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INPUMEHEHUE MATEMATHYECKOI'O ITAKETA
MATHCAD ITPY PEIIEHUW YPABHEHUM

C.B. CyxonmnHna,
cryneHTtka 4 xypca, Hamp. «[legarormdeckoe odpazoBaHuey, mpohuiIb
crerl. «MaremMaTuka 1 DKOHOMUKA

AnHoTamusa: B cratee  paccMaTpuBaeTCs  BO3MOXKHOCTD
WCIIOJIB30BaHUs TIporpammuoro maketa MathCad. Ileasr — 03HaKOMWTH
YYaIIUXCs CTapIIUX KIACCOB C PEIICHHEM alreOpandyecKuX ypaBHEHHH U
WX CcHUCTeM. B paMkax craThM pPacCMOTPEH AalTOPHTM HCIOJIb30BAaHUSL
mporpammbel  MathCad ¢ 1enapio rpadUdIecKoro perieHusS ypaBHCHHM.
Omnpe/ieieHbl OCHOBHEIE (DYHKIIUU, UCIIONIb3yeMbie B miporpamme MathCad
JUISL PEIICHUS anreOpUYecKuX YpaBHCHHWM WJIM CHCTEM YpaBHCHHUHU.
Mathcad npencrapisieT co6oii yIo0HOE B HCIOIB30BaHUHN MTPUI0KECHUE.

KiioueBble cjoBa: ypaBHEHHE, CHCTEMa YpaBHEHHH, CHCTeMa
MathCad, yyammecs

USING THE MATHCAD PACKAGE IN SOLVING EQUATIONS

S.V. Sukhonina,
4th year student, direction "Pedagogical Education", specialization profile
"Mathematics and Economics"

Annotation: The article discusses the possibility of using the
MathCad software package. The purpose is to familiarize high school
students with the solution of algebraic equations and their systems. The
article considers an algorithm for using the MathCad program to
graphically solve equations. The main functions used in the MathCad
program for solving algebraic equations or systems of equations are
defined. Mathcad is an easy-to-use application.
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AKTyalbHOCTh HW3YYCHHS JaHHOW TEMBI OIPEACISACTCS ¢¢
MPAKTUYECKON  3HAYMMOCTEIO, B YacCTHOCTH, BO3MOXHOCTBIO
WCIIOJIb30BAHMS €€ Pe3yNIbTaTOB B XOZ€ MOATOTOBKHM 3aHATHUN MO airedpe
B CTAapIIMX KJaccax MpU HU3YYCHHH TeMbl «YpaBHEeHUs». [Ipu sTOoM
UCTIOJIb30BaHNe Ha ypokax mnakera MathCad BO3MOXHO Kak ¢ IICNIBIO
03HAKOMJICHHS y4YallUXcsl ¢ HOBBIM MaTepHalIOM, TaK W JIJISl IPOBEPKH H
KOHTPOJSl 3HAHUM ydYaIIuXcs B O0OJIaCTH peIIeHus anrebpandecKux
YpaBHEHHUI U UX CUCTEM.

Cuctema MathCad npencraBiser cobol makeT JJIS BHITTOJTHCHUS
MaTeMaTUYECKUX BBIUYMCICHHUM, BKIIOYAIOIIUA TEKCTOBBIA PENAKTOD,
BBEIYHCIUTENh W Tpadudeckuil nporeccop. [lons TekcTOBOTO pemakropa
MO3BOJISIOT  THCAaTh  OTACNIBHBIE KOMMEHTApWUU TIOJ] pacucTami,
3aIUCHIBATh YHWCJIOBBIE BBIPAXEHUS MW MAaTeMAaTHYeCKHe CHMBOJIBL
W3HavankHO mporpamMma IO3BOJISAJA MHCATh KOMMEHTAapHH TOJIBKO Ha
AHTJIMACKOM  SI3bIKE, COBPEMCHHAs BEPCUS MPOrPAMMBI  COACPKUT
PYCCKOS3BIYHBIN MaKET.

Breruncnurens  mMo3BOJNSET  MPOBOAWTH  PacueThl  COTJIACHO
3a/ITaHHBIM MaTeMaTuueckuM dopmyiam. [IporpamMma cofiepkut O0bIIOE
KOJIMYECTBO YK€ BCTPOCHHBIX MATeMAaTHYECKHUX BBIPAXEHUH M (YHKITUH,
Oyaromapsi KOTOPBIM MOXHO TIPOU3BOJIUTH KaK MPOCTHIE MaTeMaTHIECKHe
pacyeTsl, TaK U BBIYUCIICHHS] WHTETPAjOB, TPOU3BOJHBIX, OCYIIECTBISAThH
JedcTBUs ¢ MaTtpumamu u ap. Jis mpousBeAcHHWS BBIYHCICHUHN
HeoOXonrMa KOMaHZa OT TOJbh30BaTedsl WIW BBOA (OpPMYIHl B
COOTBETCTBYIOILIYIO CTPOKY.

[TepBas Bepcus nporpammuoro nakera MathCad Obia BrITyIIIeHa
B 1986 rony xommanmeit MathSoft Inc (CIIIA). KiroueBast ocoO€HHOCTB
cuctembl MathCad — s3BIK BBOJA, MaKCHMajJbHO NPHUOIMKCHHBIH K
€CTECTBEHHOMY MaTEMaTHUE€CKOMY SI3BIKY [ 1-4].

MathCad ot papyrux mOAOOHBIX TPOAYKTOB OTIHMYACT ee
HAIMPaBICHHOCTh HA CO3JaHUEe BBICOKOKAUYECTBEHHBIX JTOKyMEHTOB
(otueroB, crateit, moknanoB) B pexume WYSIWYG (What You See Is
What You Get). [Ipy BHeceHMM H3MEHEHUH IONB30BATENh Cpa3y Ke
BHUIUT Pe3yIbTaThl M B JI000W MOMEHT MOXKET pacledaTaTh MOTydeHHBIH
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nokymeHT. [IpenmymectBo MathCad B ToMm, 9TO IaHHOE TPOTPaMMHOE
obecrieueHre HE TOJBKO MO3BOJISCT BBIMOJHITH HEOOXOIUMEIE PACUECTHI,
HO W TO3BOJSET BKIIOUNTH B paboTy TrpaduKd, PUCYHKH, TaOIHIIHI,
MaremMaTudeckue Qopmyiasl. Tem camMbiM yHHKadbHOCT, MathCad
3aKJII0YAeTCS B TOM, YTO MOJIB30BATENb MOXET HE TOJBKO IMPOU3BECTH
HEOOXOIMMBIE pacyeThl, HO W TPOSBUTH TBOPUYECKHHA TOIXOJ B
ohopmieHUHN paboTHI [5].

Brrumnciienre oTnenbHBIX BBIpAXKCHHN U paboTa ¢ JUCKPETHBIMU
MIEPEMEHCHHBIMU SIBIISIOTCS TIEPBBIM 3TAIllOM TMPOBEACHUS PACUYECTOB IO
OCHOBHBEIM MaTeMaTWdeckuM orepanusMm [6]. [lodydeHHBIE pe3yIbTaThI
nporpamma MathCad MoXXeT mpencTaBuUTh HE TOJNBKO B YHCJIOBOW H
CUMBOJIBHOU (hopme, HO U Tpaduuecku. [Ipu 3TOM CUMBOJBI ABISIOTCS
HEOOXOMMOIM 4YacThl0 TIPEACTABICHHS JAHHBIX BBIYMCICHHUH, TaK Kak
CIIy’)KaT OmNpeJelIeHUeM TaKUX MaTeMaTHYeCKUX (YHKIHH, KaK Tpemel,
MIPOU3BOJIHASI, UHTETPAJl.

B Mathcad nns penienust anreOpandeckux ypaBHEHHMA U CHCTEM
YpaBHEHUHN WCIONB3YIOTCS CIEAYIONUE KOMaHABI: «root (KOpeHb),
polyroots («kopenb nmomuHOMaY), Given — Find (3agano — HaiTh)».

C nomompio QyHKIME root u polyroots B mporpamme
BHIMIOJIHAETCS.  BO3BpamieHne Hynedl ¢yHkmuun. B cioydae ecim
HEOoOXOJMMO  paccuuTaTh  HECKONBKO  KOpPHEW  ypaBHEHHSA, TO
MaTeMaTHYECKOEC YpaBHEHUE JIOJDKHO OBITh NPeoOpa3oBaHO B (DYHKIIHMIO

(puc. 1):

o npeobpazoeauns | [locne npeobpa

N = 1"'| 'F‘I""E"“l:':l ]
Pucynok 1 — IIpeoOpa3oBanue ¢pyHKIAN

JlanHoe TmpeoOpa3oBaHWe 3aKIIOYAeTCs B TEpEeHOCE YacTH
YpaBHEHUS B MPOTHBOMOJIOKHYIO CTOPOHY C M3MCHCHHEM 3HAKa Tepen
nepeMeHHOH b.

