCKOPEHUH,
IIOAYYEHHbIE B pe3yAbTaTe IMPOBEASHHbIX HAMU JKCIIe-
PHMMEHTAABHBIX MCCAEAOBAHUM IIPOLIECCa NPEPHIBUCTOMN
06paboTKM MaTEPHUAAOB pe3aHHEM.
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Puc. 8. XapakTepHble ocuuinorpaMmMbl UISMEHEHUS CUT pe3aHuns (a — )
1 yckopeHun (o, e) npu ¢ppesepoBaHmn (a, 6, o, ) u ctporaHum (B, 1)

PazpaboTaHHasi METOAUKA IIO3BOASIET OIPEAEASTh U paspylIeHHe PeXYIero TBEPAOCIAABHOIO KAUHA IIPH
U MCCAEAOBATh PA3AEABHO APYT OT APyTa BAMSHHUE Te-  IPepBIBHCTOM Pe3aHHUH.
IIAOBBIX, AAT€3HMOHHBIX U YAAPHBIX SIBAGHUH Ha M3HOC
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La Dinamica de terreno Maquinas

Resumen

Maéquina de tornillo rotativo, desarrollado en Rusia
como un medio de transporte con cruz alta en las zonas
nevadas y pantanosas.

Sin embargo, esta técnica es indispensable en las
regiones aridas del mundo. Si la hélice hecha de un
material refractario, se requiere la maquina para los
estudios de comportamiento de volcanes activos.

La singularidad de los procesos de asentamiento
de maquinas con hélices, rotores geométricamente la
dependencia lineal de la suspensién trasera frente de
activacion y.

Palabras clave: dindmica de maquinas, maquina de
tornillo rotativo, suspension visco-elastica.

El propésito de esta investigacion es desarrollar una
metodologia para calcular las fluctuaciones espaciales de
maquinas con rotores.

Suspension viscoeldstica reduce significativamente
las méaquinas de ruido y vibraciones.

Suspension Visco-elastica convierte las cargas

dindmicas para el movimiento interior del entorno de
trabajo y muelle del amortiguador hidraulico.

Fig.1. Capacidades de la maquina en
el estudio de la lava volcanica.

A principios de atornillador rotatorio realiza con
sistema de suspension rigida.

Como parte de la investigacion [3, 4], ha propuesto
la construccién de la méquina de tornillo rotativo con la
suspension viscoel4stico original [, 6].

Fig.2. La dependencia de los parametros geométricos de los rotores.

Establece el patron de interaccion con el entorno
exterior delamdquina, teniendo en cuentala dependencia
lineal de la activacién de la mdaquina suspensiones
delanteras y traseras.

Este efecto es unica sélo para maquinas con hélices,
rotores.

Lalinealidad de la superficie de apoyo de contacto y
los rotores mostrados en la fig. 1.
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Fig. 3. Tres masa del sistema atornillador rotatorio vibracion.

Tres masa vibrante sistema de la médquina de tornillo
rotativo es: s6lo un cuerpo auto, tornillo rotores, sistema
de visco-elastica.

Coordenadas x,y y z muestran el movimiento del
cuerpo con respecto a la hélice de rotores.

Coordina ¢ denotan los motores movimiento toda
la superficie de apoyo.

Coeficiente de resistencia de los amortiguadores y
rigidez delresorte & C,, incluido en el esfuerzo de calculo
en la suspension.

Las fuerzas verticales sobre la accién spera trafico
rodado transmiten a través de los elementos eldsticos de
carroceria y amortiguadores en la Fig. 3.

Hay una elecciéon de coordenadas que describen la
posicion de las masas no suspendidas arqueadas y en las
fluctuaciones.

En el estudio de la carroceria es recomendable elegir
las coordenadas Z,,¢,X,a.Y,,8 es decir, moviendo el
centro de gravedad de la pieza de salto y su dngulo de
rotacion.

Pero también es necesario tener en cuenta:

— las coordenadas del punto de
movimiento del cuerpo por encima del eje del arco o
traseros de montaje hélices-rotores

XXX, x, — coordenadas de los desplazamientos

2152552552,

longitudinales horizontales de puntos del cuerpo de la
nasal o montajes hélice del rotor trasero

Y ¥ Y5y, — coordenadas de los desplazamientos
transversales horizontales de puntos del cuerpo de la
nasal o montajes hélice del rotor trasero

Derivamos la relaciéon entre el desplazamiento
paralelo vector Z,,Z,,Z,,Z, y el sistema resultante — Z, Fig, 3:

lz,
7- 42 (1).
Resulta las dependencias del sistema de parametros
geométricos de la masa suspendida de la maquina juntos:

. 1 N N - -
Z,= E[(zzlz -zl ) + (2312 -zl ):|

0= [(F=5)+ (5= 5) ]+ 1 [ 3)+ (72— 72)]

s 1r. - - -

X, = B[(lx4b2 - xlbl)+ (x}b2 - xzbl)] (2)
a :E[(z1 -2,)+(3-%)]

)70 = %[(J—}lll —}72[2)4-(}7411 _J—’slz):'
B= %[(22 _Zl)+ (23 _24):|

Las fluctuaciones maquinas de rotor se fijan elemento
mévil €,E,,E,,E, .

Mover los puntos extremos de los rotores son
linealmente dependientes entre si.

Cuando una colisién con un obsticulo maquina
funciona no sélo la suspension delantera, pero la fuerza
se transmite a la carcasa del rotor en la suspension trasera.

Los valores de &,.& afectan a la magnitud de los
desplazamientos &,&, Fig. 3.

La dependencia lineal de desplazamiento de los
puntos extremos de los rotores se muestra en el sistema
de ecuaciones 3.

él:si'nﬁ-L—éz} é}:sinﬂi—?i?,} (3).
Sy=sinf-L-&| & =sinf-L-¢,

Para derivar las ecuaciones de la dindmica aplica una
fuerza Z,.X,., actda sobre la masa de la maquina (Fig. 2).

n>on
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Fuerza Z, transmitida a través de la suspension con-
sta de dos términos: Z, — desde el elemento elastico y
7, — desde el amortiguador.

Fuerza Z,,X,uY, sustituir la accion de la suspension,
y el valor de su interdependencia.

Un sistema de ecuaciones 4 dependencias de las fuer-
zas dindmicas.
Z,=2C,(2,-&)+2k(4,-& ) Z,=2C,,(2,-&)+2k(2,-&);
Z,=2C, (z,-&,)+2k, (23 —5'3); Z,=2C, (z,—&,)+2k, (23 —5'3);

X,=Z,tanf; X ,=Z tanf; Y =Z tana;Y,, =72

X,=Z,tanB; X ,=Z ,tanf; Y, =Z tana; Y, =Z

,tana;

tana.

(4)
Ecuaciones diferenciales oscilaciones estd utilizando
ecuaciones de Lagrange.
Para suspendida y no suspendida masa M y m,,
sistema de salida de equilibrio ecuaciones S.

(m%l—chl [2-&]-2k[ 2 _SID+

n4

+[méz_chz[zz_gz]—zkz[z;—éz]}Hz(f); )
(m;§4—2cl,4 [2.-&]-2k,[2, —54]j+

+(m§3_2cp3 [Zs _"53]_2]‘3 [23 _ézJ) =H, (t)

Las ecuaciones de movimiento para un sistema de

coordenadas (Fig. 2, Fig. 3) se obtienen utilizando las
férmulas 3 y 4 sistemas.

Las expresiones Z, para las coordenadas registradas

Después de sustituir estas expresiones en las
ecuaciones diferenciales de equilibrio estdn sistema de
ecuaciones diferenciales 5y 6 obtenido.

Ecuaciones 6 célculo mds completa y concreta de
los desplazamientos (lineales y angulares) piezas de la

(6)

El sistema de ecuaciones 6 describe la dindmica

madquina de tornillo rotativo.

activan mecanismos de suspensiones viscoeldsticas.

Fuerza, horizontal X e Y, a través de la ecuacién de
trigonometria se indican a continuacién a la
fuerzas verticales Z.

H_(t),H,(1),H () — las fuerzas transmitidas a través
de la suspension eldstica viscoso en la carroceria
del vehiculo, desde el impacto de la superficie de apoyo
cuando se mueve la méquina.

M, (1),M,(r), M,(t) — momentos transmitidos a
través de una suspension eldstica viscoso en la carroceria
del vehiculo, desde el impacto de la superficie de apoyo
al mover la maquina..

Sistemas de ecuaciones Sy 6 producido por métodos
numéricos problemas, si los valores de la oscilacion.

Valores derivados empiricamente de la frontera
21525525,245 L5 X5 Yo 0505 356156556556,

Establezca los pardmetros de la maquina (L y B),y
debe determinar los coeficientes de choque resistencia
kikykk, y la rigidez de los elementos eldsticos

C,1,Cy3rCpirCy -
W, 10 | €} =250-10°H/m
M/ c? 8 , < N
L2
o
o) 4

nep. 3
Cr” =210-10° H /m

f '

z,t.r

Fig. 4. La respuesta de frecuencia para diferentes valores de la rigidez de los elementos elasticos.

Después de pasar la solucion exacta del sistema 6, el
método numérico se puede encontraro k C,.

Acepte los términos de la simetria geométrica de
las méquinas rotativas de tornillo y caracteristicas de
uniformidad completos de suspension viscoelastica.

Llevar a cabo operaciones matemiticas permite que
el sistema de ecuaciones Sy 6 a la forma de sistemas de
ecuaciones diferenciales 7y 8.

Sistema Generalizado de ecuaciones diferenciales
toman la forma de la masa no suspendida:

m(251+ sin 8/ L) +2k(2&, — (2, +2,) +sin B/ L) +
+2C, (25, —(z,+z,) +sin B/ L) = H_(1);

m(zéﬁsinﬁ/L)uk(z;—(z'4+z'3)+sinﬁ/L)+ (7)

+2C, (&, —(z,+2z)+sin B/ L) = H_(1).
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Y el cuerpo de la maquina surgido:
MZ°+2k(21 +ti+z +Z-4)_2k(51 +§2 +§3+54)+
+2C, (2, + 2, +2,+2,) = 2C, (5 + &, + &+ &) = H_(1);

Mpfa+ 2Cpb(zl +2z,-z, —23)—2Cpb(’g'l +&-&, &)+ (8)
v L
A2kb(Z, + 2, —za— 23) = 2kb(§, + &, — &, — &) = M, (1)
Mpzz ﬁ"’chl(zl +z,-2, _Zs)_chl@l +8, -6 &)+
H2Ukl (2, + 2, — 2, — 2,) = 2kI(E + &, = &, — &) = M, (1)
Célculo de los sistemas de ecuaciones diferenciales
se llevo a cabo en el programa de calculos matematicos
avanzados MathCAD, pararesolver el problema de Cauchy:.
El resultado de la decisiéon obtenido respuesta de
frecuencia viscoeldstica suspension.

Las caracteristicas de amplitud de frecuencia
muestran en la Fig. 4 para diferentes valores de la tasa de
resorte y los coeficientes de resistencia al choque.

El resultado de los
modelos

desarrollados
AFC, RVM

calculos
matemadticos fueron la
suspension viscoelastica.

Las amplitudes posibles cuadros de estudio para
determinar la influencia de los pardmetros de disefio
de la mdquina y la suspension viscoeldstica en el valor
de la aceleracién de la carroceria en los puntos de
estudio e identificar valores numéricos racionales de las

caracteristicas viscoeldsticas de la suspension.
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Problems of social services persons with mental disorders in Russia

Abstract: The article is devoted to the problem of applicable federal legislation, concerning the interaction

between outpatient psychiatric services and social services, providing social care for mentally disabled people.
Keywords: mental disability, social care, outpatient psychiatric care.

The statistics show every year in Russia, the
number of people with disabilities due to mental
disorders is increasing, 60% of those with disabilities of
working age, more than 80% live in families, improving
their social functioning and quality of life is one of
the most important areas of state policy [1, 5; 2, 50].
Understanding of preference and more effective of
outpatient mental health services is increasing and
support in the community of people with disabilities as
well, compared with long-term stay in closed institutions,
leading to the loss of social skills, excessive restrictions and
reducing in opportunities of rehabilitation, that is often
associated with violation of human rights [8, 3; 10, 253].

The social character of psychiatry necessitates
discussions on measures to improve the quality of mental
health and social care for patients with mental disorders,
involving a broad range of specialists [3, 4; 7, 10; 9, 10S;
11, 146].

Work of outpatient mental health services in the
maximum extent is linked with social services, however,
there remains insufficiently developed mechanisms
of their interaction. Patients in neuropsychiatric
dispensaries who are disabled due to a mental disorder
are usually faced with a significant number of unresolved
problems in the social area (housekeeping, rational
distribution of often poor funds, the organization of
employment and leisure activities). For these patients
the problem of loneliness, lack of development of social
networks is very acute, the existing problems in the

social area come to the fore (lack of documentation,
unregistered facilities, utility debts), high demand for
legal advice. Range of tasks supporting social work ranges
from restoring basic skills for independent existence
(hygiene practices, and self-service, housekeeping, use
of transport, budget allocation, structuring of activities
during the day) to overcoming the shortage of social
skills, that are important for social functioning [8, 4; 11,
148; 13, 40].

Numerous scientific studies have shown that
patients receiving high-quality social services become
more compliance and as a result, reduced severity of
psychiatric symptoms and the need for hospitalization,
which allow resocialise patients, alleviate exacerbations
of the disease, include patients in community life. At the
same time, there is less pressure on the family for the care
of a sick relative [8, 3; 11, 147].

When it is necessary to solve different social
problems, patients and their families appeal to
psychiatrist for medical aid, who is forced to deal with all
the problems of their patients, either directly providing
health services and social support, assistance in family,
housing, legal and other issues that go far beyond the
competence of the doctor. Undoubtedly, the quality of
mental health care is higher if it is complex, with a team
of experts — psychiatrists, psychologists, social workers,
social educators. Multiprofessional approach — one of
the generally recognized principles of mental health care
atpresent [1,9; 7, 8; 10, 12].
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Using the qualitative method of sociology of
medicine case-study classified the situation occurring in
the provision of mental health care. We analyzed 73 cases.
For the application of the method case-study is the
selection of an exemplary embodiment in each individual
case is the main aim.

Psychosocial interventions should be carried out in
close collaboration with outpatient psychiatric services.
However, the current legislation does not provide an
effective mechanism for the interaction of neuropsychiatric
dispensaries and services of social services in the provision
of social services to people with mental disorders. Thus,
according to Article 18 of the Federal Law of August 2,
1995 N122-FL “The social services for the elderly and
people with disabilities” (the Federal Law Ne 122-FL),
procedure and conditions of socio-medical care at home
are determined by the executive authorities of the Russian
Federation [S, 3198]. In pursuance of this provision, first
joint order of the Office of Social Security of the Volgograd
Region Administration and the Committee on Public
Health Administration of the Volgograd region was issued
from September 21,2007 NN942 464 “The collaboration
of outpatient health care facilities and public institutions
of social of social services is to improve the health and
social care for elderly people and people with disabilities at
home” [4]. But this order did not establish the mechanism
of interaction between health care and social services on
this subject, limited to only certain general provisions
relating to the promotion of one other service. There is
no such mechanism in the new order of Ministry of Health
of the Volgograd Region November 19,2013 N° 3132 and
the Ministry of Social Protection of the Volgograd
Region November 21, 2013 N° 1167 «On approval of
the interagency cooperation on issues related to the
provision of senior citizens and the disabled state social
service agencies for social services Volgograd region> [6].

The mechanism of interaction between the two
services (outpatient mental health and social) is not
established aswell asin the state standard of social services
of the Volgograd area “Socio-medical rehabilitation of
the elderly and people with disabilities in non-stationary
conditions,” approved by the Order of the Ministry
of Social Protection of the Volgograd Region 4 June
2012 N343 [12]. In addition, the current legislation
leaves unanswered some issues related to the provision
of citizens with mental illness, social services at home.
For example, Article 18 of the Federal Law Ne 122-FL
provides the possibility of social and medical care at
home, which may be exercised in respect of the elderly
and people with disabilities who need home-care

services, including with mental disorders (in remission)
(with the exception of the diseases mentioned in the
fourth part of Article 15 of the Federal Law N¢ 122-FL).
At the same time 4 part 15 of the Act, it is found that
senior citizens and the disabled, who can have a severe
mental disorder requiring treatment in specialized health
care facilities, may be denied an access to social services
at home [S, 3198]. Thus, the law establishes that the
socio-medical home care services for senior citizens
and people with disabilities, mental health problems,
may be exercised only in finding them in remission.
Moreover, the current legislation provides that senior
citizens and people with disabilities may be denied in the
socio-medical care at home, if they have a severe mental
disorder requiring treatment in specialized health care,
regardless of their remission. However, the law does not
prohibit the provision of such citizens, and provides
them the right to refuse in providing of services to the
social-medical care, leaving the implementation of such
rights at the discretion of social services. Use of these
provisions in practice has a direct impact on the rights of
citizens with mental disorders, as these norms establish
the possibility of home care of individuals suffering
from mental disorders. Moreover, if Article 15 of the
Federal Law under consideration, determines that the
denial of social services at home for senior citizens and
people with disabilities, mental disorders, is confirm by
the conclusion of a joint body of social protection and
medical and health care advisory committee, so on the
basis of document or manner determined by finding
the citizen with a mental disorder, in remission, the
current legislation does not set. At the same time, being
a citizen in remission or subacute state of mental disorder
may be relevant to the giving or denial of social services
at home to citizens suffering from mental disorders.
The complexity of the application of the above
rules of law may be illustrated by the following
example. The patient G. from 198S is observed in
the psychoneurological dispensary about chronic
mental illness. During the disease was permanently
treated once in 1989 in inpatient hospital, since
2002 does not accept drugs, has a disability in
mental illness. In connection with the medical condition,
the patient a few years ago had surgery — amputation of
his right leg at the level of the lower third of the thigh.
Regional guardianship agencies asked the court about
the recognition G. incapacitated due to mental illness.
However, the judge did not find the arguments about
the impossibility of the patient to understand the
significance and control her actions convincing, G. was
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declared incapacitated. Thus, patient G. was in a situation,
where she needed social support. It should be noted,
that the patient’s mental illness is clinically expressed
only in human thinking. She, in a special way, ornately
was building inferences, in fellowship was intrusive and
suspicious of people. At the same time she did not have
aggressive tendencies, active delusional production.
Nevertheless, G. caused ambiguous relation by social
workers, as always a few calls to the establishment of
the Department of Social Protection in detail figured
out the identity of the employee who came to her,
with himself thoroughly assistant, citing the current
legislation, discussed the normal number of cooked
meals, of cleaning the apartment, grocery shopping.
Therefore, in every possible case, social workers tried
to find a reason not to give her in-home services. Every
month in neuropsychiatric institution of the place of
residence G. sent letters to attract the district attention
of psychiatrist for the issuance of a negative conclusion
of the medical commission of the need of socio-medical
care and home care. However, according to Article
15 of Federal Law Ne 122-FL, contraindications of the
psychiatric disease were out.

This case is one of the examples, where the
presence of a mental disorder can not be an automatic
contraindication to social services at home. Although,
the patient is disabled by mental illness, her mental
disorder is can not be considered as severe and require
treatment in a specialized institution. At the same time,
itis clear, that the difficulties encountered by the expert
of social services, not having sufficient knowledge and
skills to communicate with patients with mental health.
Through ignorance of the laws of development and
manifestations of mental disorders, many social workers
are afraid of patient, expecting of him any inadequate
response, including illegal actions. Social worker,
received theoretical and practical skills of working
with persons with mental disorders, whom explained
features of the medical, ethical and legal aspects of
care for the mentally ill patient, would experience
less difficulty in dealing with this patient. A trained
specialist can perform additional special psychosocial
activities (skills training for independent living,
psychoeducational program with elements of cognitive
training, training of social and communication skills),
which can significantly enhance the ability to assist the
mentally ill with disabilities.

There are cases, where social services at home
receives a citizen, living with a mentally ill relative. At the
same time social services refer to a mental hospital for a

“resolution” for further service of the citizen, considering
that sick relative can be dangerous for the social worker.
Such situations are not regulated by current legislation.
It turns out, that it is impossible to determine the reasons
for limiting the right to receive social services at home
citizen, based on the mental state of living with his family
members.

Thus, the problems associated with the issues
of interaction of outpatient mental health services
and social services may include: lack of a clear legal
mechanism for the interaction of medical and social
services, lack of training, education and prejudice against
a social service professionals to work with persons with
mental disease. This points to the need to improve
existing legislation, such as the inclusion in the Federal
Law Ne 122 [5, 3198] special rules, which clearly define
the conditions and regulatory features of social assistance
at home to citizens suffering from mental disorders.
In addition, at the level of the Volgograd region it is
necessary to adopt a legal act, regulating the procedure
and conditions for socio-medical care at home. Such
order should contain a clear mechanism for interaction
hospital staft and social services with specific measures
of interaction, the timing of certain actions within the
framework of this cooperation and containing features
providing social-medical home care of persons suffering
from mental illnesses or people living with the persons
with mental disorders.

It is necessary to create a separate specialized
service, or a new division of the existing social services,
consisting of medical workers (psychiatrists), adequately
trained professionals in social work and social workers,
functioning on a territorial basis. Therefore, it is necessary
to establish a system of targeted training and retraining
of staff of social workers for mental health. Also existing
legal regulation of social care to patients with mental
disorders should be supplemented with rules, regulating
the activities of organizations, that are based on private
ownership.

Commitment to the partner multiprofessional
approach in providing mental health and social care
for people with mental illness, with the creation of
a broad coalition, including patients, their families,
doctors and social workers, the understanding of high
priority of the patients needs and their environment, the
development of clear methods of interaction between
different participants in the process, the ability to take
timely necessary changes, will be key to improving the
quality of life of one of the most unprotected categories
of people — the mentally ill people with disabilities.
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Features of formation of bases of a healthy lifestyle
among pupils with intellectual disabilities

Abstract: For children with intellectual disabilities, as well as for all schoolchildren, it is very important to take
care of your health and live a healthy lifestyle. In the literature there is a sufficient amount of research on this topic.

In this article we have tried to do a review of such studies.

Keywords: school-age children with intellectual disabilities, healthy lifestyle, health indicators.

A healthy lifestyle today is a priority direction of
educational and social policies around the world, includ-
ing in Kazakhstan. This is related to the spread of the bad
habits of the population and an increase in morbidity.
The state of health negatively affects unfavorable environ-
ment, changing people’s attitudes to their own health and
the health of others, poor nutrition, lack of knowledge
of the population in the conservation of health. Particu-
larly important in this regard is the development of skills
strengthening of their health in the younger generation.
To solve these problems is referred to the State health
care reform program of the Republic of Kazakhstan for
2011-201S “Salamatty Kazakhstan” [1,9-12].

In recent years, in the Republic of Kazakhstan, as well
as in many other countries, are noted an increase general
morbidity pupil, participation anemia, diseases of the di-
gestive and respiratory systems [2, 12-15].

Healthy lifestyle — a concept of human activity aimed
atimproving and preserving health through proper nutri-
tion, physical fitness, morale and avoiding harmful habits.
On expresses a certain orientation activities of the individ-
ual towards the strengthening and development of person-
al (individual) and public health. According to the famous
scholar Y. P. Lisitsyn, who is a recognized authority in the
field of preventive medicine and sanology, human’s health
for S0-55% is determined by the conditions and way of
life, 25% — environmental conditions, 15-20% is due to
genetic factors, and only for 10-15% — to activities the
health care system [3, 6-9].

In creating a healthy lifestyle in the educational pro-
cess we can pick out following directions [4, 51-58]:
formation of readiness to manage your own health; to
have a correct idea of your own organism’s condition;
formation motivational component.

Components of a healthy lifestyle are well known:
the correct mode of the day, the alternation of work
and rest; adequate sleep; a balanced diet; physical ac-

tivity; hardening; no bad habits. Accordingly, the rules
of a healthy lifestyle must be observed in all spheres of
life — in school (work), in society, in the family and at
home, on holiday. Also it’s very important to cover with
all stages of education, including preschool, school, etc.

Particularly important is the inculcation of skills to
care for own health to children with intellectual disabili-
ties, as awareness of the necessity to take care of their
own health is not easy and is stored for a short while
due to their features. This issue is also relevant in view
of the fact that people in this category related pathol-
ogy occurs twice as often. In many countries in order
to solve this problem are realized different reforms and
programs [S, 167-177], [6,405-407], [7,70-82]. And
so it’s necessary to improve the competence at conserva-
tion and improving their own health, not only the pupils
of providing general education schools, but also among
the secondary schools’ pupils. We know that children
with intellectual disabilities have a number of features in
the development of skills. They cannot independently
analyze and draw conclusions from the information
obtained in everyday life. In this regard, they need spe-
cially organized assistance. Of course, this also applies
to health issues, compliance with a healthy lifestyle [8,
5-9], [9, 380-384].

In the literature one can find examples of the multi-
center study of people’s health condition with intellec-
tual disabilities. They point that necessary to study and
monitor health indicators of this people’s category. Inclu-
sion of people with intellectual disabilities in the massive
public health research is very important as an important
mechanism to identify health differences among this
population. Despite the presence of a significant amount
of scientific evidence of the existence of differences be-
tween the health of children with intellectual disabilities
and their peers, they are almost always excluded from
the mass monitoring of public health. Therefore, these
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rare studies are very important [6,405-407],[7,70-82],
[10,858-872]. These can, for example, consider the fol-
lowing indicators of Health Status: Body Mass Index;
Oral Health; Sensory Impairments; Mobility Difficulties.
Also estimated the determinants of health such Health
Determinants, as: Physical activity; Lifestyle Indicators;
Challenging Behaviour; Medication.

Such studies are very important because they provide
an opportunity to understand more about the physical and
mental health of people with intellectual disabilities. Such
data will help experts to develop effective measures to pro-
vide persons with intellectual disabilities the same chance
to spend a good, healthy life, as well as all other people.

In educational programs for pupils with intellectual
disabilities are included compulsory subjects, by study-
ing this subjects is given information about healthy
lifestyles. For example, in a program for children with
mild intellectual deficiency in the disciplines of “The
World Around,” “Social and consumer orientation,” “Hu-
man and Society” in a number of topics and issues cov-
ered by sections devoted to health and a healthy lifestyle.

In the study of these topics in the first stage it is nec-
essary to stress the importance of information and skills
that pupil should master. At this stage it is necessary to
focus the attention of children with intellectual disabili-
ties on caring for your own body, the organism. The sec-
ond step is to choose the methods and techniques to gen-
erate interest in the implementation of these skills into
practice, to stimulate children’s desire to realize them-
selves in life.

In the next step it is important to consolidate the
knowledge, skills generated by monitoring their im-
plementation in everyday life, especially in a boarding
school.

As pointed out by well-known psychologists as
L.S. Viygotsky, Zh.I. Shif and others, you can not lose
sight of the fact that the using experience, gained in the
daily life of children, gives a significant improvement of
learning outcomes in the formation of theoretical con-
cepts. Any notion easier to digest child if he survived
this phenomenon in real life, have experienced this in
practice. Usually seem boring facts acquire importance
and begin to cause the pupil interest, if they relate to him
personally. Thus, it is important not only to build knowl-
edge in children, but also teach them how to go beyond
the learning situation. For this purpose it is possible to
model the new situation. Joining children with intellec-
tual disabilities to various spheres of life enriches their
experience and increases the active participation in so-
ciety for positive activities.

The studies of knowledge and skills related to their
own health among pupils with intellectual disabilities
have allowed to reveal insufficient level of mastering
the fundamentals of a healthy lifestyle. This was the
substantiation of necessity organization and further
work in this direction to improve the efliciency of
teaching children.

According to the curriculum of the schools is pos-
sible to conduct optional classes every week. As such a
subject we can enter the basics of a healthy lifestyle. As
the extracurricular activities are optional and have an ad-
ditional character, they are characterized by number of
advantages. The teacher is free to choose the structure
and form of the training that expands the possibilities
for effective and systematization of this lesson on basic
program’s material.

Communicating with children takes place in a re-
laxed atmosphere, so disclosed creative abilities of chil-
dren, all of this ultimately helps to improve the quality
of the educational process. Systematically carried out
elective classes allow more intensive development of
cognitive and creative abilities of pupils, to establish a
relationship between an adult and a child. In such con-
ditions it is better able to analyze situations from their
own life experiences of each child and accordingly select
the individual recommendations for the implementation
of tasks to strengthen knowledge and skills of health pro-
motion. Children with intellectual disabilities will realize
the value of their health, based on personal experience.

Problem of the formation of behavior characteristic
of leading a healthy lifestyle can not be solved only by
means of influence on the child should be involved in the
process and also the surrounding social environment. In
schools, the important point is coordinated joint activi-
ties with teachers medical personnel, such close coopera-
tion allows the teacher to learn more about the physi-
cal health of each child’s comorbid conditions and take
them into account when planning elective classes. Laying
the foundations of a healthy lifestyle for children with in-
tellectual disabilities are characterized by difficulties in
the practical implementation of theoretical knowledge,
lack of awareness of their personal role in the preserva-
tion and promotion of health.

Thus, to improve the efficiency of the pedagogi-
cal aspects of teaching healthy lifestyle skills of pupils
with intellectual disabilities include the following mea-
sures: organization of elective classes to complement the
core curriculum at school using personality oriented ap-
proach and visual ‘action’ methods; compliance with the
stages of formation and development of the knowledge
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and skills of pupils, the use of motivational component, = medical staff, exchange views and consulting with them

teachers work in close cooperation with caregivers and  to improve the results of their activities.

10.
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La technologie de fabrication des produits semi-
finis congelés avec I’introduction d’additifs

Résumé: Dans larticle, des résultats expérimentaux sur 'impact de la pectine comme crioprotecteur sur les
propriétés rhéologiques de la pate et les parameétres physico-chimiques de la qualité du pain dérivé des produits

semi-finis congelés sont présentés.
Mots clés: pectine, levain, pates semi-finis, pain.

Létape actuelle du développement de la filiére pain
retrouve de nouvelles orientations dans la technologie du
pain telle que la conservation des stocks de pate a I'état
congelé [1, 68,2, 35].

Cependant, lors de la transformation des
produits de pain semi-finis se reproduisent des
phénomeénes indésirables telles que la dénaturation
et l'agrégation des protéines, qui provoquent la perte
de leurs propriétés fonctionnelles, pourtant les
cellules des levains perdent leur vie sous I'impact de
la présence des cristaux de la glace et de la perte de
I'humidité.

Clestpourquoiil estutile d’utiliser des crioprotecteurs
lors de la conservation a Iétat congelé, des produits de
pain semi-finis [2, 50, 3, 60].

Pour corriger et conserver les propriétés optimales
de la pate et du produit fini, souvent on utilise des
crioprotecteurs — ayant la nature glucidique tels que la
fructose et la sorbite.

La pectine fait parti de ce groupe. Nous avons dirigé
des expériences pour étudier la possibilité d'utiliser
la pectine comme crioprotecteur dans la technologie
du pain dérivé du blé a partir des produits semi-finis
congelés et en méme temps comme un accélérateur de
l'action anionique [4, 149, 5, 1174].

A la suite d’une analyse profonde de différente sorte
des processus qui se passent a différentes stades du
processus technologique, la haute qualité du pain dérivé
des produits semi-finis peut étre atteint.

C’est pourquoi nous avons mené une expérience
avec l'appareil pharinographe pour étudier I'impact de
la fructose, sorbite et de la pectine sur les propriétés
rhéologiques de la pate. Pendant I'expérience nous avons
utilisé la farine du pain de haute qualité.

On a étudiél'influence des additifs en quantité 0,5%;
1,0%; 1,5%, 2% (en fonction de la masse de la farine).
Les meilleurs résultats des propriétés structurelles et
mécaniques ont été obtenus lors de l'introduction des
additifs en quantité de 1,5%, (tableau 1).

Tableau 1 — Parameétres structurels et mécaniques de la pate aprés ajout de différents crioprotecteurs.

Pharinographe
Exemple Capacité Temps de for- | Stabilité | Dilution de la pate, | Baaopume-
d’absorption | mulationdela | delapite, | E.®. (epunun da- TpUYecKas
de l'eau,% pate, min. min. punorpada) OlLieHKa

controle 64,7 8,5 11,5 85 68
contoéle + pectine 1,5% 69,8 10,0 12,5 75 76
controle + fructose 1,5% 64,8 7,0 12,0 70 62
controéle + sorbite 1,5% 65,0 8,5 13,0 80 68
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Lanalyse des données montre que l'utilisation
de la pectine lors de 'humidification de la pate méne
a l'augmentation de capacité d’absorption hydrique
de la farine dans tous les exemples d’expériences en
comparaison avec celui de contréle. Laugmentation de
la capacité d’absorption hydrique de la farine lors de
l'utilisation de la pectine s’explique par une formulation
du complexe protéino-polysaccharides capable de se lier
a leau. La présence de la pectine fixe I'eau dans un état
lié, optimisant ainsi le rapport entre I’humidité libre et
celle liée dans la pate, par conséquent les membranes
glutineuses deviennent minces, élastiques, s’élargissent

facilement et ne se déchirent pas, ce qui s’explique par
une haute estimation valorimétrique qui caractérise les
propriétés élastiques de la pate [7, 258, 8, 68].

Lanalyse de 'impact des additives tels que le fructose,
la sorbite, et la pectine sur la capacité de la farine a été
menée avec l'appareil alveographe du groupe Chopin. Le
dosage des additifs a été effectué lors de 'humidification
dela farine, pour cette fois et dans les expériences passées
0,5; 1,0; 1,5%, 2% (en rapport avec la masse de la farine).
Les résultats sur la force de la farine montrent que les
meilleurs donnés ont été obtenus lors de I'introduction
de 1,5% par rapport 4 la masse de la farine, (tableau 2).

Tableau 2 — Variation des parameétres de la force de la farine lors de I'introduction des crioprotecteurs

Alveographe
exemple Force de la farine Pression maximale excedentaire, Mm rapport P/L
contrdle 227 71 0,70
controle + pectine 1,5% 245 95 1,40
controle + fructose 1,5% 225 65 0,57
controle + sorbite 1,5% 230 67 0,62

Comme les résultats représentés dans le tableau 2 le
démontrent, I'introduction du fructose dans la pite,
méne a la diminution de la force de la farine en com-
paraison avec I'exemple de contréle. En cas d’ajout du
sorbite lors de I'humidification de la pite on remarque
un effet positif — augmentation des parametres de la
force de la farine. Les meilleurs resultats ont été obtenus
lors de I'introduction de la pectine.

Les propriétés élastiques de la pate se caractérisent
par une relation entre (P/L (P — élasticité, L — élon-

gation de la pate). Ce paramétre était meilleur quand on
ajoutait la pectine avec une dose de 1,5%, en cas d’ajout

Le processus peut se réaliser avec différentes va-
riations de temps et de températures. Lors des expé-
riences visantala détermination des conditions optimales
de la décongélation, nous avons mené une comparaison
entre deux régimes: la premiére était de faire une décon-

dela sorbite et du fructose ce paramétre restait égal ou in-
férieur a celui de contrdle [9, 1255].

Les principaux changements structurels des
conserves de la pate pendant la congélation et la décon-
gélation sont la conséquence de I'action d’une tempéra-
ture négative sur les complexes protéiques, complexes
glucido-amylase de la pate du blé ainsi que ’état des cel-
lules de levures [10, 93, 11, 94].

En vertu de ce qui est énoncé en haut, il convient de
dire que la décongélation des produits de pate dispose
des particularités.

Figure 1 — impact de la décongélation sur la qualité
des produits semis fini (décongélation dans le VHF:

1 — avec ajout de la pectine,
2 — avec ajout de la sorbite,
3 — avec ajout du fructose

4 — exemple de contrble;
Décongélation dans des conditions du milieu:

5 — avec ajout de la pectine,
6 — avec ajout de la sorbite,
7 — avec ajout du fructose,
8 — exemple de contrdle.)

gélation quand la température du lieu était de 22-25°C,
la deuxieme procédait a la décongélation avec le VHF
(CBY) (fréquence tres élevé).

Les échantillons d’analyse étaient des exemples de
pate mélées de levures avec différents crioprotecteurs,
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qui ont été ajoutés pendant I’humidification en quantité
de 1,5% par rapport de la masse de la farine, figure 1.

Il convient de souligner que lors de la décongélation
dans un milieu de VHF, le processus de la fermentation
de la pate avec de la pectine était plus intense et se passait
trés rapidement par rapport aux autres cas. Dans les
conditions du milieu, le processus de la décongélation
des stocks de pate avec la pectine aussi se passait trés
activement en comparaison avec d’autres cas.

La durée de repos des stocks de pate congelés
aprés la décongélation s’élargissait par rapport au
procédé traditionnel. Cela étant lié aux températures
tres négatives des stocks de pite décongelés, étant
donné une diminution de la capacité de rétention des

gaz et de l'activité des levures sous l'effet du processus
de la décongélation [12, 152, 13, 188]. Les résultats
des expériences ont montré que la cause d’une
fermentation irréguliére peut étre due a une grande
différence de température dans la péte utilisée pour la
fabrication des gateaux.

Le dépot des produits semi-fini congelés et
décongelés au VHF faisait 35-40 min, dansles conditions
du milieux, temps de deposage 85-90 min. les stocks de
pate reposées ont été cuis a 210°C.

Dans les produits préparés on a procédé a la
détermination des parameétres physicochimiques de la
qualité (tableau 3).

Tableau 3 — Paramétres physicochimiques de la qualité du pain dérivé des produits semi-finis congelés.

N d Décongélation au THF (8 CBY) Décongélation dans les conditions du milieu
om es
. . Avecdela | Avecdu | Avecdu . Avecde | Avecdu | Avecdu
parameétres controle . _ controle _ _
pectine sorbite | fructose la pectine | sorbite | fructose
humldlte de la fa- 2,4 43,0 43,5 42,3 41,6 40,0 40,5 41,5
rine,%
Lacidité de la} ) ¢ 1,6 1,4 1,6 1,6 1,4 1,6 1,6
farine, grad.
Porosité de la
. 77,1 81,4 78,6 77,0 77,4 78,2 73,8 74,8
farine,%

En vertu de l'expérience, on a pu découvrir que lors
dela décongélation des pates prétes comme dans le VHE,
comme dans les conditions du milieu, les meilleures
caractéristiques de la qualité se remarquaient chezle pain
auquel on a ajouté de la pectine. La valeur organoleptique
des pains obtenus montre le nombre des parameétres —
couleur, volume, gout, arome. Le meilleur était l'exemple
avec la pectine figure 2.

Ainsi, avec les expériences faites on conclut que la
pectine peut étre utilisée comme crioprotecteur dans la
technologie du pain a partir des produits semi-fini congelés.
Lajout de la pectine améliore la capacité de production et
de rétention des gaz par la pate, et conséquemment influe
sur la dispersion de I'’humidité libre dans la pate, ce qui
aide a lutter contre la formulation des cristaux de glace, qui
nuit a la structure de la glutene et comme conséquence,
obtenir un produit fini de haute qualité.
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Perfectionnement de la technologie des saucissons fumés

Résumé: Des résultats affirmant la technologie d'intensification des saucissons fumés, en traitant des cultures
de depart (microorganismes) et de la matiére premiére de viande par des champs magnétiques de faibles fréquences
sont presentés.

Les mots clés: microorganismes, saucissons fumés, matiéres premiéres de viande, traitement électromagnétique.

Ces derniéres années, le succes de la recherche sci-
entifique dans le domaine de la biotechnologie a amené
a Iélaboration de nouvelles technologies, qui ont per-
mis d’accélérer la production des saucissons fumés,
ont améliorés leurs propriéties organoléptiques et ont
considérablement augmenté la garantie de fabrica-
tion des produits de haute qualité. Un des moyens de
I'intensification du processus de fabrication des saucis-
sons fumés est l'utilisation des microoganismes [1, 25,
2,1150].

Pour élaborer la technologie perfectionnée des sau-
cissons fumés, nous nous sommes fixés les tiches sui-
vantes:

— Lintensification du processus de fabrication par
accélération de la maturation des saucissons.

— La destruction de la microflore indésirable et
'accélération de la croissance des microorganisms de
maturation de la viande.

— Obtention d’un produit de haute qualité.

— Lutilisation des résultats proposés dans
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n'importe quelle industrie sans aucune préparation
considérable [3, 45].

L'approbation des resultats au niveau industriel a
été realisée dans une enterprise de transformation de
la viande «ZAO TIHARECKII>» conformément aux
specifications techniques «ST 9213-006-00422020-

2002 «les Saucissons fumés a moitié secs. Les specifi-
cations techniques », ont été élaborées par les specialistes
de cette entreprise. Pour réaliser I'approbation industri-
elle de nos expériences, nous nous sommes choisi une
pharmacopée du saucisson «TIHARECKII>», qui est
présentée dans le tableau 1.

Tableau 1 — pharmacopée du saucisson fumé «TIHARECKII»

Nom de la matiére premiere et des ingrédiants | controle | expérience
Matiéres premiéres et ingrédiants, kr (pour 100 kg de matiéres premiéres)
Boeuf graisseux de haute qualité 40 40
Porcs & moitié graisseux 35 35
Colonne vertébrale latérale graisseuse de porc 25 25
Au total: 100 100
Les épices et les ingrédiants, g (sur 100 kg de matiéres premiéres non salées)

Sel de cuisine 3200 3200
Un fixateur du colorant: nitrite de sodium 10 10
Sucre-cristal 500 500
Cardamome ou noix de muscade 50 50
Poivre noire ou blanc moulu 150 150
Poivre odorant moulu 50 50
dextrose 400 400
Microorganismes de maturation de la viande: «Aapmu 2> 20 15
Rendement du produit fini% 64,0 64,0

D’aprés nos résultats préalables expérimentaux
(4,79, 5,790, 6,217], on a opté par utilisation d’une
quantité minimale de microorganismes de maturation
afin de garantir une fermentation normale. C’est pour-
quoi dans le modéle étudié nous avons utilisé une plus
petite quantité de microorganismes de maturation de
15g de masse. Puisque une instruction technologique
donne la possibilité d’utilisation des microorganismes
de maturation, on a pris une décision de mener une

comparaison entre les pharmacopées possibles 7,
1135,8,1119].

Pour la partie expérimentale, les matiéres premiéres
de viande ont été préalablement mises dans un fit ne
dépassant pas une épaisseur de 30 cm et ensuite ont été
soumis sous un traitement électromagnétique de faible
fréquence, avec une fréquence de 100 Hz pendant 30 mi-
nutes et ont été achemines dans un congélateur sous une
température de moins de 3 + 2 °C pendant 8—12heures.
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Le dessin 1 — variation de la valeur de pH, pendant le processus de
la précipitation, fumage et séchage des saucissons
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Apres Iécrasement de la viande du beeuf, pour la partie
expérimentale, onaajouté desmicroorganismes de maturation
Anpmu 2, activés alaide d’'un champ électromagnétique puis
laviande a été écrasée pendant 0,5—1min, puis on a ajouté des
épices, du sel de nitrite de sodium, on a encore écrasé la viande
2 a 3 fois, puis on a ajouté la viande de porcs, on a écrasé
pendant 0,5-1min jusqu’a obtenir une viande réguliérement
écrasée, on a ensuite ajouté une graisse salée de porcs et
écrasé encore 0,5-1min. D’autres opérations techniques ont
été réalisées conformément aux spécifications techniques SP
9213-006-00422020-2002.

En vertu de lapprobation des expériences au
niveau industriel, on a relevé trois paramétres a savoir:
le pH, la teneur en humidité, et les microorganismes.

Les parametres de la variation de la valeur pH sont
présentés sur le dessin 1.

Comme on le Remarque sur la figure 1, la diminu-
tion du PH pendant les premiéres étapes de produc-

tion se passe rapidement dans la partie expérimentale.
Cela est influencé par une rapide augmentation des
microorganismes de maturation qui ont subi une acti-
vation a I'aide de I’énergie électromagnétique de faible
fréquence.

La vitesse de séchage dépend de plusieurs facteurs:
pH delaviande hachée, temperature, I'humidité, et la vi-
tesse de déplacement de l'air [9, 1710, 10, 94].

Lors de la production des saucissons fumés, en pre-
mier lieu, la précipitation se passe avec une légére orien-
tation de la valeur de pH vers les valeurs acides.

L’approche du pH de la viande hachée vers le
point isoélectrique diminue la capacité des liaisons hy-
driques ce qui augmente la libération de I'humidité vers
I'extérieur [11,225].

L'analyse de la figure 2 montre que la libération de
I'humidité augmente pendant le fumage pour tous les
exemples analysés.
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Le dessin 2 — Parameétres de la teneur en humidité en fonction de la durée de séchage

Cependant pour la partie expérimentale, la perte de I'humidité se passe tres rapidement. La diffusion de I"’humi-

dité a partir du centre vers les couches externes de la viande se passe trés rapidement en cas de conservation des

microorganismes dans la viande hachée [12, 779].

La croissance des microorganismes des saucissons a partir de I'établissement de la viande hachée jusqual'obten-

tion du produit fini est définie dans le tableau 2.

Tableau 2 — variation quantitative des microorganismes des saucissons aucour de la production

Période dexpérience Quantité des microorganismes « KMA®A#M KOE/g>dans le produit
P controle expérimental
1 2 3

Vlantde hachée apreés établisse- 33 % 10° 21x 10¢

ments

Saucisson avant fumage 3,5x10° 2,4 x 10

Saucisson aprés fumage 1,2 x 106 9,0x 10°

Saucisson au 3e jour de séchage 8,1x10° 1,0 x 10°
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1 2 3
Saucisson au Se jour de séchage 9,3x10* 2,0x 10*
Saucisson au 11e jour de séchage 5,1x10°3 4,0 x 102
Saucisson au 15e jour de séchage 8,4 x 10* 3,0 x 10*
Lintensification = de la  croissance  des Lestimation des caractéristiques qualitatives du

microorganismes dans les saucissons fumés selon la
partie expérimentale sexplique par une activation
préalable des microorganismes a laide d'un champ
électromagnétique de faible fréquence, étant donné que
les microorganismes étaient d’'abord ajoutés.

Une croissance intensive des microorganismes
provoque une production intensive de l'acide
lactique et une diminution de lacidité (pH) de
la viande hachée. Ainsi une forte croissance des
microorganismes inhibe la croissance des bactéries
pathogenes. C’est tres utile lors de la maturation
rapide des saucissons [13, 1725].

produit fini.

La durée et les conditions de conservation des
saucissons que nous avons fabriqués se réglementent
selon les spécifications techniques ST 9213-006-
00422020-2002.

En vertu du MYK 4.2.187-04, nous nous sommes
choisi des points de repére sur lesquels nous avons mené
une suite d’expériences.

Cespoints de repére surlesquels nous avons mené des
expériences pour savoir |'état sanitaire, épidémiologique,
la durée et les périodes de conservation des saucissons
sont présentés dans le tableau 3.

Tableau 3 - les points de repére sur lesquels on a mené des expériences.

Température Période de validité La périodicité du controle — le,s Points de controle
expérimentale roposée de la tenue des expériences
P Prop Les jours de la conservation

Ne dépassant pas +15 °C 30 jours fond | 10 | 20 | 30 | 39

Certains des parametres de la qualité des saucissons
représentent les parameétres organoleptiques du produit.
Lestimation de la qualité organoleptique du produit fini
a été réalisée dans une boucherie: «TTHARESKII>.

aspect
Extérieur
5 4
~4 .
Estimation g
generale & e
golt

consistence

Les données des paramétres organoleptiques pour les
échantillons de controéle et expérimentale sont présentes
dans le dessin 3.

o Couleur

—i—contrile

expérience

_Aodeur

Le dessin 3 — Profile organoleptique des saucissons finis selon I’échelle de cing points

Au cours de la dégustation on a constaté que I'échan-
tillon expérimental avait une consistance plus dense.
Les données de la dégustation sont confirmées par les
expériences sur les caractéristiques structurelles et méca-
niques du produit fini. Pour les saucissons expérimen-
tés 'effort de découpage faisait 559,59 kIla, et ceux de
contrdle 478,56 xITa.

Les résultats de la recherche démontrent une consis-
tance solide du saucisson expérimenté.

