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PROCESSING OF LIQUID MANURE INTO A HIGH-QUALITY BEDDING MATERIAL FOR
CATTLE
Urazova M.,
Temirkhanov A.,
Maitanov A.,

Sarmurzina Z.
"BioMix" LLP, Kazakhstan

MEPEPABOTKA KHIKOTO HABO3A B KAUECTBEHHBII MOCTUJIOYHBIN MATEPHA
JUISI KPC

Abstract

Ypazosa M.C.,
Temupxanon A.K.,
Maiitanos A.K.,
Capmyp3suna 3.C.,

TOO «BioMix», Kazaxcmakn,

Manure processed into bedding makes it possible to use it as fertilizer. The double use of the same material
is a lucrative source of income in animal husbandry and is economically beneficial. Litter material enriched with
beneficial microorganisms reduces morbidity and increases the productivity of cattle.

AnHomayusn

Ilepepabomannviili 6 NOOCMUIKY HAB03, 0Aem B03MON’CHOCMb €20 UCNONb308AHUs 8 Kayecmae YOOOpeHus.
Jl8oliHOe UCNn016308aHUE OOHO20 U MO0 Hce MAMmepUand AeiAemcs nPUdbLLIbHON cmambell 00X00d 8 HCUBOMHO-
600Ccmee U IKOHOMUYECKU 6bl200HO. Tloocmunounblilt mamepuan 0002auieHHbIll NOJE3HBIMU MUKPOOPESAHUSMAMU
cHudicaem 3abonesaemMocms u nogviuiaem npooykmusenocms KPC.

Keywords: manure, litter, fertilizer, cattle

Knroueswie cnosa: nasos, noocmunxa, yooopenue, KPC

Hcnonp3oBaHrne HaBO3a B KAadeCTBE OpraHHYeE-
CKOTO YAOOpPEHHS — 3TO CaMBIH CTapblil M W3BECTHHIN
cnoco0 ero mpuMeHeHus. B HacTosimee Bpems cyte-
CTBYeT eni¢ oiH crrocod IpUMEHEHHU HaB03a, 3TO HC-
TIOJTb30BAHKE €r0 00€3BOKEHHBIX TBEPIBIX COCTABIISIO-
oMX B Ka4YE€CTBC INOACTUIIKM JIsI CKOTAa. Bo muormx
CTpaHax, MpurojHas i IOBTOPHOTO HNPUMCHCHHUA
O6uomacca B BUJC HABO3a, SIBIICTCS MPUOBUILHOM CTa-
ThEH JIOXO/a M COCTaBIISIET B OTJIENBHBIX CTpaHax IO
30% OT CyMMBI JOXOJIOB OT MOJIOYHOT'O IPOU3BOJICTBA.

Kananckue ¢epmepsl paszensss MeXaHHYECKHH
JKUJIKUI HaBO3 HA TBEP/IBIC U )KUIKUE (PPAKIHH B COUeC-
TaHUH C KOMITOCTUPOBAaHUEM OT/ICIICHHBIX TBEPIBIX Ya-
CTHIl HAJAJAWIN TMPOU3BOJICTBO HEIOPOTOTO MOJCTH-
JIOYHOTO MaTepuaa s COOCTBEHHBIX HYX 1 [1].

Crroco6 ncnonp30BaHUsT OMOMAcCHl BKIIFOUAET e
IpUMEHeHHe B kauecTBe ynoopenus. Haos, mepepabo-
TaHHBIH B MOJCTUIIKY, @ 3aTEM HCIIOJb30BaHHAS TO/-
CTWJIKa, nepepaboTaHHas B yA0OpeHHe 3TO JBOWHOE
UCIIONIb30BaHKE OJHOTO M TOTO XKe Marepuana. Hayd-
HBIC UCCIICAOBAHMS IIOKA3aJIH, YTO POIIEIIII TEPMHU-
YECKYI0 00pabOTKy HaBO3 SBJISICTCS. XOPOIIMM 3aMCHH-
TEJNEeM TPAIAWIMOHHBIX MATEPHANOB JJIs TOICTHIOK:
COJIOMBI, JICPEBSIHHBIX CTPYKEK, OMUIOK, PE3UHOBBIX
KOBPHKOB, ITECKa.

Kommureke mo nepepaboTke TBepAoi (pakmuu B
MOJICTHIIKY, COCTOHUT W3 CElaparopa WU CIEIHaIbHOTO
OmopeakTopa ISl YCKOPEHHOTO KOMITOCTHPOBAHHS U
cucreMoi aspauuu. s momydeHus 6mocyOcTpaTa B

O6uopeaxrop nodasisuu Ononpenapart. [Ipororun 6mo-
mpenapara HpEeICTaBICH KOHCOPIMYMOM ITOJIE3HBIX
MHUKpoOpranu3mMoB. OIeHKa MOKa3aTens >KU3HECIOo-
COOHOCTH KYJBTYp MHKPOOPTaHH3MOB ITPOBOAMIACH
merozom Miles&Misra. OmnpeneneHue ymcia MUKPO-
OpPraHM3MOB 3TUM METOAOM BKJIIIHOYACT TPU dTaIa: npu-
TOTOBJICHHE Pa3BEJICHUH, TIOCEB HA IUIOTHYIO Cpeay B
yamiku Iletpy ¥ moacuer BBIPOCIIMX —KOJIOHMM.
YcnemHo npoBeieHb! J1ab0paTOpHbIE ONBITHBIE UCTIBI-
TaHMsl IKCIIEPUMEHTAIILHOTO OINBITHOTO 00pa3ua ouo-
mpemnapara.

MacmrabupoBaHue ITaMMOB MHKPOOPTaHH3-
MOB, COCTaBJISIFOIIMX OWoIpemnapar npoBoauian Ha 30-
1 IUTPOBOM (epMeHTepe (26 TUTpoB padbounii 00bem).
ITpoBoanTCS 0TPabOTKA METOJOB M PHEMOB MIPOBEIE-
HUE TIOJICBBIX HCITBITaHMI Onornpenapara. THTp MOI09-
HOKHCITBIX GaxTepuii OmonpemnapaTa
(Lactobacillusbulgaricus,  Lactobacillusfermentum,
Lactobacillusacidophilus, Lactobacilluscasei, Lacto-
coccuslactissubsp.cremoris) cocrasmsn 10° KOE/mi.

B Ouopeakrop aisi HaBo3a, KOTOPBIM NMPHUMEHS-
eTcs IS CYIIKH U 00e33apa)KBaHMs TBEPBIX COCTaB-
JISIIOIIMX 32 CUET TEXHOJIOIMH YCKOPEHHOTO KOMIOCTH-
poBaHMsl [00aBIsIM OWomnpenapar Ui HONTyYeHHs
00€33apa)XKEHHOT0 M KayeCTBEHHOTO IIOJICTHIOYHOTO
Matepuaina st KPC. 11IHekoBEIi cemapaTtop, METOJOM
MPECCOBaHUS O0ECIeUnBaeT OTIENEeHUEe CBOOOIHON
BOJIBI M OOJIBIIEH YacTH CBSI3aHHOW BOJBI OT TBEPHBIX
COCTaBJIAIOILMX. B pe3ynbrare, OTAeNeHHbIE TBEPbIE
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COCTaBIISIIOLINE, IOJY4YaroTCsl AOCTATOYHO CYyXMMH U
pacchImIaTeIMH, 9TOOBI UX MOXHO OBLIO Cpa3y mome-
aTh B OMOPEaKTOp C IOMOIBIO LIHEKOBOTO TpPaHC-
nopTrepa.

OOe3zapaxvBaHHe  OCYLIECTBIISICTCS — HOCPEJ-
CTBOM €CTECTBEHHBIX OHOTEpPMHYECKHX IIPOIECCOB.
Tak Kkak Tpolecc KOMIIOCTUPOBAHHUS IIPOXOJHUT B
a’pOOHBIX YCJIOBUSIX M COINPOBOXKAAETCS ITOCTOSHHO
BBICOKOH Temmneparypoil 1o 70 °C moxcymka mMaccel
MIPOMCXOAUT O€3 JOTOTHUTENBHBIX SHEPTOHOCUTEIEH
3a CYTKH.

TBEpable COCTaBIAIOUINE HABO3A SIBJISIOTCSI IIPH-
POAHBIMH 3JIEMEHTaMH, KOTOPbIE BCEraa nepepadarsl-
BaJIUCh OKpYy’Karoled cpenoi. Mcnonb3oBanue TBEP-
AbIX COCTABJIAIOIINX HAaBO3a B KA4E€CTBE IIOACTUIIKHU
TOJIBKO TIOJIOKHTENBHO BIHMAET HAa OKPYXKAIOUIYIO
cpeay MOJIOYHOH (epMBL.

B npouecce nmepepaboTKy U3 TBEPIBIX COCTABHBIX
yacTel HaBo3a IOJYYalOT MaTepHaj, IpeCTaBIsIo-
A co00¥ BEICOKOKAUECTBEHHBIA KOMITIOCT, KOTOPBIH
HE COJEP)KUT 3araxa, MaTOTeHHOW MHUKPOQIIOPHl U
AMeeT HH3KHH YpOBeHb BiaxHOCTH. [IpnMmeHeHme
TBEpIOH (pakmum HaBo3a B IepepaboTaHHOM BHUAE
YMEHBIIIAECTCSI PUCK IOSBICHHUS TaKOro 3a00JieBaHUs
KOpPOB, KaK MacTUT BBIMEHH. JlaHHBINA (DaKT crienuatm-
CTBI OOBSCHSIOT CICHYIOIIUM 00pa3oM: MHKpodIiopa
MOJY4YEeHHOW OpraHW4ecKod OHOMacchl M Copepxka-
IIUXCS B IIOMCUICHHUH )KUBOTHBIX IMTOYTH OJMHAKOBAA U
HE COJEPXKUT Uy>KEPOJHBIX MATOT€HHBIX MHUKPOOpra-
HHU3MOB, KOTOPBIE MOTYT CTaTh IPUYNHOMN 3a00JIeBaHUS
KOPOB IIPH UCTIOJIb30BaHIH OPraHMYECKHX MaTepHaIoB
JUTSL TIOJICTHJIKH.

[Tocne 3aBepiieHust paboOT MO OIIEHKE KadecTBa
OTIBITHOTO O0paslia MOACTHIIOYHOTO MaTepuajia ObLTH
HayaTbl pabOTHI MO OLIEHKE 3/I0POBBS M IIPOAYKTHBHO-
ctu kpymHoro poraroro ckora (KPC). ITo cpaBHeHuIo
C paHHell 6eCpUBSA3HBIM U MPHUBSI3HBIM COJIEPKAHUEM
¢ 0e30TXOITHOIM TEXHOJIOTHEH MPOWU3BOJCTBA TOJICTH-
JIOYHOTO MaTepuana Jyisi MOJIOYHO-TOBApHBIX (epm
TEXHOJIOTUS COZEPKaHUsI Ha OINBITHOM 00pasle Moj-
CTHJIOYHOT'O Marepuala ¢ BHECEHUEM HAILlEro Henaro-
TeHHOTO KOHCOPLIMYMa MHKPOOPraHW3MOB, 00Jjaaer
HENBIM PSAOM TEXHOJOTHYECKHX M IKOHOMHYECKHX
MPEUMYIIECTB!

- OMoTepMHUUYECKHE IMPOIECCHI, POUCXOSIINE B
CMECH HaBO3a, MOYHM M MaTepHasa MOJICTHIKH COIPO-
BOJK/IAIOTCS BBIJICTICHUEM TETIIa U TEM CaMbIM o0Oecte-
YHBaeTCA TEIUIOE U OE30IacHOE JIOKE;

- TI0 CPaBHEHHIO C OECIPUBSI3HBIM COJIEPIKaHHEM,
C TIPUMEHEHHEM HaIllero ONBITHOTO 00pasla MOACTH-
jmoyHoro marepuana Ha 35-40% cHmkaercst BbIOpa-
KOBKa JKMBOTHBIX M3-32 00JIe3HEH KOHEUHOCTEH, CHH-
JKaeTcst 3a00JIeBaHHE KOPOB MAacTHTOM, IOBBIIIACTCS
MPOIYKTUBHOCTb XKUBOTHBIX Ha 25-30% U CpoK UX HC-
TIOJTb30BaHUS;

- B pe3ynbTaTe MPOIECcCOB KOMIIOCTHPOBAHUS,
MPOMUCXOAIINX B CMECH HAILIETO ONBITHOTO o0Opasina
MOCTHJIOYHOTO MaTephaja, HaB03a M MOYHM IOJyda-
eTcs XOpollee OpraHudecKoe yAoOpeHHe, TOTOBOE K

UCTIONIb30BAHUIO, 1 3HAUNUTEIBHO CHHKACTCSA TPYJOEM-
KOCTb YTHJIM3AI[H HaBO34;

- CHIDKAIOTCS 3aTPaThl Ha CTPOUTEIBLCTBO KOPOB-
HUKa (32 CUeT COKpAIlIeHHs IUIOIIaa1 OETOHHBIX MOJIOB
U HOPUMCHCHHUA YIPOUICHHBIX OI'paXJarolnuXx KOH-
CTPYKLMI U KPOBJIN) U Ha 000pYZOBaHUE B CPETHEM B
pacuete Ha ckotoMecTo 25-30%.

B cMmecn Hamero ombITHOrO 00pa3sia ImoICTHIOY-
HOTO MaTepHaia, HaBO3a M MOYM OBUIM OIpE/IEIEHBI
HECKOJIBKO Pa3HBIX BHUAOB OakTepuii, KOTOpHIC SBIIS-
I0TCSI HOTCHIIMATbHBIMI UCTOYHHKAMH OOJIE3HH KOITBIT
u "Hor KPC. UnpekmmonHo-omacHbIil 0aKkTepruantbHbBIN
YpOBEHb U HETAaTUBHOE BO3JECHCTBHE HAa KOXHBIE ITO-
KpPOBBI BOKPYT KOIIbITA, ACUCTBYET IrpyIla U3 HECKOIb-
KX pasHbIXx OakTepuii, Takux Kak, Bacteroidesspp,
Spirochaetesspp, Camphylobacter Faecalis u mp. Yka-
3aHHBIE OaKTEpUHM XHUBYT B >KEIYJOYHO-KUIICYHOM
tpakTe KPC. BakTepun BEIHOCSTCSA HapYyXKy C HABO30OM,
o0pa3yst OuorieHky. /lanHast OMOIUICHKA SBJISIETCS 3a-
INATOHN OaKTepHil OT KUCIOPO/a B KOPOBHUKAX.

[Ipumensas pa3paOOTaHHBII HaMH KOHCOPLIHYM
MHUKPOOPTaHU3MOB M3 HEIATOTeHHBIX OaKTEpHii, KOTO-
PpBI [OOABIIIETCS B ONIBITHBINA 00pa3el MOACTHIIOTHOTO
MaTepuaia focturaeM 3 dekra Toro, YTo KOXKHEIE MO0-
KpOBBI OyAyT KOJIOHM3UPOBAHBI HAIIMMHU MUKPOOpra-
HU3MaMH, YHUYTOXAIOIMUMH GI/IOHHCHKy. IIuraTens-
Hasl HEprusl Hallero OIBITHOTO 00pasla MOACTHIIOY-
HOTO MaTepHaia OyJeT yXOIWTh Ha pa3MHOKEHHE
OakTepuii HalIero KOHCOPIMYMa MUKPOOPTaHU3MOB, a
KO>KHBIE TIOKPOBBI, KOHeUHOCTH U Kombita KPC OynyT
CYXMMH M YHUCTBIMH, YTO MOJIOXKUTEIHHO BIIMSIET HA X
3JI0POBBE U MTPOTYKTUBHOCTb.

TaxuMm 06pa3om, IpUMEHsIs Halll KOHCOPIIMYM He-
MATOTCHHBIX MMKPOOPTaHW3MOB IIPH TIPOU3BOJCTBE
MOJICTHIIOYHOTO MaTepualia U3 HaBo3a JI0Ka3aHO OTMe-
YEHO CHIDKCHHE pOcTa OMOIICHKH U MOBBIIIEHHUE 3/10-
poBbs 1 npoxnyktuBHOCTH KPC. cnonp3oBanue TBEp-
JbIX COCTaBJIAIOIINX HAaBO3a, NMOACYIICHHBIX B 61/10pe-
aKTOpe B KayecTBe IOJCTWIKH, oOecreuyuBaeT
CYLIECTBEHHYIO 9KOHOMHIO CPEICTB, KOTOpbIE OBLIH
OBl 3aTpayeHbl Ha MPHOOPETEHUE JIPYroro MOACTHIIOU-
HOT'O MaTepHaia.

TakuM 00pa3oM, SKOHOMHS 3THX 3aTpaT MOMEH-
TAJIFHO ONpPAaB/BIBAECT BCE PACXOJBI HA IPHOOPETEHHE,
o0CITy’KMBaHHE M HCIOJIB30BAHNE COBPEMEHHOW CH-
CTEMBI JUIsl TIepepaboTKN HaBo3a B MOACTIIIKY. Kpome
3TOTO, OTPAOOTAHHYIO ITOACTHIKY MOXKHO HCIIONIB30-
BaTh B KauecTBE yAOOPEHHs WM MPOJATh B KaueCTBE
yaoOpeHus.

CIIUCOK JIMTEPATYPDI:

1. Fournel, S., Godbout, S. Ruel, P., Fortin, A.,
Duquette-Lozeau, K., Letourneau, V., Genereux, M.,
Lemieux, J., Potvin, D., Cote, C./ Production of recy-
cled manure solids for use as bedding in Canadian dairy
farms: 1. Composting methods// JOURNAL OF
DAIRY SCIENCE. PP.:1847-1865, FEB 2019. DOI:
10.3168/jds.2018-14967.
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VALGANCICLOVIR THERAPY THAT PREVENTS REACTIVATION OF CYTOMEGALOVIRUS
INFECTION

Mutusheva A.
Pavlodar branch of «Semey medical University"
Republic of Kazakhstan

NPEIYIPEXIAIOIIAS PEAKTUBALIMIO IIMTOMETAJIOBUPY CHOM UH®EKIIAU TEPATIUS
BAJITAHIIUKJIOBUPOM

Mytymesa A.T.
11D «Meouyunckuil ynusepcumem Cemeriy
Pecnybnuxa Kasaxcman

Abstract

Herpes viruses are widespread in the human population, they can infect almost all organs and systems of the
body. Due to the lack of mandatory registration of the incidence of herpes virus infections in our country, the true
number of patients is unknown. It is believed that the primary infection with herpes viruses in 60-90% of cases
occurs in childhood. A special place among herpes virus infections is occupied by cytomegalovirus infection, the
causative agent of which is "Human Herpesvirus-5". According to WHO, in Europe, between 0.6 and 2.5% are
infected with cytomegalovirus, and in developing countries, the estimated incidence is up to 5% of all newborns.
Currently, nucleoside analogues (ganciclovir, valganciclovir) are effectively used for the treatment of viral infec-
tions, as well as cytomegalovirus infection.

AnHomayusn

T'epnec-supycel wupoko pacnpocmparensvl 8 uei08eueckoll NONYIAYUL, OHU CHOCOOHBI NOPAXCAMb NPAKMU-
UeCKU 6Ce Op2arbl U CUCTIEMBL OP2AHUIMA. B ceazu c omcymcmeuem 6 Hauietl cmpane 06ﬂ3ame/szozZpezucmpauuu
3abonesaemocmu cepnec-6upyCHbIMU qubeKuu}ZMu UCMUHHOE YUCTO DONbHBIX HEUZEECTIHO. Cuumaemm, umo nep-
suuHoe unpuyuposanue eepnec-supycamu 6 60—90% cnyuaes npoucxooum ¢ demcrkom gospacme. Ocoboe mecmo
cpeou eepnec-UpyCHuIX UHQEKYULl 3aHUMAem YUMoMe2ai08upyCHAs UHGeKyus, 6030youmenem KOMOPOU 56/~
emcst «Human Herpesvirus-5y. Io oannvim BO3 ¢ cmpanax Esponvl yumomezanosupycom zapasicervt om 0,6 0o
2,5%, 6 pazeusalowuxcs Cmpanax npeonoiazaemas 3a001e6aemocns 00xo0um 00 5% om 6cex HOBOPOIHCOCHHDBIX.
B nacmosawee epems ons nevenus eupychuix ungexyuii, a makxce u LIMBHU, s¢hgpexmuero ucnonvzyromes ananoeu

HYKIe03U008 (2aHYUKIO0BUD, 8ATIZAHYUKIOBUD).

Keywords: herpes virus, cytomegalovirus, cytomegalovirus infections, valganciclovir, atresia of the biliary

tract.

Knrwouesvie cnosa: eepnec-eupyc, yumomezaioeupyc, yumomezaiosupyCcHas MHd)eKlﬂlﬁ, 8AI2AHYUKTIOBUD,

ampe3sust 9!(,‘8]1‘!66&600}11/(414)( nymezl

Beenenue.

I'epniec-Bupycubie unpexnuu (I'BU) — rpynma
HIMPOKO PACHPOCTPAHEHHBIX B UEIOBEUECKON MOMYyJIsi-
IIH ¥ TPYJJHO KOHTPOJIMPYEMbIX MH(EKIIMOHHBIX 3200-
JIeBaHWH, BBI3BIBAEMBIX IPEICTABUTEISIMU CEMEHCTBa
Herpesviridae.[1,2] B HacTosimiee BpeMst W3BECTHO 8
CEPOTHITOB MTATOTEHHBIX AJISI YENOBEKAa IPEICTaBUTE-
Jel ceMelcTBa TIeprec-BUPYCOB: BUPYCBHI IPOCTOTO
reprieca 1-ro 1 2-T0 THIIa, BETPSTHON OCITBI — OIOSICHI-
BalOINEro repreca, Bupyc OmmteitHa — bapp (BOb),
nutomeranoBupyc (LIMB), Bupycsl reprieca yeisoBeka
6-ro tuma, 7-ro u 8-ro THMIOB.[2]

B Hame Bpems, u3-3a HEOOXOAMMOCTH KOIHUPO-
BaTh ocHOBHOEe 3abosieBanue mo MKDB 10, ocHoBHas
cratuctuka ['BU uuer kak cOmyTCTBYIOLIUN TUArHO3,
MO3TOMY TOYHOTO y4eTa JaHHOH marosiornu B Kazax-
crane HeT. CumMTaercs, 4TO NEPBHYHOE MHHUINPOBA-
Hue reprec-supycamu (I'B) B 60-90% ciryuaes npowuc-
XOJUT B IeTcKOM Bo3pacTe. [3-4] Kax mpaBmiio 3abome-
BaHUE MPOTEKAET C JIETKUMH CHUMIITOMAaMH HIH 0e3

HUX, 3aTeM NEPEXOAMT B JaTeHTHYIO (opmy. Tpurre-
pOM peakTuBanuK pazauyHbix ['B Moxer ObITh TpaBMa
(XMpypruueckoe BMEIIATEIbCTBO, BO3IACHCTBUE YIIb-
Tpaduonera ¥ Ap.) WIM CUCTEMHBIH crpecc.[5-7] B
OOJIBIIMHCTBE ClTydaeB aKTUBHAS MH(EKIUS KINHUYE-
CKH HESIPKO BBIP)KEHA, TOHKUH OaJlaHC MEX/Ty JIaTeHT-
HOCTBIO M pEaKTHBAIMEH BEIPAOOTAH IITUTENbHBIMH OT-
HOUIEHUSIMH MaKpO- H MUKPOOPTaHN3MOB Ha ITPOTSIKE-
HUM 3BoMonuH. Toraa e, Koraa BHEHMIHUE (PaKTOPBI
HapyIIAoT ATOT OalaHC U, €CIM IMMYHHUTET YeIOBeKa
10 KaKOW-MHO0 MpUYUHE 0CJIabJICH, BUPYC MOXKET BBI-
3BaTh Cepbe3HOE 3a00IeBaHUE.

Ocob6oe Mmecto cpeau ['BU 3anHmMaeT muromera-
nosupycHas nHpexiwms (LIMBU), Bo3Oynutenem koro-
poii sBisercs «Human Herpesvirus-5» - IIMB. Ilo
nansbeiM BO3 IIMB B ctpanax EBpomnsl 3apakeHbl OT
0,6 no 2,5% noBopoxaeHHbIX. [8,9] Toraa kak B pas-
BUBAIOIIMXCSl CTpaHax Ipeamnosaraemas 3abosieBae-
MOCTb JOXOIUT A0 5% OT BCEX HOBOPOXKICHHBIX.
[10,11]. U3 Hux y 85-90% mereit nH(eKUMs mpoTeKaeT
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6eccumnTomMHO, a y 10-15% HOBOPOXAEHHBIX MPOSB-
JSIETCsl  KJIMHWYECKH BBIPAKCHHBIM CHMITOMAaTHYE-
cKuM 3aboneBanuem. [12].

[IMB criocoOHbI TOKU3HEHHO MEPCUCTUPOBATH B
opranuzme. Ho He3penocTh MNMMyHHTETA MJIaJICHIEB U
BO3JIEIiCTBHE CTPECCOBBIX (DaKTOPOB, MOBBIILIAS BOC-
NPUUMYHMBOCTG K MH(UIMpoBanuto [IMB, o0ycnasim-
BaroT peaktuBauuio [IMBU u e€ knnHuyeckue mposis-
JIeHUsl y AeTel paHHero Bo3pacta. [lonmumophusm kiu-
HUYECKOH CHMOTOMATHKH W MaJIONPOTHO3UpPyEeMOe
TeueHHE 3a00JIeBaHNS OIPENEIIAIOT €€ 3HAaUUMYIO POJIb
CpeIy BUPYCHBIX HH(EKINIA i 0c000€ MECTO B TIEpHHA-
tanpHOU marosorun. [13]. Tak moutn 90% mnereit, me-
perecmx Tsoxenyto popmy IIMBU u y 10-15% Oec-
CHUMIITOMHO INIPOTEKABIIYIO BPOXIEHHYIO, B TOCIELY-
IOIIEM PeaATH3yIOT Pa3HOOOpa3Hble COMaTHYECKUE W
HeBpoJsioruueckue aeeKTsl pasputus. [14].

B Hacrosimee Bpemst IS JIeUSHHSI BUPYCHBIX WH-
¢dexnuii, a Take u LIMBU, sddexktuBHO ncrnons3y-
JOTCSI QHAJIOTH HYKJIEO3UI0B. B WX YmciIe raHmukio-
BHp, BaJITaHIIUKIIOBHD, uaodosup. [14,15]. Ho BBUIY
BBICOKOI OPraHOTOKCHYHOCTH, MHEJIO-CYIPECCUBHOTO
BO3/IEIICTBUSI 3THX MPOTHBOBUPYCHBIX CPENCTB, UX UC-
MOJIb30BaHNE BECHMA CIIOPHO, U B IETCKOH IPaKTHKE B
6onpmmHCTBE cirydaeB «off-label». Tem He MeHee, nan-
Hasl TepaIus — 3TO JIMIIb YaCTh KOMIUIEKCHOTO JICYEHUS
IIPYU Ka>KI0¥ KOHKPETHOM KIIMHUYECKOW CUTYalluy, Lie-
JIbIO KOTOPOH SIBIISIETCSl YCTPAHEHHWE CUMIITOMOB MPO-
SIBUBIIEHCS MHQEKINN U YAEp)KaHUS BUpyca B Heak-
THBHOM COCTOsTHHU. [15]

Kunnunyeckuii ciayyqaii.

ITarmuenT M., 1 rox 6 mec.

W3 anamuesa: pebeHoK oT 3-if 6epemennocTH, 3-X
cpodHBIX ponoB. Bec mpu poxxaernu 3330 rpamm, poct
55 cm. ponsl B cpoke 39 Hemenb, ¢ OIEHKOH 10 IIKaie
Arnrap 8—9 6amtoB. CocTostHUE TIOCIIE POKACHUS yII0-
BJIeTBOpHUTENbHOE. [IpodunakTuyeckue NPUBUBKH B
poAIOME TIPOTHB BHPYCHOTO rematura B u TyOepky-
ne3a. AKyniepckuii aHaMHe3 He OTSTOIIEH, coMaTH4e-
CKH OTeIl ¥ MaTh 3JJ0POBBI, HO Ha HaJlM4Yle WHPEKINI
JI0 0EpEMEHHOCTH HE 00CIIe/I0BAINCH.

C 2-x HelenpHOTO BO3pacTa IOCHIE MOSBICHUS
JKENTYITHOCTH KOXH W CKIIep, peOCHOK Hadmomancs
amOymatopro. B Bospacte 1 mecsma 20 mHel Obut
ocMOTpeH renaTtonoroM. C y4eToM CpoKOB MOSIBICHUS
KEeNTyxu (co 2 Henenmu), e€ HapacTaHWA MpeuMyIe-
CTBEHHO 3a cueT mnpsmor ¢pakiun (117mMmons/m 06-
mmi OMmupyOrH, 86MMOITE/TT IPSIMOHA ), OBLIT IIPEATIOINO-
KEH JMarHo3 — aTpe3usi JKEITYEBBIBOASAILIMX MYTEH.
beuto HasuaueHo Y3U opraHoB OpIOMIHON IMOJOCTH
(OBII), UDA na 'BU u pebeHOK SKCTPEHHO rocruTa-
JU3UPOBaH B xupyprudeckoe oraenenue [10(b.

IIpu noctymnenuu - Macca tena 4340 rp, poct 56
cMm, T Tema 36,6°C, Y/ 37, UYCC 138 B muH.

Breninuii ocMOTp: COCTOSIHME CpeIHEH CTeneHH
TSDKECTH, 3a CUET JKENTYIITHOTO CHHIPOMA, rernaToMe-
ranun. CamModyBCTBHE HE HapymieHo. B cosHanuw,
agekBareH. Anmnerutr xopowui. TenocnoxxeHue npa-
BuibHOE. [Iutanue ynosiaerBoputenbHoe. KocTHO-MBI-
IIeYHas CUcTeMa: 0€e3 MaTONOTHUECKUX N3MEHEHHH, HEe
nedhopmupoBana. KokHble MOKPOBBI M CKJIEPHI JKEJI-

tymHbe. Koxa uncras. JIumbaTimaeckue y3mibl He yBe-
JTudeHbl. /[pixaHue depe3 HOoC CBOOOIHOE, BHIICTICHUI
HET.

Cnuzuctbie 000JI0YKH POTOBOH MOJIOCTH C JIETKUM
JKENTYIIHBIM OTTEHKOM, BJIaXKHBIE. SI3bIK BIIAXKHBIH,
yucThIi. B nérkux npixaHue BesukyisipHoe. Cepred-
HBIE TOHBI SICHBIE, pUTMUYHBIE. [ paHuUIIBI ceplia B rpe-
Jienax BO3pacTHON HOpMBL. JKMBOT MArkuid, 6e300:1e3-
HEHHBII, paBHOMEPHO B31yT. [leuens +4 cm u3-nox pé-
OepHOM Iyru, MOBEPXHOCTH TIJajKas, Kpal clierka
3akpyriaeH. Cene3éHka o kpaio pedeproit xyru. Ctyn
ocBeTEH, KammuneoOpa3Helil. Moda TémHas. Mouewnc-
IMycKaHWe CBOOOgHOe, Oe300Je3HeHHOe, AWype3 He
HapylIeH.

VY31 OBII: 3xokapTHHA aTpe3uH KETYHOTO ITy-
3bIpsi, KUCTHI XOJIE/I0XA.

MPT: MPT-npu3HaKy KHCTBI OOILIETO KETIHOTO
MPOTOKa. ATPE3nH KETIHOTO ITy3BIpsI.

R-rpadus opr. rpya. KieTku: 6e3 maToyoruy.

Heiipoconorpadus: 3XokapTHHa BU3yaIH3HpYe-
MBIX CTPYKTYp T'OJIOBHOTO MO3Ta HE U3MEHEHa.

Ox0KI': 3X0naToa0rnu He BEISIBIICHO.

OKT: am. ock N, UCC 1150, cunycoBas Taxukap-
st (Ha poHe OECIIOKOMCTBA).

PeGeHok ObLT KOHCYJIBTHPOBAH y3KUMH CIeElHa-
JIUCTaMU: OTOJIAPUHIOJIOIOM, KapIHOJIOroM, HEBPOJIO-
T'OM, T€eMaTOoJIOTOM, TTaTOJIOTHil He OBUIO BBISBICHO.

JlaGoparopusie uccienosanust Ha ' BU: UDA na
IgM k LIMB — ne o6HapyxeH, Ha [gM k BOB He o6Ha-
pYXKeH.

HN®dA Ha Mapkepsl BUPYCHBIX renatutoB HbsAg —
He oOHapyxeH, a-HCV 1gG — He obHapykeH.

OAK B npenenax Bo3pacTHOH HOPMBI.

[TapameTprl KoaryjaorpamMMmbl — ¢ TEHACHLUUEH K
runokoaryisimun (AUTB 31,4cex. I[1TU 84,4%, ¢ubd-
pusoreH 2,4 r/m, IIB 12,6cex, MHO 1,1).

B nunamuke Ha (oHe yieueHus (B OCHOBHOM J€3-
WHTaKCHUKAlIMOHHOTO — TJIFOKO30-COJIEBBIMH PacTBO-
pamMu, TenaTonpoTEeKTHBHOTO - MAIILIMH JI03aMH YPCO-
JIE30KCUXOJIEBOM KUCIIOTHI U JIP.) HAOJIIOAAI0Ch YCHJIe-
HUE TrunepOonnupyonHemMun (oOmmi OuaMpyOuH 10
149Mmone/n, 3a cueT npsimoit ppakiuu 101 MMOITE/ ).

Pebenok ObLT BKITIOUEH B JINCT OXKHAHUS Ha MOP-
TaJI TIOJydeHUs] OecIUIaTHOM BBICOKOCTICIMATN3UPO-
BaHHo# nomouy B r.Anmatsl B HHIX nm.A.H.Ceizra-
HOBA, TJIe B BO3pacTte 2 MecsIeB u 15 nHeit oH ObLT Ipo-
ONEPUPOBAH —MPOBEJCHA IOPTO3HTEPOCTOMHUS II0
Kacan. IlocromepallMoHHOE COCTOSHHE  MaJbllla
OBICTPO CTAOMIIU3UPOBATIOCH, OH BBIMKMCAH HA 91 ICHb.

3a BpeMs MocCjeHEH ToCIUTaIn3alK, ObUT 00-
cnenosan Ha [IMBU: B UDA Ha IgM — He oOHapyxeH,
19G — 6omee 250 (HopMa ananu3aropa <15En/mi), BbI-
cokoaBuaHble 1gG (Kak MOCIENCTBHS BHYTPHYTPOO-
Horo uH¢unuposanus LIMBU).

Meronom TP B xposu — JHK [IMB menee 300,
[P B Moue - 1o 8,3*10B3 cT.

Hns  nmpeporBpamienuss peakruBauuu  [{MBU
(HapocTaHre BUPYpPHH) OBIIIO PEKOMEHIOBAHO BaJlTaH-
OUKJIOBUpP HW3 pacueta 15 mr/kr/cytkm 1-3 mec, mon
KOHTPOJIEM KOaryJorpaMmbl, OOLICKIMHUYECKUX U
OMOXUMUYIECKUX aHAIN30B KPOBH.

Pebenokx Omaromony4Ho BepHyica aomoi. B
JIANTbHEHIIIEM HaXOUJICS 101 KOHTPOJIEM Y4aCTKOBOTO
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Bpadya, Ternarojora U HEOJAHOKPATHO KOHCYJIbTUPOBAH  COCTOSITEIBHOCTH remnaToOuInapHOM CHCTEMBI
XUPYpPraMu ¢ UEHTpa XUPYPTUH. (puc.1.).
Jlo ceroaHsIHEro JHS HAOMIOAETCS XOpoIas

JUHAMUKA OCHOBHBIX OHOXHMHUYECKHX ITOKa3zaTeseit
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185 83 35 36 35 27

Pucynox 1 — Buoxumuueckue nokazamenu cOCMOAHUSA 2enamoounuapnou cucmemst 60161020 M.