OcHoBHBIC (DYHKITUH, UCTIOIB3YeMbIe B porpamme MathCad mis
pemeHuss  anreOpUYeCKUX  YpaBHEHUH WIM CUCTEM  ypPaBHCHHUH,
MpeICTaBICHbI B Ta0OIHIE 1.
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Tabnuua 1 — OcHOBHBIE GYHKIMH, UCTIONB3yeMble B mporpamme MathCad
JUTSA peLeHHsI anreOpuIecKnx ypaBHEHUN

Haumenoramme —
Ne (Obmag xapaxkTepHcTHEA DVHEIND
dvHELEH
Bozepamenne sHa49eHHE X, V. _... KOTOPBIE VI
1 Find (x.v....) OTpaHH9eHHAM: ONIPEIeleHHBIM B DIoOKe pemen
PAEEHCTEAM H HEPABEHCTBAM
5 Maximize Bosppamenne sHagenmi varl u var2, obecne
- (f.varl,var2,..) MAKCHMAIEHOE 3Ha9eHHe QVHEIHE
3 s 3agaHHOE HA9ANRHOS NPHOITHEHHE II9 KSEI0T
R 2HATeHNS
. Bosepamense sHageHid X, V. ..., KOTOPBIE HAHOOIT
4 Minerr (x.v....) L AR 5 i
e PEIIEHHID CHCTEMEI VPABHEHHI

Jnst perieHns cucTeMbl HETWHEHHBIX YpaBHEHHH B IIporpamme
MathCad wucnoms3yroTcs  ciaeayromue  omeparopbl:  given...find u
given...minerr. ITpu 5TOM Ba’kKHO IPaBUILHO BBECTU U3BECTHLIEC IIEPEMEHHEIC,
TaK KaK KMMEHHO OT IPaBHILHOCTH BBOAA [AHHEIX 3aBHCUT JNajbHEHIIICE
pellIeHrEe CUCTEMBI HETMHEWHEBIX ypaBHeHui. B mporpamve MathCad mosxHO
MPOU3BECTH HE TOJBKO pacyeT pEIICHUH CUCTEMBI YpaBHEHHS, HO U
MOCICAYIOUIYIO TPOBEPKY C IENBI0 KOHTPOJS MPABUILHOCTH IOJIYYEHHBIX
pacueroB. BaxHo momuHTE, yTo mporpamma MathCad mpenmomnaraer, 4dro
KOJIMIECTBO TEPEMEHHBIX TOJHDKHO OBITh PaBHO KOJMYECTBY YPaBHCHHH, YTO
HE BCET/Ia BCTPEYAETCSI B MATEMAaTHUIECKHUX 3a1a4ax [7].

MathCad copepxut B ceOe BO3MOXKHOCTL IIPOBEICHHSI PACUETOB C
HACIIONL30BaHUEM MeTona I'aycca i pelleHnsl CUCTEMBI ypaBHEHN. MeTos,
Taycca ObmBaer mpssMbpIM  (paclIMpEHHAass  MAaTphIid  ITOCPEICTBOM
MaTeMaTHYECKHMX OIEpalMi IMpeoOpa3yeTcs B IIaXMaTHBIM BHO) U OOpaTHBIM
(peoOpaszoBanue maxmarHoi Matpuibl). C momomso ¢GyHkimu 1ref(A) B
MathCad MOXHO BBIIOJIHUTH pacueT NPSMBIM U 0OpaTHBIM MeToqioM [ aycca
[8].

Takske pelicHre MOKET OBITh OCYIIECTBICHO CHMBOJIEHEIM METOIOM
U IyTeEM MOCTpoeHMs Tpacduka. I'patbudeckoe pelicHHE MPEAnoaaracT, uTo
ypaBHeHue f(x) = 0 B mporpamme MpeacTaBieHO B BHje rpaduka (HyHKIHH
f(x). [lepecedenns rpaduka ¢ OChEO aOCIICC — 3TO M €CTh PEIICHUS 331aHHOTO
YpaBHEHHSL.

TakuMm oOpazoMm, Mathcad mnpencraBiaster co0o  ymoOHOE B
HCIOJb30BaHUEe W HWHGOPMATHBHOE II0 pe3yiabTaTaM MaTEeMaTHYSCKUX
pacueToB MPHIOKEHHWE, KOTOPOE TI0 CpPaBHCHHIO C aHAJOTHMYHBIMHU
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IporpaMMaMH, II03BOJISIET OBICTPO peEIIaTh MaTeEMAaTHYECKHE 3aJadyd H
ohOpMIIATE HMX C HCIOJB30BaHHEM TrpadHuUecKoro mMarepuaia. S3bIK
nporpaMmbl  Mathcad sBIsIeTCS TIPOCTBIM W CXOXKHM C  OOIIEHPHHSITHIM
MaTEMATHIECKUM SI3BIKOM.

JlocTOMHCTBAaMH HMCIIOIB30BaHMA BO3MOkHOCTeH Mathcad siBistrores:
VHHUBEPCAIBHOCTh JAHHOTO MHCTPYMEHTA; OOIIENPUHSATEIA MaTEMaTHUCCKUM
SI3BIK, TTOHATHEBIE IS IIOJIL30BaTelIel; KOMIUIEKCHBIH XapakTep pPeILeHMs:
COBMEIIICHHE  BO3MOXKHOCTEH  TEKCTOBOIO  PEIaKkTopa, rpadHUuecKoro
Mporieccopa U BU3yalbHOTO MPEICTABICHUS PE3yIbTATOB.
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r. CapaToBa

AnHOoTammusi: B cratee paccMaTpuBaeTCs pEOKHAE  CIIydad
JKETYTOYHO-KUIIIEYHOTO0 KpOBOTeueHud. [Ipu mocTymieHWd mNalnueHTa C
KenymodHo-KumieuHbpIM kpoBoTeueHreM (JKKK) Bpau oxxumaeT BBISBICHHUS
HanOoJiee YaCTHIX MPUYMH €ro BO3HUKHOBEeHMs. Peaxne mpuumabl KKK
MOTYT BBI3BIBATh 3aTPYIHEHUS B BBIIBICHUHU, ONPEICICHUU TaKTUKHU
o0crenoBaHus M JICUEHHsT TAKUX OONBHEBIX. B cTaThe ocBeliaeTcs yacToTa
BCTPEYACMOCTH M KJIMHHYCCKHE MpUMeEpPHL. M3ydeHne momoOHBIX ciTydaeB
MO3BOJISIET PACIIMPUTE MPOPECCHOHATBHBIX KPYT030p XUPYPIoOB, H30eKaTh
TaKTUYCCKUX OIMMOOK B BEJACHHM OOJBHBIX C PEIKUMU TNPUINHAMU
JKEITyTOYHO-KUTIIEYHOTO KPOBOTCUCHHUSI.

KiarwoueBble cjioBa: IuM(paHTHOMATO3, KPOBOTEUYCHHE, OOJIE3Hb
Panmio-Ocnepa, sxemy 10K, OOIBIION CalbHUK, JICYCHUE
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Annotation: The article discusses rare cases of gastrointestinal
bleeding. When a patient is admitted with gastrointestinal bleeding (GIB),
the doctor expects to identify the most common causes of its occurrence.
Rare causes of gastrointestinal bleeding can cause difficulties in
identifying, determining the tactics of examination and treatment of such
patients. The article highlights the frequency of occurrence and clinical
examples. The study of such cases allows one to expand the professional
horizons of surgeons and avoid tactical errors in the management of
patients with rare causes of gastrointestinal bleeding.

Keywords: lymphangiomatosis, bleeding, Randu-Osler disease,
stomach, greater omentum, treatment

B xoje Haiiero ucciegoBaHus npoaHanu3upoBanbl npuunHbl KKK
B 4823 wucropuii Oone3Hed W3 Ppa3IMYHBIX JIEYEOHBIX YUpeKICHHUH
CapatoBckoii oOmactu 3a nepuon 2014-24rr.BeisBneHo 3 ciyyas, B
KOTOpbIX B KadectBe mnpuuuHbl KKK sBmsumcs maumdaHrHomMaros
Opro1IHo# ostocTH, cuHApoM Jpenadya u 6o1e3ub Panmio-Ociepa.

Jlumpanrnomato3 — 3T0 peakoe 3aboieBaHHE, NPU KOTOPBIX
MPOUCXOJUT OOpa30BaHHWE OIMyXOoJer w3 JUMGaTHICCKUX COCYIOB,
XapaKTepHU3yIoleecs] HaJHMUUEeM KHCT, KOTOPble BO3HHUKAIOT B PE3yNbTaTe
VBEIMYCHHUS pa3Mepa M KOJIMYECTBA TOHKOCTEHHBIX JIMM(DATHISCKUX
KaHaJOB, KOTOpPble aHOMAJIbHO B3aMMOCBS3aHBI W pacuiupeHsl. B 75%
CIIy4JaeB MOPaKaroTCs HECKOJIBKO opraHoB. OOBIYHO OH mposBiseTcs k 20
roJiam, ¥ XOTsI HICXOIHO 3TO Mpolecc J00POKaYeCTBEHHBINH, HO N3MEHEHHBIE
nuMdaTHUECKHEe COCyAbl UMEIOT TEHICHIMIO MPOHHMKATh B OKPY)KaIOLIHE
TKaHH W BBI3BIBATH MPOOJIEMBI W3—3a WHBAa3WW W/WIN CHABIWBAaHUS
cocemHUX CTPyKTyp. CumTaercs, YTO B OCHOBE 3a00JIEBaHUS JICKHUT
MEPBUYHBIA  TUMGpATHUECKUH JucreHe3 ¢ jmuMbonpoindepaTuBHEIM
nporeccoM. CTaHAApTHOTO MOAXOJA K JICYEHHIO JUM(aHrHOMaTo3a He
cymectByeT [1].