On a conclu qu’en utilisant un champ électromagné-
tique de faible fréquence, la durée du processus de pro-
duction des saucissons diminue de 7jours et fait seule-
ment 14 jours. De ce fait les paramétres organoleptiques
et la consistance s’améliorent.
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Testing selection materials of fodder beet in response to their
resistance to the agents causing Cercosporosis (Cercospora
beticola) and powdery midlew (Erysiphe betae)

Abstract: The research work on the illnesses definitions was conducted in the experimental fields of the Agricul-
tural Institute — Shumen in the period 2012— 2013 r. Object of research were 36 selection materials (hybrids, lines
and sorts) tested for resistance to the agents causing cercosporosis and powdery mildew. The fields trials are outlined
on schemes according to the block method, with size of the experimental field — 10,8/m?, on natural infectious
background. The records are three and are conducted in 10 days based on 100 plants from different variants after
the appearance of the first symptoms. The intensity of the infections is recorded via scale from zero to five. For the

calculation of the infestation index was used the formula of Mc Kinny. It was found that:

— The tested selection materials of fodder beet proved to be resistant to powdery mildew and sensitive to cer-

COSpOorosis.

— Most sensitive to the agent causing cercosporosis (Cercospora beticola Sacardo) are the fodder beet hybrids

NC 222 X802 and MC19-30X435g,.

— Most resistant to powdery mildew (Erysiphe communis f.ssp. betae) are the fodder beet selection materials

MC 201 and MC 211 R.

Key words: fodder beet, resistance, cercosporosis, powdery mildew, artificial infectious background.

Introduction

The fodder beet is a culture, which much like the
sugar beet, is often infected by different illnesses. High-
ly injurious for the fodder and sugar beets are the cer-
cosporosis, powdery mildew, cutting, and decay. Under
favorable conditions, these illnesses can lead to serious
decrease of the produce and quality, and quiet often
to full crop failure. [2, 14-18]The cercosporosis and
powdery mildew are most economically significant for
a country with beet production. [4,19-21]. During in-
festation with cercosporosis (Cercospora beticola), the
produce is decreased with 14% — 22,2%, and the dry
matter — with 0,5-0,8 points [3,28-31]. Many trials
have been conducted for the study of the resistance
mechanisms of the fodder and sugars beets to the agents
causing cercosporosis. [ 5,120; 8,345;10,125]. The genet-
ic dependency of the resistance to cercosporosis, as well
as the specific immunologic reactions of the beet selec-
tion materials are also constant object of study. Even in

1950, makes genetic analyses of 17 hybrids of fodder and
sugar beet and their parent forms. He concludes that the
resistance to cercosporosis has intermediate character
of inheritance [11,27]. Bio — ecological researches
have been conducted in our country, connected with the
cercosporosis on the sugar beet and phytopathological
evaluation of the sugar beet selection materials [9,3881].
The data obtained give reason the author to conclude
that the isolated pathogens from different regions have
different activity and damage. Kikidonov [6,38] con-
cludes in his researches that the induced haploid is ef-
fective method for finding recombinants, combined
with genes with higher illness resistance. In Bulgaria, the
powdery mildew is the second economically significant
disease after the cercosporosis [1,16-19]. In some re-
gions of the country, the powdery mildew appears almost
each year, especially in years with scarce. The powdery
mildew decreases the produce with 12,3% — 18,6%, and
the dry matter with 0,3-0,5 punts [3,28-31]. Regard-
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ing the resistance mechanism to this illness, the prevail-
ing is the opinion of Wynnq (1986), that to a great ex-
tent, the resistance is genetically conditioned [9, 3881].
The di — haploid lines are also found to be resistant to
the illness that is handed to the hybrids, with them as
parent components [6, 59].

The aim of the present research is to evaluate the
selection material of fodder beet under field conditions
and on natural background development of the agents
causing cercosporosis and powdery mildew.

Materials and methods

The research work on the illnesses definitions was
conducted in the experimental fields of the Agricul-
tural Institute — Shumen in the period 2012- 2013.
According to Penkov [7, 59], soil type in the area is
carbonate black earth, with strong humus horizon. The
mechanical content is heavy sandy clay with 30-60%
physical clay. The soil is loose and well aerated. When
moisture swells slightly and cracks, but does not form
harmful crust. On the field, on natural background of
development of the agents, was recorded the appearance
and development of the illnesses on the fodder beet se-
lection materials. Object of examination were 36 selec-
tion materials (hybrids, lines and sorts). For comparative
characterization were included eight sugar beet selection
materials and two beet selection materials. The fields’ tri-
als are outlined on schemes according to the block meth-
od, with size of the experimental field — 10,8/m* 3a For

the record of the effect of the climatic conditions are at-
tached tables including the temperature conditions and
the rainfalls during the study period. The receive data is
accompanied by immunological characteristicc of the se-
lection materials, according the requirements of ESCAA
(Executive Agency of Variety Testing Field Inspection
and Seed Control). For the evaluation are used approved
methods of the Agricultural Institute [4, 19-21].The re-
cords are three, conducted in 10 days on 100 plants from
different variants after the appearance of the first symp-
toms..The intensity of the infestations is recorded via
scale from zero to five. The development of the illness in
percentages (index of infestation) during each record-
ing is calculated based on the formula of Mc Kinny.
R =7 (a.b).100/NK, where:

R — is the illness development (index of infesta-
tion) in%; ¥ (a.b) — is the sum of the number of infected
plants (a) and the corresponding value of infestation (b);
N — is the number of the recorder plants; K — is the
highest value in the scale.

Results and discussion

Tablel shows the rainfalls in the study region for the
period 2012-2013. The values show strong deflection
during the years, regarding both monthly and annual
amount. The higher quantity of rainfalls during 2012 af-
tects positively the development of cercosporosis and
conversely — the drought after August 2013 tolerates
the development of the powdery mildew [4, 19-21].

Table 1. — Rainfalls per months and years

in mm Average
I II III JAY Vv VI | VII | VIII | IX X XI | XII | monthly amount
pyeats (annuamount)
2012 108 | 46 6 64 | 145 | 29 33 40 16 54 27 | 14§ 59.5 (714)
2013 49 80 57 37 56 | 142 | 54 30 - - - — 63.1 (505)
Table 2. — Air temperature per months and years
in"Cper |y Ly v | v | ovi | vin |vin| x| x| xp | xa | Average monthly
years amount
2012 -1.1|-39| 63 | 135|183 (22.1|281|239|163|152| 82 |-0.3 12.46
2013 1.5 27 | 67 | 123|186 |21.6|21.6|24.5| 19 16 | 7.5 | -0.5 10.82

Table 2 shows the attached data for the air tempera-
tures in the study region for the period 2012-2013. The
temperatures show higher annual values for 2012. The
average daily temperatures during the cryptic period
of infestation of the fodder beet (May — September),
are respectively 18,6° C for 2012 and 19,6° C for 2013,
and they affect positively the development of both patho-
gens [1,16-19]. Table3 shows the results from the re-
cords for the development of cercosporosis in the dif-

terent selection materials of fodder beet. They showed
bigger differences in the sort reaction- table 3. Four of the
tested materials proved to be more resistant to the illness,
in comparison with the standards — the hybrids NC
Radnevo X SKR, MC19-30 X 6 VR, NC19-30 X 6VG,
MCI142R X STR. They showed illness development
within the frames of 3.0-2.75 values, which according
to the resistance scale approved by ESCAA (Executive
Agency of Variety Testing Field Inspection and Seed.
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Table 3. — Development of the cercosporosis (Cercospora bticola)

CERCOSPOROSIS CERCOSPOROSIS
VARIANT Value | Ratio % | Rang | Category VARIANT Value | Ratio % | Rang | Category
Vesi — St. 3.69 97.5 - S 6Vg 3.44 90.9 - S
Hybrid- 56-St. 3.88 | 102.5 - S 435¢g 3.44 90.9 - S
MC RadnevoxSKR | 2.75 72.7 0 MS MC142RxSKR | 3.56 94.2 S
MC19-30x6VR 2.81 74.4 0 MS MC211R 3.63 95.9 - S
MC19-30x6Vg 2.94 77.7 - MS MC6634 R 3.63 95.9 - S
MC 142RxSTR 3.00 79.3 MS SKg 3.63 95.9 - S
MC 142x6Vg 3.06 81.0 - S MC3112xSKR | 3.69 97.5 - S
MC201 3.13 82.6 - S MC19-30xSTR | 3.7§ 99.2 - S
MC1023xSKR 3.13 82.6 - S MC227-7x802 | 3.88 102.5 - S
MC 015RxSK 3.13 82.6 - S MC22-2 3.88 102.5 - S
MC1023xSKR 3.19 84.3 - S 802 3.88 102.5 - S
Sasha 3.25 86.0 - S MCO0213xSKR | 3.88 102.5 - S
Peshtera 3.25 86.0 - S Preslav 3.94 104.1 - S
6 VR 3.25 86.0 - S MC1930xSKR | 3.94 104.1 - S
MC 142Rx6VR 3.25 86.0 - S MC19-30x435g | 4.16 110.0 - HS
MC 142RxSKg 3.31 87.6 - S MC222x802 4.31 114.0 + HS
MC 142Rx435¢g 3.42 90.3 - S GDS5% 0.65 17.3
MC2I12R 3.44 90.9 - S GD1% 0.86 22.8
STR 3.44 90.9 - S GDO0.1% 1.11 29.5
MC 19-30xSKg 3.44 90.9 - S P% 7.71
Explanation:

I — immune (healthy plants); R — resistant (035-1value); MR — average resistance (2 values); MS — average

sensitivity (3 values); S — sensitive (4 values); HS — highly sensitive (S values).

Control) are with average sensitivity. The hybrids NC
Radnevo X SKR, MC19-30 X 6 VR, are proved more re-
sistant to the standards, and the rest two showed such ten-
dency. The most tolerant to the illness are the hybrids NC
222 X802 and MC19-30X435g, which showed the high-
est sensitivity (HS). In summary, the results from the ill-
ness development testing show the different sensitivity
of the tested material on stable natural background of the
pathogen, with good climate conditions (Tables 1 and 2).
The results from the powdery mildew testing are shown
on Table4.

As shown on the table, the tested materials (R) are
resistant to the illness. Moreover, the differences between
the variants are insignificant. Probably this is caused by
the slow development of the illness, recorded on natural
background. Despite the close reaction of the different
selection materials, it is necessary for the recorded dif-
terences in the illness stages to be reported. The materi-
als with the slowest development are MC 201 and MC
211 R, respectively 0.36 and 0.39 values. More tolerant
to the illness are the materials MC 222 X 802, MC 19—
30X STP,MC 3112 X SKR. These materials have shown
powdery mildew development from 0.80 to 0.96 values.

Table 4. — Developing of powdery mildew (Eryziphe communis f.sp. betae)

POWDERYMILDEW POWDERYMILDEW
VARIANT Value | Ratio % | Rang | Category VARIANT Value | Ratio% | Rang | Category

1 2 3 4 N 6 7 8 9 10
Vesi — St. 0.68 97.0 - R MC227-7x802 | 0.69 98.4 - R
Hybrid — 56-St. 0.72 | 103.0 - R MC142RxSTR | 0.75 107.7 - R
MC201 0.36 52.0 - R MCI142Rx6VR | 0.75 107.7 - R
MC211R 0.39 56.6 - R SKg 0.75 107.8 - R
MC212R 0.48 68.5 - R Preslav 0.81 116.6 - R
MC1023xSKR 0.48 68.2 - R MC142RxSKg 0.82 117.2 - R
MC 142x6Vg 0.48 69.6 - R MC22-2 0.88 125.6 - R
MC 19-30x6VR 0.49 70.3 - R 802 0.88 125.6 - R
MC6634R 0.50 71.8 - R MC1023xSKR 0.88 125.6 - R
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1 2 3 4 S 6 7 8 9 10
435¢g 0.50 71.8 - R MC1930xSKR 0.88 125.6 - R
MC 19-30x6Vg 0.52 73.9 - R MCI142RxSKR 0.88 125.6 - R
6Vg 0.54 76.9 - R STR 0.88 125.6 - R
Peshtera 0.63 90.1 - R MC19-30xSKg 0.90 129.7 - R
MC 0213xSKR 0.63 89.7 - R MC3112xSKR 0.94 215.3 +++ R
MC 015RxSK 0.63 90.0 - R MC19-30xSTR | 0.94 135.0 - R
?K(;{Rad“e“’ x 0.63 | 89.7 - R | MC222x802 098 | 140.0 - R
6 VR 0.63 90.2 - R GDS5S% 0.35 50.1
MC 19-30x435g 0.63 89.7 - R GD1% 0.46 66.3
MC 142Rx435¢g 0.63 89.7 - R GDO0.1% 0.60 85.6
Sasha 0.69 99.7 - R P% 20.42

Explanation:

I — immune (healthy plants); R — resistant (035-1value); MR — average resistance (2 values); MS — average
sensitivity (3 values); § — sensitive (4 values); HS — highly sensitive (S values).

Conclusion

The results from the tests show that:

— The tested selection materials of fodder beet
are resistant to powdery mildew and sensitive to
Cercosporosis.

— The most sensitive materials to the agent

causing cercosporosis (Cercospora beticola Sacardo)
are the fodder beet hybrids — NC 222 X802 u MC19-
30X435g.

— The most resistant materials to powdery mildew
(Erysiphe communis f.ssp. betae) are the selection
fodder beet materials — MC 201 and mc 211 R.
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Testing control resources for tomato “section”
(Fusarium fxysporum f. ssp. lycopersicii)

Abstract: Tomato seedlings “section” is caused by soil fungi, which belong to the genera: Fusarium; Botritis;
Pythium; Phythoptora; Rhyzoctonia. For the conditions of our country, the following species occur most often as
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agents causing “section”: Fusarium, Pythium and Phythoptora- Fusarium oxysporum f.ssp. lycopersicii, Pythium de-
barianum, Phythoptora parasitica. For the disease control are recommended preventive phyto — sanitary measures,
as well as system of preventive and medicinal spraying of the plants and beds of the plants with fungicidal solutions.
The aim of the present research is the performance of tests for biological examination of the control resources of one
of the agents causing “section” — Fuzarium oxysporum f.ssp. lycopersicii. The research work is conducted in the phy-
topathology laboratory of the Department “Agricultural sciences and plant protection” to the University of Shumen, in
the period 2012-2013. The tests include container testing and testing under greenhouse conditions, conducted with
the help of tenant farmer, which is in contractual relationship with the University of Shumen (,,Terra“OOD — Novi
Pazar). For the testing, was used 21 — days monospore culture of Fuzarium oxysporum f.ssp. lycopersicii, isolated
from cut plants with origin Pamukchi village. Four chemical preparations were tested, which are recommended
for control of the “section”, cause by Fuzarium oxysporum f.ssp. lycopersicii: Variant 1 Topsin M 70 VP, in dose of
0.07%- 31/sq.m.; Variant 2 Fuzaklin — granule, in dose of 250 g/sq.m., before cropping; Variant 3 Ditan M-4S, in
dose 0f 0.4% —31/sq. m.; Variant 4 Blue vitriol, in dose of 3% — 31/sq. m.; Variant 5 Clear water (control substance)-

31/sq.m. According to the aims of the present research, from the obtained results was found that:
The fungicide Topsin M 70 VP (0.1%) and biofungicide Fuzaklin — granule (259 gr/sq.m.), are effective re-
sources for control of the tomato “section — Fusarium oxysporumf.ssp. lycopersicii.

Key words: seedlings, tomatoes, “section”, agents, Fusarium oxysporumf.ssp. lycopersicii, control, fungicide,

biofungicide.

Introduction

The “Section” occurs during softening and rotting
of the stems of young plants, which are directly above
the soil surface or slightly below it. The damaged stem
cannot hold the plant upright and it falls as if it is cut
down [5,434;2,65]. When the plants have grown from
thick seedlings, initially the “section” damages only sin-
gle plants and then damages the nearby plants, which
form big spots of sick plants. The “section” can damage
elder plants — their barks will rot without damaging
the vascular tissue. This seedling will not be flattened
and its development will be slowed, then it will whiter
and dry up. [1,510]. Very rarely, in already cropped
plants, one can see areas with rotting tissue on the
root collar. These plants can overcome the damages,
but will have slow development. The “section” occurs
mostly in the thick and delicate seedlings. The disease
develops faster when the humidity is high and the
temperature is increased. Plants that have been abun-
dantly nourished with nitrogen are more susceptible to
the disease, especially if grown in areas with shortage of
light. Seedlings “section” is caused by soil fungi, which
belong to the genera: Fusarium; Botritis; Pythium;
Phythoptora; Rhyzoctonia [4,1-14; 7,256; 10,13-14].
For the conditions of our country, the following species
occur most often as agents causing “section”: Fusarium,
Pythium and Phythoptora — Fusarium oxysporum
f.ssp. lycopersicii, Pythium debarianum, Phythoptora
parasitica [6,213; 9, 1047]. For the disease control are
recommended preventive phyto — sanitary measures,
as well as system of preventive and medicinal spray-

ing of the plants and beds of the plants with fungicidal
solutions [8,160; 11,27-61]. The aim of the present
research is the performance of tests for biological ex-
amination of the control resources of one of the agents

causing “section” — Fuzarium oxysporum f.ssp. lyco-
persicii.
Material and methods

The research work is conducted in the phytopathol-
ogy laboratory of the Department “Agricultural scienc-
es and plant protection” to the University of Shumen,
in the period 2012-2013. The tests include container
testing and testing under greenhouse conditions, con-
ducted with the help of tenant farmer, which is in con-
tractual relationship with the University of Shumen
(,Terra“OOD — Novi Pazar). For the testing, was used
21 — days monospore culture of Fuzarium oxysporum
f.ssp. lycopersicii, isolated from cut plants with origin
Pamukchi village.

Container trial:

Four chemical preparations were tested, which are
recommended for control of the “section”, cause by Fu-
zarium oxysporum f.ssp. lycopersicii:

Variant 1 Topsin M 70 VP, in dose 0.07%- 3 1/sq.m;
Variant 2 Fuzaklin — granule, in dose of 250 g/sq.m.,
before cropping; Variant 3 Ditan M-45, in dose of 0.4%
-3 1/sq.m (standard); Variant 4 Blue vitriol, in dose of
3% — 31/sq. m. (blue vitriol); Variant S Clear water —
31/sq.m. (control substance)

The fungicide solutions and control substance are
brought into container with sterile soil (after ther-
mal processing — in thermostat, 120 °C for three
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hours) — 50 g in five repetitions and the expense is
calculated according to the area of the containers.
Twenty plants were cropped in each container, with
seeds treated against harmful surface micro flora.
The seeds are soaked for 30 minutes in 20% techni-
cal hydrochloric acid, after that seeds from the sort
“Naslada” are cleansed with clear drinking water and
dried out.

Two records were conducted for the “section” devel-
opment before the hybridization phase — the number of
the not grown plants and the number of the cut plants. The
processing of the obtained data from the examination is
conducted under the Studant method and dunder the
standard analytical and mathematical methods [3,234].

Results and discussion

The obtained results are shown in Table 1.

Tabnuua 1. — Influence of chemical substances on the development
of “section” (Fuzarium oxysporum f.ssp. lycopersicii)

7 days after | 14 daysafter | 21 day after the Effectiveness%
the sowing | the sowing sowing (after the 21* day)
1 0, 0,
Variant Dose %6 not % not grown % not grown and | Compared to | Compared to
grown and and cut
cut plants the control | the standard
cut plants plants
Toncun M 70 BI1 0.07%-
(thiophanate 31/sq. m.(before 41.0 32.0 20.0 73.69 33.4
methyl) cropping)
Fuzaklin — granu- 250g/sq.m.
late (biofungicide) | (beforecropping) 1.0 340 22.0 71.60 26.7
. 0.4%—
Ditan M-43 31/sq.m.(before | 40.0 39.0 38.0 40.0 26.66
(mancozeb) )
cropping)
o 0.3%-
Blue vitriol (cop- 31/sq.m. 56.0 58.0 54.0 28.95 ~80.0
per sulfate) .
(beforecropping
0.2%—
K D -
d;%t??(zotanftan 31/sq.m. 43.0 39.0 30.0 39.47 _
P (beforecropping
Control - 70 73 75 - -

The test results show that the examined resources
have shown food effectiveness reagarding the develop-
ment of the “section” with causing agent — Fuzarium
oxysporum f.ssp. lycopersicii. Least not grown and cut
plants are recorded for Topsin M 70 VP and Fuzak-
lin — granulate, respectively 20% and 21% after the 21*
day of the cropping, and for the control variant are re-
corded 75%. The strongest development has appeared in
the variants, treated with Blue Vitriol (54.0%) and Ditan
M-45 (38.0%). The variants with Topsin M 70 VP and
Fuzaklin — granulate showed better biological activity
from the standard preparation Kaptan 30 D (30% not
grown and cut plants). All tested resources have shown
effectiveness against the control substance, but the
highest effectives is recorded for Topsin M 70 VP and
Fuzaklin — granulate, respectively 73.69% and 71.60%,

and the lowest effectiveness is recorded for Blue Vitriol
(28.95%) and Kaptan 30 D — standard (39.47%). The
calculated effectiveness against the standard showed that
the preparations Topsin M 70 VP and Fuzaklin — granu-
late are better resources for control of the “section”, cause
by Fuzarium oxysporum f.ssp. lycopersicii, compared
with the most commonly recommended preparation
Kaptan 30 D.

Conclusion

According to the aims of the present research, from
the obtained results can be drawn the following conclu-
sions:

— The fungicide Topsin M 70 VP (0.1%) and bio-
fungicide Fuzaklin — granulate (259 g/sq.m.) are ef-
tective resources for control of the tomato “section” —
(Fusarium oxysporumf.ssp. lycopersicii).
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Research of dependence of barley peeling coefficient from
time of its staying in peeler work zone and rotor speed

Abstract: The results of experimental studies on determination patterns of change in barley peeling coeflicient

depending on the change of its time spending in the working zone of peeler and rotor speed, also the mathematical

processing of experimental results are given. Processing time of barley grains in the work zone of peeler regulated to

25, 50 and 75 seconds, relatively.

Key words: barley peeling, barley grain, rotor speed, Y-barley.

As its known one of the important economic prob-
lems of bakery industry is the further development of ag-
riculture and its main sector — stockbreeding. Barley is
a high-caloric, easily digestible and valuable feed for all
animal kinds, protein content therein 8—14%. The com-
position of feed for poultry and young animals barley
(separated from film) is administered in an amount of
1S ... 50%, in the diet of cattle — up to 60% by weight
of feed [1-3].

1 kg of barley grain contains 100g of digestible pro-
tein and 1.28 feed units that is more than in grain of oats
and rye. A small amount of barley as a part of compound
feeds promotes strengthening of health and stamina of
cattle in the period of stabling, as it has in the composi-
tion large amounts of iodine, boron, zinc, manganese,
and others. [4-6].

Barley which is grown up in Uzbekistan in the condi-
tions of dry and hot climate has its own individual qual-
ity features and differs by its physical-chemical structure,
mechanical and technological properties. There is very
small data in literature on research of quality and pro-
cessing of barley cultivated in Uzbekistan. In connection
with what has become necessary to study the properties

of barley grain for the purpose of justification, more ef-
tective and rational methods of peeling process, increase
of nutritional and its economical use in production of
high-quality compound feeds. [1, 7, 8, 9].

Barley grain peeling achieves a reduction of fiber con-
tentin it, and use in compound feeds shelled barley will in-
crease the digestibility and nutritional value of feeds.

Materials and methods

Material of research on a peeling of grain was, barley
grown up in Bukhara region of Uzbekistan. Researches
were conducted on the laboratory hulling — grinding
setup LShU with capacity of 6-10 kg/hr (240 kg/day),
given on figure 1.

Efficiency of barley peeling was estimated by peeling
coefficient (%) [7].

y =N =N 100060 (1)

Where — N -content of not peeled grains in the
product loaded to the setup,%; N_-content of not peeled
grains in the product leaving the setup,%.

Mathematical processing of experimental results
was carried out by the method of extreme experiment
planning, i.e. on full factorial experiment (FFE) and
Microsoft Office Excel 2003 [7,8].
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Fig. 1. The laboratory setup for the study of the barley grain peeling process in the laboratory.
1 — grain reception, 2 — abrasive discs, 3 — case, 4 — brush discs, 5 — Lower storage for peeling wastes, 6 — sieve
for sifting shell of peeling products, 7 — damper for regulating the output of barley, 8 — output for shelled barley
grain, 9 — electric motor, 10 — V-belt drive, 11 — variator of rotor rotation, 12 — receiver for shelled barley grain.

Results of researches

Asmentioned above, studies were carried out on the
laboratory hulling — grinding setup LShU with capacity
of 6-10 kg/hr (240 kg/ day). The experimental data for

certain values of peeling coeflicient of barley depending

on the time of grains spent in work area of peeler and

rotor speed are shown in Table. 1-3.

Tab 1. — Dependence of barley peeling coefficient when grains spent time in a working
zone of peeler about 25 sec from rotor frequency and productivity of peeler.

Exb Ne Barley grain moisture | Peelers rotor speed, Productivity of Peeling coefhicient,% grains
X o
P content, % r/min peeler, kg/h spent time in work zone, 25 sec
1 13 1500 6,5 43
2 13 1650 7,5 22
3 13 1800 7.0 49
Tab 2. — Dependence of barley peeling coefficient when grains spent time in a working
zone of peeler about 50 sec from rotor frequency and productivity of peeler.
Exp e Barley grain moisture | Peelersrotorspeed, | Productivity of |Peeling coeflicient,% grains spent
P content,% r/min peeler, kg/h time in work zone, 50 sec
4 13 1500 6,5 68
S 13 1650 7,5 46
6 13 1800 7,0 70
Tab 3. — Dependence of barley peeling coefficient when grains spent time in a working
zone of peeler about 75 sec from rotor frequency and productivity of peeler.
Exp Barley grain moisture | Peelers rotor speed, Productivity of Peeling coeflicient, % grains
0 content,% r/min peeler, kg/h spent time in work zone, 75 sec
7 13 1500 6,5 90
8 13 1650 7,5 88
9 13 1800 7,0 93

Dependence of barley peeling coefficient on the duration
of grain passage through the work zone of peeler, at rotor
speeds 1500, 1650 and 1800 r/min is shown in figure 2.

As seen from Figure 2, with rotor speed of 1800 r/min

and processing time in a working zone of barley —

75 seconds, peeling rate reaches 93%. When rotor speed
0f 1500 r/min and 1650 r/min peeling coeflicient reach-
es 90% and 88% relatively. Therefore, the highest peeling
coefficient for the same processing time is reached with
rotor speed of 1800 r/min.
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Fig 2. Dependence of barley peeling coefficient grain on grain's delay
time in the work zone of peeler and rotor speed

Investigation and analysis of technological schemes
of processes for feed-wires show the effectiveness of
the methods and techniques of peeling corn grain by
multiple passes through a hulling machine. Reliability of
this method decided to check by experimental method.
The purpose of experimental research was to achieve
the peeling coeflicient not less than 90%. Studies have
shown that obtaining peeling coefficient — 100% can be
achieved after the second pass through the same barley
peeler, or by increasing of time that barley spent in the
operating zone.

As seen from Table. 1,2,3 best index of peeling
coefficient — 93%, achieved at 1800 r/min and
the productivity of 7 kg/hr. Studies to determine
the influence of product spent time in the working zone
of peeler on the peeling efficiency indicator given at
rotor speeds 1500, 1650 and 1800 r/min and barleys
moisture content — 13%. In the process of crossing
grain through the peeler, pipe for output shelled barley
closed; this allowed increasing the duration of barley
peeling. Time of barley grains processing in the work
zone of shelling installation regulated to 25, S0 and
7S sec., relatively. For the mathematical processing of
experimental results is-used the technique of extreme
experiment planning on full factorial experiment (FFE)

and Microsoft Office Excel 2003 [7,8]. To identify the
analytical relationship, of effectiveness of using of grain
shelling machine on various factors, we carried out a
mathematical treatment of the results of experimental
studies on grain peeling. Investigations were carried
out on the basis of two-factor experiment to collect
apriori information. In each experiment, have changed
one parameter of factors influencing on the peeling
process, and the others were left unchanged. The
method of experiment planning is the principle, i. e., way
dependent on the results obtained in the previous stage
of the study. The advantages of obtained mathematical
models by this method is that they can be used to calculate
the optimal technological parameters of the barley
peeling process and obtain high processing coefficient.
In addition, the complexity of the mechanism of the
barley peeling process prefers mathematical models
obtained by treatment of the static data [7]. To find the
optimal parameters of the barley peeling process we used
the technique of extreme experiment planning on full
factorial experiment (FFE) by plan N-2* The results of
treatment are presented in Table 4. As variables selected:
X1-grain moisture,%; X2 — rotor speed of peeler, min™".
In this case, the optimization criterion (Y) is selected
peeling coefhicient,%.

Tab. 4. — Variation levels and ranges of variables.

Variables Main level Interval of variation Lower level Average level Upper level
X,% 13 1 12 13 14
X, min™ 1800 150 1500 1650 1800

Tab.4 presentsvaryingintervalsand variableslevels X
+ X, Experiments were conducted on a pilot equipment,
where for peeling used barley with homogeneity of 95%
and a bulk density of 655 g/1. The peeling coefficient is

determined according to a randomized peeling matrix on
two parallel samples shown in Table 4. Processing the,
data shown in Table S, was produced by the following
regression equation:
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Y=a,+aX +a,X,+a,X +a,X, (2)

Where: a, — free member of equation;

a,— coefficients of regression equation.

From where follows that it is possible to take aver-
age value of dispersion for dispersion of experiment. The
significance of regression coefficient Y was assessed by
Student-Fisher criterion at N = 8 (degree of freedom)
and a significance level a = 0,95. Therefore, for Y were
significant the following factors

Y =-10,77+4,92X, +0,08X, —0,18X; —0,000021X; (3)

According to the quantitative contribution studied
factors located in following descending order: — grain
moisture (X )> rotor speed of peeler (X,). To test
the adequacy of the resulting Y true response surface
equation were calculated the residual dispersion (S,),
Fisher criterion (F) and compared with the table data.
[7.8] To test the adequacy of the resulting equation Y
calculated residual dispersion

Tab. 5. — Procedure for the implementation of experiments and observations of Y- barley peeling coefficient.

Exp. ¢ X, X, X, X; X Y Y AY
) R - _ + + 90,5 90,32 0,18
2 + + - + + 91,7 91,86 -0,16
3 N N + + + 92,4 92,42 0,02
4 + + + + 90,7 90,66 0,04
. N - _ + + 92,2 92,19 0,01
p N N _ + + 92,7 92,76 0,06
7 + - + + + 90,4 90,62 -0,22
2 N N + + 92,3 92,16 0,14
g:;ali; 13 169,66 1650 | 2737500 | 91,61 91,62 0,011

where: X0 — zero term of regression equation; Xl — grain moisture; X2 — rotor speed of peeler; 17] — results of two

parallel experiments; A Y — difference between average and calculated values of Y.

Statistical analysis showed that the mathematical
model (2) in the particular case in the form (3)
adequately describes the pattern changing of the barley
peeling coefficient depending on the change in time it’s
spent in the working zone of peeler and changes in rotor
speed. From the regression coeflicients of equation, after
the calculation of the confidence interval found that the
major factors influencing on the process of barley peeling
are: grain moisture and rotor speed of peeler.

Conclusions

Thus, in the article, based on the results of
experimental investigations on barley peeling found, that
at rotors speed of 1500 r/min and 1650 r/min peeling
coefficient reaches 90% and 88% relatively, and when the
rotors speed of 1800 r/min, and the barley processing
time in the workzone — 75 seconds, the peeling coefhicient
reaches 93%. Consequently, the highest peeling coefhicient
at the same processing time achieves at rotors speed of

1800 r/min. Also found that, to get peeling coefhicient
about 100% could be achieved after second passing the
barley through the same peeler, or by increasing time of
barley spending in the working zone.

To search of optimal parameters of the barley peeling
process were used the technique of extreme experiment
planning on full factorial experiment (FFE) by plan
N-2* Results of processing the influence of variables:
grain moisture and peelers rotor speed on the peeling
coeflicient, found the regularity expressing a second
degree algebraic equation. Further development of
research in this area will be devoted to experimental
methods for determination of physical and mechanical,
biochemical properties and amino acid composition of
the local waste of grapes processing, beer, and sunflower,
peeled and not peeled barley, and also establish the
teasibility of introducing non-traditional raw materials in
the formulation of feed.
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OueHka Ka4YecTBa CbIpPOro MmoJioka 3a pa3HbIX TEXHOJIOrMn poeHus

AHHOTaI.[PIS[: IIPOBEACHA OLJ€HKA COCTOSHHMA ChIPOI'O MOAOKA ITPH PA3AMTIHDBIX TEXHOAOTHM AOCHM. YCTaHOBAeHO,

4TO IIpH HeHTpaAHBHPOBaHOfI II0AQ4€ BO3AYXa ITIOAYIa€M MOAOKO AYYIIETO Ka4e€CTBa I10 MI/IKPO6PIOAOI‘I/I"I€CKI/IM Io-

Ka3aTeAAIM.

KaroueBbie cAoBa: AOI/IAbeIfI allllapaT, Ka9€CTBO MOAOKa, 06mee 6aKT€PI/IaAbHOE obceMeHeHne

BBeAex-me. HpOAYKTbI JXNBOTHOBOACTBA OTHO-
CATCA K KaTe€TOpHH 60Aee IEHHBIX ITPOAYKTOB ITHTA-
HHA. KOMHOHEHTIJI, BXOAAIIME B X COCTAaB SABASIOTCA
HCXOAHDBIMH MAaT€pHAAAMU AAS IIOCTPOECHM TKaHeﬁ, 6I/I-
OCHHTE3a HCOGXOAI/IMI)IX CHUCTEM, KOTOPbIE€ PET'YAUPYIOT
JKUBHEAECATEADHOCTD OPIraHN3Ma, a TAKXKE AASL ITIOKPBITHA
OHEPreTHIECKHX 3aTpar. Ilonarue xauecTBa IIPOAYKITHNH

JKUBOTHOBOACTBQ, C y4€TOM CAOKHOCTH M MHOTOBapH-

AQHTHOCTH MX COCTaBA, CIIeIUPUKU CBONCTB OIIPeAeAsIeT-
Csl KOMITAEKCOM TToKazaTeAeil. [AaBHbIe MOKa3aTeAn pu
OIleHKe YPOBHS KauyecTBa MMEIOT ITOKa3aTeAr Ha3Hade-
HUSI, C IOMOIIBIO KOTOPBIX AOAKHA OBITH ObecredeHa
AOCTATOYHO ITOAHASI HHPOPMALIHS B OTHOLIEHUU OHO-
AOTHYECKOM IIEHHOCTHU IIPOAYKTA, OPTAaHOACNTUIECKHUX
MOKa3aTeAeH, TNTHEHNYECKUX U TOKCUKOAOTMYECKHX Xa-
PaKTepPHCTHUK, a TAKXKe CTAOMABHOCTD CBOFICTB.
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Mertoan1 nccaepoBanus. [IpousBopcTBeHHbIE HC-
CAEAOBAHUS, pa3pabOTaHHON AOHABHOM YCTAaHOBKH
C LJEHTPAaAU3HPOBAHOM IOAAYEN BO3AYXa B AOUABHBIN
amapar IO CPaBHEHWIO C CEPUMHONM AOHABHOM yCTa-
HOBKOH «DbpariaaByaHka> IMPOBOAUAM B OIIBITHOM XO-
sancree HHI] «MIM3CX>» B c. OaenuBka Pacros-
CKOTO paliOHa, Ha KOPOBaX 4epHO-TIECTPOM IOPOABI
C CYTOYHBIM ypoeM 18-25 Kr MoAOKa U rOAOBBIM —
5500-7700 xr. ITponsBoaCTBEHHbIE HCCAEAOBAHHS ITPO-
BOAMAKCD C IIEABIO BBIIBUTD IIPEMMYIECTBA IO yAydIle-
HUIO KaueCTBa MOAOKA, ITyTeM ITOAQYH B AMHUIO AOMABHOM
YCTaHOBKU OUUII[EHHOT'O BO3AYXa, IOAHOTHI BBIAQHBAHUS,
a TAK)Ke MHTEHCUBHOCTH MOAOKOOTAQYH.

AAs TpoBeAeHNS TPOU3BOACTBEHHBIX HCCAGAOBAHUMI
OBIA H3rOTOBAEH PparMeHT AOMABHOM YCTAHOBKU C LjeH-
TPAaAM3HPOBAHOM IIOAAYEl OYHIEHHOTO BO3AYXa B ITyAb-
COKOAEKTOP.

OKCIIepUMEHTAAbHBIN AOMABHBIM aIllIaparT ¢ IeHTpa-
AM3UPOBAHOM ITI0AAYEH BO3AYXa B ITyAbCOKOAEKTOP CpaB-
HHBAAU C 0A30BBIM AOUABHBIM AIIIAPATOM ITOMAPHOTO
Bo3pericTBua npousBoacTBa OAO Dbparaas. Aoenus
ITPOXOAMAO Ha MOAOYHOM $pepMe OIBITHOTO XO3SHCTBA
HHIJ «MM3CX> I'TT «OX« OaeHuBCKOE »B KOPOB-
Huke Ha 100 rOAOB C IPUBA3HBIM COACPIKAHUEM.

OneHKY MUKPOOHOAOTNYECKIX TOKA3aTEAEH MOAOKA
IIPOBOAMAH B ITPO6ax ¢ 061[ero MOAOKOCOOPHHUKA, ITyAb-
COKOAEKTOpa (c IJeHTPAAM3HPOBAHOM ITOAAUe BO3AYXa),
cranmoHapHOM AonabHOM anmaparypsl I'TT «OX« Oae-
HUBCKOE >.

ITpo6sr MoAOKa 06beMOM 0,5 A OTOHpaAH BO BpeMst
PaHHETO AO€HMS B CTEPHABHYIO CTeKASHHYIO Tapy U rep-
METHYHO 3aKPBIBAAU IPOOKOIL. B TedeHne ABYX 4acoB Imo-
cAe 0TOOpa IIPOO MOAOKO ITepeAABAAU B MUKPOOHOAOTH-
9eCKYI0 AabOpaTopHIo.

C cpaBHUTEADBHBIM AOMABHBIM AIIIIAPATOM ITOTIAPHOTO
AEHCTBHS P 0TOOpe MPOO IPOBOAUAN AHAAOTHUYHBIE
oIepaluHm.

HccaepoBaau caepyromye OKa3aTeAN AAS OL€HKH
MUKPOOHUOAOTHIECKOTO KA9eCTBA MOAOKA:

—T'OCT 10444.12 Ilpoaykrsl numesbie. MeToa,
OIIPEAEACHHS APOXOKEN U ITA€CHEBBIX FPH6OB. AaHHbBII
CTAaHAAPT HUCIOAB3YETCS AAS ITHIEBbIX IIPOAYKTOB H YCTa-
HAaBAMBAaeT METOA ONPEACACHMS B HUX APOXOKeH U IAe-
ceHu. MeTop nipepHa3HaYeH AASL YCTAaHOBAEHUS COOTBET-
CTBUSI MUKPOOHMOAOTHYECKHMX IIOKa3aTeAell KauecTBa
IHIIeBbIX IPOAYKTOB TPeOOBaHUSIM HOPMATHBHO-T€XHH-
4eCKOM AOKyMEeHTAIIMH, YCTAaHOBAEHHMS IIPOMBIIIA€HHOM
CTEpPUABPHOCTU M BBISBACHUSA AeQPEKTOB ITPOAYKTOB.
Pe3yAbTaThI OLIEHUBAAKCD II0 KOKAOM IIPOOE OTAEABHO.
Ecau npu nccaepA0BaHMY IPOAYKTA Ha MUTATEABHOM Cpe-

A€ BBISIBACH POCT APOXOKEH U ITAECEHHU M X HAAMIHE TTOA-
TBEPXKAEHO MHKPOCKOIIMPOBAHKEM, TO BEAYT IlepepacyeT
AASL APOJCKEH U TIAeCeHH OTAeABHO. KoAmdecTBo nmaecenn
1 Aposiokeit B 1 T uau B 1 cM® mpopykTa (X) BBIMHCASIOT
no popmyae:

>/

=—x10"
nl+n2x0,1

>C — cyMMa BCeX IIOACYUTAHHBIX KOAOHUI B Yalll-
Kax ITeTpu B ABYX ITOCA€AOBATEABHBIX ASCSITUKPATHBIX
pasBeAeHIIX;

nl — xoamvecTBo vamek [leTpu ucnoarsopannpIx
AASL MEHBIIEro pasBepeHus (KOHLeHTPUPOBAHHBIE Pac-
TBOPBI);

n2 — xoAndecTBo vamek [leTpu ucnoarsopannpIx
AAST GOABIIIETO pa3BeACHIS;

N — CTeIleHb Pa3BeACHHSI IPOAYKTA.

— ACTY 7357:2013. MoAOKO 1 MOAOYHbIE IIPOAYK-
TbL. MeTOABI MUKPOOHOAOTHIECKOTO KOHTPOAS;

—T'OCT 30347-97. MoAOKO 1 MOAOYHBIE IIPO-
AykTbL. MeToabr ompepeaenust Staphylococcus aureus.
KoanyecTBo xoaonmit B 1 r nam 1 cm? (x) Bbramcasior
o popmyae:

x = (En1x10" + n2x10"')/2

2nl, ¥n2 — KOAMYECTBO BBIPOCIIUX KOAOHUI
Ha Bcex yamkax [TeTpu B mpepeAax OAHOTO pa3BeAEHHS;

N — 49HCAO AGCATHKPATHBIX Pa3BEACHHBIX.

Pesyaprarnr nccaepoBanmii. Ha npoaykiuio sxu-
BOTHOTO IIPOHCXOXAEHHUSI AEHCTBYIOIIMMHU SIBASIFOT-
Csl CTAHAAPTBI PA3AMYHBIX KaTeropuit. BoAbIMHCTBO
U3 HUX PAaCIPOCTPAHSIOTCS Ha IIPOAYKTHI IlepepaboTKu
MOAOKA M METOABI KOHTPOASI IIOKa3aTeAell KavyecTsa.
Hanpmonaasusmv cranpaprom ACTY 3662-97 «Mo-
AOKO KOpOBbe IjeAbHOe. TpebOoBaHHs IIPH 3aKyIKaX>
YyCTaHOBAEHBI 0OAee >XecTkue TpebOOBaHMS K Kade-
CTBY MOAOKa M0 cpaBHeHuto ¢ npeabiaymumu (TOCT
13264-70 uTOCT 13264-88), ocobenno Tpe6oBanus
II0 CAHUTAPHO-TUTHEHUYECKUX ¥ MUKPOOHOAOTHIeCKIUX
nokasareasiM. Ob1mee b6akTeprosormieckoe obcemeHe-
HUe U KOAMYeCTBO COMATHIECKHX KAETOK AAS BBICIIIETO
copra coorBeTcTBeHHO He 60aee 300 u 400 ThIc/CM?,
Aast meporo — 500 u 600, a Aast BTOporo — He 6oaee
3000 u 800 Thic/cM*> Ho, kxpome moxasareast obimero
0aKTePUOAOTHYECKOTO OOCeMeHEHUs], YpPe3BBIYAHO
BOKHOE 3HAYEHHE UMEIOT U APOXOKH, coli-popmsr bak-
tepuit u Haanaue Staphylococcus aureus. 3naunTeapHOE
KOAUYECTBO AAHHBIX pOPM OAKTePHIT CHIDKAIOT Ka4eCTBO
MOAOKA B HECKOABKO Pa3, 4TO TpebyeT 3HAYUTEAbHBIX 3a-
TpAT Ha CIeIJUAAN3UPOBAHHYI0 TEPMUYECKYIO 1 AHTHOAK-
TEPHAABHYIO 00PaOOTKY MOAOYHOM IIPOAYKIJUH.
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Puc. 1. ObLiee 6akTepuanbHoe 06CeMEHEHNE MOOKa

IToAydeHHbIE pe3yABTAThI TIOKA3BIBAIOT 3HAYUTEABHOE
IpeBbIIIeHe O0Iero KOAMYecTBa MUKPOOPraHU3MOB
B MOAOKOCOOpPHHKe, ITpeBbIIIeHNe YPOBHS OaKTepHaAb-

HOJ1 00CeMeHeHHOCTH HAOAI0AAAOCD U B IPOOAX MOAOKA
U3 AEHCTBYIOIIEH CTalJHOHAPHOM AOMABHOM YCTaHOBKH
I'TT «OX« OaeHuBCKOE >.
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Puc. 2. Opoxoku

3HauMTeABHOE IIPEBBIIIEHNE APOXOKEN OOHAPYXKEHO
B 001/eM MOAOKOCOOPHHKE, YTO MOXKET IIPUBECTH K IIPO-
11ecCy 6HOAOTHYECKOTO OPO>KEHHUSI M HEIIPUTOAHOCTH 3Ha-
YUTEABHOTO KOAMYECTBA MOAOKA K YIIOTPEOACHHIO MAM
AAABHEMIIEro UCroAb3oBaHKa. OMaCHOCTD 3aKAIOYAETCS

B TOM, YTO APOJCKH CIIOCOOHBI PACTH U Pa3MHOXATHCSI
B UPEe3BBIYAHO Pa3HOOOPA3HbIX CPEAAX, AAKE B IIPUCYT-
CTBHH pa3HbIX KOHCepBaHTOB. [ lomapanue aApoxokeit B op-
FaHU3M MOXKET [IPUBECTH K IIOSIBACHHIO PA3ANYHBIX 3a60A€-
BAHUI, 0OCOOEHHO Y AIOAETI C 0CAAOAEHHBIM IMMYHUTETOM.
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Puc. 3. Staphylococcus aureus

Staphylococcus aureus siBAsieTCs BO3OYAUTEAEM MHOTUX

HH}eKIMIT 1 3a00AeBaHMUIA, BO3TAABASIET CIIMCOK OaKTepHit,

KOTOPBIMH HanOOA€ee 4aCTO IIOPAXKAETCS Y€AOBEK, OKOAO
21% co cMepTeAbHBIM HCXOAOM. BoAbImas koHIjeHTparms
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AQHHOTO BO3OYAHUTEAS] 06Hapy>KeHa B MOAOKeE 0T06paHHOM
U3 CTAlJMOHAPHOM AOMABHOM anmapaTypsl. [loaHOCTBIO
OYHUCTUTb MOAOKO OT AAHHBIX 6aKTep1/n71 BO3MO>KHO TOABKO
AAUTEABHON TEPMUIECKOHR 06pa60T1<0171, 4TO 3HAUUTEABHO
ITOBAMSET Ha KAY€CTBO MOAOYHOM IIPOAYKIIUH.

BbIBOABI. YCTAaHOBAGHO, 4TO IIO YPOBHIO 0bcCe-
MeHeHHS U HAAMYUIO APYTHX dopMm 6aKTepHI71 U Tpu-

00B B IIp06ax C MCCACAYeMO AOMABHOM aIlIIapaTyphl
MOAOKO COOTBETCTBYET HOPMaM AASI BBICIIETO COpTa
monoxka 1o 'OCT 3662-97, a mpo6s1 Apyrux o6pas-
110B — MoAoko II copra. OT0 cBHAETEABCTBYET O TOM,
4TO IIeHTPAAM3HPBAHHAS II0AAYa BO3AYXA B AOMABHBIN
YCTaHOBKY 3HAYUTEABHO YAyYIIaeT MHKPOOHOAOTrHYe-
CKOe KaueCTBO MOAOKA.
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Abstract: The article presents the results of a study on the possibility of anticorrosive materials based gossipol

resin. Investigation of anticorrosive properties of the resin studied gossipol potential statistical approach.