B nocneayromumx KoHTponabHBIX aHanu3ax 1P —
B kpoBu JIHK IIMB He oOHapyskeHa, B MOYE BUPYCHas
Harpyska He OIpefersulach uepes3 ABa Mecsla JICYeHUs
BJITAHIMKIIOBUPOM, B CBSI3U C Y€M OH OBbLI OTMEHEH.
Ha cerogusimanit nens pedeHky 1 rox 6 mecsues, oH
pacTeT W pa3BUBAETCSI COOTBETCTBEHHO BO3DACTy, Iie-
PHOANYECKH TIEPEHOCUT CE30HHBIE OCTPBIC BHPYCHBIC
WH(EKIUN He B 3aTsDKHON (popMe u 6e3 OCIIOKHEHHH.
B 3Tn mHE cOCTOsIHME €r0 MMYHHTETa MOLAEPKUBA-
eTCsl Ha3HaueHneM HHTepdepoHa-anbda-2b u cummTo-
MaTHYECKOU Tepanuei.

B 3akmroueHun xodercsl CKaszaTh, YTO IpEICTaB-
JICHHBIH OIBIT HA3HAYEHHS BAITAHIMKIOBUPA PEOCHKY
¢ LIMBMU mnociie onepaTHBHOTO BOCCTAHOBIICHUS (DYHK-
MK OMJIMApHOM CUCTEMBI, ITOKa3al 1eJIecO00pa3HOCTh
JTaHHOI TaKTUKU JICUEHUSI.
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Abstract

The work solves a hon-stationary problem about the dynamics of a single-component dense cloud of charged
particles under the influence of their own field. One-dimensional and spherical symmetric configurations are con-
sidered. A kinetic description based on the "Meshchersky integral” using the "conjugate™ integral of motion was
used. Clot states characterized by constant charge in non-stationary coordinates are obtained.

Quantum dynamics of a spherical symmetric charge interacting with its own field in the presence of a point
charge in the center of the system is also studied. For the description, the Schrédinger equation with the non-
stationary Hamiltonian is used. In this case, a non-stationary problem is solved, reduced to a non-linear system
of ordinary differential equations.

AnHomauyusn

B pa60me peuiaemcs HecmayuoHapHas 3a0a4a 0 OUHAMKE 0OHOKOMNOHEHMHO020 NIOMH020 001aKa 3ap:i-
JHCEHHBIX YACTUY, HAXOOAWUXCA N00 8030elicmauem cobcmaenno2o nois. Paccmompenst oonomeprnas u cpepu-
YecKu cummempuvina Kqubueypauuu. Hcnonvzosano kunemuueckoe onucaHue, OCHo6aHHoe Ha "uHmeepafle Me-
wepckozo” ¢ ucnonvzosanuem "conpsicennozo"” unmeepana osudicenus. Ilonyuenst cocmosinus ceycmia, Xapax-
mepuszyembvle NOCMOAHHbIM 3’ap}100M 6 HeCmayuoHAapHsvlX Koopduﬁamax.

Hzyyaemcesi maxoice kK6anmogasi OUHAMUKA CheputecKu CUMMEMPUYHO20 3apaod, 83aumMo0etiCmEyweo ¢
COOCMBEHHBIM NONEeM npu Haiuduu modevnoco 3ap}zaa 6 YeHmpe cucmemal. ﬂ]lﬂ ONUCAHUA UCNOJIb306AHO YpaBHe-
Hue LUpe()uHZepa C HeCcmAayuoOHAPHBbIM caAMUTbIMOHUAHOM. Hpu INOM peutena HeCmayuoHapHas 3a0aqa, ceeoen-

Has K HeIUHEUHOU cucmeme 00bIKHOBEHHBIX OUDDePeHYUATIbHBIX YPAGHEHUIL.

Keywords: integral of motion, non-stationary coordinates, Schrédinger equation.
Knrouesnle cnosa: unmezpan 0gudicenusi, HeCmayuoHaphvle Koopounamul, ypasuenue Lllpedunzepa.

Brenenue

M3ydenune HecTallUOHAPHBIX CUCTEM, B3aUMO/CHi-
CTBYIOIIIUX C COOCTBEHHBIM I10JIEM MPECTABIISET 0OJb-
LIOW MHTEPEC KaK C dKCIEPUMEHTAIBHOM, TaK U C TEO-
peruueckoil Touek 3peHus. [Ipu n3ydeHun OeccTolk-
HOBUTEJBHBIX cHcTeM Hanboee yIIOOHBIM
OKa3bIBAETCS OMHUCAHUE MOCPEICTBOM KHHETHYECKOTO
ypaBHeHus. [Ipn 3TOM MakcnMaiabHO KOPOTKHH ITyTh
TIOJTy4eHHs] KOHKPETHBIX PE3YyJbTaTOB COCTOUT B HC-
TIOJTb30BaHUU WHTETPalioB ABWXEHUs. Psx mpobiem
MIO3BOJISIET PEIINTH MCTIONb30BaHue "Moaenn Kamama-
ckoro-Bragumupckoro"\, OCHOBaHHOM Ha WHTETpaje
JIBUKEHUS], HE CIIEAYIOIIEM U3 CBOMCTB cUMMETpUu. B
CBSI3U C ATUM OTMETHM padoThl [1,2]. OcobeHHO HHTE-
pecHoit peacTasisieTcs padoTa [ 1], u3yyaroias mose-
JICHHE KOJIBIIEBOTO Iy4YyKa BO BHENIHEM MarHUTHOM
nosie. OnpeaeneHre UHTETPaoB IBIKEHUS, HE CIeTy-
IOIINX U3 CBOMCTB CHMMETPHH IIPOCTPAHCTBA-BPEMEHHU
SBIISIETCSI CJIOXKHOM 3amadeid, /Ui KBaHTOBOMEXaHHYe-
CKMX CHCTEM psii TAKUX MHTErpajioB HaijieH B pabore
[3]. B nacrosuiueit paboTe ucrnosb3oBaH "uHTerpan Me-
MIepCKOro", TONYYCHHBIH B pe3yJjbTaTe peIICHUI
N.B.MeuiepckuM ypaBHEHUI JBUKEHUS TEJ C Iepe-
MeHHOU Maccoit (cM.[4]). Okazamoch, BO3MOXHBIM BbI-
BECTU MOJEIbHBIA raMWJIbTOHHAH, IPUMEHUMBIN IS

OmMHCaHMs HeCTallMOHAapHBIX crucTeM. Cremyer oTMme-
TUTh, Y4TO JJIS MPUMEHUMOCTH HHTerpaia "Kamuuns-
cKoro-BrnaauMupckoro" MmioTHOCTD 3apsija B CHCTEME
JIOJDKHA OBITh OJTHOPOHOM, TOTAa KaK B pacCMaTpUBa-
€MBIX 3aj]auax 3aBHCHUMOCTH MOTEHIIMada OT KOOPAH-
HaTHI (OT aBTOMO/ICIIBHOM MEPEeMEHHOMN) OTpeIesIeTCs
B pe3yJIbTaTe PELICHUs! CaMOCOTJIACOBAHHON CHCTEMBI.
B pa6ote [5] mogo0HbI raMUIIETOHHAH UCIIOE30BaH B
HECTAlMOHAPHOW KBaHTOBOMEXaHWUYECKOU 3amade. B
JABHEHIIIEM aHAIOTUYHBIA TaMIUTBTOHUAH HCIIONB30-
Bajics B paborax [6,7,8], B KOTOpHIX, IMO-BHINMOMY,
BIIEPBBIE PEIIeHA 33/1a9a TOYHOTO yueTa COOCTBEHHOTO
monsi. ClieyeT OTMETHUTh, YTO MOJIENBHBIA TaMUIIBTO-
HUAH HeCTaHHOHapHOﬁ CHUCTEMBI MOXET 6I)ITI) HUCIIOJIb-
30BaH Kak JUIg KJIaCCHYECKOW, (CM. HMXKE pa3iesibl
2,3,4) Tak ¥ I KBAHTOBOMEXaHUYCCKON CHCTEM (pa3-
nensl 5,6). B xiaccuueckoit 3a1ade A1 TOUHOTO yyeTa
COOCTBCHHOT'O TIOJII OKa3bIBACTCS HEOOXOIUMBIM HC-
[10JIb30BaHKE "COMPSIKEHHOTO MHTErpaia JIBUKEHUs ",
BIIEPBBIC BBEJCHHOTO B paboTe [6], TOrma Kak B KBaH-
TOBOM 3a/iaye Takod ydeT TpebyeT ocoboro crocoba
pa3zeneHus MepeMEHHBIX.

B nacrosmeit paboTe mpUBENeHO pEUICHHE ypaB-
Henust lllpenuHrepa ¢ HECTalMOHAPHBIM IOTEHIIHA-
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JoM. Y4TeHO BO3JeiiCTBIE COOCTBEHHOTO IOJISI B CITy-
yae, KOTJa IIEHTPE CHCTEMbI UIMEETCSl TOUCUHBIH 3apsi.
Tounoe PEHICHUC CBOJAUTCA K CUCTEME 06I)IKHOBCHHI>IX
muddepeHManbHbIX ypaBHEHNH 4-T0 MOpsAKa.

1.3apstkeHHBIH cJ10¥i

PaccmorpuM, cHayanma, OJHOMEPHYIO CUCTEMY.
IMycts X -koopamnata, -spems. FamunbToHnan usy-
4aeMOU HECTallMOHAPHOW CUCTEMbl UMEET BU:

_Pp o1 x
Tom e ) @

31ech p = mx; § (t)-, VIIOBJIETBOPSIFOIIIAS

ypaBHeHuo & = —3 rae A -xoHcTaHTA.

Ecnmmu, pamee, BBeCTM HOBBIE TEepeMEHbBIE

S — é , T:Id—tlz,TOI/IS(l)MOX(HOHO-
< £(t)

Hy‘{I/ITB BBIpa)KeHI/Ie JUJIA I/IHTeraJ'Ia JIBHWXKCHUA .
2
m{( ds mA
l=—| —| +—=5"+U(s). @
2\dr 2

X
Horennuansuas Gpynxmus U = Q<& &0 —J rne

g

( -anemenrapusiii 3apsin, @ - snexkrpocratnueckuii

norennuan. B nepemennsix S, 7 Beipakenue (2) sB-

JIA€TCs, 10 CYLIECTBY, FaMWJIBTOHUAHOM CTallMOHAp-
HOM (T.e. HE3aBUCALICH OT 7 CHUCTEMBI, IPUYEM POJIb

mAs?

+U(s)). B

MOTEHIIMAJIa UTPACT BBIPAKCHUE

JIOTIOJHEHNE K (2) CYIIECTBYET CONPSDKEHHBIH HHTe-

rpai:

3Mech O - QYHKIMA XeBucaia.

HpI/I OTOM BO3MOKHO OTHOCHUTEJIIBHOC ABHXXCHUE B ITOJIOKUTECIBHOM U OTPHULIATEIIBHOM HAIIPABJICHHUAX OCH

X . Paccmotpum nBuxenue Bnepen: V, '>0, torna

B ds'c Z(I —U(s')—ﬂ:Z]

(&)
-+

|
[y T—

dJ;

T

Brimonnenue PpaBCHCTBA

paccMaTpuBauch B padbote [6].

= O SABJIACTCA TPUBUAJIBHBIM. Panee CONPAKCHHBIC MHTCTPAJIbl IBHIKCHUSA

CymiecTByIOT, 1aiee, ABe BO3MOYKHOCTHU: N3y4yaTh TMHAMUKY CTYCTKa TP pacTylueil 1 yObiBatomeit GyHKIu

£(t).

PaccMoTpuM, cHauana, ciydait  yOwaroueit & (t) s (t) =

,
& ——. B otom ciyuae
To

5(2') =&, exp —% . ITycts, nanee, mnotHocts N = Id)'(f (I , JIJ'), notermuar U [gj -U (S)

0

d’U(s)

dif (1,97)

VpaBuenue Ilyaccona ——— = —

. IlomHast caMocoriacoBaHHOCTH JI0-

=(1-U)-4s?

2 £3
ds? 4ﬂq§j\/2

m

. -3
CTHTaeTCs B Cilydae, KOT/Ia MHTErpall B MPaBOi 4acTH NPoNopIoHaier & . JIocTaTodHo B3ATH QYHKIHMIO pac-

MpEACICHNA B BUJIC ©

f=r6(1-1,)exp —zi\]f . @)

%o
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0
= -3 B sTtom CJIy4dac IMIOTHOCTb UMEECT BUI:

n=" 1 o _ijds'a(é(lo—u(s'))—,a,s'ZJ

a IIJIOTHOCTH TOKA:
2

' ds'a((lo—u(s‘))—ﬂs'z)
Jx—éxn+ K expl—— m

d & \/ I, -U)-As? ZT"I \/Z(IO—U(S'))—ls'z

m
VYpasHenue [lyaccoHa mpuBOIUTCS K BULY:

3 ds'a(i(l —U(s'))—s'zj

U"(s)=-470&; > K exp —2—_[ > @)
Z(1,-U)-As? foo \/I—U V)—s?
V2 0-0)-s 2(1-u/(s9) s
O0o03Ha4nM, najee,
2d 1
1)5:%,2: > 1Zy = > Y= JZO_ y ) )
m 27,0, 27,0, mu0 \/1

Torna u3 ypaBuenus [lyaccona cnenyer:

v = (2)owp -u(z )}u'(z)fﬁjyy(f));f ) o

OTMeTI/IM, YTO IUJIOTHOCTH TOKA COCTOUT U3 JIBYX CJIaraCMbIX- MEPBOC U3 KOTOPLIX SABJISICTCA "CHOCOBBIM" TO-
KOM, HE€ 3aBHCAIIUM OT IIOJIA. BTopoe cjlaracMoe - onpeaciaacMoc OTHOCHUTEIBbHOU CKOpPOCTh1O,

o

2
v, = \/—( |0 -U )—/IS2 , 3ABHCHUT OT ITOJISL.
m

T1;10THOCTH ¥ MIIOTHOCTH TOKA ATO:

Ny . 3 .
n:?U eXp —Eu ’Jx:

Iepenuniem cuctemy (5) B CIEAYIONIEM BUJIE:

r\)lw

015)0 (1-zu )exp{

2k 3 25 (1—y(z)+22)
y'=—1exp{——u z }— Lu' ,— (6)
Ha Puc.1 mpuBeneHo penienue 3Toi CUCTEMBI PU K = 2 ( ) (0) 0, a Ha Puc.2 npuseaeHsl 3aBu-

CHMOCTH YaCTHII TIOJIHOTO 3apsijia CryCTKa (CI0sl) ¥ IUIOTHOCTH TOKA OT S,

Puc.1 - 3asucumocmu Y(S), (kpusas 1) u u(s) (xpusas 1l).
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am /
LT |

a4 )

Puc.2 - 3asucumocmo nornozo sapsoa ceycmra (kpugas 1)
om S u nromuocmu moxa om S (kpusas 11).
2.Cdepnyeckn CHMMETPHUYHBIN CITyYaii
PaccmaTpuBas HeECTalIOHApPHYIO CHCTEMY, IIe-
peiinem ot ramuibronnana H k uusapuanty | ("un-
yObIBaHME 3apsiia CJIOS M €ro pasMepa mporopruo- — TeTpaity Memepckoro") coxpausoniemycs mpu orpe-
JICTICHHON 3aBHCHUMOCTH MOTEHINAIBHON (DYHKIINH OT
I u . FamMunbToHMaH u3yyaemoii cdepuuecky cuM-

Kpusas | Ha Prc.2 nokaspiBaeT BBIXOJ] Ha COCTOSI-
HHUE C TIOCTOSHHBIM TIOJIHBIM 3apSI0M CIIOS B TIEpEMEH-
woix S, 7. B MepeMEeHHBIX X,I 3TOMY COOTBETCTBYET

2t N
é:o ——. B cnyuae pactymeit
T METPUYHOM CUCTEMbI UMEET BUJ:

HAJIBHO é(t) =
L 1 r

0
pynximn & (t) OpH JBIKEHHHU 3apsOB B OTpPHIIA- _p_r2 + U
TEJLHOM HANpPABJIEHUH OCH X , MONHBIA 3apsj ci1os, 2m  2mr? £ (t)2 f(t)
3nece P, = mr,r -paccTosiHEE OT IEHTpa CH-

TOCTOSHHBII B IIepeMeHHbIX O, T B mepemenHbix X, t
Oyzmet pactu.
crempl, L - kBazpar momHoro MoMeHTa KolmuecTBa
JBIKeHUs. VIcmonb3ys BhIpaKCHHUE T'aMUIBTOHHAHA,
MOYKHO IOJIYYUTh BBIPa)KEHUE JIJIsl MHBapHaHTa:

amr® L &£
r mr- L& @

m,. 2\2
I:E(rg—rf) +U 20 +7§2+2m =

L a E(r)=&exp % .

0

. A
e & = — A - xoHcTaHTa. B 9THX paBeHCTBaX 7 — 7, Inl 1= -
oo
[IpencTaBuM TMOTEHIMATLHYI0 (QYHKIMIO B BHIE

TOYKa O3HAauaeT NPOU3BOJHYIO 110 7 . Y100HO, fanee,
TTonoxum
Beipaxxenne (7) mpuHHMaer

MEepeTH K  HOBBIM  IEPEMEHHBIM. a
P =£,T =I dtl 7 Hanee paccMoTpeH criyuyail, cysast: U ('0 ) :;'
é: é(t ) BUI:
Korja IIpu 3TOM
=92y p)ealpp L2
2\ dz 27 T2mp? p

MoskHo, nasee, noctpouts unrerpan J ", conpsukennsiii ¢ 1. Tonoxum:
1 2 1 12 L a
pdpa E(I_U(p ))—lp _mzpuz P
J=—1+ +const,
2 L a

L R

rne o ( X) - hbyHkuus XeBucaiina,znece O > Loy Po- CTApTOBask TOYKA YACTHILIBI.
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dJ;
= O SABJISIETCS OYE€BUAHBIM, €CJIM BCC YaCTHUIBI ABMXKYTCSA OT LIEHTpPA. Hpe/:[-

BrinonHenue paBeHcTBa
dr
MOJIAracTCs TAK)KE MOHOTOHHBIN XapaKTep U3MEHEHHUS MMOAKOPSHHOTO BBIPKEHHS KaK ()YHKIIUU B 001aCTH HHTE-

TPUPOBAHMUSL.
[1770THOCTH YacTHUI] BRIPAKAETCsl HHTETPAIOM B ()a30BOM IIPOCTPAHCTBE:
.
nzjdqf(l,J,L). ®)
DneMeHT (a30BOTo MPOCTPAHCTBA NPEACTABUM B BHIC:
dL di

dM

d :d d d ,d = - - ad :—’d r=
0=00.90,49,. 90, = 5 g 9% o[ M ! 5\/2(|_U(p'))—,1p'2— -
"N"sinzo m mpt e

(3nech I, 6, - KoopmUHATHI CepPUUECKOi CHCTEMBI).

IIPUBOJUT K BBIPAXKCHUIO:

didLf (1,L,3;)

Ycpennenue no M P
_ T

-~ 2r? 2

L(1=U(p"))-1p"?- -

S
B nepemennsix 0, T ypasuenue [lyaccona mpuHUMaeT BU
Liipzd_u__ AP f didLf (1,L,3;) o
“(t) p* d do ()Y [2 , L a
() dp” dp E(t)p \/(I_U(p))_ﬁpz_ L _a

m m'p* p

Jl71st Toro, 4TOGHI 06€ YacTH paBeHCTBA (9) OMMHAKOBBIM 006pa3oM 3aBucen oT & (yHKIMS pacrpeienenus

+
JOJKHA COACPIKATh COMHOKUTCIIb, SKCIOHCHIINAJIBHO 3aBUCAIIMI OT \J . [Tomoxum

1 ..
f=xd(1-1,)5(L)exp -5 (10)

T
31ech K, - YMCIIO SJIEMEHTAPHBIX 3apSI0B, HCIIyCKaeMbIX C(epOoii B €MHHMILY BPEMEHH

T
Ecnu BeIMONIHEHO ycCiaoBuce 5 exp( 2 j = 50 , TO B YpaBHCHUC HyaCCOHa B Ka4C€CTBC HC3aBUCHMOMU IIC-
1
0

1

t
pemennoii Bxout Tomsko [ . B stom cyuae & (t) = /502 -—— A= a7 0603HauuM, j1asee
o To
Po J o __ L

21
Uy =—2>,8= £ ' Sp = Y=—=1= 2, 4"
m 20,7, 20,7, mu; 4mzju,

ds'o(1-y(s")+s?-1/s?)
1 J \/1 y(s')+s?—1/s" '

N3 ypaBuenus Ilyaccona cinenyer:

d
—S— s)=—Ku'e"
& OIy()

Ju'(s):a(l—y(s)+s —1/s° )
\/1 y(s)+s*—1/s°

u(s).

(11

“
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3.Pemenune cucTeMbl ypaBHeHHI
VYpasuenus (10) onuchBaOT AMHAMHUKY CT'YCTKa B HECTAIIMOHAPHBIX IEPEMEHHBIX.

870°«,

So-

Koncranra K onpenensiercst mapamerpamu 3anaun - K, M, Uy, Ty u 3apsaom q : K=
mo,

U3 (11) cnenyert:
s’y'=Kexp(—u(s))+C,. 12)
13 3T0r0 YpaBHEHUSI MOXKHO BUJETH, YTO IIPH S —> 00 y U —> 00 Torga ecou U (So) =0 10 BenmuuHa

K nponoprmonansaa momsoMy 3apsy uzydaeMoii cucteMsl B epemennsix Oy T .

[Tomnueii 3apsa 0007109KH Q = ZTOK*Qf (t) 1 T.€, yOBIBaeT BO BPEMEHH, TaK )K€ KaK W BHEIIHUH paguyc, (1
TaK e KaK ¥ BHyTpeHHuit): R = p*f .
[T10THOCTD YacTHI ¥ TNIOTHOCTH TOKa MOTYT OBITH 3aIliCaHbl B Buje: $$

—u

_— r —+
v, 2r’&° : 287\ 204T,r T

2 -
on 1 0(r’) 0
OTH BBIPAKEHUS YAOBICTBOPSIOT YPABHEHHIO HEMPEPHIBHOCTH E +————=0.

r or

e

_meou'e” . me o out 1
w2

a
W3 ypaBuenwus [lyaccona ciemyer, 4To ciaraeMoe — JaeT BKJIaJ B INIOTHOCTh B BHE TOYEIHOTO 3apsijia B

HEHTPE CHCTEMBI M TIO3BOJISIET CO3/IaTh 00J1aCTh BOJIM3HM IIEHTPa, B KOTOPOH MUIOTHOCTB 3apsijia paBHa Hyo. Ecin
a = 2, To paauyc TaKoii 06acTH paBeH S= So =1.
Cucrema (11), KOTOPYIO CIIEYET PEIIUTE, IOJDKHA OBITH TOTIOJTHEHA KPAEBBIMH yCIOBHAMH.)
2
Ipu Y =0 noaxopenHoe BhIpaskeHHE MMEET BHI: (S _1)(3 +S+ 2) /s Hpu S<1 sra Benmumna

MeHblIIe HyJist 1 GyHKIMs XeBucaiia oopalaercsi B HyJb.

Ipu U <1 moxHO Hcmonb30BaTh pasnokeHne exp(—u(s)) I 1—U(S). Tpur S > 1 npu pasnowermn mox-

1
KOPEHHOTO  BBIPOKEHHUS  BOIM3H s=1 MOXXHO  TONyYHUTH u'll ————,ull Js—1. Torma

2Ju-1
2

3/2
y D __(S _1) - Ecnu B xauecTBe HAYaNbHOM TOUKH IOJOXKUTE S = 101 TO HaYaJIBHBIC YCIIOBUA UMEIOT

BHJI: y(l.Ol) J —0.0037,u (1.01) [J 0.56462. Ha Puc.3 npescTaBieHo HoBeACHNE ITHX DYHKIHIL, a Ha Puc.4

MPEJICTABIICHO MTOBEICHIE TUNIOTHOCTH 3apsi/ia CTYCTKA U IUTOTHOCTH TOKA KaK (PYHKIIMH aBTOMOJICITBHOM TIepeMCH-
HOM S

Puc.3 - 3asucumocmu 'Y (S) xkpusasa I, u U (S) Kkpusas 11
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lay

Puc.4 - 3asucumocmo nonnoeo sapsoa ceycmka (1) om S

U nnommocmu moka om S (m.

I/ISHy‘ICHI/Ie 3apAa0B € MOBEPXHOCTU HNPOUCXOAUT MO HOPMAJIN K 3TOH TOBCPXHOCTHU. U rax K€, KaK 1 B OJTHO-

2
MEPHOM Cliy4dac, BO3MOXKXHO CBOCTO poaa MeTaCTa6I/IJ'H>HOG, JOJITOKUBYIICC COCTOAHUE TTPU 50 TO > 0 .

PaccmoTpuM Takxke cirydail ABM)KEHUS YaCTUL K LIEHTPY CUCTEMBI. B 3TOM cuTyanuu ciieyeT uCIoab30BaTh
Ipyroi conpsbkeHHbii nuterpan $J 1°-.$ 31oT MHTErpan UMeeT BUI:

o 2 . . L a
5, P do'6 E(I -U (,0 ))_/1'0 - mzpuz _,0' © conet
T 2 L a '
o & I_ 1 _ -2_7_
m( U(p )) /’Lp m2p|2 pu

3MeneHune 3HaKoB COOTBETCTBYET YUCTY ABUIKCHHA B OTPULIATCIIBHOM HaIllpaBJICHHUU r CXO)IS{H_ICGCS[ pe-

MEHUEC IJIA IMMOJIHOT'O 3apsijia MOXKET OBITh NOJIYUCHO MMPHU 3aMCHC 3HaKa To B BBIPAXKCHUU JIA f (t) + A uMeHHO

t

2
é: (t) = fo + T_ I[Tpu 3TOM 3apsii 000JIIOUYKH PACTET CO BPEMEHEM.
0

4.YpasHenue lIpenunrepa ¢ HecTAMOHAPHBIM MOTEHI[HATIOM

B kBaHTOBOMEXaHMUECKON CHCTEME TAK)K€ BO3MOYKHO MPUBEAECHUE CaMOCOIVIACOBAHHOM 3a/lauM K aBTOMO-
JICJIBHOM.

B cdepuueckoii cucreme KOOpJHMHAT PACCMOTPUM IF'AMHJIBTOHHAH ¢ HECTAIMOHAPHBIM MTOTEHIINAIIOM CIIE/Iy-
IOLIEro BUJA:

m, .2 1 r
?(r) +§2—(t)u m . 13)

3pece M - macca, I - paccrostaue ot uentpa, & (t) - 3aganHast GYHKIHUS BPEMEHH.

VYpasuenue LlpenuHrepa MoXeT OBITh 3aIIMCaHO B BHJIE:
2 2
oY no(rY) 1, (r
ot 2mr or & &
OTmMmeTuM, 4YTO pacCMaTPUBAIOTCS COCTOSIHUS C HYJIEBBIM MOJHBIM MOMEHTOM.

r dt'
Bwmecto r ,t BEJIEM HOBBIC IEPEMEHHBIE: O = —, T = J.W
St

4

Torna ypaBHeHHE IPUHUMAET BU:
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oV 1dé o¥ n* 0 (p¥)
| ——— U Y.
I(@T fdrp J 2mp  9p° +U(p) (%)

1d
Econ Ed—f = COﬂSt, [IEPEMEHHBIE  Pa3AEIIAIOTCA LP(,Oﬂ-) :T (T) R(P) O603HaYNM
1 dé i g caMocoriIacoBaHHOTO — ONHCAHHUSA MHAMHMKH ~ CTYCTKa  CJEQyeT  IOJIOXKHTh
5 dr 22’0 l g ! 8 y ad
i T in
1 IE7
= —— |, Torma: Ih—=-—+E. OJIly4HMM ypaBHEHHUE:
T(7) B exp( - j S Tomyuum yp
1 : R' #* (pR)"
~ih—+E= mi—-h—@w (p). 16)
7, 2ry R 2m pR
TTonoxxum ,OR = Pei‘g, P, 0 -IEHCTBUTEIILHBIE GbyHKIHH. Torna
R" P 1 . R)* P" _.0'P :
—_—=————+ |9 I, (p—) =—+ 2| 0— - 0l2+ |0". IIpupaBHMBasE MHUMBIE YacTH, IOJIY-
R P p pR P P ’
q-PlP_1 _%[zﬂJrg"j -
2\P p) 2m P
O003HaUMM |§ ZTO v Y =1 9 MosxHO MOJTyYUTh
2P 1(pP" 1
2 (D2 vt
P _(P (4|0y_,0)> Y = p | ( 2P 2] [IpupaBuuBas nerictBuTesnpHbIe YacTh (16), momy-
| 27, p hr,(P" ,2]
ZO(E-U)=W=-yE4+20| —_g2|.
p (ETU)=W =y Zm( p @
Kpowme »1ux ypaBHeHUi Hy*HO ypaBHeHue [lyaccona:
1 d P2
— — p'—W =—47¢?R? = —k, —
p-dp” dp

Bwmecre ¢ cooTHOIIEHUEM 1S P OTO YPaBHCHHUEC ACT:

d
P’ %W =—k,P*(4l,y-p)+C,

(19)

BaezeMm nepemennyio XX = _l . [Homyunm cucremy:
(o]

, 2yP' XP' 2 dw 2 P" Xy
= 1+ 5P (4Y=X)+C,, =y =W,
VTR ( P j P )Ly 0
B cucreme (20) mTpux 03HavaeT MPOU3BOJAHYIO TIO X.

ITockonbky P = RXx , CHCTEMY MOJKHO II€peucaTh B BUJIE:

:R—+35—y2+ﬁ, (21)
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R' 1) R'x
=12y S |2, 22
et @

W'=—KR2(4y—x)+§;. (23)

5.Pemmienne KBaHTOBOMEXaHHMYECKOM CHCTEMBbI

IIpn C* #0 cucrema (21-23) onuceiBaeT B3aUMOACHCTBHE ¢ COOCTBEHHBIM 3apsIOM TIPH HATUYHH TOYCY-

C

HOTO 3apsiia B LieHTpe. Beenem Wl =W - 7* Torna
R" 2R’ C
W1'=—KR2(4Y—X),W1=—+———y2+ﬁ+ X (24)
R xR 2 X

Cucrema (22),(24) umeeT HENMpEepHIBHOE pEIIeHUE IpU R'(O) # 0. Ha Puc.5 npuseneno perenue npu

R (0) :10, R l(0) = _50, Wl =100. Kpusas I -3T0 moBeaeHmne mIOTHOCTH 3apsga Kak (yHKIMH aBTOMO-
JIENIbHI IEPEMEHHOM X1 kpusasi I - BemurHA MOTHOTO 3apsiia BHYTpHU cepsl pagmyca X, kpusas III - noren-

nuaigbHas QyHKIUS Wl’ 371eCh C* =—-10. Ha Puc.6 1e xe pacyersl Ipu C* = 10, R l(o) =50.

25000 -
20000 |
15000

10000 -+

_spoo 4 111

Puc.5 - 3asucumocmev nromuocmu 3apaoa om asmomooenbHouU
nepemeHHou X (1), noanwiil 3aps0 enympu cghepol paouyca X (m,
NOMEHYUATbHASL DYHKYUS W1 (111) (npu C* = _10)

s0000
40000
0000
20000

10000 4

Puc.6. 3asucumocmov nromnocmu 3apsoa om agmomooenbHol

nepemennou X (1), nonnwuil 3aps0 enympu cghepor paduyca X (m,
NOMEHYUATbHAS PYHKYU Wl (11l) (npu C, =10. )
B 060ux citydasix 3aBUCUMOCTb IUIOTHOCTHU OT aB-

TOMOJETBHON MEePEeMEHHOM MMeEeT OCIWUIMPYIOIIUH
XapakTep, a MOJHbIN 3apss chepbl MOHOTOHHO pacTeT,
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IPUYEM 3TOT pOCT OoJIbIe Mpu C* =-10. Taxoke

MOHOTOHHBIH XapaKkTep HOCUT YObIBaHHE NOTECHIHAb-

HOW (yHKIHH Wl .

3ak/aouenue

B pabote n3ydeHbl HeCTallMOHAPHEBIC CAaMOCOTJIa-
COBaHHbBIE PELIEHUS AJIsl MOTEHIANA IJIOCKOrO CJI0s U
c(eprUIecKOro Crycrka 3apsjaoB, B3aMMOJCHCTBYIO-
IIHMX C COOCTBEHHBIM IIOJIEM.

[IpuBeneHs! pe3yNbTaTHl YHCICHHBIX pEIICHUH
JUTIA TUIOTHOCTH M TIOTCHIMANA KaK (QYHKIHA aBTOMO-
JIeNbHON IIEPEMEHHOM.

Tloka3aHo, 4TO BO3MOKEH BBHIXOJ Ha COCTOSIHUE C
MIOCTOSTHHBIM 3apsiIOM B HECTAI[MOHAPHBIX KOOPIMHA-

Tax p1 7. CKOpOCTL HU3MCHCHHS TMOJIHOT'O 3apdaa B

MEPEMEHHBIX rt OTIpPEIETISIETCSl BPEMEHHBIM I1apa-

METpOM TO! mpu T —> © 3aps MOXKET OcCTa-

BaThCsl NPAKTHUYECKU IOCTOSIHHBIM. B03MOXHO, 9TO
paccMOTpeHHas 3a/la4a UHTePECHA IIPU PEeLICHUH IIPo-
OJIeMbI HaKOIUICHUST OOJIBIIINX 3apsIJIOB.

PaccmoTpeHa Taxke KBaHTOBask CHCTEMa, IPUUEM
HalJIeHO YacTHOE pelIeHHe Il HeJTMHEHHON HecTarm-
OHApHOH CHCTEMBI, B3aNMOJICHCTBYIOMIEH ¢ COOCTBEH-
HBIM 110J1eM. VI3y4eHsl pemeHus Mpyu HAINIUH Toded-
HBIX 3apsiI0B B [IEHTPE CHCTEMBIL. 3a/jaua IpeICTaBIsIeT
CaMOCTOATENBHBIN MHTEPEC IS U3YUCHUS] AUHAMUKHI
MHIVBHIYAIFHOTO 3apsiia TOJ BO3JEHCTBHEM CO0-
CTBEHHOTO TOJI1 IpPU TOYHOM Y4eTe 3TOTO BO3ZICH-
cTBUs. PaHee pemieHus 3a1a4 B cucTeMax, B3aUMOCH-
CTBYIOIIIUX C COOCTBEHHBIM MOJIEM PacCMaTPUBAIUCH B
paborax [7,8,9].
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Annotation describes technologies of surface thermomechanical treatment of parts, including the influence
of its parameters on the operational reliability of parts. In the development of the machine-building industry, the
thermomechanical processing is one of the main important operations and its proper cycle performance depend
on the quality (mechanical and physico-chemical properties) of manufactured machines parts and mechanisms,
tools and other products. Prospects for the development and improvement of the technology that increase the
strength properties of metal materials and the operational properties of parts, their reliability and durability are

presented.

Keywords: surface thermomechanical treatment of parts, high-temperature and low-temperature treatment,
high strength, surface hardening, plastic deformation of austenite, shot blasting.

The intensive development of mechanical engi-
neering, increase in production capacity, productivity
progress cause an enhancement in the operating param-
eters of machines and mechanisms (power, speed, pres-
sure, etc.). Due to a natural tendency to reduce their
weight and dimensions, this leads to increased tension
in the work of components and parts. In such condi-
tions, an improvement of the reliability and durability
of machine parts becomes one of the most important
problems of modern mechanical engineering, which
widely uses such parts or joints, where one of the con-
tacting pairs, for example, as the cylindrical surface:
hydro and pneumatic cylinders, bushings, bearing
seats, bearing cups, connecting rods, etc. The func-
tional failure caused by wear of these parts limit the du-
ration of normal operation of machine parts and equip-
ment in many industries. The repair and manufacture of
new components and machines to replace prematurely
failed parts become a major expense item in the budget
of any enterprise.

The ensuring high physical and mechanical prop-
erties of steel products surface layer which operating
under high contact loads conditions, intensive wear
within a wide temperature range leads to a necessity of
essential increase the service life and reliability of the
products themselves. The obtaining layers with such
characteristics on various steels can be provided by the
method of strengthening technology.