Knunanvecknue mposiBieHUsT BapbUPYIOTCS OT OTCYTCTBHS Kajo0
WIM MUHHMAaJIBHOTO JIUCKOM(pOpTa OO OCTPOro abJOMHHAIBHOTO
cuHApoMa. B MaJOCHMNOTOMHBIX  CiIy4asx OONBHBIX  OECIOKOST
NepUOJNUECKIe HeOOBsICHUMBIE aOIOMHHATIbHBIE OOMH, B3AYTHE XKHBOTA,
KOTOpbIEe KYIMUPYIOTCS CTIa3MOJUTHKAMHU CPEICTBAMHU MPOTHB METEOPHU3MA.
Hekoroprie mamueHTsl OOpam@aoT BHUMAaHHE Ha AaCHMMETPUYHOE
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yBeNWYCHHE kuBOTa. MHOrMA nuMpaHTroMa pa3BUBaeTCsS OSCCHMIITOMHO
U CIyd4aHO OOHapykMBaeTCsa IpH obOcienoBanuu (Y3U, nanpmanuu
JKMBOTa) Kak 0e300iie3HEHHOEe O0BheMHOE OOpa3oBaHHWE B OPIOIIHOM
MOJIOCTH.

OCJIO)XKHEHHBIC BapWaHThl JUM(AHTHOMBI TMPOTEKAIOT MO THITY
«OCTPOTO  KHMBOTa». BO3HWMKAaeT CHIBHASs KOJUKOOOpasHas  OoOJb,
HaIpsHKEHUE MBI TIepeIHel OPIONIHON CTEHKH, JInxopaaka. Ecim kucta
BEI3BIBACT KHUIICYHYIO HEMPOXOIUMOCTh, IPUCOCTUHICTCS PBOTA, B3AYTHE
JKUBOTA, MHTOKCUKAIUA, 00e3BOXKMBaHUEe. TaKkue MalMeHThl TOCTYMalT B
XUPYPrUYEcKre OTACIICHHUS U OTIEPUPYIOTCS B 9KCTPEHHOM TTOPSIIIKE.

Jledenne nmuMbaHTHOMBI CalbHUKA 9acTO TpPeOyeT KOMILIEKCHOTO
MOJIX0JIa ¥ MOKET BKJIFOYATh B CE0sl Pa3IMYHBIC METOIBL.

1. Xupyprudeckoe  BMeEMIATeNbCcTBO: B cioydasx,  korma
muM¢aHTIOMa CalbHUKa BBI3BIBAET CHMIITOMBI FUIH YTIPOXKAeT JKU3HU
MaleHTa u3-32 OOCTPYKIMM OPraHOB WM KPOBOTCUCHUH, MOXKET
MoTPeOOBaThC XUPYPIHUSCKOE YIAICHUE OMYyXOdH. XUPYpPrHs MOXKET
OBITH CIIOXKHOM M3-32 ONM30CTH OMYyXONMH K BaXXHBIM CTPYKTypaM B
OPIOIITHOM TIOJIOCTH, © MOXKET MOTPEOOBATHLCS OIBITHBIA XHPYPT.

2. Cknepotepamnus: DTO MpOIEAypa, NMPH KOTOPOH B OITyXOIb
BBOAWTCS CIIEIIHAIBHBIA PACTBOP, KOTOPBIM BBI3BIBAET 3aTBEPJICBAHHUE
muMdaTHIeCKuX COCY/OB, YTO TIPUBOAWT K YMEHBIICHHIO pa3Mepa
omyxomu. CkiepoTepamusi MOXET  HCIOIb30BaTbCI B KauyeCTBE
CaMOCTOSITETTFHOT'O METOZa JICUEeHUS] WM B COYETAaHHH C XUPYPTUUECKHM
yaaleHueM Ui YMEHBIIEHHUS pa3Mepa OIyXOMW M CHIDKEHHS pHCKa
OCJIOKHEHUH.

3. Jlazepnass Tepamus: JlazepHas Tepamus  MOXET  OBITh
3O PEeKTUBHONH IS JICUCHUATIOBEPXHOCTHBIX JIMM(AHTHOM CaJIbHHKA,
KOTOpPBIC pAaCHOJOXKEHBl ONM3KO K Koxke. JlasepHble Iydd MOTYT
UCTIONB30BaThCSl  JUIsl  paspylIeHUs  JUM(ATUYECKHX  COCYIIOB H
YMEHBILIEHUSI pa3Mepa Omyxoid 0e3 HEeOOXOTUMOCTH XHUPYpPrHUeCcKOTo
BMEIIATEIbCTBA.

4. JlexapcTBeHHOE JieueHHE: B HEKOTOPBIX CIydasXx MOTYT OBITh
MPUMEHEHBI JICKAPCTBEHHBIC IIpemapaThl, TaKHEe KaK TOPMOHAJBHEIC
Mperaparsl WK MpenapaTsl, HalpaBJIeHHbIE HAOJOKHPOBAaHUE aHTHOTeHE3a
(oOpa3oBaHHE HOBBIX COCYJOB), JUIS YMCHBIICHUS pa3Mepa OMyXOidu M
CHW)KCHUSI CUMIITOMOB.

ISSN 2713-0010 SCIENTIFIC NETWORK PUBLICATION

~ 12 ~



MHHOBALIMOHHBIE HAYVYHBIE UCCIEIOBAHNA BbIMYCK N26-1(43) OHb 2024

MNamuent II., 27 ner, moctymmi uepe3 | CcyTku OT Hauana
3a0oyieBaHus ¢ JKajno0amMu Ha ClladOCTh, PBOTY KPOBBIO, MelieHy. B 4-x
MECSYHOM Bo3pacTe omepupoBaH B lloipmie mo moBoay JuM(aHTHOMBI
cagpHuKka, B 2022r — penuauB, JANapOTOMUS, aaTre3UOJIM3UC, OHOIICHS
(mumdanrunoma). C 2023 T HEOXZHOKpPATHOE JIEYEHHE IO IOBOIY
petmmauBupyromero XKKK, remopparuieckoro 0ynp0uTa.

JlokanpHBIA cTaTyc: SI3BIK CyxO#, OOJIOKEH OEIBIM HaJETOM.
JKuBOT cHMMETpUYHBIN, Y4acTBYeT B aKTe JBIXaHWS, NPU TaJbIAIUU
MSTKUH, HE3HAYUTEILHO OOJC3HCHHBIN B ME30TaCTPHH, T/I¢ MaIBIIUPYETCS
OITyXOJIEBHIHOE 00pa3oBaHME, IUIOTHONH KOHCHCTEHIIMH, HE CMEIIAaeMOoe,
pasmepamu 30*30 cm

[Ipu ®I'JIC: Cnusuctas numieBoaa: po3oBas. B 1/3 Ha 4 u 6 yacax
B MPOCBET BHICTYMAIOT 2 CTBOJIA BAPHUKO3HO-PACIIMPEHHBIX BEH THAMETPOM
0,6cM, criamaroTcs NMpU WHCYQUISAINK HE TOTHOCTHIO. Jlamee mepexomsaT Ha
KapAWadbHBIA J)KOM M Ha cyOkapauio KapmuanbHbIF ®KOM: CMBIKAeTCsS Ha
YpOBHE «Z>» JIMHUU.

[IpoceT >kemyaka: HOpManmbHBIH. B B\3 1o 3amHell cTeHKe
CIaBJICHUE U3BHE J\y3JIaMHU.

ConmepxuMoe: JKETyIAOYHBI COK, B aHTPAIbHBIA OTICH 4epes3
MIPUBPATHHK IPOTIOTEBAET aas KPOBb.

CKITaZiKu CIM3HMCTOM: W3BUTHIE, TUMIEPTPO(OHUPOBAHHBIE, BO3AYXOM
PactpaBIsOTCS HE MTOTHOCTHIO

CnmzucTtas: OnecTsmas, 3epHUCTast, THIIEPEeMUPOBAHHAS U OTEYHAs
BO Bcex oraenax. [lo BceM cTeHKaMm, BO BCEX OTHAEIAX C MOJICIU3UCTHIMHU
KPOBOUBIUSHUSIMA U TEMHBIMH TPOMOaMH.