Keywords: gossipol resin anticorrosive materials, corrosion inhibitors, soot, sulfur, corrosion damage, the pro-

tective film.
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UccnepoBaHue aHTUKOPPO3UOHHbIX CBOMCTB rOCCUMNOJIOBON CMOJIbI

AHHOTa].II/Iﬂ: B crarpe TIIPUBEACHDI PE3YABTATDBI HCCAEAOBAHHSA O BOSMOKHOCTH ITOAYYEHM aHTUKOPPO3MOHHbIX

MaT€pHaAAOB Ha OCHOBE TOCCUITOAOBOM CMOABI. I/ICCAeAOBaHI/Ie AHTHKOPPO3HOHHBIX CBOMCTB I'OCCUIIOAOBOM CMOABI

H3Yy4€H IIOTEHINOCTATHNI€CKMM METOAOM.

KaroueBbIie cAOBa: TOCCUIIOAOBAS CMOAQ, aHTUKOPPO3HOHHbIE MAaTEPHAADI, I/IHI'I/I6I/ITOP KOppO31H, CaXa, CEpa,

KOPPO3HOHHAA paspylIeHNs, 3allfUTHA IIA€HKA.
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HccaepoBanne aHTMKOPPO3HMOHHBIX CBOMCTB IOC-
CHITOAOBOIT CMOABI IIPU Pa3AMYHOM KOHIJeHTparuH, 6e3
U C AOOABKOJ CAXH M CTAOUAU3HPOBAHHON [IOAUMEPOM
MKAA-3-H ceppl u3y4aAn NOTeHIMOCTaTHIECKAM METO-
AOM, ITyTeM CHSTHUS KAaTOAHBIX M AaHOAHBIX IIOASIPU3ALU-
OHHBIX KPUBbIX Ha CTAABHBIX IAEKTPOAAX B BOAHOM Cpeae
(pnc. 1-3).

V3BecTHBI pa3AMYHbIE BUABI HHTHOUTOPOB KOPPO-
31, COAepXKallMe B CBOEM COocTaBe caxy u cepy. Mc-
[IOAB30BAHHE TAaKUX AOOABOK ITO3BOASIET YMEHBIINTH
HOPUCTOCTD U CIIOCOOCTBYeT 0OPa30BaHUIO TAOTHBIX,
3aIIUTHBIX IAEHOK. ITo AMTepaTypHBIM AQHHBIM H3-
BECTHO, YTO TPHUITAHOAAMUH SIBASIETCSI HHTUOUTOPOM
KHUCAOTHON KOPPO3HH, HO B BOAHOM CpeAe He UMeeT
TaKUX 3aMUTHBIX cBOUCTB [1;2]. B namem caydae 6b1a
OTMeYeH CABHT CTAlJMOHAPHOTO NNOTEeHIJHaAd B OTPHUIIA-
TEAbHYIO CTOPOHY M YBeAUYeHHEe CKOPOCTU KOPPO3UH.
Ho npu ucrnoAp3aoBaHMU BOAHOM CyCIIEH3UHU T'OCCUIIO-
AOBOM CMOABI IPOMCXOAUT CABUT CTAIJMOHAPHOTO II0-
TEHIMAAAd 9AEKTPOAA B IIOAOXKUTEABHYIO 00AACTb. JTO
A€CTBUE B 3HAUUTEAbHOM CTeNeHU YCUAUBAETCS NpHU
AOGaBKe CaXKU U HAU CEPBL

W3 pauHBIX prcyHKOB 1-3 1 TabAuub! 1 BHAHO, 9TO
C yBeAUYeHHeM KOHIIEHTPAlMU T'OCCUIIOAOBOM CMOABI
YBEAUYHBAETCS AOTHOCTD TOKA U CKOPOCTb KOPPO3HH,

YTO CBSI3aHO C BOSHHMKHOBEHHEM ITOPHCTOCTH IAEHOK.
IIpu 3TOM COOTBETCTBEHHO CHMXKAETCS KO3 PUITMEHT
TOPMOXKEHHSI U CTelleHb 3ammrhl. Ho ecan po06aBuTh
B PacTBOP roccunoAoBoit cmoasl (1,55%), c orHOCuTeAD-
HO HU3KUMH HHIHOHPYIOIIMMU [IOKA3aTeASIMH, Y Cepy 1 Z
Ca)Xy B HE3HAUMTEABHBIX KOAMYECTBAX, TO POUCXOAUT
pe3Koe yMeHbIIeHHe IIAOTHOCTH TOKA M CKOPOCTH KOp-
posun. Camble AydIIue pe3yAbTaThl Z MOAYIeHbI IIPH KOH-
teHTpanuu caxu U cepst 0,0250%. B cayuae poob6aBaeHms
cepbl He OOHAPYXUBAETCS OIIPEACACHHAS] 3AKOHOMEp-
HOCTb B KOHIL]€HTPAI[UH ¥ UHTHOUPYIOIINX CBOMCTBAX.
Taxoil pasdpOC BO3MOXKHO OOBSICHSIETCS HAAUIMEM
B 9TOM A0OaBke moanMepHoro matepuasa MKAA-3-H,
HO, TeM He MeHee, 9KCIIePIMEeHTAAbHbIe AAHHbIe HMEIOT
O4YeHb BHICOKHE ITOKA3ATEAH.

IToAy4eHHbIE TIOASPH3AIIIOHHbBIE U3MEPEHHS AAIOT
OCHOBaHHE CYHTATbh, YTO BOAOPACTBOPHMBIE (POPMBI
TOCCHUIIOAOBOM CMOABI, KaK IIOBEPXHOCTHO-aKTHBHBIE
BelecTBa IIEPBOHAYAABHO AACOPOHPYIOTCS Ha CTaAb-
HOM 9AEKTPOAE C IIOCACAYIOIINM 0OPa30BAHIEM ITACHKH,
NPEILATCTBYIOIIEN AAAbHENIIEMY KOPPO3UOHHOMY pa3-
PYLIEHHIO MeTaAAd. Taioke MPOMCXOAUT 3aMeAAeHHUE KaK
peaxIuu paspsaa HOHA BOAOPOAA (yBeArdeHHe epeHa-
IIPSDKEHMS BRIACACHUS BOAOPOAa) , TAK ¥ peaKI[U{ HOHH-
3aruu (aHOAHOE paCTBopeHHe) MeTaAAAQ.

-E, B
4 +
01—F
1_._

=

4

-3 lg i, MA/cM?

Puc. 1. MNongpusaumoHHble KpUBbIE BOAHOM CYCNEH3UM rOCCUMNOJIOBOM CMOJIbl MPW KOHLEHTpaummn
roccunonosom cmonebl: 1-0,38%, 2-0,77%, 3—-1,16%, 4-1,55%, 5 —pacTtBOp TpuataHonamuHa 1,55%

82



Study anticorrosive properties gossipol resin

-5 -4 3 lgi, MA/eM?

Puc. 2. Nonaprn3aumoHHbie KPpUBbIE BOAHOW CYCNEH3MN FOCCUMOI0BOM CMOJIbl MPU KOHLLEHTPaLMn
roccunonoBoi cmonsl: 1 — roccunonosas cmona (1,55%) 6e3 caxu; npu JobasneHmm
Caxu ¢ KoHueHTpauymen: 2-0,00625%; 3-0,0125%; 4—0,0187%; 5-0,0250%;

E,B

-IS _L _I3 lg i, MA/cM®

Puc. 3. NonapnaaumoHHbie KpUBblE BOAHOW CYCNEH3MN FOCCUMOIOBOM CMOJIbl MPU KOHLLEHTpaLmn
roccmnonoBon cMmonbl: 1 — roccunonoas cmona (1,55%) 6e3 cepsbl; Npu obaBneHun
cepsbl ¢ kKoHUeHTpaumen: 2—0,00625%; 3—-0,0125%; 4-0,0187%; 5-0,0250%;
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HPI/I 3TOM HeO6XOAI/IMO OTMETUTD, YTO AHUIIOAU I10-
BEPXHOCTHO-aKTHBHOTO BEIIECTBA PACIIOAAralOTCA CBO-
HMH OTPpHUIIAaTEAbPHBIMHN 06AaCT5{MI/I B CTOPOHY pacTBOPa,

qTo CHOCO6CTBY6T CABUT'Y IIOTEHIJMAAQ HYAE€BOI'O 3apsAa
H, CACAOBATEADHO, CTATMOHAPHOTI'O ITIOTEHITNAAA B ITIOAO-
JKUTEAPHYIO CTOPOHY.

Tabnuua 1. — MHrMbupoBaHme KOppPOo3nn BOOHOM cycrneH3nemn
rOCCUMOJIOBOM CMOJbI B MPUCYTCTBMM CaXu U Cepbl

AobaBka narubéuropa, Macc.,% | lgi, MA/cm? | I, MA | v=1/1 | 2=(1-1)/1 100%
ToccumoaoBast cMoAa
0,38 -4,30 0,050 20,00 95,0
0,77 -3,60 0,251 3,98 74,9
1,16 -3,50 0,316 3,16 68,4
1,55 -3,15 0,708 1,41 29,2
Toccumoaosas cmoaa (1,55%) + caxa
- -3,15 0,708 1,41 29,2
0,00625 -3,90 0,126 7,94 87,4
0,0125 -4,50 0,032 31,25 96,8
0,0187 -4,85 0,014 71,43 98,6
0,0250 -5,22 0,006 166,67 99,4
Toccunoaosast cMoaa (1,55%) + cepa
- -3,15 0,708 1,41 29,2
0,00625 -4,90 0,013 76,92 98,7
0,0125 -4,55 0,028 35,71 97,2
0,0187 -4,3 0,050 20,00 95,0
0,0250 -5,15 0,007 142,86 99,3
ToccumoaoBast cmoaa (1,55%) + caxa (0,00625%) + cepa

- -3,90 0,126 7,94 87,4
0,00625 -4,00 0,100 10,00 90,0
0,0125 -4.80 0,016 62,5 98,4
0,0187 =3,70 0,120 8,33 88,0

CwMerjeHue xe TO4eK HYA€BOTO 3aPSIAQ B IIOAOKHUTEAD-
HyIO CTOPOHY COIPOBOXKAQETCSI OAHOBPEMEHHBIM YBEAH-
YeHHeM IIepPeHAIPSDKEHIS BBIACACHIST BOAOPOAA 1 3aMeA-
ACHHEM PeaKIjuy KOPPO3MOHHOIO paspyiueHus. Taroxe
He VICKAIOYeHa BOBMOXKHOCTb TMAPOQOOHU3aIMK IOBepX-
HOCTH CTAABHOTO SAEKTPOAA MOAEKYAAMU XKHPOB H COAEH
JKHPHBIX KHCAOT, KOTOPbIe IIPHCYTCTBYIOT B COCTaBe IOC-
CHITOAOBOY CMOABI Ml UTPAIOT BOYKHYIO POAb B 00pa3oBaHUM
IIA€HKH 6apbePHOTO TUIIA MEXaHH3MA 3ALIUTHI OT KOPPOSHH.
CAaeAOBaTeABHO, BOAHASI CYCIIEH3HSI TOCCHIIOAOBOI CMOABI
SIBASIETCSI TIOAMQYHKIIIOHAABHBIM HHTHOUTOPOM KOPPO3HHL.

MexaHU3M AEHCTBHSI TAKUX MHTHOUTOPOB 00BsIC-
HSIeTCSI, TAABHBIM OOPa3oM, IIEPEXOAOM MOBEPXHOCTH
3AIMIIAEMOTO METAAAQ B YCTOMYHMBOE [TOBEPXHOCTHOE
IIACHOYHOE COCTOSIHHE C YYacTHeM YaCTHI] MEAKOAU-
criepcHbIXx A06aBok. OAHAKO, AeHICTBUE HMHTHOUTOPOB
B AQHHOM CAy4ae 6OAee CAOXHO, 4eM IIPOCTOe IAeH-
KOOOpa3oBaHHe M CBSI3AHO C XapAKTEPOM AACOPOLMH

HEIIOCPEACTBEHHO aHHOHOB II0BEPXHOCTHO-AKTUBHOTO
BeIlleCTBA.

Tak, IpU HOAOKUTEABHOM 3apsiA€ IIOBEPXHOCTU
METaAAd, Ha HeM OYAYT aACOPOHPOBATHCS HHIHOUTOPDI
SIBASIIOL[ECS] AaHMOHAMY, [IPU OTPHULIATEABHOM 3apsiAe
IIOBEPXHOCTU HMHTHOHUTOPBI, IPEACTABASIOIIHE COOOM
KATHOHBI, a IIPH 3aPsIA€ IOBEPXHOCTH OAMUBKOM K HYAIO —
HHIUOUTOPBL, SIBASIOIIMECS] HEACCOLIMUP OBAHHBIMH MO-
AEKYAAMHL.

Ha ocHOBe BblIIEN3AOXKEHHBIX PE3YABTATOB MOJX-
HO CAEAQTDh CAEAYIOIIHE IIPEAIOAOXKEHHSI O MEXaHH3Me
AHTUKOPPO3HOHHOM 3aIIUTHl METAAAMIECKON ITOBEPX-
HOCTH. XapaKTepPHBIM AASL BCEX IIOKPBITHIT Ha OCHOBE
T'OCCUITOAOBOIT CMOABI SIBASIETCSI GapbePHBII THII 3ALHUTHI,
HO B 3aBHCUMOCTH OT AOOaBAsIeMbIX KOMIIOHEHTOB MOT'Y T
00pa30BaTbCsl Pa3AMYHbIE BUABI XMMUYECKUX COCAVHE-
HUI1, KOTOPbIe CIIOCOOCTBYIOT IIPOL|eCCY MHIUOMPOBAHIS
KOPPO3HUH.
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CHMXeHne aBapuMHOCTU MOPCKUX CYAOB NOCPEeACTBOM YMEHbLUEHUS
YyTOMJISEMOCTU BaXTEHHbIX 0PUL,EPOB, ONMPasiCb Ha UHOCTPAaHHbIN ONbIT

AHHOTaHHﬂ: B cratpe TIIpEAAOIKEHA CHCTEMATH3AINs HEKOTOPHIX OCHOBHBIX SJAEMEHTOB B YCAOBHAX TPYAQ BaX-

TeHHOro opuiepa. ONTHMaAbHOE B3aUMOACHCTBHE 4-X 9AeMEHTOB HAIIIAO OTpaXkeHHe B BUAe KoHIenu « WELL »,

II€ADBIO KOTOpOfI SBASIETCS YMEHDIIEHUE YTOMASIEMOCTH BaXTE€HHDBIX O(l)I/II_IepOB ", KaK CA€ACTBHE, CHIDKECHHE aBapHﬁ—

HOCTH MOPCKHX CYAOB.

KaroueBbie cAOBa: aBapUIHOCTb MOPCKUX CYAOB, YeAOBEUECKHIT PpaKTOP, YCTaAOCTh, KoHLenusa « WELL>.

Baepenne. HecMoTpst Ha BRICOKHIT ypOBEHb Pa3BUTHUS
TEXHUYIECKOM COCTaBASIONEH, CTATUCTUKA aBaPUINHOCTU
B MHEPOBOM MOPCKOM CYAOXOACTBE CBUAETEABCTBYET O TOM,
40 60Aee 80% BCex aBapHil IPOUCXOAUT IIPU HELIOCPEA-
CTBEHHOM YJaCTHH JeAoBeKa. I Iprdaunoit aToro craa crpe-
MHTEABHBI IIPOPBIB B HAyKe M TEXHUKE, OCHOBHbIE YCH-
AMSI KOTOPOTO OBIAM HATIPABAEHBI HA COBEPIIEHCTBOBAHIE
3¢ PeKTUBHOCTHU 1 HAASKHOCTH CYAOBBIX cucTeM. To ecTpb
3HAHWS, HaIlpaBACHHBIE HA TEXHNKY, a He Ha 4eAoBeKa | 1,
98-99]. Cpeaa OCTOSIHHOI ABTOMATH3ALH, B KOTOPOI
HAXOAUTCSI YeAOBEK Ha CyAHE, AOAXKHA 3HAYUTEABHO 00-
Aerdars pabory, IyreM 60aee OBICTPOrO BBIIOAHEHMS I10-
CTaBAEHHBIX 3aAa4, YTO, KaK CAEACTBHE, AOAKHO IPUBECTH
K Ay4IlIeMy PearipOBaHHUIO B HECTAHAAPTHBIX CUTYaIlUsX.
OTO, B CBOIO OYepeAb, AOAKHO TIOBAMATD Ha CHIDKEHHe
aBapHMITHOCTH MOPCKHUX CyA0B. Ho, k cosxaAeHuro, ypoBeHb
ABApHITHOCTH MHPOBOT'O PAOTA OCTALTCS AOCTATOYHO BbI-
coxmM |2, 4-5]. W, Kak 0Ka3aA0Ch, BHICOKAS HAACKHOCTD
060PYAOBAHIIS COCTABASIET AMIIID HEOOABLIYIO YaCTh ITOBbI-
nreHust 6e3omacHocT MoperaaBanust. CyAHO Kak CHCTeMa
SBASIETCS «YEAOBEYECKOM> CHCTEMOM, M OIMIMOKHU AFOACH
HIPAIOT HAUOOABIIYIO POAb B BOSHUKHOBEHHH ABAPUITHBIX
curyanmii [1, 81].

O¢unpaabHbIM TpebOBaHHEM ABTOPUTETHOM Mex-
AyHApOAHOU Mopckoit opranusaruu (MMO) sBasercs
paccMoTpeHHe yeaoBeka (OmepaTopa) Kak TAaBHO CO-

CTaBASIIOLIEN B cHUcTeMe obecIiedeHUs 0e30IIacCHOCTHU
CYAOXOACTBA, II03TOMY HEOOXOAMMO IIPHHSTH B pacyeT
ABa 00CTOSITEABCTBA, KOTOPbIe MOT'YT IOBAUSITH HA BO3-
HUKHOBeHMe HeCIACTHOTO CAy4asi. DTO CTeIIeHb BO3MOX-
HOCTeI Y4eAOBEKA U CTelleHb HAAKHOCTU YeAOBEKa, KaK
aAeMeHTa CUCTeMBI yrpaBaeHus. I 1o pesyabraTam nccae-
AOBHHII, TPOBEAEHHbIX HA MOPCKOM TPAHCIIOPTE, MOKHO
BBIAGAUTD PsiA PAaKTOPOB, KOTOPbIE CTABSIT IOA COMHEHHUE
HAAEKHOCTD BbIIIOAHEHHS OTlePATOPAMH CBOUX QYHKIIMI
[3, 621-626]. 11 oAHEM U3 TAQBHBIX PAKTOPOB, BAHSIO-
IIIMX HA aBAPUIHOCTB, SIBASIETCS Ype3MePHast yCTAAOCTb,
IIOTOMY 4TO YCTABIIHI1 Y€AOBEK He BCEIAA CIIOCOO€eH IIpH-
HHUMATh OBICTpBIE U IIPABHABHbIE PEIleHNs U AAeKBATHO
pearupoBaTh Ha pa3AMyHble cuTyauu (4, 1-2].
AxTyaAbHOCTD HCCAeAOBaHHI. O4eHh MHOTO HC-
CA€AOBAHUI ¥ Pa3pabOTOK IO IPOOAEME «UeAOBEYECKO-
ro ¢paKTopa> Ha CyAHE BBIITOAHSIOTCS B Pa3HBIX CTPAHAX
MHUPA CO CBOMMH IIOAXOAAMHU U PEKOMEHAALIMSIMH, OOAD-
LI1as YaCTh KOTOPBIX HAIIAA OTPAXKEHHE B MEKAYHAPOA-
HbIX MOpcKux AokymenTax IMO, MOT u ap. [1, 83-84],
[S]. Ho, HecMOTps Ha 9TO, ypOBEHb aBapUITHOCTH MUPO-
BOTO pAOTA COBCEM He CHUBHACS, U ACPXKUTCS C 3aBUAHDBIM
NOCTOSHCTBOM [ 6, 16—17]. PesyabTaThl nuccaepoBaHmii,
IIPOBOAUBIINXCS IpH moaAepxke [oasanackoro Munu-
CTepCTBa TPAHCIIOPTA, OOIECTBEHHBIX PAOOT U BOAHBIX
PeCcypcoB ITOKA3aAH, YTO BOSHUKHOBEHHE CTOAKHOBEHHUI
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M TTOCaAKa Ha MeAb Ha 11-23% 3aBucur ot PpakTopa ycTa-
aoctH [4, 2]. TloaToMy aHAAM3 PHYKMH aBapUAHOCTH,
C TOUKHM 3PEHUS TAKOM BeCOMOM COCTaBAsIomen GUu3no-
AOTHYECKOTO U IICUXOAOTHYECKOTO COCTOSTHHS BaXTeH-
HOTo o¢HIepa, KaK YCTAAOCTb, U BHIAGACHHE OCHOBHBIX
HAIpaBAE€HMI CHIDKEHHUS 9TOro $paKkTopa B HACTOAIlee
BpeMsI OCTAEeTCs aKTYAAbHBIM.

Iean crarpn. L]eAbio cTaTbu SBASETCS BBIIBACHHUE
Har00Aee 3HAYMMBIX METOAOB OOPBOBI C YTOMASIEMOCTBIO
BaXTEHHBIX OPUIIEPOB, YTO MOXKET IOBAMATD Ha CHIDKE-
HIHe aBApHIHOCTH MOPCKHX CyAOB. BriepBbie mpeasoske-
Ha xoHuenus « WELL >, npeacraBasiromast co6oit or-
THUMHU3AITMIO OCHOBHBIX COCTABASIIONINX YCAOBHH TPYAQ
BaXTeHHOTo oduriepa AASL yMEHBIICHHS YPOBHS yTOM-
ASIEMOCTH Ha CyAHe.

H3A05keHHEe OCHOBHOIO MaTepHaAa. Ar06as pabo-
Ta CO CTOPOHBI BBHITASIAUT YeM-TO ITPOCThIM, ITOKA 33 Hee
He IPUXOAUTCS B3ThCsl. PaboTa BaxTeHHOro oduriepa
He sBAsIeTCs McKAfoueHHeM. Harpyska AOBOABHO 4acTo
SIBASIETCSI HEMAAOH, TaK KaK paboTa COCTOUT U3 HeCeHUS
BaxThbl (Ha6AIOACHHE U PACXOKAEHUE C APYTHMH CYAQ-
MH) U TIOITYTHOH PabOTbI C AOKyMEHTaMH, KOPPEKTypOit
KapT M KHUI, BBIIIOAHEHHE OCOOBIX IIOPYYeHUIT KaIiTa-
Ha, IpHeM-Tiepeaada CUTHAAOB U T.I1. Bce aTo mpuBoauT
K HEAOCBINIAHHUIO U YPe3MEPHOM YCTAAOCTH, ITOCAEACTBHUS
KOTOPOH MOTYT IIPHBECTH K HECIACTHBIM cAydasm. V, kak
IOKa3bIBAIOT HCCAeAOBaHuMs |7, 235-239] moTeps cHa,
COHAMBOCTD M YCTAAOCTb IIPUBOAST K HEMAAOMY KOAH-
YecTBY HHIMAEHTOB U aBapuit (39% Orderos 06 uHIH-
AEHTaX Ha MOpe OITMCHIBAIOT COH MAM COHAMBOCTD KaK
$aKTOpBI, IPHBOASIIHE K ABAPUIHOCTH CYAOB). A KpOMe
HArpy3KH BO3HHKAET ellje Kak MUHIMYM AB€ OCHOBHbIE
33AQ4U: TOUCK HEOOXOAMMOM HHPOPMALMU B TEXHHUIE-
cKoil AuTeparype (KOHBEHIMH, KOAEKChI, HHCTPYKIUU
HLT. A.), @ TAIOKE BO3MOKHBIE TPOOAEMBI C MEXaHU3MAMH.
Koraa mrypman He MoxeT 060HATHCH €3 KaKoro-An6o
prbopa, TO 9TO He ecTb x0opoIo. BosHukaeT 6ecriokoii-
CTBO H3-32 HEBO3MOXXHOCTHU BOCIIOAB30BAThCS IPHOOPOM
M, BO MHOTHX CAy4YasX, HeBO3MOXXHOCTH IIPHMEHEHH
TPAAUIIMOHHBIX 3HAHHI. A HeCTAOMABHOCTD ICHXUYe-
CKOT'O COCTOSIHUSI 9aCTO PHBOAUT K OIIHOKAM, KOTOpbIe
MOTYT CTaTh $paTaAbHBIMU.

OcHOBHbIE MeTOABI OOpPBOBI C YCTAAOCTBIO Bax-
TEHHBIX OQUIIEPOB OTPA3HM C ITOMOIIBIO KOHIJEIIIUI
«WELL> (puc. 1).

Konnenmmsa «WELL>» npeacraBaser coboit om-
THUMAaAbHOE B3aUMOAEHCTBHE YeThIPeX COCTABASIONINX,
KOTOpbIe IIPUBOAST K CHIDKEHHIO yTOMASIEMOCTH BaXTeH-
HOTO oduliepa:

1. ‘W — Watch (Baxra) — npumeHeHue aAbTepHa-

TUBHOM CHCTEMbI HECEHMS BaXThI.

2. E — Equipment (O6OPYAOB3HI/IG) — BHeApe-
HUe COOTBETCTBYIOIIEIO AM3aiiHa 060PYAOBAHMSI.

3. L — Light (Cser) — ucroab3oBanue onpee-
A€HHOT'O OCBEIeHUS AASL YAYYLIEHUS OAUTEABHOCTHL.

4. L — Lore (HaKor[AeHHble TPAAUITMOHHBIE 3Ha-
HUS) — HOCTOSIHHAS TPeHHPOBKA MPOPECCHOHAABHBIX
3HAHHI AAS IIPEAYIIP €XKACHUS ITACCUBALIUN HAKOIIACHHBIX
HaBbBIKOB.

WATCH EQUIPMENT

T
Watch officer

LIGHT LORE

PucyHok 1 — Cxema koHuenuum «WELL»

PaccMoTpuM 6osee MOAPOOHO IAEMEHTHI AAHHOM
KOHIJEIII[IH, OTTHPAsICh HA 3aPyOeKHBII OIIBIT.

1. AApTepHATHBHAs CHCTeMA HeCeHHS BaXThl.

OAHHM U3 CIIOCOOOB yMEHbIIEHHST YCTAAOCTHU SIB-
ASIeTCSI BHEAPEHHE aAbTepHATHBHOM CHCTeMbl HeCeHHUs
Baxthl [4, 3]. Kanuran Po6epr I1lun (Buie-mpesupent
XOAAMHTA [I0 OKEAHCKHM [ePEBO3KaM) HCIIOAB30BAA AQH-
HYIO CHCTeMy Ha IpaKTHKe. JTa cxeMa ObIAa OCHOBAaHA
Ha paspaborkax 3anmapHoro Hemerikoro Munncrepcrsa
Texnoaoruit u MccaepoBaHMIT AAST OAMHOYHOI'O Hece-
HMS BaXThl HA MOCTHKe. AAbTepPHATHBHAS CHCTeMa Hece-
HHS BaXThl COCTOUT U3 CePUH 2-X U O-TH YaCOBBIX BaXT.
KasxAbIi yeAOBeK HeceT OAHY 2-X YaCOBYIO H OAHY O-TH
JacoByI0 BaxTy exxepHeBHO. Hanpumep, Ha cyane ¢ 3-ma
BaXTeHHBIMHU OpHIlepaMHU BTOPOI IIOMOUIHUK HeCeT BaxX-
Ty C IIOAYHOYH AO 6-TH YTpa, a 3aTeM — ¢ 8-Mu A0 10-Ti
YTpa, 3aTeM OTABIXaeT, HCKAIOYast AIoOble Apyrue pa-
00TBI Ha OOPTY AU CBEPXYPOYHbIE PAOOTHI AO HAYaAQ
caepyromux cyTok. CTapmmii IOMOIIHUK HeceT BaxTy
C 6-tu A0 8-MM 1 ¢ 12-TH A0 18-TH, 2 OTABIXaET AO 6-TH
YTPa CAEAYIOIETO AHS, TOKA HeCeT BaXTy TPEeTH IT0-
MOIHUK KanuTaHa ¢ 10-tu Ao 12-tu u ¢ 18- p0 24-x
C AQABHEHITIUM OTABIXOM AO 10-TH yTpPa CACAYIOIIETO AHA.
OTa cxeMa AaeT BO3MOXKHOCTD ITEPCOHAAY Ha 60OpTY pa-
60TaTb CBEpXypOUHO 4 Yaca KaXKABIil AeHb, IOAHOCTBIO
orBevast TpeboBanmsiM [IAMHB u Amepuxanckomy
AxTy no IlpeporBpamenuto 3arpsssaenus Mops Hed-
Tp0 1990. OTO TaioKe MO3BOASIET BAXTEHHOMY OQHIepy
HUMeTb AOCTATOYHOE BpeMs AASI OTABIXA, 3AaHATHUSI AUYHbI-
MU A€AAMH B CBOOOAHOE BpeMs U T. A. AaHHasI CHCTeMa
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cpa60TaAa AOCTAaTOYHO XOPOIIO U ITpOIIAA AOBOABPHO
AOAI‘I/II;I ITyTb AASL YAYHIIEHHS Ka9€CTBA J)KM3HHM 9KHIIaKa

CxeMa aAbTepHATHBHON CHUCTEMBI HECEHHs BaXThI
M300paskeHa B BUAE TaOAUIBI 1.

Ha OOPTY CYAOB.
Tabnvua 1 — AnbTepHaTMBHas cMcTeMa HeceHust BaxThl [4, 3]
2 | 4 | 6 8 [ 10 [ 12| 14 | 16 | 18 [ 20 | 22 | 24
Bropoit momontHuK 00-06 08-
KaIuTaHa 10
Crapmmit TOMOIHHK 06— 1518
KaIlUTaHa 08
TpeTwnit mOMOITHUK 10- 18-24
KaIlMTaHa 12

2. BHeppeHHe COOTBETCTBYIOIErO AU3aiHA 060pY-
AOBAHHSL.

YeaoBeueckuit paKTOp MPEACTABASET COOOIT He ITpo-
CTO OMHUOKM YeAOBEKa B IIeAOM, HO U IIAOXO€ HCIIOAB30-
BaHHUE CYAOBBIX CHCTEM M MEXaHM3MOB YeAOBEKOM KaK
noAb3oBareaeM. K coxkaaeHuio, 060pyaoBaHHe Ha Cy-
AaX He CAEAAHO IIOA OAMH CTAaHAAPT, 9aCTO CO3AAHHOE
HEYAOOHBIM AASI HCIIOAB30BAHUS, SIBASIETCS GaKTOPOM
CO3AQHMSI ABAPHIHBIX CUTYAIMi 1 3aHUMaeT 1/3 dacTp
us Hux [ 8, SO].

Aoxrop Hayk Amnuta M. Porbaym [9, 4-S] mpu-
HMMaeT BO BHHMMaHHUeE TO, YTO YeAOBedyecKas OmHOKa
MOXeT OBITb 3HAYUTEABHO yMeHbIIIeHa C IIOMOIIBIO CO-
OTBETCTBYIOWIErO AU3aiiHa Npu6opos (060pyAOBaHNUs)
U C COOTBETCTBYIOLIeN OpraHu3alies, BHyTPpU KOTOPOH
obopyaoBaHMe U pabodasi cpepa CKOHCTPYHUPOBAHBI Ta-
KUM 00pasoM, 4TOOBI OItepaTop ObICTpee aAAITHPOBAACS
K HHM, TO eCTb AM3aFH, HallpaBACHHbIN Ha yeAoBeka. Je-
AOBeK B TaKO¥ 0OCTaHOBKe OyAeT 4yBCTBOBATH cebst 60-
Aee yBepeHHbIM, YTO ITOBAMSET Ha ITPOM3BOAUTEABHOCTD
TPYAQ, @ TAKOKe IPUBEAET K YMEHbIICHHIO YCTAAOCTH.

3. McnoAb3oBaHue ONIPEASACHHOTO OCBEIEeHHUS AAS
YAYUIIeHHs] OAUTEABHOCTH.

AASL yAydIIeHHsT OAUTEABHOCTH MOPCKHX OIIepaIfHit
Yuabsm I Cupoucu (BHLe-IIpe3HACHT 1 TAQBHbII yIIpaB-
ASIOLHIL OULIep, AMPEKTODP MEAHLIFHBL) IPEAAOYKHA UC-
IIOAB30BaTh Pa3AMYHBIE BUABI OCBemeHus [4, 6].

YcrarocTh SABASIeTCsI IPOOAEMOI B MOPCKOM HHAY-
CTpUH, B CBSI3U C PACIIMPEHHBIM ITUKAOM O0sI3aHHOCTeMH
U TpeOOBaHHI BAXTEHHOTO pacmucaHus. buoaormye-
CKHe Jachl aBTOMAaTHIECKU BKAIOYAIOTCS B MO3TY YeAO-
BeKa M CHIDKAIOT YPOBEHb OAMTEABHOCTH HOUBIO. Takum
06pa3oM, BaxTeHHbIe OQUIIEPBI HE AOCTATOYHO XOPOIIO
IIOATOTOBAEHBI AASI OOeCIIeYeHH s ONITHMAABHOTO BBIITOA-
HeHUs1 00513aHHOCTE! B HOYHBIE JaChL.

CymrecTByIOT HHHOBAITOHHbIE TEXHOAOTHHU AAS IIO-
MOIIH IIOAAEPIKAHHS OAUTEAPHOCTHU 9KHIIAXA H YPOBHS
ux obsisaHHOCTeM. HayuHble nccaepOBaHMS OnpeaeAr-

AH, 9TO B AOTIOAHEHHE K IIOAAEPXKAHHIO HAOAIOACHHS,
y CBeTa eCTb ApyTHue HeBU3yaAbHble 9 PeKThl, TAKUE KaK
cOpOoC HAIUX OMOAOTUYECKHX JACOB U YAyULIEHHE OAU-
TeAbHOCTH. Mccaeayst TOCMeHHYI0 paboTy, 6biaa caeAa-
Ha oIleHKa (paKTOPOB, KOTOPbIe BAMSIOT HA YAy4YIIeHHe
OAUTEABHOCTH M HCIIOAHUTEABHOCTH HOUbI0. COAHEUHbII
CBET — 9TO OOIIMPHOE COUYeTaHME [IBETOB, BOCTIPUHUMA-
eMoe YeAOBeUeCKHMM IAa30M Kak beablit. B mepByo ove-
peADb ObIAM ITPOBEAEHBI IKCIIEPUMEHTBI, HCIIOAb30BaBIIHE
BBICOKYIO HHTEHCHBHOCTDb O@AOTO SIPKOTO CBETA.

Hayunble nccaepOBaHMS AOKA3aAH, YTO HEIIPOAOA-
JKUTEAbHbIE BKAIOYEHHUS TOAYOOTO HAU 3€ACHOTO CBETA
SBASIIOTCS 60Aee 9 peKTHBHBIMU YeM OeABIil CBET, CO3Aa-
Basi TAKMM 00pa3oM omoBsemjaomue 3$pGeKTbl C MEHbIIeH
MHTEHCUBHOCTbIO. Hanpumep, mosBAenue S BCnplmek ro-
Ayboro cBera 3a 40 MUHYT cO3AACT 9 PeKT paBHBIi 110-
sBaeHnio 5000 Bcrpinrek 6€AOTO CBeTA HA MPOTSDKEHUH
boAee AAMTEABHBIX TepHOAOB. [IpaBuAbHOE pacripepese-
HMe ABYX HAU TPEX KOPOTKUX BKAIOYEHHIT AAHHOT'O CBeTa
3a 20 MUHYT MOXKeT YAYYIIHTb OAUTEAPHOCTD U HCIIOA-
HHUTEABHOCTD Ha IPOTS>KEHUH BCETO HOYHOTO IIEPHOAQ.

beperosas oxpanma CIIA mporecTupoBasa 2¢-
$EeKTUBHOCTD MAAOMHTEHCUBHOTO 3€AHOT'O CBeTA AAS
IpeAOTBpallleHKsl HeCIACTHBIX CAyYaeB, BbI3BAHHBIX yCTa-
AOCTDIO, U BHEAPUAM B MCIIOAb30BaHHUE MTEPUOAUYECKOE
BKAIOUEHHe 3eAeHOro ceeTa yepes ux Cucremy Ympasae-
HMA BriHOCAMBOCTBIO DKHIaxa.

HepaBHue nccaepoBaHuUS TPOBOAUAK CPAaBHEHHSA 3-
(peKTHBHOCTH FOAy6OTO 1 3€A€HOTO CBETA C L]eABIO YAYY-
1IeHNsI OAUTEABHOCTH. AOOPOBOABIBI OOHAPYXKHAH, YTO
TOAY0OI1 CBET ACAAeT X MeHee COHHBIMU, TIePHOANIECKH
YAYUIIAeT X PeaKIIMIO M YMEeHbIIAeT UX OMUOKH, 3aBH-
csiliye OT BHUMATEABHOCTH, SIBASIICH OOAee Pe3yAbTaTHB-
HbIM, YeM 3eAeHbIi cBeT. TeM He MeHee, aBTOPbI HCCACAO-
BaHHI1 0OHAPYIKUAH, YTO BCe ellle TpeOyeTCcst AaAbHeIe
Pa3paboTKH, 0COOEHHO B OTHOIIEHHUHU He30I1aCHOTO AAY-
TEABHOTO MCIIOAb30BAHMS, BBHAY TOTO, 4TO TOAY0O¥I CBET
MO>KeT HAaHeCTHU BpeA CeTJaTKe rAasa.
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4.IlocrosiHHAass TpeHHMPOBKA MPOPEeCCHOHAABHBIX
3HAHMH AASL TIPEAYTIPEXAEHHS TTAaCCUBAIIUN HAKOIIAEH-
HBIX HaBbIKOB.

ITocrosHHOE pa3BuUTHE TEXHOAOTHYECKHX CPEACTB
CYAOBOXXAEHUS ITOCTEIIEHHO IIPUBOAUT K TOMY, YTO Tpa-
AULIMOHHBIE MOPCKHE 3HAHMUS, KOTOPbIE TaK Xe Heob-
XOAUMBI B CAy4ae OTKa3a MEXaHH3MOB, IOCTEIeHHO OT-
XOAST Ha BTOPOI IIAQH, a Ha MepPBbIi IAAH IIOCTEIIEHHO
BBIXOAUT ITPABHABHAS U 0€30I1aCHASI 9KCIIAYATALIHS CYAHA,
KaK TeXHUYeCKOU CHCTeMbL. XOPBaTCKUMHU YIeHBIMH OBIA
u3ydeH ¢eHOMEH COLIMAaAbHO-TeXHMYEeCKUX HECOOTBET-
CTBUI M TEXHOAOTHYECKUX IPEHMYINecTB [8, S1-54].
AAS 3TOTO OBIAO IIPOBEAECHO HCCAEAOBAHMUE C IOMOLIBIO
CeMH TPy KBaAMPHIMPOBAHHBIX MOPsKOB (28 crie-
LIMAAKNCTOB), KOTOPbIM 6bIAO TIOPY4EHO BBIIOAHEHUE
HECKOAbKMX HaBHTAlIMOHHBIX 3aAa4 PAa3AMYHBIMU CIIO-
cobamu, C TOMOIIBIO Pa3AMYHBIX IPHOOPOB. OKa3aA0Ch,
yTo pemenus 6oabmuncTBa (21 MOpsK) 6a3MpoBaAuCh
HA UCITOAb30BAHUY aBTOMAaTHIECKUX CHCTEM 6e3 AOTIOA-
HHUTEABHBIX IIPOBEPOK TPAAHULMOHHBIMU CIIOCOOaMu,
KOTOPBIE SIBASIFOTCSI XOTb F MeHee YAOOHbBIMH, HO 6oaee
HaAEKHBIMU.

B pa6ore [10, 375] omuckiBaroTcs TPH THUIIA OLIH-
60K YeAOBeKa, CBSI3AHHBIX C €r0 IMPOPpeCcCHOHAABHBI-
MH KauecTBaMu: 1) omu6ouHble pemreHus, KOTOpble
SIBASIFOTCSL ACHICTBHEM UAM 0e3AeHCTBHEM YeAOBEKa,
He HMeIOIero AOCTaTOYHOIO YPOBHS 3HAHMUM, BCACA-
CTBHUE Yero AeAAeTCsl HeBepHbI BhI6OP; 2) OmU6KU
Ha OCHOBE TAaK Ha3bIBaeMBIX pabOYMX HABBIKOB, CBSI3aH-
HbIE C HEAOCTAaTKOM CO3HATEABHOM MBICAH; 3 ) OMHUOKH
BOCHPHSATHS, KOTAQ UHAMBHAYaAbHOE BOCIIPHUATHE OT-
AMYAETCs OT PeAAbHOCTH, YTO IIPUBOAUT K HAAIO3HAM
U IPOCTPAHCTBEHHOMN Ae30pueHTanuu. Taxxe oTMme-
9aeTcsl, YTO OMMOKH, CBS3AHHbIE C HEAOCTATOYHOCTHIO
HaBBIKOB SIBASIFOTCSI OAHMMH M3 OCHOBHBIX IIPUYHH BO3-
HUKHOBEHHMS aBapHil.

Taxum 06pa3oM, MAKCUMAABHO BO3MOYKHASI aBTOMa-
TH3aIMs IPOLIECCOB YIIPABAHHS BeAeT K IacCHUBaIlMU
OIlepaToOpOB, KOTOPAs YeTKO BbIPAXKAeTCsI B MOMEHTBI,
KOTAQ HEOOXOAMMO CAEAATh OBICTPOE U IIPUOPUTETHOE
aerictBre. PasBuBaeTcsi peHOMEH TeXHOAOTHYECKOTO
BO3AEHCTBHSL, TO €CTb TAKOT'O, YTO ACHCTBYeT Ha aKTHB-
Hble 3HAHUS U YMEHHSI, A€AAs] NX [TACCHBHBIMH, YTO SIBASI-

eTCsl HEAOITyCTHMbIM B 9KCTPEMAAbHbIX CUTYaIHsX. Beap
B TAKMX CUTYallAIX Y€AOBEK AOA’KEH HCIIOAB30BATh HAKO-
I[IA€HHbIe HaBBIKU ONITHUMAABHBIM 00Pa3oM, He II0AArasich
IIOAHOCTDBIO Ha TeXHHKY. HeBo3MOXXHOCTD cripaBUTbhCSA
C IIOCTaBAEHHOM 3apauell 0e3 UCIIOAb30BAHMUSA TEXHUKHA
IIPUBOAMT K HEPBHOMY IepeHAINpPsDKeHUIO U CTPecCOBO-
My COCTOSIHHIO, B KOTOPOM Y€AOBEK He CIIOCOOeH apek-
BaTHO OII€HMBATh CUTYal|UI0, KOHTPOAUPOBATh U NpH-
HHMATb ITPAaBUAbHBIE pellleHus. A IIOCTOSHHbIE CTPeCChl
U HEPBO3HOCTD TaK)Ke BAUSIOT HA YPOBEHb YTOMASIEMO-
CTH YeAOBeKa.

ABTOMaTH3aLUs M PY4YHOe yIpaBAGHHE Ha CyAHe
AOAXKHO OBITH COAAQHCHPOBAHO TaKUM 00Pa3OM, YTOObI
MaKCHMAABHO CHU3UTD YeAOBedecKyto ommboky [11, 77—
80]. A oA TOTO, 9TO6BI yMCTBEHHAS ACSITEABHOCTD 6bIAA
Ha AOAKHOM yPOBHE HEOOXOAUMO IIOCTOSIHHO TPEHHUPO-
BaTh HAaKOTIIACHUU TPAAUIIMOHHbIE 3HAHHS [12, 64-65].
OTO [O3BOAUT BaXTEHHBIM OQHIjepaM TyBCTBOBATD Ce0s1
yBepeHHO Ha pabodeM MecTe, CO CTAOMABHBIM IICUXUYe-
CKHM COCTOSTHHEM.

BoiBoasl. MTaK, 9¢peKTUBHO cOaraHCHPOBAHHbIE
YCAOBHS TPYAQ Ha paboueM MecTe, 9TO AOCTHTAeTCSI ye-
TOM MHOTHX PaKTOPOB, IIPUBEAYT K YAYUIIEHHIO PU3HO-
AOTHYECKOTO U IICUXOAOTHYECKOTO COCTOSIHHUS YEAOBEKA,
TaK KaK pelleHre AOAKHO IPUHMMAThHCS Ha CBEXKYIO ro-
AOBY 1 YM AOAXKeH 6bITh sicHbIM. [IpeasoskeHHast B paboTe
koHnenusa « WELL > sgBAseTcs OAHUM U3 CIIOCOO0B CHU-
CTeMaTHU3AITMK BOKHENIINX 9AEMEHTOB B yCAOBUSAX TPYAQ
BaXTeHHbIX odpuIiepoB. AaHHas KOHIeNIIMs HallpaBA€HA
Ha CHIDKEHHE YTOMASIEMOCTH, YTO IPUBOAMT K YAyYIIIe-
HUIO OAUTEABHOCTH U ITOAAEPYKAHHUIO BBICOKOTO YPOBHS
KOMIIETEeHTHOCTH BaXTeHHBIX OQHIIEPOB Ha MOCTHKE.

HccaepoBaHUSA METOAOB YMEHBIIEHUS YCTAAOCTH
SIBASIFOTCSL HeAOCTaTOuHbIMU. Heo6xXoAMMO elrie MHOTO
BpeMeHH, YTOObI OTeueCTBEHHbIE U 3aPyOeXKHbIE YIeHbIe
IPHIIAY K OAHUM BBIBOAQM, TOTAQ 6bIAQ GBI BO3MOXKHA OII-
THUMHU3AIIH IIPOLIeCCOB M pYHKIIMH, CBA3aHHBIX C YIIPaB-
A€HHEM U 3KCIIAyaTallel CyAOB, C BHEAPEHHEM €AMHBIX
CTaHAQPTOB AAS OOecredeHrst HanboAee 3¢ PeKTHBHOTO
$YHKIIMOHMPOBaHHS BAXTEHHbIX OQUIIEPOB U CBEACHUS
K MUHHMYMY aBapUHHOCTb MOPCKUX CYAOB H3-3a YEAOBe-
9eCKOM OIMOKH, B YACTHOCTH U3-32 OIIUOKY B Pe3yAbTaTe
Ype3MepHOil yCTaAOCTH.
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The results of ecological security monitoring of agricultural plantings
under high concentration of fluorides in soils of Poltava region

Abstract: To estimate the environmental safety of food raw materials it is important to monitoring agricultural
crops and soil in. Where they grow. The quality of the soil in Poltava region worsens every year. Moreover, most of
them have high content of water-soluble (w/s) forms of fluoride, and it leads to its accumulation in plant material.
The excess of fluoride in plants penalizes the functions of their life and reduces their productivity. Consumption of
products made of such plant material is additional source of fluoride in a human body that contributes to development
of pathologies such as fluorosis.

This work presents the results of monitoring of fluoride in soils and agricultural crops in some districts of Poltava
region. There was established relationship between the concentration of water-soluble fluoride in the soil and their
content in certain cultures. There was determined the necessity of creating a package of regulations to control the
content of fluoride in plant material.

Keywords: environmental safety, fluoride, soil, plants, MPC (maximum permissible concentration), fluorosis.

The urgency of the research. The food security
which is being done through the control of agrarian
production, raw materials and finished product is
complicadet many — layered process that urgently needs
solving the problem of monitoring of soils pollution and
growing from them plants further contamination.

Poltava region has constant tendency of agricultural
soils worsening. Many types of soils are characterized by
moving forms of fluorides, so they cause special danger
because moving water-dissolving forms (fluorides of
alkali metals) can be easily transferred to the tissues of
plants [1, 12].

Under the conditions of modern agricultural
production, the fluoride pollution takes place while
using chemical fertilizers, pesticides, etc. The matter is
that Poltava region soils have fluoride containing mineral
soils (fluorapatites and others) which are washed out
by ground waters especially by alkaline ones. Average
fluoride content of these waters is 2,5-4,5 mg/], but it
should not exceed 1,5 mg/1[2, 59].

The above mentioned processes lead to constant
fluoride accumulation in the whole chain of its migration.

Fluoride accumulation in soils leads to disastrous
consequences connected with their characteristics
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changing due to chemical activity of fluoride acid to be
created of solid and fluid fluoride combinations. Besides
that, there is destruction of clay and other mineral
complexes. In this research we proved that fermentative
activity of microorganisms is reduced in soils with high
fluoride content. Permissible concentration of fluoride
for plants depends on soil and biological factors, type of
plant, stage of its development, etc.