The strength increasing and improvement of other
metal mechanical properties are achieved in many
ways, one of the most common is thermomechanical
processing. This method combines heat treatment and
plastic deformation.

In this regard, the study of the processing parame-
ters of surface thermomechanical influence on the op-
erational reliability of parts becomes relevant.

The high strength in conjunction with acceptable
viscosity, weakening or even elimination of the temper
embrittlement and tempered martensite embrittlement
is achieved by using the thermomechanical processing,

which consists in plastic deformation of austenite, fol-
lowed by hardening to martensite and low tempering.
The austenite is deformed depending on the tempera-
ture, therefore there are high-temperature thermome-
chanical treatment (HTMT) and low-temperature treat-
ment (LTMT).

The austenite deformation is higher at high-tem-
perature thermomechanical treatment and at low-tem-
perature treatment of 400-500 °C, i.e. at temperatures
of relative stability of austenite, as a result, the high
strength is achieved with sufficient ductility and viscos-
ity. The smaller martensite plates are formed from the
pre-deformed austenitic grain so that the reason for
hardening in thermomechanical treatment. When the
austenite grain is crushed, a block structure is created,
which is fixed during hardening. The carbon is released
as dispersed carbides at a temperature of about 200 °C.,
The high-temperature thermomechanical treatment in-
creases the strength by about 40% while ductility char-
acteristics increasing by a factor of 2 times in compari-
son with the conventional heat treatment. So the fatigue
resistance increase, impact strength grow, the tendency
to cracks formation and cold-shortness threshold re-
duce.

So greater strength is achieved with low-tempera-
ture treatment, but LTMT can only be used for steels
with a wide time interval of austenite stability below its
recrystallization temperature. The combination of high
elastic limit and high cyclic strength allows the LTMT
use in the manufacture of high-strength springs, springs
and suspensions. Although the greatest hardening is
achieved with the low-temperature treatment, but it is
more difficult to perform in comparison with the high-
temperature thermomechanical treatment. At tempera-
tures of 400-500 °C, the austenite is less plastic, as the
use is required.

The effective method for the surface layer
strengthening is a shot blasting, which allows working
steel parts to a depth of 0.7 mm and rolling the surface
with rollers to a depth of 15 mm. At the same time, the
cloudburst process allows increasing its fatigue
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strength without material changing the and its mainte-
nance. Within the shot blasting a stream of steel (rear)
or cast iron (often) shot with a diameter of 0.5-1.5 mm
is directed to the parts surface from special shotguns at
high speed. The impact of the shot causes plastic defor-
mation of the surface layer, as a result of which it be-
comes more solid, residual compression stresses re-
main in it, and thus fatigue strength increases. This
treatment is applied to the surface of shock absorbers,
springs, gears, track links, liners and pistons. The sur-
face roller smoothing is carried out on lathes by means
of special devices. The pressure on the rollers is carried
out hydraulically or due to springs. It is applied for the
treatment of the necks of axles of railway carriages,
crankshafts and other parts. In addition to hardening,
surface roller smoothing increases the cleanliness of the
surface treatment.

The surface hardening consists of the steel surface
layer heating with following cooling in order to obtain
high hardness and strength of the part surface layer in
combination with a viscous core. The hardening for
quenching is performed by high - frequency currents
(HFC) as the most common method in molten metals
or salts by means of the flame of gas or oxygen-acety-
lene burners, as well as by laser radiation. The HFC ad-
vantages of surface hardening are the adjustable depth
of the hardened layer, the high productivity, the possi-
bility of automation, the absence of decarburization and
the scale formation, the minimal part crippling. The dis-
advantages include the high cost of the inductor, which
is individual for each part, and hence HFC low use in
one-off production case.

The laser can be used for surface hardening. The
laser radiation run in a very narrow beam and charac-
terized by a high concentration of energy. The gener-
ated radiation sources are solid bodies (rubies, alumi-
num granites, yttrium, glass) and gases (He, Ne, Ar,
COy). The parts surface is heated to high temperatures
in a short period of time (10-3 — 0-7 s) under the laser
radiation influence. After the radiation is stopped, so
the heated areas quickly cool down due to intensive
heat removal by cold metal volumes. A thin surface
layer hardening is occurred.

The surface laser treatment of steel and cast iron
parts significantly increases their wear resistance,
bending endurance limit and contact endurance limit.

The laser treatment is a perspective method for surface
hardening of complex - shaped products that work un-
der severe wear and fatigue conditions.

The surface thermomechanical treatment (STMT)
is currently considered one of the most advanced types
of strengthening technology. The STMT is the complex
of deformation, heating, cooling and hardening opera-
tions for the part surface layer, which result in the for-
mation of the processed material final structure and
consequently its properties. The main materials which
exposed to the surface thermomechanical treatment are
steel, cast iron, non-ferrous metals and their alloys.

In conclusion, the updating process of surface
thermomechanical treatment, along with the correct
choice of materials for specific operating conditions,
leads to a reduction in the products metal content, the
complexity decrease of their manufacture, the material
and energy resources’ saving and high development of
labour productivity. The continuous improvement of
quality, productivity, reliability and durability of ma-
chines is largely determined by the progress of technol-
ogy, the most important stage of which is the surface
thermomechanical treatment of parts, which forms the
metals final operational properties.
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The article is devoted to the analysis and development prospects of alternative energy sources in the world,
as well as in Azerbaijan. The use of alternative energy sources is a hot topic today, in connection with the envi-

ronmental safety of the types of energy used.
Annomauyus

Cmampws nocesiaulena anaiusy u nepcneKkmueam paseumusl aibmepHamueHblX UCMOYHUKOG JJIEKMPOIHEPUU
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Pa3zBuTne sHEpreTMUEeCKUX TEXHOJOTUM OYEHb
BaKHO JJIsi OyIyIIero Bcero denoBedecTBa. Hamuume
JIOCTYITHOW JUTs MOTPEOJICHUsT YHEPTUU BCeraa ObLIOo
HEOO0XOIUMO I yIIOBICTBOPESHUS MOTPEeOHOCTEN 1e-
JIOBEKa, YBEIUUEHUE MPOJOJKUTEIBHOCTH U yIydlle-
HUS YCIIOBUH €ro *U3HHU.

Ceifuac 4enoBe4eCTBO BHOBB 33 {yMajioch 00 ¥c-
MOJIb30BaHUH aJbTCPHATHBHBIX HCTOYHHKOB YHEPTHH,
TaK KaK 3amachl He()TH U Ta3a UcUepraeMbl, a UX HC-
MOJIb30BaHNE HAHOCHUT OOJBIION Bpel OKpyXKaromien
cpeze, HO yKe Ha COBEPIICHHO APYroM ypoBHe. Bot
MoYeMy MHOTHE CTpPaHbl OTIAIOT MPEANOYTCHUE HC-
MOJIb30BAHMIO ATbTEPHATUBHBIX CTOYHUKOB HEPTHH.
B aBanrapze sroro asmxkenus Haxojsatcs CLIA, Ku-
tait, Kanana, ['epmanus, @unnauaus, Hopserus, [a-
Hus, Ucnanus, Snonus.

Ha ¢oHe cHIKEHHS MUPOBBIX 3aI1acoB HEBO300-
HOBJISIEMBIX MCTOYHUKOB SHEPTUU aKTyaJlbHBIM SIBJIS-
€TCSl IOUCK HOBBIX U BHEAPEHUE U3BECTHBIX allbTEpHA-
TUBHBIX HCTOYHHUKOB NOTy4eHuUs sHeprun. [1pu coBpe-
MEHHOM YpPOBHE HEPTONOTPEOICHHUS JOCTYITHBIX HITH
pEeHTa0ETBHBIX HEBO30OHOBIIIEMBIX HCTOYHUKOB DHEP-
TUM OCTaJIOCh 1O Pa3HbIM HMCTOYHHUKAM MPUOJIN3H-
tensHO OT 50 1m0 100 net. Hapsmy ¢ mouckom anbtep-
HAaTUBHBIX MCTOYHHMKOB DHEPTHHU CETOJHS Ha TEPBBIN
TUTaH BBIXOJUT DKOJOTHYECKas 0E30MacHOCTh MPHME-
HSIEMBIX BUJIOB dHepruu [1].

AnpTEepHAaTUBHAs DJHEPreTHKAa - COBOKYITHOCTb
MEPCICKTUBHBIX CIIOCOOOB MOYYEHUs SHEPTHH, KOTO-
pble pacIpOCTpaHEHbl, HE TaK IIMPOKO, KaK TpaauLlU-
OHHBIE, OJTHAKO TPEICTABISIOT HHTEPEC HM3-32 BBITOJ-
HOCTH UX HCIIOJH30BAHUS TP HU3KOM PHUCKE IPHINHE-
HUS Bpeaa SKOJOTHH.

AJBTepHATUBHBIA UCTOYHUK SHEPTHHU - ITO CIIO-
€00, YCTPOMCTBO MIIH COOPY>KEHHE, MTO3BOJIIONIEE M0~
Jy4aTh 3JIEKTPUIECKYIO FHEPTHI0 (WK Opyroi Tpely-

MBI BUJI DHEPTUHU) U 3aMEHSIIOIINIA cOO0H Tpaauiiy-
OHHBIE MCTOYHUKHU JHEpPruH, (QyHKIUOHHPYIOIIUE Ha
HedTH, 10OBIBaEMOM MpPUPOIHOM raze u yrie. Llens
TIOWCKA aJbTEPHATUBHBIX UCTOYHUKOB SHEPTUH — I10-
TpeOHOCTh MOTyYaTh €€ N3 SHEPTUH BO30OHOBIISIEMBIX
WJIN TIPAaKTHYECKH HEUCUEPITaeMbIX IIPUPOIHBIX PECyp-
COB U sBJICHUI. BHMMaHMe Takxke oOparaercst Ha 9KO-
JIOTHYHOCTh ¥ 3KOHOMHYHOCTb.

HanpaBnenust anbTepHaTUBHON SHEPrEeTUKU: BET-
POPHEPreTHKa, TEIHO’HEPreTHKa, aJIbTepHATUBHAS
THPOSHEPreTHKa, Te0TepMajbHas JHEPreTHKa, Koc-
MUUeCcKas JHEpreTHUKa, BOJOPOIHAs JHEPreTHKa, Ouo-
TOILJIUBO U JIp.

I'o10BO#t PHEPreTHUECKUH ITOTEHIMAN BO30OHOB-
JSIEMBIX MCTOYHUKOB B MHpE OIIEHUBAeTCs (B MIIPI.
Ty.T.) cIeqyIomuM o0pa3oM: BeTpoBast sHeprus - 2,8;
TeJIMO3JIEKTPOCTAHIUY - 4,3; COJTHEYHBIE 3JIEMEHTHI U
COJIHEYHBIE KOJIEKTOpPHI - 2,0; Teo-TepManbHas SHep-
rust - 1,9; sHeprus npumuBoB/oTiMBOB -0,4; THApO-
sHeprus - 2,8; sHeprust Gmomaccs! - 5,6 [2].

CTONMOCTD HEPTHH OT PA3IMYHBIX UCTOUYHHKOB
(B menrax 3a 1 kBt-4): ruaposueprus - 3-4; sHeprus
BeTpa - 4-5; conHeuyHas sHeprus — 15-20; reorepmas-
Has Heprus — 5-6; 6nosueprus - 8-9; ras - 5-6; arom-
Hast sHeprus 4-8 [3].

Bemposuepeemura. Onna u3 Hanbomee JMHAMUY-
HBIX OTpaciieil albTepHATHBHOW 3HEPTEeTHKH, HCIONb-
3yolasi KHHETHUECKYIO SHEPTHIO BO3IYIIHBIX Macc B
atMocepe. C 1980 ronma ycraHOBICHHAs MOIIHOCTh
BETPOBBIX TypOHH BbIpocia B 290 pa3, a CTOMMOCTb T'e-
Hepalny 3a TOT Xe Nepuoz cHusmiIack Ha 80%. DHep-
THsI BETpa HCIIONb3yeTcs Oonee yeM B 70 cTpaHax MUpa,
munepamu sisttorest CHIA, Kurait n Ucmanus.

B xpynHe#mmx ropogax Mupa (Meramnosmcax) Bce
Yalie CTPOSITCS 3aHNS, BHICOTA KOTOPBIX HCUUCIISIETCS
CcOTHsAMH MeTpoB. Ha Takoii BeicoTe Jjaxke B TOpoJIe MOo-
TOKH BO3[yXa XapakTepH3yIOTCs CTaOWILHOCTBHIO
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HaTIPaBJICHUS U CKOPOCTH, TIOCKOJIBKY HE HCIBITHIBAIOT
3aBUXPEHUN OT pa3nuuHbIX OaphepoB. B MupoBoii ap-
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XUTEKType yxke c(hOpPMUPOBAJIOCH MOHSITHE BETPO-
SHEPTrOAKTUBHOTO HeOOCKpeda — 3MaHus CO BCTPOEH-
HOM B €r0 CTPYKTYPY BETPOBOH 3JIEKTPOCTAHIIUEH.

2025

HPOZHOS’ pocma ycmaHOGﬂEHHOﬁ MOUWHOCMU 6EMPOIHEPceMUKU 6 MUpe,
2016-2025 [4]

A3sepOaiipkaH sSBISETCSA OJHOHN U3 T€X CTpaH, TJie
HCIIOJH30BAHNE BETPSHON SHEPTHHM BHITOJHO OJaro-
napsi reorpaduyeckuMm ycenoBusMm. OcobeHHo Omaro-
TIPUSATHBIMUA SIBJISIFOTCSL  AOIIIEPOHCKUH  TTOTyOCTPOB,
6eperoBas nuHusA Kacnuiickoro Mopsi u ocTpoBa B ce-
Bepo-3amanHoil yactu Kacnumiickoro mops, ['sHmka-
JamkecaHckast 30Ha Ha 3amazne AzepOaiimkana u I1la-
pyp-xynbdunckuii paiion HaxubiBaHcKol ABTOHOM-
HoW PecmyOnuku. B 1999 rony smoHckas KOMITaHUS
Tomen coBmecTHO ¢ A3epOaif/KaHCKUM Hay4HO-HC-
CJIEJIOBATEIILCKAM HHCTHUTYTOM SHEPTCTUKU M YHEpre-
THYECKOTO MPOCKTUPOBAHUS YCTAaHOBHIM Ha AOrie-
pore aBe Oamrau BeIcoTOr B 30 1 40 MeTpOB, U ompe-
NENWIA, YTO CpemHsAs TOoIoBas CKOPOCTH BeTpa
cocrasuia 7,9-8,1 m/c, B CBSI3M ¢ 4eM OBIIO IOATOTOB-
JICHO TEXHUKO-3KOHOMHYECKOEe 000CHOBaHHE Ha yCTa-
HOBKY B ['00YCTaHCKOM paifoHe BETpSIHBIX MEIbHHUI]
o0meit momrHocTeio 30 MBT

Conneunas snepcemuxa. IlpakTudecku Heucuep-
MACMBIil MCTOYHHK 3HEPTUH, KOTOPBIA mHTaeT Ouo-
cdepy Ha MPOTSHKEHUHM COTECH MUJUTHOHOB JieT. OIHaKO
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HCTIOJIH30BAHNE CONTHEYHOU DHEPTUH B TEXHHUKE Hada-
JIOCH TONBKO B KoHIIE XIX Beka. DTO CBI3aHO C OTHO-
CHUTENFHO HH3KOW IIIOTHOCThIO »Heprun ConHba —
okoio 250 Br/m? (nns CpaBHEHISI: TEIUIOBOW IIOTOK Ha
TOC cocrasnser 105-106 Br/m?). Kpome Toro, NoTok
COJTHEUHOU SHEPTUH HEMOCTOSIHEH, OH 3aBHUCHUT OT Bpe-
MEHH CyTOK U MOTONBL. B COTHEYHON 3HepreTuke Ccy-
IIECTBYET TPH TJABHBIX HAMPABIICHUS JEATCIHHOCTH:
HCIIOJIh30BAHUE COTHEUHBIX KOJICKTOPOB (BOJOHATPE-
BaTelel) TEIUIOBOW SHEPTWH Ui O0OTpeBa 3ITaHUN
(mo3BoIIsIET yoKe ceromus A0 50% COKpaTuTh SHEPro3a-
TpaThl B CHCTEMaX KOMMYHAIILHOT'O X035iCTBa), CO3/1a-
HHE COJIHEYHBIX KOHIIEHTPATOPOB C IaporeHepaTo-
pamu u GOTOIIEKTPUUIECKOE IPeoOpa30BaHNE SHEPTHH
C TIOMOIIBIO TIOTYIPOBOJHUKOBBIX «COJTHEUHBIX 3JIe-
MEHTOB» Ha 0a3e aMOP(HOI0 HJIH MOJyKPUCTAILIAYC-
CKOT'O KPEMHUSI, WJIH apCCHU/A TaJITHS.

CornacHo nporro3am, k 2020 rogy Ha I0JI0 COT-
HEYHOH PHEpreTUKH OyneT mpuxoauthes 37,5% rio-
OabHBIX MHBECTHIIUHN B DJICKTPO3HEPTHIO, UTO, K MPH-
Mepy, 3HAYUTEIBHO ONEPEKACT MHBECTHUIIMU B BETPO-
sHepreTuky c gonei B 21,0%.

179
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HHGecmuuuu 6 HOoB8ble MOowHOCMU COIHEeYHOI IHepeemuKku 6 mupe,

2016-2020 [3]
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EcrecTBennbii knmmMar A3sepOaiipkaHa Takke
MPEIOCTABIISAET IIMPOKHE BO3ZMOXKHOCTH ISl YBEJINYE-
HUSI IPOM3BO/ICTBA AIIEKTPOIHEPTHH U TEILIOBOH HEP-
TUU 32 CUET UCIO0JIb30BAaHUA COJIHEUHOH SHepruu. B Te-
YeHHE T0J1a KOJIMYECTBO COJTHEUHBIX 4acoB B A3epOaii-
mkane coctaBisieT 2400-3200 gacoB, 3TO O3HAYaET,
YTO KOJIMYECTBO COTHEYHBIX JTy4el, MaJaloIuX Ha Tep-
putopuo AzepOaiikaHa, BBILIE Ye€M B JIPYTHX CTpa-
HaX. DTO MOKHO CUHTATh OJHUM W3 KpUTepHeB 3P dek-
TUBHOCTH NIPUBJICUCHISI MHBECTUIIMY B ICTIOJIE30BAHIE
CONTHEYHON HSHeprud. Pa3BuTHE HCIIONB30BaHUSA COJI-
HEYHOW IHEPTUH MOXKET YaCTHYHO PEIIUTH SHEPTeTH-
YecKue MpoOJeMbl B HECKOJBKUX paifoHax AszepOaii-
JOKaHa

Tuoposnepeemurxa. Hanbonee paspuras 001acTh
BO300HOBIIsIEeMO dHEpreTUKH. beper cBoe Hadano ot
BOJISIHBIX KOJICC U MEJIBHHII, HCITOJIB3YEMBIX YeI0BeYC-
CTBOM C JIPEBHHX BpPEMEH.

OTIIMYHATENEHOW OCOOCHHOCTBIO BOJBI KaK dHEp-
TOHOCHTEIIS SIBJISETCS TO, 9YTO €€ MOXKHO HCITOIIB30BaTh
MHOTOKpAaTHO, KaK B Kackagax ruapocTannnii. OTcyT-
CTBHE MPOIIECCOB HATPEBAHUSI— OXJIAXKIICHUS B THAPO-
CTaHLMAX AA€T BO3MOKHOCTb NOy4yaTh BeIcOKUI KITJ]
npeoOpa3oBaHus SHEPTHH BOJBI B AIEKTPHUECKYIO, 3a-
BUCSIINH T1aBHEIM 00pa3oM oT KIIJI TypOuHE! 1 rene-
paropa, 3Ha4eHHEe KOTOPOTo B JIyYIIUX 0Opa3iax Imnpe-
BhImraet 90%.

Crenytoieit 0cOOEHHOCTBIO TUIIPOCTAHIINIT SBIISI-
eTcsl TO, 4TO MX COOpyXeHus (1oTuHa, 3paHue ['OC,
BOJIOBOJIBI U T.JI.) M 000PYIOBaHHE UCTIOJIB3YIOTCS B Te-
yerne 50 u Oonee yet. Mmerorcs ['DC, npopadboTas-
mue 100 ner. DTo o3HauaeT, yto ['DC, nocTpoeHHbIE B
HaYaTbHBIX YKOHOMHYCCKUX YCIOBHUSIX, MHOTOKPATHO
OKYIIWJIACh W TIPOAOJDKAIOT TPOW3BOIHUTH [IEIICBYIO
SHEPTHIO.

K ceppesnsiM HEOCTaTKaM MOIIHEIX [ OC MOKHO
OTHECTH 3aTOIJICHHUE 3eMellb, 3aMJINBAaHIE BOJOXPaHU-
JIAI, OBETCHUC B HUX BOJbI, UBMCHCHHUEC MUKPOKIIN-
MaTta, MNOTCHHOHUAJIbHYI OIIaCHOCTh KPYIIHBIX Kara-
cTpo(, a TaK)KEe CPABHUTEINBHO BBICOKUE Y/ICNBHBIE Ka-
nUTaNbHBIEe BIOXKEHUs. Kpome Toro, B paifoHax
KPYIHBIX BOJIOXPaHHJIMII MHOTIa HaOJII0Aal0TCsl HaBe-
JICHHBIC 3eMJICTPSICCHUS.

[IpousBoacTBO THAPOIHEPTUH B A3epOaiikaHe
yBenmuuaercs ¢ 1990 roga. B 2010 rogy momHocTh
MIPOM3BEAEHHON THAPOIHEPTHH cocTaBmia 17,8 mpo-
[IEHTa OT OOIIEH MOIIHOCTH HEPTETHIECKON CHCTEMBI
pecryonuku. B cTpaHe HMEIOTCS MHUPOKHE BO3MOYKHO-
CTH IUI OCBOEHHMSI THIPOIHEPIETHUYECKUX PECYPCOB,
KOTOpBIE /I0 CHX MOp HE HCIOIB30BAIUCH. B pesyinb-
TaTe CTPOMUTENILCTBA THIPOIICKTPOCTAHIIUI PEryIupy-
I0TCS TIABOAKOBBIE BOJIBI, OCYIIECTBIIAETCS SKOJIOTHYE-
CKHU YHCTOE MPOU3BOJICTBO, CO3AI0TCS HOBbIE HPpUTa-

[MUOHHBIE  CHCTEMBl. Pekm  Ha  TeppUTOpHUHU
AzepOaiimkaHa yAOOHBI UIS CO3MaHUS HEOOBIINX
THIIPOAIICKTPOCTAHIIHIA.

M3-3a OTCYTCTBUS CBS3H MEXIY dHEPreTUUeCKOU
cucreMoit Hax9pIBaHCKOW aBTOHOMHOH pecryOInKy 1
OCHOBHOHM SHEPreTUYEeCKON CHUCTEMOW pecIyOInKH,
€CTb HEOOXOAMMOCTb CO3JaHUS CPENHHUX, MalbIX H
MHKPOSJIEKTPOCTAHIUH.

B A3zepbaiimxaHe UMEIOTCS CIEXYIOIINE HCTOY-
HHUKH 6I/IOMaCCI)I: BOCIUIAMCHUMBIC TTPOMBINIICHHBIC

OTXO/IbI, OTXOABI OT JIECHOT'O XO035IiCTBa U AEPEBOOOPa-
6aThIBAIOIIETO CEKTOPA, CENbCKOX03HCTBEHHBIE KYIIb-
TYpBl U OTXOJIbl OPraHUYECKOI0 CMEIIMBaHUs, ObITO-
BbI€ U KOMMYHAJIbHBIC OTXO/Ibl, OTXOAbI Ha 3arpA3HCH-
HBIX HE(PThI0O M HEPTENPOAYKTAMHU TEPPUTOPHUSX.
CoracHO HccieoBaHusAM, 0oJblIas 4yacTh IPOU3BO-
JIMMBIX BO BCEX CEKTOPaX YKOHOMHUKH OTXOJIOB COCTOUT
U3 TPOAYKTOB Onomacchl. M3 3Toif GmoMacchl MOXKHO
MOJTYYUTh Ta30BYIO, KHUIKYIO W TBEPAYI0 OHMOMAacChl,
KOTOpBIE HCIIONB3YIOTCS B IPOHM3BOJCTBE 3JIEKTPO-
sHeprud. EsxeromHo B A3sepOaiikaHe Ha TTONHATOHBI
JUTSL HeHTpalin3aiun BeIOpackIBaeTcs 6oee 2 MIUIIHO-
HOB TOHH TBEPABIX OBITOBBIX U MPOMBIIIIEHHBIX OTXO-
J1oB. OOpaboTKa TBEPIBIX OBITOBBIX ¥ POMBIIIIIEHHBIX
OTXOJIOB MOXKET YaCTHYHO PEIIUTh HpodieMy 000-
rpeBa JOMOB B baky M KpyIHBIX NPOMBIIUIEHHBIX I'0-
poaax CTpaHsbl.

['eoTepManbHbIEe NCTOYHHUKH IMIMPOKO HWCIIOIB3Y-
€TCcs BO MHOTHX CTpaHaxX B IPOMBIIIJIEHHOCTH, CEJb-
CKOM XO35IHCTBE, OBITOBBIX 1 KOMMYHAJIBHBIX OTPaCIIsIX
u B MmemaunuHe. Teppuropus AsepbaimkaHa Oorara
TepMaJbHBIMU BofaMu. OHHM pacnpocTpaHEeHB! Ha 00-
LIMPHBIX TEPPUTOPHUSX, TAKUX Kak bonbimne u Manele
KaBka3ckue Tophl, AMNIMIEPOHCKHII moiyocTpoB, Ta-
JBIIICKHHA TOpHBIN cKiIoH, KypuHckmit 6acceitn u [Ipu-
Kacruiicko-1'yOMHCKHI pernoH. 3a c4eT UCHOJIb30Ba-
HUSl TEpPMaJbHBIX BOJ B YKa3aHHBIX pailOHaX MOXHO
MOKPBITh YacTh MOTpeOHOCTEH B TEIJIOBON IHEPIHH,
UCIIONIE3yEeMOH B OBITY U IpyTuXx cdepax.

Cpenu BemymMx CTpaH 1O pa3paboTke W HpUMe-
HEHHUIO BO30OHOBIISIEMBIX HCTOYHMKOB Kuraii siBnsiercst
OecciopubiM saepoM. [lo mporroszam BcemupHoro
sKoHOMHUYeckoro gopyma (BOD), 6onee 40% ot 06-
mero o0beMa TI00aTbHON albTePHATHBHOM SHEPTHU K
2022 romy Oyzer HpUXOAWTHCS Ha oo Kwuras.
Tonpko B 2017 roxy obmuit 00peM naBecTHINN KuTas
B IIPOEKTHI B 00J1aCTH BO30OHOBIISIEMOW SHEPTHHU COCTA-
BuI 6osiee 44 mupa mosutapos CIIA.

Ha Bropom wmecte Haxomarcs CoenuHeHHbBIS
ITaTe! AMepukH, Ha 700 KOTOpbIX B 2017 rogy npu-
nuiock 32 MipJ nojiiapoB uHBecTHLUUA. Ha Tperbem
Mmecte - VHust, BO30OHOBIIsIEMbIE MOIITHOCTH KOTOPOH
yasosites k 2022 rony.

ConHeyHas 5Heprus U Betep cocTaBistoT 90% po-
cTa BO300OHOBIIsIEMON MoIIHOCTH UHInN.

B eBpomneiickux cTpaHax MEPCHEKTUBBI KaKyTcs
emre Ooree paxyxabpMu. Oxugaercs, aro k 2022 roxy
Janus Oyzmer BeIpabateiBaTh 69% cBOEH 3HEpruu 3a
CYET BO300OHOBIIIEMBIX MCTOYHHUKOB, YTO CJENAET ee
MHUPOBBIM JuAepoM. VpiaHaus 3aHUMaeT BTOPOE Me-
CTO, W, COIVIACHO MPOTHO3Y, OHA OY/ET reHEepUpPOBATh
OJIHY TPEThb CBOMX JHEPreTHYECKUX MOTpeOHOCTEH 3a
CYET BO30OHOBIISIEMBIX HCTOYHUKOB.

ITo oleHKaM oT4eTA, B APYTUX EBPOIIEHCKHUX CTPa-
Hax, BKiIrovas Mcnanuto, I'epmanuio n BennkoGpura-
HUIO, 10JI BETPA U COJTHEUHOU SHEPTUU MPEBBICUT 25%
ot 001m1ero o0beMa MPOU3BOACTBA.

Ha Teppuropun AzepbaiimkaHa HMeeTCS OTpOM-
HBIN TOTEHIMAN JUIS BEIPAOOTKH 3JIEKTPO3HEPTHU TIPH
ITOMOIII BO30OHOBJISICMBIX HCTOYHHKOB dHEPrun. D-
(EKTUBHOCTD UCIIOIb30BAaHMS T€X WU MHBIX AJIbTEpHA-
TUBHBIX MCTOYHHMKOB 3HEPIHH HAIPSAMYIO 3aBUCHT OT


https://ru.wikipedia.org/wiki/%D0%91%D0%B0%D0%BA%D1%83
https://ru.wikipedia.org/wiki/%D0%91%D0%BE%D0%BB%D1%8C%D1%88%D0%BE%D0%B9_%D0%9A%D0%B0%D0%B2%D0%BA%D0%B0%D0%B7
https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D0%BB%D1%8B%D0%B9_%D0%9A%D0%B0%D0%B2%D0%BA%D0%B0%D0%B7
https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D0%BB%D1%8B%D0%B9_%D0%9A%D0%B0%D0%B2%D0%BA%D0%B0%D0%B7
https://ru.wikipedia.org/wiki/%D0%90%D0%BF%D1%88%D0%B5%D1%80%D0%BE%D0%BD%D1%81%D0%BA%D0%B8%D0%B9_%D0%BF%D0%BE%D0%BB%D1%83%D0%BE%D1%81%D1%82%D1%80%D0%BE%D0%B2
https://ru.wikipedia.org/wiki/%D0%9A%D1%83%D1%80%D0%B0
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permnoHa, B KOTOPOM HEOOXOIIMa YCTaHOBKA 000py10-
BaHus. K mpumepy, Ha AOMIEPOHCKOM HOIYOCTPOBE
MOroJia IOBOJILHO YaCTO ObIBAET BETPEHOM - 0k0J10 300
JIHEeH B roay ayet Betep. B wactHocTu, B nocenke Ily-
OaHbl 227 THEW B rofy AyeT BETEP CO CKOPOCTHIO OoJiee
75 xm/4 u BhIre. bojee Toro, conHeuHble THU Ha AO-
IIEPOHCKOM IIOJyOCTPOBE HacuMThIBaloT Ooiee 200
JTHEH B rojy, a B JISTHUE THH TEMIIEpaTypa HEpEeIKo J10-
cturaet 40 rpagycos. CyMMapHbIi HOTEHIAAN COJTHEY-
HOH 3Hepruu oueHuBaercs B 500 MeraBart, B TO BpeMst
KaK TIOTEHIINAI JUIS BEIpaOOTKM SHEPTHH BETPA COCTAB-
mstet 350 meraBarr.

Takum 00pa3om, TeppUTOpHS UMEET HEOCHOpPH-
MBIH MOTEHLUAJ, ¥ UCIIOJIb30BAaHHE albTePHATUBHBIX
WCTOYHHKOB IS BEIPAOOTKU DHEPrUU OoJiee ueM MpH-
BJIcKaTeapHO. Ha (hoHe Bce Ooslee 4acThIX MpeLyIpe-
JKAECHUHN 3KOJIOTOB O 3aTrpsI3HEHHOCTHU BO3yXa B KPyTI-
HBIX ropoaax A3sepOaiflpkaHa clielyeT TakKe BBIJe-
JUTh  TOJIOXKUTENBHBIA  JKOJIOTHYECKUH  acIIeKT
WCTIONIb30BAHUS ATBTEPHATUBHBIX TEXHOJIOTHH B IPO-
W3BOJICTBE 3Hepruu. MiHBecTHpOBaHKe B BO30OHOBIIsIE-
MBbI€ MICTOYHUKH SHEPTUH TAKXKE MOXET 3HAYMTEIHHO
CHM3UTh pacxoipl OrO/DKeTa Ha 3eKTpodHepruro. K
npumepy, I'epmaHns SABISIETCS OCHOBHBIM CETEBBIM
UMIIOpTEpOM 3jeKkTposHepruu B Espome. CormacHo
oreHkaM, k 2050 roxy cTpaHa coOMpPAaeTCsl UCTIONB30-
BaTh TOJILKO BO30OHOBISIEMbIE HMCTOYHUKH DHEPIHH,
KOTOPBIE TIOMOTYT COKOHOMUTBH MUJUTHAPBI TOJLIAPOB,
MIOCKOJIbKY MM HE HY)KHO Oy/IeT HMIIOPTHPOBATh SHEP-
ruo. OrpOMHBIH TOJTYOK K IPUMEHEHHUIO AJIbTEPHATHB-
HOH DHEPrMU MOXKET N1aTh CyOCHANpPOBAHUE JTAHHBIX
TEXHOJIOTHH CO CTOPOHBI rocynapcTBa. Ecnm B3risa-
HYTh Ha IIECTh BEAYIIUX CTPaH MUPA, KOTOpBIE cyOcH-
JUPYIOT albTEPHATUBHYIO JHEpruio, obmas cymma
cyocunuii mpeBpimaer 40 MHITHAPIOB JOJIAPOB B
ron. Tomsxko B CHIA B 2016 roxy 18,4 mipn momur.
CIIIA Obutd HampaBicHBI Ha CYOCHIHPOBAHUE JHEP-
THH.

BcnencTBue cTpeMuTensHOTO pocTa IeH Ha Tpa-
JUIMOHHBIE NCTOYHUKU DHEPTHH TEXHOJOTHUS MPOM3-

BOJICTBA HEPTHH 3a CUET aJbTEPHATUBHBIX HCTOYHH-
KOB JIOBOJIbHO OBICTpO HaOupaeT 000poThl. B "acTHO-
CTH, CTOUMOCTb TIPOU3BOJICTBA COJIHEYHBIX Oartapeil u
BETPSHBIX MEJIbHUI] MaJaeT OONBIINMH TEMIIaMH, YTO
JleJ1aeT UX TOCTYNHBIMH JIIsi KOHEYHBIX M0JIb30BaTENeH
CO CpPEHUM JJOCTaTKOM. Bo MHOTHX pa3BUTBIX CTpaHax
MUHHU-COJTHEUHBIE UM  BETPSHBIE  3JIEKTPOCTaHLUU
MOJKHO BCTPETHUTh Ha KPBIIIaX JOMOB U BO JBOPOBBIX
y4acTkax. B AzepOaiipkane JaHHBI YKOHOMHYECKHHA
1 TTOJIUTUYECKUIA MEXaHU3M BCE €Ille HE UCTIONb3yeTCs,
HO, NIPUHUMAs BO BHHMAaHHE OTPOMHOE KOJINYECTBO
IUTIOCOB, KOTOPBIE OH MOXKET IPUHECTH AJIsI SKOHOMUKHU
1 SHEPTETUKH CTPaHbI, IPUHATHE JAHHOTO 3aKOHA HE 32
TOpaMH.

OmHMM U3 OCHOBHBIX IpPEMATCTBUHA B A3zepOaii-
JUKaHE JJIS pa3BUTHS alIbTEPHATUBHON DHEPTETHKH SIB-
JIIIOTCSl 3HAUUTENIbHBIE TOIUTMBHO-3HEPTeTUYECKHE 3a-
nacel. Eciin Azep6aiimkaHy yaacTcs yCIeHo peTBo-
PUTH B JKU3Hb BCE IJIAHUPYEMBIE MEPBI IO PA3BUTHIO
BO300HOBIISIEMBIX HCTOYHUKOB SHEPTHH, TO yXKe B 000-
3puMOM OymymieM 0OBbeMBbI NMPOM3BOACTBA alTbTepHA-
THUBHOI HEPTUH MOTYT BCTaTh B OAUH P C 3apyOexK-
HBIMH Pa3BUTBIMH CTPaHAMH MHpA.
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Abstract

The antiwear properties of jet fuel, biocomponent derived from rye oil and their mixtures have been experi-
mentally investigated. It is established that the addition of biocomponents to the composition of aviation fuel leads
to the strengthening of the boundary film, reducing the coefficient of friction and improves the anti-wear properties
of fuel mixtures. As a result of theoretical and experimental studies, the hypothesis of a positive effect of magnetic
treatment on the change of physicochemical properties of biofuels was confirmed. It was found that the use of
magnetic treatment causes a significant improvement in fuel properties, including affecting energy, environmental
performance, as well as the wear of engine parts.