Cnusucrass nykoBuubl [IIK: spxo-po3oBasi, Tycknas, pe3KO
runiepemupoBana. B JIIIIK wa nporsokenun 10 cM, CTCHKA IUPKYIIPHO
WU3MEHEHA — KPYIHO-SYEHUCTOW CTPYKTYPHI (CTEHKAM OelleChle CKOTICHUS
TUMQPOUTHBIX  (DOJTUKYJIOB.), C BBIPAKECHHOW COCYIUCTOH CEThIO U
BEIpakeHHON muddy3HON KpoBOTOUMBOCTHIO. llpm wHCydmamu wu
KOHTaKTe C TPHUOOPOM KPOBOTOUHUT

3aKIoueHue:

Jlumbodommukynsapras runeprasus aykoBuiel JIIK u TpakTa
HIIK. Cpasnerme w3BHe aykouiel JIIK 1y, DOpuremarosznas
nyonenonatus.  Koarymomatusi  mykxoBuiel  JIIK.  CoctosBiieecs
kpoBoTeueHus. CmaBieHue W3BHe B\3 Tema xemynka i1\y. BapukosHoe
pacipeHre BeH H\3 MHIeBoa, ¢ mepexoaoM Ha cyokapauto 1- 2cT.
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IIpu KT: Ha cepusix ToMorpaMM B BepXHEM 3Take OPIOIIHOM
MOJIOCTH  COXpaHSETCs OOLIMPHOE MHOTOY3JIOBOE THUIOBACKYJSIPHOE
obpazoBanme C OYTrpUCTBIMH KOHTypamu, pazmepom 180*152 mm.
HeomnopomHo# CTPYKTYpHI 32 CUET YYaCTKOB OOBI3BECTBIICHHH IMPEKHEH
IUIOTHOCTH. WHTUMHO TPWICKHUT K 3aJHE-MEAMATbHOMY KOHTYPY
ceneseHkn W mneueHn(S2,3,1), 06e3 mpu3HakoB HHBa3uu. CyOTOTaIbHO
00XBaTBIBAET JKEITYIOK, TOTATHHO MOKETYJOYHYIO KENe3y, JTYKOBHIY H
oyry 12mK., medeHb pactoiokeHa 0OBIYHO, KOpeHb OpbIKEHKH (TIpocIioika
He auddepeHuupyeTcs, BeposiTHee Bcero uHBazwsA). CoxpaHsercs
YTOJIIIICHUE CTEHKH JKeIyaKa 10 23MM M0 Majioil KpUBHU3HE U 70 12MM B
aHTpaJdbHOM oTAene. PacmpocTpaHsercss B 3aiHee CpPEIOCTEHHE, CTCHKH
numieBoga yroumieHsl 10 10 MM (1m0 ypoBHs Oudypkanmuu Tpaxeuw,
MIPOCIIONKA OTYETINUBO HE TPOCIIEKUBACTCS).

OTmeuaroTcsi MHOYKECTBEHHBIE YBEIMYEHHBIE JI/Y CPEIOCTEHHS, 10
12MM 1O 4YeTKOH rpaHume C o0pa3oBaHUEM 3aJHET0 CPEIOCTCHHS.
O4aroBoi MaTOJIOTUU U NECTPYKTUBHBIX W3MEHEHUH KOCTHON CTPYKTYPBI
HE BBIABIICHO.

3aKoueHue:

KT OI'K - kaptuHa o0Opa3oBaHHsI BEPXHETO STaka OpIOIIHON
MOJIOCTH C TopaxkeHneM xenyaka, IDK, 3agHero cpemoctenus, mumeBoa.
Crnenomeranusi. B nauHamMuke HapacTaHWs TOPaKEHUS CPEIOCTEHUS H
MOSIBJICHUE  TIPU3HAKOB  JUM(AreHHOro  KapIuHOMaTo3a.  Maubrit
JIBYCTOCTOPOHHUH TIJIEBPAJIbHBIN BBITIOT.

KpoBoTeuenne  ymaBalioch ~ OCTaHOBUTH  KOHCEPBATHBHBIMHU
MEPOTPUATHIMHU.

Bropas peakas npuuuna KKK, Bcrpetusmasica vam, — Cunapom
Hpenadya — 310 mpody3HOE apTepraIbHOE KPOBOTCUCHHE, 00YCIOBIICHHOE
pa3pbIBOM  aHEBPU3MBI apTEPUU  TMOACIU3UCTOrO CJIOA SKEIyIOYHO-
KHIeYHoro Tpakta. Kak mpaBwio, Oone3np Jlpemadya oTHOcHTCS K
paspsiny KpPOBOTEHYEHHH HESCHOTO TEHEe3a,9acToTa M0 JaHHBIM LEHTPOB
9KCTPEHHON XWPYPru4ecKOd IOMOINH, COCTaBisieT B cpexHeM 1-2%. B
OonpmrHCTBE ciydaeB (10 80%) UCTOUHMK KPOBOTEUEHHS JIOKATU3YeTCs B
B/3 Tena )kenmyaKa 1o Maioi kpuBusHe [2]. OmMHAKO B IUTEPaType OMHCAHBI
CIy4adw, KOT/Ia HMCTOYHHMK KpPOBOTEUEHHS pAacIojlarajcsi B IHIIEBO/IE,
TOHKOM W TOJCTOM KHUIIKE M JaxXe B KeI4HOM 1my3sipe. Ilpu
THUCTOJIOTMYECKOM HCCIIEZJOBAaHUM B CTEHKE appO3UPOBAHHOIO COCyna
oOHapyxuBaeTca mnponudepanuss ¢ CKIEPO3 HWHTUMBI, JeTeHepaIis
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CPEIHEro CJIOS, HWCUC3HOBEHHE JJIACTHYECKMX BOJOKOH. Ilpum sToM
CIM3UCTasg 000JI0YKa BOKPYT 3PO3MM Majlo M3MEHEHa, Ha THE MOCIeaHen
oOHapyXuBaeTCs PUOPHHOMIHBIN HEKPO3, yMEPEHHAS TUM(PO- TPaHYIIO- H
Ia3MoIuTapHasl HWHQMIBTpaIs CTeHKH Jkemynka [3]. B kadectBe
JIUATHOCTHKH yarie npuberarT K TaCTPOCKOITUHU 170101
WHTPAOTICPAI[IOHHOMY TIOMCKY HWCTOYHHMKA. ECIW TpH  BBITOJHEHUH
SHAOCKOIMYECKOTO HCCIIEIOBAHUS YIaeTcs OOHApYXHTh «OCTPYIO SI3BY»
Hpenadya, To ee OMEYAIOT KpacUTENIEM, BBOJAS PACTBOP METHICHOBOTO
CHHEr0 TMOJCIU3UCTYI0 O0OJOYKY JKelmyAka. Takum oOpa3om, ymgaercs
BHU3YQJIM3UPOBATh MECTO OCTPOTO KPOBOTECUEHHS ISl JAIbHEUIIEeTo
MIPOBEICHUS KOHTPOIHHOW THAarHOCTHUECKOMN/TIeIeOHOM TacTPOCKOINH HITH
OTIePaTHBHOTO BMEMIATEILCTBA B CIy4yac HEBO3MOXXHOCTH OCTAHOBKHU WM
penmaMBa KpoBOTeuYeHHs. Eciam ke He ynanoch BBIIBUTh HCTOYHHK
SHAOCKONMYECKH, W BCTAJ BOMPOC 00 OKCTPEHHOM OIEpPaTHBHOM
BMEIIATEILCTBE, TO MHTPAOIIEPAIIMOHHO UCTIOIB3YIOT CICAYIOUIUIA TPUEM:
MOCIIe 3BAaKyalldd COJIEPKUMOIO KEITylKa TPOU3BOJUTCS IEePEKATUC
aopThl, HIDKE YPEBHOTO CTBOJIA. B pesymbraTe Yero B MOCIETHEM
MPOUCXOAUT PE3KUN TMOIBEM  JABICHUS U  BO3HHUKACT  PCIUJIHB
KPOBOTEUCHHS, UYTO U OMPEACISACT MECTO OIEpalliy, KOTopas BKIOYACT B
ce0sl JamapoTOMHIO C TacTPOTOMHEH, HCCEYEHHWE «OCTPOW S3BBI» W
MIPOIIMBAHKAE apPO3UPOBAHHOTO aHEBPU3MATHUYECKH M3MEHEHHOTO COCYIa,
n00  PEe3eKUHI0  JKENMyAKa, DSHAOCKONUYECKYI0 KOAryJSLUI0 WM
sMObonm3aruio cocyna [4].

[Tamment T. 35 ner, mocTymui ¢ kajmodaMH Ha OOIIYIO CJIabOCTh,
pBOTY TeMHOM KpoBb1o, MeneHy. [Ipu ®I'JIC sHnokapTHHA TpakTOBaHa Kak
cugapom Memnopu-Belica, TmpoBeneHa TacTPOTOMHS, TPOIIUBAHUE
paspbiBa Jkemyaka. Uepes HEAeNmo — perUaAnB KPOBOTEUEHHS, MOBTOPHO
racTpOTOMUS, OOHApyKEH IyJLCUPYIONIMA apTepUaIbHBIA COCYA HaJ
CIIM3UCTON 00OJIOYKOHN B 00NIaCTH KapOuH IO MepegHel CTeHKe (CHHAPOM
Hpenadya), ocTaHOBKA KPOBOTEUCHHUS.