It is known that plants contamination by fluorides
leads to [3,314]:

1. Respiratory activity multifunction and lessening
of oxygen consumption;

2. Lessening of chlorophyll concentration and
reducing of nutrients assimilation (including starch);

3. Oppression of some ferments and catalysts
functions;

4. Cells membranes damage;

5. Cell microbody metabolism change and nucleic
acids destroying;

6. Synthesis of toxic fluoridorganic combination
(south African plants, soya).

The result of the above mentioned processes is
general plants slowing down and crop capacity reduction.
The most dangerous factor of fluoride contamination is
fluorides consumption by people and animals.

The effect of fluoride toxity with its stable form of
fluoride anion upon human organism is rather well —
known.

First toxity of fluoride anions is explained by
formation of slightly soluble salts (fluorides) and
complex combinations with cations Ca** and Mg** and
other biogen elements — activators of ferment systems.
Asaresult we have oppression of ferments, carbohydrates
and fats exchange breaking, slowing down fatty acids
oxidiration.

Second, fluorides are more chemically active
than iodides and thus can be their competitor is in
synthesis of thyroid gland hormones, they can influence
upon its functions, causing certain diseases. Besides that,
fluorides are allocated in various tissues of a human body
unequally and being much akin to calcinable tissues, they
are accumulated in them during the length oflife [4, 87].
Endurable excessive presence of fluorides in a human
body can cause pathological condition — fluorosis
(specific colouring of teeth enamel), and malfunction of
bone tissue mineralization (closure of pelvic bones, spine,
ribs, thorax mobility limitation). Blood making organs
are also under negative influence, there is irritation of red
sprout of marrow and oppression of white one [S, 39].

According to the above mentioned, the aim of our

research is estimation of the soils with different fluoride
contamination level, their agricultural using, determining
the levels of the given element accumulation in
agricultural plantings which are grown in Poltava region
and strategically essential for Ukraine.

FINDING. Plants differently react upon high
concentration of fluorides in the sol [6, 37]. For example,
haricot, asparagus, cabbage, carrot, onion, osier are
resisting to fluoride contamination and corn, parsley,
gladiolus, apricot, pine-tree are e chose the plantings for
the research which prevail in Poltava region: grain —
crops, corn, soy, sunflower, sugar beet.

Soils and raw materials tests were conducted at the
districts with increased fluoride content in water [2, 60].
They are Karlivka District, Mashivka District, Chiutove
District, Shyshaky District, Velyka — Bagachka District.
Among the tested soils there prevailed chernozem
soils deep midhumic. Selection of tests for the analysis
of fluorides was conducted according to valid State
Standard 17.4.4.02—84 and State Standard of Ukraine
335596. Chemical analytical research was conducted
at the “Poltavastandartmetrologia” and at the chair of
Poltava University of Economics and Trade.

To define quantitative gross content of fluoride and
water — soluble fluoride in soils and plants we should
use potentiomertric method. To define gross fluoride in
soil, the tests were first fritted water-soluble fluoride was
extracted by extraction method. To define fluorides in
plants the tests were first incinerated [ 7, 473].

Tolerance concentration in soils for gross content of
all the fluoride forms is not reglamented by normative
documents, but due to some sources [9,79] it is about
330 mg/kg and tolerance concentration for water —
soluble forms must not outdo 10 mg/kg [8,3].

According to the research results (table 1), soils
of the researched territories have overdone tolerance
concentration is in Mashivka District (in 3 times) and
Karlivka District (in 4 times).

As aresult, the majority of agricultural plantings that
grow at those particular soils have fluoride content.

So in corn their content outdoes the norm in
4-5 times, in barley in 3 times, in sugar beet in 7 times, in
soy in 4§ times. It is known that fluoride consumption
due to consumption of precessed products will outdo the
day need (1-4 mg.).

Content of fluorides in straw in the majority of the
researched plantings (wheat, corn, barley) does not
exceed tolerance concentration or is at the margin (soya)
but straw of sunflower has exceeded content.
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Table 1 — The results of research of fluorides content in soils agricultural
plantings for some districts of Poltava region

Tolerance Content Toleran.
Content of concentra- of water- no enfltr :le a Content
Name for gross fluo- tion of gross soluble cfowcte - al El Agricultural of gross
district ride in soil fluoridein | fluoridein oﬂ Ferso .le plantings fluoride
mg/kg soil soil uoride ll(n sot mg/kg
I mg/kg mg/kg mg/kg
Winter wheat:
134,5 40,5 grain 2,50
straw 8,80
. Corn:
1\1/[)?}3:1? 134,0 26,0 grain | 11,06
SHIC straw 12,49
Soya:
134,2 26,2 grain 12,13
straw 15,57
. 330,0 10 Sunflower:
Ilgaiﬂt‘r‘;kj 119,5 40,4 grain | 2,00
SHIC straw 17,46
. Barley:
%‘S‘izloc‘ie 181,5 20,3 grain | 7,76
straw 11,65
Shysha
D}irs trifty 68,9 22,4 Sugar beet 1948
V.- Bagachka Corn:
District 102,3 27,3 grain | 13,48

The main danger is while consuming the plants
polluted by fluorides which turn assimilated from soil
or air inorganic fluoride combinations into organic
ones to be much more contaminant for a human
being. According to the data [3,316] organic fluoride
combinations, extracted from soya, are in 500 times
more toxic than inorganic fluoride combinations.

09 r

The quantity of fluoride consumed by plant from
soil certainly depends on soil peculiarity, anatomy and
physiology of plant itself. We can see certain dependence
between concentration of water-soluble fluorides in
soil and their content in some plantings. For example
1 mg/kg of water-soluble fluorides in soil are 0,47 mg/kg
fluorides in corn grain (picture 1)

The fluorides content mg/kg

Agricultural plantings

Picture 1. Number of fluorides in agricultural plantings is upon 1mg/kg soil fluorides.

91



Section 9. Technical sciences

Defining this dependence permits us according to
the soil analysis results for water soluble fluorides content
find possible contamination of plants raw materials
which grow at the given territory.

substantiate scientifically the necessity of state (regional)
standards development to control plant raw material of
geochemical provinces for fluorides content and the
recommendations as for secure and the most rational

Conclusions. usage of soils with different level of fluorides pollution in
The results of conducted research permit to  agriculture.
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Study of physico-mechanical properties of the polyurethane adhesive

Abstract: The article discusses the new composite materials to restore the beds bearing the powder compositions
requires pre-boring, heating block, the presence of the device for electrostatic charging of polymeric material and
mechanical treatment after coating.
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UccnepoBaHne dnU3nNKo-mexaHU4eCKnux CBOMCTB
nonnypeTaHoBOro aare3amea

AnnpoTanms: B crarbe paccMaTpHBaroTCs HOBblE KOMITO3MITHOHHBIE MaT€PHAABI AASL BOCCTAHOBACHHS IIOCTeACH
KOPEHHbIX IIOAIIMITHUKOB IIOPOIIKOBBIMU KOMITO3UIIMSIMU TPeOyeTCsl X TpeABapHTEAbHAS PACTOUKA, HArpeB OAOKa,
HAAMYHe aIIapara AAS IAeKTPOCTATHIECKOH 3apPSIAKH IIOAUMEPHOTO MaTepPHaAa M MeXaHH4ecKast 00paboTka mocae
HaHeCeHMs MOKPBITHSA

KaroueBble cAOBa: TOAUMEp, MaTePUAA, STIOKCUAHbBIE MaTePHAADI, )KUAKHUE, BOCCTAHOBAEHHUE, PACTOYKA, Harpes,
TEMIIePaTypa, CBOMCTBA, PEXUM.

HPI/IMeHEHI/Ie TIIOAMMEPHBIX MATEPHAAOB ITO3BOASAET B PEMOHTHBIX IIPEATIPUATHAX AASL BOCCTAHOBACHHS

CHM3UTDb TPYAOEMKOCTb peMOHTa MamuH Ha 20...30%,
cebecronmocTs Ha 15 ...20% U COKpATUTD IIPHU ITOM pac-
x0p MeTaAroB Ha 40...50% [1].

IIOCTeAEl KOPEHHBIX IIOALIUITHIKOB OAOKOB LIHAMHADPOB
IPUMEHSIOT 3IIOKCUAHBIE CMOABI DA-16 1 DA-20, a Tax-
>Ke IIOPOIIKOBbIE AIOKCHAHBIe kommosuuun [1911-177
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u IIOI1-534. OpHako mpuMeHeHHe STIOKCHAHBIX KOM-
no3uIui Ha ocHOBe cMoA DA-16 u OA-20 mpu Boc-
CTAaHOBAEHHE IIOCTEeAeH KOPEHHBIX IIOCTEACH CBA3AHO
C OIpPEeAEACHHBIMH TE€XHOAOTHYECKHUMHU TPYAHOCTSIMU.
JKupakue smoKcupHBIE KOMIIO3HIUU OOAAAAIOT HEAOCTA-
TOYHOI XXH3HecrocobHocTsio. ITocae mpUroToBAeHusI
KOMITO3ULINK HEOOXOAUMO HCIIOAB30BATh €€ B TEYEHUU
20...25 mun. Ilpu TemMnepaTypax 9KCIAyaTal[uU ITOA-
IIUITHUKOBBIX Y3AOB ABHTIaTeA€l dNIOKCHAHbBIE KOMITO3HU-
IJUM UMEIOT MAAYIO 9AACTUYHOCTD, YTO CHIDKAET AOATO-
BEYHOCTb BOCCTAHOBAEHHBIX HEITOABHYKHDBIX COEAMHEHMI.
ONOKCHAHBIE COCTAaBbI TOKCHYHBI, [IO9TOMY BCe OIepa-
LIMH I10 UX IPUTOTOBAEHHUIO 1 IIPUMEHEHHIO HEOOXOAUMO
BBIIIOAHSTD B CIIEIIMAABHbIX ITIOMEIEHISIX C YCHACHHOM
BEHTHAAIMEN. AAS BOCCTAHOBACHUS IIOCTEACH KOpeH-
HBIX TTOAUIMITHHKOB ITOPOIIKOBBIMU KOMITO3UITHSAMH
IT3I1-177 u TIOT1-534 TpebyeTcs ux mpeABapUTEAbHAS
pacTouka, HarpeB 6AOKA, HAAUYHE ATIIAPATA AASI IAEKTPO-
CTaTHUYEeCKOM 3apSAKY OAMMEPHOTO MaTepPHaAd U MeXa-
HUYecKast 06paboTKa MOCAe HaHeCeHHsI TOKPBITHSL

ITepeuncaeHHbIE TEXHOAOTUYECKUE TPYAHOCTH H OT-
CyTCTBHE HEOOXOAUMOTO 06OPYAOBAHISI HA PEMOHTHbIX
IPeATIPHATHAX CACP>KUBAIOT IIUPOKOE TPUMEHEHHe AQH-
HOTO CII0C00a BOCCTAHOBAEHHE KOPEHHBIX MOALIUITHHY-
KOB OAOKOB IIMAMHAPOB ABUTATEACH.

B mocaeaHve roAbI XMMIIeCKast TPOMBIIIACHHOCTb CTpa-
HbI OCBOMAAQ BBIITYCK IIOAHyPETAHOBBIX AATE3HBOB, KOTOpbIE
IPEACTABASIFOT COOO¥ AByXKOMIIOHEHTHbIe cOCTaBbl. Kom-
IIOHEHTbI ACTKO CMEIIMBAIOTCS U He COACPKAT B CBOEM CO-
CTaBe BBICOKOTOKCHYHBIX BelijecTB. OHM 00A2AQI0T XOpOIIIeit
BUOPO-, MACAO-, GEH30CTOMKOCTBIO, CTOMKOCTBIO K HU3KHM
TeMIIepaTypaM M TEIAOBBIM YAAPaM; OTAMYAETCS XOpOIIeit
aAresuert K pasAudHbIM CyOcTparam. OTBep)KACHHe IOAU-
YPETaHOBOTO aATe3MBA MOYKHO ITPOU3BOAHUTD IIPH TeMITepa-
Typax ot MuHyc 10 A0 maroc 120 °C. Opnako B HacTosIIee
BpeMs OTCYTCTBYIOT HAYYHO OOOCHOBAHHbIE PEKOMEHAALIHH
TI0 IPHIMEHEHHIO 9TUX MATEPHAAOB, UTO CACPYKUBAET HX IITH-
POKOe IpHMeHeHHe B PeMOHTHOM IIPOM3BOACTBE.

duzuKo-MexaHHYIeCKHe CBOMCTBA ITOAMYPETaHOBOTO
aare3uBa Braaa-11 k-3 MCCA€AOBAAY Ha MAEHKAX TOAIIM-
HOM 90... 150 Mxm. ITaenxu popmoBasu Ha pTopornaa-
CTOBBIX IAACTHHAX. [TAacTHHY ycTaHABAMBAAY ITOA YTAOM
4S5 ° ¥ MOAMBAAM PaCTBOPOM AATE3MBA, 2 3aTeM BBIACPXKH-
BaAM Ha Bo3ayxe B TedeHue 15 ... 20 MyuH mpu TeMnieparype
20 °C. Takum o6pa30M HAHOCHAU OT TPEX AO ILATU CAOEB.
OTBepxaeHne npoBopuau rpu Temneparypax 20 °C B Te-
genue 7 cyrok unpu 100 °C B redenue 3 4, a 3aTeM MAEHKH
OTAGASIAU OT GTOPOIIAACTOBBIX IMAACTHH. VI3 MAEHOK BhI-
pe3aAu 06pasIIbl B BUAE IPSIMOYTOABHBIX TIOAOCOK AAUHOM
3S MM u mupuHO# S MM. PHU3HKO-MeXaHIMIeCKHe CBOMCTBA

MAE€HOK IIPU Pa3AMYHbIX TEMIIEPATyPaX UCIIBITAaHUI OIpe-
AEASIAM TI0 MeToAMKe VIHCTUTYTa Qpusiueckoit xumuu [2].
Pazpymaroniyie HanpspKeHKs U OTHOCUTEAbHbIE YAAMHEHMS
NCCAEAOBAAM Ha Aa6opaTopH0171 BEPTHUKAABHOM Pa3pbhIBHOM
MallliHe, 060PyAOBaHHO TepMOKpHOKamepoit. Harpes
IIPOM3BOAMACS IAKTPOCIMPAABIO,  OXADKACHHE — XKHA-
KuM a30ToM. VcnbiTaHue TPOBOAMAM B TeMIlepaTypHOM
unTepBase ot 40 a0 100 °C. Temneparypy KOHTpOAHpPO-
BaAU XPOMEAb-KOIIEAEBOM TEPMOIIAPOM B HETIIOCPEACTBEH-
HO OAM30CTH OT UCIIBITYEMOTO 0OPa3LIa 1 TOAAEPXKUBAAK
B 3aAQHHOM pexxuMe ¢ TogHOCTh0 £2 °C. Mcnbrranus mpu
MOBBIIIEHHOM U IIOHIDKEHHOM TeMIlepaTypax IIPOBOAUAM
[IOCA€ TepMOCTATUPOBAHUSI OOPA3LIOB B TedeHHe 15 MUH.

YAeABHYIO paboTy OIPeACAHAH KaK IIPOU3BEAEHIE
OTHOCHTEABHOTO YAAUHEHHUS € , PA3PYIAIONIEro Harps-
JKeHUS SP U K09 $PuUIKeHTa A, XapaKTePUIYIOI[Ero OT-
HOIIeHHE MAOIMAAU AUATPAMMBbI PaCTsDKEHHS K TAOIIAAU
MPSMOYTOABHUKA CO CTOPOHAMH, PABHBIMU £ U SP [3].
ITaomapb orpaHnyeHHas KpUBOI HaNpsDKeHUA-AePop-
Mallui 1 KOOPAMHATHOM OCbIO AepOpMalui, OTpakaeT
YAEABHYIO paboTy IpH pa3pbiBe:

¢
‘ »

a, =£G(8)de TR

o o

rae §, € — COOTBETCTBHE HAIIPSDKEHNE U OTHOCUTEABHOE
YAAMHEHHUE;

€, — OTHOCHTEAbHOE yAAUHEHHE [PU PA3PhiBe; Ap —
pabora pactsikenus o6pasia Ao paspeisa; F, [ — co-
OTBETCTBEHHO IePBOHAYAAbHBIE TAOLIAAU IIOIIePeYHOro
CeYeHNUsI M AAMHA 06pasLa.

YeM 60AbIIIe yAeAbHAS pabOTa IIPHU pa3phiBe, TEM Ha-
A&XHee BOCIIPHHUMAeT MaTepUaA yAAPHbIe Harpy3KH [3].

Ha puc. 1 nokasana TeMnepaTypHas 3aBUCUMOCTb
YAEABHOI paboTsI o s PA3PYIIAIOIIEro HAMPSDKEHHUS O
M OTHOCUTEABHOTO YAAMHEHUS € (l-ap; 2-0’P; 3-sp) npu
paspbiBe ITOAMYpPeTaHOBOro aaresusa Bumaaa-11 k-3,
orBepxAéHHOTO npu Temneparype T 20 °C B TeyeHue
7 cyt. Han6oasuryto npounocts 64,5 ... 60, 1 MITa maén-
KM UMEIOT MHTepBaAe TeMmeparyp MuHyc 40... maroc
20 °C. C nospimenneM Temneparypsr Ao 40 °C mpou-
HOCTb pesko cHikaeTcs. IIpu poaApHeHmyM moBblmeHuy
TeMIIePaTypbl CKOPOCTb CHIDKEHUS IIPOYHOCTU YMEHb-
maeTcs. [Tpu 100 °C mpovHOCTb NAEHKH ITO CPaBHEHUIO
C MaKCMMAAbHOM CHIDKAeTcs B 12 pas.

BeanunHa OTHOCHTEABHOTO YAAMHEHUS C IIOBBIIIE-
HHeM TeMIlepaTypbl ucrbITaHui A0 60 °C yBeAnduBaeT-
Cs U AOCTHTaeT MaKCUMaAbHOTO 3HaueHus 90,3%. Aaab-
Helilee IoBbImeHHe Temeparypst Ao 100 °C npuBoauT
K Pe3KOMY CHIDKEHHUIO OTHOCUTEAbHOro yAAuHeHus. I Tpu
temneparype ucnbitanui 100 °C oTHOCHTeAbHOE YAAH-
HeHMe CHIDKaeTcs B 2,4 pasa.
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MaxCHMaABHYIO YAEABHYIO PabOTy IpH pa3phiBe,
pasHyio 14,8 MA/M?, MOAMYpeTaHOBBII AATE3UB UMe-

er npu Temneparype ucnbiranui 20 °C. C nospimesnem
temnepaTypsi Ao 100 °C ona cHmxaercs B 17,3 pasa.
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Ha puc. 2 nokasaHa 3aBHCHMOCTb YAEABHOI PabOThI
@ PA3PYIAIOIIEro HATPSHKEHHS O K OTHOCHTEABHOTO YA-
AMHEHHS € TIPU Pa3PhIBE IOAMYPETAHOBOTO AATe3UBA Bu-
Aaa-11 k-3, o6paboTannoro npu remmeparype 100 °C B Te-
JeHue 34, OT TeMIlepaTypbl UCIIbITaHUM T (l-otP ; Z—Gp; 3-5P).
MakcuMaabHyI0 IpO4YHOCTD, paBHyto 70,7 MIIa, nmaénxu
HMeIOT IIpH TemrepaType ucnbitanuit Munyc 40 °C. Pes-
KO€e CHIDKEeHHe IPOYHOCTU HAOAIOAAQeTCSl B MHTepBaAe
temmneparyp muHyc 20... natoc 40 °C. IIpu psaspHermum
MOBBIIIEHHH TEMIIePATYPbl UCITBITAHUI CKOPOCTb CHIDKE-
Hus nnpoyHoctu ymenbuaercs. [lpu 100 °C npoynocTsd
cumkaercs B 8,9 pasa. B unTeppase TeMnepaTypbl HCIIbITa-
Huit MEHYC 40 ... maroc 60 °C oTHOCHTeAbHbIE YAAUHEHUS
pesKo BospacTaioT u poocturaet 98,9%. ITpu remneparype
ucrbiTauit 100 °C onu ymenbimarorcs B 1,9 pasa.

C nospimenueM TeMIepaTypbl HcrbITaHuH A0 20 °C
yA€AbHasl paboTa IPU paspbiBe YBEAUUHMBACTCS U AO-
cruraer 25,8 MAxx/m* Ilpu pAaAbHEAIINM IOBBILICHAN
TeMIIepaTypbl yAeAbHAs paboTa pe3ko cHipkaeTcs. [1pu
temmeparype ucnpiranuii 100 °C yaeapHast pabora npu
paspniBe yMmeHbmaeTca B 21,5 pasa.

A

OTHOCHTeABPHO MaAOe 3HayeHHe IPOYHOCTH ITOAH-
YPEeTaHOBOTO aATe3MBa, OTBEPXKACHHOIO IIPH TeMIlepa-
Type 20 °C, 00BsICHSIETCS TeM, YTO Y 3TOrO IOAMMepa
HAOAIOAQ€TCSI HU3KAsI peaKIIMOHHAS CIIOCOOHOCTD IIOAU-
M30IIMaHaTa B rpoliecce cTpykrypuposanus. IIpu 20 °C
He BCe QYHKITMOHAAbHbBIE IPYTIIbI YYACTBYIOT B QOPMHU-
poBaHuH ceTKH [4].

XapakTep 3aBUCUMOCTH OTHOCHTEABHBIX YAAUHE-
HUM OT TeMIIePaTypPhl UCIIBITAHUH OIPEAEASIETCS MEeX-
MOAEKYASPHBIM B3auMopeiicTsueM. IIpu remnepatype,
OAM3KOI K TeMITepaTyphl CTEKAOBAHNS, Pa3BUTHE BBICO-
KO9AACTUYECKON AepOpMaIMU 3aTPYAHEHO CYIeCTBO-
BaHHEM IPOYHBIX MEXMOAEKYASPHbIX cBsizeil. C 1mo-
BBIIIEHHUEM TeMIIepaTypbl MeXMOAEKYASpPHbIE CBA3HU
ocaabasrorcs [S].

TaxuMm 06pasoM, PpH3NKO-MeXaHUIECKHe CBONCTBA
IIOAMYPETAaHOBOTO aAre3uBa 3aBUCAT OT TeMIIepaTypbl
orBep>kAeHUA. C IOBbIIIEHHEM TeMIlepaTypbl OTBep-
>KAeHHe TOBbIIaTCcs. OAHAKO OTBepXKACHHbBIE ITOKPHI-
tus 1 npu 20 °C UMEIOT AOCTaTOYHO BBICOKHE PHU3HUKO-
MeXaHH4ecKue cBoicrsa. I loaToMy mpu HCIIOAb30BaHUH
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IOAMYPETaHOBOTI'O AATe€3UBa AASL BOCCTAHOBACHMS HETIOA-
BIDKHBIX COEAMHEeHMI TIOAIIMITHUKOB BO3MOXKHO OTBEp-
XXAEHHe 9TOro aaresusa rpu remneparype 20 °C.

C yBeAndyeHHEM TeMIepaTyphl UCIBITAHUN PHU3HU-
KO-MeXaHHYecKHUe CBOMCTBA IIOAMYPETAaHOBOTO aA-

re3uBa CHIkaTCA. OAHAKO AaXKe ITPU TeMIleparype
100 °C oHH AOCTAaTOYHO BBICOKH U IIO3TOMY MOTYT
OBITH MCIIOAB30BAHbBI AASL BOCCTAHOBAEHHUS [IOCTEAEH
KOPEHHBIX ITOAIINITHUKOB OAOKOB IIUAMHAPOB ABHIa-
TeAen.
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The structure of the flow and the response function
of the cell with three-phase fluidized bed

Abstract: Set out the reasons and ways to create mathematical models of typical second generation (WTMM).
They are based on the principle of circulation and technological limb response tracers. Parameters of the model is
the degree of circulation §. Changing § smoothly translates circulation model in the model of ideal mixing and
displacement.

Keywords: ice, pellets, fluidization, fluidized bed, water.

We introduce the notion of a technological limb
response on the basis of:

a) the final dimensions of the granular particles used
as tracers;

b) the finite size of the molecules of any substance;

c) the final sensitivity analysis methods.

As tracers taken peresulfirovanny cation exchanger

Qig

Qair

&

1

KU-2-8. In an industrial apparatus revealed that after
2 hours 17 minutes in the first section of tracers available.

For an ideal mixing model is assumed: the volume of
section 0.04 m? of cation flow 0,346 m?/h, the volume
of flow tracers 0.01 ion exchanger bed porosity of the
particles 0.34. The removal of the last particle tracers at
these rates 1.92 hour.

Fig. 1. Scheme of physical and ideal circulation model for one stage (cell) of three-phase fluidized-bed:
1 — the meeting point of the incoming flow and circulation; 2 — the point of separation of
these flows; 3 — passive part of a three-phase fluidized-bed; 4 — the active part.
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Boxin FIG. 1 is a circulator. It is used by us as a multi-
stage mass-transfer apparatus. For model circulator kept
well-known relationship [1]:

— The volume equal to the volume of the whole
model stage plug flow;

— The volume of the zone of recirculating flow is
zero.

In order to construct a mathematical model of the
circulator introduce the following logical conditions:

1. Time of one cycle of circulation is defined as:

At = v (1)
Q.
and corresponds to one round-trip time of the particle
tracers.
2. Step signal square [T-shaped with constant intensity

and vertical start and end and duration At:

The continuous flow of incoming material can
be represented as the sum of an infinite series of such
portions. Accordingly, the signal is an infinite sum of
rectangles. The continuous flow of incoming material
can be represented as the sum of an infinite series of
such portions. Accordingly, the signal is an infinite sum
of rectang]es.

3. The initial concentration of tracers traditionally
determined as the ratio of the volume of the signal-to-
volume model. Thus:

c-v ®
v

Circulation model response to the main stage on IW
has a delay equal to the time of one cycle of circulation.
Graphically, the response of the model presented in
Figure 2.

v=Q-Atr (2)
AC(I)
C() C()
// \
At / \\
L /
/ N
/ ~
/ A
/ AN
/ ~
/ — ~
0 1 2 e e m-1 m

t/AT

Fi. 2. Type of cell response to the N-shaped signal

Can be clearly seen that at point 1 is equal to the
response delay At, and its concentration corresponds
C, she will remain in the range of 1-2. Subsequently,
the concentration of the response falls in steps until the
release of the last particle tracers.

In other words — the amount of the step signal
(the value of its portion) changes from the initial to
the final, the appropriate volume of a single particle. At
each interval of the particle each time portions have the
same phase interaction.

From the diagram (Figure 2) and the expressions
(1) — (2) are counting the quantity of each portion in
locations 2, ..., m:

v, =Q-At
v, =Q-Ar(1-C,)

v,=Q-A7(1-C,) (4)

From the expression (4) to identify features of the
process of circulation: — the residence time of the
particles in the volume level can be calculated as the sum
of the periods of cyclicity;

— For each portion of the outgoing tracers known
for its residence time;

— The initial number of tracers is crushed into
pieces up to a single particle.

Mathematical analysis of the system (4) shows:

— QArfactorin all the expressions remains constant;

— The difference in parentheses on the value is less
than 1.

Therefore, each line of the system is a member
of infinitely decreasing geometric progression:

a+aq+aq’ +..+aq" +...
where: a=QArand q < |1].

Sum of a geometric progression is:

(8)

5.

- ©)
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Substituting the values of the variables in (6), we
obtain:
QAT

—a-c)~" @)

The physical meaning of this expression is
contained in the following. To the incoming flow Q is
presented in the form of an infinite sequence of signals
portioned duration At (Figure 2). Therefore, a step
number 1, 2, ..., m — 1, m; represents a portion of
the residual signals in the corresponding time interval.
The sum of these portions is equal to the volume of
material Vin the cell.

Circulation model based on the expression (1) —
(3) gives:

— time delayed response;

— The composition of the portion in the volume of
the cell;

— Residence time of each portion. Note that the
physical concentration of tracers into each time slot in
each portion constant. But his focus on the entire volume
of the cell — the variable (dotted line in the diagram of

FIG. 2).
C(T) A

/ |\'

Diagram system and (4) show that each portion of
material entering into the circulation cell rpspadaetsya
apart with each cycle. Therefore, the flow of material
from the cell contains the sum of the departed parts, ie
has been uneven continental structure. Volume of each
side is equal to:

Av, =Q-A1-C,
Av,=Q-At-C,(1-C,)
Av,=Q-Ar-C,(1-C,) (8)

Av,=Q-Az-C,(1-C,)""

Denote Q- At C, _“a” and the previous (1 — Cy=

q then obtain a geometric progression, which is equal to
the sum of terms:

QATC,

—(-c) " )

Equation (9) shows that the flow Q coming out
of the cell during At is the sum of parts gone, and the
composition of the cell volume and its response are
subject to the law of geometric progression.

\
. ——

N

-

Ur: U

2,1

! —

3 4 5 AT
sV, |l

= =

104 v i1

3,1

Fig.3. The composition of the cell response Avu_

Note the features of each of the Av_ which has the
same interaction time, as her portion {Jm The parent.
Their mathematical difference is in the factor C | that
naturally the following expression:

Av, =C v, (10)

Any amount of material entered as a stream of Q
during the At into the cells, break up into a chain of “m”
units. For each subsequent portion of the exponent of
cofactor (1 — C,, is incremented by 1.

These portions of the effluent create pieces that are
the initial portions of the second stage for many of the
sectional unit. Of them in the cells of the second stage of

the chain generated by portions ofa geometric progression.

We substitute the expression (3) values of
the variables of the formulas (1) — (2). We obtain the
relation:

C ==t =t ()
ATQm’r Qair

We denote it as a variable § because flow ratio

hraktirizuet intensity of the circulation process. There is a

duality — the formal equality of the initial concentration

of tracers and flow ratio.

The reason for its occurrence — binding
concentration tracers for the duration of the cycle of
circulation. Prior to this work the amount of tracers in
the pulse assigned arbitrarily.
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These relationships characterize the first stage of
mass-transfer apparatus with a number of stages N.

Parameters N and § form a two-parameter model of the
partitioning process with perfect circulation and recycle.

1.0
§ = r(ideal.displ.)

0.8 ||¢

\ §=0,5

: \ \

' \ ~&=0,1
=0 5
0.6 I \ \ § - 0,0I
- \ |
\o:’\f — | .
\ . I(ideal. mixing)
b |\
0.4 - X
jol\_-i\ \\
_\\g \\

0.2 \ b
. I \
C :T\... N
A e
- ! o;\\\ ~
-—\N i 2 ls Q\Q“’A—l"%o

Fig. 4. Respon-se circu-lation model in the ran-ge §=1- — 0.0 ...

Striving to § limits 0 and 1 smoothly translates
circulation model (Figure 4) in the model of ideal
mixing and displacement (respectively). When
€ values of 0.01 and less response graph circulation
modelis indistinguishable from the graph model of ideal
mixing.

In the graphs (Figure 4) is depicted successively:

¢ =1, the ideal displacement, the response delay time
C equal to the mean residence time of the particles;

€ =0,5, assumes the character of the exponential re-
sponse, the delay time B of 0.5 mean residence time of
the particles;

¢ = 0,1, distinguishable part of the response delay
time A;

¢ = 0,01, the response corresponds to the model
of ideal mixing, part of the response, and the delay time
are indistinguishable;

In the latter case, the theoretical curve coincides
with the ideal mixing points graphics process at a ratio of
circulation flow inlet and one air lift 100. Therefore, the
processes in which the flow of circulation (in whatever

way — mechanical or pneumatic — he may be created)
exceeds total input more than 10 times, it is possible with
high accuracy as a process of ideal mixing.

Using a circulation pattern in the form of Figure
2 and systems (4) and (8) is inconvenient because
even for the 1st stage formed a pile of information. For
the 2nd and further steps information may be used
only in a piecewise form. Therefore, the model will
reflect in a matrix scheme that allows each stage to
give a complete device information in a compressed
form (Figure S).

Scheme for circulation model shows that its response
contains a number of consecutive terms. Response is
delayed by At (range 0-1) and forms a one-dimensional
linear array. His probation is denoted by a thick line.
The index is part of a changing response to the natural
numbers. Columns contain one term.

Factor (1 — £) contains in the exponent difference
between the sum of the index and the number of stages.
Therefore, for clarity, it is shown with 0-values for the
first term.
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Fig. 5, the matrix structure of the response of a circulation model.
Conclusions:

1 The notion of a technological limb portions of the
residence time of the solid phase in a continuous process.

2 Incoming represented as a finite sum of such
portions, the number of terms which limited value
streams entering and airlift and the magnitude of
the volume of a single grain.

3 Any portion included in any stage, crushed by a
circulation of up to a single particle, and a portion is
reflected mathematically JI-shaped signal over a
time interval interval circulation.

4 Ingredients stages and heterogeneous response
model and its components corresponds to a geometric
progression, the sum of which gives the volume in
portions stage, and in parts — volume response stage.

S Parameters of the model: the number of steps and
the intensity of the circulation within the parameters of
the real process.

6 The algorithm for calculating the model
presented in the form of a matrix, the dimension of
which corresponds to the number of steps.
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The problems of worn-out equipment in the energy sector

Abstract: The article deals the causes of the appearance of worn-out electrical equipment, clarifies terminology.
Invited scientific direction of the electrical geriatrics on the issues of extending the life of electrical equipment.

Keywords: worn-out electrical equipment, causes of the appearance, electrical geriatrics.
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NMpo6nembl UBHOLLEHHOroO 3/1IeKTPOOOOpPYAOBaHNS B SHEpreTuke

AnnoTanus: PaccMaTpuBaroTCst IpoOAEMBI TOSIBACHUS UBHOLIEHHOTO 9AeKTPOOOOPYAOBAHNS, YTOUHSIETCS Tep-

MmuHOAorus. IIpepsaraeTcs HaydHOe HalpaBA€HHE — SAeKTPOrepUaTpHs 110 BOIIPOCAM ITPOAAEHHS PeCypPca IAeKTPO-

060pyAOBaHMSL.

KaroueBbie cAOBa: H3HOIIEHHOE 9AEKTPOOOOPYAOBAHNUE, TPUIMHBI IIOSIBACHHS, dAeKTPOTePUATPHSL.

Hapacranue o6pema usHoca 060pyAOBAHUS U OTCYT-
CTBHE BO3MOXXHOCTH €I'0 BOCCTAHOBACHHS BBOAUT 9HEP-
TeTHKY B 30HY IOBBIIIEHHOTIO PHUCKA, TEXHOAOTUYECKHX
OTKA30B H aBAPHI1 He TOABKO 000PYAOBAHISI, HO M CUCTEM
ABTOMATHYECKOTO PeryAMpOBaHMsI, PeAeHHOM 3aIUThI
U IPOTHBOABApHHMHOrO yrpasaeHus. Paccmarpubae-
Masi IpobAeMa aKTYaAbHA U AASL 9AEKTPUYECKUX CeTell.
Heo0Xx0AMMO peKOHCTPYHPOBATh AECSTKHU THICSY KHUAO-
MeTpoB AMHMIT HanpspkeHueM 110 xB u Boime. Tpesory
BBI3bIBAET COCTOSIHUE AMHUH 9AeKTpOIlepeAadr U TPaHC-
popmaropHbIx roacTaHuil B cetsix 6—10/0,4 kB. Oxoao
TPeTH dTUX CeTell TPeOYIOT IIOAHOI 3aMeHBI y3Ke ceffyac.
Bricoka cTerneHb H3HOCA KaOeAbHBIX AHHUI FOPOACKO-
IO 9AeKTPOXO3SHCTBA, M3OASIIMOHHBIX KOHCTPYKIIHIA
MOACTAHIIUF, KOMMYTAlJHOHHOTO 0OOPYAOBaHUS, Orpa-
HUYHTEAEH NepeHaIpsDKeH s, U3MEePUTEABHBIX TPAHC-
¢$opmaropos. Ycrapeau U ¢puU3MIECKU U3HOUIEHBI IIeNU
U IpubopsI BTOpUYHOM KoMMy Taruu. Hamu caeaana mo-
IBITKA 000OMUTD IPUYHHBI ITOSIBACHUS H3HOIIEHHOI'O
9AEKTPOO6OPYAOBaHHs B dHepreTHke [ 1-4].

Omub04HOCTh M HEPEAAN3OBAHHOCTD AOATOCPOY-
HBIX IPOTHO30B PAa3BUTHA. DOABIIMHCTBO KPYTHBIX
00BEKTOB IPOMBINIACHHOCTH H 9AEKTPOIHEPreTHKH,
9AEKTPHYECKUX CTAHIIUI U IIOACTAHIUI OBIAU BBEACHDI
B AeficTBHe B 1960-70-x 1 Hauase 80-X TOAOB C pacyeToM
Ha 25-30 aeT cayx0b1. [Ipeobaaparomiie ONTUMUCTHY-
Hble IIPOTHO3bI IPEAITOAATAAH TIOCTOSHHbIM POCT MOII-
HOCTeil U 3amMeHy daekTpoobopyaosanus (D0) B koHIe
CPOKOB 9KCIIAyaTaI[U{ TEXHUYECKU U TeXHOAOTHYeCKU
6oAee coBepiIeHHBIME KOHCTPYKLHsiMU. [Toa BAMsIHIEM
Pa3HbIX IPUYMH MHOTHE U3 3TUX IIPOrHO30B He OIPaBAQ-
Auch. OTHOCUTEABHO BHICOKHIE TEMITbI BBOAQ MOII[HOCTEH
cHu3uAUCh B 1991-2000 rr. B pesyabraTe coxpamieHus
$UHAHCHUPOBAHHUSA Pe3KO YMEHbIIMAOCh KOAMYECTBO
00BEKTOB HOBOTO CTPOUTEABCTBA, BO3POCAO YHCAO 3a-

KOHCEPBUPOBAaHHBIX M BPEMEHHO IPUOCTAHOBACHHBIX
CTpOeK.

Huskue TemIpl A€MOHTaXXa M CIIUCAHUSI IPOU3-
BOACTBEHHbIX OCHOBHBIX poHp0B (ITOD) B 3,54 pasa
OTCTAIOT OT HOPMATHBHBIX TeMITOB BbIObITHS DO 13-3a
usHoca. IToaToMy MOCTOSIHHO pacTeT AOASI IIOAHOCTBIO
CaMOPTHU3UPOBAHHBIX, HO HAXOASIUXCS B 9KCIIAyaTaIluH
¢oHAOB. ITpy HU3KKX TeMIIax BBIOBITHS U3HOIIEHHOTO
aaexrpoobopyaosanus (1D0) nonapaobsrcs AecaTku
AeT, 9TOOBI CAMOPTU3HPOBAHHOE HA CETOAHSIIHHI ACHb
MD0 65140 BbIBEAECHO U3 IKCIIAyaTaI[HH.

YBeAanueHue 3aTpaT Ha peMOHT U moaaepxkanue OO
B (QYHKIJMOHAABHOM COCTOSIHUH. YAGAbHbBIE 3aTpPaThl
Ha peMoHT [1O® yBeamunauce o cpaBHeHHo ¢ 1990 1.
U IIPOAOAXKAIOT BO3PACTaTh. 3HAYUTEABHBIA POCT LieH
Ha DO U ero AOCTaBKY CACPXKHBAET BBOA B ACHICTBHE HO-
Boro J0.

®uHaHCHpOBaHUE BOCIIPOM3BOACTBA M OOHOBACHHS
90 orcTaeT oT TeMII0OB ero crapeHus. B ycaoBusix Bbico-
koii crenenu u3Hoca ITOQ aMopTH3aMOHHBIX OTYHC-
A€HHI, HaIIPaBAsIEeMBIX Ha IIPOCTOE BOCIPOU3BOACTBO,
HepocTaTouHO. CHIDKeHUe 3HAYeHUS aMOPTU3AI[HOHHBIX
OTYHCACHHH KaK OCHOBHOTO HCTOYHHMKA QUHAHCHPOBA-
HHS POUCXOAUT B OCHOBHOM I10 ABYM IIPHYMHAM: H3-3a
pocta poan ITO D, amopTH3aIiHs 10 KOTOPOMY He HauHC-
ASIETCSI, 1 OTCTaBaHUS BOCCTAHOBHTEABHOM CTOMMOCTHU
90 oT $paKTHIECKON CTOMMOCTH €TI0 IIPOU3BOACTBA.

YpoBeHb ynpaBAeHHs He COOTBETCTBYeT MacIITA0y
U CAOXKHOCTH IIpo0AeMbl. PelieHne BOIpocoB peHOBa-
i 19O ocymecTBAsieTcsl Ha ypOBHe aKIIMOHEPHBIX
00111eCTB, y KOTOPBIX HET €AHHON TEXHUIECKOH U 9KO-
HOMMYECKOMN MOAUTHKH, HET COTAACOBAHHOM CHUCTEMBbI
ynpaBAeHHsI QUHAHCOBBIMU ITOTOKAMH, HEBO3MOXHA
KOHCOAMAQITHS aMOPTH3AIJIOHHBIX OTYUCACHHI Ha BaXK-
Hefmux 06beKTax, Tpedyomux nepesoopyxenus. Mu-
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A€KC TIPOU3BOACTBA IIPOAYKIIUH IO ITPOMBIIIACHHOCTH
U CeAbCKOXO3SIFICTBEHHOMY ITPOH3BOACTBY PE3KO ITOHH-
3UACSI, TIO9TOMY OTCYTCTBYIOT AOCTaTOYHBIE CPEACTBA
AAst iprobperenust Hoporo JO.

OKOHOMMYECKAST HEOOXOAMMOCTD pelleHHs] BO3HUK-
LIKX IPOOAEM IIPUBEAA K Pa3pabOTKe 1 PEAAN3ALIUH PSIAQ
HAyYHO-TeXHUYECKUX IPOrpaMM, B KOTOPBIX IKCIIAya-
Talsl, PeMOHTHOe 00cAy>KuBaHue U peHoBauust 1100
BBIACASIIOTCSL B IIPUOPHUTETHOE HAMPAaBACHHE Pa3BHUTHS
9AEKTPOIHEPreTHIecKoro kommaekca. Heobxoanmbrit
yposeHb penosaruu 19O pocTuraetcs pasAHdHbIMU ITy-
TSIMH: TeXHUYECKUM IIepeBOOpYyskeHHeM 1 3aMeHoi 190
BbICOKOddPekTrBHBIM O O, HCIIOAB3YIOIIM COBpPeMeHHbIe
TexHoAoruy; 3ameHoil FMIOO Ha aHaaormuHOe HOBOE;
HPOAAEHHEM CPOKOB CAYXKOBI 1D O 9AeKTpOXO03SIICTB.

AAsL OTe4eCTBEHHON IPAKTHUKH IpoOAeMa CIIell-
uduxu axcrnayaranun 90O He HOBa — mopo6HOe DO
B 9HEpPreTHKe IKCIIAyaTUPYeTCsl IMOCTOSHHO, HAaYMHAs
OT IePBBIX ILITHAETOK AO HacTosimero Bpemeru. Ho mo-
CKOABKY TeMIIBI OOHOBAEHHUS U BBOAQ HOBOTO dHepre-
THYeCKOTO 0OOPYAOBAHHSI OBIAU AOCTATOYHO BBICOKH,
OTHOCHTEABHOE KOAMYECTBO dKcrayarupyemoro 90
IIOCTOSIHHO CHIDKAAOCh. [TocaepHMe Tpu AecsTHACTHS
B CHAY MHOTHX IIPUYHH XapPaKTEPU3YeTCs Pe3KHM yBe-
amgeHreM MO0, 4ro mpuBOAUT K CHIDKeHHIO dddek-
TUBHOCTH PabOTBI 9HEPTOCHCTEM U OOCAY)XHBaeMBIX
HMU 9AEKTPOXO3SIHCTB MPOMBIIIACHHDIX IIPEATIPHATHI
U arpOIIPOMBIIIAEHHBIX KOMIIAEKCOB.

CucreMHOe pelreHHe IIPOOAEMBI IIPOAAEHHS pe-
cypcoB OO mo cymecTBy CTaAO HOBBIM HAyIHBIM
HAIlpaBAeHUEM, B KOTOPOM ITIOKa OTCYTCTBYeT CAOXKHB-
IIasICsl TEPMUHOAOTHUSL. B YacTHOCTH K TaKMM TepMHUHAM
OTHOCHUTCSI <«H3HOILIEHHOE 9AEKTPOOOOPYAOBAHHE>.
910 paborocnocobroe DO, KOTOpOe 3a BpeMs CBOei
PaboThI IPUOOPEAO HOBbIE CHCTEMHBIE, IMEPASKEHTHbIE
CBOVCTBA:

— orpaboTaBIee «IIOAHBI CPOK CAYXKOBI» cOraac-
HO HOPMATHBHO-TEXHHYECKON M KOHCTPYKTOPCKOM AO-
KyMEHTAllUU AU «Ha3HauYeHHBIN» coraacHo Cucreme
TexHHYeCcKoro obcayxusanus u pemonra (TOP) 30
CPOK IIpH OAM3KUX K HOMHHAABHBIM YCAOBHSIM SKCIIAY-
atanuu («HOPMaTUBHBIN» M3HOC);

— coxpanuBIee paboTocriocobrocts O, He oTpabo-
TaBIIIee HOPMATUBHOTO CPOKA, HO H3HOLIEHHO® NHTEHCHB-
HOI1 pabOTOM B PEKMMAX, B KOTOPBIX €r0 IIapaMeTphl Ipe-
BBINIAIOT HOMHHAABHbIE 3HaueHus (PU3nudecKuit U3HOC);

— IIOCTEIIeHHO yTpaTHBIIIee CBOIO IIOTPEOUTEABHYIO
U MEHOBYIO CTOUMOCTD K KOHITy «CPOKa ITIOA€3HOTO HC-
NOAB30BaHHs>» (6yXraATepcKuil TepMUH, O3HAYAMOIHI
[IEPHOA, B TedeHre KOTOPOro UCIIOAb30BaHUE 0ObeKTa

ITO® mpu3BaHO IPUHOCUTH AOXOA OPTAHH3AIIMU UAH
CAY>KHTb AASI BBITIOAHEHHSI IIeAell AeSITEABHOCTH OPTraHuU-
3al]KH), KOTAQ aMOPTH3AI[MOHHbIE OTYUCAEHUS Ha BOC-
craHoBAeHre DO He nepeHOCATCS Ha Ce6eCTOMMOCTD
MPOAYKIHH U YCAYT (<«aMOPTH3ALMOHHBIN>» H3HOC);

— Tepsiiolliee CBOIO CTOMMOCTb ITOA BAMSIHHEM Hayd-
HO-TeXHUYeCKOTO IPOrpecca BHe 3aBUCUMOCTH OT CPO-
KOB aMOPTHU3aIUH (MOPaABbHBIN U3HOC).

CaepoBareasHo, op 19O caeayer 06061meHHO 1O-
HUMATh, HAXOASIIeecs: B pab0TOCIIOCOOHOM COCTOSTHUM
9AEKTPOOOOPYAOBAHIE, HEKOTOPBIE ITAPAMETPHI KOTO-
poro OAM3KM K KPUTHYECKUM COTAACHO HOPMATHBHO-
TEXHHYECKOH U KOHCTPYKTOPCKOM AOKYMEHTAIIUU UAH
YPOBHIO HAayYHO-TEXHHYECKOTO PasBUTHS, IPU ITOM
B CAy4ae BbIPaGOTKM BpeMeHHOTo pecypca (cpoka mo-
A€3HOTO MCTIOAb30BaHMUS) aMOPTU3ALUOHHbIE OTIHCAE-
HIS Ha PEHOBAIIHIO Y)Ke He HAYHUCASIOTCSL.