Anomauin

Excnepumenmanvro docniosiceno npomustnocui enacmusocmi naiuea 0is IIPI], biokomnonenmy, ompuma-
HO20 3 pudicuegoi oaii ma ix cymiweil. Bcmanosneno, wo dooasanns biokomMnonenmia 0o cknady asiayitinozo na-
JUBA NPU3BOOUMb 00 3MIYHEHHs 2PAHUYHOL NIIKU, 3MEHUeHHA KoeiyicHma mepms i NOKpauye npomusHouy-
BAIbHI 61ACMUBOCMI NATUBHUX CyMiwel. B pe3ynemami meopemuynux i eKcnepumeHmMAanbHUx 0o0CaiodHceHb
niOMeepONCeHO 2inome3y npo NO3UMUSHUL 6NIUE MASHIMHOL 00POOKU HA 3MIHY DI3UKO-XIMIYHUX 61ACMUBOCTHEL
bionanus. Busisneno, wo 3acmocysanusi MazHimuoi 06poOKU GUKIUKAE NOMIMHe NONINULEHHS 61ACMUBOCMeEl Na-

auea, 6 niomy YUCal 8NIUBAIOMb HA eHepeemuttHi, EeKON02IYHI NOKA3HUKU, a4 MAKOHC HA 3HOC oemaneti deuzym’e

Keywords: biocomponent, saffron oil, aviation fuel, antiwear properties, magnetic treatment, wear, friction.
Knrouesi cnosa: Oiokomnonenm, pusxcukosa onis, agiayiline naiuo, NPOMU3HOCHI 61aCMUB0CMI, MACHIMHA

00poOKa, 3HOULY8AHHS, MEPMAL.

JocBin ekcruryaramii aBiamifHOI TEXHIKH Mae
3HAYHUNA CTATUCTHYHHUNA MaTepial 1mo BiaMoBaM 60pTO-
BUX CHCTEM dYepe3 MiJBHUIICHHUN DPiBEHb 3HOITYBAHHS
JeTajeil. Y3aranbHEeHHH IOCBiA 3 eKCIUTyaTaliiHOi
HAJIMHOCTI MAJMBHUX CHUCTEM BITYM3HSIHHX 1 3aKOp-
JIOHHHMX JIITaKiB CBIIYHTS, 1110 Maike 30 % ycix aBapiid
i katacTpod, 10 50 % BiAMOB aBialliiiHUX ABUTYHIB, BiJl
20 mo 40 % — rimpaBniuauX 1 maixe 10 % BiaMOB ma-
JMBHUX CHUCTEM BiJIOYBAalOTHCSI BHACIHIJIOK 3HIDKEHHS
eKCIUTyaTalliifHuX BIaCTHBOCTEH MaJMB, & TEPMIH pO-
60TH HAcOCIB 1 IHIIMX arperaTiB CKOPOUYYETHCS MO ik
npuynHi 'y 67 pasis [3, 4].

TligBuIlEHHS TOBrOBIYHOCTI, HAIIMHOCTI 1 €KO-
HOMIYHOCTI aBiaIliifHUX ABUTYHIB BUCTYIIa€ KOMIUICKC-
HOIO TIpo0JIeMOI0 1 ii BUPIMIEHHS MOCATA€THCS HA BCIiX
CTaJisIX KOHCTPYIOBaHHS, BAPOOHHUIITBA 1 EKCILTyaTaIil
BUpOoOiB. BaxkinBor0 yMOBOIO peaizaiii HaaiiHOCTI 1
JIOBIOBIYHOCTI, ITOKJIJICHUX B KOHCTPYKI[IO JIBUTYHA,
€ TIJIBUILIEHHS EKCIUTyaTallifHuX BJacTHBOCTEH Na-
JUBHO-MacTWIbHUX Matepianis (IIMM).

OcHoBHA YacTHHA

BesnepepBHe BHOCKOHaNEHHS —aBiamiiHOi Ta
HAa3eMHOI TeXHIKH, 3a0e3MMeueHHs HaliHHOT, eKOHOMIY-
110 sIKOCTI BiaactuBocteit IIMM.

IcHy€e MOXHBICTH TIONIMIICHHS XapaKTEPHUCTHK
JIBUTYHIB 3a JIOTIOMOTOIO Pi3HUX (i3MUHUX edeKTiB.
OnuH 3 HaliMEeHII BUBYEHHUX CIIOCOOIB - BIUIMB HA Ia-
JIMBO, SIKE HA/IXOJUTh B JIBUTYH, €JIEKTPOMArHiTHUMHU
IMITyJIbCaMu crieliabHol (hopMHu.

Bigomo nocuts 6araro poOiT (Hanpukiaz, [1, 2]),
MPUCBSIYCHUX CHPSMOBAHOTO BIUIMBY €JIEKTPOMArHit-
HUX TIOJIB Ha BJIACTHBOCTI Pi3HMX piguH. OCHOBHHI
HanpsiIMOK ~ 3aCTOCYBaHHA NOAIOHMX IPUCTPOIB B
HadTOXIMIYHIH TPOMHCIOBOCTI Ta eHepreruii. Ilpu
IbOMY CIIOCTEPIra€ThCsl 3MEHILECHHS CTYINEeHs 3a0pya-
HEHOCTI KaMep 3TOpsHHS 1 TpyOOIpOBOIiB, SMEHIIICHHS
JTUMHOCTI BiIIparibOBaHUX T'a3iB.

CydacHi BUMOTH JI0 aBialliifHUX MaJHB, PEXUMY 1
cTaOLTPHUX BIACTHBOCTEH iX pOOOTH B PI3HUX YMOBAxX
BH3HAYAlOTh HEOOXIMHICTh TMiABUINEHHA TpuOO-

XIMIYHUX BJIACTUBOCTEH iCHYIOUMX Ha()TOBHX aBiamiii-
HUX [AJIMB Ta HOBUX CYMIIIEBUX Ha OCHOBI 0i0KOMIIO-
HEHTIB.

CaMe TOMy NHTaHHS BIIHOCHO IOCTiIKCHHA i
TOJIIMIIEHHS MPOTU3HOCHHUX BJIACTHBOCTEH Cy4YaCHHX
TIAJIUB JIJIsi aBTOMOOUIFHUX Ta PEaKTUBHUX JIBUTYHIB €
OHMM 13 CKJIaJOBUX NpPU PO3DIALl INPIOPUTETHUX
HarpsIMiB 3a0e3reueH sl HaliifHOCTI poOOTH MOTOPHOT
TEXHIKH 1 BY3JIiB TEPTSL.

BimoMo, MPOTH3HOCHI BIIACTHBOCTI MAaJHB IS
ITP/] BM3Ha4arOTh HaIIfHICTH Ta pecypc poOOTH ma-
mBHUX arperartis [1C, 30kpema ix map Tepts [5-6]. Li
TIapH MPAIIOI0Th B PEKUMAaX TEPTA KOUCHHS, TEPTS KO-
B3aHHS i KOMOIHOBAHOTO TEPTS MpPH Pi3HUX HABaHTa-
KEHHSX, TEeMIIepaTypax, THCKY, MIBHIKOCTI BiIHOC-
HOTO PyXy B yMOBax piJIKOTO Ta I'PaHUYHOIO 3Ma-
LIyBaHHS.

3MmaliyBajbHi BIIaCTHBOCTI MTAJIMB 3aJI€XkKaTh B iX
XIMIYHOTO CKJajy, B’S3KOCTi, TEPMOOKHCHIOBAIBHOI
CTaOUIBHOCTI, BMICTY MEXaHIYHUX JJOMIIIIOK, HAsIBHOCTI
MIOBEPXHEBO-aKTUBHUX PEUOBHH [1]. 3a BUCOKUX MUTO-
MHUX  HaBaHT@)XEHb  3a3BHYall  CIIOCTEPIraeThCs
HaITiBpiJIKe TEpTs, KOJX ITOBEPXHi TepTsS HE ITOBHICTIO
PO3IiTICHI TATUBOM.

YV pasi HamiBpiIKOTO TEPTS MPOTH3IHOCHI BIACTH-
BocTti maymB Juis [TP/] BU3Ha9aroThCs:

1) B’a3KicTIO manmmBa, MO 3a0e3nedye Tiapoau-
HaMIYHUH epeKT PO3aIICHHS MOBEPXOHb TEPTS HIAPOM
piauHy;

2) HasIBHICTIO B MTAJIMBI IOBEPXHEBO-aKTHBHUX Pe-
YOBUH, 1[0 YTBOPIOIOTH Ha MOBEPXHI TEPTs a0COPOIIiii-
HUH I1ap BUCOKOI MIITHOCTI, SIKMI PO3JUISE ITOBEPXHI
TEPTS 1 THM CaMHM 3MEHIITy€e KOeili€HT TepTs Ta 3HO-
LIyBaHHs fetanei [2].

I'0510BHOIO CHPOBHHOIO 11 BUPOOHHIITBA Oioma-
JIUBA 3 POCTMHHUX KYJIbTYp B YKpaiHi € pinak. Pimak 3a
CBOIM XIMIYHMM CKJIaIOM T4 OCHOBHUMH TEXHIYHHMH
XapaKTEPUCTUKAMH € OJHHUM 13 HAWNPUAATHIMINX IS
BUPOOHHLITBA aIbTEPHATUBHUX NMaNuB. AJe KyIbTypa
pinmaxky € BHOArJIMBOIO 10 YMOB BHPOIIYBaHHS, ITOTPe-
Oye MOCTIHHOTO BHECEHHS TOOPHB Ta iHIIIOTO IOTIIALY,
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ICTOTHO BHUCHQXYy€ IPYHT Ha TEPUTODIsX, WO Tpa-
JULIHHO BUKOPUCTOBYBAIUCS arpoONpOMHUCIOBHMH
KOMIUTIEKCaMd. TakoK OJaBaHHS YHCTOI PilaKoBOi
OJIi1 710 aBialiifHOTO MajuBa HE PEKOMEHIY€EThCS, aJKe
BHCOKA B’SI3KiCTh, HHM3bKa TEMIlepaTypa 3Mep3aHHS,
BMICT BOJIM | OPTaHIYHHUX KUCIOT € HECTIPHUSTINBHMU
YHHHUKAMH BUKOPUCTAHHSI YUCTOTO POCIUHHOL OJIiT K
TAHBO.

Takox OIHI€IO 3 MOMYISIPHUX KYJIBTYP VISl BUTO-
TOBJICHHSI OIOMAJIMB € PIOKiH, IO 3yMOBJIEHO HOTO
HaJ3BUYA{HOI0 IDIACTUYHICTIO /O arpoeKOJOTIIHUX
YMOB BHPOII[yBaHHS Ta BUCOKA PEHTa0EIbHICTH BUPOO-
HUNTBA. Take 0i0MaIuBO € TOCUTH €PEKTHBHUMH 1 BH-
KOPHCTOBYIOThCS B aBiallii 0e3 3HWKEHHS SKOCTI 1 Xa-
PaKTEPUCTHK pPOOOTH IBUTYHIB. HaciHHS prkito
Mmictuth 40-50% omii, mo 3abe3rnedye BUXim OJIii
6mm3bko 1250 n/ra. e oxHiero mepeBaroro mi€i Kyib-
TYPH € MOXKJIMBICTh BUKOPUCTAHHS MIPOTY (TTOOIYHOTO
MPOJYKTY IPOLECY EeKCTPaKLii oiii) SK KopMy JuIst
CLUIBCHKOTOCTIOIAPCHKHUX TBAPUH Ta MTHIII.

[lin wac mpoBemeHHs EKCIEPHMEHTY Oyio JIo-
CJIIDKEHO TPOTH3HOCHI BJIACTHUBOCTI aBiallifHOTO ITa-
muBa JET A-1, eTnnoBoro ectepy >KUpHOI KHUCIOTH PH-
*ueBoi omii Ta cymimen JET A-1 3 pocnuaanMEu Oio-
koMmoHeHTamMu. Mapka Jet A-1 BiamoBigana BUMOram
ASTM D1655 [12]. biokoMIIOHEHTH OyiH MpencTaB-
JICHI CYMIIIIIO ETHUJIOBHX €CTEPIB JKUPHUX KHUCIIOT
(EEXXK(M)) pwxkueBoi oii, 1110 BiAMOBIAaOTH BUMO-
ram EN 14214 [13], cienianbHo Moan(ikOBaHUMU JUIs

[+ 1
Ely
Ely
[« H

[e ]

3aCTOCYBaHHs K KoMIloHeHTa nanus g ITPJI. Mo-
nudikaiis IpoBoaMIIacs BaKyyMHHUM (paki[ioHyBaH-
HSIM BiJIIOBITHO J10 po3po0ieHoi TexHodorii [11].

Jist nocnijpkeHHsl CTaHy IOBEPXOHb TEpTs Ta
KoediIieHTy TepTs 0yJI0 BUKOPUCTAHO KOMIUICKC ISt
JIOCII/DKEHHST TPUOOJIOTIYHNX XapaKTEpPUCTUK Ia-
JIMBHO-MAacCTHJIBHUX MaTepiajiiB, po3poOiieHnil aBTo-
pamu [7,8]. TexHidHI YMOBU KOMILICKCY JAlOTh MOX-
JUBicTh poOuTH (oTorpadiuni 3HIMKH 1 Bieo 3HOMKY
MIOBEPXHEBUX IIEPETBOPEHb B AWHAMIYHOMY DEXHMIi
(puc. 1).

IIpuctpiit anst AOCHIIHKEHHS OBEPXOHb TEPTSA B
MOCTIHHOMY PIBHOMIPHOMY Ta HEpPIBHOMIPHOMY Mar-
HITHHX TOJIAX MICTHUTh TPHUBIJ OOEPTAHHS y BHIJIAII
€JICKTPOJIBUTYHA; CTAaTOpP TEH30METPUYHOI OaJky, Ha
SAKOMY 3aKpIIUTIOETHCS POOOUH 3pa30K; TUCK 3 KOHTP-
TLIOM, J0 SKOTO TEH30METPHYHOIO OalKol IpH-
TUCKa€TbCs poOOUMH 3pa3oK, a ii TEeH30[JaT4HK 3'ell-
HaHO 3 TPHJIAJIOM, III0 PEECTPYE, CTAHUHY, MIKPOCKOII,
(oTokamepy, akyCTHIHHUIT MiKpO()OH, IPYKUHY HaBaH-
TaXCHHS, a TAKOXK MICTHTh KOMI I0Tep U BimoOpa-
JKEHHS YaCTOTHOI XapaKTePUCTUKH Ta KOMIT FOTep IS
BiT0OpaXeHHs TIOBEPXHI poOOYOTo 3pa3Ka.

JlomaTKoBO MICTHTB /IBa MarHiTH, [0 BMOHTOBY-
I0Th OJWH HANPOTH OJHOTO TAKHM YHHOM, IO MOXK-
JIMBO 3MIHIOBATH PO3TAllyBaHHA MOJIOCIB, TapajesIbHO
JMUCKY 3 KOHTPTUIOM 1 pOOOYMM CEepeloBHIIECM, SIKi
CTBOPIOIOTh IOCTIfiHE PIBHOMIpHE Ta HEpIBHOMIpHE
MarHiTHe I0Jie, IKUM BIUIMBAIOTh Ha poOoYe cepeno-
BUILlE, IO JO3BOJSE€ TPOBOAMTH JOJATKOBI J0-

CIIDKEHHS.

Puc.1 - Yemanoska 0ns docniosxcenns Mamepianie na mepms ma 3HOULYSAHHSA NPU PEEEPCUBHOMY NePeMiUeHHI:
1 — neszanesicne 0xcepeno HcueneHHs Onsk CMEOPEHHsL MASHIMHO20 NOJSL 8 301 MEePMmA,
2 - amnepmemp 0 peecmpayii MazHimuo2o nois, 3 - amnepmemp OJis peECmpayii cmpymy 6 301i mepms,
4 - nepepusHuk, 5 - MacHiMonpogio, 6 - KOMYwKa iHOYKMUGHOCMI, 7 - OHCEPENO HCUGTLeHHS,
8 - ocyunoepagh ona peccmpayii napamempie eleKmMpULHO20 CIMPYMY 8 MASHIMONPO8Oi, I-HABAHMANCEHHS,
10 — 6yzon mepms, 11 - emnicmo 0151 pobouoeo cepedosuya

JloCmiKeHHST TPOBOIIIINCS 32 CXEMOIO TEPTs
«Imajenb-TUToMMHa» Matepian 3paskis [IX15 — crams
45 (zaraproBanoi no 3HauenHs HRC 52), 9= 0,20; P =
5 H, wacrora = 1I'u. Po3mipu naneIg-3paska: giameTp

— 4 mm, noBxuHa — 33,5 MMm. OuiHKa 3HOCY 3pa3KiB BU-
KOHyBajlach 3 npodinorpadyBaHHsIM IUIIM 3HOIIY-
BaHHS 1 OJIEP)KaHHSAM BEIMYMHH 00 €MHOTO 3HOIIY-
BaHHS 32 METOIUKO0 [9]. i1 HOCHiKEHHSI BUKOPH-
CTOBYETBCS CyMimieBe aBiamiiHe nammBo Jet A-1
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Mo uikoBaHe ETHIOBUMHU €CTEPAMH KHUPHUX KUCIOT
prxieBoi omii Tta Jet A-1 MoaudikoBaHe eTHIOBUMHU
ecTepamMu KHUPHUX KUCIIOT prKieBoi o11ii 00pobiieHoro
MarHiTHUM MOJIEM.

[pucTpiii st OCIiHKEHHS MaTepialliB Ha TEPTs
[10], 3rigHO 3 SIKMM MIPHUCTPIl CKIAJAETHCS 13 EIEKTPO-
JBUTYHa, CTaHWHH, Mikpockonia Meram P-1 «JIOMO»
tdorokamepu «Quick 5 Cam Express», ctaropa TeH30-

METPUYHOT OalIKy, /¢ MICTUTBCS NPY)KHMHA HaBaHTa-
JKEHHSI Ta aKyCTHYHHN MIKpO(OH Ta KPIMHUThCS Po0O-
YU 3pa30K, TUCK 3 KOHTPTUIOM, KOMIT I0Tep JUIsl BiZo0-
pa)XeHHS YaCTOTHOI XapaKTEPUCTHKH, KOMIT FOTep ISt
BiZIOOpaXkeHHs! TOBEPXHI poOOYOro 3paska.
HampairoBaHHs Ha MaIlIMHi TEPTs IPOBOAMIUCE B
MACTHJIBHHX CEpeJOBHLIAX 3TiAHO 3 TAaHUMHU TaONULb
1,2
Tabmmrs 1

Marpurst JoCIHiIKeHHS TPOTH3HOCHUX BIACTUBOCTEH CyMIIIeBOTO aBiamiiiHoro nanusa Jet A-1 Momudikosa-
HOTO ETHJIOBUMH €CTEPaMHM )KUPHUX KUCIIOT PIKi€BOi 0Iil

Howmep OO6csr ecrepy B 00’ emi ma- HaBanTaxxenns 3pa3ka, | Yac mampairoBaHHA 3pa3ka, i, [rox]
3pas3ka nuBa, % P, [xr]

1 10 0,1 20

2 50 0,1 20

3 10 0,5 20

4 50 0,5 20

5 10 0,1 60

6 50 0,1 60

7 10 0,5 60

8 50 0,5 60

Tabmuws 2

Martpuiist JOCTIIKSHHS MPOTU3HOCHUX BJIACTUBOCTEH CyMillIeBOTO aBialiifHoro nanusa Jet A-1 momudikosa-
HOT'O ETHIIOBUMH €CTEPaMU KUPHUX KHUCIIOT PHXKIEBOT 0J1i1 00pOOIEHOr0 MarHITHUM TTOJIEM
(i mocriitHoro aiero MIT)

Homep [HyKIIis MATHITHOTO O0csr ectepy B HaBanTaxeHHs Yac HanpaitoBaHHs
3paska nousis, T [Tn] 00’emi manusa, % 3paska, P, [kr] 3paska, i, [roxa]
1 0,1 10 0,1 20
2 0,5 10 0,1 60
3 0,1 50 0,1 60
4 0,5 50 0,1 20
5 0,1 10 0,5 60
6 0,5 10 0,5 20
7 0,1 50 0,5 20
8 0,5 50 0,5 60
3Hoc mm3/Km
£,00E-06
5,00E-06
4,00E-06
3,00E-06
2,00E-06
1,00E-06 l
0,00E+00
1-10% 2-50% 2-10% 4-50%

Puc 2 - 3noc cnnasy HIX-15 no Cm45(3) 6 3anesxcnocmi 6i0 % ckaady ecmepa 8 KepoOCUHi.
Yimko eudno, wo npu 50% ecmepa 3H0C MeHWUl NPU OOHAKOBOMY HABAHMAICCHHI.
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10% Ecrepa

3,00E-05

2,50E-05

2,00E-05

1,50E-05

3Inoc mm3 kM

1,006-05
o .
0,00E+00 J

1 2 3

Puc 3 - 3aneaxcuicmo 3unocy LIX-15 no Cm45(3az) 6 10% poszuuni ecmepy 6 kepocuri, 610 HABAHMANCEHHSL |
wiisixy mepmsi. 1,2 -(0,2*3600*20)=14,4xm; 3,4 — 43,2km.
Benuuuna snocy xapakmepusyemucs Henponopyitinum 00 winaxy. LLnax 36inewunu empuyi, cmosnuux
2=14,4xm, 3noc 30inbwuscs 6 2,31 pazu cmosnuux 4= 43,2xm.

1

20-6-19 Nel Nel MIT 23-6-19
®@omo 1 - NelBez MIT wiopcmxicmo binvwa nise 6 Nel MIT

50% Ectepa

1,40E-05

1,20E-05

1,00E-05
8,00E-06
6,00E-06
4,00E-06
2,00E-06 .
0,00E400 J
1 2 3 4

Puc.4 - 3nocllIX-15 no Cm45(3) 6 3aneszicnocmi 8i0 uacy 00CHioxNceHHs! (alle 3HOC 30iIbuecs He 8 3 pasu xoua
6iH npugedenuti 0o km. winixy). B cepedosuwyi (50% ecmep + 50% xepocuny) 3noc 36inbuyemocs 6 1,6pasu

Inoc mm3m
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Ne8=50%-0,5-60rox

No8=2047= 26-4-19

2047= Ha doTo crnioctepiraeTbest piskuil 3pUB MOBEPXHEBUX CTPYKTYP B3IOBX IOPIXKKH TEPTS, IO 30UIBIIYE
3HOC puC.3 cToBI 4.

150*
Ne8=2057-26-4-19

HaxonuueHHS NpoyKTiB 3HOCY Ha IIOBEPXHI TEPTS, L0 MiABUIIYE 3HOC PUC.3 CTOBITYHUK 4

Nehoro-t1881 50-5-20=868
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&,00E-06

3Hoc mm3/Km

5,00E-06

4,00E-06

3,00E-06

2,00E-06

1,00E-06

0,00E+00

1 2 3 4

Puc 5 - 3nocllIX-15 no Cm45(3ax) 6 3anexcrnocmi 6io uacy oocniodxcenns i %oecmep. IIpu 00naxo6itl Kinbkocmi
ecmepa 10% 6i0 wnaxy cmoenl,2 pisnuya suocy gionocumvca sk 1:1,48 , mobmo winsax 30inowunu empuyi a
3Hoc 30inbmusecs na 48%. Cmosnuuk 3,4 (50%ecmepa) éionowennsn 1:1,8

D e § W

T

e Y e g s -
= R S

Ne8MF 5-5-19 MIT=5A-50%=0,5kg=60rox

Bucnosok

JocmimkeHHsT 3pa3KiB CyMIIICBUX TAJUB IOKa-
3amy, o EEXK prxueBoi oii BUSBIISIOTH 31aTHICTh
YTBOPIOBATH OUIbII MIIHY T'PaHWYHY IUTIBKY Ha IO-
BEPXHAX TepTs MOPiBHAHO 3 TajuBoM s [1P /] Hadro-
BOTO TMOXO/OKEHHs. LIS 37aTHICTH ITOSICHIOETHCS ITO-
BEPXHEBOIO aKTHBHICTIO MOJICKYJ €CTEpiB Ta iX BHCO-
KOO B’S3KICTIO.

[pwitasBm 3pa3ok manuBa Jet A-1 3a KOHTPOITB-
HUH, MOXEMO 3pOOMTH BHCHOBOK, IO BUKOPHCTaHHS
€CTepiB PWIKMEBOI OJii MO3UTHBHO BIUIMBAE HA Ma-
cTwibHI BiactuBocti manuBa st [IPJI. Tomy Oyio
PO3MIITHYTO ~ TEOPETHKO-EKCHEPUMEHTANbHI  J10-
CIII/DKEHHST eJIEKTPO(I3NYHOrO BIUIMBY Ha EJIEKTPO-
(i3n4HI mapaMeTpy BTJIEBOAHEBOro NajauBa. Po3poo-
JICHa METOJIUKA eJIEKTPO(i3HIHOTO BIUIMBY Ha IAJIHBO

JUIS OIIIHKH MPOILIECIB B KaMepax 3rOpsiHHS ABUTYHIB. A
TaKOX BUSBICHO €()EKTUBHICTH EICKTPOQI3UIHOTO
BIUTHBY Ha MAaJMBO i XapaKTEPUCTUKH JBUTYHIB.

Y namwmx ekcnepuMeHtrax MII nie moctiiHo.
ToMy BOHO YTPHMY€ MOJIEKYJIHM Maclia MEepreHIHKY-
JSIPHO IO TIOBEPXHi TepTa y Hampsamky MIL. A 3 mpo-
JyKTaMH 3HOCY H/ie MeXaHi3M 3HIKECHHS MIIHOCTI 1O
PaxyHOK BILUTUBY MarHIiTHO-IUTACTUYHOTO eekTy depo
1 MapaMarHeTUKH 3MEHIIYIOTh CBOO TBEP/OCTI 1 30151b-
HIYIOTh IUIACTHYHICTD 33 PaXyHOK PyXy IHUCIIOKAIii B
MII Big 0,170 1 Ti.

IpoMy edekTy moraHo miJJIArOThCs JiaMarHiTHI
MaTepiau.
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RELATIVE MODEL OF FIRE EXTINGUISHING CONTROL AT THE POWER OBJECT

Gushchin Yu.,
Denisov A.
State Fire Service Academy Emercom of Russia, Russia

PEJISIHUOHHAS MOJEJIb YITPABJIEHUA NOXKAPOTYIIEHUEM HA SHEPTOOBBEKTE

Abstract

I'ymun FO.B.,
Jenucon A.H.
Axaoemus I'TIC MYC Poccuu, Poccus

A relational model of fire extinguishing control by mobile means at a power facility has been formalized,
detailed for a step-by-step management impact at the fire site, in the form of combining conditions and descrip-
tions, modification and interpretation of the control of combat actions of fire extinguishing participants.

Annomauus

DopManU308ana PeISIYUOHHASL MOOELb YNPAGIEHUS. NOICAPOMYULEHUEM MOOUTbHLIMU CPEOCMBAMU HA IHeP-
2000vexme, 0emanu3upOBAHHAs 05l HOIMANHO20 YNPAGIEHUEeCKO20 8030eliCMEUs. Ha Mecme nojxcapd, 6 8uoe 00b-
eOUHEeHUs. YCI08ULL U ONUCAHULL, MOOUDUKAYUY U UHMePNPemayull YnpasieHus 60esbiM 0elicmeusMu y4acmHUKo8

noastcapomyuteHu.

Keywords: Model, management, firefighting, fire, firefighting supervisor, fighting, extinguishing.
Knroueswvie cnosa: Mode/zb, ynpaejerue, noscapomyuienue, noascap, pykoeodumeﬂb myuwernus noaicapa, 0o-

esvle Oelicmaus, myuleHue.
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Boponexckast 00:1acTh OTHOCUTCS K YHCITY JHEp-
ronpouuuTHBIX. TOITMBHO-IHEPreTHYECK i OanaHc
001acTH CKIIaJbIBACTCS U3 IBYX COCTABIAIOIIUX - IIPO-
M3BOJCTBA (IOOBIYM) TOIJIMBHO-IHEPIETHUECKUX De-
CypcoB M ux notpedienus [1]. 3amorom sHepreTuye-
CKoli Oe30macHOCTH B 00J1aCTH SIBJISIETCS YCTOWYHBOCTh
n 3¢ dextrBHOCTL paboTHI €t mpeanpusaTuid. s noa-
Jiep KaHHsl SHEProOe30NacHOCTH HE0OXOJMMO BBISIBUTh
(baKkTopbl W PHCKH, KOTOpBbIE MPSMO WM KOCBEHHO

npenactasistioT yrposy (Puc. 1) [2]. O6bexTsI 3HEpTO-
obecrieueHnst MOTYT OBITh MOJBEPIKEHBI PUCKY MTOBpE-
JKIICHUSI HJIA Pa3pylIeHHs B Pe3yJIbTaTe MPUPOTHBIX H
texHorenHsix YC (moxapoB). Kpome toro, camo 1o
cebe cocpeloToOYeHNE Ha TEPPUTOPUH 00IacTH TpaHC-
MOPTHO-9HEPreTUYECKUX KOMMYHHKAL[MHA Tra3o- H
He(TENPOIYKTOOOECIIEYeHUsT TIOTpeOuTened ycyryo-
nseT Bo3HuKHOBeHue UC pa3znuyHOro Buja.

aa) 3500

3035

3198

AMBaps O¢espans MapT  anpens Man

HIONbL asrycr centAbOpe OxTRGpb HoAGpe aexabpb

AHBapL Oespans MapT  anpens Mman HIOHL

T T

WoNb asryct centROpe oxkTAGpe wHOAGPs Aexalbpe

Pucynox 1 - YC 6 anexmpuueckux cemsix cmpambi.:
a) 110 kB u sviue; 6) 25 MBm u eviuie,

m2013ron wm2014ropn wm2015ron ®m2016rop wW2017ron ®m2018rop

«Cocmaseneno (paspabomarno) agmopomy

AHanu3 moxapoB, IMEBIINX MECTO Ha EHCTBYIO-
[IMX YHEProOOBEKTAX CTPAHBI, TOKA3BIBACT, YTO OOJIb-
II0€ KOJIMYECTBO MMOKAPOB HMEET CBOOOJHOE Pa3BUTHE
M3-32 HECBOCBPEMEHHOTO OTKIIOUYCHHS DJIEKTPOyCTa-
HOBOK, a TAaKXK€ M3-3a PACIOJOKCHHS B HEMOCPE-
CTBEHHOH OJIM30CTH OT 3THX YCTAaHOBOK JPyroro 00o-
pyIoBaHus MOA HanpshkeHueM. CHATHE HATPSHKEHUS C
JJIEKTPOYCTAHOBOK, BIOOABOK K peajn3alllu IENH
yIPaBIICHHUS TIOKAPHBIM MOAPA3/CIeHUEM Ha TI0XKape,
SIBJISICTCS] CJIOKHBIM OPTaHU3aIHOHHBIM MPOLIECCOM H
TpeOyeT OmpeaesIeHHOTO0 BPEMEHH, YTO TPHBOIHUT K
YBEJIUYCHUIO MAaTEPHAILHOTO yiiepba U OCI0KHEHHIO
00CTaHOBKM Ha moape. JTo 00yCIIOBINBACT, B CBOIO
odvepenp, UEMOYKH BO3HUKHOBCHHE ONCPATHUBHBIX 3a-

2019 roa

nad ynpasienust (O3Y) npu HoXapoTyIIeHHH, COOT-
BETCTBYIOLINX PA3JIMYHBIM MOATNPOIIECCaM B3aHMOCBSI-
3aHHBIM C JTalaMy JIOKAJIH3AUUN M JMKBUAAIUH I10-
skapa Ha sHeprooobekte. [Ipu atom pemenne O3V ocy-
IICCTBISICTCS IIyTEM IepepabOTKH COIEpKaLIUXCs B
HUX 2JIeMeHTOB 00eBbIX sieiicTBuii (b]1), Torna nHBapu-
aHTOM BeneHus ux sBisiercst cMbic O3Y [3]. U3 aToro
cremyert, uro koukpernas O3Y npu Beaennu bJ1 (Z7)
MOYKET UMETh Pa3JIMUHBIN CMBICI ISl Pa3HBIX «IIOTpe-
oureneit yciyr» (moctpagaBUIMi, CTOPOHHUI HaOII0-
JlaTeNb, yYacTHUK TYILISHHUS 10)Kapa) U MPOTUBOPEYH-
BBIH IIparMaTUuecKuid CMBICI W3-32 MHOT000pa3us 1o-
HATHH MoJenu onepatuBHOro ympasineHus (OY)
NOKAPOTYIICHUEM C T€3ayPyCOM.
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Ha ocHOBaHMM BBIIIEN3I0)KEHHOTO MPEACTABIIS-
€TCsl BO3MOXKHBIM (hOpMaM30BaTh B BUAE OOBEIHHE-
HUS YCIIOBHI M OIIMCAHUH, MOAM(UKAIIMY U HHTEPIIPE-
Tauuu yrpasieHus b/ yuacTHUKaMu 0XKapOTyLICHUS
I° (Puc. 2) pessiinoHHYI0 MOJIEINb YIIPABIICHUS II0KapO-
TyLIEHHEM MOOWJIBHBIMU CPEICTBAaMH HA HEProo0b-
€KTe, IeTaTU3UPOBAHHYIO AJIS IO3TATHOTO YIPAaBJIECH-
YyecKoro BozziencTBusi, rae Z7p — MHOXKECTBO MCXO-
HeIXx O3Y; ZT; — MHOXECTBO IpeoOpa30BaHHBIX
ynpasieHdeckux 3anad (Y3) Ha moxape B B/1; 1% — uc-
XOIHAs YHHWKAJIbHAs MHTEPIpeTalys HpeoOpa3oBaH-
HBIX OllepaTUBHBIX Y3 u3 MHOXecTBa B/I; % — rexymas
HWHTEpIpeTanys mpeoOpa3oBaHHBIX OIEPATUBHBIX Y3
13 MHOXECTBA PEJLILIMOHHYIO MOJEIb YIIPaBICHUS MO~
JKapOTYIIEHHEM MOOHIBHBIMHU CPEACTBAMU BO3MOXKHO;

Do(7T) — nipoeknuust, pean3yromasi MpUHIAIET Gopma-
JIM3aLUKM UCXOIHBIX onepatuBHbIX ¥Y3; D1(7) — mpoek-
LMsl, peasu3yIomias IPUHIKITEL (POpMan3aluy npeod-
pasoBaHHbIX oriepaTuBHBIX Y3; Dz7(I5, I°”) — npoekius,
peanu3yromasi MPUHIMITBL (HOPMATIU3ALUH OIIEPATHB-
Hot Y3 mpu B/l, uaenTudunupyomas crpyKTypupo-
BaHHBIMU JIAHHBIMH YYaCTHHKOB TYIIEHHUs noxkapa I° n
CTPYKTYPHPOBAaHHBIMH JITaHHBIMH CTapIIero JOJDK-
HocTHOTO Jiniia Ha nmoxape 15°; Di(L,, T) — mpoexius,
peanmsyromas npuHOUNsl GopmammBanun O3V mpu
Bexennn bJ/l, B Tom cirywae, ecnu mpoekiust Do B3a-
umuO onHo3HauHa (dmement |%(T) comepkut omHO
otobpaxkenue B Z1p), vHAUE — HAJIMYUE B MHOXKECTBaX
1%, I% obriero mpoobpasa B ZT, He umeroierocs B bJ]
Ha 3HEProoOBeKTe.