Xon onepamuw: [Tog OTH cHATHI MBI ¢ T/0 paHbl. B OpromnrHOif
MOJIOCTH BBITIOTA HET. JKeyloK 3aloiHEeH CTyCTKaMy KpOBH. BrwImonHeHa
racTporoMusi B Teie xkemyaka, ygaireno 1000,0 mi cBexel KpoBH €O
cryctkamu. [Ipu peBu3nn Ha mepeHeil CTEHKE Tella XKemyaKa U Mo Majaou
KpUBU3HE — 2 OCTpble 53BBI, auameTrpoM (0,2 c¢M ¢ TPOAOIKAIOITUMCS
HEUHTCHCUBHBIM KPOBOTEeUeHHEM, mpomuThl. [Ipu manpHeimeidl peBu3un
OOHapY)XCH TYJILCUPYIOIIUNA apTepHANbHBIA COCYHN HaJ CIIH3UCTOM
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000JI04KO B 00JIACTH KapJuM 10 MEepeAHeN CTeHKe, mpommT. ['eMocTas —
cyxo. ['acrporomuueckass paHa yIIATa ABYXPSAIHBIM Y3JIOBBIM IIIBOM.
Kenaynok mpoMmBIT — KpOBOTEYEHHs HET. B MamoMm cambHHKE BCKPBIT
abcriecc, comepxammii 5,0 mi rHOs Oe3 3amaxa. pyroil maTtojoruu He
HaliteHo. I'emocraz — cyxo. Cuer cangeTok, HHCTPYMEHTOB BEpEH.
BpromrHas monocTk ocyiieHa, JpeHupoBaHa TpyOKoH B IpaBOM Mmoapedephe
— oz nieuenb. [locioiHble BB HA paHy. Ac. moBs3ka. Kposomoreps 1100
MUL.

PenuauBel reMopparuu npeKkpaTUiInuCh, MAIUCHT BHIMTUCAH.

Bboine3nb Panmro-Ocnepa - ayTOCOMHO-JIOMUHAHTHAas
HacJeACTBeHHas reMopparmdeckas Tteneanrmdkrasus (HI'T), B ocHoBe
KOTOPOMW JIGKHUT HEMOJTHOIEHHOCTh COCYJUCTOTO SHAOTENHS, aHOMAJIBHOES
o0Opa3oBaHme KPOBEHOCHBIX COCY/IOB: KOXXHO-CITH3HCThIE
TEJICaHTHOIKTA3NUH, apTEPUOBEHO3HbIE Malb(OpMaMd B Pa3IHIHBIX
opranax. YacThIM TPOSBICHHEM SIBIICTCS HOCOBOE M KHIICYHOE
KpoBOTeueHue. lMmeercs mpenpacrosioKeHHOCTh K TIOJIUIIAaM B TOJICTOM
KHIIIKE, [IUPPO3Y NICUCHH, KOJOPEKTAILHOMY paky [5].

B ocHoBe maroreHesa JIEKHUT TEPBUYHOE MOPAKCHUE COCYIUCTOU
CTCHKU W MOP(MOJIOTUYCCKH XapaKTEPU3YeTCs: PaCIIMPEHHEM IPOCBETa
MHUKPOCOCYZIOB BCIIEJICTBHE WMCTOHYCHHA W HEJOCTATOYHOTO PAa3BUTHS HA
OTJIENBHBIX y4YacTKaxX COCYIMCTOTO pyciia CyO03HIOTEIHaTbHOrO KapKaca
MEJKUX COCYAOB H3-32 HHU3KOTO COJIEpXKaHWs B HEM KOJUIareHa Ju0o
HEITOJTHOIIEHHOCTh dHIOTENHs [6].

Ha panHell cTaguum MaTOJOTMYECKOTO IIpoliecca pa3BUBAETCS
JIOKaJIbHAS TUJIaTalusl, BOBJICKAIOIIAs BCE CIIOM CTCHKH MOCTKAMMIUIIPHON
BEHYJIBL. 3aT€M 3TO PACTHKEHHE PACIIPOCTPAHSETCS Ha apTEPHOIy, YTO, B
KOHIIE KOHIIOB, MTPUBOJUT K (OPMHUPOBAHHUIO MPSIMOTO UX COeAMHEHHs 0e3
00pa30oBaHUs MPOMEKYTOYHOW KANMMILIIPHOU ceTH. Pe3ynbraroM 3TOro
mpoIiecca SIBISETCS CHUKCHHE TaBJICHUSI KPOBU U CKOPOCTH €€ Toka [7].

Jleuenne BkmOWaeT B ceOs IHAOCKOMHYECKOE BMEMIATEIHCTBO:
SHAOCKONHMYECKYI0  KOAryJl{Io, SHAOBACKYJIAPHYIO  SMOOJHU3aIHIO,
XUPYPrUUecKoe yAaJeHHE MOPaXKEHHBIX COCY0B [8].

B Hamem cmyyae — HCTOYHHMKOM  KPOBOTEUCHHS  ObLIM
TeJICaHTUAKTA3UM KellyJKa, uTo peako Bcrpedaercs npu HI'T. Tlanuenrtka
E., 62 1, moctynuia ¢ xanobaMu Ha TOITHOTY, PBOTY C IPUMECHIO KPOBH,
cmabocTh, TONoBOKpyxeHue. 10 mer HabmogaeTcs Mo TMOBOLY OOJe3HU
Panrmro-Ocnepa. Ha stom dore ormedanmch HeogHokpatHble JKKK. Ilpu
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OI'IC: B ¢/3 Tena xenmyaka 1mo OONBIION KPUBH3HE €IUHWYHAS IIOCKAs
apo3us nuametpoMm 0,3 cM, ¢ Hanérom ¢GuOpHUHA U BEHYMKOM THUIIEPEMUU
Bokpyr. [lo Bcem creHkam Tema xemyaka okoino 10 MmMOACTU3MCTBIX
KpoBou3nusiHuid. [IpoBeneHa remoctaTudeckas Tepanus.

3akawuenne. Penkme cimyuan KKK mnpencraenstor cooid
CEPhE3HYI0 KIMHHYECKYIO MPOOJIeMy, TPEOYIOIIYI0 BHUMAHUS CO CTOPOHBI
Bpadeil. HecmoTps Ha WX pEIKOCTh, OHM MOTYT OBITH CBSI3aHBI C
Pa3TUYHBIMH TTATOJIOTUSMH, TPEJCTABIATH CIOKHOCTU B JIMATHOCTHKE U
JedYeHnu. BakHO TpOBOIUTH JMANbHEUIIHE UCCISAOBAaHUS, HANIPABICHHBIC
Ha T[IOHMMAaHHE MEXaHW3MOB pa3BUTHA OJTHX CIy4aeB, pa3paboOTKy
3()PEKTUBHBIX METOJOB TUATHOCTUKH ¥ TEPAITHH.
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AJCOPBEHTHBI, IPUMEHSEMBIE
B CUCTEMAX AICOPBUPOBAHHOI'O
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AHHOTANUsA: B CBSA3U C BRICOKUMH TEMITaMU IMOTPEOJICHUS CHIPHS B
HE(TSHOM CEKTOpE TOIUIMBHO-3HEPreTHIeCKOTo KOoMIUIekca Poccuu, a
TaKXe CJIO)KHOW 3KOHOMHYECKOW CHUTyalld HAa MHPOBOM DBIHKE HE(PTH
CO3AI0TCA TPEANOChUIKY ISl Pa3BUTHS U TPaHCHOpMAIUU POCCUHCKOM
ra3oBoil orpaciu. ['a30Boe TOILIMBO OOJNATacT PSOM DKOJIOTHYESCKHUX
NPEUMYIIECTB  Tepesl  TPAJAMIUOHHBIM  ChIphEM U3  HedTH U
HedrenpoaykroB. Kpome Toro, mo JgaHHBIM  MeEXAyHaApOIHOTO
SHEPTeTHYECKOT0 areHTCTBA MUPOBOM 3aImac MPUPOHOTO T'a3a COCTABIISET
250 mer. Hms pemeHus TnpoOiembl 3(QexkTHBHOrO M 06e30macHOro
XpaHeHHs] W TPAHCIOPTHPOBKM Ta30BOTO TOIUIMBA pPa3pabaThIBAIOTCS
MEPCIICKTHBHBIC TEXHOJOTHH C pe3epByapamMu, O0JIAJaroNIMMU BBICOKON
E€MKOCTBIO aKKyMYyJTUpOBaHMs. HeManoBaKHBIM MPEACTaBISICTCS BBHIOOD
aJicopOeHTa, JISKAIIETO B OCHOBE CHCTEM aKKyMYJIHPOBAHUS TPUPOJIHOTO
rasa. B cratee mpeacTaBiieH 0030p M0 HEKOTOPHIM MUKPOIIOPUCTBIM YTIISIM
pPaCTHTEIBHOTO  IPOUCXOXKICHUS, HWMCIOIIHUE  MEPCICKTHBHOCTh B
HAKOIUICHUH MTPUPOIHOTO Ta3a.
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KuarwueBble  ¢ji0Ba:  TOIUTUBHO-DHEPIeTHUUECKUI  KOMILIEKC,
MPUPOJHBIA  Ta3, CHUCTEMBl  aJCOPOIIMOHHOTO  aKKyMYJIHUPOBaHUS,
MUKPOIIOPUCTHIA aKTUBHBIN YTOJIb, a/ICOPOIIHS METaHa

ADSORBENTS USED IN ADSORBED NATURAL GAS STORAGE
SYSTEMS
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Due to the high rates of consumption of raw materials in
Annotation: the oil sector of the fuel and energy complex of Russia, as
well as the difficult economic situation on the world oil market,
prerequisites are being created for the development and transformation of
the Russian gas industry. Gas fuel has a number of environmental
advantages over traditional raw materials from oil and petroleum products.
In addition, according to the International Energy Agency, the world's
natural gas reserve is 250 years. To solve the problem of efficient and safe
storage and transportation of gas fuel, promising technologies with tanks
with high storage capacity are being developed. The choice of the
adsorbent underlying the natural gas storage systems is also important. The
article presents an overview of some microporous coals from plant origin
that have prospects in the accumulation of natural gas.