TeHAEHIIMS AOMHHUPOBAHUS IPOOAEM (yHKIHO-
Huposanusi DO xapakrepHa He TOAbKO AAst Poccuy,
HO U AASI MUPOBOJ 9HEPIeTHUKH, IIOCKOABKY TeXHUYeCKH
1 9KOHOMUYECKH HelleAeCO0OPa3HO 1 HeBO3MOXKHO AHK-
BHAHpOBaTh Bce nMeromeecsi 19 O. Pazpaborxka crioco-
60B IMPOAAEHHST HOPMATHBHBIX CPOKOB CAYXOBI O oc-
HOBaHA Ha CoxpaHeHUH HekoTOpbsM 1D O pocTarouno
BBICOKHX TEXHUKO-9KOHOMUYECKHX MIOKA3aTeAe U CBs-
3aHa C OOBEKTUBHBIMU PAKTOPAMH, KOTOPbIE AOASKHBI
OBITH yUTEHDI I[P PEAAU3ALUI COOTBETCTBYIOIIHX TEX-
HOAOTHIL. B COBpeMeHHOM 9AeKTPOXO03SICTBE HAXOASITCS
B 9KCIMAyaTaruu Ae rpymmsl OO, Kaaccu$puIupyeMble
IO BpeMeHu U cocTosiHuio Hapaborku: 1) DO, dyHkuu-
OHHpYIOIIlee B IIPEAEAAX CBOET0 HOPMATUBHOTO KM3HEH-
HOTO IUKAQ; 2) D0, $yHKIIMOHMpYIOIee 3a IPeAeAa-
MM HOPMaTHBHOTO >KU3HeHHOTro 1ukaa O 0.

C $popMarbHOM TOUYKH 3PEHHUS AAS BTOPOH IpyII-
msl OO raaBHast mpobAeMa 3aKAIOYAETCS B TOM, 4TO
BBIHY)XAGHHO€ MPOAOAKEHHE OSKCIAyaTanuu (B mm-
POKOM CMbICAe QYHKI[HOHUPOBAHMUS) 3HAYUTEABHOI
gactn 19O coraaco Cucreme TOP 20 u apyrum
HOPMATHBHO-TeXHUYECKHM AOKYMEHTAM AOAXKHO OBITH
npexpameno. Ha ceropHAmHMi1 AeéHb HET IIOAHOM TeX-
Hoaoruu aHasormunort Cucreme TOP DO, obecme-
yuBatomein nmoaaepxkanue OO B PyHKIMOHAABHOM
cocrostHun. HensbexxHoe B COBpeMEHHBIX YCAOBHSAX
popAeHHe CPOKOB aKcrayaranuu MO0 06bekTHBHO
CBSI3aHO C IPHCYTCTBUEM BHYTPEHHUX HEOIIPeAeACHHbIX
COCTaBASIIOIIMX — <IIPOOAEMHOIO KOMIIOHEHTa» U HC-
KOMBIX COCTaBASIFOIVX II0 Pa3pelleHHI0 IIPOOAeMbl —
«KOMIIOHEHTA paspelreHus». HekoTopble KOMIIOHEHTHI
TOP 130, Haxopsmerocs 3a mpeaeAaMH HOPMAaTHBHO-
ro XXnu3HeHHOTO IMKAa DO, K HaCTOsIeMy BpeMeHH yiKe
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popaboTaHbl, OAHAKO He YIOPSIAOYEHBI U CHCTEMHO
He 00'beANHEHBI, YTO U OIIPEAEAHAO OAHY U3 AAABHEHIINX
1eAel — cGOpPMYAHPOBATH M KOMIIAGKCHO PaCCMOTPETh
OCHOBHBIE KOMITOHEHTBHI TAQBHOJ IIPOOAEMBI CyIL[eCTBEH-
Horo BAustHUS IO O Ha $yHKIIMOHUpPOBAHHE 9AeKTPO-
XO3SIICTBA M OIIPEACAHTD BO3MOKHBIE ITyTH HX PellleHNU.

O60cobAeHHBIE TIONBITKH PeLIeHHS] OTAEABHBIX
IPAKTHYECKHUX COCTaBAsromux mpobaemsr TOP 10O
HATAAKHMBAIOTCA Ha MHOXECTBO MHOTOACIIEKTHBIX BO-
IpocoB. AAst 0003HaYEHMS M PACKPBITUS TOCTABACHHOM
pO6AEMBI ABTOPBI BOCIIOAB30BAAKCH AHAAOTOM CYIIle-
CTBYIOIEro 1 3¢ PeKTUBHO UCIIOAB3YEMOTO B MEAUIINHE
HAITPaBA€HHsI, HA3bIBAEMOI'O «TepUaTpHeii>, KOTopoe
3aHMMAEeTCs] U3ydeHHeM 0COOEHHOCTeN 3a00AeBaHUI
Y TIOKHABIX AIOAEH, A TAKOKe pa3paboTKOI METOAOB Ae-

YeHUS U IPeAyIpeXAeHUs oTuX 3aboaeBanuil. Ecan
IIOAXOAUTD K CAaMOCTOSITEABHOMY HAayYHOMY U IIPaK-
THYECKOMY HAIpaBAeHHIO peureHus npobaem TOP
M0, To AASL 9TOTO BIIOAHE OOOCHOBAHHO MOXKHO HC-
II0AB30BaTh BKAIOYAIOLIUIT BCe HEOOXOAUMbIE aCIIEKThI
TEPMHUH «3AeKTPOTepHaTpus> [S, 6], HaxoAAmUMCs
B HEpPAPXUM «TEXHUYECKON repuarpuu>. Ilpu aTtom
II0A 9AEKTPOrepHaTpHell IIOHUMAETCS TEXHOAOTHYe-
CKUI1 IIPOLIeCC pelleHys] KOMIIACKCA 3aAad, CBSI3AaHHBIX
C 0COOeHHOCTSIME IpuMeHeHus 1 06cAyxuBanms 13 O.
C mo3unuil CHCTEMHOTO aHAAM3A SAEKTPOTepUaATpUs
SIBASIETCS] Ha3BaHUEM KOHILIEIIUY YIIOPSIAOYEHNS U pe-
aAnsanyy GpUIMIECKUX [IPOLECCOB, OCYILECTBASEMbIX
npu opranudeckoM coepunennu TOP u axcnayaranuu
H3HOLIEHHOTO 9AeKTPOOOOPYAOBAHUSL.
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Alternative source of power production from carbon-containing wastes

Abstract: The work presents the investigations of the method of increase of effectiveness of thermal recycling of
oil slimes and oil-contaminated soil by way of increasing the value of secondary useful products obtained as a result
of high temperature pyrolysis recycling of carbon-containing wastes and its feasibility from the point of geo-ecology

of functioning of environmental protection technology.
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The mankind has exhausted all possibilities of safe
stocking and storing of wastes on the surface of the Earth

[1]. Particularly, there is a problem of cleaning of oil-
contaminated lands and recycling of oil slimes formed
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during the construction of oil and gas wells, operations
at production fields, cleaning of sewage water containing
oil products as well as cleaning of reservoirs and other
equipment.

Objective prerequisites for usage of the present
type of wastes are: the need to preserve natural resource
potential; replacement of primary resources with
secondary ones; considerable economic potential
hidden in secondary resources.

Pyrolysis is one of the most promising directions
of «struggle» with oil slimes from the point of both
ecological safety and obtaining of secondary useful
products [2, 3]. It provides an opportunity to perform
an economically beneficial, ecologically clean and
technically easy recycling of oil wastes.

Technical results obtained from realization of the
work include the increase of efficiency of the recycling
method of carbon-containing wastes as well as ensuring
of maximal non-waste course of the pyrolysis process
with simultaneous repeated use in the operations of the
process of pyrolysis of working substances obtained in
previous operations, with obtaining of synthetic gas at

the outlet of the pyrolysis process, which can be used

[/
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further in energy purposes.

To increase the efficiency of the pyrolysis
method of recycling of carbon-containing wastes, the
following technical solution was made: complete the
existing installation with module sections. Figure 1 shows
the scheme of improvement of a pyrolysis installation
[4]. The main technological units of the installation are
high temperature pyrolysis reactor with arc heating and
synthesis gas production reactor with sine-shaped spool.
The model of carbon-containing wastes consisting of three
samples (sawdust, oil slimes and oil contaminated soil)
was used as recycling material during the research works.

The complete process consists of several stages. The
first stage is the receipt of high temperature flow of the
heat carrier realized with the help of arc discharge. As a
result of pyrolysis the stock of heat should be enough for
a complete thermal decomposition to useful products.
The second stage is the outlet of pyrolysis gas. As a result,
there should be a mixture with set temperature and
composition. The third stage is the reactor of methanol
synthesis, which allows converting pyrolysis gas into
the product of organic chemistry. Figure 2 shows the

solenoid spool of synthesis reactor.
15 16

Fig. 1. The scheme of improvement of a pyrolysis laboratory installation
1 — gas outlet regulator; 2 — big electrode; 3 — loading hole with gas pressure control device;
4 — pockets for temperature devices; 5 — gas lines; 6 — condensate tank; 7 — gas meter;
8 — welding transformer; 9 — small electrode; 10 — small electrode feeding device; 11 —
reactor; 12 — unloading hole of the reactor; 13 — water lines; 14 — thermostat; 15 — gas
cleaning device; 16 — synthesis reactor; 17 — heat-exchange; 18 — methanol collector.

The experimental stand includes a laboratory instal-
lation the basis of which is the reactor designed to recycle
organic wastes and is an electric arc furnace of indirect
action. The peculiarity of the installation is the fact that
electric arc appears between two horizontally located

electrodes. The heat from the arc is supplied to the re-
cycled material through emission, convection and heat
conductivity. Electrodes are placed in the isolated di-
electric rings and equipped with packing devices, which
allows conducting experiments at excessive pressure in
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the installation. The supply of electrodes is performed
manually with the help of a screw feeder. The excessive
pressure in the installation is achieved with the help of
formed pyrolysis gas by way of blocking the gas outlet
regulator at the initial moment of processing. Outside
the installation the gas passes through the gas outlet reg-
ulator made in the form of a ball valve through gas pipe-
lines to condensate collector, where the liquid phase is
deposited. Synthesis gas (CO +H,) obtained at the out-
let goes to the methanol synthesizer, where it is convert-
ed into methanol CH, OH on the zinc-chromic catalyzer
under the effect of electromagnetic field. The mixture of
gaseous products at the outlet of methanol synthesizer
goes into storage tank. In its upper part there is a filter

tube, which products that didn’t react in the processes
are burnt up. The main unit in this process is synthesis
reactor. Laboratory sample was made of bronze blank of
50 mm in diameter. Sizes: 160mm total length, operating
reactor length — about 140mm, internal diameter —
33 mm, the wall thickness — approximately Smm, i.e.
external diameter — about 50mm and plugs of the same
diameter, their thickness — 20mm. Reducing sleeves or
simply connecting jointless steel pipes with internal di-
ameter of 6mm and wall thickness of 2mm are putin the
holes to plugs and welded. Granular zinc-chromic cata-
lyzer was cut to powder condition in the ratio one to one
with ferrite powder and placed inside synthesis catalyzer.
Figure 3 depicts the scheme of synthesis catalyzer.

Lapping

Outlet -

Fig. 2. Solenoid spool of synthesis reactor

Activation of the catalyzer inside the synthesis
reactor was performed by way of combining it with
ferromagnetic powder and impact on the given mixture

by electromagnetic field created by solenoid spool reeled
on the synthesizer housing.

Sleeve or pipe

Copper packing

Thread plug

Fig. 3. The scheme of synthesis catalyzer

In order to investigate the possibilities of activation
of the process of methanol obtaining in the synthesis re-
actor by magnetic field in the presence of ferromagnetic
particles and catalyzer, 3-layered solenoid spool of the
total diameter of 140mm and inductivity L=5,2 mH
reeled with a copper wire of the diameter of d=0,2mm
was prepared in the work. The evaluation of optimal pa-
rameters of solenoid spool is based on the following well
known physical correlations: a) the value of intensity of
the magnetic field inside the solenoid H =1-n, where I
is the current through solenoid. 7 is the number of turns
per unit of the sloop length equal to [, herewith
n=l /nd the Om law for the area of the chain
of alternative current with the voltage U, frequency w,

reactor solenoid,

inductivity L and active resistance R:
U

JR +(oL)’

I=

The performed measurements of the parameters of
several spools showed that at the frequency w=50 Hz,
their inductive resistance is much less than active one,
i.e. wL <<R (L= 5.2 mH, wL=1,6 Om, R=72 Om).

Thus, the conditions wL <<R for it is quite fair; con-
sequently, current through solenoid I = U/R. Since the
active resistance R of solenoid spool can be found in the
correlation:

R=pl /S =4pl_ / ardfw.m} the intensity of magnet-
ic field inside the solenoid will be determined with a
formula: H=~ (U 4., Y/ (4pd_ 1, )

The main effect of the magnetic field on methanol
obtaining lies in the very activation of the catalyzer at
the expense of shifting its particles with the particles
of ferromagnetic powder, the reorientation of which is
ensured by external magnetic field. Given the shifting of
the particles of the catalyzer, it interacts with a big volume
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of synthesis gas, as a result, increasing the results of
methanol outlet. This effect becomes bigger, if the
amplitude of the shift of particles of the catalyzer set by
reorientation of particles of the ferromagnetic powder is
bigger. This reorientation will be maximal in sine-shaped
alternate magnetic field. The optimal number of turns
of the spool was evaluated on the basis of calculations.
The determination of methanol after the passing
of pyrolysis gas through synthesis reactor was initially
performed at the branch of the federal budgetary
establishment «Center for laboratory analysis and

technical measurements in the Ural federal district>
in Tyumen region. The determination of methanol was
conducted by photometric method at an accredited
laboratory on the photoelectric colorimeter KFK-3.
Gas that passed through the synthesis reactor went to
a vessel with water from which the samples were taken
to determine the concentration of methanol in it.

The dependence of the yielding of the methanol
concentration in the water solution from the current rate
and voltage created in solenoid spool of the synthesis
reactor is shown in Table 1.

Table 1. — Actual composition of the methanol concentration in the water solution of the
gas obtained after the passing of pyrolysis gas through the synthesis reactor.

Concentration of methanol in the Current rate in the spool of the Voltage on the spool of the
water, mg/dm? synthesis reactor, A. synthesis reactor, B.
less than 0,1 0 0
3,35 0,95 70
74 1,24 113
7,77 1,48 121
14,9 1,87 150
16,7 2,02 158
20,2 2,28 169

The obtained results certify about the effective im-
pact of the magnetic field on the outlet of methanol. The
limit of values of the current rate and voltage on the sole-
noid spool is ensured by the limit of electric resistance in
the spool.

Increasing the current rate and voltage on
the solenoid spool of the synthesis reactor when
applying electromagnetic field in the presence of
ferromagnetic particles and catalyzer in the reaction
mass, we increased the velocity of chemical reaction
and methanol outlet. The chemistry of the process is
traditional. Methanol technology in industrial scale is
known and its production and implementation is
cumbersome. Oversized chemical reactors, heat
exchanging units, vessels for mixing reagents in the
presence of the catalyzer have considerable sizes. An
additional reactor for mobile installation for processing
of hydrocarbon wastes with high temperature pyrolysis
should be miniaturized. The result allowing involving
the formed wastes in the resource turnover at the spot
using local installations was obtained with the help of
a small synthesis reactor. It is more cost effective than
traditional ways of deactivation or burying of wastes
at a field or construction of expensive waste-recycling
factories. In order to miniaturize the process, we used
a small-scale facility. Mobile low-tonnage miniaturized
ecological complex can be located at the very places of

extracting, transportation, refining of oil, natural gas
and gas condensate. The traditional and main method
of fighting with hydrates formation in the gas industry is
the use of an inhibitor of hydrates formation —
methanol. Specific consumption parameters of
methanol as the inhibitor of hydrates formation directly
depend on the composition of the extracted natural gas
as well as technology of preparation of the natural gas
for transportation. To reduce specific consumption is
possible with the help of a mobile small-tonnage
technological complex described above: the original
product of methanol obtaining is carbon-containing
wastes recycled into pyrolysis gas, the component
composition of which is mainly monoxide of carbon
and hydrogen. The wastes almost don’t have any cost
compared to extracted natural gas. The preservation of
them is quite costly and it is more profitable to recycle
them. Transportation costs for delivery of natural gas
to methanol factories and then transportation of the
ready methanol, production of which also requires
expenses, back to the field is ecologically ineffective
and economically unprofitable. There are serious
ecological risks during the transportation of chemical
reagent to gas extraction facilities. Transportation of
methanol as a dangerous cargo of sub-class 6a (volatile
flammable toxic agents) to faraway gas fields requires
special safety measures that will exclude accidents,
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spills, leakage and inflammation. Thus, during the
transportation of methanol, operations of discharge and
filling, there is a danger of accidents causing ecological
damage. Subsequently, production and consumption of
methanol should be performed in the areas of oil and
gas extraction, which will ensure environmental safety
and economic efficiency of the process.

Conclusions. In the course of experimental
investigations of the process of recycling of oil slimes and
oil-contaminated soil secondary products in the form
of synthesis gas and methanol, the most valuable from
the ecological and economic view, were revealed. The
componentcompositionofgaseousfractionpresupposing
opening of waste reserves and their recycling into a useful
product was determined. The construction of installation
at the expense of implementation of pump reactor

having a positive effect as a combination of technical
and consumption properties of the process of pyrolysis
of carbon-containing wastes was developed.

The obtained results of the research can be used
by industrial enterprises of oil and gas complex in order
to reduce industrial load which the processes of natural
self-recovery of natural ecosystems cannot «manage>
and to obtain methanol from wastes to reduce the risks
of negative impact on the environment and increase
economic, ecological and social effect of the process at
the expense of usage of elevated consumer properties of
secondary products.

As a result of conversion of carbon-containing
wastes, the synthesis gas, a raw material for obtaining
methanol used as inhibitor of hydrates formation in oil
and gas industry, was obtained.
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dopmanusoBaHHoOe NpeacTaB/ieHue aBapuHbIX CUTyaunii XMMMUKO-
TEXHOJIOrM4eCKUxX npoLueccoB C NOMOLLbIO MOZEeJIM CEMaHTUYECKUX ceTen

AHHOTa].[I/Iﬂ: B crarpe PaccMaTpHUBAIOTCA HpOGAeMbI IIOAACPXXKU IIPUHATHA pEIIEHN B XUMHUKO-TEXHOAOTMIECKUX

IpoIreccax. HPI/IBQAEH AATOPHUTM CHUCTEMbDI AMATHOCTHUKH XMMHKO-TEXHOAOTHIECKHX IIPOLECCOB HA OCHOBE MOAEAN

CEMAaHTHUYECKHUX CeTel.

KaroueBbie caoBa: aBaPHfIHbIe CUTyalllH, CEMaHTHYIECKasl CETh, yTEUKa, BbI6p0C, pasrepMeTH3aIsl, B3pbIBHOE

PpasAOKEHHE.

Bepenne. OpHVMM M3 BayKHEHIINX HAITPAaBACHHI Op-
raHM3AIUHY [IPOMBILIAEHHOTO [IPOM3BOACTBA SIBASIETCSI 00e-
criedeHre 6€30IIACHOCTH TEXHOAOTMYECKHUX IIPOLIECCOB.
B panHOIT paboTe peliteHye 9TOi MPOOAEMBI pacCMATpPHBA-
€TCs1 C TOUKH 3PeHHsI CO3AAHMUS MHPOPMAIJIOHHOM CUCTEMBI
ITPOMBIIIACHHON 6€30IaCHOCTH, TAE ITOA TEXHOAOTHIECKOM
0€30I1aCHOCTBIO TOHUMAETCSI TEOPETHKO-MHOXKECTBEHHOE
onpeaeAeHwe, pearokeHHoe B cratbe [ 1]. CoBpeMeHHbIe
HHPOPMALMOHHBIE CHCTEMBI TEXHOAOTUIECKOF 6e30I1acHO-
CTH SIBASIFOTCS CAOXKHBIMH HePapXUIeCKH OPTaHU30BaHHbI-
MU 9eAOBEKO-MAIIMHHBIMY CHCTEMaMH, B KOTOPBIX MOXKHO
BBIACAUTD IOACHUCTEMY OLIEHKHM COCTOSIHUI T€XHOAOTHH
Y OpTaHH3aIIMOHHO-TeXHOAOTHIECKYIO IOACHCTEMY YIIpaB-
AeHust 6e30macHOCTbI0. OAHOM U3 OCHOBHBIX 3aAQ4 TAKUX
CHCTeM SIBASIETCS] CBOEBPEeMEHHO€e OOHApY KeHHe U AUKBH-
AVPOBaHHE OITACHOCTEH, KOTOPbIE MPUBOASIT K IITAaTHbIM
Y BHEIIITATHBIM CUTYALIVSIM, IIPIYEM, AASI MX BBIIBACHIIS €IIié
Ha paHHel CTAANH Pa3BUTHSI HEOOXOANMA KOAMYECTBEHHASI
OLIEHKA TEXHOAOTUYECKOF 6€30MacHOCTH.

ITocranoBKa 3apaun. MeToporormyeckrie OCHOBBI
IMPUHLUIA IOCTPOEHHUS] CUCTEMBI AUaTHOCTUKH COCTO-
SIHUU U YIIPABAEHHSI TEXHOAOTNYECKOI 6e30I1aCHOCTBIO,
onmparorcs Ha pabory [2].

B Hameit paboTe AASL CO3AQHUS TEXHOAOTHIECKOTO
Ipoljecca pacCMOTPHUM IPUMep XMMHMKO-TeXHOAOTHYe-
ckux iporteccos (XTIT). MopeAHpoBaHHe AOAKHO 06e-
CIIeYNBaTh HE TOABKO AOCTATOYHO TOYHOE OIIMChIBAHHE

IIpoIlecca, a B KauecTBe 9KCIePTa, AHAAUBHUPYIOIIEro CH-
TYaI1IO, BBICTYTIAeT AUIIO0, IIOAAEPXKKHU IPUHSATD pelle-
HUsL. 3A€Ch HAYT 00€ HHTEAAEKTYaAbHBIE 3AAQYH, [IEPBBII
U3 HUX AMAaTHOCTHKA COCTOSIHUS TEXHOAOTHIECKOTO IIPO-
11ecca ¥ BTOpasi, HOAAEpPIKKA MPUHATUSA pelmeHus. Aas
AMArHOCTUKH COCTOSTHMI U IIPUHATHS PelleHUs CoAep-
JKUTCs 0a3a AQHHBIX U 6a3a 3HaHWi1. COBpeMeHHbIN 9Tal
Pa3pabOTKU MHTEAAEKTYAABHBIX CHCTEM YIIPABACHUSI
B 3HAYMTEABHOI CTENIEHH OPHEHTHPOBAH Ha pa3paboTKy
CHCTeM C UHTEAAEKTYaABHbIM HHTeP(ecoM, THOPUAHBIX
CHCTeM HCKYCCTBEHHOT'O MHTEAACKTA M MOAEAEH IIpea-
CTaBAeHUSI 3HAHUI. B Hameil paboTe U3 HUX HCIIOAB3Y-
€TCSI CEeMAaHTUIECKaSI CETh.

dopmarn3anusi AAS CO3AAHHS MOAeAH. B ocHOBe
MOA€EAEM 9TOTO THUTIA AEKHUT CEMaHTHYECKasl CETh, KOTO-
pyto opmaapHO MOKHO npeacTaButh BBupe H=<L,C ,
C,.., C, I'>. 3aech I — MHOXeCTBO MHOPMAIIMOHHBIX
eaunnt; C, C ..., C — MHOXeCTBO THIIOB CBA3€H MeX-
Ay HHQOPMALIMOHHBIMU eArHULaMU; [ — oToOpakeHue,
3aparoliiee KOHKpPETHbIE CBSI3H, U3 3AAAHHOTO Habopa TH-
OB CBA3€M, MeXXAY HHPOPMAITMOHHbIMU eAMHUIIAMH.

CAOBO «CEMaHTHKa>» O3HayaeT 3HAYEHHE, CMBICA
CAOBQ, 00'BEKTA, IBACHUS U T. A., TEPEAAHHBIX C IOMOLIBIO
KAKUX A0O BBIPRIKEHUIT U IIPEACTABACHHIL.

IIpeacTaBAeHME 3HAHMI, OCHOBAaHHOE HA CEMaHTH-
JeCKUX CeTSX, 3aKAI0YAeTCsl B PACCMOTPEHHH ITPpobAeM-
HOJ CPeABI KaK COBOKYITHOCTU 00ObEKTOB (cyLuHOCTefI)
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u cBszeil (OTHOIIEHM) MeXAY HUMH. B AQHHOM caydae
IPOOAEMHOT 06AACTBIO SIBASIFOTCSI ABAPUITHbIE CHTYALIUH
XTIIL

CymecTByIOT pasAndHbIe BUABI CEMAaHTUYECKUX Ce-
teit [3]. O6muM sBASETCS TO, 9YTO 6a30BBIM $yHKIIHO-
HAAbHBIM 9AEMEHTOM B HUX CAYXXMT CTPYKTYpPa, COCTOSI-
Ijasi U3 AByX KOMIIOHEHTOB: <Y3AOB> U CBSI3BIBAIOIINX HX
«AyT>. Ka>KABII y3eA IpeACTaBASeT HEKOTOPOe IIOHATHE,
a Ayra — OTHOULIEHHEe MeXAY napamu nouaruil. [Ipuuem
KaXXAAsl U3 3THX AP MOHATHHN IPEACTaBASIeT IPOCTOMN
¢$axT. Y3ABI TOMEYAIOTCSI UMEHEM COOTBETCTBYIOLIEro
OTHOIIeHMs. Ayra UMeeT HallPaBACHHOCTDb, OAaropaps
4eMy OHA OTPaXKAeT OTHOIIEHHE <«CyObeKT-0ODBeKT>
MeXAy MOoHATHSAMH. OAHAKO B CeMaHTHYECKHMX CeTsIX
OTCYTCTBYIOT OTPAaHMYEHUS Ha YHCAO CBI3EH MEXAY y3-
Aamu, 6Aaropapst ueMy obecrieunBaeTcsi OpMUpPOBAHIE
ceru ¢paxroB. Hanpumep, AAsl mpeacTaBAHHS B BUAE Ce-
MaHTHYECKOM CeTH HIDKe IIPUBEACHBI KAIOUeBble Pppasbl,
OTpakarollue CAeaylolye apapuiiHble cuTyanuu XTIL

Cumyayus 1. Hekonmpoiupyemoiil, Heynpasisemoiii
npoyecc. B 06bexTe MMeeTCsI HAU HAKAIIAUBAETCS SHEP-
TUSI, AOCTATOYHASI AASL Pa3PYLINTEABHON paboThL. ABa-
PpHA IPOUCXOAMT BCAEACTBHME IPEBBIIEHUS AOITYCTH-
MOTO 3HAYEHHs SHEPTUHU U3-32 OTCYTCTBUS KOHTPOAS,
[OTEpHU IPOYHOCTHBIX XaPAKTEPUCTHK 00OPYAOBAHNS,
HEBO3MOXXHOCTH OTKAIOYEHHS UCTOYHMKA YBEANYEHII
9HEPIrHH, HeCPabATHIBAHIUS 3AIUTHBIX YCTPOFCTB U T. A.
B MoaeAn n3MeHeHMe 9HEPIUU OIIPEAeAseTCs Ipollecca-
MH [IEPBOT'O BUAQ, HApyLIeHHe KOHTPOAS M TPOYHOCTHBIX
CBOMCTB — BTOPOTO BHAQ.

Cumyayus 2. Buewnee 8o3deticmsue. B obpexre co-
CPeAOTOYEHO AOCTAaTOYHOE AASL aBApUU KOAMYECTBO
9HEPIHH, aBAPHSI IPOUCXOAUT IIPH OIIACHOM BO36YXKAQ-
IOIeM BO3AEMCTBUU — MeXaHM4YeCKas M dAeKTpUIecKas
HeperpysKa, OIMOOYHbIEe ACHCTBHUS IEPCOHAAQ.

Moaeap paccMaTpuBaeMOM aBapUIMHOM CUTYaIlMU —
BEpPOATHOCTHOE ONMCAHUE IIPOIecca MOSIBACHUS BO3-
AericTBHs, BbI3bIBaromero aBapmio. Cumyayuu 1 u 2 xa-
PaKTepHBI AAS TEXHOAOTMYECKHX IPOLIECCOB C BBICOKUM
dHepreTHYeCKUM IIOTEHITMAAOM B3PhIBOOIIACHOCTH [3].

Cumyayus 3. Ymeuka, evibpoc, pazeepmemu3ayus.
B o6bexTe IPOTEKAIOT XUMUKO-TEXHOAOTHIECKHUE TIPO-
LIeCCHI, CBSI3aHHbIE C II€PEPAOOTKON HAM MOAyYEHHEM
IIOXKapo U B3PbIBOOIACHBIX BelecTs. B pesyabraTe Ha-
PYLIEHUST TepMETUYHOCTH U APYTHX HEIIOAAAOK 060-
PYAOBaHUS IIPOUCXOAST yTeUKa MAHM BRIOPOC BelllecTBa
U3 aIllapara, MAIIHHbI, TPYOOIIPOBOAA B OKPY>KAIOLIYIO
cpeAy. ABapusi BO3HUKAET IIPU MOSIBACHUHU BO30YXXAQI0-
Iero BO3ACHCTBUSA MAM CAMOBO3TOPAHUU BeleCTBA BHE
060pyAOBaHMSI.

MopeAb AQHHOM CUTYAITH OTPAXKAeT IIPOL}eCChl BO3-
HUKHOBEHHE yTeYKH, CAMOBOCIIAAMEHEeHHS, IIOSIBACHUS
BO30yAMTeAell B3pbIBA U IOXapa. AHAAU3 aBapUil I10-
Ka3bIBaeT, YTO B IIOCA@AHHE TOAbI 0KOAO S0% B3phIBOB
Ha XMMHUYECKUX IIPOM3BOACTBAX IIPOU3ONIAO OT 3AAIIO-
BBIX BBIOPOCOB FOPIOYHX IIPOAYKTOB.

Cumyayus 4. Onacnas cmeco. B cAOXHOM XMMHKO-
TEXHOAOTMYECKOM OO'beKTe Ha PAa3AUYHBIX CTAAMSX UC-
IIOAB3YIOTCSI BEI|eCTBA, U3 KOTOPBIX MOT'YT 0Opa3oBaThCs
II0>KAapO M B3PHIBOOIIACHBIE CMECH. ABaPHU BO3HUKAIOT
B pe3yAbTaTe HEAOITYCTUMOIO COEAMHEHHS (xoHTaKTa)
TAKHX BeLeCTB C 0Opa3oBaHHEM ONACHBIX CMeCEN.

Ars cumyayuu 4 MOAEAb AOAKHA YYHTBIBATh BO3-
MOXXHOCTb ITOAYy4YeHHUsI OIIACHBIX CMecell Ha OCHOBe
PaccMOTpPeHHsI GOABIIOTO YKMCAA COYETAHUI PAKTOPOB
U TIOCA@AOBATEAPHOCTEH Pa3AMYHBIX B3AaHMOCBSI3aHHBIX
COOBITHIL.

Cumyayus S. Bspuisnoe pasionenue. B obbexre
IPOTEKAIOT MPOLIECCHI C B3PBIBOOIIACHBIMU U APYTHMHU
HeCTaOUABHBIMU OCHOBHBIMH U ITOOOYHBIME IPOAYKTA-
MH, CKAOHHBIMH K CaMOYCKOPSIIOIIUM 9K30T€PMUYECKIM
$H3MKO-XUMUYECKHM TIpeBpalleHUsIM. ABapHs IIPOC-
XOAWT B pe3yAbTaTe OTAOXKEHHS M HAKOIIACHHS B aIllla-
paType U TPyOOIIPOBOAAX TAKUX BelleCTB. B3priBHOMY
Pa3AOKEHHIO TIOABEPIKEHBI AIleTHACH U ero IPOU3BO-
AHbBIe, HUTPUT-HUTPATHbIE COAU AMMOHUS, HUTPOPOCKa,
IIePOKCHAHBIE COEAMHEHHUS U A.

Cumyayus 6. Ocmanoska, Hezanyck. O6beKTsI 60ADb-
IO eANHIYHON MOIJHOCTH 3aITyCKAIOT i OCTAHABAMBA-
IOT B COOTBETCTBHU C OIPEAEACHHBIMHU TPEOOBAHISIMU.
ABapusI BO3HHMKAET [P BHE3AITHON OCTAHOBKe, HeIlpa-
BHABHOM ITyCKe UAM HEBO3MOXXHOCTH ITyCKa BCAEACTBHE
Pa3AMYHBIX HAPYIIEHHI 00OPYAOBAHHSL

Bce paccMoTpeHHbIE M ApYTHE CHUTYaIlMU AAS XH-
MUKO-TEXHOAOTUYECKOTO OOBEKTa MMEIOT Pa3AUdYHBIE
BEpPCHUH, OTAMYAIOINECS] BHAOM BO30YAUTEAS] aBapuu,
MECTOM YTeUKHU, COCTAaBOM OITACHOM CMECH U T. A.

AAS KOXKAOU BepCHU HEOOXOAMMA COOTBETCTBYIOIIAS
MoAeAb. UrcAo Bepcuil AASI OAHOM aBapUIMHOM CUTYaLul
CAOXKHOTO OOBEKTa MOXKET OBITh AOCTATOYHO OOABIIMM,
MX QHAAUM3 3HAYMTEABHO 00AErYaeTcs IPH HCIIOAB30BA-
HHHU METOAOB MOAGAMPOBAHUS U BBIYHCAUTEABHOM TeXHH-
KA. AASI 9TOr0 HeOOXOAUMO OCYIECTBUTh HAXOXKAEHHE
OLI€HOK ITepeMeHHbIX COCTOSIHUS U ITAPAMETPOB MOAEAH,
KOTOPBIE MOXKHO ITPEACTABUTD B CACAYIOIIEH IIOCACAOBA-
TEABHOCTH.

1. Pazpaborka mopean. IToaroroBka MaremaTude-
CKOTO OIIMCAaHHMS TeXHOAOTHYECKOro mporecca. MoxxHO
HCITOAb30BaTh AUHAMUYECKHE HAU CTATHIECKHE MOAEAH.

2. Coop paunsIx. [IpoBepeHMe HEOOXOAMMBIX KCIIE-
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PHMEHTOB 1 HAOAIOAEHUI, YTOOBI 06€CIIednTh HANOOAD-
IIYI0 BO3MOXKHYIO TOYHOCTD OLIEHOK.

3. HaxosxaeHue orjeHOK. AAs IOAyYeHHs pacyeToB
IieAecoobpasHee HCIIOAb30BATh CTAHAAPTHBIE IIPOTrPaM-
MBI, HeXXeAH Pa3pabaThIBaTh HOBYIO, IOTOMY YTO AASI Ha-
AEXHOTO IIPOrPAMMHIPOBAHUSI AATOPUTMOB TPeOyeTcst
00AbIIast H300PETaTEABHOCTD M MACTEPCTBO.

4. MoaeanpoBaHue HemoAapok. Kak aeTrepmunmpo-
BaHHBIM, TaK U CTOXaCTHYECKUH ITOAXOA K MOAEAUPOBa-
HUIO CKa3bIBAeTCsI HA IyBCTBUTEABHOCTH OLleHOK. BmecTo
MOAEAUPOBAHHUS HEITOAAAOK OBIAO OBI MA€AABHBIM BBO-
AUTD UX B CaM ITPOLIECC AASI TOTO, YTOOBI yCTAHOBUTD AMA-
IIa30HBI HAOAIOAAEMBIX II€PEMEHHbIX COCTOSIHUS U/ HAH
k03¢ PureHToB MoAeAr. OAHAKO 9TO OYEeHD PEAKO AO-
ITyCTHUMO B IIPOM3BOACTBEHHBIX YCAOBHSAX, TaK, KaK IIPH-
XOAUTCS ITOAAraThCs HA KOCBEHHbIE METOABI OTIpeAeAe-
HUSI AOITyCTUMBIX AUATIA30HOB.

5. O6HapyxeHIe HEIIOAAAKH. AASI TOTO 4TOOBI OOHA-
PY>KUTD HEIIOAAAKY, MBI TPUHIMAEM THUIIOTEe3Y O TOM, YTO
nporecc pyHKIMOHUPYET YAOBAETBOPUTEABHO, a 3aTeM
IIpOBepsieM 3Ty IMIIOTe3Y, NCIIOAb3Ysl 9KCIIepUMEHTAAD-
Hble AQHHbIE, IIOAYYEHHBIE B XOAE HAOAIOACHUS 32 IIPO-
1IeCCOM.

6. AMarHOCTHKA HEITOAAAKH. YCTaHOBAEHHE MECTO-
HAXOXAEHHS HEITOAAAKH (MAM HEIIOAAAOK) B mporecce
sIBASIETCSI, 6OAee CAOXKHOI 3apadelt, 4eM IPOCTO ObHa-
Ppy’XeHHe HEeUCIPaBHOTO cocTosiHuA. IIpu BpIaBA€HUN
OAHOM MAM HECKOABKHMX KOHKPETHbIX HEIIOAAAOK MOT'YT
OBITH MCIIOAB30BAHbI KAK IIEPEMEHHBIE COCTOSIHMS, TaK
1 K09 PUIIMEHTHI MOACAU. MoaeANpOBaHUe HEITOAAAKH
MAM QaHAAU3 TIPEAIIIECTBYIOIIUX AAHHBIX O ITpoLjecce (cBs-
3aHHBIX C y>Ke M3BECTHBIMHI HETTOAAAKAMH) AQIOT KAIOY
K BbISIBAGHHIO KOHKPETHBIX CAyYaeB OTKAOHEHMII OT HOp-
MaABHOM PabOTHL

Taxum o6pa3oM, BbllIeIlepeyHCACHHbIE THUIIOBBIE
aBapuiinbie cuTyanuu XTII npeacraBuan B Bupe ce-
MaHTH4ecKoH ceTu Ha puc. 1. IIpu aTom pAocTouHCTBO
IIPeACTAaBACHUS 3HAHMI B BUAE CEMAaHTHYECKUX CeTei
3aKAIOYAETCS B TOM, YTO OHH XOPOIIO IIOAAQIOTCS 06-
paborke Ha xommbroTepe. CeMaHTHYECKHE CETH U UX
MOAYAH — OYAb TO CETH Ha YPOBHE OTHOUIEHHI UAH
CeTH Ha ypOBHE NPOrpaMM — CO3AAIOTCS HHXXEHePOM
1o 3HaHUAM (KOTHHTOAOTOM). DTO OGCTOATEABCTBO
BIIOAHE YCTPaUBaeT IOAb30BaTeAeH, paboTaOmMuX, Ha-
npuMep, B 00AACTH MPOEKTUPOBAHUS M YIIPABACHIS
TeXHOAOTMYECKHMHU IpoleccaMu. AAsl KaXKAOTO Bapu-
AHTa TeXHOAOTHYECKOTO IPOoIjecca U CUCTeMbI YIIPaB-
ACHUS MM IPUKAAAHOM IMPOrPAMMUCT (moAb3oBaTeAD )
OyaeT GOpMUPOBATh CEMAHTUYECKYIO CETh HA YPOBHE
OTHOIIIeHU .

AATOPHTM HOCTPOEHHUS MOACAH 3HAHUH.

1-ypoBeHb: ABapHiTHbIE CUTYAIIMH B XUMUKO-TEXHO-
AOTMYECKOM OOBEKTE.

2-ypoBeHb:

1. HexonTpoAupyeMmslit Tpolecc;

2. HeympaBasieMblit ITpoljecc;

3. BuemHee Bo3AeCTBHE;

4. YTeuka;

S. Bribpoc;

6. PasrepmeTnsanyus;

7. OmacHas cMech;

8. BapriBHOE pazaoKeHHe;

9. OcraHoBKa;

10. Hesamyck.

3-ypoBeHb:

1. HapymeHne mpOYHOCTHBIX yCAOBHI;

2. DHepreTUYeCKHIl IIOTEHIJUAA B3PHIBOOIIACHOCTH
U TI0’KapOOIIACHOCTH;

3. IlostBA€HME BHEIIIHETO BO3AEHCTBHS;

4. BosuukHoBeHue yTeuku (Bbibpoca);

S. Pacxop 1 00’eM BBITEKIIETO IPOAYKTA;

6. BosHMKHOBeHME KOHTAKTa BEI[EeCTB;

7. AOoCTH>XeHHe OIIACHOH KOHIIEHTPaLUH;

8. AocTikeHne MpeAeAbHOM MaCcChl;

9. MoMeHT OCTaHOBKM MAY HapyIIeHHUs IIPHU ITyCKe;

10. HaxonaeHnHas aHeprus.

4-ypoBeHb:

1. Bup HakanaAnBaeMo¥ SHepIruy;

2. XapakTep HapyIIeHHs, BO3ACHCTBHS;

3. Mecro HapymIeHHs, BO3ACHCTBUS;

4. Bup B3pBIBOOIIACHOM CPEADI;

S. Bup napymrenus (yTeuka, BHIGpOC, pasrepMeTH3aLus);

6. Cocras cMmecu;

7. MecTo ¥ mpUYMHA BOSHUKHOBEHHUS KOHTAKTa Be-
I[eCTB;

8. Bup omacHOro nmpoaAykTa;

9. MecTo HaKOIIAeHMUS;

10. Bua HapymeHus, BeAylero K BHe3arHOM OCTa-
HOBKE MAM HEBO3MOXKHOCTH ITyCKe.

S-ypoBeHb:

1. Cocyasl OA AQBACHUEM;

2. BappiBoOmacHast M MOXKAPOOIIACHAS CPeAR;

3. Toproune raapl, AeTKO BOCIIAAMEHSIOIUECS XKUAKO-
CTH, TOKCHYHBIE M APYTHE BpeAHbIe BeleCTBa;

4. O6BeKThl, COAepIKAIHe KOMIIOHEHTBI OIACHBIX
cMmecen;

S. TIpoAyKTbI, CKA\OHHBIE K B3PHIBHOMY PAa3AOKEHHUIO;

6. O6beKThI 6OABIION eAUHUYHOM MOIHOCTH.

Hmxe mpeacTaBAeHBI HyMepaIys AyT, Y3AOB U IIPH-
BeAeHa cxeMa aaroputma (puc. 1).
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IIpeAcTaBHM AYTH CACAYIOIIHM 0Opa3om:

1. Curyanus (Kakas?);

2. MowmeHr Bo3HuKHOBeHus aBapuit (Uro sBHAOCH

NIPHYUHOIA?);

Ot uero?);

Ka3aHbpl Ha puc. 1.

3. Bepcuu BosuukHoBenus cutyanuit (ITouemy?

Hymepanus y3a0B:

4. O6wbexTl, cpeaa, mpoayktsr (Tae?).
Hywmepanusamu ayr sapastorca W, X, Y, Z xoTopble no-

1-ypoBenr — A

2.1-yposenr — Al
2.2-ypoBenb — A2
2.3-yposenb — A3
2.4-yposenp — A4
2.5-ypoBenp — AS
2.6-ypoBenp — A6
2.7-yposenbp — A7
2.8-yposenp — A8
2.9-yposenbr — A9

3.1-yposenr — Bl
3.2-yposenr — B2
3.3-ypoBenr — B3
3.4-ypoBen» — B4
3.5-yposenr — BS
3.6-ypoBenbr — B6
3.7-yposenr — B7
3.8-yposenr — B8
3.9-ypoBenpr — B9

4.1-yposenp — Cl1
4.2-yposenp — C2
4.3-yposenp — C3
4.4-yposenr — C4
4.5-yposenp — CS$
4.6-yposenp — C6
4.7-yposenp — C7
4.8-yposenp — C8
4.9-yposenp — C9

S.1-yposenr — D1
S.2-yposenr — D2
S.3-yposenr — D3
S.4-yposenr — D4
S.5-yposenbr — DS
S.6-yposenpr — D6

2.10-yposenp — A10 | 3.10-yposerr — B10 | 4.10-yposerr — C10

A
- % N\
Al A2 Al Ad AS A6 A7 AR A9 AlQ
i /
El B2 B3 B4 B3 B6 B7 B8 B9 Bl10
=
v
C1 C2 C3 C4 C5 ] ci ] ] ]
D1 D2 D3 D4 D3 D

Puc. 1. O6was cxema pa3paboTaHHOro anropuTma.

BsiBoa. B pabore panbr aaropurm cucteMs: Amarso-  Ha si3bike Delphi. Jx MoxxHO ncrioap3oBars B mporecce

CTUKH XMMUKO-TEXHOAOTMYECKHUX IMporieccoB. Ha ocHO-  MOAAEpKKU NIPUHATHS PelIeHUs AAS AMaTHOCTHKH 1 YTIPaB-

B€ BbBIIIEYKA3AaHHOI'O AaATOpPHTMa COCTaBA€HA IIpOrpaMmMa AC€HM CAOJKHBIMH XUMHUKO-TEXHOAOTHUYCCKNMH CUCTEMaMMH.
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OnTuMunsauus HOPMaTUBOB HAAEe>XXHOCTU MaLUUMH B 3KCcnayaTauuum

Annoranus: ITpepAOsKeHBI MaTEMATHIECKITE MOAEAH, BRISIBASIIOIIVE 3HAYCHHUSI II0OKA3aTeAeH HAAEXKHOCTH COOpOY-
HBIX €AUHMLI], TPEAEABHBIN H3HOC KOTOPBIX BbI3bIBAET UX OTKA3, & CKOPOCTb M3HAIIMBAHM 3aBHCUT OT IEPUOAMIHOCTHU
TEXHUYECKOTO OOCAYKUBAHHUSL.

KaroueBbie cAOBa: HAAEXKHOCTD, OTKA3, HAPAOOTKA, H3HOC, PECYPC, IKCIIAYATALIUS, CTOMMOCTH KOMITEHCALIUH
MOTEepb.

BrIrloAHEHHbBIE HCCAEAOBAHMS B 0OAAQCTH 9KCIIAyaTa-  HAAEKHOCTH B 00IfeM CAydae MOXEeT ObITh MUHHUMAAb-
IJMOHHON HAAEXKHOCTH MAIIUH CO3AAAU IPEATIOCBIAKM  Has cymma C (t) CpeAHell YAeAbHOM CTOMMOCTH: aMop-
K ONITUMH3AI[MM HOPMATUBOB MANIMH U UX KOHCTPYKTUB-  TU3AIMOHHBIX oTuncAeHur C, ; yCTpaHeHHs OTKa30B
HBIX 9AeMeHTOB. KpurepneM onTUMu3aniu HOpMaTUBOB M HEHCIIPAaBHOCTEH (TeKyLumZ peMOHT) C,,; KOMIeH-
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canuu motepb, 06YCAOBAEHHDBIX U3HOCOM (CHUDKeHUe
IPOU3BOAUTEABHOCTH, IIOBBIIIEHHUE PACXOAA IKCIIAyaTa-
LIMOHHBIX MATEPHAAOB U T. T1. ) Cun [1,52-53]. 3tu crou-
MOCTH B CpeAHEM YACABHOM HCYHUCACHUH OTIPEACASIIOTCSI
Ha eAMHUITY HApabOTKH t,, 32 aMOPTH3AI[HOHHBII CPOK
CAY>KOBL. AASI CHIDKEHUS CKOPOCTH H3HAIIMBAHUS U 00e-
cIiedeHHs TpebyeMOro ypoBHsI BEpPOSITHOCTH 6e30TKas3-
HOP pabOTHI BBIIIOAHSIETCSI TEXHIHIECKOe 0OCAY)KUBAHUE,
CTOUMOCTb KOTOPOro C_. OTHOCHUTCS K IEPUOAMYHOCTH
BBIITOAHEHHS t_ 06CAY>KIBAHHUSL.