Do(7)

DzAI°, 1°)

Di(Lp, T)

D1(7)

Pucynox 2 - Persyuonnas mooenv ynpasienus nodicapomyueHuem Ha sHepeoodwvekme (8 eude cemu Ilempu)

IIpu 3TOM MOAETH YIIPAaBICHUS TOXKAPOTYILIEHUEM
Ha YHEProoOBbEKTEe UMEET CIEAYIOIINE CBOUCTBA: KaX-
Joi O3 U3 MHOKECTBA UCXOIHBIX ONEPATUBHBIX ¥ 3 M0-
CTaBJIEHAa B COOTBETCTBUE POBHO OJIHA ONIEpaTUBHAs Y3
P TYIIEHUH Ha SHEProoOBEKTE U POBHO OfHA 3a]ada
MPOEKIUH, peaTn3yIomas MPUHIMIE (opMaTU3anuu
npeoOpa30BaHHBIX ONEPATHBHBIX Y3 HIACHTUDHUIHPY-
IolIas CTPYKTYPHPOBAHHBIMU JaHHBIMH yYaCTHHKOB
TYHIIEHHUS T0Xapa U CTPYKTYPUPOBAHHBIMU JTaHHBIMU
PTII; npoeknus, peanusyrolas NpUHIUIB GopMau-
3anuu OV 3amaun npu Beaenuu bJ1 sBnsercs onpene-
JSAIOIAM TpaBWIOM HHTepnperanuu pemenus O3
ynpasnenus: b/, moatomy mpu BeIOOpe pelieHus Io-
CTaBJICHHOH 3a/1a4M yNpaBJICHUs CIEeyeT UCXOOUTh U3
cMbIciia 1 mpaBuiia Benenns b/l B 3aBucuMocTy ot 0056-
€KTa MoXKapa.
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SOME PARAMETERS OF RAPID RESPONSE OF FIRE DEPARTMENTS IN VIETNAM

Nguyen The Tai,
Denisov A.
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HEKOTOPBIE HAPAMETPbBI OIEPATUBHOI'O PEA'MPOBAHMSI ITOKAPHBIX
MNOJPA3JEJIEHUN BBETHAMA

Hryen Txe Tai,
Jenucon A.H.
Axaoemus I'TIC MYC Poccuu, Poccus

Abstract

A statistical analysis of a number of parameters of rapid response of fire departments in Vietnam that affect
management decision-making and depend on their quality is presented. It is concluded that a number of indicators
of rapid response of fire departments are used as the most objective characteristics of the effectiveness of fire
fighting units, and the considered indicators of rapid response of fire departments are beginning to approach
certain threshold values.

AnHomauyusn

Tlpugedén cmamucmuyeckull ananus psoa napamempos OnepamueHo20 pedzuposanis NOXCAPHbIX NOOPA3-
oenenutl BbemHama, GIUAIOWUX HA npUHAmMuUe ynpaeileH4ecKoco peutenus u 3a8ucCiAuux om Hux kaiecmed. Coenan
861600 0 MOM, YMO PAO NOKA3amesell ONepamuHoO20 peazupo8anisl NONCAPHLIX NOOPA3OeNeHU UCHONILIVIOMCS 8
sude Haubonee 0ObLEKMUBHLIX XAPAKMEPUCMUK P DeKmusHocmu 0esmeabHOCmu noopaszoeneHull no myueHuro
noosicapos, paccmampusaemvle nokasameiu onepamueHo2o peacupoeanusl nodiCapHblx noépa3()eﬂenu12 HAa4dYuHarom
npu6flu9fcambc;z K HEKOmopbiM nopoco6biM 3HAUECHUSAM.

Keywords: Vietnam, management, fire departments, indicator, extinguishing, damage, fire statistics.
Knrouesvie cnosa: Boemuam, ynpaeieHue, nojxcapruoe noopazoeieHus,, NoKaamensb, myuierue, yuepo, no-
AHcapHas cmamucmuka.

CraTucTU4ecKuii aHaju3 IapaMeTpoB OINEPaTHB-
HOTO pearupoBaHMs MMOKapHBIX MoApasieneHnii Bret-
HaMa, BIMSAIONINX HAa NPUHSATHE YIPAaBIECHUYECKOTO pe-
MICHWS U 3aBUCANINX OT HUX KadecTna [1, 2], HEKOTO-
pBIe pe3yIabTaThl KOTOPOTO TIPEICTABICHBI B BUAE
tabsuil (Tabmuma 1., Tabauna 2.) u rpadukos (Pucy-
HOK 1., PucyHok 2.), mokasai, 4To B HaCTOSIIIEE BpeMsI:
psIl TOKa3aTeliell OMEepPaTUBHOIO pearupoBaHMsS I10-

JKapHBIX MOJIpa3/IeieHU UCTIONB3YIOTCS B BHJIE HAH00-
Jiee O0ObEKTHBHBIX XapaKTEPUCTUK dPPEKTUBHOCTH Jie-
SITETTBHOCTH TIOIPA3ICIICHUH IO TYIICHUIO TI0KapoB; a
TaKKe YCTOWYMBYIO TCHICHIIMIO K CHIKCHHUIO TTOKa3a-
Telel CpeTHUX BPEMEH MPUOBITHS TIEPBOTO TTOIpa3/ie-
JICHUS; PACCMATPUBAEMBIE TIOKA3aTEIN OMEPATHBHOIO
pearupoBaHusl MOXKAPHBIX MOAPA3AEICHUN HAYMHAOT
MpUONMKATECSA K HEKOTOPBIM ITOPOTOBBIM 3HAUCHHSIM.

Tabiuma 1

OparMeHT BEIOOPKH CPEIHET0 BPEMEHH MPHOBITHS MIEPBOTO MOKAPHOTO MOPA3ICICHHUs K MECTY TokKapa
ymepba oT Hero

Bpems npuObITHS IEPBOTO MOAPA3ICIICHUS, MUH [psimoii yiepO ot moxapa, 10HT BeeTHaM
Ton Bcero T'opon Bue ropona Bcero T'opon Bne ropona
2006 16,5 12,0 24,02 292,41 258,43 316,16
2007 154 10,3 25,2 161,57 183,72 152,06
2008 142 12,6 22,4 351,27 287,45 382,59
2009 15,9 13,1 25,01 279,21 316,32 191,92
2010 14,6 12,5 23,8 334,78 279,73 368,46
2011 16,1 13,3 26,8 369,33 386,48 334,24
2012 18,7 12,2 27,5 548,67 474,19 638,10
2013 15,6 11,4 21,3 691,69 746,23 544,92
2014 12,3 10,2 20,5 645,47 478,54 752,54
2015 14,5 11,7 21,7 623,28 653,91 575,46
2016 16,7 12,3 20,4 461,35 566,46 393,65
2017 12,6 9,3 19,2 540,30 453,28 656,89
2018 11,8 9,5 18,6 513,38 721,83 392,17
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Tabnuna 2

®DparmMeHT BHIOOPKH CPEAHUX 3HAYCHHUIT MOTMONINX M TPABMUPOBAHHBIX

KonunuectBo mornbmux Ha 100 moskapax KomuuectBo TpaBMupoBanHbiX Ha 100 moxxapax
Ton
Bcero Topon Bne ropoaa Bcero T'opon Bne ropoaa
2006 3,2 2,8 3,5 9,3 10,4 8,5
2007 2,4 1,8 3,0 8,7 9,8 8,2
2008 3,0 2,4 3,4 11,53 12,4 9,6
2009 3.7 3,2 4,3 8,6 91 8,1
2010 3,3 2,9 3,8 9,8 11,2 8,3
2011 4,8 41 57 13,9 15,2 11,1
2012 3.8 3,3 4,6 7,2 9,4 6,1
2013 2,5 1,8 3,1 8,3 91 7,8
2014 44 3,9 5,3 7,0 8,3 6,2
2015 2,6 2,1 3,3 11,0 13,2 9,5
2016 3,6 2,9 4.6 6,7 7,1 5,6
2017 2,4 2,0 3,1 5,2 6,3 4,8
2018 2,3 2,1 2,7 5,3 5,9 4,1
900
E 800
- 700
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o
‘% 400
E- 300
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= 100
0
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Pucynox 1 - Cpeonuii npamou mamepuaivHulii yuepb (MaH. dowe Bvemnam) om 00H020 nodcapa 6 mekyujux u 6
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Pucynok 2. 3agucumocmu noxkazameinetii ywepba om gpemenu npUdbIMUsL Nepeo20 NOHCAPHO20 NOOPA30eNeHUs U

ux aunetinvle mpenowt no dannvim 2006-2018 ze.:

A - konuuecmeo mpasmuposannwix mooei 6 100 noxcapax (TR),
- NPAMOU MamepuaibHulil Yiyepb om 00noeo nodcapa (PY);

Mup — TUHUYU MpeHod

+

- Koauvecmao noeubwiux aoodet 8 100 noscapax (P);

- 3HAUeHUsl CPeOHe20 MAMePUaIbLHO20
yujepba (MaH. 0one Bvemnam) om o0nozo noscapa 6 mexyuux yenax (PY) u c yuemom oegpnsasmopa (PYd), nyuk-
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C 2006 1o 2012 rox pekuM OTYETHOCTH TIO CTa-
THCTHKE U pacueTy yuiepba OT HoXapa B KaXKI0M Hace-
JICHHOM ITyHKTe BbheTHama He ObUI COTJIacOBaHHBIM U
cuHxpoHu3upoBaHHbIM. C 2012 roja B HoKapHBIX MOJ-
pasiesieHusIX coON0aeTCs PEKUM OTUYETHOCTH U CTa-
TUCTHUKH, TIpeinucannble B qupKyisape Ne 02/2012/TT-
BCA or 3 smBaps 2012 roma u nupkymsape Ne
10/2012/TT-BCA. JlaHHble NOKyMEHTHI HE PEIIWIN
pobieM ¢ gopmanm3anueii ymep6a ot moxapa. [o-
aromy 24 staBaps 2015 roga ['maBHOe yrpaBieHue mno-
JKapHOM OXpaHBl M aBapHHHO-CIIACATENBHBIX CIYXKO
yrBepamio (mmceMo Ne 3514/C66-P1) BpemenHoe py-
KOBOZACTBO «BHenpeHne pexuMa OTYETHOCTH, CTaTH-
CTHUYECKUX paboT B MOXKapHOIl U cracaTelnbHON IONH-
101205008

W3MmeHeHHsT B HOPMAaTHUBHO-PACHOPSAUTEIBHBIX
JIOKYMEHTax MO Y4ETy IOXapoB COMPOBOXKAAIHICH Op-
TaHW3aIMOHHO-IITATHBIMA U3MEHEHUSAMH B CTPYKTYpe

MOXAPHOW OXpaHbl, KOTOPbIE TAKXKE BHECIH KOPPEK-
TUBBl B MOXApHYIO CTaTUCTHUKYy. Tak, Hampumep,
TosibKO 3a mepuoa ¢ 2013 mo 2015 roma co3znansl, 90
HOBBIX MOXapHBIX KoMaH1 U 108 npodeccuoHanbHBIX
CracaTeNbHBIX KOMaHI.
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THE INVESTIGATION OF ROLE OF TRANSITION METALS AND RARE-EARTH METAL ON
DECOMPOSITION KINETICS AND THERMAL STABILITY OF THE MGH2:HYDRIDE PHASE OF
MECHANICAL ALLOYS

Abstract

Ershova O.,
Dobrovolsky V.,
Solonin Yu.

Frantsevych Institute for Problems of Materials Science,

National Academy of Sciences of Ukraine,
Kyiv

The mechanical alloys-composites MAs (Mg +10% wt.Ti+5% wt.Y, Mg +10% wt.Fe+ 5% wt.Yand Mg +10%

wt.Ni + 5% wt.Y) were synthesized. The phase content, microstructure, the thermal stability, kinetics of hydrogen
desorption from the MgHzhydride phase of the obtained MAs were studiedby using XRD, SEM, TDS methods. It
has been established that the addition of Ti+Y, Fe+Y and Ni+Y to magnesium leads to significant improvement in
the Kinetics of hydrogen desorption from the MgH, hydride phase, which is evidenced by a significant reduction
(in 5; 6 and 16 times) in the time of release of all hydrogen from MA1, MA2 and MAS3, respectively. Due to, Ti,
Fe, Ni and Y alloying, the decrease in the thermodynamic stability of MgH: is not found. The developed materials

allow their practical use at stationary application conditions.

Keywords: mechanical alloy; hydrogen-sorption properties; kinetics;thermal stability.

1.Introduction

Significant aggravation of energy and especially
environmental problems, which is observed around the
world, the depletion of traditional fossil hydrocarbon
fuels bring to the fore the problem of wider use of al-
ternative energy sources and especially hydrogen. The
development of molecular hydrogen storage systems
and technologies requires the creation of new hydrogen
absorption materials. Some magnesium alloys, compo-
sites based on it turned out to be the most promising
from the point of view of the optimal combination of
such properties as high hydrogen capacity, high kinetic
characteristics, reasonable cost. Despite the great atten-
tion of scientists, which in recent years has been given
to magnesium dihydride, methods for its preparation
and research of properties [1-4], it still does not find
wide practical application as a hydrogen storage mate-
rial due to difficulties in eliminating two significant
drawbacks: high temperature (> 300 °C at 1 bar Hy) and
slow dissociation kinetics. The main difficulty lies in

the fact that, together with a decrease in the decompo-
sition temperature [5], it is necessary to increase the de-
composition rate

[6,7] while maintaining a high hydrogen capacity
and the cyclic stability of the hydride phase MgH, of
the obtained mechanical alloys-composites. That is, it
is necessary to provide a whole range of characteristics
that today constitute the problem. Most often,try to
solve this difficult task of forming several characteris-
tics in MgH; by mechanically dispersing commercial
MgH in the presence of various kinds of catalytic ad-
ditives (transition 3d, 4d metals, their oxides, fluorides,
intermetallic compounds, additives of Al, Cu, Zn, In,
Sn, graphite, etc.) [8-13] or by grinding a metal Mg
powder with the indicated additives in a hydrogen at-
mosphere (that is, reactive grinding) or in an inert gas
atmosphere followed by its direct hydrogenation from
the gas phase [14 -27]. One of the ways to reduce the
thermodynamic stability of MgH is to use mechanical
alloys, which are solid solutions in magnesium of one
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or several metals, which can reduce the enthalpy of for-
mation / decomposition of Mg (Me) H, [28 -32]. Ac-
cording to the theoretical forecast [5], the hydride of a
solid solution of Al, Ti, Fe, Ni, Cu, Nb in Mg should
have a lower enthalpy of formation and decompose at a
lower temperature compared to pure MgH,. Experi-
mental studies show that the thermodynamic stability
of such a solid solution hydride depends on the method
and conditions for its preparation [28-32].

In [33-36], Y was used to reduce thermal stability
and improve the hydrogenation kinetics of Mg-based
binary alloys. The authors of [33,34] established the
formation of one-dimensional MgH, nanostructures
(whiskers) as a result of the disproportionation of
Mg24Y s intermetallic compounds during its hydrogena-
tion. When heated in a vacuum, this nanostructured
MgH,, decomposes at a lower temperature and at a
faster rate than commercial MgH.. The effect of cyclic
hydrogenation / dehydrogenation on the hydrogen ca-
pacity of the material has also been investigated. It was
established [33] that the presence of yttrium improves
the diffusion of hydrogen. As studies of binary Mg24Y x
alloys (x = 1-5) have shown [35], an increase in the yt-
trium content, which acts as a modifier, leads to a sig-
nificant difference in the microstructures of the studied
alloys and, as a result, to an increase in the kinetics of
hydrogen absorption due to the formation of YH; nano-
particles that are dispersed throughout the MgH, ma-
trix. However, as noted by the authors of [35], an in-
crease in the yttrium content inevitably leads to a de-
crease in the ability to absorb hydrogen back. A study
of the hydrogenation of Mg-13Y alloy by the authors
of [36] showed that the experimentally determined en-
thalpy of hydride formation of this alloy (42 kJ / mol
H>) is significantly lower than the enthalpy of hydride
formation of pure Mg (74.7 kJ / mol Hy). This differ-
ence in thermodynamic data indicates that the hydro-
genation process of the Mg-13Y alloy is very different
from the hydrogenation of pure Mg. The dehydrogena-
tion enthalpy of Mg-13Y powder is quite close to that
for MgH2, which indirectly indicates the decomposition
of only the hydride phase of MgH, during the dehydro-
genation process (and the decomposition of the YH;
phase does not occur).

The catalytic effect of titanium and yttrium on the
hydrogen absorption properties of Mg + 14.5% at. Ti +
0.5% at. Y was studied in [37]. XRD analysis showed
that the alloy consists of the main phase of Mg2Ys, a
small amount of solid solution of Y in Mg and Ti clus-
ters randomly dispersed in the sample.It was found that
Mg24Ys irreversibly reacts with hydrogen in two stages.
In the first stage (at a hydrogen pressure of 50 kPa),
YH; and Mg are formed. The second stage (at higher
hydrogen pressures) ends with the formation of YH3
and MgH,.So, hydrogen desorption consists of two de-
sorption reactions: the transition of MgH;, to Mg and
the transition of YHs; to YH.. It was found that the pres-
ence of both Y and Ti in this Mg-based alloy did not
lead to any significant thermodynamic or kinetic im-
provement with respect to the sorption properties of
pure magnesium hydride.

The influence of Y and Ni on the hydrogen absorp-
tion kinetics during the hydrogenation of Mg-20 %

wt.Ni-Y alloy, MggoNisYs and MgsoNiioY 10 alloys, and
Mg11Y2Ni; alloy were studied in [38-40]. It has been
established that both the catalytic effect of the Mg,Ni
and YHs phases and the crystal lattice defects formed
during mechanical activation are responsible for im-
proving the hydrogen sorption kinetics in all of the
above alloys during their hydrogenation. It was shown
that ultrafine particles of yttrium hydride, which are
formed during the hydrogenation of these alloys, con-
tribute to the stabilization of the nanostructure during
cycling and improve the kinetics of hydrogen sorption
of magnesium.

The positive effects of the transition metal and
rare-earth metals on the kinetics of hydrogen sorption /
desorption and the decomposition temperature of
MgH2 [41] are explained by the predominant nuclea-
tion of Mg grain along the MgH. / a-Fe interface in the
process dehydrogenation. According to the authors, a-
Fe is the best place for heterogeneous nucleation of Mg
with MgH,. Due to the catalytic effect of a-Fe and
LaH, 3 hydride, as was established as a result of DSC
measurements (in Ar), hydrogen absorption by the Mg-
Fe-La sample begins already at 298 K, and desorption
- at 506 K.

Earlier, we investigated the role of each of the al-
loying elements Al, Ti, Mn, Fe, Ni separately in lower-
ing the decomposition temperature of stoichiometric
MgH; hydride obtained by reactive mechanical alloy-
ing (RMA) [15-17, 22], as well as the role of the pair
doping with Al + Ti, Al + Fe, Al + Ni, Si+Ti+Fe [21,
23, 25, 27, 42].

This study, namely: the study of the possibility of
complex doping of magnesium hydride MgH, with Ni
+Y, Ti+Y,Fe+Yinorder to lower the temperature
and improve the kinetics of its dissociation, is a logical
continuation of our previous studies. In this paper, the
task was to obtain a mechanical alloys (MAs) of the
composition Mg + 10% wt. Ti + 5% wt. Y, Mg + 10%
wt. Fe + 5% wt. Y and Mg + 10 % wt. Ni +5 % wt. Y
by RMA. To study the processes of hydrogen desorp-
tion from the MgH; hydride phase at a hydrogen pres-
sure of 0.1 MPa, to determine hydrogen sorption prop-
erties, thermal stability of the obtained MAs using ther-
mal desorption spectroscopy (TDS). The task was also
set to establish whether, due to the selected composi-
tion of alloying elements and the method of obtaining
MA, the enthalpy of formation of the hydride phase of
MgH, decreases and, as a consequence, the equilibrium
temperature of its decomposition. On the MAs samples,
after their hydrogenation / dehydrogenation cyclic,
trace how the microstructure and phase composition of
the MAs change; how the effect of the addition of Ti,
Fe, Niand Y on the thermal stability and decomposition
temperature of the MgH; hydride phase as a result of
cyclic hydrogenation changes. It was expected that the
results of these studies will help determine the compo-
sition of alloying elements and the conditions for ob-
taining a mechanical alloy, which can provide the low-
est possible thermal stability and decomposition tem-
perature of the MgH; hydride phase with a
simultaneous improvement in the kinetics of hydrogen
sorption / desorption from it.
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2. Materials and methods

The mechanical alloys-composites have been syn-
thesized by reactive grinding in hydrogen of powders:
Mg + 10 % wt. Ti + 5 % wt. Y(MAL1), Mg+ 10 % wt. Fe
+ 5 % wt. Y(MA2) and Mg+ 10 % wt. Ni + 5 % wt.
Y (MAZ3).For comparison, we synthesized an additional
composite alloy Mg without any additives(MA4) and al-
loys-compositesMg + 10% wt. Ti (MAS), Mg + 10% wt.
Fe (MAG) andMg +10 % wt.Ni(MA7).The commercial
powders of Mg, Ti, Fe, Ni, Y with a purity of 99.98 %
and particles sizes of 100; 6,7; 10; 3; 200 um, respec-
tively, have been used as raw materials. The mechanical
fusion by reactive grinding of the mixture of powders of
MA1-MA7 composition, was realized in a RETCH100
ball mill with steel balls in a hydrogen atmosphere (un-
der a hydrogen pressure of 1,2 MPa, for a velocity of
rotation of 450 rot/min and a duration of grinding of 20
h). The ratio of the metallic balls mass and the treated
mixture of powders was 20:1. Milling was interrupted
every 60 min to allowthe vial to cool down to room
temperature followed by the monitoring of the current
state of hydrogen absorption. We use one and the same
conditions of synthesis for all MAs under consideration
that allows making a proper comparison of different al-
loying elements effect on temperature and the kinetics
of MgH; hydride phase decomposition of synthesized
MAs. Conditions of synthesis of all MAs derived by di-
rect hydrogenation from the gas phase were also the
same. After the MA synthesis and obtaining the first hy-
drogen desorption curve, the sample was not removed
from the reactor. At temperature of 400 °C the reactor
was filled with hydrogen until hydrogen pressure was 3

Mg+ 10%wt. Ti + 5%wt. Y
0

MPa and during the sample cooling together with the
furnace its first (and subsequent) hydrogenation from
the gas phase took place.

For the X-ray phase diffraction analysis of speci-
mens, we used a DRON-3M diffractometer. The X-Ray
patterns were obtained employing CuKa -radiation with
a graphite monochromator. The profiles of diffraction
lines were plotted with scanning steps of 0.1° and with
exposure at each point of the spectrum 15-20 sec. The
diffraction patterns were analyzed using fullprof soft-
ware Powder Cell 2.4 (https://powdercell-for-windows.
software. informer. com /2.4/). The size changes of the
powder particles upon mechanical milling were studied
by a Super-Probe 733 scanning electron microscopy.

By the method of thermal desorption spectroscopy
with a computerized automatic installation, we studied
the influence of alloying elements on the hydrogen sorp-
tion properties, thermal resistance, the kinetics of hydro-
gen desorption from the MgH; hydride phase. This in-
stallation allows to plot the isobars of desorption / re-
sorption of hydrogen under various pressures (from 0.1
to 1.0 MPa) in the reactor and to perform the hydrogena-
tion / dehydrogenation of specimens under pressures up
to 10 MPa and temperatures being in the range from
room temperature to 1200 °C [22].

3. Results and Discussion

3.1 X-ray phase and microstructural analyzes
of the samples

Fig.1 shows XRD pattern of the MA1, MA2, MA3
samples derived by reactive mechanical alloying
(RMA) and Fig.2 - after the gas phase hydrogenation
(GPH) mechanical alloys.

Mg + 10%wt.Fe + 5%wt.Y
(after 20h RMA)

1204 X (after 20h RMA) 80+ . . MgH,
1004 * MgH, - 70 A Mg FeH,
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= @ Fe 250
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~ 60+ H # YH, Z 40
) L
h—1 « - YH: E
% 40 #u#;#@ 'y = 30
£ 2] Mot 20
101
0 1 1 \ T T T T T !
20 30 40 50 60 70 80 (a) 20 30 40 50 60 70 80 (b)
26, deg 2 0, deg.
Mg + 10% wt.Ni + 5%wt. Y
* (after|20 h RMA)
120 « MgH,
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Fig.1 - X-ray diffraction pattern of specimens of the mechanical alloys: a - MA1, b - MA2,
¢ - MAS3, obtained by reactive mechanical alloying (RMA).
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Fig. 2 - X-ray diffraction pattern of specimens of the mechanical alloys: a - MAL, b - MA2,
¢ — MA3 after hydrogenation from the gaseous phase (GPH).

The information on the phase composition of the
MAs specimens obtained by RMA and after GPH is
presented in Table 1. The lattice parameters and volume
of unit cells for B-MgH, hydride phase of MA1-MA4
(Table 2) have been determined by the full-profile
Rietveld method using PowderCell2.4 program. The
crystallite size and the average particle size of mechani-
cal alloys powders (after RMA) also shows in Table 3.
As Fig.1 and Tabl. 1shows, all MAs are composites,

as are sult of reactive mechanical alloying. In addition
to MgH, with tetragonal structure, they contains a small
amount of other hydride phases: y-MgH,, TiHz, YHs,
YH,, Fe, MgO, when MA1; Mg:FeHs, YHs, Fe when
MAZ2 and y- MgH>, YH3, MgzNiHs, MgO, when MA3.
After the first hydrogenation / dehydrogenation cycles
from the gas phase, all MAs (except MA2, where the
phases YH,, MgO- also appear) shown the absence of
changes in their phase composition.

Table 1

Phase composition of MAg after reactive mechanical alloying (RMA) and gasphase hydrogenation (GPH).

Mechanical alloy

Phase compositions

RMA

GPH

IMA1 (Mg+10wt.% Ti + 5wt.%Y)

MgH>, TiH», YHs, YHy, Fe,MgO

MgH,. Mg, TiH2, YHs,YH,,Fe,MgO,

IMA2 (Mg+10wt.% Fe +5wt.%Y)

MgH>, Mg.FeHs, YHs, Fe,

MgHz, MngG‘He, YHa, YH3, Fe,MgOz

MA3 (Mg+10wt.% Ni +5wt.%Y) [MgHa, v-MgHz, YHs,

MgzNiH4, Mg02

MgH>, y-MgHa, Y Hs,
MgzNiH4, M902

MA4 (Mg without Ti, Fe, Ni i Y)

Mg, MgH;, MgOg91FeOo,09

Mg, MgH2, MgOo,e1FeQo 09

Table 2.

Crystal structure data (unitcell parameters: a, A; ¢, A ; V, A% for MgH, hydride phase of composites

: Unit cell parameters: a,c - A; V-A3
Mechanical alloy after RMA after GPH
a=4,5077 a=4,5189
MA1 ¢ =3,0320 ¢ =3,0226
V =61,608 V =61,723
a=4,5407 a=4,5135
MA2 ¢ =3,0214 ¢ =3,0181
V =62,295 V =61,484
a=45174 a=45141
MA3 ¢ =3,0225 c¢=3,0185
V =61,674 V =61,508
a=4,5223
MA4 ¢ =3,0157
V=61,671
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Table 3
Crystallite size d (nm) for MgH; hydride phase of composites and average particle size of their powders
Dpart.(um).
Mechanical alloy Crystallite sized, nm Dpart., um
After RMA After GPH RMA
MAL (Mg+10wt.% Ti + 5wt.%Y) 11,6 16,2 0,25
MA2 (Mg+10wt.% Fe +5wt.%Y) 16 20,5 0,24
MA3 (Mg+10wt.% Ni +5wt.%Y) 125 17,2 0,20
MA4 (Mg without Ti, Ni, Fe, Y) 18 50 0,70
MADS (Mg + 10 wt.%Ti) 8,2 18,6 0,35
MAG (Mg + 10 wt.% Fe) 10 14 0,40
MA7 (Mg + 10 wt.% Ni) 10,5 12,5 0,27

Scanning electron microscopy was used to study
the morphology of the powders of composite alloys. In
Figure 3 shows the microstructure of the studied MAs
both after their preparation by the RMA method and af-
ter direct hydrogenation from the gas phase in the 5-th
cycle. From fig. 3 a, b, c it is clearly seen that after me-
chanical dispersion, the MC1, MC2, MC3 powders are
a mixture of small particles and their agglomerates. The
average particle size of the MC1, MC2, MC3 powders
determined by us from the obtained experimental data
after their synthesis (RMA) turned out to be 0.25, 0.24,
0.2 um, respectively and after hydrogenation in 5 cy-
cles of (Fig. 3d, e, f) - 0.2, 0.44, 0.25 um, respectively.

S

2.5 pm 3084 487

285 um

Fig. - Mic

3078 302
&

rostructures of mechanical alloys MA1

After mechanical dispersion, the MA4 powder
(not shown) has a morphology almost identical to that
of MA1-MA3, which is characterized mainly by the
presence of a large number of round particles with an
average size of 0.7 um and agglomerates with sizes
from 4 to 15 um. Comparing the obtained microstruc-
tures, it can be noted that the powders of all MAs, both
after RMA and after hydrogenation from the gas phase
in the 5-th cycle, consist of round-shaped particles with
a morphology typical of powder structures. After the
first hydrogenation / dehydrogenation cycles, many
deep cracks can be observed on their surface.

a, b, ¢ - MA1,MA2,MA3 after synthesis by RMA method, respectively; d, e, f — MA1,MA2,MA3 after first cycles
of hydrogenation from the gas phases, respectively.

3.2 Thermal behavior of the mechanicalalloys-
composites

To evaluate the influence of complex alloying by
Ti+Y, Fe+Y and Ni+Y on decomposition temperature
and thermal stability of MgH, phase hydrogen desorp-
tion from MA1-MA4 have been studied. All isobars
were obtained at constant pressure of hydrogen in the
reactor 0,1 MPa and sample heating rate of 3°C/min.
Hydrogen desorption isobars obtained at the first heat-
ing after RMA synthesis of MA1-MA4 samples are

shown in Fig. 4 and after the first itshydrogenation from
the gas phase are in Fig. 5. The isobars shown in Figs.
4 and 5 were used to determine both the hydrogen ca-
pasities and the hydrogen desorption beginning temper-
ature (Tweg.) from hydride phase MgH, of MA1-MA4
in the course of its first heating after mechanochemical
synthesis and of its gas phase hydrogenation(GPH).
The obtained data are shown in Table 4.
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Table 4
The hydrogen desorption beginning temperature (Theg.) from MgH- hydride phase of MA1-MA4 and hydrogen
capasity
after RMA after GPH
Mechanical alloy Thoeg., Cha, Theg., Chaz,
°C %W, °C Y%owWt.
MAL 295 6,0 288 5,7
MA2 290 5,9 315 5,7
MA3 295 5,9 288 5,5
MA4 288 51 320 6,3
Cowt. Mg+10%wt. Ti+5%wt.Y
7 - desorption after RMA (20 h)
C, Yowt.
S
I |
°1 - ;
44 :5 295'C I,f
31 . L]
2{ Arrrrr]

270 280 290 300 310 320 330 340 4
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0- n—
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Fig. 4 - Isobars of hydrogen desorption from the MgH, hydride phase of the mechanical alloys: (a) - MAL, (b) -
MA2, (c) - MAS3, derived after synthesis RMA.
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Fig. 5 - Isobars of hydrogen desorption from the MgH, hydride phase of the mechanical alloys: (a) MAL, (b) -
MA2, (c) - MA3, derived after its first hydrogenation from the gaseous phase.

From Figs. 4 and 5, Table 4, it is obvious that the
temperature of the beginning of hydrogen release from
the MgH- hydride phase of MA1- MA4 composites af-
ter RMA was 295, 290, 295, 288 °C, respectively. Af-
ter their first hydrogenation from the gas phase,
the temperature was 288, 315, 288, 320 °C, re-
spectively. If one compares Ty, 0f the release of
hydrogen from the unalloyed MgH, phase of

MA4 (288 °C, [43]) with the same temperature
for MA1,MA2, MA3 one can states that the ad-
dition of Ti+Y, Fe+Y and Ni+Y to magnesium
practically does not reduce the thermodynamic
stability of hydride phase MgH. of MA1, MA2,
MA3 and, consequently, does not reduce the
temperature of the beginning of hydrogen de-
sorption. In our opinion, the explanation of this can be
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the fact that in the conditions of our method of obtain-
ing of MAs does not form a solid solution in magne-
sium Ti, Fe,Ni, Y, whose hydride is Mg(Ti,Y)H,
Mg(Fe,Y)H2 or Mg(Ni,Y)H,, according to [5], should
have a lower formation enthalpy and a lower thermo-
dynamic stability and decomposition temperature of
MgH,. The evidence of the fact that Mg(Ti,Y)Ha,
Mg(Fe,Y)H, or Mg(Ni,Y)H; hydride was not derived
(or its quantity is rather minor) can be, in accordance
with the XRD data (Table 1), the presence in the com-
posite MA1 of TiH,, YHs, YH; phases; in the compo-
site MA2 of Mg.FeHsq, YHs, Fe phases; in the compo-
site MA3 of Mg:NiH4, YH; phases (the latter phases
are formed due to substantial amounts of the alloying
elements Ti, Fe, Ni and Y). As can be seen from Table
2, the absence of the expected decrease in volume of
the unit cell of MgH; hydride phase of the composites
MA1, MA2, MA3 compared with that of the same hy-
dride phase of the composite MA4 can also be an indi-
cation of the absence of formation in our synthesis con-
ditions of Mg(Ti, Y)Hz, Mg(Fe,Y)H, or Mg(Ni,Y)H,
hydride. From data listed in Table 4, it is worth noting
a decrease of hydrogen capacity and Tyeq. OF hydrogen
desorption from 295 °C to 288 °C in the case of the
composites MA1 and MA3 after their hydrogenation
from the gas phase our opinion, the main role in this
decrease in Tpeg. Was played by Y. As is known [38 -
40], it is able to inhibit the growth of grain size (crys-
tallites) of mechanical alloys during their cyclic hydro-
genation / dehydrogenation at elevated temperatures. It
should be noted that as a result of 4-10 cycles of hydro-
genation / dehydrogenation of the composites MAL,
MAZ2, MA3 from the gas phase, we did not observe sig-
nificant changes in the nature of the desorption curves
and their position in the temperature scale. This may
indicate reversibility of the process of cyclic hydro-
genation / dehydrogenation of the obtained MAs and
the absence of significant degradation of their hydrogen
adsorption properties.

3.3 Mechanical alloys hydrogen desorption Ki-
netics process

Hydrogen desorption kinetics from the MgH: hy-
dride phase of all MAs synthesized by us after their hy-
drogenation from the gas phase under the same condi-
tions has been investigated at the temperatures 310, 330
°C and at a constant hydrogen pressure of 0,1 MPa in
the reactor. Hydrogen desorption kinetic curves for
MA1, MA2, MA3, MAA4 are presented in Fig. 6 and for
MADS5, MAG, MAT - in Fig. 7. The data of hydrogen time
release of half hydrogen quantity (t12) and total hydro-
gen quantity release (tr) for all MAs are shown in Table
5. The analysis of the experimental data given in Table
5 allows us to conclude that the addition to magnesium
at the same time Ti + Y, Fe+Y and Ni + Y leads in all
cases to a significant improvement in the kinetics of hy-
drogen desorption from the MgH; hydride phase of al-
loys-composites MAL1, MA2 and MA3. This is evi-
denced by the experimentally recorded reduction by 5,
6 and 15 times of the time it takes to release all the de-
sorbed hydrogen in the case of MAL, MA2 and MA3,
respectively, compared to MA4 (seeTable 5, column
“330 °C™). In our opinion, Ti, Fe and Ni play the main
role in improving the kinetics of hydrogen desorption
in the composites MA1, MA2 and MAS3. They possess
high catalytic properties and favor recombination of
hydrogen on the particle surface of the hydride phase,
and, consequently, reduce its thermal stability. The
contribution of yttrium to the improvement of Kinetics
is practically absent. It can be seen from table 5, that a
greater improvement in the kinetics of hydrogen de-
sorption from the MgH; hydride phase is observed in
the case of its doping with Ni, and less in the case of
doping of Ti and Fe. A reasonable explanation can be
given to this observation if we use the results of a study
[44] on the effect of these transition metals as alloying
elements on the physicochemical state of the surface of
metal hydrides or intermetallic hydrides (TiFeH,), and
therefore on the kinetics of their decomposition. As
shown by XPS analysis [44], among such transition
metals as Ti, Mn, Fe, nickel turned out to be the metal
whose presence on the surface of the hydride-forming
alloy more prevents its contamination with catalytic
poisons and, as a result, maximizes its reactivity.