Keywords: fuel and energy complex, natural gas, adsorption
storage systems, microporous activated carbon, methane adsorption
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HHTeHCcHBHOE COKpallleHHEe 3aracoB HE()Tera3oBOro KOHACHCATa B
Poccun u 3aBHCHMOCTH POCCHHCKOTO CETMEHTa TEOJIOTOPa3BEIKH OT
UMITOPTa CO3AAIOT MPEATIOCHEUIKH K TpaHCc(HOopMaruyd pOCCHICKON Ta30BOM
OTpacid, THAe KIIOYEBHIM KOMIIOHEHTOM BBICTYNAeT NPUPOIHBINA Ta3.
ITocTaBneHHbIe LEMM TIO CHUXKCHHIO BBIOPOCOB MAPHUKOBOTO Taza IIPU
Mepexo/ic Ha HOBBIE JHEprod((EeKTUBHBIC TPAHCIOPTHBIE CPEICTBA
TpeOyIOT  HAXOXIEHHWs  albTepPHATUBHBIX  BHJOB  TOIUIMBA IS
TPAHCIIOPTHBIX CpenacTB. [IpuMeHeHHe Ta30BOTO TOILIMBA ITO3BOJIACT
MOBBICUTH 3()(PEKTHBHOCTh HCITOJIL30BaHUSI 3HEPTrOPECYpCOB U CHHU3UTH
3arps3HEHUE OKpYyKarommen cpeast [1].

OmHako B HAcToOsIIee BpeMsl HAONIOMAeTCS  OTCYTCTBHE
9Heprod(p(PeKTHBHBIX M 0OC30MACHBIX  CHCTEM  XpaHEHUs U
TPAHCTIOPTUPOBKH C BBICOKOH EMKOCTHIO aKKyMYJIHPOBAHHS MPUPOITHOTO
raza (AIIl). IToaToMy TpencTaBiIseTCs MEPCIEKTUBHBIM CO3aHNE CHCTEM
agcopoupoBanHoro ATl mis aBToTpancmopra [2].

B 2012 r. ArenrctBo mo mnpukiagHeiM ucciaegoBanusim CIITA
00HOBHJIO TPEOOBAHMS K CHCTEMaM XpaHeHHUs MeTaHa [3]:

— TpaBHMETpHYECKas EMKOCTh MO0 METaHy B CHUCTEME XPaHCHUS
nomkHa ObITE He MeHee 0,5 r CHy/r;

— ypenbHas ~ oOBEMHas ~ EMKOCTh  NPHU  HUCIOJIH30BAHHUU
MOHOJIUTHOTO GJ10Ka a/[COpPOEHTa TOKHA COCTABIATH 264—266 M /M’ mpH
3,5 MIla u 298 K, 49TO SKBHBAJICHTHO XpaHEHHUIO C)KAaTOrO0 METaHa B
bawtonax mpum 25 Mlla u 298 K. ompenenéHHBIMH aacopOIMOHHBIME
XapaKTePUCTUKAMH, 2 IMCHHO:

— ONTHMajbHOE, C TOYKH 3pPEHHUS JHEPreTUKH, COOTHOIICHHE
MIPOIIECCOB aJCOPOITHH B ISCOPOITHH;

— ONTHMAaJBHBIA pa3Mep MHUKPONOp s JAecopOIuH rasa mpu
KOoMHaTHO# Temneparype (~0,8—1,4 am);

— BBICOKAs HACHIMHAS IUIOTHOCTh, OOECIECUYMBAONIAS CHUKCHUC
00BEMa razoBoii (ha3bl B CHCTEME XPaHEHUS;

— OTHOCHUTEIILHO HEOOJIbIIas TEeIUIoTa aJCOpPOIMH TPU BBICOKOU
TETUIOEMKOCTH TOPUCTOr0 MaTepuaia, 3a CUET Yero BO3MOXKHO CHIDKCHUE
TEIUIOBBIX KOJIEOaHUN TIPY U3MEHEHHUH TEMIIEPaTyPhl OKPYKaIOIIEH CPeIbl;

— pasBuTas TPAHCIIOPTHAs MOPUCTOCTh I  OOECIeYCHUs
BBICOKHX CKOPOCTEH MaccomepeHoca;

— THAPOPOOHOCTE;
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— JI0OCTaTOYHAs MPOYHOCTh BO HM30CKAHUE NBUICHUS BCICIACTBHC
UCTHPAHUS TPAHYII;

— YCTOHYHMBOCTH K IIMKIMYECKUM MEXaHHYCCKUM Harpy3Kam;

— OTHOCHUTEIILHO HEBHICOKAs CTOUMOCTb.

B mpoBenaéHHOM aHanm3e AMTEpaTyphl IMPEICTABICHO CPaBHEHUE
YKa3aHHBIX  BBIIIE  YCIOBHH AN MHUKPOMOPHUCTBIX  YIIEPOIHBIX
aZIcOpOEHTOB M3 PACTUTEIBHOTO CHIPBS.

1. CreIpb€ — KyKypy3HBIC 3¢pHA U TOYATKU

Jlydumii mokasarens aKKyMyJIHpyommeii ciocobHoctd — 100 M/M’
(mpm 3,5 MIla u 293 K) — umen akTuBHEIN yroub (AY), HOTydeHHBIH U3
KYKypY3HBIX 36peH IMyTEM XUMHUYECKON aKTUBAIlUH, IPH 3TOM B KayeCTBE
CBSI3YIOIIIETO BEIIECTBA (5% o macce) HCTIO0JIb30BaJIach
KapOokcuMeTmneiyuio3a [4]. OTHOIICHWE AaKTHMBHOTO areHTa K CBIPBIO
coctaBisuio mo Macce 1:2. IlomydeHHbIt AY o0Onaman CIeTyOIIMMHE
CTPYKTYPHBIMHU XapaKTEPUCTHUKAMHU:

— yZAenbHas NOBEPXHOCTh 1o MeTony bOT Sy, — 2147 M/

— TpemenpHBIH  00bEM MEKporop 1o Meromy JlyOwHmHA-
PapyiikeBuua:

— 10 u30TepMam ajgcopOumn azora Wy (N,)— 0,762 em’/r;

— TI0 M30TepMaM ajacopbumm yriaekucioro raza Wy (CO,) — 0,508
em/r;

—  HACHINHAS IIOTHOCTH p — 0,42 r/em’.

MaccoBble moKa3aTeNy ancopOoruu o0pasia HeBSIUKH U YCTyHalln
JIPYTUM aficopOeHTaM, OJHAKO 3a CUET JOCTATOYHOUW HACBHITHOHN IJIOTHOCTH
BO3MOJKHO TIpHEMIJIEMOE aKKyMYJIMPOBaHHE METaHa, KOJINIECTBO KOTOPOTO,
OJTHAKO, HEJIOCTATOYHO JIJISI aKTUBHOMW YIICIIEHOW EMKOCTH.

UyTh Jydlle TIoKa3aTelb HAKOIUIeH s MeTana — 120 m*/m’ (mpu 3,5
MIla u 298 K) — ganmm akTHBHBIC YTIJIH, CBHIPhEM KOTOPOTO CITY>KUIH
MOYaTKH KyKypy3sl [5]. beima mpoBemeHa XuMH4YecKass aKTUBAIUS CHIPHS
(runpoxcumom kamus) mipu 823 K B Teuenue 30-60 mun. [lonydennsrit AY
o0anan caenyromuMy XapaKTepPUCTHKAMHU:

— yZAenbHas NoBepXHOCTh o MeTony bOT S, — 1310-1320 M/T;

—  HAChIMHAs [IOTHOCTH p — 0,35 T/cM’.

[locmeganii mMOKazaTeNb OMpPENENT HEBBICOKHE MaKCHMallbHBIC
BEJIMYMHBI aKKyMYJIHpOBaHHS MeTaHa. Kpome TOro, mpu MOBBIICHUH
TEMIIEpaTyphl TOJHAs yAeTbHas EMKOCTh CHCTEMBI 3HAYHUTEIHHO
YMEHBIIUIACh.
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2. Crpipbé€ — copro

Yrinepoanble ancopOCHTHI, MONYYCHHBIE W3 3EPEH COPro, UMENH
cpenHuil muameTp 3epHa ot 3 10 4 MM, cofepxkanue Biaru 8,4% macc [6].

Kap6onuzanuto npoBoauau npu 573 K B mHEpTHOH cpene a3oTa B
teueHue 10-20 muH. B KauecTBe XMMHUYECKOrO aKTHUBATOpa MOIYYCHHOTO
KapOOHHU3aTa WCIOJIB30BATM BOJHBIC PACTBOPBI Kak opTodochopHOit
kucnotel (35, 50 u 85% wmacc.), xnopuma nuaka (50% wmacc.), Tak u
runpokcunaa kamus (50% macc.) — Temneparypa TepMooOpaboTku — 773—
783 K. CocTaB moJydeHHBIX 00pa3ioB mo macce — 68% yriepona, 18%
KHCIIOpO/a, a TaKKe MpuMecH cepsl, hocdopa, a30Ta U BOJOPOIaA.