OrpaHuyeHHeM IIPH TAKOM KPUTEPUH SIBASETCS II0-
CTOSIHHAsI IIPOU3BOAUTEABHOCTD MAlIMHbL Tak Kak OHa
YMEHBIIAETCSI II0 Mepe yBeAIeHIsI HApaOOTKH H3-3a po-
CTa ImapaMeTpa IOTOKA OTKA30B U COITYTCTBYIOUIUX UM
IIPOCTOEB, A TAKXKE YBEAUYEHHUS U3HOCOB, TO TpebyeTcst
AOIIOAHUTEABHOE KOAMYECTBO MALINH, CTOUMOCTb KOTO-
PBIX CAGAYET YUUTHIBATD IIPH OIPEACACHUH MUHHMYMa
3arpat. Kpome Toro, orpaHuueHneM sSBASETCS IIPeAEADb-
Hp1it u3HOC U, BHIABASIEMbIH 10 KPUTEPHAM HEBO3-
MOXXHOCTH AAQAbHEHINeN IKCIIAyaTal[iH: B pe3yAbTare
M3HOCA IMPOHCXOAAT IIOAOMKHU AETaA€H, 3aKAUHHBAHUe
MeXaHHM3Ma U T.IL HAU COOpPOYHASI €AMHHIA IIOMAAAET
B 30HY HHTEHCHUBHOTO BBIXOAQ U3 CTPOSL.

Orpy6aeHne MOAEAH, KaK OOIIEIPHHSTO, SIBASETCSI
TO, 4TO CTOMMOCTD YCTPAHEeHMs OTKA3a CYUTAETCS Heda-
BHCHUMOM OT HapabOTKHU Ha OTKA3 U 3HAYEHUS AOITYCTH-
MOTO M3HOCA, @ CTOMMOCTb TEXHUIECKOTO 00 CAY)KUBAHUSI
He 3aBHCHT OT IePHOAUYHOCTH €T0 BhITOAHeHus. [ Ipums-
TO TaKKe, YTO TEXHUYECKOE OOCAYKMUBAHUE IIOAHOCTDHIO
BOCCTAQHABAUBAET CUCTEMY.

MammuHa, ee arperar uam y3ea (cOOpodHast eAUHH-
1na) paboraer Ao cnucanus v (t) IMKAOB U MOABEpraeT-
csv (t) — 1 pas KanUTaABHOMY PEMOHTY, IPH 3TOM U
(t) — ueaoe moaoxuTeAbHOE KcAO. KaruTaabubrit pe-
MOHT COOPOYHOI €AMHMIIbI SIBASIETCSI TEKYIIUM PEMOH-
TOM arperara, B KOTOPBIil OHa BXOAUT. TO 5ke OTHOCHTCS
K arperary U MalllHHe.

ITpumem 06O1mMit IpOLIeCC BOCCTAHOBAEHHS, IIPHU KO-
TOPOM pecypc t; AO TIEPBOTO OTKa3a (KalMTaAbHOTO
PeMOHTa) GOAbIIe, 9eM PeCypchbl f, MeXAy OTKa3aMu
(KamMTaAPHBIMU PEMOHTAMH), HO MOCAEAHHE UMEIOT
OAHO U TO e 3HaueHHe. OTHOIIeHIe MeXAY pecypcaMu

K =-£ <1. DT0 OTHOCHTCA K MalllUHE, arperary, cbopou-

P
HOM eAVHHUIIE.

Crommocts C,  06beKTa OTIpeAeASeTCsl CTOMMOCTBIO
C, ero u3roTOBACHHS HAU IPHOOPETeHHUS], yMEeHbIIEHHOH
Ha 3HaYeHHe CTOMMOCTH IIPH CIIHCAHHY, & TAKKe CTOU-
MOCTBIO KaruTaAbHbIX peMoHTOB C,, (V(t)—1) 32 amop-
TH3AIMOHHBIN CPOK CAY>KObL. CTOMMOCTD 3a LIUKA 9KC-

MAYaTal[ul yCTPaHEHHUs OTKa30B CTP 1 KOMIIEHCAITUH
noTeph Cm MO>XHO IIPUHATH BEAMYMHAMH He 3aBUCHMBI-
MH OT IIOPSIAKOBOTO HOMepa ITHKAA. C yueToM 3TOro Ije-
AeBas QYHKIHS UMeeT CACAYIOIIHIH BHA

C(t):v(t).CAMAO—l_C\TP—i_CKU+z%_>min (1)

M t t
ty=M-t, u M=1+K(v(t)-1); C,, =C,, V(1) u

P 06
Cowo =[C,+Ci (v(1)-1) [/ (v (1),
rae C,,, o — CPeAHSISI CTOMMOCTD AaMOPTH3ALIUH, IPUXO-

ASILIIASICS HA OAHO TIPEAEABHOE COCTOSIHHE 00BbeKTa.

Aas BoisiBAeHMS MuHEMyMa crommoctu C(1) o co-
orHomeHHO (1) HEOGXOAUMO OIPEAEANTH ONTHMAAD-
Hble 3HAYEHIs pecypca t mepuoAndHoCTH t . 06CAYKH-
BaHMS, TIPEAGABHOTO H3HOCa U , yuuTBIBAsA WX
B3aHMOCBSI3b, YTO OTHOCHUTCS K OOABIIMHCTBY OOBEKTOB.
PaccMOTpHM 3aBUCHMOCTH, BO-IIEPBBIX, pecypca OT IIe-
PHOAUYHOCTH OOCAY>KHUBAHUS, BO-BTOPBIX, CTOUMOCTH
KOMIIEHCAIIMH II0Tepb OT HApaOOTKU U IEPUOAMIHOCTH
0OCAY>XMBaHHUS U B TPETbUX, CTOUMOCTH TeKYILIETO pe-
MOHTa OT HapabOTKM.

BBIIBUM KXKAYO U3 IIepeYHCACHHbIX 3aBUCHMOCTEN.

3aBucumocts usHoca U o1 HapaGOTKH f BhIpakaer-
Cs1, KaK 9TO IPUHATO, pOPMYAOIt

U =at" (2)
M OTpa)keHa KPHUBOI 1 Ha PUCYHKe, TA€ TaKOKe IIOKA3aHbI
IIPeAEABHO-AOITyCTHMBINA u3HOC U, u usHoc AU 3a Ha-
paborky t=t .

Hapa6orxy t = t ;32 M3HOC IpH IPUMEHEHUH 06CAY-
XKHBAHUS C IEPHOAMYHOCTBIO t__ OTIpeAeAnM Ha Tpaduke
CKAEEHHOI KPHBOH 2 MAM ITOCAE ee aIlIPOKCUMAIIMU —
npsiMoii 3. B aHAAUTHYECKOM BHAE 9Ty 3aBHCHMOCTD OT-

pasuM popMyAoi

LU, Y (3)
Pi o6i a-1"'
Uu at

06i 06
3A€Cb CAEAYET OTMETHUTD, UTO IIPU t06 =const U3HOC

U aas at060it Hapa60TKH t:tpi OIIPEAEASIETCSI COOTHO-
IeHueM
_ a-1
U=at"'t, (4)
anput=t
P P a-1
U, =at, -t
CTrouMoCTh KOMIIEHCAITUHA oTeph CKH MOXeT ObITh
3apaHa AMOO IO AaHAAOTHUM C U3HOCOM CyMMapHbIM 3Ha-

YeHHUEeM
Cyn =cU), ()
AI/I60 I10 I/IHTepBaAaM HN3HOCa
Co (U)=cU". (6)

OueBHAHO, 9YTO \
u . c
CKn:cLIﬁ:jcxﬁdx: ‘

o B +1

u, (7)
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u

LLIn

2

3 |

| | Al ol |

= /| | |

| | sl of | |

‘ Al of | | |

‘ Al afi ‘ | | |

tof I 2t of Ztob Hof Ir t
PucyHok 1. 3aBucumocTb naHoca U ot HapaboTku u nepnogmnyHoct TO
OTKYAR U B CyMMapHOM 32 HapaboTKy t
c \ b
= upfB=p+1 =t (13)

B+1

Anas onpepenenns C,  kak ynkium tut  Hanmepsom
LIMKAE 9KCIIAYaTalyu npeobpasyem ( 5) c momompio (4).
IToAyaum

C

_ P BB
= C Al L (8)
AAs pacyeTa CTOMMOCTH KOMIIEHCAIlMM IIOTepb
B CpeAHeM yAeAbHOM HcurcaeHnn C i, (t) coorHOmEHME
(8) caeayer paspeAuTsd Ha t
B plaDB L p
CKum (t) =c-a toﬁ t > (9)
a, B uHTepBaAsbHOM Hcuncaennu C,,; (t) coorHomIe-
aue (8) TpebyeTcs mpoandpepeHIpoBaTh
_ B pla-np p1
C (£)=B-c-a” -t

i, (10)
CrouMocCTb YCTpaHEHHS OTKAa30B M HENCIIPABHOCTH
3aAAAM B MHTEPBAADHOM MCUYHMCACHUN

C,, (t)=bt" (11)

CaepOBaTeABHO, AASI PAcyeTa B CPEAHEM YAGABHOM
HCYHCACHUU ITIOAYIMM COOTHOIIEHHE

1¢ b
C. (t)=—|bx"dx=——rt" 12
TP‘”() t!x x a+1 ( )

o+1

Taxkum 06pasom, moayyeHHble cooTHomeHus (8)
u (10), (11) u (13) HeO6XOAUMBI AASL CO3AQHUS HOPMa-
THBOB, IIO3BOASIIOIIUX YIPABAATh peaAU3aljierl pecyp-
coB, a coorHomenus (9) u (12) yro6HO ucnoab3oBaTh
AAS BbLIBAeHHS MUHMMaAbHOM croumoctr C (t), mpu-
MeHsIs HapaboTKy t = tp. IToay4yeHHDBIE COOTHOIIEHUS
TIO3BOASIIOT ONTHMU3UPOBATD IIOKA3aTeAN HAASKHOCTH
Pa3AMYHBIX OOBEKTOB.

BrinoAHeHHbIE Pa3pabOTKH HCIIOAb30BAHBI AASI HOP-
MUPOBAHHS IOKA3aTeAeH HAAKHOCTH aBTOMOOHABHOTO
asurareas KamA3-740 o kxpurepuro yrapa MOTOPHOTO
MacAa M CTOMMOCTH YCTPAaHEHHUs OTKA30B.

CrenuaAbHO MPOBEACHHBIMH HCIBITAHUSIMU OIpe-
A€AeHBI YHCACHHbIE XapaKTePUCTUKU KPHUBBIX: U3HOCA
ruab3 uAuHApa a=0,27 MM/ Thic.kM® (a =1,64); cTo-
HMMOCTH KOMITeHcaruu mnoreps ¢=3,31x10™* py6/mxm
u f=2,2; CTONMOCTH TEeKyIHX PEMOHTOB B HHTEPBAAb-
HOM HcurcAeHnn b=2,7642x107 py6/TpIc.KkM*.
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Die funktionale Mehrfachbeschichtung der
Oberflache von quarzartigen Resonatoren

Abstrakt: Die Bildung einer Spiegelschicht auf quarzhaltiger polierter Oberfliche mit weiterer Befestigung mit

Hilfe vom mehrschichtigen galvanischen Uberzug.

Stichworte: Der Spiegelschicht, Die Galvanischen Uberzug, Der Lasergeriten Verschiedener, Der

Reflexionsflichen fiir Pumpkammern

Einleitung

Da die Anzahl von Lasergeriten verschiedener Ty-
pen immer grofler wird, unverandert bleibt ein Bedarf
fir die Schaffung von wirksamen Reflexionsflichen fiir
Pumpkammern. Die Schwierigkeit bei der Schaffung
solcher Produkte sind hohe Anforderungen an das Re-
flexionsvermogen und die Haltbarkeit der resultierenden
Beschichtungen zum Temperaturabfall. In dieser Ar-
beit ist die Methode des sequentiellen chemischen und
elektrochemischen Ansetzens von funktionaler Reflexi-
onsschicht fiir die Lasertechnik vorgeschlagen und in die
Praxis umgesetzt.

Das Produkt, das man mehrmals reflektierend
beschichten musste, war ein Quarzrohr mit einem
Durchmesser von 22mm und einer Linge von 80mm.
Innerhalb des Rohrs befindet sich die Blitzlampe und
Laserstreckenmessgerit. Das Rohr ist ein Reflektor
des Blitzlampenabstrahlens auf Ausstrahler. Die Blitz-
lampenleistung ist 1 kW, und auch wenn sie in einem
gepulsten Modus mit einer so kleinen Arbeitsvolu-
men arbeitet, werden die Temperaturabfille von 80-
150 °C in der Kammer erreicht. In dieser Hinsicht sind
zur aufbringenden Beschichtung Uberforderungen zur
Reflexionsfihigkeit und Standfestigkeit der Tempera-
turinderungen notwendig. Entsprechend den Anforde-
rungen der Entwickler soll der Spiegelbelag nur an der
dufleren Oberfliche und Ende des Rohres aufgebracht

werden. Das Eindringen der Beschichtung im Inneren
des Rohres ist nicht erlaubt, weil abgesehen von hohen
chemischen Bestindigkeit des Silbers, mit signifikanten
periodischen Temperaturschwankungen Silberschicht
oxidiert wird, was zu einem Verlust der Reflexionsfihig-
keit, Uberhitzung und zur Brechung der Vorrichtung
fithren kann.

2. Analyse der veroffentlichten Daten und Prob-
lemstellung

Es ist bekannt, dass die hochste Reflexionsfihigkeit
aller Metalle das chemisch gefillte Silber ist [1]. In die-
sem Fall wird das Metall in einer dinnen Schicht mit
wenigen Defekten abgeschieden. Mit zunehmender Di-
cke verschlechtert sich die Qualitit der Beschichtung.
Die Schichthohe bei der chemischen Abscheidung von
Silber ist 0,1-0,3 mkm [2].

Derzeit gibt es viele Moglichkeiten, um die gespie-
gelte Silberfolie zu erhalten. Das hiufigste Verfahren ist
die Riickgewinnung von Metall aus ammoniakalischen
Losungen von komplexen Silberverbindungen mit Hil-
fe von einigen organischen Stoften, die Aldehydgruppe
enthalten, beispielsweise Formalin oder Glucose [1].

Riickgewinnung von metallischem Silber aus sei-
nen Verbindungen, sowie seine gleichmafige Verteilung auf
dem Glassubstrat ist ein sehr komplexes chemisches Ver-
fahren, das die Verwendung von Spezialchemikalien und
die Einhaltung eines bestimmten Modus erfordert.
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Die Technologie des Belegens mit einer Silberschicht
des Spiegels wird sowie durch die Art des Spiegelbelages
(vorderer oder hinterer, vollflichiger oder halbdecken-
der), als auch durch strukturellen Parameter von Spie-
geln (Abmessungen, Oberflichenform) bestimmt [3].
Die Technologie des Belegens mit einer Silberschicht
besteht aus vier Hauptgruppen von Operationen:
1) Oberflichenvorbereitung des Details zur Versilbe-
rung; 2) Ansatz einer Losung zum Versilbern; 3) Riick-
gewinnung von metallischem Silber; 4) Auftragen der
Schutzschichten auf der Silberschicht [1].

Um eine vollflachige Spiegelbeschichtung zu erhalten,
soll man die Oberfliche der Details griindlich vor Ver-
schmutzung reinigen. Dazu wird die Oberfliche mit
konzentrierter Salpetersiure fir 5-10 min behandelt;
mit gefiltertem erwdrmtem auf 15-20 °C Waschwasser
iibergeschwinzt, mit 20-Prozent-Losung von Alkali (Na-
triumhydroxid und Kaliumhydroxid) geputzt und wieder
mit gefiltertem erwdrmtem auf 20-25 °C Wasser geputzt.
Wenn es auf der Oberfliche des Details Haut oder Verun-
reinigungen gibt, die man mit Hilfe von Chemikalien nicht
entfernen kann, soll sie poliert werden. Zur Beschleuni-
gung des Prozesses der Versilberung und zum Erhéhen
der Qualitit der gespiegelten Folie wird die Oberfliche
des Details mit 0,1-0,05-prozentiger Losung von Zinn-
chlorid (SnCI2) behandelt [3]. Als Ergebnis dieses Ver-
fahrens werden auf der Glasoberfliche zweiwertige
Zinnionen adsorbiert. Durch Hydrolyse gebildetes Zinn-
hydroxid Sn (OH) 2 ist in der Lésung im kolloidalen Zu-
stand und wird von Glasoberfliche adsorbiert. Dank der
starken Reduktionseigenschaften adsorbierter Molekiile
des Hydroxides entsteht auf der Glasoberfliche eine Wie-
derherstellung des metallischen Silbers aus Silberl6sung.
Silberteilchen, die auf der Glasoberfliche abgeschieden
wurden, sind die Kristallisationszentren in der Weiterbil-
dung der gespiegelten Beschichtung [4].

Der Versilberungselektrolyt besteht aus einer alkali-
schen Silberlosung [Ag (NH3) ,JOH und reduzierenden
Losung [3]. Um eine vorzeitige Bildung von Kristallen
des metallischen Silbers zu vermeiden, wird das Mischen
der Arbeitslosungen vor Anfang der Versilberung durch-
gefithrt. Notwendig ist es tiberschiissiges Ammoniak
zu vermeiden. Einen negativen Einfluss auf Verfahren
der Versilberung haben Fette, Schwefelverbindungen,
Eisensalze, kolloidale Substanzen.

Die Versilberung dauert 10-15 min. bei 15 °C., die
Lésung wird dann abgeschiittet und die Details mit de-
stilliertem Wasser gespiilt.

Diese Operation wird 3—4 Mal wiederholt, bis eine
Folie des kristallinen Silbers mit erforderlichen opti-

schen Eigenschaften entsteht.

Zum Schutz der Silberschicht wird sie mit den
Schutzschichten bedeckt, die sie von mechanischen,
chemischen und physikalischen Einfliissen lokalisieren.
Die Beschichtungen sollen inert gegeniiber dem Silber
sein, so diirfen sie keine organische Sauren, Schwefel,
Schwefelverbindungen haben. Spiegelschichten wer-
den in der Regel mit zwei Schichten geschiitzt — Kupfer
und Lack. Die Verkupferung wird in Elektrolysezellen
durchgefiihrt, dabei wird das Detail eingespannt, so nah
an den Rand des Details. Der Elektrolyt ist eine wéssrige
Lésung von Kupfersulfat und Schwefelsiure. Weiter wird
das Detail gewaschen und in einem Strom von gefilterter
Luft getrocknet. Aber eine solche Deckung schiitzt nicht
die Silberschicht gegen einige Witterungseinfliissen
(Kohlendioxid, Wasser, Sauerstoff, Schwefel und Schwe-
felgase), so ist Auftrigen des Lacks sinnvoll. Bakelitharz-
lack wird verwendet, der mit der Aluminiumpulver und
Glimmerstaub gefillt wird. Es werden mindestens zwei
Schichten mit einem Intervall von 30 Minuten zum
Trocknen der vorhergehenden Schicht aufgebracht. Die
Schichthohe soll 3-4 mkm sein [2]. Es ist auch méglich,
der dritte dekorative Uberzug — Lackfarbstoff anzuwen-
den (Ruf}, Aluminiumpulver usw.) [3].

Gespiegelte Silberbeschichtungen miissen die fol-
genden Anforderungen erfiillen: Reflexionsverhiltnis —
nicht weniger als 88%, eine Schicht aus Silber — 0,3 bis
0,5 Mikrometer, dabei keine duflere Mingel (Flecke,
Punkte, Kratzer), Kupferschicht — 0,8 bis 1,0 mm, lii-
ckenlos, Lackhautdicke von nicht weniger als 0,1 mm,
ohne Blasen und Abblitterungen.

Der Hauptvorteil dieses Verfahrens ist die relative
Einfachheit der Ausriistung, die dieses Verfahren prak-
tisch aufjedem Betrieb ermdglicht [1]. Gleichzeitig eine
chemische Versilberung hat eine Reihe von Nachteilen:
eine hohe chemische Reinheit der verwendeten Reagen-
zien wird erfordert, der Reflexionskoefhizient geringfiigig
niedriger als die durch Eindampfen erhaltene Folie ist,
Schutzfolien miissen aufgebracht werden, — langes und
arbeitsintensives Verfahren.

3. Ziele und Aufgaben der Untersuchung

Das Ziel dieser Arbeit war es, die Bildung einer Spie-
gelschicht auf quarzhaltiger polierter Oberfliche mit
weiterer Befestigung mit Hilfe vom mehrschichtigen
galvanischen Uberzug.

4. Ergebnisse und Diskussion

Fir die Erfillung dieser Aufgabe wurde Technologie
der chemischen Abscheidung diinner Silberfolie auf der
Oberfliche des Werkstiickes mit der weiteren galvani-
schen Vermehrung von Schutzschichten vorgeschlagen.
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Eines der Kriterien fiir die qualitative chemische Ab-
scheidung von Silber auf der Metalloberfliche ist die Sau-
berkeit der Oberfliche vor der Abscheidung. Besonders
schidlich sind die Anwesenheit von Oxidationsmitteln,
organischen Substanzen und Chlorionen. So wurden alle
Lésungen fiir die chemische Abscheidung von Silber mit
destilliertem Wasser hergestellt. Die Details wurden bei
durchgefiihrten Operationen mit Leitungswasser und
dann mit destilliertem Wasser.

Nach der Vorbereitung der Oberfliche sollte sie
nicht in Kontakt mit Objekten stehen, die die Oberfl-
che kontaminieren kénnen, so wurden fiir die Halterung
des Materials spezielle Anpassungen aus konischen
Fluorkarbonkorkgeweben und Federklemmern aus di-
ckem isoliertem Kupferdraht hergestellt. Solche Anpas-
sungen verhinderten das Eindringen von chemischen
Losungen in der Rohre und gleichzeitig ermdglichten,
ungehindert die Oberfliche zu bearbeiten.

Zur Grobreinigung der Rohre von groben mechani-
schen Verunreinigungen wurde Durchreiben mit Hilfe
der Paste von Wiener Kalk verwendet. Danach wurden
die Details griindlich mit Leitungswasser und destillier-
tem Wasser gewaschen.

Die Oberfliache des Details ist poliert, so wird fiir
die Verbesserung der Beschichtungshaftung mit dem
Material Beizverfahren der Oberfliche in konzentrierter
Salpetersdure im Laufe von 10-15 Minuten mit weite-
rem Spiilen zuerst mit Leitungswasser und dann mit de-
stilliertem Wasser durchgefiihrt. Oberflichenreinigung
unter Verwendung von Chrommischung gibt negative
Ergebnisse wegen der Glasundichtigkeit und des Sorbie-
rens von Dichromat. Danach wurde zum Neutralisieren
der Siure und zur weiteren Entwicklung der Oberfliche
das Atzen in einer Lsung von Natriumhydroxid (20%)
im Laufe von 10 Minuten durchgefiihrt. Zur Sensibili-
sierung der Oberfliche wurde vor dem Auftragen der
Silberschicht 0,5% Zinn-II-Chlorid-Lésung in 10% der
Salzsdure benutzt. Das Verfahren der Sensibilisierung
wurde im Laufe von 0,5-1 Minuten durchgefiihrt. Nach
dem griindlichen Waschen wurde auf das Detail Werk-
spiegelsilberbeschichtung durch chemische Dampfab-
scheidung einer Losung aufgebracht.

Es gibt viele Losungen fiir die Versilberung. Was sie
Gemeinsames haben, ist die Verwendung von 2 Lésun-
gen, die unmittelbar vor Gebrauch gemischt werden.
Eine der Losungen ist entweder eine Ammoniak- oder
Hexazyanoferrat Komplex von Silber, die zweite — Re-
duktionsmittel. Als Reduktionsmittel werden Invertzu-
cker, Glukose, Seignettesalz, Pyrogallol, Formaldehyd,
Hydrazin, und einige andere Substanzen benutzt [S].

Bei Verwendung von Formaldehyd als Reduktions-
mittel (Reaktion ,Silberspiegel”) ist es notwendig,
die Losung zu erwirmen und in den meisten Fillen
wird sie fir die Abscheidung der Folie auf die innere
Oberfliche von Behiltern verwendet. Auflerdem hat
die entstehende Folie eine geringere Haftfestigkeit. Die
Benutzung des raffinierten Zuckers als Reduktionsmit-
tel bietet starke Haftung der Folie, aber das ist mit der
Notwendigkeit der Erhaltung von Invertzucker durch
lingeres Kochen verbunden. So wird fiir das Auftragen
der Spiegelschicht Zwei-Komponenten-Lésung mit
einem Reduktionsmitte]l Rochelle-Salz gewihlt. Sie
erlaubt, eine Silberfolie ohne Erwirmen zu erhalten
und niedrige Silberabscheidung dieser Losungen hilft,
feinkristallische Beschichtungen mit hohem Reflexi-
onsvermogen sicherzustellen.

Eine Losung von ammoniakalischem Silberkomplex
wurde durch Neutralisieren einer Lésung von Silberni-
trat durch wissrigen Ammoniak hergestellt, um eine
leicht triibe Losung zu bilden. Eine Losung des Reduk-
tionsmittels — Seignettesalz wurde durch Lésung von
Seignettesalz hergestellt, indem man beim Einkochen
das Silbernitrat zugegeben wurde, um die Riickstandsbil-
dung zu bilden. Anschlieffend wurden beide Losungen
filtriert und in einem dunklen dicht geschlossenen Be-
halter bis der Anwendung gelagert. Bevor Versilberung
wurden die Losungen in einem Verhiltnis von 1: 1 ge-
mischt. Die Versilberung wurde zweimal im Laufe von
1S Minuten durchgefiithrt, um eine Folienstirke von
0,5-0,8 mm zu erhalten.

Der wichtigste Schritt ist es, die erhaltene Silber-
schicht zu festigen. Zu diesem Zweck wurde oben durch
galvanisches Aufwachsen Feststellschicht aus Nickel
10 mkm, Pufferschicht aus Kupfer S0 mkm und die
Schutzschicht aus Nickel 30 mkm aufgebracht.

Am schwierigsten ist das erste Auftragen der Hat-
tungsschicht. Sie kénnen als Befestigungsschicht so-
fort Kupferschicht anwenden [6]. Der Elektrolyt fiir
das Auftragen dieser Beschichtung unterscheidet
sich von dem Standard-Sulfat-Elektrolyt der Verkup-
ferung durch geringeren Gehalt der Schwefelsaure
(10-15 g/1). Aber auch eine so niedrige Konzentration
der Saure atzt frischgefillte Silberbeschichtung unter,
was zum Abtrennen von der Oberfliche des Erzeugnis-
ses fithrt. Hierzu ist die Anwesenheit von organischen
Substanzen — Ethylalkohol auch nachteilig fiir die Fes-
tigkeit der Schichten, obwohl es von den Autoren [6]
als Vorwische vor galvanischer Beschichtung der gal-
vanischen Schichten auf frischgefillte chemische vor-
geschlagen ist.
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Fiir das Auftragen des Nickels werden vor allem
Ektrolyte mit Sulfat und Nickelchlorid, Borsaure als
Puffersubstanz und verschiedene Glanzbinder, Eineb-
nungsmittel [7]. Die aus Elektrolyten hergestellten Be-
schichtungen mit Glanzzusitzen zeichnen sich durch
hohe innere Spannungen. Dariiber hinaus arbeiten sie
nur bei erhéhten Temperaturen, die in diesem Fall ausge-
schlossen ist. Da die Temperaturdifferenz zwischen der
Losungen der Silberbeschichtung und der Haftungs-
schicht sollte 2—3 °C nicht iiberschreiten [6].

Fiir das Auftragen der Nickel-Uberzugsschicht bei
Umgebungstemperatur wurde Elektrolyt entwickelt,
der enthilt (g/1): Nickelsulfat-Heptahydrat 180-220;
Nickelchloridhexahydrat 10-20; Borsdure 25-45; Ma-
gnesiumsulfat 80-120. Arbeitsstromdichte von 0,2 bis
1 A/dm* Nickelchlorid wird zugesetzt, um den Be-
trieb der Anoden zu gewihrleisten. Natriumsulfat, das
iiblicherweise verwendet wird, um die elektrische Leit-
tahigkeit zu erhéhen, wurde von dem Elektrolyten aus-
gestoflen, da es zur Bildung vom Fillen und Abblittern
fihrt.

Stromleiter des Erzeugnisses wurde mit Hilfe des
Federkontaktpunktes von Kupfer durchgefiihrt.

Details wurden unter dem Strom begichtet. Um die
Einheitlichkeit der Beschichtung zu gewéhrleisten, wird

Stromdicht bei seiner Spannungsminderung von 0,2 bis
1 A/dm? gesteigert.

Nach der Erhéhung der Festschicht wird das Detail
gewaschen, in 10% igen Schwefelsiure und der Puffer-
schicht aktiviert und es wird Kupferpufferschicht aus
einem einfachen Kupfersulfat (g/1) aufgebracht: Kup-
fersulfat 180-250; Schwefelsaure 80-100.

Die Erh6hung von Kupferschicht wurde allmihlich
mit zunehmender Stromdichte von 0,5 bis 2 A/dm?
durchgefiihrt.

Das Abscheiden der oberen Schutzschicht der Ni-
ckelbeschichtung kann aus einer Nickelsulfatelektrolyt
durchgefiihrt werden, der zur Fixierung der Festschicht
benutzt wurde und auch fiir die Verminderung der Zeit
des Auftragens aus Sulfamatelektrolyt, der fiir Galvano-
formung empfehlenswert ist (g/1): Nickelsulfamat 600
800; Borsiure 25-40; Nickelchlorid 12-15; Natrium-
laurylsulfat 0,5 bis 1,5. Arbeitsstromdichte ist 1 A/dm*

Nach dem Auftragen der Endschicht wurden die De-
tails gewaschen und an der Luft getrocknet.

Zusammenfassung:

In dieser Arbeit wird die Technologie zur Herstel-
lung von mehrschichtiger Spiegelbeschichtung fir La-
sergerite vorgestellt. Gemif3 der vorgeschlagenen Tech-
nologie wird die Partie von Endprodukten hergestellt.
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Modified sulphurcontaining alkylphenolate additive to motor oils

Abstract: The results of research by synthesis of new 1IXII-157 sulphurcontaining alkylphenolate additive, con-
sisting of carbonated calcium acid of condensation product with thioglicol acid and formaldehyde of alkylphenol are
given in this article. High exploitation qualities of additive FIXT1-157 allow to use it for developing modern motor oils.
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MoaudunumnposaHHaga cepocoaepxawasa ankundeHonaTHasa
npucagka K MOTOpHbIM Macnam

AnnoTanms: [IpuBepeHBI pe3yAbTaThI HCCACAOBAHUIL IO CUHTE3y HOBOM cepocoAepKamell aAKHMAQEHOASITHOM
npucapku MXTI-157, mpeacTaBasirorest o607t KapOOHATHPOBAHHYIO KAABIIHEBYIO COAb IIPOAYKTA KOHAEHCAI[HHU AA-
KUAQEHOAA C OPMAABACTUAOM U TUOTAUKOAEBOM KUCAOTOM. I Ipeararaemas mprcapka IMOAy9aeTCs IO YIPOIeHHON
TEXHOAOTHUH U C 9KOHOMUeH dHepruu. Beicokue akcnayararoHHble cBorictBa nmpucapku MXTI-157 mossoasitor uc-
IIOAB30BATD €€ AASI Pa3pabOTKH COBPEeMEHHBIX MOTOPHBIX MACEA.

120



Modified sulphurcontaining alkylphenolate additive to motor oils

KaroueBbie cAoBa: TIIPHUCAAKA, aAKI/IAq)eHOA, (1)OPMaAbAeI‘I/IA, THOTAMKOA€EBAS KMCAOTa, MOTOPHOE MAaCAO

OaHO¥ U3 BaKHEHIIHX 3aAa4 COBPEMEHHOMN XMMMO-
TOAOTHH SIBASIETCSI padpaboTka 3¢ PeKTHBHBIX IPHUCAAOK
MHOTOQYHKIIMOHAABHOTO AercTBHs [ 1, 2]

IIpumeneHre MHOTOQYHKITMOHAABHBIX IPHCAAOK
IepPCIIeKTHBBI C TOYKH 3PEHHUS COKPAIeHMs YHCAA KOM-
IIOHEHTOB B CMa30YHBIX KOMIIO3HUIIUSAX, YTO AT B KOHEeY-
HOM HTOre 3HAYUTEAbHDIN 9KOHOMHUIECKUI 3P PeKT.

Panee Hamu [3] mpUBEACHBI pe3yABTATBI CHHTE32
U UCCAAOBAHMI HOBOM MHOTIOQYHKIIHOHAABHOM IIPH-
capxu MIXTI-150, npeacraBasitomeit cob60it KapboHaTH-
POBAaHHYIO KAABITHEBYIO COAb IIPOAYKTa KOHAEHCAITHU
aAsknAdpeHoAa ¢ POPMAABACTHAOM U aMHHOYKCYCHOM
kucaoton. Ilpucapka MXII-150 mposiBasieT BhICOKME
AHTHOKHCAUTEAbHbIE, aHTUKOPPO3MOHHBIE U MOIOIHUe
CBOMCTBA, B MacAe M-8 Kak B MHAUBHAYaAbHOM BHAE, TaK
U B COCTaBe KOMITO3HMIJUH MOTOPHbIX MAaCeA Pa3AMYHBIX
TpyIIL

Boicokast 9¢pPpeKTHBHOCTD IPHCAAKH 00yCAOBAEHA
HAAMYHEM B COCTaBe MOAEKYABI IIPHCAAKH aTOMA a30Ta
B COYETAHNU C KAPOOKCHAATHOM IPYIIION.

O0—Ca—o0

R'Cs'Clz’ C12

B Taba. 1 mpepcTaBAeHBI (PUIHKO-XUMUYECKHE
U QYHKIIMOHAAbHbIE CBOMCTBA, IIOAyYE€HHOM IIPUCAAKH
MXII-157 B cpaBuenuu ¢ mpucapkoi MXII-150, a Taxoxe

R R

B cBs3u ¢ aTHM IIpeACTaBAsSIeT ONpeACACHHDIN Hayd-
HBIM ¥ IIPAKTHYECKHUM MHTEPEC CUHTE3 U UCCACAOBAHUA
cepocopepskamero aHasora mpucapku MIXII-150, npu-
capka MXTI-157.

[Tponecc moaydenns ykazannoi npucaaku MXTI-157
COCTOMT U3 CACAYIOIIIX CTAAUI:

— IIOCACAOBATEAPHON KOHAEHCAIIUU AAKHAQEHO-
Aa ¢ GOpPMAABACTHAOM M THOTAMKOAEBOHM KHCAATOM
(10:30:10), Temneparypa peaxuuu 60-98° C;

— HeHTPAAU3AIMU ITPOAYKTOB KOHAEGHCALUU THU-
APOKCHAOM KaAbIMs; Temieparypa peakruu 80-85°
C (pacon ruApokcuaa Kaabiusa 35-40% macc. Ha aa-
KUAQEHOA);

— KapOoHaTauy MU30bITKA TMAPOKCHAQ KaABLIVI
B [IPOAYKTe HEHTPAAU3AINH, TeMIIepaTypa KapboHaTa-
uu 85-90° C;

— cymku (Temneparypa cymiku 115-130° C) u rien-
Tpudyrupoanny (OTAEACHNE MEXAHYECKHX IPUMeCeii)
IIPOAYKTOB KapOOHATAINH.

IIpeanmoaaraemast popmMyaa IPHCAAKHU:

-Ca-CaCO,- Ca(OH)," n

C U3BeCTHbIMM TOBapHbIMH npucapkamu BHHMHII-714,
OAOA-218 A (kap6oHaTHPOBaHHbIE CYAbPUAAAKHADE-
HoAaThI Kaabius) 1 MACK (kap6oHarupoBaHHbIH an-
KHMACAAHMITMAAT KAABITHS).

Tabnvua 1. — Pnamko-xmmmnyeckme n GyHKLUMOHaNbHbIE CBOMCTBA NPUCAaAO0K

Macao M-8 ¢ 5% mpucapxu
30Ab-
[eaou- HOCTD Kopposuon- WuAyKImOHHDIN Moromue | Auamerp
[pucaaku HOEHHCAO, | HOCTb Ha IIepPUOA OCAAKO- CBOMCTBA H3HOCa,
yAbQar-
mrKOH/r Has % TTAQCTHUHKAX obpazoBaHus, o I13B, (AH); MM
' u3 ceuna, /M2 | (UI10), ocapok,% 6aaa
1 | UXTII-157 152,4 16,2 0,25 oTC. 0-0,5 0,35
2 | UXTI-157 146 15,8 0,20 oTC. 0,5 0,40
3 | BHUHMHII-714 18§ 20,5 6,7 oTC. 0,5 0,35
4 | OAOA-218A 147,0 18,0 9,6 oTC. 0,5 0,35
S | UXTI-150 160,1 16,9 0,3 oTC. 0-0,5 0,45
6 | MACK 140 16,8 4,5 oTC. 0-0,5 0,5

WXTI-157 — mpucaaxa N® 1 moaydeHa Ha OCHOBe AaAKUAPEHOAQ, TAC R—C12
NXTI-157 - mpucapka N 2 moaydena Ha ocHOBe aakradenoaa, rae R-C.-C |
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Tabnuua 2. — dusmko-xmmMmmnyeckme n GyHKUMoHabHble CBOCTBA
onbITHOro macna M-12 B, ¢ npucaakon NXM -157

HaumenoBanue nokasareast Hopwma Ha Macao OmpiTHOE | Macao ¢pupmbl
M-12 B, MacAO Shell Rimula
TY 38.1011198-89 M-12 B, C-30, anasor
macaa M-12 B,
Bsizkocts kunemarunyeckas, Mm*/ ¢, mpu 100° C 11,5-13,0 11,65 11,8
MHAeKC BSI3KOCTH, HE MeHee 77 80 60
TemmepaTypa BCIIBIIIKH, OIIP. B OTKPBITOM THIAE,’ C 205 210 238
He HIKe
Temmneparypa 3acrsiBanms,’ C, He Bbiire Mumnyc 15 Mumnyc 20 Mumnyc 24
[leaounoe uncao, MrKOH Ha 1 r Macaa, He MeHee 5,0 7,5 6,4
3oabHOCTD CyAbdarHas, %, He 6oree 1,3 1,0 0,8
Koppo3noHHOCTb Ha TAQCTHHKAX M3 CBUHIA, I'/M?, 10 orc. oTC.
He 6oaee
Moromue coiictsa o I13B, 6aaasl, He 6oaee 0,5 0,5 0,5
CTabHABPHOCTB 110 HHAYKIJIOHHOMY ITEPHOAY OCAAKO-
o6paszosanus (UI10), 4, Bripep>KUBaeT 40 40 40

Kax BuAHO 13 AaHHBIX TabA. 1, mpucaska MXTI-157
II0 AHTHOKHMCAUTEAbHbBIM, aHTUKOPPO3HOHHBIM U MO-
IOIIMM CBOMCTBAM HAXOAUTCS HAa YPOBHE IPHCAAKH
MXII-150, HO HECKOABKO IPEBOCXOAUT IIOCAEAHIOIO
IO TPOTHBOM3HOCHBIM CBOMCTBAM.

Kpowme Toro, mpucapka MXII-157 o anTHKOppO3H-
OHHBIM CBOMCTBaM IPEBOCXOAUT TOBapHbIE IIPHUCAAKHI
BHUUMHII-714, MACK u OAOA-218 A.

Ha ocHOBaHMM IIPOBEASHHBIX HCCACAOBAHUI MOXKHO
3aKAIOYHTD, yTO npucapku MXIT-150 u MXII-157, co-
Aep>Kalue B CBOeM COCTaBe aTOM a30Ta MAU Cephl B CO-
YEeTaHUHU C Kap60KCHAaTH0171 IPYIIION 3aMETHO YAY4LIAIOT

9KCIIAyaTaIJMOHHBIE CBOMCTBA MOTOPHOro Macaa M-8,
MOBBIIASI MX AO YPOBHS BBIABUHYTBHIM TEXHHYECKHM
TpeOOBaHMIM.

ITpucaaxa MXII-157 usyyeHa Taxke B COCTaBe MacAa
M-12 B, ¢ xoMno3uiueil NprcapoK, KOTOPOE IO CBOMM
$UBUKO-XMMUYECKUM U QYHKIIMOHAABHBIM CBOMCTBAM
COOTBETCTBYeT IPeAbSIBASIEMBbIM TPeOOBAHMSIM Ha ITO
MACAO U He YCTYIAeT II0 9KCIIAyaTaIJHOHHbIM XapaKTe-
pucTukam 3apy6esxtomy anasory dupmbt Shell (taba. 2).

Taxum ob6pasom, npucaska MXII-157 ¢ xommosu-
IIMell MPUCAAOK ITO3BOASIET CO3AAThb MOTOPHOE MAacAO
Ha YPOBHE 3apy0e>KHbIX AaHAAOTOB.
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CuHTes 1,4-ANTUEHOB Ha OCHOBE LUMUKJINYECKNX KETOHOB

AHHOT&III/ISI: briro IIOKa3aHO, 4YTO B3aHMOAefICTBHe 9TAHAHUTHOAQ C IMKAMYECKHNMHU KeTOHAMH (XAOP, 6POM) )

ITUKAOIICHTAHOAQAMH U 2-XAOP (6POM) IIUKAOI'€KCAaHOAAMHU B IIPHUCYTCTBUH H—TOAYOACYAb(l)aHI/IAaMI/IAa HAET TOABKO

B OAHOM HaITpaBA€HHH, C 06PaSOBaHI/IEM COOTBETCTBYIOIINX 1,4-AI/ITI/I€HOB.

KaroueBbie cAoBa: CHUHTE3, MEPKAIITAH, TUKANIECKHE U HEITUKANYECKIE MOHO- AH- 1 HOAI/ICYA]J(I)I/IAIJI, KETOHBI.

MHoro4rcAeHHbIe IPOU3BOAHBIE ABYXBAaA€HTHOM
Cepbl: MepPKAIITAaHbl, ITUKANYECKIEe U HeI[UKAMYeCKUue
MOHO- AU- U IOAUCYABPHABI HAXOAST CaMOe IMHUPOKOe
IpUMeHeHHe B HepTeXMMUYEeCKOH, AAKOKPACOYHOM
U pe3MHO-TeXHUYeCKOM IPOMBIIMACHHOCTSIX, B MEAU-
uuse [ 1, 2], B KauecTBe IPUCAAOK K CMA30OYHBIM MACAAM
[3,4], B xauecTBe Pa3ANYHBIX OMOAOTHYECKU U PHU3HO-
AOTHYeCKH aKTUBHBIX BemecTs [ S, 6 |. OpHMM 13 Hau60-
Aee HHTePeCHBIX U HAUMeHee U3yYeHHbIX TPEACTABUTe-
Aeil AByXBAaA€HTHOM Cepbl ABASIOTCS 2.3-HelpeAeAbHbIe
1.4-pAnTHeHbI, KOTOPBIE IOAYYAOTCS PEeaAKIIMeH 9TAaHAM-
THOAQ C HELJUKANYECKUMH 0-XAOPKETOHAMIL

HssecTHo (7), 4TO HEIUKAMYECKUE A-6POMKETOHbI
IIPH B3AUMOAEHCTBUU C 9TAHAUTHOAOM AQIOT COOTBET-
cTBytfomue 2-u 2,3-pu3amelieHHble 1,4-AuTHeHBI-2
¢ Boixopamu 50-60%. YaureiBast 6OABIIYIO AOCTYII-
HOCTb (-XAOPKETOHOB W OTHOCHTEABHO OOABLIYIO
CTaOHABHOCTD UX IO CPABHEHHIO C A-OpOMKeTOHAMH,
a Taxke TOT (aKT, YTO M3BECTHbIE METOABI CHHTE3a
1,4-putuenos (5-11) OTAMYAIOTCS MHOTOCTAAMI-
HOCTBIO U MAaABIMH BBIXOAQMH KOHEYHBIX IIPOAYKTOB,
MOYKHO II0AAQraTh, YTO OOHAPY>KEHHAS] HAMH PeaKIIHsI
B3aMMOAEHCTBHSL ITAaHAUTHOAA C O-XAOPKETOHAMH
SIBUTCSI AOCTYIIHBIM METOAOM CHHTe3a Pa3AHYHBIX 3a-
MeIleHHBIX 1,4-ANTHEeHOB.

IIpopoaxkast MCCAGAOBAHUS B 9TOM HAIlPpaBACHUU
HaMM Pa3paboTaH IpelnapaTUBHBI METOA CHHTE3a
1,4-AuTHeHOB-S. BpIsIBA€HO, YTO B3aUMOAEUCTBHEM
2-rasorennukaorekcanonos (I, II) ¢ atampauTHOAOM
B pacTBOpe 6eH30Aa U B IPUCYTCTBUU KATAAUTHIECKUX
KOAMYECTB MapaToAyoAcyabpokucaots (p-TSOH) 06-
pasyercs ¢ xopounM BbixoaoM 1',2,3,4"-TeTparuppo-1

A-putuen-S (111):
kt
-HX, -H20 @
S

{1, I (111)

O
I«

+ / AN
SH SH

X=Cl, Br(I, 1)

Kax BHAHO H3 CXEMDI, pEaKIIM IIPOTEKAET B OAHOM
HaIpaBACHUH U [IPH 3TOM He 06Hapy»keHo o6pasoBaHue
OKHAAC€MBIX TUOKeTaAeHr Z'FaAOFeHHHKAOFeKcaHOHOB
(IB):

1)

MccaepoBaHms TOKA3aAH, YTO IIPU B3AMMOAEHCTBUH
STAHAMTHOAA C a-XA0P (6pOM) LIUKAOTIEHTAHOHAMH, T10-
CAGAHHE TIpeTepIeBaloT AaHAAOTHYHOE ITpeBpalleHHe
U BMECTO OXKHAAEMBIX ITUKAUYECKUX THOITUACHKETaACH
noAy4eHs! cooTsetcTBytonme 1,4-antnenst (V, VI):

§
(V, VD)

Aoxasareasctso crpoenus (111, V, VII) ocHosbiBa-
AOCH Ha AQHHBIX 9A€MEHTHOTO aHAAM33,  TAKKE CIIEKTPO-
CKOIIMYECKUX AQHHBIX Ha puMepe coepnHenus I11.

Tak, B UK —cniekTpax oTCyTCTBOBaAM IIOAOCHI I10-
raomujeHus, xapakrepHble Aast koaebanuit C =0 u C - Cl
CBsI3ell, HO UIMEAVICh IIOAOCHI IOrAoIeHus ipu 1610 cm™!
(vC=C)uS70cm’ (vC=S). BIIMP-criekTpe umeroTcs
ABa MyABTHIIAETA C LieHTpamu ripu 1,65 (- CH,-CH, -)
m2,0ma. (- CH,-C=C-CH, —), @ TaKXKe CHHTAET
c8=3,05m.4. (-S-CH,-CH,-S-).

B macc-cnexrpe coepannenmus I11 nmeercs nuaTeHCHB-
HpI UK cm/e 172, XapaKTepU3YIOHI MOACKYASPHBIN
noH M*. XapakTep paabHefmIei $pparMeHTaLUH IIOCACA-
HEro IIOA AeHICTBUEM JACKTPOHHOTO YAAPa IIOATBEPKAA-
eT CTPOEHHE UCCAEAYeMOTO COEAMHEHHS i MOXeT OBITh

IMPEACTABACH CACAYIOIVMU CXeMaMU:
+

. S s |*
4
- CH, N
. Ns S
VII
ITpomesxyTouHbIN peTpoAreHOBbI HOH VII B Aaab-

S

HelIIeM PacllapAeTCsl B ABYX HallpaBACHHUX:

Ha macc-cniexrporpamme coepunenus 111 umerorcs
MHTEHCUBHbIE IINKHU cOoTBeTCcTByomue noHam VII, VIII
nlXcm/e 144,116 u 111 cooTBETCTBEHHO.

ITpu B3aHMOACHCTBUI 3TaHAUTHOAQ
C a-OPOMIIMKAOTeKCAHOHOM PeAKIIHs IPOTEKAeT aHAAO-
TUYHO C XOPOIINM BBIXOAOM U IPUBOAUT K 1/,2/,3",4"-TeT

paruapo-1,4-autneny-S.
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CH,= C-s |® A e T
| =0 =0
CH,=C-S$ BN\NS \g
VIII IX

IKCnepHMeHTaAbHas 9acCTh

IToayuenne 1',2',3',4 -rerparnapo —-1,4-AutHen-$
(11I).