Table 5

Time (min.) of desorption half (t1/2) and full (tf) hydrogen amount from MgH2 hydride phase MAs
at 3100C, 3300C.

Mechanical alloy 310°C 380 °C

T12 Tf T1/2 Tf
MAL (Mg+ 10wt.%Ti +5%wt.Y) 6,5 18 5 14
MA2 (Mg+ 10wt.%Fe +5%wt.Y) 3,0 14 2 12
IMA3(Mg+ 10wt.%Ni +5%wt.Y) 2,7 9 2,1 5
MA4(Mg without Ti, Ni, Fe, Y) 88 130 30 80
MADS5 (Mg + 10 wt.%Ti) 8,5 25 55 14
MAG (Mg + 10 wt.% Fe) 8,0 20 4,0 12
MA7 (Mg + 10 wt.%Ni) 2,2 7 1,6 5
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Fig. 6 - Kinetic curves of isothermal hydrogen desorption from the MgH- hydride phase of the mechanical
alloys MA1, MA2, MA3, derived at constant hydrogen pressure of 0.1 MPa in the reactor and temperatures: a —
310°C, b -330°C.
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Fig. 7 - Kinetic curves of isothermal hydrogen desorption from the MgH: hydride phase of the mechanical

alloys MA4, MA5, MAG6,MAY7, derived at constant hydrogen pressure of 0.1 MPa in the reactor and tempera-
ture330°C.

4. Conclusion

The new alloys-composites with reduced thermal
stability and improved kinetics of the decomposition of
their MgH- hydride phase were synthesized by the re-
active grinding in the hydrogen atmosphere of a mix-
ture of Mg powder with different content of additives:
10%wt. Ti + 5%wt. Y; 10%wt. Fe + 5%wt. Y; 10%wit.
Ni + 5%wt. Y. The influence of alloying elements Ti,
Fe, Ni, Y on the hydrogen sorption properties, thermal
stability and kinetics of the hydrogen desorption pro-
cess from the MgH: hydride phase of the obtained MAs
has been studied. It was established that the addition of
Ti+Y, Fe+Y and Ni + Y to magnesium leads to a sig-
nificant improvement in the kinetics of hydrogen de-
sorption from the MgH; hydride phase of the obtained
MA:s, as evidenced by the experimentally recorded sig-
nificant reduction in time of the half and total quantity
of desorbed hydrogen. It was found that the main con-
tribution to the indicated improvement in kinetics was
made by titanium, iron, and nickel, while the contribu-
tion of yttrium is insignificant. The reduction of the
thermodynamic stability of MgH, hydride due to its
doping by Ti, Fe, Ni, Y was not detected. Results of the
present study can be used in the development of new
hydrogen sorbent materials for hydrogen energy.
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Abstract

The Relevance of the methodological problems considered in the article on the use of hydrochloric acid
treatment of wells, depending on the features of the geological structure of the object, contributes to the efficiency
of well operation. The practice of hydrochloric acid treatment of wells has shown that the more acid is pumped
into the reservoir, the greater the effect of treatment. The materials of the article can be useful in the process of
pumping acid solution, in order to increase the efficiency of processing, which creates high pressure at the bottom
of the well, increasing the rate of acid penetration into the reservoir and reducing the rate of acid reaction with
the rock. Keyword: hydrochloric acid treatment of wells; reservoir capacity; sand reservoirs; acid solution.

AnHomauyusn

AKmyaJZbHOCI’)’lb PACCMOMPEHHbIX 6 cmanmve Memooo02u4ecKux 3a0a4 no NPpUMEHEHUIO COJIAHOKUCTIOMHOU
o6pa60ml<u CKBAIICUH 8 3A6UCUMOCTIU OM 0CODEHHOCIU 2€0]102UYECK020 CMpOeHuUs o6be1<ma, cnoco6cm6yem B(ﬁ-
qbeKmueHocmu IKcnjiyamayuu CKe6ANCUH. Hpakmuka COJIIHOKUCTOMHOU 06pa60m1<u CKBAJNCUH nokasaia, 4mo 4em
bonbue KUCIOmyl 3aKavusaemcs 8 naacm, mem oboavue 3pgpexkm om obpabomxu. Mamepuanel cmamvu mMo2ym
Obimb NOJIE3HLIMU npu npoyecce 3akaiku Kucjilomrozo pacmeopa, ¢ yejibto noebluleHuro 3(])d)ekmuel-tocmu 06pa—
60m1<u, Ymo co30aemcs biCoKoe OasieHue Ha 3aboe CKB8AJICUHDL, yeeruvuesaroujee CKopocmvb NPOHUKHOBEHUA KUC-

Jlombl 6 njacn U CHuacarwee CKopocms peakyuu Kuciomsl ¢ I’lOpO()OIZ,

Keywords: . Keyword: hydrochloric acid treatment of wells; reservoir capacity; sand reservoirs; acid solu-

tion.

Knroueeswie cnosa: consnoxuciomuas 06pa6oml<a CKBAJCUH, MOWHOCMU niacma, necddaHvle Kojlekmopa,

KUCTIOMHBIIL pACME0p.

Hcxons 3 nMeroIerocs peacTaBiaeHus 00 0co-
OCHHOCTSIX T€OJIOTUYECKOTO CTPOCHHS O0BeKTa (HU3-
Kasi TPOHHIAEMOCTh KOJUIEKTOpA, BBICOKAas HEOMHO-
POIHOCTH U MPEPBIBUCTOCTH) U JIp.), JaJIbHEHIIee mo-
BBIILICHHE s peKTuBHOCTH 9KCIUTyaTaIuu
MEXaHU3UPOBAHHBIX H q)OHTaHHBIX CKBA>XXUH MOXET
OBITH JOCTHTHYTO 3a CYET MPUMEHEHHS I'€0JIOTO-TeX-
HOJIOTUYECKUX MEPONPHUITHII M0 HHTEHCH(UKAIUU
MPUTOKA B KOMIUIEKCE C YCHJICHUEM CHCTEMBI.

OmnucaHHBIE TIPOIIECCH COJITHOKUCIOTHOM 00pa-
OOTKM CKBa)XMH — Haubosee IpOCThIe, CBOISIINECS K
3aKadKe KUCIIOTHI B IUTACT HACOCOM WJIM CaMOTEKOM.
OmHaKo TEXHOJIOTHS COJSTHOKHCIOTHOW 0O0pabOoTKH
MOXET U3MEHSTHCS U HECKOJIBKO YCIOXKHATHCS B 3aBH-
CHUMOCTH OT 1ieJiel 1 yciioBuii 00padboTku. Tak, Hanpu-
Mep, B psle CliydaeB, H 0COOEHHO MpH 00paboTke HO-
BBIX CKBa)KWH, BBIXOSIIUX U3 OypeHHsl, TIepe]] 3aKad-
KOM KHUCJIOTBI B IUIACT ISl Pa3pylICHHs TIMHUCTON
KOPKH Ha 3a00W CKBaXXWHBI 3anuBaroT 6 — 8%-HbIi
KHCIIOTHBII pacTBOP, YTOOBI OH 3aIIOJIHHII CTBOJI CKBa-
JKMHBI B MHTEpBaJIe MPOAYKTUBHOTO IIJIACTa, TTO/JIexkKa-
mero oopaboTKe.

st 06pabOTKH CKBRKUH MPUTOTOBIISIOT COJISTHO-
KHUCJIOTHBIE pacTBOPBI 8 — 14%-HOi KOHIICHTpaLny;
npu OoJbIIel KOHIEHTPAIMK KHCIIOTa OBICTPO BCTY-
MaeT B PEaKIHI0 C METAIMIECKUM 000pYyIOBaHHEM
CKBQ)XUHBI U Pa3pylllaeT ero; IOMHUMO 3TOTO, KUCIOTa
OoJbIIIel KOHIIGHTPAIMH, BCTYIAs B PEAKIIUIO C TIOPO-
IIOI>’I, Hapsaay € U3BECTHAKOM U JOJOMHUTOM YaCTHUYHO
pacTBOpsieT OOBIYHO COIPOBOXKIAIONINE WX AHTHIPHUT
(CaS04) u rurc (CaS04-2H,0), a 3T1 cou npu HEHTpa-
JIM3aLUH KKCIIOTHI JIETKO BBINAJIAIOT B BUJIE OCA/IKa, KO-
TOPBIII MOXET 3aKyIOPUTH TOPHI M KaHaJbl, 00pa3o-
BaHHBIE TIPH PACTBOPEHHH KUCIIOTOH ropox. He peko-
MEHIyeTCs TPUMEHSTH KHCIOTHBIE PAaCTBOPHI C
conepxanneM S0z 6onee 0,02% u sxenesa Beime 0,05%
Ha 00bEM pacTBoOpa.

KonnuecTBo KHCIOTHI IPUMEHSIETCS] B 3aBUCHMO-
CTH OT MOUTHOCTH IUIacTa, MoAJexamero oopadborke,
cocTaBa MmopoJ (M3BECTHSIK WM MTeCYaHHUK C KapOoHAT-

HBIM IIEMEHTOM) M WX (U3UIECKUX CBOUCTB (TIOpH-
CTOCTB, IpOHUIIaeMocTh), [1.3.4.6.],a Taxke ot pabo-
YHX JABJICHUH HaTHETaHUS KUCIIOTEL.

Haumenvuiue 00vemvl KUCIOMHO20 pacmeopa
(0,4— 0,6 M®> Ha | M MOLIHOCTH IJIACTa) TIPUMEHSIOT
pu 00pabOTKe CKBAKHH C MaJOIMPOHUIIAEMBIMH KOJI-
JIEKTOpaMH U ¢ MaJIbIMH JeOutamu. J{JIs Takux CcKBa-
KHMH MaJblif 00beM KHUCIIOTHOTO PacTBOPa MOXKET OBITh
B HEKOTOPOI CTENEeHU KOMIEHCHPOBAH IOBBIICHHEM
€ro KOHIICHTPAIHH.

ITpn 06paboTKe MecyaHbIxX KOJIEKTOPOB € KapOo-
HAaTHBIM LIEMEHTOM, COIIPOBOXKHAIOIIEHCS Hapylle-
HHEM MOHOJUTHOCTH TIOPOA, HE PEKOMEHAYeTCs yBe-
Au4uBaTh 06beM pactsopa 6onee 0,4 M® Ha 1 M Mou-
HOCTH W TMOBBIIIATH KOHUOCHTPALWUIO [JIA HepBOﬁ
00paboTKH.

[Tpu noBTOPHBIX 00pabOTKaX MOPUCTHIX MOPOJ BO
BCEX Clly4asx CJeIyeT YBEIMYUBATH O0BEM KHCIOT-
Horo pactBopa Ha 20 — 40% Gosnbliie NPUHATOTO NPU
MpeIbIIyIeH 00paboTKe, a PU MOBTOPHEIX 00padoT-
KaxX TPEIIMHOBATHIX MOPOJ, KOIJa BCS €MKOCTh OIpe-
JIENSIeTCS] TOJIBKO €MKOCTBIO TPEIIHH, TAKOTO YBeIye-
HUS He TpedyeTcsl.

Jlst CKBaXKHMH C BEICOKMM IUIACTOBBIM JIaBJICHHEM
MOKHO TTPUMEHSTE PacTBOPHI 00Jiee BBICOKHX KOHIICH-
tpamuii (12 — 14% HC1), a npu HA3KKX TUIACTOBBIX
JABJICHUAX CIICAYET NMPUMEHATh MEHEC KOHICHTPUPO-
BaHHbIe pacTBOpbI (10— 12%); 8%-Hble KHUCIOTHBIC
pacTBOPBl PEKOMEHAYIOTCS TP 00paboTKe TecHaHu-
KOB C KapOOHATHBIM IEMEHTOM WJIM TPH KHCIOTHBIX
BaHHAX, NMPUMEHSEMbIX JJIsI paspyLICHUs] TIUHUCTON
KOpPKHM Ha CTEHKaX CKBaXKHUHBI.

Jnis mpemoxpaHeHUsl OT pa3pyLIaloIero Jei-
CTBHS COJISTHOM KHCJIOTHI Ha METAJUIMYECKHE MOBEpPX-
HOCTH €MKOCTEH, HacOCOB U TPYOOIIPOBOJIOB K KUCIIOTE
JNO0OABIISIOT CIICIMANIbHBIC BELIECTBA, HA3bIBaeMbIC HH-
THOUTOpPaMH, KOTOPBIE CBOAAT 1O MHHHUMYMa HJIH IT0JI-
HOCTBIO YCTPaHAIOT KOPPO3HOHHOE JEHCTBHE KHCIOTHI
Ha MeTaul. B kauecTBe HHTHOUTOPOB OOBIYHO MTPUME-
HSIOT YHUKOJI WK (hopManuH. YHHKOI T00aBISIOT OT
0,5 no 1 % (B 3aBUCUMOCTH OT ero Mapku) Ha 1 m 27%-
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HOM KHCIIOTBI; Takas A00aBKa IIOYTH IOJHOCTBIO
yCTpaHsieT BpeJHOE JICHCTBHE KUCIOTHI HA METAJI, HE
OKa3bIBasi HUKAKOTO BIMAHUS HA PEAKIUI0 KHCIOTHI C
H3BECTHSKOM.

dopmanH, NpeACTaBISIONIMI cO00H pacTBOp
¢dopmanpaeruna, (CH20) B Bone, 100aBIISIIOT B KOJIH-
yectBe 6 kr Ha m 10 — 12%-r0 pacTBOpa KHCIIOTEHI.
[Ipn nepeBo3ke U XpaHeHUN OOJBIIUX KOJIHYECTB TEX-
HUYECKOH KHCIOTHI IPUMEHSIOT YHHUKOJI, YTO IOJHO-
CTBIO IIPEAOTBpAIIAET KOPPO3UIO METAUINIECKUX IIH-
CTEpH M EMKOCTEH.

Jns MHruOMpOBaHMS KUCIIOTHBIX PACTBOPOB, 3a-
Ka4YMBa€MbIX B CKB)KUHBI IIPH COISHOKHUCIOTHON 00-
pabotke, npuMeHstoT peareHT JIC (meTepreHT coBeT-
CKHi1), IPEACTABISIONINI CO00H CONMM CyNIb(OKUCIIOT,
MOJTy4aeMble U3 KEPOCHHO-Ta30MIIeBbIX (Dpakiuii mpu
nepepaborkenedTr. Pearent JIC mpuMEHSIOT B KOJIH-
yectBe 1 — 1,5% Ha 00BEM 3aKauMBAEMOTO B CKBa-
JKUHY pacTBOpa KUCIOTHI. [2.5.7.15.16.]

Pearent [IC sBasieTcsi MOBEPXHOCTHO-AKTUBHBIM
BEIIECTBOM H TI03TOMY IIOMUMO JIEHCTBHS KaK HHTHOH-
TOp, CHI)KACT TOBEPXHOCTHOE HATSDKCHHWE KHCIIOTHI,
YTO CIIOCOOCTBYET JydIIEMy IIPOHUKHOBEHHUIO U MTOBBI-
IIEHUIO CMAa4YUBacMON CIIOCOOHOCTH B MOPAX MOPOJIBI.
Pearent /IC kak MOHHM3WTENb MOBEPXHOCTHOTO HATSI-
JKeHMS JeHCTByeT M Ha OTpabOTaHHYIO KHCIOTY,
BCJIEJICTBHE YETO OHA JIETKO yJalieTcs U3 IUacTa Ipu
nocienyromieit otkauke. Kpome toro, pearent JIC 00-
JagaeT BaXHBIM It d9(P(GEKTUBHOCTH COJSTHOKHCIIOT-
HOH 00pabOTKH CBOWCTBOM 3aMEIATh PEAKIUIO KHUC-
JIOTHI C U3BECTHSAKOM. Bcnenacrtsue 3Toro 3akaumBae-
MBI B CKBXKHHY COJISTHOKHCIIOTHBIN PacTBOP yCIeBaeT
MPOHUKHYThH B TJIyOb IJ1acTa Ha 3HAYNTEIBHOE PACCTO-
SIHUE JI0 TOTO, KaK OHa IMPOPEArupyeT ¢ U3BECTHAKOM.
Hob6aBka pearenta JIC CHMXAeT CKOPOCTh PEAKIHH
KHCJIOTHI C U3BECTHIKOM B 2,5 — 4 pa3a. B xagectse
MOHHU3UTENSl TTOBEPXHOCTHOTO HATSDKEHUSI KHCIOTBI

MOXXHO TIPUMEHATH Takke peareHT HUK (HeiiTpanmso-
BaHHBII YepHBIH KOHTAKT) B kKonndectse 0,3 — 0,4%
npu conepxanuu B HeM 40% cynb(pOKUCIIOT.

Opnako Hamo uMmeth B Buay, uto HUK He obna-
JlaeT CBOMCTBOM aHTUKOPPO3UMHOM 3aMThl. B Kaue-
CTBE J100aBOK K COJISTHOKMCIOTHOMY PacTBOpY IpuUMe-
HSIOT TaKKe CTaOMIM3aTOPBI, KOTOpbIE MNpeaHa3Ha-
YEHBI JUIsl y/IepXKaHUsI OKHCIIOB )Kele3a B pacTBOpE OT
BbIMaaHus. MHOTAa B CONAHON KMCIIOTE MOKET OKa-
3aThCS 3HAYMTENIFHOE KOJMYECTBO OKHCIIOB JKEJe3a
(HanpuMep, pY IPUMEHEHUH BTOPOTO COPTA KUCIIOTHI,
B KOTOPOM COJIEp KaHHe- XKele3a He HOPMHUPYETCs), KO-
TOpBIE MOTYT IIpH 00pabOTKe CKBa)KUH BBINANATH U3
pacTBopa B BUJIE XJIONBEB U 3aKyIOPHUBATH MOPHI IJIa-
cTa.

Jna mpenoTBpalieHus 3TOro SBJICHUA U CITyXKaT
CTaOMIIM3aTOPBI, KOTOPBIE JIENIAIOT PACTBOP CTAOMIIb-
HBIM. B KauecTBe crabuimzaropa IPHUMEHSIOT yKCyC-
HYI0 KHUCIIOTY, KOTOPYIO B 3aBHCHMOCTHU OT COJEpXKa-
HUSI OKHCJIOB XKeJIe3a B COJITHOM KHCIIOTe TOOABISIIOT B
konnuectBe oT 0,8 mo 1,6% or oObemMa KHCIOTHOTO
pactBopa. [IpUroTOBISIIOT COSTHOKMCIOTHBINA PacTBOP
HETIOCPEJICTBEHHO y CKBAXWHBI, MOJJISKAIEH oOpa-
60TKE, MM LEHTPATH30BAHHO — Ha CICIUAIU3UPO-
BaHHOW IPOMBICIIOBOH HJIN pailoHHOH 0aze XpaHEHUS
KHCJIOTBI ¥ IPUTOTOBJICHHUS] KUCIIOTHBIX PACTBOPOB.

IIpu M3roTOBIEHNHU KHCIOTHOTO pacTBOPA B 3aBU-
CUMOCTH OT KOHLEHTPALMH TEXHUYECKOW KHUCIIOTHI
OTIPEEISIIOT HE0OXOIMMOE COOTHOILIEHNE BOJIBI M KHC-
JIOTHI JUIsl TIONyYEHUsI KUCIOTHOTO pacTBopa Tpedye-
MBIX KOHIIEHTpanuu 1 konndectsa. [Ipu Takux pacye-
Tax 3a CTAHJApTHYIO NPUHUMAIOT 27%-HYyI0 KOHILIEH-
TPAIMIO CONSAHOW KMCJIOTBI, a JUis mojiydeHus 1 w3
pacTBOpa KHCIIOTHI 3aJJaHHONW KOHLIEHTPAI[MH CMEIIH-
BAaIOT CIEAyIOMne KoiaudecTBa 27%-HOW KUCIOTHI U
BoJIbI (Tabmuma 1),

Tabmuna 1
KonneHnTpanus KHCIOTHOTO pacTBopa
Kon4ecTBO KOMIOHEHTOB [Isl oaydeHus 1 m3 KonneHTpaius KHCI0THOTO pacTBopa, %
pacTBopa 3aJJaHHOU KOHIEHTpalluu 8 9 10 11 12 13 14
27%-Holi CONSTHON KHUCIIOTBI, M2 0,27 0,31 0,34 0,38 0,41 0,45 0,48
Boapsl, M 0,73 0,69 0,66 0,62 0,59 [ 055 | 052

IIpu nmonmyuyenun u3 27%-HOHW KUCIOTHI KHCIOT-
HOTO PacTBOpa 33/1aHHOM KOHIIEHTpALUHU 10 00beMy,
He paBHOMy | M°, HaJ0 MaHHbIE U3 TaGIUIBI 6 YMHO-
JKHUTh Ha TpeOyeMoe KOJMYECTBO KyOHMUECKHX METPOB
KHCIJIOTHOTO pacTBOpA.

Ecnu kxucinora Oyner MMeTh KOHIEHTPALUIO, OT-
TUYHYTO OT 27%-HOW KHUCIIOTHI, HA0 MPEIBAPUTEIHLHO
OTIpEeNIeINTh, KaKoil 00BeM KHCIIOTHI 3TOH KOHIIEHTpa-
muu coorBercTyeT 1 M° 27%-Hoii kucnotsl, Takoe
ONpEIEIICHUE MPOU3BOIAT IO KPUBOU, MPUBEICHHOU
Ha puUcCyHKe 1.

KoHIeHTpalio MpPUTOTOBICHHOTO KHCJIOTHOTO
pacTBOpa NPOBEPSIOT CHIEHUATBLHBIM aPEOMETPOM.

Uit KUCIOTHOM 00pabOTKU CKBOKUHY HE00XO-
JIIMO TIOJITOTOBUTS. [JJIst 3TOTO MPOBEPSIFOT COCTOSIHHE

320051 CKBO)KUHBI M OYMINAIOT €0 OT BO3MOXKHOM Mec-
YaHOW MpPOOKH, TPsi3H, TIMHUCTOTO pacTBopa | T. 1.,
OUMIIAIOT TaKKe IMOJUIeXkanii 00paboTKke MHTEpBal
macra. [Tocne 3TOoro B CKBakKMHY CITYCKAaKOT KOJOHHY
HACOCHO-KOMIIPECCOPHBIX TPYO, CIYXKAaIIUX HPOMBI-
BOYHBIMH TpyOaMu, 0 MHTEpBaJa IUIACTa, MMOJJIeKA-
mero o0paboTke.

Ha moBepXHOCTH y yCThsl CKB2XKHUHBI YCTAHABIIH-
BalOT HeoOxoauMoe st 00paboTku 000pyHOBaHUE,
MIPOU3BOAT OOBSI3KY YCThsI M OIIPECCOBKY BCEX TPyOO-
MPOBOJIOB Ha MOJYTOPaKpaTHOe pabouee aBlieHHUE.

ITpn 3akayke KUCIOTHOTO pacTBOpa CaMOTEKOM
000pyI0OBaHUE HE ONPECCOBBIBAIOT.
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O6opynoBaHMe y yCThsl CKBaOKMHBI BKIIIOYAET 3a-
JIMBOYHBIH arperat (0OBIYHO IPUMEHSETCS [IEMEHTUPO-
BOYHBIM arperar), MEpHHUK JUI KHCJIOTHI, 3aMEPHBIN
YaH ¥ Hacoc (0OBIYHO LEHTPOOEKHBIN) JJIS TepeKadKu
pacTBopa ¥ IpOAaBOYHOH KUAKOCTH U3 aBTOLUCTEPH B
MIpHEMHBIE MEPHHUKH U IPOAABOYHOM JKUIKOCTH M3 3a-
MepHOTo 0aka B eMKOCTh 3aJIMBOYHOTO arperara. Me-
PUHKH ST KACJIOTHl M MPOJABOYHON >KHIKOCTH ObI-
BaloT eMKkocThio 10 — 20 M. Ha BBIKHIHOMN JTUHUU OT
9KCIUTyaTallHIOHHOM KOJIOHHBI 1O MEPHHKA C ITPOIaBOY-
HOM KUJKOCTBIO YCTaHABJIMBAKOT TPOMHUK C OTBOJHOU
JUHUEH B KaHAIW3alUIO0 sl BHIOpOCa 3arpsi3HEHHOM
MPOIaBOYHON HE(PTH.

Ecnu constHOKHUCIIOTHBIN PacTBOP IMPUTOTOBISIOT
HEMOCPECTBEHHO Y CKBAXKMHBI, B BEPXHEH 4acTH KHC-
JIOTHOTO MEpHHUKa JieNatoT 3 — 4 oTBepcTus (C Hapyx-
HBIMH 3aIIUTHBIMH KOXKyXaMH), 4epe3 KOTOpbIe Hpo-
MYCKalOT B MEPHHK Beclia ISl NepeMEelInBaHus pac-
TBOpA.

INocite moAroTOBKM KUCIIOTHOTO PacTBOPA 3aKa4UH-
BAIOT €TO B CKBXKHMHY B TPH 3Tala, CICAYIOIUE OANH
3a APYTHM:

1) npenBapuTenpHas nojakauka HeTH, 2) 3aKauka
pacTBopa, 3) 3aKauka MPOJABOYHON MKHUIAKOCTH ISt
MPOJIaBKH PAacTBOpa B ILIACT.

[IpeaBapuTenbHyO MOAKAYKY HE(DTH ITPOU3BOAST
creayompM obpazoM. Ecin B CKBaKMHE BO3MOXKHO
YCTAHOBHUTH LIUPKYJISIIHUIO, TO Yepe3 KOJIOHHY 3aJTUBOY-
HBIX TPYO 3aKauMBaIOT YHCTYIO HE(PTH 10 MIepeTUBaHUS
ee U3 3arpyOHOro MpocTpaHcTBa. 3aTeM 3aKaYMBAIOT
3aJaHHBII 00BEM KHCIIOTHOTO PACTBOPA IIPH OTKPHITOM
3arpyOHOM mpocTpaHcTBe. Ilocime Toro kak B CKBa-
JKUHY OyZIeT 3aKkadaH KHCIOTHBIH pacTBOp B oOBeMe,
paBHOM 00bEMY 3aJIMBOYHBIX TPYO IUTIOC 00BEM CTBOJIA
CKBQ)XHWHBI B Tpesienax o0pabaTbiBaeMOro WHTEpBaa,
3aKpBIBAIOT 33/IBWKKOM BBIXOJA M3 3aTpyOHOTO mMpo-
CTPaHCTBA, HO MPOJIOJDKAIOT 3aKAa4Ky BCETO IPUTOTOB-
JIEHHOT0 pacTBopa A0 koHua. Ilocne atoro cpasy 3axa-
YHMBAIOT MPOAABOYHYIO KHUAKOCTH (HeTh MK BOIY) B
o0bemMe, paBHOM O0BEMY 3aJIMBOYHBIX TPYO ILIIOC
00bEM CTBOJA CKBa)XHHBI B Ipenenax oOpabaThiBae-
Moro uHTepBaia muacra. [8.9.10.11.12.13.]

Takum oOpa3om, Omaromaps TpeIBapHUTEIEHON
nojKauyke He(TH ypoBEHb KHCIOTHOTO pacTBOpa B
CTBOJIE CKBaKMHBI HE MOXKET TOJHSTHCS BBIIIE BEpPX-
HEll OTMETKH HAMEUYEHHOTO IM0J1 00paboTKy WHTEepBaIa

IUIacTa, U 3aKauMBaeMblil pacTBOP IEIMKOM IONaaaeT
B IutacT. TakoM mpouecc 3aKkayku KUCJIOTHOTO pac-
TBOpa CII0cOOCTBYET MOBHIIIEHUIO 3¢ HheKTHBHOCTH 00-
pabOTKH TaK¥Ke M IOTOMY, YTO CO3/1a€TCs BBICOKOE JIaB-
JIeHue Ha 3a00€ CKBa)XMHBI, yBEIMYHUBAIOIIEe CKOPOCTh
TIPOHMKHOBEHHS KHCIIOTHI B INIACT M CHIDKAIOIIEE CKO-
POCTh peakIuy KUCIOTHI ¢ Mopozoi. M3BecTHO, 9TO C©
TIOBBIIIEHUEM JABJICHUSI CKOPOCTh PEAKIUH PE3KO
yMeHbaerca. Tak, Ipu yBEIUYEHUU JaBJIEHUS 10 7
am CKOPOCTh peakiu yMeHbmaercs B 6 — 10 pa3 mo
CPaBHEHHUIO CO CKOPOCTBIO pEaKIMH, MPOTEKAIoIIEH
pu aTMOc(epHOM JaBJICHUH, a MpU AaBieHun 20 —
60 am — ymenbmaercs B 70 pa3. Bricokoe maBieHue
CIOCOOCTBYET TaKUM 00pa30M COXPAHCHHUIO aKTHBHO-
CTH KHCJIOTHOTO pacTBOpa B MPUCTBOJILHOM YaCTH TJIa-
CTa B TEYCHHE JJIMTEIILHOTO BPEMEHH, YTO OJHOBpE-
MEHHO ¢ Oosiee TryOOKMM NPOHUKHOBEHHEM €ro B
IUTACT CIIOCOOCTBYET MOBHIIICHUIO P PEKTHBHOCTH 00-
pabOTKH CKBaXXUH Mo HaBicHueM.[14.17.18.19.]

Ecmu B 0OpabaTpiBaeMOli CKBaKHHE MTPOUCXOTUT
3HAYUTEIHHOE MOTJIOMIEHUE KUIKOCTH H HEBO3MOXKHO
JIOCTHTHYTh IUPKYJSIAN Yepe3 3aTpyOHOe IpOCTpaH-
CTBO, MpPOIIECC BEAYT cienyrommm obpasom. [Ipensa-
PHUTENBHO MMOIKAYNBAIOT HE(Th 0 MOCTOSHHOTO TI0JIO0-
JKEHUsI YPOBHsI B 3aTPyOHOM IPOCTPAHCTBE, YTO yCTa-
HaBJIMBAETCS HAOJIOJICHUEM 32 YPOBHEM IPH ITOMOIIU
9X0JI0Ta. 3aTeM HAauYMHAIOT 3aKauyKy KUCIIOTHOTO pac-
TBOpa M 110 OKOHYAHHH 3aKa4KH 3aJJaHHOTO 00beMa He-
MEJUIEHHO TIPHCTYNAIOT K 3aKa4yKe B CKBAKUHY TPOJaA-
BouHOI HedTH. [Ipn Takoit 0OpaboTke HET HEOOXOaH-
MOCTH B T€pPMETH3AINH YCThSI CKBAKHHBI.

Takas onepanysi B pOMBICIOBOM NPAaKTUKE HA3bI-
BaeTCs KUCJIOTHOM BaHHOM. IIpu KMCIIOTHOM BaHHE pac-
TBOP JEPXKUTCS B CTBOJIE OT 4 10 20 "ac B 3aBUCUMOCTH
OT J]aBJieHUs Ha 3a00€ U IMaMeTpa CTBOJIAa CKBAYKHHBI.
ITocne KUCIOTHON BaHHBI OUYMINAIOT 3a00H CKBaYKUHBI
OT NMPOOKH U TPsI3H, OCEBIIEH C €€ CTEHOK, ¥ 3aTeM PO~
W3BOJAT KHCJIOTHYIO OOpaOOTKYy MpH3aboiHON 30HBI
OINHUCAaHHBIM crocoOoM. KucioTHble BaHHBI MOKHO
NPOBOANTh W KaK CaMOCTOSITENIbHble OIEPALUH.
[20.21.]

Pexomenoauusn:

[Mpu HEOOXOMMMOCTH OOpPaOOTKH OJHOTO MOII-
HOTO IIJIaCTa PEKOMEHIyeTCs MPOU3BOJUTh CTYNCHYA-
Tyifo 00pabotky. IIpu 3ToM cmocobe 00paboTKH BCIO
MOIITHOCTH TJIacTa pa3OnUBaIOT Ha HHTEPBAIIBI MO 10 —
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20 M, KOTOpbIE TTOOYEePETHO, HAYMHASI C BEPXHETO0, 00-
pabaThIBalOT PaCTBOPOM KHUCIIOTHI C YCTAHOBKOM Oar-
Maka TpyO B HIDKHEW 4acTh 00pabaThiBaeMOTO HHTEP-
Basa. Crynenyaras oOpaboTka TpeOyeT NpUMEHEHUs
MaKepoB WJIM YCTaHOBKM Ha 3a0oe mpoOok (OsaHke-
ToB). OOpaboTKy KaXK/10# CTYNIEeH! IPONU3BOJIAT TAK XKeE,
KaK ¥ CaMOCTOSITEIbHYI0 00paboTKy, C IIpeIBapUTEIb-
HOH npokaukoil HedTH. [Ipu crabonpoHHUIIaeMBIX TMO-
ponax, KorJa He yaaeTcs IpoKadaTh B IUTACT cpasy
60JIBIIIOE KOJIMYECTBO KHUCIIOTHI, XOPOIINE Pe3yIbTaThl
JlaeT AByXCTaauiiHas o0paboTKa CKBaXXWHBI. BHavaie,
TIpH TIEPBOH cTagnu 00pabOTKH, B IUIACT 3aKAYHBAIOT
oz GonpiuM gasienueM (120 — 150 am) 2 — 3 m®
pacTBOpa KHCJIOTBI U AC€pKAT IOA TaKUM JaBJICHUCM
HEecKoJIbKO 4acoB. Koryia jaBieHne B CKBa)KUHE CHHU-
sutcs 10 50 — 70 am, 3aKauMBaIOT BTOPYIO MOPIHUIO
KHMCJIOTHOTO PacTBOpa B KOJIMYECTBE 5 — 7 M%; BTOpast
MOpLUS, KaK MPaBHJIO, 3aKaYWBAETCS B IUIACT 3HAYM-
TENBHO JIerue Ipu JaBJIEHUH Ha BBIKUAE Hacoca 1o 90
am..

[Ipr conssHOKMCIIOTHOM 00paOOTKEe CKBaKUHBI
Ha/I0 CTPEMHTHCS TT0 BO3MOXHOCTH OBICTpee 3aKadu-
BaTh HE(PTH U KUCIIOTHBIA PacTBOp. 3aKOHYMB IIPOIaB-
JMBaHHE KUCIOTHOTO PacTBOpPAa B IUIACT, CKBAXHHY
OCTaBIISIIOT HAa HEKOTOPOE BpEMs Ul PearupoBaHUs
KHCJIOTHOTO pacTBOpa ¢ nopoaoil. Bpems Brieprusa-
HHSI KUCIIOTHOTO PAacCTBOpa B CKB)KMHE 3aBUCHT OT (H-
3UYECKUX CBOMCTB miiacrta, OJHAaKO B 6OJ'II)H_II/IHCTBC
cilydaeB HEOOX0AUMOe JUIsl 3TOTO BpEMsI BITOJIHE TIepe-
KPBIBAETCSI MEPUOAOM BpPEMEHH, HEOOXOIMMBIM ISt
NPOBEJICHUI OINepanyii Mo MOATOTOBKE CKBaKHHBI K
9KCIUTyaTaIllH; TIOATOMY IOCJIE OKOHYAHHSI BCEX OIe-
pauuii 1o 3aKayke KHCIOTHOTO PacTBOpA B OOJIBIINH-
CTBE CIy4aeB Cpa3y k€ IPUCTYMAIOT K ITOATOTOBKE
CKB&)KMHBI K 9KCIITyaTaIHH.
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Abstract

Ultrasonic treatment of surfaces is one of these methods, which at lower static forces significantly intensifies
the process of plastic deformation of the surface layer of metal. Such method is strengthening-finishing of surface,
strengthens surface layer, creating in it compressive stresses and at the same time defects obtained, in previous
operations eliminates. Of particular interest is the protection of surfaces of machine-building parts operating in
aggressive environments; The effect of the introduction of mineral coatings into the surface layer of the part de-
formed by ultrasonic treatment; increase in durability of designs; Improved technologies for manufacturing such
parts, which increase economy and productivity. Therefore, the improvement of the process of ultrasonic treatment
of surfaces with the introduction of mineral materials is very relevant. The purpose of the work is to establish
optimal modes of ultrasonic treatment for formation of a surface layer with embedded minerals of natural origin,
in order to provide anticorrosion protection of parts operating in aggressive environments.