MaxkcuManbHast yaenbHas 8MKOCTb [0 METaHy cocTaBmiIa 89 M /M’
(mpum 3,5 MIla u 298 K). O0pazen ¢ Takoli €MKOCTBIO 10 METaHy HUMEIN
CIIETyIOIINE XapaKTEPUCTHKH:

— yZAenbHas NOBEpXHOCTh 1o MeTony bOT Sy, — 2027 M/

— IpexesbHBIH 006EM MUKpOIIOp 1o a30Ty W (Ny)— 0,76 cM’/r;

—  HACBIMHAS [UIOTHOCTH p — 0,65 T/cM”.

[TomoOHBIIT  BBICOKMI  TMOKa3aTeidb  HACHIMHON  IJIOTHOCTH
obOecrnieunBaics MoaOOpOM (HPAKIIMOHHOTO COCTaBa 00pPAa3IoB, KOTOPEIC
MOJIBEPTATHCH (DOPMHUPOBAHUIO B OJIOKH.

3. ChsIpb€ — cKOpIyIIa KOKOCOBBIX OPEXOB

Hns ancopbenta AVY-1, MOIyd4eHHOTO M3 CKOPIYIBI KOKOCOBBIX
OpEXOB, W3ydYaloCh BJVSHHE HACBHITHOW IIOTHOCTH W TEeMIIEpaTypbl Ha
CMOCOOHOCTh aKKyMyNHpoBaTh MeTaH. IIpm KOMHAaTHOW TemmepaTrype |
nmaBnenuu 3,5 MIla ynenpHas €MKOCTH 10 METaHy COCTaBIIIa TOJIBKO 89
M’/M’, 9TO COOTBETCTBOBANO [AHHBIM JUIS APYTHX aiCOPOCHTOB 3
PaCTHTEIHHOTO CHIPhSI U YTO CYIIECTBEHHO MEHbBIIE TPeOyeMbIX 3HAUCHUI
[7-8].

HachInHas IIOTHOCTH 3TOr0 ajcopbenta Obina okono 0,38 r/cm’.
YcTaHOBIEHO, YTO MPU €€ YBEIMYCHUH, HApUMep, MyTéM (OpMOBaHUS B
BHUJE MOHOONOKa, aICOpOIMOHHYI0O EMKOCTH MOXKHO  TOBBICHTH
MIPAKTHYECKU B JIBA pasa.

[MoHmkenne TeMnepaTypsl CUCTEMBbI XPaHCHUS YBEITHUUMIO O00BEM
aKKyMyJTUPOBAaHHOTO MeTaHa (puc. 1).
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Pucynok 1 — 3aBUCHMOCTH TIOTHOH YACIbHOW 00BEMHON EMKOCTH TIO
MeTaHy MHUKPOITOPUCTOTO YIIIepogHoro agcopoeHTa AY-1 ot napneHus
mpu Temneparypax 178 (1), 216 (2), 243 (3), 273 (4), 300 (5), 320 (6), 340
(7), 360 K (8). LlITpuxoBble THHUHM — 3aBUCUMOCTH JIJISl CIKATOTO Ta3a Mpu
293 K

Takum oOpa3oM, yxe NpH CHIKEHHH TemmepaTypbl mo 216 K
MOXHO O0ECHeUHTh MHHHMANBHEIC 150 M’/M° MeTaHa, CUMTAKOIIMECS
JOTTyCTHUMBIM YCJIIOBHEM [UJIsl CHCTEM XpaHeHus Taza. OTHocuTelbHas
3¢ (pEeKTUBHOCTh aKKyMyJIHPOBAHHUS METaHA MO CPAaBHEHHIO C XPaHEHHUEM
0e3 UCIoNIb30BaHUs ICOpPOCHTA cocTaBmia ~ 2,5.

4. CrIpbé — 1eITIoa03a

MukpornopucTsle  yriepoaHble — ancopOeHTsl  MOTYT — OBITh
CHUHTE3UPOBaHbI U3 TPaHyJI MUKPOKPHUCTAININIECKOH LEJUTIONO03HI [9].

Jns cuHTe3a BbIOMpaniM MOPOLIOK LEJJIIONO3Bl € Pa3MEpoM
kpuctamioB ~ 50 mMkMm. Okono 1,5 T CbIphsS MOMEIIAIA TOM TIPECC H
noBelanii fasnenne ot 0 mo 98 Mlla, mpu 3TOM Bpemsi NpeccoBaHUSA
BapbpupoBayn OT 1 10 60 MuH. [lonydyeHHbIE TaONETKN KapOOHU3UPOBAIU B
meun mpu Temrepatrype 1073 K B moToke a3ota B TeUCHHE Pa3IHIHBIX
nepuoioB BpemeHu (ot 1 mo 12 4), 3atem akTuBUpOBaid B mMoToke CO,,
npu temrnepatype 1073—-1173 K, BpeMs akTuBanuu cocTaBisiio oT 6 o 19
9. OOpasiel mosryaeHHoro AY obnaganm yaeiapHOW TOBEPXHOCTBIO 10
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meromy BT Sy, mo 1700 M*/r. MakcuManbHO# EMKOCTH CHCTEMBI TIO
MeTaHy coctaBuna 147,2 m/n’.

JlanHBIe WCclemoBaHUS MO3BONWIM OOHAPYXHUTh CTaOMIBHOCTD
aZICOPOITMOHHON EMKOCTH TONy4eHHBIX OOpa3loB MPH IUKIHYECKUX
Harpy3kax. [7aBHOH  OCOOCHHOCTBIO  TPOBEACHUS  LUKINYECKUX
WCIBITAaHUH ObUIa O00OpaTUMOCTh afcopOLMK MeTaHa B aACOpOEHTe.
IIpoBenenne MUKIMYECKUX UCTIBITAHUNA MPOIIECCOB aACcOPOIUU—IecopOLru
Ha TIOJyYEHHBIX 00pas3lax yriepoJHOro ajcopOcHTa  IMO3BOJIHIIO
CMOJICITMPOBATh PadoTy peanbHbix cuctem AIIL.

B xome wuccnemoBaHWil BBUSICHWIM BIUSHHE BapbHUPOBAHUS
TEeMIIEpaTyphl OKPYKAIOMIeH Cpeasl Ha M3MEHEHHE JaBIICHHUS B CHCTEME
xpanenus (puc. 2) [9].

P, MMNa
25
2.4

2.3

2.2

21

20

Pucynok 2 — M3MeHeHre JaBlICHUS] METaHA B XPAHUJIHINE TPU TTOBBIIICHUT
TEMIIEPATYPHI

M3mepenuss mpoBoauiM Tpu JaBieHMM B cucteme 2 Mlla u
KOMHATHOH TeMIieparype. 3areM CHCTeMYy XpaHEHHS, 3aKpBITYIO IS
BHEIITHETO TEIUI00OMeHa, HarpeBamu m0 353 K. MakcumaibHOE M3MCHEHHE
JIABJICHUS JJI1 CHCTEMBI C aIcOpOSHTOM COCTaBWIO ~ 7%, a I TOJOOHOM
3aKpBITOH cHCTEMBI Oe3 afcopbenTa — ~ 20%.

[Ipemnonaraercs, 9YT0 Takoe pazInyre OOYCIOBICHO MEHEE PE3KUM
W3MCHCHHEM CBOWCTB  aJICOPOIIMOHHOM  CHCTEMBbI TIPH  TIOBBIIICHUU
TEMITEpaTyphl TI0 CPABHEHHUIO CO CBOWMCTBAMHM Ta30BOM (a3bl, YTO UCKITIOYACT,
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HarpuMmep, 3(Q(EeKT poiutoBepa M, TEM CaMbIM, BHOCHT JOTOJHUTEIILHBIN
BKJIaJ B 0€30MacHOCTh dKcIuTyaTanuu cucteM AIIL [9].

5. ChIpb€ — KOCTOYKH OJINBOK M TIEPCUKOB

B mabopatopun ObUIM CHHTE3MpOBaHBI 00pa3ibl AY Ha OCHOBE
MPECCOBAHHBIX TPaHYJ U3 KOCTOYEK ILUIO/IOB — OJIMBOK U TIEPCUKOB — METOIOM
XUMHUYECKON aKkTUBauu opTOPOCc(OpHON KUCIOTON HpH TeMreparypax OT
623 mo 1273 K [10]. Ilopucteie u amcopOIMOHHBIE XapaKTEPUCTHKH
MOJTyYEeHHBIX aACOpPOCHTOB M3ydyaianch mpu Temreparype 303 K u naBnenun
1o 2,5 MIla. AxcopOuuys MeTaHa JOCTUrana 0 5 MMOJb/T. OTMEUEHO, YTO
HarOOJIBIIINE 3HAYCHUS aICOPOIMH OBUTH y 00pasIoB, CHHTE3UPOBAHHBIX TP
TPaHWYHBIX 3HAYEHMSAX YKAa3aHHOTO JHana3oHa TeMIlepaTryp akTHUBaluu. B
9THX YCJIOBUSX aJCOPOSHTHI MMENU HauOOoJbIIue OO0BEMBI MHKporop W,
(0,409-0,468 cM’/T) 1 yaeIbHBIEC TOBEPXHOCTH MUKpOTIOp o BIT.