PacrBop 13,25 1 (0,1 MOASI) a-XAOPITUKAOTEKCAHOHA,
94 r (0,1 moas) aramamTmora u 0,1 T N-TOAYOA-
cyabdoxucaoTsr B 100 MA cyxoro 6eH3oAa KUILITHAM
C BOAOOTAeAUTeAeM B TedeHHe 34. ITocae BripeeHns Te-
OpPeTHUYECKOTO KOAMYECTBA BOAbI PEAKIIMOHHYIO CMeCh
IIPOMBIBAAH PACTBOPOM OHMKapOOHATa HATPHSI, ABAXKADI

BOAOH, 3aTeM CYIIHAU Hap NaZSO . bensoa orronsau,
a ocraTok neperoHsau B BakyyMme. Iloayueno 12,0 r
(~70%) 1',2,3',4"-reTparuapo —1,4-AuTHena-S c T.KuIL.
96-98°C (1 mm) u 1}, —1,6082.

BaaumopericTBUe 9TAaHAUTHOAA C O-XAOPITUKAO-
IIEHTAaHOHOM IIPOBOAMAOCH ITO AaHAAOTUYHOM METOAMKE.
ITpuoTtomus 11,85 (0,1 MOASL) A-XAOPLMKAOIIEHTAHOHA
6b1r0 ToAy4eHo 12,0 1 (Bbixop —76%) coepunenus 111
1',2,3"-tpuruppo-1,4-putuen-S (IV): Txum 91-93°
C/3, n3) —1,6142. UK-crextp; 1600 u 585 cm! mpu or-
CYTCTBHH ITOTAOIEHUS B 0OAACTH BAACHTHBIX KOA€OAHHIT
C = O u C - Cl. IIMP-crieKTp; MyAbTHIIAETHI IIPU
1,60 u 1,95 M. A., a Take cuarAeT 6=3,0 M. A. C OTHOCH-
TeAbHbIMU UHTETPAAbHbIMU UHTEHCUBHOCTAMU 1:2:2.
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Directions of the formation and development of the teory of
chain reactions. Description of the revealed chain reactions
occuring in gas, liquid, amorphous and solid phases

Abstract: The directions of the formation and development of the theory of chain reactions has been discussed.
Mechanisms of straight and branched chain processes, conditions of inhibition and acceleration of chain reactions,
features and criteria that characterize the chain mode of chemical processes has been described in the specific ex-
amples. The current state of the theory of chain processes has been analyzed. A brief description of the revealed chain
processes occurring in the gas, liquid, amorphous and solid phases has been described.

Keywords: photolytic and radiolytic transformations, gas-phase mixtures, water solutions of xenobiotics and
natural toxins, the theory of chain reactions.
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Annotanusi: O6Cy>KAeHbI HAIIPaBAeHNS POPMUPOBAHIS U PA3BUTHS TEOPHH LIETIHbIX PeaKIHil. B KOHKpeTHbIX

IPHMePax U3AOKEHBI MEXaHU3MbI HEPA3BEeTBACHHbIX M Pa3BeTBACHHBIX [I€IIHBIX TPOL[€CCOB, YCAOBUSI HHTHOUPYIOIIIe

U YCKOPSIOIIKE [eTHbIe PeaKITH, IPU3HAKHA U KPUTEPH XaPAKTEPHUIYIOIIHeE LIeHYI0 IPUPOAY XUMHIECKHX ITPOILec-

coB. O6CyKAEHO COBpeMeHHOE COCTOSIHIE TEOPHHU LIeIIHBIX IIPoLjeccoB. [IprBeAeHO KpaTKOe OMUCAHIe, BBISIBACHHbIX

HOBBIX [JEITHBIX IIPOLIECCOB, IIPOTEKAIINX B ra3000pa3HO, XUAKOH, aMOPHOI 1 TBepAOH Ppa3ax.

KaroueBbie caoBa: poTOANTHIECKHE H PAANOAUTHIECKHE [IPeBpalleHrs], ra3o$pasHble CMeCH, BOAHbIE PaCTBOPHI

KCEHOOUOTHKOB H IIPHUPOAHBIX TOKCHHOB, TEOPHS LIETIHBIX PEAKIIUIL

OKCIepuMeHTAABHBIMHU U TEOPETHIeCKHUMU ITPEATIO-
CBIAKAMH CO3AQHUS TEOPHH IIeITHBIX PeaKITHil SIBASIAYICh
HabAIOAeHNEe HeOOBIYHOIO XHMMHMYECKOTO ITOBEACHUS
Pa3AMYHBIX Ta30BbIX CMecell, CBedeHue IapoB ¢pocpopa
B KHCAOPOACOAEPIKAIUX CMeCSIX IIPH Pa3ANYHbIX AABAe-
HUSIX U [OTAll[eHHe 9TOTO CBeYeHHs B IPHCYTCTBHH MU-
KPOYACTHI] Cepbl, CTOPAaHHE BOAOPOAA CO B3PBHIBOM, BAH-
SHUe OCTOPOHHUX MpuMeceil (MeTaHa, 3aKUCH a30Ta,
CEpPOBOAOPOAR, STHAEHA, KATAAUZATOPOB ), TEMIIEPATYPHI,
AaBAeHHS, pOPMBI U MaTepPHAAd COCYAOB Ha CKOPOCTb
IIPOTEeKaHUs peakKlui, BocripousBeAeHHas B 1913 roay
HeMellKuM PpusukoxumMukoM Makcom boaenmreiinHoM
PoTOXMMITYeCKAsI LIeIHASL PeaKIsi 0Opa3OBaHUS XAO-
PHCTOrO BOAOPOAQ B razoobpasnoii cpeae. Co3paHHbIE
B Te4eHHe dMIIMPHIECKOTrO (c kourfa XVII Beka A0 Ha-
vaaa XIX Beka), aMnupuko-reoperudeckoro (¢ Hava-
Aa XIX Beka Ao 70-e roapr XIX BeKa) IIEPHOAOB U B Te-
YeHUH TIePUOAA CUCTEMATUIeCKOTO M3yYeHHs ra30BbIX
cmeceit (c konra XIX Bexa oo Hawara XX Beka) akcriepu-
MEHTAaAbHbIE U TeOpeTHIeCKHUe IPEATIOCBIAKH ITOCAY>KH-
AV OCHOBOY AASL Pa3pabOTKHU TEOPUH HePa3BeTBACHHbIX
nenHbIx peakmii [1,2].

B oramdme oT TeopmM <«3HepreTHYecKHX>» Ilemei
M. BopeHunrefiHa BriepBble B pab0oTe HeMELKOro GpH3HUKOXH-
muka Baasrepa Heprcra (1918 1.) 614 H3AOXKeH paAuKaAb-
HO-IIEITHOM XapaKTep Peakiuy 0OpasoBaHHsl XAOPHCTOTO
BOAOPOAQ B Tra3000pa3HOM (pase, aKTUBHBIMU LI€HTPAMHU
KOTOPOJ SIBASIFOTCS aTOMBI XAOPA M BOAOPOAR [3].

cL b crvcr
Cl + H,~> HCl+H
H+ Clze HCl +CI

Aaypear Hobeaesckoit npemun, akasemux H. H. Ce-
MEHOB M3y4aA BAUSHHE pa3Mepa M MaTepHaAa CTeHKH,

IPHCYTCTBHE IIOCTOPOHHKX BelljeCTB — HHIHOUTOPOB
Ha CKOPOCTD IIe[IHOM peaKIjuH, 000CHOBAA HEHTPAAU-
3aIfMI0 AKTHBHBIX IIEHTPOB, OOPBIB PeaKIHOHHOM IIeTIN.
B 1931-1933 ropax AAsl 06bSCHEHHS] KHHETUIECKHUX 3a-
KOHOMepHOCTel okucAeHus yraesopopopos H. H. Ce-
MEHOBbBIM ObIAQ BHIABUHYTA TEOPHS IIEITHBIX PeaKIIUi
C BHIPOXKACHHDIM pasBeTBAeHUeM wLerneit [4]. IIpubau-
3ureabHO A0 200 °C B 6MMOAEKYASIPHBIX peaKIIUIX IIPO-
AOMKEHUSI LieTTH 06PasyIoTCsi THAPOTIEPOKCHADL:
H+0O,>HO,
RO, + RH>ROOH + R

ITpu 60Aee BEICOKHX TEMIIEPATyPax HAPSIAY C TUAPO-
IIePOKCHAOM II0 MOHOMOAEKYASIPHOM PeaKIuy 00pasyer-
CSl M aAbACTHABIL:

RO, > R’CHO +R'Or

IIpu BHICOKHX TEMIIePATypPaX AAbAETHADI IPUBOASTD
K Pa3BeTBACHHUIO IIeTIH:

R'CHO + O,»R’'CO + HO,

IIpu rasodasHOM OKMCAEHHH C TIOBbIIIEHHEeM TeMIIe-
PaTypbl U CHIXKEHHEM KOHIIEHTPAITMH OKHCASIOIErocs
BeljecTBa MOBBIIACTCS CKOPOCTh H30MEPH3AIIK 1 MO-
HOMOAEKYASIPHOTO PacIlapd THAPOIIEPOKCHAOB € 06pa-
30BaHHEM PAAMKAAOB, IIPUBOASIINE K BHIPOKACHHOMY
pasBeTBAeHHIO Lenu [ S]:

ROOH » RO+ OH

B sxnaxoit $pase moMHMMO MOHOMOAEKYASIPHOIO pac-
IaAQ IIPOUCXOAUTD OMMOAEKYASIPHOE B3aUMOAEHCTBHE
TUAPOTIEPOKCHAA C OKUCASIONIMMCS BEIeCTBOM M BbI-
POXXAGHHOE pa3BeTBACHHE IjeTIH:

ROOH +RH->RO' +H O +R

ITo panapiM H. H. CemenoBa aTa peaxims B3aumo-
AEHCTBUS ABYX HACBHIIIEHHBIX MOACKYA dHEPIeTHIeCKU
6oAee BHITOAHO, Y4eM MOHOMOAEKYASIPHBIH pacIiap Mo-
AEKYA THAPOTIEPOKCHAOB Ha CBOGOAHBIE PAAMKaABI [S].
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B tpyaax A. Berirmana u E.T. AeHncoBa nokasassl, 4To
IIPU AOCTATOYHOM OOPA30OBAHUU B CHCTEMe TUpOIIepe-
KHCell, IIPOUCXOAUT UX PACIap 110 OUMOAEKYASIPHOMY
MEeXaHHM3MY U 9TO B3aHMOAEHCTBHE O0AErdaeTcst Ipea-
BapUTEABHOMN aCCOLMAIIEH MOAEKYA THAPOIIEPOKCUAOB
myTeM 0OpPa3OBAHIS MEXAY HIMH BOAOPOAHOM CBSI3U.
IIpu oxucaeHNM OAePUHOB THAPOIIEPOKCHADBI pearupy-
0T C ABOFHOII CBSI3bIO 1 06pasytoT papukassl RO" u pa-
AVKaAbI oreduHa [4, 6]:
ROOH + ROOH »ROO + H, O + RO

ROOH + (H,)C=C (H,) »RO"+ (H,)C (OH)C (H,)

O6pa3oBaHHbIe B CTAAUH HHULIUAPOBAHUS PAAUKAABI
pearupyroT ¢ MOAEKyAAMH HCXOAHOTO BelecTBa U obe-
CIIeYUBAIOT MpoAOAKeHHe Lenu. [Ipu okucaenun opra-
HUYECKHX BeIJeCTB IPOAOAXKEHHE LIeTIH OCYIeCTBASETCS
PpeaKIusaMu:

R +0,>RO,
RO, +RH~>ROOH + R

B xupKo#t pase 9TH peakLiuy IPOTEKAIOT OYeHD ObI-
CTPO M IIPaKTHYeCKH Oe3 SHepruu akTuBanuu [4, 6].

IIpu TBepAOPa3HOM OKHMCACHHMH TOAMMEPOB IIPOAOA-
JKeHUe I]eTIH IIPOMCXOAMT T10 3CTadeTHOMY MeXaHu3My [4]:

‘0O0C (H,)C (H,)CH,» HOOC (H,)C (H,)CH, +
+0,>HOOC (H,)C (H,)C (H,)OO'+RH »
HOOC (H,)C (H,)C (H,)OOH+R

3a cuer AUPpPY3NOHHBIX 3aTPYAHEHHI PeaKIHs CO-
€AVHEHHUS PAAMKAAOB C MOAEKYAAMH KHCAOPOAQ B IIO-
AMIMEPAX 3aMEAASIIOTCS, 2 IIPOAOAXKEHUE LIeMHU IIPU 3TOM
OCYIECTBASIETCS PeaKluen:

R+RH>RH+R’

IIpucyrcTByromue B IOAMMEPHOI MaTpHIle 3aMeT-
Hble KOAMYeCTBAa HU3KOMOAEKYASIPHBIX IIPOAYKTOB OKHC-
A€HUS, UTPAIOT CYIIECTBEHHYIO POAb B IPOAOAKEHUH
meru [4].

OOpbIB LTIt MPOUCXOAUT IIPU B3AHMHON PeKOM-
GUHAIIMH AKTUBHBIX [IEHTPOB (ATOMOB, PAAUKAAOB, UO-
HOB),  TAK’Ke MPU B3aUMOAEHCTBHH AKTHBHBIX {eHTPOB
CO CTEHKOM HAH C HHTHOUTOPAMHU.

Ha pucynxe 1 npuBeaeHb! KMHEeTHYeCKHE KPUBbIE
paspeasiromue 06AACTh KQTAAMTHIECKOTO OKHCAEHUSI
BOAOPOAQ M OOAACTh BOCIIAAMEHEHMsSI CTEXHOMETPU-
YecKoit CMecH BOAOPOAA C KHCAOPOAOM (pexum pas-
BeTBAEHO-IIEITHOTO OKHMCAEHMS BOAOPOAA U3Y4YEeHHBIMN
C.H. Xunmeassyaom 1 H. H. Cemenosbim). [Tpu Temre-
parypax sbire 460 °C kak Ipy 04eHb HU3KUX AABACHHAX
(HECKOADKO MM.DT.CT.), TaK ¥ [PU 3HAYEHHUSX AABACHHS,
AeXKalllyie Bblllle BEePXHEero KpUBOro, a IpU TeMIlepaTypax
Hroke 450 °C mpu AF0ObIX 3HAYEHUSIX AABACHISI CMECH, Ha-
OAIOAQETCS IIPOTEKAHIE MEAAEHHOTO KATAAUTHIECKOTO
nporiecca okucaeHus. TOABKO BO BHYTpeHHel 06AacTH
IIepecedeHnH ABYX KPUBBIX HAOAIOAQETCSI Pa3BEeTBACHO-
1enHoit mporecc okucaenus (Bocnaamenenue). Kpusbie
XapaKTepU3yIOTCs paBeHCTBOM CKOPOCTH Pa3BeTBACHUS
Ile[I1 U CKOPOCTH OOpbIBA LielH. SHAYEHUH AABACHUS,
AeXKallliie Ha BepXHel KpUBOM 9KCIIOHEHIIMAAbHO 3aBH-

cumpt ot E u T (p = conste ™,

p — obiee pAaBAeHMe
CMecH Ha IpepeAe BocraaMeHeHus, E=18 xxaa/MoAb,
T — abcoatornas Temneparypa) [ 1, 2]. Ha puc. 2 npu-
BeAEHDI IIOAOOHBIE KPUBBIE AASI CMECEl YTACBOAOPOAOB

C KHCAOPOAOM.
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Puc. 1. O6nacTb BocnnamMmeHeHus (pa3BeTBIEHHO-LEMNHON NPOLECC OKUCIIEHNS)
CTEXMOMETPUYECKON CMECH BOAOPOAA C KMCIIOPOLOM.
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Puc. 2. O6bnacTtu BocniaMeHeHUs CMece yrnesoaopoaoB C KUCOPOA0M.

ITpumeyanne: 1-15% MeTaHa B BO3AyXe, KBapLieBbId
COCYA;

2-1,8% rexcaHa B BO3AyXe, CTEKASTHHBIN COCYA;

3-1,8% rexcaHa B BO3AyXe, CTAABHOM COCYA;

4-2,6; nsobyTraHa B BO3AyXe, CTAABHOM COCYA,.

ITpepeAbl BoCIAAMeHEHHMs] Ta3000pa3HOrO BOAO-
POAQ U OKCHAQ YTAEPOAA M MEXAHHU3M IPOTEKAHHS dTHX
nporeccoB 6oaee moApobHO usydensr B. BoeBopckuM,
B. Avtoucom, I. Danbe [1, 4].

H2 + O2 - 2'0OH 3apoxxaeHue 1emnu
‘OH + H2 > H2 O + H mpoponxeHue 1emnu
H'+ O, > OH + O: peaxus passeTBAeHuE Lenn
O: + H,»> OH + H'peaxuus passeTBaeHue nenu
H' + crenka > 06pbiB
O+ creHka > 00pbIB
H+0O,+M~>HO",+M - obpris

B aasbpHeiimem B peaklMOHHbIE CXeMbl, AASI Ta30-
(a3HBIX IIETIHBIX IIPOIIECCOB, OBIAM BKAIOYEHBI peaKI[uH
aTOMAPHOTI'O KUCAOPOAQ C YTAEBOAOPOAOM U TPHMOAEKY-
ASIPHbIE PeaKIMK 0OpbIBA IIeTIH:

H+RH->H +R
H+H+M->H +M
0:+0:+M~>0,+M

YcaoBus nepexoaa U3 CTallMOHAPHOTO PeXXUMa B pe-
KUM BocriaameHeHus (cm. puc. 1) ompeaeasieTcst ypas-
HEeHHUeM:

2k, [0,] — (k, +k,[0,] [M]) =0

Ilpu TemmepaTypax CymleCTBEHHO BbINle TeMIIe-

parypsi Mbica 3Hadenus nepsoro (P ) u sroporo (P,)
IpeAeAbHBIX AABACHHI OITPEACASIOTCS BRIPasKeHHAMU:
P =k /2ky, P, =2k /2k,

— TA@ Y — MOASIPHAS AOASI KHCAOPOA.

B S0-xropax XX Bexa H. M. Omanyeaem 6b1aa ompe-
AeAeHA CACAYIONIAs TOCACAOBATEABHOCTD IIPeBPAIeHH
IPOAYKTOB IIPH OKHCAGHHMU OPraHMYECKHX BeIleCTB
[4] «yraeBoAOPOA — THAPOTIEPOKCHA — CIIMPTHI HAU
KUCAOTBI>»>. O6pa3oBaBIIuecs THAPOIIEPOKCHUABI IOMHU-
MO TIpeBpaIleHHs B CIHPTHI, IPSMO HAHM Yepe3 CTAAMIO
06pa3oBaHMsl KETOHOB MTPEBPANIAIOTCS B OPraHUIeCKHe
KHCAOTBL

Bo BTOpO#i TOAOBHHE IIPOLIAOTO BeKa ObIAM H3yYeHbI
PaAMKaAbHBIE H HOHHbIE IJeITHbIe IIPOIIeCChl IOAUMepH3a-
muu. H. M. Omanyeaewm, A.T. Kuoppe, E. T. Aenrcosbim
[4, 6] 6pIra cocTaBAeHA MPUHIMIIMAABHAS CXeMA AASL
KHUAKOPA3HOTO OKHUCACHHS OPraHUYECKHX BeIjeCTB:

RH +O,>HO, +R(RH+O,+RH~>H,0, +
2R)

R+0O , RO'2 IPOAOAKEHHE 1eTIH

RO, +RH>ROOH+R —:—

ROOH ~» RO +'OH BbIpo>kAeHHOe pa3BeTBACHHE

3apOXKACHHeE Ileret,

nermnemn
2ROOH »RO,+H, O + RO’ e
2ROOH +R'H~> RO'+H,0O + R'"—:—
R+ R’ > 6uMOAeKyASpHbIN OOPBIB LIeTIH B XKHAKOM

dase,
RO, + R'> o6pris
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RO, + RO, > o6pwis.

ITocaepHss peaknys 9TOM CXeMbl, KaK IIPABHAO, SIB-
ASIeTCSI OMIMOAEKYASIPHOM peakIiueil 0OpbIBa LIeIHOTO
Iporiecca B XKMAKOH ¢ase, T. K. KOHCTaHTa CKOPOCTHU 3TOH
PeaKIuy 3HAYUTEABHO OOABIIIe KOHCTAHTBI CKOPOCTH pe-
aKIJUH THAPOIIEPOKCHAA C OPTaHUYECKUM COeANHEHHEeM
(RH). Ipu OKHCAEHUH OpPraHUYECKUX COEAUHEHUIT 00-
Pa3yIOTCS IPOMEXKYTOYHbIE MOACKYASIPHBIE TIPOAYKTHI,
KOTOpPbIE B AQABHEMHINEM PAClapAIOTCS Ha CBOOOAHBIE
PAAHMKaABL, 06pa3ys HOBBIE LIEIIH U YCKOPSIS OOLIn#t Ipo-
11ecC, T. €. IPOIlecC OKMCACHHE OpraHMYeCKHX BelllecTB
SIBASIETCSI XHMHYECKUM IIPOII€CCOM C BBIPOSKAEHHBIM pas3-
BETBACHUEM IIEITH.

OCHOBOIIOAOXXHUKAMH TEOPHUH IIeITHBIX H Pa3BeTBAC-
Ho-menubix peaxyuit/ C. H. Xunmeassyaom, H. H. Ceme-
HOBBIM/ U3y4eHbl, TAKOKe, KPUTEPUU OLIeHKH LJe[THbIX [IPO-
11eCCcOB. A A pellleHHs 3TOTO BOIIPOCa B KAXKAOM CAydae
HEeOOXOAMIMO PaCCMATPHBATD BCE IIOAYIEHHbIE KCIIEPH-
MEeHTaAbHbIE AQHHbIE. B GOABIIMHCTBE CAyYaeB CKOPOCTb
ITIeITHBIX PEAKITHI 3aBHCHTD OT BBICOKHX M HETIOCTOSTHHBIX
KOHIIEHTPAIIMI PearupyouyX BeljecTB, UMeIOT MEeHSIO-
Iuiics NopsAoK. Ho, 1 HerjerHbIe CAOYKHBIE PeaKI[uH MO-
I'yT IMeTb TaKHe XapaKkTepucTuky. Herenxere cAoxHbIe
PeaKIny, HamOAOO e LIeITHbIM PeaKIIUsIM, MOTYT HMETh
3aBCUMOCTb CKOPOCTH OT AUaMeTpa M MaTepHaAa CoCy-
AQ peaKI[H ¥ TPUCYTCTBH HHEPTHOTO Tra3a B HeM. MHo-
TAQ, IMEIOTCS HEOCIIOPUMbIe KPUTEPUH OAHO3HAYHO AO-
KaspIBaoljye LeIHY0 IPUPOAY IIPOTEeKaHMs ITpoljecca,
TaKHe KaK OOABIION KBAHTOBBIN AN PAAUALIIOHHO-XU-
MHYeCKHUI BBIXOABI, CCOTBETCTBEHHO $OTOXUMHYECKOTO
Y PaAMALIMOHHO-XMMHUYECKOTO MPOLIeCCOB, a TAKKe IpH-
CyTCTBHE 00AACTEH LIEIIHOTO HAH BBIPOXKXAEHO-L[EITHOTO
IMPOTEKAHUS TPOLIECCOB [1,2].

Bo BrOpoit moaosune XX Bexa Axx.Iloasnu
u B.A.Taabpose akTHBHO BeAUCh Hay4Hble IOMCKH
IO BBISIBACHHIO M CO3AAHHIO XMMHYECKHIX Aa3ePOB Ha OC-
HOBAaHHH YaCTUYHOH MAM ITOAHOHM MHBEPCHUSIX Ha KOAe-
GaTeABHO-BPAIIATEATHBIX YPOBHSX B MOAEKYAQX, & TaK-
e C TIOUCKU Aa3epHOTro 9¢PeKTa B IeNHbIX PeaKIUsIX.
B XX Beke A.E. Ynun6ab6uHOB GbIAM CHHTE3MPOBAHbI
OpraHHMYecKHe BellleCTBa COAepIKallie OAHOBPEMEHHO
ABa TPeXBaA€HTHbIE YTA€POAHbIE AaTOMBI — OpPTaHHYe-
ckue 6upapukaasl, A.E. ®aBopckum u M. H. Hazapo-
BBIM OBIAM CHHTE3HPOBAHBI IOAOOHBIE METAAAKETHADI
xupHOro psipa, O.A. Aebepessiv, C. H. KazaproBckuy,
M. B. HeiimaHoM OBIAM CHHTE3HpPOBAHBI CTaOHABHBIE
HUTPOKCHABHbIE PAAUKAABI — OpraHMYeCKHe ITapaMar-
HHUTHbIE BellleCTBA. JTH BelIeCTBA YaCTO BCTYTIAs B peak-
LIUIO He TePSIIOT CBOOOAHBIE BAAGHTHOCTH, HCIIOAB3YHOTCSI
B Ka4eCTBe CIIMHOBBIX AOBYIIEK MEYEeHBIX aKTUBHbIX KOM-

IIOHEHTOB B CAMBIX PA3AUYHBIX 00AACTSIX PUIHKO-XIMU-
YeCKHX HCCAEAOBAHUIA (B XMMUYeCKOH KHHETHKe, U3yye-
HHMHU MeXaHM3Ma IIeIIHBIX IIPOLIeCCOB, AASI HCCAAOBAHUI
c mpumeHenueM OIIP u . A-) , A TAK’KE B MEAUIIHHE (pas-
paboTKe METOAOB AMATHOCTHKH, ITPOTHBOOITYXOAEBBIX
IIperaparos U T. A [4,7].

KoHBepcHio MOHOOKHCH yrAepoaa C BOASIHBIM ITa-
pom: CO+3H, +H, 0> CO, +4H, +41 xAx; nponecc
npoBoasT npu 370-440 °C B IpUCYTCTBUH 5KeAC30XPO-
MOBOro KaTaausaTopa 1 npu 230-260 °C B mpucyTcTBHU
IIMHKXPOMMEAHOTO KaTaAusaTopa. FsydeHa Taoke nerm-
Hasl peaK1jusi KOHBEPCUH MOHOOKHCH YTA€POAA B MOAEKY-
ASIpHBIA BOAOPOA Tipu papuoause cvecu CO - H, O [8].

ITpu BBICOKHX AABAEHHSX, IIPU BCECTOPOHHEM CXa-
THU B 3aBUCHMOCTH OT TeMIIePaTyphl IPOUCXOAHT CTe-
kaoBaHuUe ((a3oBbIil IEPEXOA IAACTOMEPA B CTPYKTYPHO-
TBEPAO€ COCTOSIHUE, T. €. «3aMOPa’KHBAHHUE> aMOPHOI
CTPYKTYPBbI) UAH 5e KPHCTAAAM3ALHS (CKAYKOOOPa3HbIiL
{a30BBbIil ITepexoA MEPBOTO POAQ, COIIPOBOXKAAETCS YIIO-
PAAOYEHHEM MAKPOMOAEKYA) aMOPQHBIX 3AACTOMEPOB.
B ¢pmanare HUOXM um. A. 4. Kaprosa B. K. Muannyy-
koM, J. P. Kannmmonrowm, B.T1. Kuproxutom 6bian us-
Y4eHBI X pa3paboTaHbl PAAUAIIMOHHO-XUMUYECKHe PaAU-
KaAbHO-IIeIIHbIe POL]eCChI CIIMBAHUS 9AACTOMEPOB IIPH
BBICOKMX AABACHHSAX [9].

B akcriepuMeHTax pOBeAeHHbIe HAMH HCIIOAB30Ba-
AUCD peakTHBbI Mapku “XY, TPIKABI AUCTUAAUPOBAH-
Hasl BOAQ, KHCAOPOA, OUMIIIeHHbII ITyTeM ITPOITyCKAHHS
yepe3 aKTUBHPOBAHHBII CHAUKATEAD. AASI OUMCTKU BOABI
OT pacTBOPEHHbIX I'a30B IPUMEHSAN MHOTOKPATHYIO OT-
Ka4Ky IapOB HAAO ABAOM, A0 OTTastHUsL. OTKauKy ra3os
¥ IIAPOB IPOBOAMAM BaKyyMHOJ YCTaHOBKOI, CHa0XKeH-
HOI BaKYyMHBIMHM AQMITAMH, AOBYIIKAaMU, MaCA€HHBIM
U PTYTbHbIM MaHOMETPAMH, CTEKASHHBIMH COCYAAMHU
C TPEXXOAOBBIMU BaKyyMHbBIMH KpaHaMH. Bosayx (Oz)
0apOoTHPOBaAH Yepe3 PacTBOP BO BpeMsi 0OAydeHHMs
(pacxop Bosayxa 600 mMa/mun). CopepikaHue mepeKkucH
BOAOPOAQ B ICCAEAYEMBIX PACTBOPAX ONPeAAsAH $OTO-
KaAOPUMETPHIECKHU 110 HHTEHCUBHOCTH OKPACKH IIepe-
KucH Bopopoaa ¢ Ti (SO“)2 [10]. ®oToams mpoBeaeH
B cTexAstHHOM sraefike (I=10 sm, V=100 sm?) cHabxen-
Hoi1 okomKoM u3 LiF 1 BakyyMHBIM KpaHOM U B sTuerike
U3 OYHIIEHHOTO KBapIla. PeakIlMOHHYIO S4efiKy 3aKpe-
TIASIAML AQTIAMH METAAAMYECKOTO IITATUBA BEPTUKAABHO.
[Tpu poroause, Ayun YP-cBeTa ObIAM HALIPABACHDBI CHU3Y
BBEpX, epIeHAUKYAIpHO K LiF okorke peakijnoHHOM
STYeUKU.

B xauecTBe HCTOYHUKA YABTPAPHOAETOBOTO U3AYYe-
HUSI HICTIOAB30BAAU PTYTHYIO AAMITY BBICOKOTO AABACHHS
(paboratomas ¢ yecTeCTBEHHBIM OXAXKACHUEM B HETIpe-
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phIBHOM pe)KI/IMe) APK-120 cHabxeHHBI ITyCKOpery-
AVIPYIOII€N ANIAPaTypor U 6aKTepHuI/IAan71 06Ay11a-
teab OBITe-450 (c aAammamu Hu3KOTO AaBAeHus). [lpu
obaydennu pactBopos Aammoit APK-120, momHOCTD
TIOTAOIIEHHOIt A03bI (IPH PUKCHPOBAHHOM MOAOKEHHH
PEeaKIMOHHON sTelikH), u3MepeHHas PeppUOKCAAAT-
HBIM aKTHUHOMETPOM H IO O0OpPa3OBaHHIO MOHOOKHCH
CH3COCH3=5’3 KHa,
®_,=1) cocraBasiaa 3,2-10" aB/r-c, a B cAydae mpume-

YTA€POAQ M3 alleTOHA (T:413 °K, P

HeHus 6akrepunuaHoit Aammbl OBITe-450 cocraBasiaa
1,41-10" xBanT/r-c [11].

Baxrepunuausiii obaydatear OBITe-450 cospaer
MHTEeHCHBHOCTD usAydenus 3,6 Br/m>= 3,6 Ax/ (M2 c)
Ha paccTossHuu 1 MeTpa. B rpanyaax koMbuKopMa Maccoit
1 K, pactipepAeAeHHBIM B OpMe MOHOCAOS Ha IIOBEPXHO-
cTH 06Ay9aeMoil moAKH maomapsio 3000 cm® B TeveHune
30 muH, noraomaetcs sHeprust Y P-nssydeHus paBHas
2 kKAXK.

B xayecTBe MCTOYHMKA raMMa-U3AYYeHHS HCIIOAB30-
Baau CraroHapHy10 PapAaninoHHO-NCCAGAOBATEABCKYIO
Yeranosky K-25 ¢ uzorornom “Co 1 MOIHOCTBIO [IOTAO-
meHHO# A03bI, paBHoit 0,33 Ip/cek (2,06-10'3B/r-cex).
MoOLHOCTD IOTAOLIEHHO AO3bI B 00AYYaeMBIX CHCTEMAX
M3MepsIAACh METaHOBOM U $eppOoCyAbPaTHOM AO3HMe-
TPUeEH C yIeTOM 9AeKTPOHHBIX IAOTHOCTEH, & PAUAL[OH-
HO-XMMHYeCKHH BBIXOA ITPOAYKTOB OIIPEACASIAU C YYETOM
IIOTAOLIIEHHOT AO3bI B 00AydJaeMoii cucteMe. Papnanuos-
HO-XMMUYECKHUH BBIXOA IIOTIEPEYHOTO CIIMBAHMS YTAEBO-
AOPOAHBIX IleTIell B 9AACTOMEPAX ONPEAEASIAU METOAOM
«30Ab-TEAb AHAAHM3a>» (IKCTPAKLUS B CAKCAETE TOPSIIHM
ITMKAOT@KCAaHOM U OIIPeAeAeHHUe BRICYIIeHHOH B BaKyyMe
30AbHOI1 pPAKIUM), C AAABHEHIMM PACUETOM KOAUYECTB
TOIIepeYHBIX cluBaHuil popmyaoit Yapabsou-IIunnepa.

KauecTBeHHOe M KOAMYECTBEHHOE OIpPEAeACHHE
HCXOAHBIX U KOHEYHbIX KOMIIOHEHTOB, IPOBOAHMAU C HC-
IIOAB30BAHHEM BBICOKOI()PEKTUBHON >KHAKOCTHOM
XpomaTorpadpuu (LC-10AVP, LCMS-8040), rasosoit
XpomaTorpadpuu (AXM-80, GC-2010), XpoMaToMac-
cnexrpomerpuu (GCMS-QP2010, GCMS-TQ8030)
u IFA-anaausaropos ¢pupm R-Biopharm u Teknopol. H3-
YIeHHS COCAMHEHHI COAEPIKAIIX SACKTPOHbI C HeCIIa-
PeHHBIMH CIIMHAMH IIPOBOAMAM C HCIOAB30BAaHHEM
PAAMOCIIEKTPOMETPA SAEKTPOHHOTO ITAPAMArHUTHOTO
pesonanca PO-1301, naeHTHPHUKAIIUIO OpraHUYECKUX
COEAMHEHHUIT IIPOBOAUAH CIIEKTPOCKOIIHEN 0OAYIeHHBIX
pacTBopoB criekTpoMeTpamu «Specord-IR», «Specord-
UV> (Carl-Zeiss).

Hcrioas3yst aKCIIepUMEHTAABHYIO 6a3y M BBIIIEO-
MHUCAHHYIO U3BECTHYIO MEeTOAMKY (06AydueHue aaacTo-
MepoB po3amu 10-100 xI'p moHM3HpyrOmIero usay-

genust © Co, ¢ MAKCUMAaABHBIM 00BEMOM dAaCTOMEpa
0,2-1,0 cM® B TOACTOCTEHHOM METAaAAMYECKOM COCYAE
C ABOMTHOM CT€HKOH, BHY TPH KOTOPOI'O THAPABAMYIECKIM
IIPECCOM CO3AAETCs BBICOKHE AABACHUS, [9]), H3yYaAu
PaAUKaABHO-IIENIHbIE IIPOLIeCChl PAAMAIIMOHHOTO CIIH-
BaHMA 9AACTOMEPOB (MeTI/IA6YTaAI/IeHOBbIe 9AACTOMEpHI,
6yTtasuen-crupoabnsie) HK, CKH-40, CKC-30. 3naye-
HHE PaAHAIIMOHHO-XMMHUYECKOTO BBIXOAA MTOTIEPEYHOro
CIIMBAaHUA L]eTlel B 9THX 92AaCTOMEpPaxX ITPH HOPMaAbHBIX
YCAOBHAX (1 arm., 300 °K) cocraBasam 3-20, mpu 300 °K
u paBaernu 2 I'Tla 15-150, mpu 450 °K u paBAeHUn
2 I'Tla 30-250 cmBox/1003B. Obayuenue asacTome-
POB MOHM3HUPYIOIIMM U3AyYEHHEM IIPU BHICOKUX AaBAe-
HISIX 00eCIIeYrBaA IPAKTUYECKHU IOAHOE CIIMBAHIE BCEX
YTA€BOAOPOAHBIX IIelleil B 9AaCTOMepax U 0OpasoBaHue
€AUHOMN MaCChl, IIOAMMEPa YCTOMYMBOM K BO3AEHCTBHUIO
(u3MIECKHIX BO3ACHCTBUIL, TPeHUIO 1 00AydeHuo. [ToBbI-
LIIeHUe TeMIIePATYPbI OOAYIEHNUS [IPH BbICOKHUX AABACHHU-
SIX TIPHBEAA K YCHACHHUIO BBINIEYKA3aHHBIX CBOHCTB. Kak
BHAHO, B IIPUMePaX HCCAEAOBAHHbIX 9AACTOMEPOB ObIAH
HAOAIOAEHBI PAAHKAABHO-IJEITHOE CIIMBAHUE YTACBOAO-
POAHBIX LjelIefl, HeCMOTPSI Ha CHIDKEHHe 0Opa3OBaHI
PAAMKAAOB C TIOBbIIIEHUEM AABACHMA.
H+R'H>H,+ R
HR=RH,+ R >H, ('R)R—'RH2

B cmuThx aaacTomepax Ipu BBICOKHX AABAEHH-
SX ¥ HU3KUX TeMIlepaTrypax (77 °K) LIEITHOM MpoIjecc
CIIMBaHUS IPHOOpeTaeT HOHHBI XapakTep, T. K. B OITP
CIIeKTPaX 3THUX OOAYYEHHBIX M CIIMTBIX IPU HHU3KHX
TeMIIepaTypax IOAUMEepPOB HAOAIOAQIOTCSI CBEPXTOHKHUE
CTPYKTYPBL

B Mucruryre Papmanumonnsix IIpobaem HAH
Asepbaripxana (B 1984-m ropy Cexrop PapnarmoHHbIX
HccaepoBanmit npu Ilpesupuyme AH AP) HaMH 6blAa
U3y4eHa IjelIHasl PeaKlys KOHBEPCHH MOAEKYASIPHOTO
BOAOPOAR B MOHOOKHCD yraepoaa [12].

Aaaee n3yyeHbl TepMHYECKOe ITpeBpallleHHe Kap-
6ormnacyabdpupa (COS), pasHalMOHHO-XUMUYECKUE
U $OTOXUMHMYECKHe IpeBpalleHus B ra30(pa3HbIX CHCTe-
max CO-H,§, H S-CH , H,S-CO,, H,S-CH ~O, npu
pasAMYHBIX TeMreparypax. CocTaBA€HbI MeXaHU3MbI
IIeMHBIX PAAMOAUTHYECKUX U POTOAUTHYECKUX ITpeBpa-
menuit CO + H S > H, + COS (H2+ CO+S+CO,+
CS,),H,S+0,>H, +SO,(H,+S +H,S,+H, O + SO,
+H,S0,) [11].

AAst 06BsICHEHHS BBIIIEYKA3aHHbBIX 3AaKOHOMEPHOCTel
00pPa30BaHHS MOAEKYASIPHBIX IIPOAYKTOB, HAMH IIPEAAOKE-
Ha cAepyromas OpMaAbHO-KMHETHYECKasl CXeMa:

1. CO-y»>CO’ (akruBanus CO)

2. CO'+ CO-npoayKTst
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3.CO+H,S>H+SH+CO

4 H+HS~>H +SH

5.CO+SH«< COS+H

6.SH + SH + M - npoAyKThI

7.H,S—y>H,+ S (H+ SH) (axrusauyus H,S)

8. H+H-">H,

9.H+SH-Y->HS

10. CO + SH » COSH

3HaueHHsT AAS KOHCTAHT cKopocTeil peaxruit (4)
u (-5) mpuBeaenst B auteparype [13]:

k,=9"10°" e®"™M'ck =55"10""e

IToAb3ysICH TEPMOAMHAMHYECKHMH AQHHBIMH AAS

-1925/T M’lc'l'

KOMIIOHEHTOB peakiuu u 3akoHoM BanT-Todpda aad
PaBHOBeCHsI MEXAY IPSIMON U OOpAaTHON peakijuedt
(AG=-RT anpaBH.) , AASI COOTBETCTBYIOLIUX OOPaTHBIX
peaxuwuit (-4) u (S) noayumm:

k}4 =5,510° e ©2S00/RT M, ks =2,5"10""e
M»lc»l.

Hcnoab3ys nHTepBaAbl BAPHPOBAHUA KOHCTAHT CKO-

-63800/RT

pOCTel NCXOAHDIX peaKLui 1 06paTHbIX PpeaKIui AAS CO-
oTHOmIeHus ckopocreit peaktmii (S) u (-4) moaydmnm:

W,/W, =(0,4-:-2,2)"10 [CO]/[H,].

OTcropa A€TKO OIIeHHBATh CTAIIMOHAPHYIO KOHIIeH-
TPALIUIO BOAOPOAQ, KOTOpasi He IpeBblmaet 2,2% HCXO0A-
HOTO KOAMYeCTBa MOHOOKHCH yTAepoaa B cmecr CO-H, S:

[H, ]cram. = (0,4-2,2) 10> [CO].

M3 ycaoBuit paBeHCTBa CKOPOCTe PaAUAlliOHHOTO
3aPOXKACHIS U OOPBIBA AKTHBHbIX LIEHTPOB, 4 TAIOKE PaBEH-
CTBa CKOPOCTH OOPbIBA H IIPOAOAKEHHS LIeTIH IIPH PABHO-

T.X

BECHH, T. €. IIPU AOCTIDKEHNH CTALJOHAPHbBIX KOHI|EHTPa-
LM HCXOAHBIX M KOHEYHBIX KOMIIOHeHTOB peakwyu (W =
G, J-107=W,_ =k [[SHP-[M]=W_ =k [SH]
-[COJ; k = 2,5 - 107- ¢ [SH] .- [COj) TIOAYYaeTCs
3aBUCHMOCTb TEMIIEPATYPbI OT MOLIHOCTHU IIOTAOLIEHHO
AO3bI OT KCTOYHHKA HOHusnpymmero VIBAYYEHUS:

T= (-Ea™/R)/(In ((k [M].G -102)"2/(k "™

[CO))+Iny)

rae: ] — MOIJHOCTb IIOTAOIIEHHON AO3BI B CHCTEME,
aB/em¥c (1 I'p/c=7,8.10" aB/cm’c);

G, =7k =kg k™=K

/13 ycAOBUI1 paBeHCTBA CKOPOCTEN PAAMALIMOHHOTO
¥ TePMIYECKOIO 3aPOXKACHILS AKTHBHBIX 11eHTPoB (W =
G-J-10°=wW,_  =k_.e"*.[HS] [M]; k =2-10"
37T M'c!) moay4aeTcs 3aBUCHMOCTDb TeMIIEPaTypbl
OT MOIIHOCTH MOTAOIEHHON AO3BI OT HCTOYHUKA HOHHU-
3UPYIOLIErO U3AYYEHHS:

T =(-Ea/R)/(In (G _102/(k - [
rae: k =k°,

Ha PI/ICYHKaX 3u4 IIPHUBEACHDI 3aBUCHMOCTH MOIII-

M])) +InJ)

HOCTeM MOTAOILIEHHBIX AO3 (npn KOTOPOY peaAnusyercst
AQHHBIH [IeITHOMN npouecc) OT TeMIIePaTyPBl, BBIYUCACH-
HbIe U3 YCAOBHUI PaBeHCTBA CKOPOCTEN PAAHAIIMOHHOIO
3apOXAEHUS M OOpPbIBA AKTHUBHBIX LIEHTPOB (amwxHBE
KpI/IBbIe) M U3 YCAOBHS PaBEHCTBA CKOPOCTEN paAHaly-
OHHOT'O ¥ TEPMHYECKOTO 3aPOXKACHHUS AKTUBHBIX II€H-
TPOB (BerHI/Ie Kpane) IPH PA3AMYHbIX COOTHOIIEHHSX
HCXOAHBIX KOMIIOHEHTOB CMECH CO-HZS, pasaeAsromue
PEXXUMBI IPOTEKAHNUS PEAKIfHH.

. T ERL s

fa‘-'lf}“’ixﬁ o5 -+ SORRY
_ " o T LR b S
; Wﬂkﬁ  TRR

FLL R T

104 104 164

1w W we WP
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Puc. 3. KpvBble 3aBUCMMOCTY MOLLHOCTM noroweHHoin B cmecsax CO (90%)-H,S (10%) n CO (1%)-H,S (99%).
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Puc. 4. KprBble 3aBUCMOCTY MOLLHOCTM NnornoteHHon B cmecax CO (99%)-H,S (1%) n CO (50%)-H,S (50%).

ITpumeuanne: O6AACTH IOA HIDKHBIMU KPUBBIMH —
HEIeNHOe PAAMALMOHHOE HHUIIMMPOBAHKE MTPOIlecca,
00AacTH Hap BEPXHUMH KPUBBIMU — IPEHUMYIIeCTBEeH-
HO TepMHMYEeCKOe MHHIMMPOBaHHUE LIEITHOTrO MpoIlecca,
00AACTH MeXAY BEPXHHMU U HIDKHUMH KPHBBIMU — IIpe-
HMYIIeCTBEHHO PAAUALMOHHOE HHUITMUPOBAHHUE LIeTTHO-
o Imporecca.

O6AacTu MOA HIDKHBIMU KPUBBIMU XapaKTePH3YIOT
30HBI UCKAIOUYUTEAPHO PAAMALMOHHOIO MHHUIIMHPOBA-
uust peaxuu (CO + H S » COS + H,), mporexaromast
B HerlerTHOM pesxuMe. O0AACTb HAXOASIIMICS BHYTPH
COOTBETCTBYIOIIEN HIDKHEN U BepXHEH KPUBOM Xapak-
TepU3yeT 30Hy IPEUMYIeCTBEHHO PAAHAIIMOHHOTO HHHU-
LMHMPOBAHUS PEAKI[UH, TPOTEKAIOMAs B LIEIIHOM PEXUMe,
006AaCTH Hap BEPXHBIMU KPHBBIMU XapaKTEPU3YIOT 30HBI
IPEUMYIeCTBEHHO TePMHIECKOrO HHUIIMUPOBAHMUS pe-
aKIIMH, TPOTEKAK0Mas B LIETTHOM PeXHMe.

Ob6aacTy IpenMyIIeCTBEHHO PAAMAIIIOHHOTO MHHU-
LMHMPOBaHM IIeMTHBIX IPOIIeCCOB TPeBPaIleH s IIPU pas-
AMYHBIX COOTHOIIEHUAX HCXOAHBIX KOMIIOHEHTOB, — I10-
3BOASIIOTD BBIOPATh ONITUMAABHbIE YCAOBHS IIPOBEACHHS
3THX MPOLECCOB B 3aBUCHMOCTH OT CYIIE€CTBYIOIIETro
BUAA M QOPMBI PAAHALIMOHHO-XUMHIECKOM YCTAaHOBKH,
MOIJHOCTH AO3bl HOHM3HPYIOIIErO M3AYyIE€HH, CO3AABa-
eMble KOHKPETHbIM BUAOM YCTaHOBKH.