Annomayusn

Yaempaszsyxosas obpabomka noeepxrnocmelil si81semcsi 0OHUM U3 IMUX MeMO008, KOMOPAsl Npu MEeHbULUX
cmamuy4ecKux YCUiuiax 3HadumenbHo uHmechqbuuupyem npoyecc NAACMUYecKoll Oeqbop/wauuu NnOBEPXHOCMHO20
cnost memainna. Taxou Mmemoo s615emcs YRpouHsIIOue-4ucmosot 0opabomrol NOBEPXHOCMU, YAPOUHSIEN NO8epX-
HOCMHDBLI CIOU, CO30A8a51 8 HEM CHCUMAIOUUE HANPSAINCEHUSL U OOHOBPEMEHHO OeeKmbl NOLyHeHHble, Ha NPedbloy-
wux onepayusax ycmpansem. Ocobbwill unmepec npeocmagisiem 3auwuma no8epxHocmell oemanei MauuHoCmpou-
MmelbHO20 HA3HAYEeHUA, pa6omaiou;ux 6 decpecCUuBHblx cpedax; GlUAHUE 6H€()p€Huﬂ MUHeEPAlbHbLX nOKprmuﬁ 8 no-
BEPXHOCMHbLIL  COU  Oemanu, Oepopmupyemvlii 00pabOMKOU  YIbMPA3EYKOM, VeeludeHue 001208e4HOCHU
Koycmpykuuﬁ; coeseputencmeosanue MEeXHOJI02UN U320MOBNEHUS MAKUX 6emaﬂeﬁ, noevliUaruux IKOHOMUYHOCb
u npou3600umeﬂbyocmb. HOSWLOMy eecoma akmyalbHbIMU AGNAIOMCA 60NPOCHbL COBEPUIEHCMBOBAHUA MEXHOI02U~-
4eCcK020 npoyecca yibmpaszeyKkoeou 00pabomku nogepxHocmeli ¢ 6HeOpeHueM MUHEPATLHbIX Mamepuanos. Llenvio
Pabomol 5615EMCsL YCMAHOBICHUES ONMUMATILHBIX PENCUMO8 YIIbIMPA38YKOB0U 06pabomK N0 (popMupo8anuio no-
B8EPXHOCMHO2O0 CNOA C 6H€0p€HHblMu Munepalamu npupodHozo npoucxoofcdeﬁuﬂ, o1 obecneyenus: anmuxkopposu-
OHHOU 3awumsl demajell, pabomarowux 6 azpecCUHbLX Cpeoax.

Keywords: surface-plastic deformation, ultrasonic treatment, geomaterials, roughness, microhardness.
Knrouegwie cnosa: nosepxnocmuo-niacmuyeckoe deghpopmuposanue, yiompaszeykoeas obpabomka, ceomame-
puai, wepoxosamocmy, MUKPOMEEPOOCHb.

[Tpw skcrmyaTanuy MEXaHU3MOB M MAIIMH MPOUC-  OOTKH, TaKKe HEOOXOAMMO YUYHTHIBAaTh, YTO, Ha (op-
XOAAT HEW30EKHbBIE MPOIECCHl Pa3pyIIeHUH AeTanel, MHPOBAaHME KAUeCTBEHHBIX IOKa3aTeseil MOBEPXHOCT-
B)XHEHIIYI0 POJIb KOTOPHIX HIPAET MOBEPXHOCTHBIA  HOTO CJIOS OKa3bIBAIOT BIUSHUE BCE COOTBETCTBYIOIIUE
CJIOH, OKOHYATEIIbHbIEC KAYECTBEHHBIC XaPAKTEPUCTUKH  3TAIlbl U3TOTOBJICHHUS.

KOTOPOMY NPUIAOT Ha 3aKJIFOUNTEIBHBIX 3Tanax oopa-
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Bo Bpemst 00paboTKH MOBEPXHOCTHOTO CJI0S pe3a-
HHEM HUIET NHTEHCUBHBIN U3HOC HHCTPYMEHTA, CHAXKa-
€TCsl €ro CTOMKOCTh U KaK CJIEJICTBUE YXYIIIEHHE TOY-
HOCTH 00paboTku neranu. [Ipu 3TOM BnajguHbl HEPOB-
HOCTEH He 3aIlOJIHAIOTCS METAIIIOM, U OTHOCUTEJIbHAS
oropHasi AnrHA npoduis He yBennunBaercsi. Hambo-
Jiee MepCIeKTUBHBIM pelIeHHeM NpoOIieMbl Ha (GPUHMIII-
HBIX Ollepanusx o0pabOTKM JeTany, sSBIIeTCs 3aMeHa
00paboTku pe3aHmeM 00pabOTKOI daBICHHEM NpH
IUTACTHIECKOM JIe()OPMHUPOBAHNN METAJUIOB B XOJIO-
HOM coctosHuH. OcoObIil MHTEpeC MpeACTaBIsIET 3a-
IIMTa MOBEPXHOCTEH meraneli, paboTaromux B arpec-
CHBHBIX Cpeliax

[ToBepxHOCTHO-TIaCTHYECKOE  IepOPMUPOBAHHE
(III1T) (BBIrmakuBaHHe, HAKAaThIBAaHUE, JOPHOBaHHE,
yJIbTpa3ByKoBas 00paboTKa U 1p.) 3TO 00padoTKa Je-
TaJei naBineHueM (0e3 CHATHS CTPYXKKH), IPU KOTOpOH
TUIACTUYECKH 1e()OPMHUPYETCS TOJIBKO TOBEPXHOCTHBIHN
cloil.

IIpeumymectBo meromo I/ 3akmouaercs B
TOM, 4TO OJ1arofapsi IIacTHIECKOMY TEUSHUIO MEeTalIa
BIIABJICHHBIC BBICTYIIBI 3AIIOJIHSIOT BIIaJMHBI IPO(UIIs,
YBEIHMYMBAas ONOPHYIO [UIMHY M HECYILIYI CIOC00-
HOCTb NoBepXHOCTH. B pesynbrate I1I1J] B 3HaunTENb-
HOH Mepe COKpAIllaeTcsi M3HOC COIPATaeMbIX MOBEPX-
HOCTEH M Iepro| MPUPAOOTKH.

OCOOEHHOCTBIO YIIBTPa3BYKOBON OOpabOOTKH sIB-
JsIeTCsl Mayiasi TeMIieparypa HarpeBa, HU3Koe cTaTHde-
CKO€ yCHIIne, yIIPOYHEHNE TIOBEPXHOCTHOTO CJIOSI U BBI-
COKasi CKOpPOCTh /e(OpMUpPOBaHUs, Onaromaps uyemy
JIaHHasi TEXHOJIOTUS TI03BOJISIET 00pabaThIBaTh Kak Jie-
Taly, Oo0JajaroNe HEBBICOKOW KOHCTPYKTHBHOMN
XKECTKOCTHIO, TaK M TIOBEPXHOCTH, HOABEPTHYTHIE 3a-
KaJIKe ¥ OTITYCKY.

[IpenmytecTBoM 00pabOTKH IIACTHIECKUAM Jie-
dhopmupoBarreM mepen 00paboOTKoW HuM(OBaHHEM
ABJIACTCA TMOBBIIICHUE OKCIUTYyaTAllMOHHBIX CBOWCTB
00paboTaHHBIX MOBEPXHOCTEH, CHIIKEHHE LIEPOXOBa-
TOCTH U OTCYTCTBHE IepeHoca Ha 0OpabaThiBaeMyto
MOBEPXHOCTH MOCTOPOHHUX YaCTHII.

O/HUM W3 TEpPCIEKTHBHBIX METOOB, IOBIIIE-
HUS HaZ@KHOCTH M3/IeNUil MalllMHOCTPOEHHs, paboTa-
IOIINX B YCIIOBUSIX arpeCCUBHBIX CpPeJ, SBISETCS 00pa-
00TKa ImIacTHYecKuM ae(hopMHUPOBaHNEM ITOBEPXHOCT-
HOTO CJIOSI C BHEIPEHHEM MHUHEPAJOB IPHPOIHOTO
MPONCXOKACHHUSA T0J] BO3JCHCTBHEM YJIBTpPa3BYKa.
[1.2]

Lenpro uccnenoBaHuil ABISETCA YCTaHOBJICHUE
ONTHMANBHBIX PEXHUMOB YJIBTPa3ByKOBOW 00pabOTKH
1o (POPMHUPOBAHUIO TOBEPXHOCTHOTO CJIOSI C BHEAPEH-
HBIMU MUHEpajIaMy MMIPUPOAHOTO IPOUCXOKACHUS.

Jnst nocTKeHMs TOCTaBJICHHOHW 1IeJM Heo0Xo-
JIIMO PELINTH CIEAYIONIUE 331a4H:

- pa3paboTaTh METOIUKY MPOBEICHHS DKCIEPH-
MEHTAJIBHBIX HCCIICIOBAHUIA;

- MCCIIE/IOBATh BIMSHHUE TEXHOJIOTHYECKHUX (ak-
TOPOB YJIbTPa3ByKOBOI 00pabOTKU Ha (popMUpOBaHHE
MIOBEPXHOCTHOTO CJIOSl TIPH BHEAPEHHUH MHHEPAIOB
MPUPOJTHOTO MTPOUCXOXKACHHSL;

- OIIPEIEINTh Ka4eCTBO MOBEPXHOCTHOTO CJIOSI C
BHEIPEHHBIMA MHUHEPAIaMHU IIPUPOJHOTO IMPOUCKOK-
JIEHUS] HA KOPPO3UOHHYIO CTOMKOCTb JeTallel MAllWH B
arpecCHBHBIX Cpeax.

Bo MHOrux HCTOYHHKAX HAYYHO-TEXHUYECKOU
JIUTEPATyphl B TIOCIIEHEE BpEeMsl yAeNseTcs 00Jblinoe
BHUMaHHE HCCIEIOBAaHMIO YIPOUYHSAIOMINX TEXHOJIO-
I'Mi, paCCMaTPHUBAIOIINX CO3/IaHHE HAHOCTPYKTYPUPO-
BaHHOT'O ITOBEPXHOCTHOT'O CJIOS 33 CUET BHEIIHETO CH-
JIOBOTO WJIH (PU3MUECKOTO BO3/ICHCTBUSL.

[IpoBens 0630p myOIMKaNKii IO CO3TaHUIO HAHO-
CTPYKTYPHPOBAaHHOT'O TOBEPXHOCTHOTO CIIOSI MeTall-
JIOB, MOKHO BBISIBUTH HanOolee MepCreKTUBHbIE CII0-
COOBI ¥ METOJIBI TEXHOIOTUYECKUX BO3ACHCTBUH yiIyd-
IIAIOIINE KayeCTBEHHBIE XapaKTEPUCTHKH W3AEINN
(pucyHoxk 1).

ITpn oOpaboTke AeTanell MOBEPXHOCTHBIM ILIa-
ctiuueckuM nedopmuposannem (III1/1) mox Bozneii-
CTBHEM YJbTPa3BYKOBBIX KoJieOaHUI B MaTepHaie Je-
TaJH MPOUCXOIAT HeoOpaTUMBIE Ae(opMaIlin, pe3yib-
TaToOM KOTOPBIX SIBIISIETCS YIIPOYHEHUE
MIOBEPXHOCTHOTO CJIOS, YJy4IIE€HHE LIEPOXOBATOCTH,
CBOWCTB U CTPYKTYPBHI.

YBenuueHne npesena BEBIHOCIUBOCTH AETalH T10-
clle TTIOBEPXHOCTHOTO IIIACTHYECKOro J1e(hOpMUpPOBa-
HUSI B OCHOBHOM OIIpENENsAeTcsl (GH3MIECKUM COCTOS-
HHUEM JIe)OpMHUPOBAHHOTO CJIOSI, €r0 TITyOWHOM, BeH-
YMHOW W paclpeieNeHHeM OCTaTOYHBIX CKHMAIOIINX
HanpspkeHuil. HempaBwiibHBIA BBIOOp peskuMa oOpa-
OOTKH OJTHOTO U3 ITapaMeTPOB MOXKET BBI3BATh YACTHI-
HO€ pa3pylLIEeHHE TOBEPXHOCTH U NTOHU3UTH JOJITOBEY-
HOCTbH W3EIHS.

OHUM U3 METOJIOB BO3/ICUCTBUS HA CTPYKTYPHOE
COCTOSTHHE TIOBEPXHOCTHOTO CJOS SIBISIETCS yIbTpa-
3BykoBas obOpabotka (Y30), mo3Bosstomias chopmu-
pOBaTh CyOMUKPOKPUCTATNIECKYIO CTPYKTYPY B TOH-
KOM IIPUIIOBEPXHOCTHOM CJI0€ TONIIHHOM ~50MKM.

B pesynbrare BOSHUKHOBCHHUSI TaKOH CTPYKTYpHI
MPOMCXOJIUT yBEIUYEHHE TIpeliesia BBIHOCIMBOCTH Jie-
TaJIN, KOTOPasi B OCHOBHOM OIIpeiesieTcst GU3NIeCKuM
COCTOSTHHEM JIe()OPMUPOBAHHOTO CJIOS, €ro IIyOHHOM,
BEJIMYMHOM M pacrpeielICHUEM OCTaTOYHBIX COKUMAI0-
X HampspkeHuil. HanOompimme ocTtaTodHble HAmps-
KEHUsI CKaThsl OJIM3KHU K TMPEJey TeKYy4eCTH MaTepH-
aja JeTaiy, KOTOpoe PacTET 0 Mepe YBEIUUCHUS HH-
TeHCHBHOCTH Jedopmanmu. OIHAKO € pOCTOM
WHTEHCHBHOCTH Je(opmanuy mporecc pa3ynpodHe-
HUSI TaKkXe IIOCTeNeHHO YyBenuuuBaercs. CreneHb
YIPOYHEHHS 3aBUCUT TOJIBKO OT YAEIHHOTO JAABICHHS,
a TIyOMHa YIPOYHEHHOTO CJIOSl ONpENeseTCsl YACb-
HBIM JIaBJICHHEM Ha KOHTAKTHBIE IUIOIAAN U €€ pa3me-
pamu [5].

[TepcrieKTHBHBIMU HANPaBICHUSIMU B 00JIACTH I10-
BEPXHOCTHOT'O IUIACTUYECKOTro Ae(OpMHUPOBAHUS C
HaJIOXKECHUEM YJIbTPAa3BYKOBBIX KoJeOaHUIl sBIsETCS
TEXHOJIOTHUS «HACKHIIICHUS» MOBEPXHOCTHOTO CJIOSI Me-
TaJUTa MUHEPAJIaMH TPUPOIHOTO MTPOUCXOXKACHUS 10T
BO37ICHCTBUEM YIbTpa3ByKa. Takoe KOMOMHHPOBAHHOE
BO3/ICHICTBHE HE TOJIBKO YIPOYHSET IOBEPXHOCTHBIN
CJIOH, HO TaKXe MOTU(PHIIUPYET €ro.

KoHKpeTHBII BBIOOP TEXHOJOTUH MOAM(DUKAINT
OTIpeeIsIeTCsl YCIOBHSAME JKCIUTyaTalluk M3JeNusl U
CBOWCTBaMH MCXOIHOTO MaTepuaina aetain. Moxnudu-
LUPOBAaHHE IOBEPXHOCTH HAa pPa3IUYHYI0 TIIyOuHY
JIOJDKHA, TIPEXKAE BCErO, COXPAHATh (HE YXYHIIINTH)
CBOWCTBAa OCHOBHOT'O METaJlIa, €T0 CIIOCOOHOCTH BBI-
JIep)KUBaTh ONpE/AENEHHbIE Harpy3KH, HE yMEHbIIATh
YCTaJIOCTHYIO IPOYHOCT U T.11. B CBsI31 ¢ 3TM Hanbo-
Jlee palMOHAILHO MOJM(UIMPOBATH TOJBKO TOHKHE
MTOBEPXHOCTHEIE ciioun [4].
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JIs OLleHKH BIHSHUS T€OMaTepHAIOB BHEIPCH-
HBIX YJIBTPa3BYKOM Ha Ka4€CTBO OBEPXHOCTHOTO CIIOS
u3genuii u3 cranu 45 Hamu OBLUTH MTPOBEICHBI CCIEIO0-
BaHHWA HaA IOTOKaX, MNOJYYEHHBIX I10 SaBOZlCKOPlI TEXHO-
nornu (nuTroBaHHBIX Tocie 3akanku TBY mo Ra =
0,4MKM) U ITOKaX 00pPaOOTAaHHBIX TOJBKO PE3IIOM JI0
Ra = 6,3MKM, 10 METOAWKE MOTHOTO ABYX(haKTOPHOTO
sKcnepuMeHTa. JJig conocTaBleHus NaHHBIX KayKIbIi
(akTop mpuHMMaN 6 pa3NMYHBIX 3HAYCHWH MoJa4y
(S=0,064Mm/06, S=0,072 mm/06, S=0,090 mMMm/06,
S5=0,108 mm/06, S=0,128 mm/00, S=0,144 Mmm/00) nipu
oboporax N=40000/MHH U C pa3HBIM YUCIIOM IIPOXO-
noB. Takum oOpa3oM, cxema IPOBEICHHUS SKCIEpH-
MeHTa BKIIfo4aeT B ce0st 30 He3aBHCUMBIX OIIBITOB.

ITapametpsl pexumoB Y30 uMmenu cienyrouue
3HaueHwst: vacrora f = 22 k[m, ammuryna
A=10MkM, paguyc OOYKOOOpPA3HOTO MHICHTOpPA

Ra, mkm

Ruwx=8MM, c pa3HOH BenMuMHON momaunm Smpoa=
0,064...0,144, cuna cratuyeckoro mnpwkuma Fer =
10...20H.

Ha nepBoMm arare SKCriepuMeHTalIbHBIX UCCIIEeN0-
BaHUI M3y4asy BIUSHHA yrcia pabounx xonoB (N) Ha
napametrpsl Ra 1 HRC, Ha kauecTBO MCXOmHOrO 00-
pasima, mToka nuamerpoM 20MM U3 ctand 45, mpeasa-
pPHUTENBFHO OOpPa0OTaHHOTO HAa TOKAPHO-BHHTOPE3HOM
cranke YT16I1, mpu momaue S = 0,090 Mm/00, cko-
pOCTE yIBTpa3ByKoBoi oOpaboTku V= 25,12 m/muH,
cwita cratudeckoro mpmkuma Fer = 10...20 H, panuyc
nHAeHTOpaR = 8MM, HCXomHOM cpenHeM apudMeTHde-
CKOM OTKJIOHEHUH MPOQUII IepOX0oBaTOCTH 0Opada-
TBIBAEMOH NOBEPXHOCTH Ra = 6,3 MKkM, pu3uKo-mMexa-
HUYECKHE II0Ka3aTelnyd KadecTBa HCXOJHOW MHKPO-
TBepaoctu Ha noBepxHoctn HRC= 22e., pucynku 1 u
2
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Puc. 1 — 3agucumocms cpednezo apupmemuueckozo OMKIOHEHUsE RPOPUIISL UePOX08amMocmu 06pabomanHou
nosepxnocmu Ra om uucna npoxooos i
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Puc.2 — 3asucumocms cpednezo apupmemuyecko2o OmrIOHeHUs M8epOOCHU 06pAOOMAHHOU NOBEPXHOCTNU
HRC om uucna npoxooos i

Ha BTOpOM 3Tarne sKCrepuMeHTaIbHBIX HCCIIEeN0-
BaHWH, M3ydaJIn BIUSHAS dnciia padounx xon0oB (N) u
BIIMsiHKE 10124 Ha napaMeTpbl Ra u HRC, Ha kauecTBO
obpasia, 00paboTaHHOTO YJIBTPa3BYKOM C TeOMaTepH-
aJI0M, I10CJIE CPAaBHUTEJILHON CTOMKOCTY MUHEPAJIBHBIX
MOKPBITUH K arpecCUBHBIM CpefaM, JuameTrpoM 20MMm
3 ctam 45, Mpu CKOPOCTH YJILTPa3BYKOBOW oOpa-
6otku V= 25,12 M/MHH, CHJIe CTaTHYECKOTO MTPHKUMA
Fcr =10...20 H, paguyca nuaaenropa R = 8Mm, ncxon-
HOM CpEIHEM apH(PMETHICCKOM OTKIIOHCHUH TPOQIIISA
MIePOXOBATOCTH 00pabaThIBaeMOi OBEpXHOCTH Ry =
6,3 MKM, (PH3UKO-MEXaHHUUCCKUE MMOKA3aTEIH Ka4yecTBa

MCXOJHOM MHUKpOTBepaocTH Ha noBepxHoctd HRC=
22en.

OKpyKHasi CKOPOCTh 3arOTOBOK OblLjla ITOCTOSH-
HOH V =25 M/MUH, T.K. IPH YBEINYEHHUH YHCIa 000po-
TOB, Ha MMOBEPXHOCTHU IIeTaHeﬁ BO3HHKAJIHU BI/I6paL[I/II/I,
caMblii ONTHMAJIbHBIH BapHaHT YacTOTHl BpAICHUS
MIIUHAETA cooTBeTcTBOBaia N = 40000/MuH.

B mnpoBexeHun wucciieoBaHUs: He3aKaJEHHOMN
cranu 45 00paboTaHHEIE YIBTPA3BYKOM C FreoMaTepHa-
JIOM, OBUTH BBISIBJICHBI CJICIYIOLIHE PE3YIbTAThI MIEPO-
xoBaTtocTH (Tabmmma 1) u TBepaocTH (Tabnuma 2).
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Tabmuma 1
Pe3ynpraTsl H3MEpeHHH MEPOX0BATOCTH NOBEPXHOCTHOTO CIIOS
S, MM/00 Ra, mxm
’ OuH pabounii xon|/[Ba pabounx xomaTpu padbounx xonaUeTsipe pabounx Xoa0B|l 11Tk pabouux X0/I0B|
0,064 0,41 0,29 0,25 0,22 0,18
0,072 0,48 0,20 0,19 0,20 0,23
0,09 0,41 0,20 0,20 0,19 0,18
0,108 0,30 0,25 0,23 0,20 0,19
0,128 0,48 0,26 0,18 0,16 0,15
0,144 0,38 0,31 0,24 0,25 0,24
Tabmnuia 2
Pe3ynbTaThl H3MEpeHUI NPUPOCTA TBEPAOCTH MOBEPXHOCTHOTO CJIOS
HRC,en
S, Mm/00 . [T pabounx
OnuH pabounii xox] J[Ba pabounx xona|Tpu pabounx xonalersipe pabounx X0a0B XOJI0B
0,064 23,7 24,5 25,7 251 27,1
0,072 234 24,5 25,6 25,6 25,8
0,09 23,6 24,4 24,5 25,2 24,9
0,108 24,0 24,3 27,6 27,4 26,0
0,128 23,3 24,2 23,1 24,2 23,0
0,144 25,0 26,3 26,0 24,2 27,4

Ha TpeTbem sTare sKcriepuMeHTalIbHBIX HCCIIeN0-
BaHMH, M3ydaJIn BIUSHUS dnciia padounx xon0B (N) u
BIHSTHAE ITo/1a4 Ha mapameTpsl Ra m HRC, Ha kauecTBO
o0pasiia, CIIeTaHHOTO 10 3aBOJICKOMY TIpoIieccy, oopa-
0OTaHHOTO YJBTPA3BYKOM C TeOMaTepHalioM MITOKa,
[IOCJIE CPABHUTEIBLHOW CTOMKOCTH MUHEPAIBHBIX IO-
KPBITHI K arpecCUBHBIM cpenaM, nuameTpoM 20MM u3
ctanmu 45, Ipu CKOPOCTH yIBTPa3BYKOBOH 00pabOTKH
V= 25,12 m/MuH, cujie cTaTHUeCKoro npmwikuma Fer =

[Tpu apudmeTHyecKkoM OTKIIOHEHHH TIpoduiis mie-
poxoBarocTi oOpadaTsiBaeMoii moBepxHocTH Ra = 0,4
MKM, (PH3UKO-MEXaHUIECKNE TIOKA3aTeNIN KadecTBa 1c-
XOmHOH MHKpOTBepiocTH Ha moBepxHocTH HRC=
22en.

IIpyn mpoBelneHUM HCCIENOBaHUI 3aKaJIEHHON U
nutndoBaHHOW ctanu 45, 00paboTaHHOHN YIBTpa3By-
KOM C IeoMaTepHaIoM, OBUIM BBISBICHBI CIEIYIOIINE
pe3ysbTaThl HIEPOXOBATOCTH (Tabiuua 3) u TBEpAOCTH

10...20 H, panuyca ungaentopa R = 8mm. (Tabnuma 4)
Tabmuua 3
Pe3ynbTaThl H3MEpEHHH IEPOXOBATOCTH MOBEPXHOCTHOTO CIIOSI
Ra, mxm
S, MM/06 . [T pabounx
OnuH pabdounit xox|/[Ba pabounx xona(Ipu pabounx xonalersipe pabodynx X0/10B XOIOB
0,064 0,10 0,11 0,10 0,10 0,09
0,072 0,09 0,07 0,08 0,11 0,11
0,09 0,09 0,10 0,10 0,09 0,07
0,108 0,17 0,14 0,11 0,12 0,12
0,128 0,18 0,16 0,20 0,16 0,15
0,144 0,24 0,23 0,23 0,20 0,18
Tabauya 4
Pe3ynbTaThl H3MEpeHHUH IPUPOCTA TBEPIOCTH HOBEPXHOCTHOTO CIIOS
S, MM/00 HRC,en
’ OnuH pabounii xoxa/IBa padounx xona/Tpu padounx xonadersipe padounx xoa0B[[IsTh pabounx X008
0,064 24,8 24,6 25,2 25,7 25,8
0,072 23,0 23,1 23,3 23,7 24,0
0,09 24,0 25,1 25,0 25,7 25,5
0,108 24,8 25,3 25,7 25,4 251
0,128 23,6 25,0 25,9 24,8 25,7
0,144 23,0 23,0 24,1 24,7 24,9

[TpombInuIEeHHOE TPUMEHEHHE MUHEPATIBHBIX Ma-
TEpUaJIOB MPUPOTHOTO IPOUCXOXKICHUS B KadyecTBE
KOHCTPYKIMOHHBIX MAaTepHaJoB Is (hOPMUPOBAHUS
MOBEPXHOCTHBIX CJIOEB JIeTajei, 00JaaroliX BbICO-
KAMH aHTU(QPUKIMOHHBIMH, aHTUKOPPO3UOHHBIMH H

JIPYTUMU CIICIIUAILHBIME CBOMCTBAMHU, TPEOYET HOBBIX
TEOPETHUYECKHUX, METOMOJOTMYECKUX U TEXHOJIOTHYE-
CKHX TOJXOMOB. JTO TpeOOBaHKE BBI3BAHO PSIOM 00-
CTOSITENIBCTB, CBSI3AHHBIX CO CHEHU(DUISCKUMHU (PH-
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3UKO-MEXaHUIECKUMH CBOMCTBAMM HPHUPOJHBIX MaTe-
pHaNoB, OTIMYHBIMH OT T€X CBOICTB, KOTOpBIE HAOIO-
JAIOTCSL Y TPaJUIMOHHBIX MaTepUalIOB, MOJy4aeMbIX
HCKYCCTBEHHBIM ITyTEM.

IIpu mpoBeaeHUU HUCCICAOBAHUN PEKUMBI (HOp-
MUPOBaHUA MOKPHITUH, KaK NIPU U3TOTOBIEHUH HOBBIX
W3/EJIMH, TaK ¥ IpU MOAU(UKANHU JEHCTBYIOIIEH TeX-
HHKH, BEIOMPAIOT UCXO0/s U3 TpeOyeMbIX pr3nko-mexa-
HUYECKHX CBOWCTB MOBEPXHOCTHOTO CIIOS AeTajlel Ma-
IIHH.

OOpa3upl UCTIBITAaHUK TI0 CBOMM XapaKTEpUCTH-
KaM ¥ TapaMeTpaM JOJDKHBI COOTBETCTBOBATh pPeajb-
HBIM JIETAJISIM MAIIINH, @ YCIOBUS UCTIBITAHHUSA COOTBET-
CTBOBAaTh YCJIOBUSIM SKCILTyaTallUH.

JI1s OLICHKU BIMSHUS MHHEPAIBHBIX IOKPBITHM,
BHEJIPEHHBIX yIbTPa3BYKOM Ha Ka4eCTBO ITOBEPXHOCT-
HOTO cJI0sl u3/1enunit u3 cranu 45 Ha Kadenpe MalinHo-
CTPOEHHUSI MPOBEACHBl MCCIEJOBAHUSA Ha JAeTalsIx
«ILlToK», BXOAAIMINX B Y3JIbI TOPHO-LIIAXTHOTO 000pY-
JIOBaHMS.

B nccnenoBanus BIMSHHUA TEXHOJIOTHYECKHUX pe-
*kuMOB Y30 ¢ reomaTepranoM Ha FTeOMETPUYECKHE Xa-
PAKTEPUCTUKN ITOBEPXHOCTHOTO ciosl  (IIEpOXoBa-
TOCTB) OBUIH 00pabOTaHBI pe3yNbTATHI BCETO IDIaHA
9KCTIIEPUMEHTA, a Ha (PU3UKO-MEXaHUUECKHE XapaKTe-
PHUCTUKHU (TBEPIOCTD, OCTATOUHBIE MUKPOHAIPSKEHHUS,

HG ed

MHUKpPOCTPYKTypa, INyOnHa Hakiémna, INIOTHOCTh JIUC-
JIOKaIMii) EHTPaIbHOE U BEPXHEE 3HAYCHHS IUIAHA,
KOTOPBIM COOTBETCTBYIOT cjla0ast, CpeJHSsI U CHJIbHAsS
CTeleHb HakJIENa IOBEPXHOCTH. Bo Bcex ciyuasx Io-
JIy4eHHbIC JJaHHBbIE CPaBHUBAINCH ¢ 00pasloM, oOpa-
OOTaHHBIM YJIBTPa3BYKOM 0€3 HaHECEHUs] MUHEPAJb-
HOTO MOKpBITHS. B pabore paccMaTpuBaroTCsl 3aKOHO-
MEpHOCTH YITy4IIeHUS (U3HKO-MEXaHMYECKHX
XapaKTEPUCTUK MTOBEPXHOCTHOTO CIIOS B 3aBHCHMOCTH
OT Pa3INYHBIX PEKUMOB 00paboTKH. [6]

Hcxons n3 aHanm3a MosydeHHbIX Tpa(uKoB 3aBH-
CHUMOCTH TBEPAOCTH U MIEPOXOBATOCTH OT YMCIA IPO-
X070B (PHCYHOK 3 ¥ 4) MOXHO CIeNaTh CIEAYIOIIHe
BBIBOJIBIL:

1. KonmndecTBO MPOXOJ0B 3aBUCUT OT TEXHHUYE-
CKuX TpeOoBaHMii n3roraBiauBaemoii neram (Ra = 0,4
MKM).

2. IIpn o6paboTke yJIBTPa3BYKOM: CHIPBIX Mate-
pHAJIOB, CHIPBIX TIOKPHITBIX TeOMaTepuaioM, MaTepua-
JIOB 3aKaJICHHBIX M IUIM(OBAHHBIX, 00IIEe ONTUMAIb-
HOE KOJIMIECTBO MPOXOJI0B COOTBETCTBYET TPEM.

3. B pesynbTraTe yinbpTpa3ByKOBOH 0OpabOTKH CHI-
poii cTanu 45 TOKPBITON TeOMaTEPHUAIOM, YIyUIIaeTCs
IIEPOXOBATOCTh, COOTBETCTBYIOIIEH 3arOTOBKH, 3aKa-
nennoit TBY, B mpexenax Ra = 0,1...0,2 MxM, 1 MHK-
porBepnocts HRC 27en., 4To MOXET HCKIIOYUTH 00-
pabotky TBY u nuudosanue.
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Puc. 3 — 3asucumocms muxkpomeepoocmu om yucia npoxo0os npu yabmpaszeykosol 0opabomre
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Puc. 4 — 3asucumocmov wepoxoseamocmu om yucia npoxo008 npu YibmpaszeyKoeou obpabomie

@dopmupoBaHUe Pa3IMYHBIX IOKPHITHA € HOMO-
B0 YIIBTPa3BYKOBOM 0OpaOOTKH MMO3BOJISET MPHUHIIH-
MTHAJIbHO W3MEHATh COCTOSHHME ITOBEPXHOCTH JICTAJIH.

= % & R g oal =

Bup mosrygaeMbIx OBEpXHOCTEH N3 MUHEPAIBHBIX Ma-
TepUaioB TIOKa3aH Ha PUCYHKE 5

7 A &

20kV WD13mm  SS50

50pm
16 May 2012
a) cmanw 45 nezaxanennas (cieea)
Puc.5 — Mukpocmpykmypa no8epxHocmHo2o cios ¢ MUHEPALbHLIM NOKPLIMUEM GHEOPEHHbIM

noo eo3oevicmsuem yrompassyrka (x500)

B pesynbrare ynpTpa3ByKoBOH 0OpaOOTKH 3aKa-
NEHHON HenUTN(OBAHHON CTanu 45 IMOKPHITOH reoma-
TEpHaJIOM YJIy4IIaeTCs NIEpOX0BaTOCTh ¢ Ra=6,3 MKM.
no Ra=0,1...0,3 mkm., u mukporBépaocts ¢ HRC =
42en. no HRC = 50ex., 4T0 MOKET UCKIFOYUTH IIUIH-
(oBanme. KonmuecTBo NpoXoA0B 3aBUCHT OT TEXHOJIO-
TMYCCKUX TPeOOBAaHUI U3roTaBIUBacMOM AeTanu (Iie-
POXOBaTOCTh M TBEPAOCTH) U COOTBETCTBYET OT 1 110 2
MIPOXOJI0B

B v E
R,
A"

20kV WD14mm  SS50 x500

50pum
16 May 2012

6) cmanw 45 3axanennasn (cnpasa)

IIpu aHanu3e MNPOBEAEHHBIX HCCIEAOBAaHUN
MOJKHO CAENaTh 3aKJII0YEHUE, YTO IPU BHEIPEHUU MH-
HEpaJbHBIX MOKPBITHH B TMOBEPXHOCTHBIN CIOH MoK
BozzeiicTBeM Y30 IIEepoXOoBaTOCTh M MHKPOTBEp-
JIOCTh MPUHUMAIOT 3HAUCHMS, ITOKA3aHHbIE B TaOIHIE
5.

Tabauua 5

CpaBHeHI/IG MapaMeTpPOB 3aKAJICHHOI'O M HE3dKaJICHHOI'O 06pa3ua

3akaeHHbIH NTH(OBAHHBIH 00-

Hesaxanennsiii Hennn$oBaHHbIE

(M/MuH)

pasert oOpazen
HcxonHas mepoxoBarocTs, Ra 0,4 6,3
[ITepoxoBaTocTh, Ra 0,05-0,1 0,1-0,2
HWcxonnas tBeprocts, HRC 27 22
Teepaocts, HRC 50 27
Yucio npoxoznos, N 2 3
S, MM/00 0,09 0,09
CkopocTh yIbTpa3BykoBoit 00paboTku,V 25,12 2512
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Taxkum 06pa3om, UCXOZSI U3 TMOyYEHHBIX JKCIIE-
PUMEHTANIBHBIX JaHHBIX MOXXHO CIEJATh CIECIYIOLINe
BBIBOJIBI:

1. I'nyOuna BHexpeHHs reoMarepuasa B 3aKa-
JICHHbIE ¥ He3aKaJeHHbIe 00pa3libl pa3InvyaeTcs He3Ha-
YUTEJIBHO U COOTBETCTBYIOT 10-30 MKM.

2. Teomarepuain 3ppeKTHBHO 3aIOJIHSET ITOPHI U
PaKoBUHBI Ha MOBEPXHOCTH Marepualia, 4To ITPeoT-
BpallaeT pa3BUTHE KOPPO3HH.

3. Tlokaszarenm mepoxoBaTOCTH Kak NuIrdoBaH-
HBIX, TaK W He IUTH(OBAHHBIX 00pa3IoB, mocie oopa-
OOTKH yNbTpa3ByKOM M BHEIPEHHEM reoMaTepuana -
pasznmuyatorcs B mpenenax 0,1-0,2 MKM. B COOTBeT-
ctBy1oT Ra=0,05..0,25 Yto B cBOIO 0Uepeab MO3BOJISET
OTKa3aTbCsl OT ITPEBAPUTEIBHOrO LUTU(OBAHUS IO-
BEPXHOCTEM.

4. DKCIuTyaTallMOHHBIE XapaKTEPUCTUKU JeTa-
Jed, 00pabOTaHHBIX TIPH TIOMOIIH YJIbTPa3ByKa C BHEA-
peHneM reomatepuana, OyayT COOTBETCTBOBATH JeTa-
7siM 00paboTaHHBIM NUTH(OBAHIEM, HO BMECTE C ITHM
HMETH TTOBBIIIEHHYIO COIIPOTUBIIIEMOCTH KOPPO3HH.

5. MuKpOTBEpIOCTh HMOBEPXHOCTHOTO CIIOS JIe-
Tanel 3HaUNTEeNFHO yBenmumnace B 1,3-1,6 paza.

Hcxons n3 BBIBOZOB BUAHO, YTO BHEAPEHHUE T'€0-
MAaTepUaJioB yJIy4IlIaeT [TOKa3aTeIH LEPOX0BaTOCTH 1
MHUKPOTBEPAOCTH TOBEPXHOCTHOTO CJIOS, U APYTHE IKC-
TUTyaTallMOHHbBIE XapaKTEPUCTUKH.
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DESCRIPTION OF THE ALGORITHM FOR TEMPERATURE MODE OF THE HELIO CAMERAS
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MPEJTHA3ZHAYEHHBIX JUISI TEILJIOBOM OBPABOTKH BETOHA
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Abstract

An algorithm has been developed for the temperature regime of solar cells designed for heat treatment of
concrete. The method of finite differences was used to develop an algorithm and a program for calculating the

temperature regime of solar cameras.
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AnHomayusn
Paspaboman ancopumm memnepamypHo2o pexcuma 2eauokamep, npeOHa3HAYeHHbIX OISl Menjiosol obpa-

bomxu 6emona. [ns paspabomku aizopumma u npocpamMmuvl pacyema memMnepamypHo20 pexlcuma 2eiuoKamep
UCNONBb30BAH MEMOO KOHEUHbIX PA3HOCEL.

Keywords: heliocamera, temperature regime, numerical method, finite difference method, concrete, rein-
forced concrete, heat transfer, heat, mass transfer

Knrouesvie cnosa: cenuoxamepa, memnepamypHblil PejiCUM, YUCLIEHHbLL MEMo0, Memoo KOHEUHbIX PA3HO-
cmeitt, bemoH, dcene3006emon, menioooMeH, meno, macconeperoc.

1 mpoBeieHNs pacUEeTOB M0 ONPEAEICHUIO TEM-  IIPOTPAMMBI pacueTa TEMIEPATYPHOTO PeXXHUMa Iellno-
[IepaTypHOTO COCTOSHUS OETOHHOHM cMecH, 00padaThl-  KaMmep HCIOJIBb30BaH METOJ KOHEUHBIX pa3sHocTel /2/.
BaeMOH B TelHOKamepe, ¢ TIOMOIIbI0 ypaBHeHHH (1 + Jna peanu3anuy JaHHOTO METOJA B CIIOSIX OETOH-
15) /1/ mpeamoutuTenbHee UCIOIB30BATh YHCICHHBIE  HOW CMECH, OCHOBaHHWS, H3OJSINH, KEPaM3UTOBOM
METOABI T . K. KOI()(HUIMEHTH TEIUIO W Maccorepe-  CIOE M TPYHTE (PHC.1.) BBENEHNUS Y3IOBBIE TOUKH, IS
HOCA Ha TPAHHUIIAX H MOLTHOCTh TETNOBLIAEACHNH THA-  KOTOPBIX U3 ypasHenuit (1+ 15) /1/ nony4ena cucrema
pararnuu eMeHTa 3aBUCAT OT TEMIIEPATYPbl OETOHHONW ~ YPABHEHHI B KOHCUHBIX Pa3HOCTSIX:

CMecH, T. €. CHCTeMa YpPaBHEHHH SBIAETCS HEIH-
HelHOH. B cBsi3u ¢ 3THM, 17151 pa3paboTKH alropuTMa u
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Puc.1 - Pacuemnas cxema ons onucanus an2opumma memnepamypHo20 pelcuma eeauokamep.
1-xepamsum; 2-bemonnoe usoenue; 3-KOpnyc eruokamepsl;, 4- cr1ou meniou30naYuU,
5- 8o30ywinas npocnoiika, 6-epyum, 7- 08YXCIOUHOE NPO3PAYHOE NOKPbIMUE.

a) st OETOHHON CMecH, KOTopasi To/IBepraeTcs TEeIIoBOH 00paboTke B remmokamepe aist y3ma ¢ Nel ( Ha
BepxHeil rpanuie cmecH dg =0):

k K y) A -1
2%JK 5 CpexAg AT Din(1)KeaT _ ZAZ[Ta(l)_Ta(z)]*AT _ npl(( * T*[ a(1) C4-]

K+1 _ K
T8(1) = T8(1) + PyxCy*Ay; Cy PyxCp*Ay, 83%Py*CyxAyq2 (1)
st y3na ¢ Ne n (Ha HHOKHEH rpaHuLe OETOHHOW CMECH, O, = 0y):
22, AT+ TR o -TE ]
22%AT k m(n)k*AT P(3) ™~ o(1)
Teok+t = Tgonk ¥ —— | Tgm1) — T + 2
6(”) 6(n) PZ*CZ*Af_ o(n-1) 6(1)] Cy §5*PpxCaxAyq ( )
st BHYTpeHHHX i-bIX y3710B ¢ No2 + (n-1):
_ _2Ap*AT Donciykeaz
Tﬁ(i)K+1 - Tﬁ(i)K +—- PZ*CZ*AZ [ a(i-1) ZT a(i) + T6(l 1)1(] + s (3)
31ech N- KOJIMYECTBO Y3JI0B IO TONIIMHE OETOHHOM cMecH;
0,
Ay, - paccTosiHME MEXIY Y3JOBBIMH Toukamu; Ay; = (11_—41);
At-- m1ar o BpeMeHH;
Anpl(c) Anp}(<) NPUBENEHHBINA KOA(PPHULIUEHT TEIUIo- Wnpexc K o3HauaeT, 4To mapameTpsl BBIYHUCIS-
2) 3)

I0TCSL AJI NPEAbLAYINEro MOMEHTa BPEMEHHU, a HH-
nexc(K + 1) aist mocnemyromero MOMEHTa BpEMEHH,
OTCTAIOIIEro OT MOMeHTa BpeMeHH K Ha mpomexxyTok
BpeMeHH AT.

MPOBOTHOCTH [JIsI BO3AYIIHBIX IIPOCIOEK, PACIOJIo-
JKEHHBIX MEKJIY ITPO3PAYHBIM IIOKPHITHEM U OETOHHON
CMECHIO U OCHOBAHUEM.
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0) 1 ocHOBaHWS OETOHHOM YCTaHOBKH IS y3J1a
¢ Nel (Ha BepxHell MOBEPXHOCTH oCHOBaHus, §(=0):

K+1 _ 2*Anp(3)*AT 225+([To()~To(y |07
Toity = Tow) * 5ooppsconny; Lo ~ Tow] =5ty “)
Jis y3ma ¢ Ne n (Ha rpaHUIIE OCHOBAHHUS C TEIUIOBOW M3OJISAIHMEH):
K+1 _ 7K Az*AtT k Ag*AT
TO(Z) = To(nl) # To(n) TH (2)] 7 4*Ay [ o(n) ~ 'm (2)] (5)
T'ne,
A A
Z1 =P; % (5 *%+P4*C4*%
Jnst BHYTpeHHuX i- y37m0B ¢ Ne2 + (n-1)
Az*AT .
Tompt = Tompk + ramagz * [Towsnx = 2Togx + T8+ 1) (6)
3n1ech,
_ 86 . _ 67
Ay, = -1’ Ay,s = -1

PaccrosiHue Mex/1y y3II0BBIMU TOUYKAMH B OCHOBAHHUE U TEIUIOU3O0JISIIHOHHOM CIIOE:
B) IS TETUIOM3OJISIIMOHHOTO cJIos A1t y37a Nel (Ha rpaHHIle OCHOBAHHS C TETITIOBOM M30IIAIINEH)

Tyayrar=T ok (7

Juist y3ma ¢ Ne n (Ha rpaHUIIEe H30JSIUN U KEPaM3UTOBOTO CJIOS)

T K+1:T Ag*A *A (8)
n(1) )K+1+ tA;g*[ u(n+1)K- n(n)K] ZZ*A;4 [Tn(l)K—Tk(Z)K]
I'ne,
Zy =Py Cyx =24 Py v Cg 2t ©9)
Jlnst BHYTpEeHHHX y3710B | bix ¢ Ne2 + (n-1)
T, k1 TK 24 (10)
u(1) ! P4*(‘]L4*Zy§*[ u(i+1)K—Z*Tn(i)K+Tu(i—1)K]
T) JUIS CIIOS U3 KepaM3HTa:
st y3na Nel (Ha rpaHuIie M30JSIUHA U KEPAM3UTOBOTO CIIOS):
Thyrrr=Ty ke (11)
- U1 y3ma ¢ Ne n (Ha rpaHuUIle KepaM3HTa C IOBEPXHOCTHIO TPYHTA):
Ae*AT
T k1T Ko Aesa s [T K — K] (12)
K(n) K(n) Z3S*Ayf4[ KK(n—l)_TXK(n)] Zg*Ays Kk (n—-1) r(2)
Z3=P5*C5*%+P6*C6*_ (13)
st BHYTpEeHHHUX y370B i bIX ¢ Ne2 =+ (n-1):
Ag*AT
T+ =Th0X = pocory? [T iy = 2Tk ) + Timn)) (14)
M) nnis rpyHTa:
- uis y3ia ¢ Nel (Ha rpaHuUIle ¢ KEPaM3UTOM):
r(i)K+1=TK(n)K+1 (15)
- st y3na ¢ Ne n:
T yfer =T oy (16)
Jnst BHYTPEHHHX i-BIX Y3JI0B:
Ag*AT
Trpyr=Togy + 5o [TI‘K(i+1) Tetoy + Trcgion) ] 17

Jnst onpeneneHus TEIUIONOTEph Yepe3 Mpo3pad-
HYI0 CTEHKY Kamepbl K ypaBHeHusMm (16)--(23) /1/
HEeo0X0JMMO J00aBUTH COOTHOILLIECHUS UL OIpejene-
HUSI TEMIIEpaTyp IMOBEPXHOCTEH MPO3PaYHOTO TTOKPHI-
THSI, KOTOpBIC IIPHU YCIOBHM KBa3HCTallMOHAPHOCTH
TETI000MEHa OTIPEIEISIFOTCS] COOTHOIICHUSIMA

TC3 = TC4_ - %;_*51 (18)
1
TC2 = TC3 - an_*EZ (19)
s
T, =T, — et (20)

Y1
ITockonbKky Temneparypbl MHOBEPXHOCTEM Ipo-

3pauHoro orpaxaeHust Tci,Teo, Te3, Tea 3aBUCAT OT KO-
3 PUIMEeHTOB TEMIO0TAaYM Ha JTHUX MOBEPXHOCTSX,
KOTOPBIC B CBOKO OYEPE/Ib 3aBUCAT OT TEMIIEPATyp IO-
BEPXHOCTEH, pacueT TEIUIONOTEePh U TEMIIePaTyp Mpo-

3paYHOTO MOKPHITHS YCTAHOBKU OCYIIECTBISICTCS Me-
TOJIOM TOCIE0BATEIbHBIX MPHOIIKECHHI HA KaXIOM
[Iare mo BpeMeHH.

OOwwMii anropuT™M pacyera TEMIIEPaTypHOTO pe-
JKMMa TeNTOKaMep MOCTPOCH CIEOYIOIIHM 00pa3oMm.
Ha HauyanpHOM 3Tare BceM Y3JIOBBIM TOYKAM CHCTEMBI
NPUCBAaNBACTCsl HayallbHOE 3Ha4YeHHe Temreparyp To.
[Janee Ui 3aJaHHOTO BPEMEHH IpoLiecca BBIYHCIIA-
I0TCS 3HAYCHHs TEMIIepaTypbl Hapy»XHOI'O BO3AyXa,
WHTCHCUBHOCTH COJIHEYHOW pajvallii W MOIIHOCTH
BHYTPEHHHUX TEIUIOBBIICICHUH 110 ypaBHeHHM (1)+(3)
/3/ . TIO Moy 4eHHBIM 3HAYCHHUSIM TEMITEPATYp C TOMO-
mpto ypaBHenuii (16)+(26) /1/u (18)+(20) meronom
MOCIIEIOBATENIbHBIX TPHOIMKEHUH PACCUMTHIBAIOTCS
TeMIIepaTypbl Ha MOBEPXHOCTSIX MPO3PAYHOTO TOKPHI-
TUSL ¥ KO3(D(GUIMEHTHI TEIUIO K MAacCOIIEPEHOCA B BO3-
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JYIUIHBIX [TPOCJIOMKAX TeIMOKaMephbl, C IOMOIIBI KO-
TOphIX 10 ypaBHeHHA (1)+(17) HaX0oAAT 3HAUEHUE TEM-
Ieparyp B y3JIOBBIX TOYKax 4€pe3 UHTEPBAJl BPEMEHU
At. Jlanee npolecc pacuera MOBTOPSETCS IS ONpee-
JICHHUS TeMIeparyp 1 K03 PUIMEHTOB TEIIIo U Macco-
MepeHoca Ha CIICAYIONIEM BpeMEHHOM HHTEpBaJe.

[To pa3paboTaHHOMY aITOPUTMY BBIYHCICHHN CO-
CTaBJeHa Mporpamma pacuera. Huke, NpUBeICHBI
uaeHTH(UKAIMS U PAa3MEPHOCTh BXOJHBIX MapaMeT-
POB, HCIOJNB3YEMBIX B IIPOrpaMMe.

tf,0c - TemIepaTypa Hapy>KHOTO BO3JIyxa
(24 3nayenwms);

. BT .

i f’ﬁ - HHTCHCUBHOCTh COJIHCYHOW pajia-

1uu (24 3HadeHUs);

amptf,°C -ammmtyna TemmepaTypbl HapyK-

HOTO BO3/yXa;
BT

amptf 13,2 TAMIUIMTY[A  MHTEHCHBHOCTH  COIl-
HEYHOU paiualuy;

kq -xomuuectBO TapMOHUK B psmax Dypbe, s
OIMCAaHUs APaMEeTPOB TEIJIOBOI'O BO3CHUCTBUS;

d, m -MacCHB  TOJIIHMH, XapaKTEpHBIX
CJI0EB KOHCTPYKILHMH TelInoKaMepsl (9 3HaueHHul B cO-
OTBETCTBUH C PAaCUeTHOH cxeMoi Ha puc.l);

BT

a,~—-MacCHB K03 (PHUIIUEHTOB TEMIOMPOBOIHO-

CTH JJIsl MATEpUAIIOB Kamepsl ( 6 3HaueHuit cM. puc.1);
KI o

70, 3"MaccuB MIIOTHOCTEH U MAaTePHAIIOB, HC-
MOJIb3YEMBIX B rerokaMepe (6 3HaueHHH);

AX o

C,~——-MacCHB YZEJbHBIX TEIUIOEMKOCTEH JUIsl Ma-

KT K
TEpUasoB, HUCHOIb3YEeMBIX B reinokiaMepe (6 3Haue-
HUH) ;

€ -MacCHB CTENEHEeH YepHOoTa U1 MaTepuasos,
UCIIOJB3yEMBIX B IeIMOKaMepe;

CpC-k0d(pHUIMEHT NPONyCKaHUsI MPO3PauyHOTro
TOKPBITHS;

aC -TmomomaTenbHas CIOCOOHOCTh MaTepuaia
MIPO3PAYHOTO ITOKPBITHS;

tauh, 4 - Bpemst Havana TEIIOBOH 00paboTKU Oe-
TOHHOM CMECH;

tauch, 9 - mpoJOKHUTENEHOCTh BPEMEHH TEIUIO-
BOi1 00pabOTKH OETOHHOW CMECH;

PV, 4 - uaTepBaN BpeMeHH, depe3 KOTOPHIH pe-
3yJbTaTHl pacyeTa BBIBOAATCS Ha I1€YaTh;

to- Ha"aBbHas TeMIepaTypa cMecH;

ohe- ko3¢ pUIHEeHT, YUHTHIBAOMININ BIUsHIE 6O-
KOBBIX ITIOBEPXHOCTEH

TeJIMOKaMepBbI.

[Tpu npoBeeHNN pacyeToB Ha MeyaTh BHIBOJSTCS
3HAYCHUS MACCHBOB TeMIiepatyp 6etonHo# cMecH Ti(i)
, Temmepatyp ocHoBauus To(i),Temmneparyp uzonsuu
To(i) , Temmepatyp kepam3uToBoi mpocioiku Tk(i),
CpeIHEeMacCoBOI TeMIepaTypbl OCTOHHOH cMmecH tsm
UL Pa3IMYHBIX MOMEHTOB BPEMEHH B IIpolecce pa-
OOTHI KaMepEI.

Jl1st OLleHKH TPaBOMEPHOCTH NPHHATHIX AOITyIIIe-
HUi, pa3pab0TaHHOW METOJUKH pacueTa TeMIIepaTyp-
HOTO peXuMa OETOHHOM cMecH B mpoliecce TEIUIOBOH
00paboTKH BHYTPH relIMOKaMep IPOBEACHO CPABHEHUE
pe3ynbTaToB pacueToB Ha DBM ¢ skcnepuMeHTab-
HBIMH JaHHBIMH PA3JIMYHBIX 0 KOHCTPYKIIUH T'€IHOKA-
Mmep. Ha puc.2 u prc.3 npuBeieHb! pacdeTHBIE U SKCIIe-
pUMEHTAJbHBIC 3HAYCHUs TeMIepaTypbl OETOHHBIX
cMmeceii, 00pabareiBaeMbIX B renmuokamepax M15 u 125
B 3aBHCHMOCTH OT BPEMEHH.
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Puc. 2 - Cpagnenue sxcnepumenmanbblx U pacuemHblx 3HAYeHUll memnepamypusl 6 OemoHHOU CMeCU, n008ep2a-
emoti menniogot obpabomxe 6 cenuoxamepe H-15
1, 2, 3- axcnepumenmanvHble 3HAYEHUS MEMNEPAMYPbL 8 6EPXHEU, CPEOHEll U HUIICHEU 30HAX U30eUsl;
4.5 - pacuemnule 3HauenUus 8 epxXHell U HUNCHEU 30HAX U30EUSL.
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Puc.3 - Cpasnenue s3KkCnepumMeHmaibHblX U paciemublX 3Ha4eHUll memMnepamypbl 8 6emoHHol cmecu, nodgepea-
emoul mennogoti oopabomke 6 cenuoxamepe HM-25.
1, 2, 3 DxcnepumenmanvHble 3HAUEHUsS. MEMNEPAMYPbl 8 6ePXHEll, CPeOHell U HUICHEl 30HAX U30eusl,
4.5 — pacuemmvili 3HAUEHUS. 8 6ePXHEU U HUNICHEU 30HAX U30eNUs

CpaBHEHHE NOTyYSHHBIX Pe3yIbTaTOB PACUETOB U
9KCIIEPUMEHTOB MO3BOJISIET C/IENIATh BBIBOJ 00 MX yIIO-
BJIETBOPHUTEIILHOM COBNAJICHUU (MaKCUMaJbHAsi OTHO-
CHUTeNbHast OIMOKa He npeBbiiaet 6,8%) 1 BO3MOXKHO-
CTH HWCIOJB30BAHUS pa3pabOTaHHOW METOAWKH pac-
yera N aHalM3a BIHUSHAA KOHCTPYKTHBHBIX W
TEIUIOTEXHUYECKNX  XapaKTEePUCTHK  TelHoKaMep,
MpeJHa3HAYCHHBIX IJI TEIUIOBOM 00paboTKH OeTOH-
HBIX CMeCeH, Ha TeMIepaTypHBbIA PEKUM MpU 00pa-
0OTKE U3IENHIA.
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PATHOLOGICAL MONITORING OF THE SKIN OF CATTLE WHEN NECROBACILLOSIS

Torehanov, M.,
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MATOMOP®OJIOT'MYECKU KOHTPOJIb KOXKH KPC IIPU HEKPOBAKTEPUO3E

Topexanos M.,
Tynemucosa K.,
Hobaxanosa A.

Kazaxckuii Hayuonanvhwitl acpaphsiil yHugepcumem, 2. Aimamol, Kasaxcman

Abstract

The scientific article presents the results of treatment of sick animals with domestic probiotic drug and com-
parative analysis of pathomorphological research before and after treatment with the drug in the affected skin.

Annomauyus

B Hay'{HOZZ cmanibe npe@cmaeﬂeﬁbl pesyrobmamaul JI€4EeHUs OONBHBIX  JHCUBOMHBIX  OMEHeCEECHHbIM
np06uomuueKuM npenapamom u cpasHumeJleblﬁ aHamus namomoquozzoeuqecmzo UCCIed08aHUsL 00 U NOCe
Jle4erus npenapamom 6 obnacmu NOPANCEHHBLX KOJCHBIX NOKPOBOE.

Keywords: necrobacteriosis, histology, skin, probiotic, cattle

Knrwouegvie cnoea: nexkpobaxmepuos,
«/IAKTOBAKTEPUH-TK2»

BBenenune. Hexpobakreprno3 - peaxo BCTpedaro-
meecst MHPEKIMOHHOe 3a00JIeBaHNe, POTEKAOIIee C
OTPaHUYEHHBIMHU MOBPEXKICHUSAMHI KOXKH M CIH3UCTBIX
000J104eK, a MHOTIa U B BHJIE T€HEPAIM30BAHHOM MH-
texmmm [1].

Opnako 3a nocnenuue 10 neT YUCIEHHOCTH KO-
meITHON (popMbl HekpobakTepro3a KPC game ¢uxcu-
pyeTcs MO CPaBHECHUIO ¢ APYTHMHU GopMaMu OOJIC3HH.
B mocnegane roapl 60ie3HF HEKPOOAKTEPHO3 BEINLIA
Ha JIMIUPYIOIIUE MO3UIMU B CTPYKTYpe HH(DEKIIMOH-
HoW maronorun. HecMoTpst Ha MHOTOOOpa3ue BeTepH-
HapHBIX TMpenaparoB, HekpobakTepno3d KPC mo cux
TIOP OCTACTCS aKTyaTbHOH MPOOIEMOH TSt MHOTHX XO-
3sUCTB. 3a0oNeBaHne HAHOCUT 3HAYUTENbHBIN SKOHO-
MHUYECKHH YIIepO KUBOTHOBOJICTBY, B YACTHOCTH, TIPH
PE3KOM CHMKCHHUU BECA KOPOB MACHOI'O HallpaBJICHUA,
MOTEepPe MPOMYKTHBHOCTH JKMBOTHBIX MOJIOYHOTO
Hamnpasyenus [2,3].

WNudexnuonnas 0oje3Hh MHOTHX BHJOB MIICKO-
MATAIOMINX U NTUL], XapaKTCPUIYIOIIAACA MOABJICHUEM
MEpPTBBIX OYaroB Ha KOXE, CIU3UCTBIX OO0OJOYKaX,
BHYTPEHHHUX opraHax [4,5]. X0oTs B KHUTaX CTpaH J1ajb-
Hero u OmwkHero 3apyoexbst, CHI' n oTedecTBeHHOM
JUTEpaType MHOTO HAaIMCaHO O JaHHOi Oone3Hw,
MEXIy HUMH JOCTaTOYHO IIPOTHBOPEYUBEIX B3TIISAI0B
0 3a00JI€BaHNH, W TTATOJIOTOAHATOMUYICCKUX HCCIIEI0-
BaHUU OuYeHb Majo. B ATOW CBA3M cuMTaeM, YTO MPO-
OmemMa 3TOro MH(PEKIMOHHOTO 3a00JIeBaHUS SBISCTCS
MIPOU3BOJICTBCHHOW HEOOXOAMMOCTBIO, HE CTaBsIIeH
I0JT COMHEHHE aKTyaJIbHOCTh TATOMOP(OIOTHIECKOTO
HCCIICIOBaHUS.

Iean uccaenoBanus. [lensro qaHHOTO HCCIEnO-
BaHMs SIBJISIETCSl HMCCIeloBaHHE maToMopdoioruye-
CKHH KOHTPOJb KOXKH KPYITHOTO POTaToro CKOTa MpH
HEKpOOaKTepHo3e W TUCTOJIOTMYECKOE HCCIE0BaHNE

cucmoJiocust,

KOJIca, NpOOUOMUK, KPYHHbIL PO2ambl CKOM,

W3MEHEHHUH KOXKH JI0 | TIOCIIE JIEYEHHE C MCIIO0Nb30Ba-
HueMm npenapara «JJAKTOBAKTEPUH-TK2».

Marepuanibl u cnocodbl ucciaenopanus. Hayd-
Hasi paboTa MPOBOJUIACH B XO3ACTBaX AJMAaTHHCKOU
obactu u Ha Kadenpe «bromormueckas 6€30MaCHOCTE
Kaszaxckoro HaIloOHaJBHOIO arpapHOro yHHBEPCH-
TeTa.

KinHnueckne npu3Haky AMarHOCTHKH 3a0oeBa-
HUSI TIOCTaBHJIM B PE3yJbTATE SMH300TOIOTHIECKOTO
COCTOSIHHS, MAKPOCKOTIMYECKUX UCCIIETOBAaHUM, THCTO-
JIOTHYECKUX ¥ THCTOXUMHYECKUX MCCICAOBAHUH.

[TaTorucronoruyeckoe MUCCIETOBAaHUE OPTaHOB H
TKaHEH TPOBOIMIM JUIS BBISBICHHS MHUKPOCKOIIHMYE-
CKHX U3MEHEHUI, a TaKXKe JJIs1 U3yUEHHUS COOTHOUICHHUS
BHYTPEHHHX opraHoB. [IpoBoaKy M 3aiMBKy MaTepH-
ana MpoBOAMIN OOUICPUHSATHIMU B MaTOMOP(HOIOTUU
METOJIaMH.

Martepwuan 1 THCTOJIOTHYECKOTO HCCIIEOBAHUS
¢ukcuposanu B 10% pactBope HelTpaitpHOTO (hopma-
nuHa 1 xunkoctu Kapnya. Ilocnie aToro rotoBunu ce-
puiiHbIe TTapa(UHOBBIE CPE3bl TOIIIMHOW 5 M 6 MKM.
Y IbTpaTOHKHE CPe3bl U3TOTABIUBAIIN HA ITOTyaBTOMa-
tnaeckoM Mukporome HEOTION ERM 3100 u B Muk-
porome MC-2,

'oToBMIM HEUIOMIMHOBEIE, MapaUHOBLIE U 3a-
MOpOKeHHBIe cpe3bl. Cpe3bl OKpaIInBaIN OOMICTPHHS-
THIMH ¥ HEKOTOPBIMH T'MCTOJIOTMYECKHMMHU METOJIAMM:
reMaTOKCUJIMH-303UHOM, 110 Ban-I'uzony Ha annapare
IpoLeccop JuIst OKpacku Cpe30B Leica
NeS4040/N2000000358.

I'ucronornueckue MHUKponpenapaTsl H3ydauch
OMHOKYISIpHBEIM MHKpockorioM MBU—6 mon pasmnd-
HBIM YBEJIMYEHUEM.

Jist tedennst GONIBHBIX )KUBOTHBIX MCIIOIB30BAIN
npenapar "Jlakrodakrepun-TK2". TIpenapat "JlakTo-
OakTepun-TK2" - mpobuoTHueckmii Owornpemapar,
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TIPUTOTOBIICHHBIN Ha OCHOBE KYJIBTYPHI MOJIOYHOKHUC-
neix Oaktepuit Lactobacillus acidophilus B-RKM-
0511.

PesyabTaThl ucciaenoBanmu. Hayunas pabGota
MMPOBOAMIIACH B XO3AWCTBaX AJIMATHHCKOW OOJIACTH.
OcHoBHas 3a/laya HAIIETO UCCIICOBAHMSI - MAKPOCKO-
MMMYeCKOe U MUKPOCKOIIMIECKOE MCCIIEIOBAHNE KOXKH
JKUBOTHBIX, OOJIbHBIX HEKPOOAKTEPHO30M U MOCIIE Jie-
YCHHS IPOOUOTHICCKUM TIperapaToM.

Bcero nccienosano 17 rooB KpymHOTO poraToro
cKoTa. MBI IpejiaraéM paccMOTPETh OCHOBHBIE MATO-
Mop(hosIoTHIecKrne M3MEHEHHUS, TaK KaK U3MEHEHUS B
KOXHBIX TIOKPOBaX BCEX OOJIEHBIX YXHBOTHBIX SBJIS-
FOTCSL OMHOTHITHBIMH.

[TaTromopdonornyeckas kKapTHHA HEKpOOAKTEpH-
03a KPYIHOTO POTaToro CKOTa: HATHOCHHUE TIOIKOKHON
KIICTYATKH, XapaKTCPUIYIOIIASACS MpH3HAKaMU (QIier-
MOHBI. MeXIy CycTaBaMH Pa3BUBAINCH BBHIPAKCHHBIC
BUJIUMbIE BOCHAJIUTENbHBIE MPOLECCHl, BCIEICTBUE
Yero MOSIBHIINCH TITyOOKHe si3BeHHBIE mienu. W3 menn
BBITEKaJl THOWHBIA SKCCyIaT Cepo-3€JIEHOTO I[BETa,
CMEIIaHHBIA ¢ KpoBbI0. Ha KOCTSAX NallbLEB IOSBIsI-

B

Pucynox 1 - Maxpockonuueckas KapmuHa KOXCU NpU MeHCKONbIMHOM HeKpobakmepuose (00 jedeHust)

IOTCSI OMEPTBEBIIINE OYard ¥ KPOBOTEUEHHMSI, TIPOSBIIS-
IOTCSL BCAChIBaHHUS B KOCTHYIO TKaHb U IPU3HAKU IK-
30cTasa.

Mo)kHO HaOJIOaTh 3a IUIOTHBIM, TOPSYMM U
O4YeHb OOJIE3HEHHBIM OTEKOM, TOKPACHEHHEM B TIOJIO-
CTH MEXIy KOIIBITAMH, BHYTPEHHHX MAIKHX MeCTax
KOIIbITa. Yepe3 HEKOTOpOe BpeMsl THOMHBIHN dKccyAar B
MecTaXx OTeKa HOKPBIBAETCS JIMIKUM KEITOBATHIM
CJ1I0€M, KOTOPBIH BBICBIXA€T U MIPEBPAIIAETCS B IIICHKY.
WHorna nosiBisiiOTCS] THOMHBIE My3bIPH, HA MECTe 00-
pa3yroTcs paHbl.

YacTo ruIeHKa U3 BBICYIIEHHOTO JKCCy1aTa Iepe-
KpBIBa€T BCIO PAHEBYIO MOBEPXHOCTb. JTO SBICHHE
pacupoctpansieTcs Ha 6oiee riryOokue TKaH!. JIaHHbIH
Ipolecc COINPOBOXIaeTcs CUIbHOM Ooibto. Hexpos
MIPOXOJHT OT KOKH K TTTyOOKHM TKaHSIM, CYXOKHITHSIM,
CBA3KaM, PaCIpOCTPAHAETCs Jake Ha KOCTb.

IIpu 3TOM B MEXKONBITHOM NIPOCTPAHCTBE BO3HH-
KaeT MoJIOCTh (THOMHAs ¢ucTyna). SIBIeHHe HEeKpo3a
pacmpocTpaHsieTcs TOA POTOBOH 0O0JIOUKOM KOTIBITA.
VY 3-X ONBITHBIX XMBOTHBIX BBINAIO KONBITO (PucyHOK

-9

) ‘

Crnenyrommas Hallla 3aa4a 9To JISUeHUe HeKpoOak-
TepHo3a OTEYECTBEHHBIM NMPOOHMOTHYECKUM Iperapa-
TOM.

[TpuHNMaTH MEpBI IPH 0OHAPY)KEHUH NIPU3HAKOB
9TOro 3a00J1€BaHuUs CIeyeT CBOEBPEMEHHO. B mpoTus-
HOM CIIy4ae IaTOJIOTHYeCKHe H3MEHEHHSI MOTYT CTaTh

HeoOpatuMbIMH. HekpoOakTepuos JeduTcss B KOM-
mekce. IIpu 3ToM B KpYIHBIX X03CTBaX UCHOJIb3Y-
I0TCSL TPYIIOBBIE METOJUKH, & B MAJIbIX - HHAUBHUIY-
aJbHBIC.

IIpu ycTaHoBneHUM AMarHo3a y KpymHOTO pora-
TOTO CKOTa, TAKOT'O KaK HEKPOOAKTEPHO3, HEOOXOAUMO
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BHITIOJIHUTE CIIEAYIOIINE 03J0POBUTENIBHBIE MEPOIIPH-
ATHUS: TPOMU3BECTH TUIATENIBHYI0 XMMHUYECKYIO 00pa-
00TKY NMOPaXCHHBIX YYACTKOB C yNaJeHHEM TKaHEH.
Panbl IPOMBIBAIOT NMEPEKUCHIO BOJOPOJA. 3aTeM Clle-
IyeT IPUMEHHUTH MOPOIIKO0Opa3bIid MPOOHOTHYECKHIA
npemnapar.

AHas’poOHBIE OakTepuH, Bcerga 00pas3yroT dapbep
MEX]y COCYJHUCTBIM PYCIOM M IIOPaKCHHBIMH TKa-
HSAMHU. A 3TO, B CBOIO Ouepe]b, 3HAUUTEIBbHO 3aTpy/l-

HseT NPOHUKHOBeHHUe npenapara. [loatomy npooHoTu-
YecKue Ipernaparbl Mpu JICYSHUH HEKPOoOaKTepro3a
NPUMEHSIOT B OOJBIINX J103aX.

B xoze j1e4eHust Mbl HCIIOJIb30BaJIM HHANBHU Ly aJlb-
HbIE METOJIBI JICUCHHUS OOJIbHBIX JKUBOTHBIX C IIPHMEHE-
HUEM OTEUeCTBEHHOro mnpenapara «JlakrodakTepuH-
TK2". Insg 3TOTO ymammiy MOBPEXIECHHYIO 00JacTh
KOXH, IIPOBEJIU THIaTelbHyl0 00paboTky. Ilocie mpo-
MBIBAHUS paHbl IPUMEHUIN MECTHO Ipemnapat "Jlakto-
Oakrepun-TK2".

2

PcyHo 2-

Maxpockonuueckas KapmuHa KOJMCU NPU MENCKONBIMHOM HeKpobakmepuose (nocie aeyenus)

N
o

3axarovenue: [Ipu nccnenoBanun HaOIIOJATNCEH
OCHOBHBIC XapaKTepHbIe I 3a00JeBaHUs H3MCHEHHS
[0 KJIMHUYECKUM NpPU3HAKaM: HapylIeHHe KOOpAWHa-
LMK JBVOKCHUSL, TIOTEPsl HATYPaJIBHOTO OJiecKa IepCTH
U HEKPOTHYECKHE OYarh KOXbI, a TakkKe MaToJIoTHye-
CKHE MOP(OJIOTHYCCKHE M3MCHCHHMS: aHEMUsl CIU3H-
CTBIX 000JIOYEK, OTEK M HEKPO3 KOXKH.

JleueHusi OOJIBHBIX JKUBOTHBIX OTEYECTBCHHBIM
MPOOHOTHUYECKUM IPENapaToOM, HUCIIOJIB3YEMbIM B Jie-
4eOHBIX [ESIX B 00JACTH MOPAKEHHBIX KOXKHBIX I10-
KpoBOB, nokazanu 100,0% pe3ymnbrart.
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