B AasbHeiimem HaMH, Ha OCHOBE U3y4eHMs TepMO-
AMHAMUYECKMX AAHHBIX 9A€MEHTAPHBIX peaKIuil $poTo-
AMTHYECKHX U PAAMOAMTHYECKHX ITPOLIECCOB IMPOTe-
KAIOIMX B 6€CKUCAOPOAHBIX U KUCAOPOACOAEPKAIUX

BOAHBIX PacTBOpaX peHOAd, KUHETHIECKHX 3aKOHOMep-
HOCTell 00pa3oBaHUSI 3THX HMPOAYKTOB IIPEAAOYKEHBI,
IIOAPOOHO M3AOXKEHHbIE U YAOBAETBOPUTEABHO OIHCHI-
BaloIue 3KCIIePUMEHTAAbHbIE Pe3yAbTaThl, MeXaHU3-
MbI pOTOAUTHIECKUX M PAAMOAUTHYECKHX ITPOLIeCCOB,
IPOTEKAIOIUX B OECKHCAOPOAHBIX H KHCAOPOACOAEP-
JKAIUX BOAHBIX PacTBOpax peHOAd. YCTAaHOBACHDI, YTO
B KHCAOPOACOAEPIKAIIMX pacTBOpax ¢peHora POTOAUTH-
JecKHe M PAAMOAUTHYECKHE IPOLIeCCH MPHOOpeTaoT
rierHOM XapakTep. IIpu ¢poToanTHyeckoit obpaboTke
KHCAOPOACOAEPKAIIIMX BOAHBIX PAaCTBOPOB KOHEUHBIMU
IPOAYKTaMH POTOAUTHIECKOTO LIeITHOTO ITPOIlecca SBAS-
I0TCSl, IPAaKTUYeCKU HHEPTHbIE B CPaBHEHUU C PEHOAOM,
TEAOMEpPBI B OAMTOMePHI (IPOAYKTBI IOAMMEPU3ALIAH
deHoAa) M CAEAOBATEABHO MPOLECC PpOTOAUTHIECKOI
06paboOTKH KMCAOPOACOAEPIKAIUX BOAHBIX PAaCTBOPOB
¢enora sBAgeTCA 9 PEeKTHUBHDIM TEXHOAOTUYECKHM ITPO-
neccoM. OCHOBHBIMU IPOAYKTaMH PaAMOAUTHYECKUX
IPOIIECCOB SABASIIOTCS TMAPOKCU3aMellleHHbIe (EeHOABI,
(TMAPOXMHOH, NMHMPOKATEXWH, TMAPOKCUTHAPOXUHOH,
pesopuuH, ¢paoporaonus). COCTaBAECHDI MeXaHH3MbI
$OTOAMTUYECKUX U PAAMOAMTHYECKHIX IPOIIECCOB OIHU-
CBIBAIOIIIMe MIPEeBPAlIeHUs] B 0€CKUCAOPOAHBIX H KHCAO-
POACOAEPIKAIIMX BOAHBIX PACTBOpPax GeHoAA.

Msyuyennple pOTOAUTHIECKHE U PAAUOAUTHYECKHUE
IIPOILeCChI OBIAM MCITOAB30BAHbBI HAMH AASL Pa3paboTKH
BbICOKO3(YEKTHUBHbIX IIEITHbIX IPOIIECCOB PA3AOKEHHUS
IPUPOAHBIX TOKCUHOB, 3arpsA3HAIONINX PACTHTEAbHbIE
IPOAYKTBL
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ITocae obayuenust po301 2,5 kAx/kr Y®-cBera,
[OTPeOUTeAbCKHEe M OPTaHOAENTHYECKHEe CBOMCTBA,
MUKPOOHOAOTHYIECKHE U QUIMKO-XUMHIIECKHe [T0Ka3a-
TeAH OOAYYEHHBIX PACTUTEABHBIX IIPOAYKTOB M TOBAPOB
He yXyAaAuch. OAHAKO, ITPH 9TOM ITOAHOTA ACTOKCHKA-
[[UH, — T. €. IOAABAEHIE TOKCHIECKUX CBOVICTB TOKCUHOB
MHKPOCKOTIMYECKHX IPUOKOB (MUKOTOKCHHOB), TOAHO®E
IpeBpaleHe TOKCHHOB B HETOKCHYHbIE COEAMHEHHS
HAM )K€ CHIDKeHHe UX KOHI[EHTPAIHI AO 3HAYeHHI HIDKe
ITAK — He pocTuraercs. D¢ PpeKTHBHbIE KBAHTOBBIE BbI-
XOABI IIpeBPAIeHUSI MUKOTOKCHHOB B BOAHBIX PaCTBOPax
B CpeAHEeM B 2 pa3a Bblllle, YeM B CYXHUX PACTHTEABHBIX
IPOAYKTaX. O¢PPeKTUBHbIE KBAHTOBBIE BBIXOABI ITpe-
BpalljeHHs] MUKOTOKCHHOB BO BAQXKHBIX PAaCTHTEABHBIX
IIPOAYKTAX MMEIOT IIPOMEXYTOYHbIE 3HAUEHHUS MEXAY
3THUMU ABYyMs 3Ha4eHUSIMH. D PeKTUBHbIC KBAHTOBbIE
BBIXOABI IIPeBPaIjeHUs] MUKOTOKCHHOB PACcTeT B CPEAHEM
B 2—3 pasa rmpu 6apOOTHPOBAHUE BO3AYXOM BOAHBIX pac-
TBOPOB MUKOTOKCHHOB. OCHOBHBIMU KaHaAAMHU POTO-
AMTHYECKOTO TPEeBPAIeHNs MUKOTOKCHHOB SIBASIIOTCS
06pa3oBaHie UX IHAPOKCU3AMEIEHHBIX IIPOM3BOAHBIX,
OpraHMYeCKHX TlepeKuceil 1 AUMepHu3anus (oAMMepH-
3aljust) 4epes3 KMCAOPOAHbIE MOCTHKH.

IToraomeHHast B MCCAEAYEMBIX IIPOAYKTAX AO3a HO-
Husupymowero udaydenus © Co, pasxas 10 xI'p, npu-
BOAWT K YMEHbIIEHHIO BBIIBAEHHBIX MHKPOKOAUYECTB
(4-400 MKT/Kr) MHKOTOKCHHOB AO 3HAUEHHI HIDKE
X IIPEAGABHO AOIYCTHUMBIX KOHIeHTpanmid. Ilpu
Y-00Ay4eHHH KHCAOPOACOAEPIKAIUX BOAHBIX PacTBO-
POB MUKOTOKCHHOB M 3arpsI3HEHHBIX MUKOTOKCHHAMU
BAQKHBIX PACTHUTEABHBIX IIPOAYKTOB, AOASI 9AeMEHTapHbIX
peakuuit pa3BeTBACHUS Lielu B 0b1LIeM IpolLjecce mpe-
BpallleH!s] MUKOTOKCHHOB CyIjeCTBeHHa. Bce akTuBHbBI®
IIEHTPbI PeaKIMi Pa3BeTBACHHS IIeIIH HAllPaBAEHbI, KaK
BCe IIePBUYHBIE PAAUKAABIL, HA 0Opa3oBaHNe MaKpoOpa-
AVKaAOB MUKOTOKCHHA, IIPOAYKTOB €TI0 AUCTIPOIIOPIHU-
OHMPOBAHMHS, HX IIePEKHCeN U TMAPOKCH3aMelleHHbIX
IIPOU3BOAHBIX, KOTOPbIe CPAaBHUTEABHO MEAAEHHO CO-
EAMHSIOTCS 4epe3 KMCAOPOAHbBIE MOCTHKH C APYTHMH
MAaKpOPaAHMKAAAMH, A TaKKe C MAaKPOPAAMKAAAMH Op-

TaHUYECKOHM MATPHUIIbI PACTHUTEABHBIX IPOAYKTOB. DTOT
B)KHBII 9QPEKT MOKET OBITh yUTEH U IIPH PAAUOAUTHU-
JeCKOH OYMCTKE BOABI, 3aTPSIBHEHHBIN OpPraHuYeCKUMHU
KCeHOOHMOTHUKaMHU.

PapMOAUTHYIECKIIIT METOA AETOKCHKAI[UH ITO AOCTHT-
HYTOH BBICOKOM CTEIIeHH AeCTPYKIIUH MHKOTOKCHHOB
TIPEBOCXOAHT BCe TPAAMIIMOHHbIE METOAD! (MexaHmye-
cKkue, pUBUIECKUe, XUMUYecKre) AeTokcukaruu. Cko-
POCTb IpoILjecca PAAMOAMTHYECKOTO PA3AOKEHHUS IIPH-
POAHBIX TOKCHHOB PAcTeT IT0 Mepe YBeANYeHHs CTeIIeH!
BAQXKHOCTHU OOAYYaeMbIX IIPOAYKTOB.

Hab6aropaeMble HU3KIE 3HAYeHUS] PAAUAIIMOHHO-XH-
MUYECKOTO BBIXOAQ pasAoKeHud 2,3,7,8-TeTpaxAopau-
6ensoprokcuHa u 6ens (a)mupena (10-4-10-5/100 oB
B 3aBUCUMOCTH OT UX KOHIIEHTPAI[HH), AOCTATOYHbI AAS
obecreueH st ACTOKCHKAL[HN KOMOMKOPMOB, 3arpsi3HEH-
HbBIX 9THMH OPraHMYeCKUMH KceHoOmoTuKamu. CKo-
POCTD IpoIlecca pAAMOAUTHIECKOTO PA3AOXKEHHS Opra-
HUYeCKHUX KCEHOOUOTHKOB PaCTeT II0 Mepe YBeAMYeHHs
CTeIeHH BAAKHOCTH 00AyJaeMbIX IPOAYKTOB. [IpoAyKThI
peakuuy 00pasyoTCs Kak IPH B3aUMHOM peKOMOUHAIIMH
MaKpOPAAUKAAOB OPTaHUYECKUX KCEHOOMOTHKOB, TaK
¥ I[P UX PeKOMOHMHALINH C MAKPOPAAMKAAAME OPTaHHU-
4eCKOM MaTPHITbI PACTUTEABHBIX IPOAYKTOB. PapnoanTu-
YECKUU METOA ACTOKCHUKAIIUH SIBASIETCSI EAUHCTBEHHBIM
IPOIIECCOM OYHCTKU 3arpsI3HEHHBIX OPTaHUYECKHMH
cyneprokcukantamu (AnOKcuHbl, 6ens (a)mupen) pac-
TUTEABHBIX IPOAYKTOB H )XMBOTHOBOAYECKUX KOPMOB.

ITpoAYKTBI paAMOAUTHYECKOTO MpeBpalleHHs ITPH-
POAHBIX TOKCHHOB U OPraHUYECKHX KCHOOHOTHKOB,
B OTAMYHE OT UCXOAHBIX MOAEKYA, He IIPOSIBASIIOT XapaK-
TepHbIe AAS IPUPOAHBIX TOKCHHOB M OPTaHHYECKHX KCe-
HOOMOTHKOB PH3UKO-XMMHIECKUE CBOFCTBA.

CocraBAeHbI MeXaHU3MbI OTOAUTHIECKHX H PAAU-
OAMTHYECKHUX IPOLIECCOB PAa3AOXKEHUS KCEHOOMOTHKOB
U TIPIPOAHBIX TOKCHHOB B BOAHBIX PaCTBOPAX M PacTH-
TeAbHBIX poaykTax [11, 12, 14, 15].

HM3yyeHHbBIe IIPOIIECCHI B FA30BbIX, SKUAKUX, aMOPHBIX
U TBEPADBIX $pa3ax SBASIOTCS CYIeCTBEHHBIM IIPOPHIBOM
B 00AQCTH U3Y4EeHHS LIeITHBIX XUMIYECKUX [IPOLIECCOB.
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Techniques for improving the quality of electricity on
the basis of reactive power compensation

Abstract: The article examines the economic feasibility of deep reactive power compensation. Influence of deep
reactive power compensation on the voltage level. The analysis of the generalized network parameter to determine
the voltage at substations for single-line and main electrical distribution networks. The numerical calculations show
the need for a harmonized application of reactive power compensation and selection of booster transformers.
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networks

Determination of economical way of reactive power
compensation

Because compensating devices are expensive
equipment, it is necessary to assess the feasibility of deep
reactive power compensation, i. e. in the range of reactive
power factor change from its normative value to zero [1].
For this cover line 0, 4kv with load (P) +jQ_fig. 1, on
which end has PFC (capacitor installation of Ku, fig. 1).

As the center of power (CPU) used tire low voltage
transformer substation. The economic effect of the
additional installation of KU was calculated under the
following assumptions: the cost of the devices has been
adopted on the basis of the PFC data hosted on the
website: http://www.elprivod.ru/; the cost of losses
of the electric power-1,5 rubbles/kWh; the number
of hours of use maximum load was taken under [2] to

3200 h Linear resistance lines, fig. 1, set in accordance
with the cross-section, which, in turn, was coordinated
with a maximum permissible current.

PytjOqy

XA kv

Fig. 1 scheme for distribution network

U 7y

In fig. 2 the results of calculations payback period
of nominal parameters of PFC device. As you can see
from the graphs, the minimum is achieved in most cases,
values of tgp=0.1.

The full compensation of reactive power, when tgp =
0, slightly increases the payback period and may be useful
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to increase the voltage to the transformer.
In General, estimates indicate that the decisive

factor in determining the cost effectiveness of deep
14

reactive power compensation, « is the distance from the
substation. The edge length you can take the 200 m, in
which case the rate of return does not exceed 6.5 years.
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13 ‘__\_‘\/\:}‘//
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a-when the remoteness of consumers is 100 m
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v-the remoteness of consumers is 300 m

Fig. 2 based on the payback period from the depths of the PFC
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Raising the voltage level on the basis of the total
reactive power compensation

Consider the technical effect of reactive power
compensation in full, namely to increase the voltage
to the transformer. Determine how dependent voltage
level substation, depending on the settings in the power
supply, Fig. 3, and from the voltage values prior to
the installation of PFC.

U10 Uo.4
P ——t=n. PH, QH
| _é YKPM
Fig..3. the concept of electricity
The voltage on the transformer substation (TS)

with low sides to PEC devices shall be calculated by the
formula:

. P.r.+Q, -x P -(r, +tgd, - x,)
Uo,4:Uun_$: - ZU.O)4 = J(l)
Where U, — voltage to the CPU; Pu Q,- active

and reactive power of the load, 7,,x, — Summary of
active and reactive resistance up to 0.4 kV, including tire
resistance line and transformer; the voltage at the low
side tires of TP; tgg,

If the TP makes full compensation of reactive power,
the reactive component of the load from the formula (1) is
deleted and then the bus bar voltage low side TP U ", (con-
verted to high side) shall be calculated by the formula:

U",=Uy—P 1. JU",.

Connect the voltage at TP before and after total

power factor correction:

— reactive power factor loads.

P, UyU'\,—(U',) =P tgd x
u"., P '

H

UVI :U

04 o

Next, set the desired voltage level U "'
the voltage U' ,, i.e

U, =k, -U'
where k; - coefficient characterizing the percentage volt-
age after PFC. Then define the conditions under which it
can be achieved depending on factors such as tire with
low voltage side of the transformer, the load factor, active
power reactive power load and the total reactance of up
to 0.4 kV bus, including resistance line and transformer.

Denote:

4—islarger than

0,4

UZ ZPH tg¢H "Xy
And call it U, generalized network parameter,
which is a square 2.

We Get:
kU 'U'o,4 = Uun _(Uun _U'0,4)/ku +U/23 /(kU .U'OA)
Then

U, =k, -1)-U'",,)-U, U, (k,~1).

The results of the calculations are presented in fig. 4.
On the basis of nomogram, fig.. 9, you can determine the
level of the substation voltage reactive power compensa-
tion after total of generalized network parameters for any
of the baseline. So, for example, if the source voltage
0.4kV TSS side equal to 0.95 p.u.and U, =0,5 kB2, then
the voltage will increase after the full compensation of
reactive power at 1%; If the same and UZ =3,0 kB2,
the voltage will increase by 3%, fig. 9. The result is pre-
dictable: the longer the transmission line or the high-
er initial value load power P, or its tg¢,, the greater the
effect of the reactive power compensation.

5__2 2 ke = 1,05
5 .
4.5 i I, = 1,04
4 _
3,2 2k, =103
Uz, kB? 3
2,2 e, = 1.02
2
17:1\ .fm//////////f//////////////// TS
0.5 ,//////f//////f’/f’/’///:////////////////////f/////////////////////‘//W//f
0
0.7 0.75 0.8 0.85 0.9 0.95 1
Tt
Z:f 0,4 - (). e.
a—Uy-10,kB
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Fig. 4. The dependence of voltage U',, on the value U; .

Using common network settings is useful not only

]‘u} h I

for the individual but also for main power fig. 5.

I3 1a

I
TIT 1 TII2

T1I3 TII 4

Fig. 5. The concept of RES 10 kV

To determine the voltage before and after PFC
using the program to model the Simulink Model REFS
provided in Fig. 6.

The model consists of a CPU, power transmission
lines, load. The CPU is a three-phase AC voltage source
frequency 50 Hz. transmission lines represented by

three phase series-connected active and reactive
resistance. The load is represented by three phase
parallel connected active and reactive load. The
complete PFC is by eliminating the reactive load of
unit loads. Simulation results are presented in fig. 7,

schedule b.
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In order to use the dependencies, and fig. 4 obtained

U/zsi =P, 188, x,l;i=1..4;
for single lines, you should determine the value of the U; =P +P, +..+P,.
for each LAP, and fig. 5:
g —
,
:
:
AT g e e
P sle e c=—|_-z 1 EJMJWE.:FF‘;C ": iJme%ic 2 1 JEJWHW%._.—-:: 2 i )
JIDII ‘g’}i JIDII %‘%}J JIDII ‘%‘”}U JIDII q%%u
Pu, On PH, OH Pr, On Py, On

Fig. 6. The model REFS 10 kV in Simulink

To determine the voltage level in the main RECS
offered the following:

Ne 1 TP voltage at full PFC is determined by the
formula:

formula for on the fig. 5. Voltage value for future TP is
defined in the same manner and should take into account
the factor that characterizes the required percentage of
total voltage PFC the previous TP.

u',=U,-k,, The results of calculations for the model fig. 7, where
Where k,, coefficient characterizing the 11=21=31=14=10km are shown in Fig. 7.
percentage voltage after PFC to zero for no. 1 and the
1,05
L NS
\/ 1—‘
0.95 —
U,% S
0.9 —
0
0.85 d—
0.8 : . ; ‘
0 10 20 30 40
I, xkm
I TIIN91 TII N2 2 TII N23 TIT N94

Fig. 7. The voltage levels on the TP RECS
a-voltage to PFC; b-tension after PFC based on calculations using the model fig. 6, g — voltage devices using WSP

From Fig. 7 it is seen that the values obtained for
the voltage level using the proposed method and the
results of simulation in the software product Simulink
apart within 1% calculations show that for the longest
electricity transmission, Fig. 5, where to install the WTD
significant influence on their quantitative structure
provides the level of PEC.

The technique of determining the voltage level on
the sub-stations at full reactive power compensation on
generalized network parameters and shows the need
for a coordinated selection levels and the number and

parameters VDT. Calculations show the efficiency of
the energy savings due to deep 0,1 tgo, that is, providing
a reduction in the payback period of the installation of
compensation of reactive power, in comparison with
normative values tgo.

The developed method allows you to select
options VDT longitudinal control voltage of 0.4-10 kV
networks, taking into account the effect of the regulatory
burden. Must take into account the nature and magnitude
of the change in the load on the voltage level to select
the type of guy and VDT TVMG TVK and to provide
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consumers with the desired voltage. Ne 2014/448 to perform public works in the field of
This article was prepared during the execution of  scientific activities of the base part of the state task of

R & D “Methods to improve power supply reliability ~ the Russian Ministry.

and power quality in distribution networks”, the job
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The use of controlled filter to reduce non-linear distortion in
the quadrature generators of harmonic signals
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Calculated ratios were tested on the PSIM-9 mathematical model. The generator has a high performance in dynamic
modes. The harmonic content of the generated oscillations does not exceed 0,011%.
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MpumeHeHue ynpasnsemoro opunsTpa AN YyMEeHbLWEeHUS HEeJINHEeNHbIX
MCKaXXeHUN B reHepaTopax KBagpaTypPHbIX raRpMOHUYE€CKUX CUTHaJIOB

AHHOTaI.[I/ISI: B crartpe paccMaTpUBalOTCS BOIIPOCHI IIOCTPOEHHS YIIPABASIEMOI'O Ir€HEPATOPa rApMOHMYIECKUX
KBaAPATyPHbBIX CUTHAAOB. PacueTHpie cooTHOIIEHNS IIPOBEPEHDI HA MaTeMaTU4YeCKOM MOAEAHM B IIpOrpaMMme PSIM-9
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FeHepaTop HMEET BbICOKOEC 6bICTPOAefICTBPIe B AMHAMHYECKHX pEeXHMaX. KOS(I)(l)I/IHI/IeHT rapMOHHK (?OPMpreMbIX

KoAebaHwmit He npesbimaer 0,011%.

KaroueBbie cA0OBa: CTPYKTYPpHas CXEM3, IIEPEAATOTHAS CI)YHKL[I/U{, KBaApPaTyPHbBIE CUTHAADL, YACTOTHDBIE XapaKTe-

PHUCTHKH.

BBeaenue

B papnoaAeKTpOHMKe, aBTOMATHKe, CHCTeMaX CBs-
31, U3MEPUTEABHON TeXHHKE, B aBTOMATU3UPOBAHHBIX
CHCTeMaXx YIPaBACHHS HAXOAST IIMPOKOe IPUMeHeHHe
yIpaBAsieMble TeHepaTOphbl KBAaAPATyPHbIX TApPMOHHUYE-
ckux koaebanmit [ 1-4].

B cuaoBoit mpeo6pazoBaTeabHOit TexHuKe (4acTOT-
HO-peryAUpYeMBIil IIPHBOA, HCTOYHUKY OecriepeOoiHo-
ro MUTAHHs) TaKXKe UCIOAB3YIOTCS [ S—7] reHepaTops
kBapparyphbix curaasos (I'KC).

IIprMeHeHMe KBaAPaTypPHBIX CHTHAAOB IIO3BOASIET
CPaBHHTEABHO A€TKO IIOAYYHTDb CHCTEMY MHOTO(A3HBIX
CUTHAAOB C IIOCTOSTHHBIMH (pa30BBIMHU CABUTAMH B IITHPO-
KOM AMara3oHe U3MeHeHHs 9acTOTHI | 8].

Ha 6ase I'KC crposrcs [9-14] ¢pynkunonaspHsie
rereparopsl (OT'), ucnoab3yromye IPUHIUI $OPMHUPO-
BAaHHS AMHEMHO-U3MEeHSIONeroCsl CUTHAAA U3 ABYX CHI-
HAAOB, CABUHYTBIX APYT OTHOCUTEABHO ApyTa Ha 90 aAek-
TPHUYeCKHX rpapycos [ 15-22].

IMupoxwuit AMana3oH 4acTOT GOPMHUPYEMbIX KOAE-
0aHUi, BHICOKASI CTAOUABHOCTD YaCTOTHI M AMIIAUTY-

ABI KBaAPATYPHBIX CUTHAAOB, IIOCTOSIHCTBO (pa30BOTO
CABHIa MEXAY BBIXOAHBIMU CUTHAAAMH, BO3MOXHOCTD
MUKPOMUHHATIOPU3AIIIH, BBICOKAsI HAAEKHOCTb, IIPO-
CTOTA CXeMOTEXHUYECKHUX PelIeHUI — AAAEKO He ITOA-
HbII1 [TepedeHb TPeOOBAHMUI, IPEABSIBASIEMBIX K ITOAOD-
HBIM TeHepPaTOpaM.

PennTs BeCh KOMIIAEKC 33A24, CTOSIIMX IepeA pas-
PaboTINKOM, U BBIOpATh Aydlllee pelIeHHe — 3aAada
He TPUBHAABHASL.

B ocHOBe mpeaAaraeMoro peeHus HCIIOAb3yeTCsI
reHeparop [23], KOTOPBI1 AOCTATOYHO MOAPOGHO pac-
CMOTpeH B paboTax [24-26].

3apaua 3aKAIOYAETCS B YAYUINEHHH CIIEKTPAABHOM
YHCTOTHI $OPMUPYEMBIX KBAAPATYPHBIX FAPMOHHIECKHIX
CHTHAAOB C IOMOIIBIO AOCTATOYHO IIPOCTOTO pelleHus],
IIPH COXPAaHEHUM AMHAMHMYECKUX XaPAKTePUCTHK, KaK
B ITyCKOBOM PeXXHMe, TaK U IIPU OBICTPBIX [epeKAIOde-
HISIX C OAHOM YaCTOTHI HA APYTYIO.

OcnoBHas 9acTh

CrpykTypHasi cxeMa reHepaTopa rapMOHHMYECKUX
KBAAPATYPHBIX CUTHAAOB M300paXkeHa Ha puc. 1.

11

1, 2 — nepemHoXuTeAY; 3, 4 — HHTErpaTOpPH]; S5, 6 — KBappaTopsl; 7, 8 — cyMmmaTopsl; 9 — unBeprop; 10, 11 —

AeanTeAy; 12 — BBIMCAUTEAD KBAAPATHOTO KOpHs; 13 — kommaparop; 14 — HCTOYHMK OIOPHOTO HaNpsDKeHMS.
Puc. 1. CTpykTypHas cxema reHepatopa

YMmHOXUTeAb 1 1 HHTErpaTop 3 06pasyIoT mepBbIit
yrpasasiembiit uaterparop (YU-1) ¢ mepeparodHoit
dynxumeit [24]

H (s)=-1/(t,,"s),

rae T, =7,/(m +E,) — nocrosHuas Bpemenu YU-1;
T, — TIOCTOsIHHAs BpeMeHHU IepPBOro MHTerparopa 3;
m, — MacITabHBIA KOIPPUIMEHT YMHOXHTEAS 1;

E, — ynpasasiomee HanpspkeHHe; S — KOMIIAGKCHAs
nepeMeHHasl.

YMHOXHUTeAD 2 U UHTerpatop 4 06pasyioT BTOpoit
ynpasasiembiit uarerparop (YM-2) ¢ mepeparodsoit
$yHKIMeH

H,(s)=-1/(t,,"s),
rae 7,, =7,/(m,-E,) — nocrosuHas Bpemenu YII-2;
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T, — IOCTOsIHHAs BpeMeHH MHTerpaTopa 4; m, — Mac-
ITaOHBIA KO9) PUIIMEHT YMHOXKHUTEAS 2.

ITpu OAMHAKOBBIX 3HAYEHUSIX MACIITAOHBIX KO P PH-
IJUEHTOB ™M, =M, =M U IPU PaBEHCTBE ITOCTOSHHBIX
BpPEMEeHHU MHTETPATOPOB T, =T, =T TaKKe OYAyT MMeTbh
OAMHAKOBbIe 3HAYEHHUS M IIOCTOSIHHbIE BpeMeHH IIepBOTo
u BTOPOTO yTIpaBAsIeMbIX
=t,=1/(m-E,).
CaepoBaTeAbHO, U ITepeAaTOYHbIe PYHKITUH YIIPaB-

HMHTErpaTopoB
TYI = TYZ

AsIeMBIX HHTETPATOPOB B 9TOM CAydae OYAyT MMeTDb OAH-
HAKOBbIE BHIPa’KeHHUS
H,(s)=-m-E, -[1/(t-s)]=-1/(t, -s).

YrmpaBasieMble HHTETpaTOpHl, CyMMATOp 7 ¥ MHBEp-
Top 9 06pasytor ynpasasemsiit puabrp (YP). [Tpu mo-
Aade Ha IEPBBIN BXOA CYMMATOpPa, TO eCTh Ha Bxop YO
curHaaa N, (t), Ha BbIxoae yrpaBasieMoro ¢puasrpa Gpop-
MuUpyroTCs ABa curHaaa S, (t) u S,(¢).

AAS HAXOXKACHHS AMIIAUTYAHO-JACTOTHBIX U Pa3o-
JaCTOTHBIX XapaKTEPUCTHK, a TAKKE OIPEACACHHUS Pe30-
HAHCHOM 4acTOThI Y, BEAUHHBI 3aTyXaHUs U AOOPOT-
HOCTU QUABTpA HailpeM mepeparounsie gpynxrmu (I10)
YIIPaBASIeMOTO QHABTPA.

Haiipem nepeparounyio ¢pynxnuio YO mo nepsomy
W, (s) u Bropomy W, (s) BbIXOAY IIpH BO3AEHICTBUM BXOA-
Horo curHaaa N, (f), AASL 9ero COCTaBUM CAEAYIOLIYIO
CHCTeMy YpaBHEHUI B OIlePaTOPHOI popMme:

=S,(s) =k, -N,(s)+k,-S,(s)—k,-S,(s);
§,(s)=S,(s)-H,(s); (1)
5,(5)=5,(s)- H,(s),
rae k,,, k, n k, — xoadppunuenTs! nepepaun cymmaro-
pa 7 10 COOTBETCTBYIOMIUM BXOAAM.

Vcrioab3ysl MeTOA UCKAIOUeHHs TepeMeHHbIX B (1),

3aIMIIeM BhIPasKeHHUs AASl TIepeAATOYHOMN QyHKIMU

S,(s k,-ts
W)= = @)
N/(s) t°s +k,-ts+k,
U AASL IEPEAATOYHON QYHKIMH
W,(s)= 5(9) _ -k, : 3)
N/(s) 7°s’+k, -1s+k,

Ipu k,, =1 Bbpaskene (3) MOXHO IPHBECTHU K KAAC-
CHYECKOMY BHAY AASL KOA€OATEABHOTO 3BeHA C IePeAATOY-
HOM QyHKIueH

__ Kk
WZ(S)_TZSZ+2§-7:5+1’ )
rae & =k, /2 — xoadPunment saryxanus, onpepe-
ASTIOIIUF U30MpaTeAbHbIE CBOVICTBA 3BEHA.
Ilepeparounyio dpyukuuio W, (s) MOKHO mpeacTa-
BHUTb B BHAE IIOCA€AOBATEABHOTO COEAMHEHHs KoAeba-
TeABHOTO U AP PepeHIIpyIolIero 3BeHbeB

W)= ()
T°s"+2& -15+1

Pe3oHaHCHYIO 4acTOTy ®, yIpaBAsIeMOro QpHABTpa
MOYKHO HAalTH U3 XapaKTePUCTUYECKOTO yPaBHEHUS, AAS
yero 3HameHaTeAb B ypasHenusx (4) u (S) caeayer npu-
PABHATD HYAIO Ml HATU KOPHH 9TOTO YPaBHEHHS

w,=1/t,=m-E, /1.

AASI HAXOXXAEHHS KOMIIAGKCHO-YaCTOTHBIX QYHKIIUH
B BBIPXKEHMSX (4) u (5) HEOOXOAMMO 3aMEHUTH KOM-
[IAEKCHYIO IEPEMEHHYIO S —>

‘/\/l(]a)) — zklzl ](D‘L’ ; (6)
(1-0t°)+ 28 - o1
A P —— t— (7)

(I-0’7%) + j2¢ - 01

Us (6) u (7) caeayeT, 9TO $pa30BbIit CABUT MEXKAY BbI-
xopaHbIMHA curHasamu S, (t) u S, () Gyaer onmpepeastThest

TOABKO ITAapaMeTpaMu AU PpepeHITHPYIOIero 3BeHa C Ine-

peaaTounont  ¢yukumen W, (s)=Ts, mOCKOABKY
W, (jo)=j -ort.
Da3oBbII CABUT
Ap(0)=,(0)— @ (0)=7/2. (8)

U3 (8) caeayer, uTo $pa3oBbIit CABUT MEXY BBIXOAHBI-
mu curHasamu S,(f) u S,(f) He 3aBUCHUT OT YaCTOTHI
M BO BCEM AMAIIA30HE PAbOYMX YACTOT COCTABASIET
90 aAeKTpUYeCKUX I'PAAYCOB.

AMIAMTYAHO-4aCTOTHbIE XapaKTePUCTUKHI

W, (0)=mod W, (jo) = \/(1 k. a)rzé )
®’T 0T

(9)

k
11 10
JA-01?) + (& -w1)’ (10)

YAOOHO MPEACTaBUTh B HOPMHPOBaHHOM BHAe (ur. 2),

W,(0)=modW,(jo)=

AASL IE€TO BBEAEM B PAaCCMOTPEHHE OTHOCUTEADHYIO pac-

(11)

CTPOMKY I10 YaCTOTe
o=0lw,=fIf,
rae @, =1/7, — pe3oHaHCHas YacTOTA.
ITocae nopcranosku (11) B (9) u (10) moayunm

W)= —mt
Ja-87y + (¢ -5y

‘/\/2(5)2 kn .
Ja-8°y + &5y

I'paduueckre 3aBUCUMOCTH KO3PPUITUEHTOB Iepe-
Aaun W (w) u W, (@) oT BeAMYMHBI OTHOCHTEABHOI pac-
CTpOVKM O IIPUBEAEHBI Ha PHC. 2, TA€ II0 OCH OPAMHAT
OTAOKEHbI B AOTapUPMUIECKOM MACIITAbe 3HAYCHHS

R(8)=201gW,(5) u R,(5)=201gW,(5).
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Puc. 2. AMNANTYOHO-4aCTOTHbIE XapaKTEPUCTUKN

Ha pesonanchoit yacrote (mipu 0 =1)

W =w,(1)=— , =&

28k,
Ilpu paBencrBe KOS(l)(]_)I/I]_II/IEHTOB k11 =k, xoapdu-
LIMeHTHI [epeaaun Taoke 6yayT pasust W, (1) =W, (1) =1,
npu atom R (1)=R,(1)=0 aB.

CrexTpaAbHasi YUCTOTa GOPMHUPYEMbIX CHTHAAOB
S,(t) u S,(t) 6yaer 3aBuceTd, Kak OT GOPMBI CUTHAAA
N, (t), nmocrynatomero mo nemyu o6paTHON CBSI3H, TaK
1 0T poo6poTHOCTU Q pe3oHAHCHOI cucTeMbl (yTIpaBAs-
eMOro QHABTPa), KOTOPasl, B CBOI0 OYePeAb, OTIPEACASIET
(puc. 2) noaocy npomyckanus I, ¢uasrpa.

IToaocy nmponyckanus 11, ycaoBHO ompeaeasitoT
no pesoHaHCHON kpusoil (¢ur. 2) Ha yposue 0,707
(-3 AB) OT eé MaKCHMaABHOTO 3HAYEHHS, COOTBETCTBYIO-
II[er0 pe30HAHCHOM JacToTe.

IToaoca nponyckaHus ypaBAsieMoro pUAbTPA

HHP :é'fo Zfo/Q

AO6POTHOCTD yIpaBAsieMOro $HUABTPa CBsI3aHa C KO-
opPUIIMEeHTOM 3aTyXaHUs & CAeAyomuM obpasom
Q=1/& =2/k,, caep0BaTeAbHO, BeAMYHHY AOGPOTHOCTH
Q, xoadpunmeHT 3aryxaHus & U IOAOCY IPOITYCKAHHS
1, MOXHO peryAnpoBarh ¢ IOMOIIbI0 KO3 PHUIIMEHTA
k,,, Ho mpu 9TOM HEO6XOAMMO COBAIOAATH PAaBEHCTBO KO-
s¢dunumentos k, =k ,.

B aToM cAydae npu AI0OBIX 3HAYEHHSIX AOOPOTHOCTH
Ha YaCTOTe Pe30HAHCA AMIIAUTYAHBIe 3HaueHus A, u A,
curnaaos S,(f) u S,(t) 6yayT uMeTh OAUHAKOBbIE 3HAYE-
HUSI paBHbIE eAUHHIE, 2 $a3OBBII CABUT MEXXAY HUMH CO-
craBuT 90 dAeKTpHIeCKUX IpapycoB. Takum obpasom,

Ha BBIXOAAX YIIPABASIEMOTO GpUABTPA GOPMUPYIOTCS KBa-
ApaTypHBIe CUTHAABI CTAOHMABHOM aMIIAUTYADL.

B npeasaraeMoM pelleHUM Ha BXOA IIEPBOTO CyMMa-
TOpa 7 MOAAeTCs KBasurapMonudeckuit cursaa N (t)
CTaBHABHOM aMIAMTYABI A’ , UMEIOTIHE He3HAYHTEABHO®
KOAMYECTBO BBICIIMX FAPMOHHYECKHX B CBOEM COCTaBe.

®opmuposanue curaasa obparuoi ceszu N, (t) mpo-
HCXOAUT CACAYIOIIHM 00pa3oM.

Ksapparopst S 1 6, cymmarop 8 1 6AOK M3BA€UEHHMS
KBAAPaTHOTO KOpHs 12 00pasyroT Oe3bIHEpIIMOHHBIM
Aarunk Hanpsokenus (AH).

ITpu mopaye Ha BXOA KBAaAPATOpa S rapMOHUYECKOTO
curnaaa S (t) = A sin(wt) Ha ero Bbixope popmupyercs
CHTHAA

L(#)
rae M, — MacImTabHbI K09 PUIHEHT KBappaTopa S.

=m,A’sin’(ot),

ITpu mopade Ha BXOA KBappaTopa 6 rapMOHHYECKOTO
curnaaa S,(t) = A, cos(wt) Ha ero Berxope popMupyercs
CHTHAA

L,(t)=
rae M, — MacImTabHbI K09 PUIHEHT KBaApaTopa 6.

m,A’ cos’(wt),

B pesyasrare cymmupoBanus curtasos L, (t) u L, (t)

Ha BBIXOA€ CyMMaTOpa 8 06pasyeTcs HalpsDKeHue
E =k, m,A]sin’*(ot)+k,m,A; cos’(wt),

rae k,, u k,, — xoapduimenTsl nepepaun cymmaropa
8 110 IepBOMY ¥ BTOPOMY BXOAQM COOTBETCTBEHHO.

Ha Bbixope 6AOKa U3BA€YEHMS KBAAPATHOIO KOPHS
12, To ectb Ha Bpixoae AH, popmupyeTcs HanpsbkeHHe

\/kﬂm Alsin’(wt) +k,,m, A cos’(ot) .
Hpn BBIIIOAHEHHH ycAoBuil k, =k, =1, m, =m, =1
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U IIPU paBeHCTBe aMIIAUTYAHBIX 3HaueHuit A = A, = A
HaIpsDKeHHe

E = A\/sinz(a)t) +cos’(wt) = A,
TO ecTb Ha Bixope AH Hanpspxenune 6yaer B TOYHOCTH

PaBHO aMIAMTYAHOMY 3HadeHuto E = A.

Bo BpeMsi AUHAMIYECKHX PEXXUMOB, OCOOEHHO IpU
Pe3KMX U3MeHEHMSIX YIPaBASIOIero Hampsbkenus E,
B IIMPOKHUX [IPEAEAAX, AMITAMTYAHbIE 3HAYEHUS CUTHAAOB
S,(t) u S,(t) MoryT nsmMeHUTHCS, TOITOMY AASL CTAOUAK-
3K MOT'YT ITOTPeOOBATHCSI AByXKAaHAABHbIE CTAOUAHU-
3aTOPBI AMIIAUTYADI, HEKOTOpPbIe BAPUAHTBI, PEAAH3AIIUH
KOTODBIX IIPUBEAEHBI B [27-29].

B mpepAaraeMoM pelleHUH POAb ABYXKAHAABHO-
ro CTabMAM3aTOpPA AMIIAUTYABI BBIIOAHSIOT ACAUTEAH
10 u 11 u paT4nk HanpspxeHns AH.

ITporiecc cTabMAM3ALUM AMIIAMTYAHBIX 3HAYEHHI
dopmupyembix curaaros N, (t) u N, (t) mpouncxopaut cae-
AYIOIIMM 06pa3oM.

Ha Brixope peauTeast 10, To ecTb Ha IepBOM BBIXO-
Ae YIIPaBAsIeMOrO reHepaTopa KBaAPATyPHbIX CHTHAAOB,
$opmMupyercs CUrHaA

N, ()=S,t)/E = A/[sin(wt)]/ A=A -sin(wt),
rae A" =1 — HOpPMHpOBAHHOE 3HAYEHHE AMTIAUTYADI
curnasa N, ().

AnanormdHO paboraeT BTOpoit AeAuTeab 11, Ha BbI-
XOA€ KOTOPOTO TaKoke OPMUPYETCsi CTAOHUABHBIM ITO aM-
IIAUTYAE CUTHAA

N,(t)=S,(t)/ E_=A,[cos(wt)]/ A= A" -cos(mt).

CrabuansupoBaHHbIi 110 amrAauTyae curaaa N (t)
¢ BbIxoAa peauTeast 10 mocTymaeT Ha IepBBIN BXOA CyM-
MaTopa 7, 3aMbIKas Ijellb OOPATHOM CBSI3M U CO3AABAS
YCAOBHSI AASI BO30Y)KAEHIS TAPMOHHYIECKUX KOACOAHUIL.

Yacrora Koaebanmit () B yIpaBAsieMOM reHepaTope
COBITAAAET C Pe30HAHCHOM 4acToTol @, =1/7, u u3me-
HSIeTCsI IIPSIMO IIPOIIOPIJOHAABHO U3MEHEHHIO YIIPABAS-
IOI[ero HaIPsDKEeHMS

Q,=mE, /Q2n 7).

ITockoAbky Ha BXOA YIIPABASIEMOTO PpHABTPA C BBIXO-
Aa mepBoro pAeanTeast 10 mopaeTcst rapMOHUYECKHUIT CHT-
HaA, B KOTOPOM IIPAKTHYECKH HeT BbICIIHX TapMOHUYe-
CKHX COCTABASIOIIMX, TO CIEKTPaAbHAs YHCTOTA
dopmupyempix currasos S, (t) u S,(t) HamHOrO BbIIIeE,
gem B poTorHne [23].

O1eHKa HeAMHENHBIX NCKYKEHHUIT BBIXOAHBIX CHIHA-
AOB reHepaTopa IPOBOAMAACH HA MATEMATHYECKON MO-
Aean B mporpamme PSIM-9. Heannerinble HCKaXKeHH
Ha BBIXOAAX YIIPABASEMOIO IeHepaTopa H3MepSIAMChH
c momompio 6a0ka (THD — Total harmonic distortion)
nporpammsr PSIM.

Ha mepBoM BbIxope kK03 uIeHT HeAMHeHHBIX HC-
kakeHui He mpesbickA 0,011%, yTo mpuMepHO B IATD pa3
MeHblIle TI0 CPAaBHEHMIO C IIPOTOTHUIIOM.

Ha BTOpOM BbIXOA€ YTIpaBASEMOro reHepaTopa uc-
xaxeHus curasa N, () GyayT emme MeHblIe 13-32 GUAD-
TPYIOIEro CBOMCTBA BTOpPOro uHTerparopa 4. Hesnauu-
TEAbHOE COAEp)KaHMe BBICIIMX TFAPMOHHUK BBIXOAHBIX
curnaroB N (t) u N, (t) sBAsIeTCS AOCTOMHCTBOM IIpeA-
AaraeMoro reLeparopa.

AAsi cokpallleHMsT BpeMeHH 3aIlycKa reHepaTopa
Ha 4eTBePThIi BXOA CYMMaTOpa 7 MOCTyIaeT KOPPeKTH-
pytomuit curaaa S, (f) ¢ GopMupoBaTeAs OAMHOYHOTO
MMITyAbCa, KOTOPbIi BHIITOAHEH M3 KoMIIapaTopa 13 u uc-
TOYHHKA OTIOPHOIO HanmpspkeHus 14.

Koppexrupyromuii curtaa S, (t) mopaercst Taxke
Ha TPEeTHUI1 BXOA CyMMaTopa 8, obecriednBasi TeM CaMbIM
HOPMAaABHYIO paboTy peauteaeit 10 u 11, xoTopsie npu
OTCYTCTBUU KOPPEKTHPYIOIEro CUrHaAa pOpPMUPYIOT
Ha CBOMX BBIXOAAX KPATKOBPEMEHHbIi BRIOPOC HaIpsiKe-
HM IIPH 3aITyCKe FeHepaTopa M AASL yCTPaHeH s KOTOPO-
ro Ha BBIXOAAX AeanTeAeit 10 u 11 moTpebyrorcs orpasu-
YUTEAH.

Bsepenune koppexrupyomiero curuaaa S, (f) sHauu-
TEABHO yAy4IllaeT AMHAMHUKY yIIPaBAsIEeMOrO FeHeparopa,
KaK B IyCKOBOM pexxume (pHC. 3), TaK U IPH [IepeKAIode-
HMU FeHepaTopa C OAHOM YaCTOTHI Ha APYTYIO.

AAUTEAPHOCTD IIEPEXOAHOTO IIpoIlecca IpH 3aIrycke
YTIPaBASIEMOIO T'eHepaTopa KBaAPaTYPHbBIX CUTHAAOB
onpeaeastercs (puc. 3) AsureabHOCTBIO T, KOppeKTHPY-
ro1ero curuaaa S, (t) u 3HaueHneM K03 PUIIeHTa IIepe-
AQYH TI0 YeTBEPTOMY BXOAY CyMMaTopa 7. AAUTEABHOCTD
T, curnaaa S, (t) MOKHO U3MEHSTb C IIOMOILbIO HAIIPSI-
xeHus cMemenus Ej, mocrymaromero Ha BXop koMIapa-
Topa 13 OT MCTOYHMKA OTIOPHOTO HanpsDkeHus 14.

I'paduueckue 3aBHCUMOCTH, TIOSCHAIOMUE IPUHIIUIT
yMeHbIIIeHHs IePeXOAHBIX ITPOLeCCOB B TeHepaTope,
npuBeaeHs! Ha ¢ur. 3. Ha puc. 3, a u puc. 3, 6 mokasaHsI
rpaduKM AASL CAyYasl, KOTAQ BeAMYMHA OTIOPHOTO HaIps-
xenns E, =0,1 B, akoaddunueHT nepepaunt cymmaropa
1o yerBepToMy Bxoay k, =0,1. Ha puc. 3, B u puc. 3, r
TIOKa3aHbl TPAaQUKH AAS CAyYasi, KOTAQ BEAMIMHA OTIOp-
Horo Hanpspkerus E; = 0,8 B, a koappurrent nepepaun
cymmaropa 1o yerBepromy Bxoay k, =1,0. Ha puc. 3, o
U pHC. 3, € ITOKa3aHbl IPadHKU AASL CAyYasi, KOTAQ BEAUYH-
Ha onopHoro HanpspkeHust E; =0,9 B, a xoadpdunuenT
IIepeAady CyMMaTopa Io YeTBeproMy Bxoay k,, =10,0.

Curnaa S, (t) dopMupyeTcst TOABKO OAMH pa3 IpH
3aITyCKe reHepaTopa U B AAAbHefIIell paboTe ympaBAsie-
MOTrO reHepaTopa y4acTHs He IPUHUMAeT.
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Puc. 3. BpemeHHble gnarpamMmmbl
3akAroueHne OBICTPOAEICTBHEM B ITyCKOBOM PeXXHMe U ITPU OBICTPHIX

1. PagpaboTana CTpyKTypHasi CxeMa yIIPaBAsIEMOTO
reHepaTopa KBaAPATyPHBIX FAPMOHUYECKUX KOACOAHHIL.

2. IIpoBepeH KCIIEpUMEHT HAa MATEeMaTHIECKOH MO-
Aean B mporpamMmuoM makere PSIM-9. Pesyasrars: Mare-
MaTH4eCKOTO MOACAHPOBAHNS IIOAHOCTBIO TIOATBEPAHAN
MOAyJeHHbIE PacyeTHbIe COOTHOIIEHHS.

3. Crabuausariysi aMIAUTYAHBIX 3HAYeHUI GOPMH-
PYEMBbIX KBaAPATyPHbIX CHTHAAOB OCYI€CTBASIETCS C IT0-
MOIITbIO AaHAAOTOBBIX ACAUTEAEH U 6b1CTperfICTBy10me-
IO AATYMKA HAIPSDKEHUS, He COAEPIKAllero peakKTUBHBIX
9AE€MEeHTOB.

4. PazpaboTaHHbIN reHepaTop 00AAAAET BBICOKHM

NepeKAIOYEHHUAX C OAHOM YaCTOTBI Ha APYTYIO.

5. KoadpurmeHT rapMoHuK GOpMHUpyeMbIX KorehHa-
Hui He mpesbimaer 0,011%.

6. Tereparop MOXeT OBITb BBIIIOAHEH B HHTETPAAB-
HOM HAM THOPHAHOM HCIIOAHEHHH C HCIIOAB30BAHHEM
COBpPEeMEeHHbIX OIlepallMOHHbIX YCHAMTEAEH U TP eIu3H-
OHHBIX AaHAAOTOBBIX IIEPEMHOXKHUTEALH, He TPeOYIoIHX
HAAMYHSA TIOACTPOEYHBIX IAEMEHTOB.

7. YnpaBAsieMblii TeHePaTOp MOXKeT HalTH TpHMeHe-
HUe B MHOTO(a3HBIX CHCTeMAaX [IPe0Opa30oBaTeABHON TeX-
HHKH, B KBAAPATYPHBIX MOAYAATOPAX-AEMOAYASTOPAX CH-
CTeM CBSI3H, B YMHOXHTEASX 9acTOThI ¢ cuctemoit QAITY.
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