CnemoBarennbHO, TP BhIOOpE  ONTHMANILHOTO  anmcopOeHTa
HEOOXOMMO YYUTHIBATHL HE TOJBKO TPEICIbHBIH O00BEM MHUKpOIOp, HO H
pacrtipeieNieHue 1mop 1o pa3Mepam.

Taxxe wnccrenoBaresiMu padotel [11] OBII  ycTaHOBICH (hakT
BIMSHHAS Ha TapaMeTphl TMOPHCTON CTPYKTYpBI YIJIEPOIHOTO aJcopOeHTa
WCXOHOTO MaTepuaiia. B KadecTBEe CHIPhSI BHICTYIAIM KOCTOYKH OJMBOK U
TIEPCUKOB, MUHIAIGHON CKOPITYTIBI M CKOPITYTIHI KOKOCOBBIX OPEXOB, a TaKiKe
HedTsiHOTO KOKca. Ilocie akTuBarum OBUTM TIOMYYEHBI MTOPOITKOOOpa3HEIC
COpOMPYIOIINE MaTepUaITbl, CIPECCOBAHHBIC B MOHOJIUTHI TUAMETPOM 4,5 CM.

3HaYeHNS YACIBHBIX IOBEPXHOCTEH IMOBEPXHOCTH W 00BEMaA
MHKpOIIOpP JUIi BCEX OOpaslOB M3 PACTUTENHHOTO CHIPhSI W3MEHSIINCH B
muanazone 2205-2515 ™Mr u 0,982-1,374 CM3/I‘, COOTBETCTBEHHO. A BOT
HAWOOJNBIIME  TOKA3aTedW  aACOpPOIMM IO TECTOBOMY  BEIICCTBY —
METHJICHOBOMY TOJIyOOMY — M yIIEIIbHOW 00BEMHOI EMKOCTH 10 MeTaHy (215
Mr/r u 184 MM, COOTBETCTBEHHO) HAGMIOMAMHCh y 00pasioB AV u3
KOKOCOBOW CKOPJIYIIBI — B TICPBOM CJIy4ae NP JIBYXCTYIICHYATONH aKTUBAIUH
0e3 mpemBapuUTENIbHONH O00pabOTKH, a BO BTOPOM — MPHU OTHOCTYICHYATOM
aKTUBAIWH C TIPEIBAPUTEITLHON KapOOHU3aIHEH.

[Nocie comocTaBneHus pe3yabTaTOB UCCICAOBAHUM aJICOPOIIMOHHBIX
Y EMKOCTHBIX XapaKTCPUCTUK aJICOPOCHTOB, a TAKXKE PACHPE/ICICHUS TTOpP TI0
pa3Mepam orpezesieHa ONTUMAaIbHAs UPHHA MO YTIIEPOTHOTO acopOeHTa —
1,5 Hm.

[MpoBenéHubIil 0030p nHTEpaTyphl IMMOKA3BIBACT, YTO MPABHIBHBIM
MOAOOPOM HCXOMHOTO CHIPBS, B paccMaTpuBaeMoil paboTe — pacTUTENHLHOTO
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MIPOUCXOXJICHHSI, W YCJIOBHH TIPOBEACHHUS €r0 TEPMHUYCCKOH OOpaOOTKH
MOXHO JIOOWTBhCS TIONYYCHHUS YIJIEPOIHOrO afcopOeHTa C BHLICOKUMHU
MHIMKATOPAMH yICIbHOH EMKOCTH 10 MeTaHy (He Meree 150 M/AMY) u
aJICOPOITIOHHON CIIOCOOHOCTH, YTO JOJDKHO YUHTBIBATHCS TPH CO3JAHUH
3¢ PEKTUBHBIX CUCTEM aJICOPOIIMOHHOTO aKKyMYJIHPOBAHUS MPUPOTHOTO Ta3a
JUTSL aBTOTPAHCIIOPTA.
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AnHoTamusi: B craTthe pacCMOTPEHBI  PA3IMYHBIC  BUIIBI
aJIbTEPHATHBHBIX MOTOPHBIX TOIUIUB. [IpuBeeHBI OCHOBHBIE JOCTOWHCTBA
W HEIOCTATKH OTJICIBHBIX BUAOB AJIbTEPHATUBHBIX HNCTOYHUKOB JHEPTUH,
0003HaYEHBI O0JIACTH WX MPUMEHEHHUs. TaxKe pacCMOTPEHBI pPa3IUYHBIC
MOJIEJTH TPAKTOPOB, HCIIONB3YIOMINE aJbTepHATHBHOE TOIUIMBO. JlaHBI
OCHOBHBIE  OIIGHKH  TEXHHYECKHM  TpoljeMaM TpH  TEPeBOe
CEJIbCKOXO3SIICTBEHHOM TEXHUKH HA aJbTCPHATUBHBIC HCTOYHUKU TOTLIUBA.
CremaH BBIBOZ O LIEIECOOOPA3HOCTH MEPEBO/AA aBTOTPAKTOPHON TEXHHUKH
JUTst paboTHI Ha aJTbTEPHATHBHBIX NCTOYHUKAX YHEPTHH.
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Annotation: The article discusses various types of alternative motor
fuels. The main advantages and disadvantages of certain types of alternative
energy sources are given, and the areas of their application are indicated.
Various tractor models using alternative fuels are also considered. The main
assessments of technical problems in the transfer of agricultural machinery to
alternative fuel sources are given. It is concluded that it is advisable to
transfer automotive equipment to work on alternative energy sources.
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Cenbckoe  XO3SMCTBO  aKTHBHO  JBOIIOIUOHUPYET, CTPEMSCh
aBTOMATU3UPOBATh IMPOIECCHI C TIOMOIIBIO TEXHUKH, KaK aBTOTPAHCIIOPTA,
TaK ®W TPakTopoB. O(PGHEKTUBHOCTh pabOTBI TaKOTo 000pYHOBAHU
HATPSAMYIO CBSI3aHA C UX SKOHOMHYHOCTBHIO M SKOJIOTHYHOCTHEO. OCHOBOIA
JUTSE pa0OThl MAIlIMH CITYXaT JAU3CIbHBIC ABUTATEIA BHYTPEHHETO CTOPaHMUSL,
Ha TOIUIMBO sl KOTOpbix yxomuT 1o 30 % pacxomos. Ilepexoxm Ha
anbTepHATUBHBIE, OoNiee IOCTYNHBIE, WCTOYHUKH TOIUIMBA MOXET
3HAYHUTEIILHO COKPATHTh O3TH 3aTparhl. Takke, YYeT SKOJOTHYSCKHUX
CTaHJApTOB W MWHUMH3AIMS Bpelda OKpYXaromed cpeabl OT paboThl
CeJIbX03MAIH TPEOYIOT BHEPEHHSI AKOJIOTMYECKH YHCTHIX TOTLIHB.

AkTuBU3aIWs OOHOBICHHS CEIBCKOXO3SMCTBCHHOW TEXHUKHU, YXKE
UCTIOJIE3YeMOH Ha Pa3IUYHBIX arpONPOMBINUICHHBIX MNPSANPUITHSIX, C
HENBI0 UCTIONB30BaHMS aJIbTEPHATUBHBIX BHIOB TOIUIMBA, MOXKET YCKOPHUTH
JKOJIOTHUECKUM M HDKOHOMHYECKHH MpOrpecc. 3amMeHa TOIUuBa TpedyeT
WHHOBAIIMOHHBIX HWCCIICJOBAHUN Il ONTUMH3AIMW JBUraTeIei, 4TO
obecrieunt 3OPEKTUBHOCTL M COKPAITICHUE BPEIHBIX BHIOPOCOB. ATanTarys
TEXHUKH TI0JT MEeCTHBIe ycioBusi PecryOmukn bemapych MOMOXeT CHH3WTH
PacXo/Ibl ¥ SKOJIOTHUECKHA YIIepO OT pabOTHI MaIlIHH.

Benyiieit 9KOJIOTMYECKM YKMCTOW aIbTEPHATUBOM  JU3EIIO B
arpoIPOMBIIIJIEHHOCTH CTAHOBUTCA METaH. JTOT Ta3, Oy/Ab TO B CKATOM HJIH
JKUJIKOM COCTOSHHM, OOXOJUTCS 3HAYUTEIFHO JCIHICBIE TPAAUIIMOHHOTO
JKUJIKOTO TOIUIMBA. [IpMMEHEHHWe MeTaHa CHIDKAeT BPEIHBIC BHIOPOCHL,
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Bkitouass CO,, B HECKOJBKO Pa3 MO CPAaBHCHUIO C OOBIYHBIM TOILTHBOM,
OKa3bIBas MOJIOKUTEIBHOE BIUSHKE HA 3KOJIOTHIO [1-4].

ITpou3BoauTeNd CENBCKOXO3AUCTBEHHOM TEXHHUKHM, Takhe Kak
AGCO u CNH Industrial, cranopsitcs muaepaMi B CO3TaHHU TIEPEIOBBIX
neuratencii. OHU BHEAPSIOT ABUTATE Ha METaHe, KOTOPBIC PadOTArOT TIPH
MOBBIIICHHONW CTEIEHU CKaTus, obecreunBasg Oojee 3(D(PEKTHBHYIO U
JKOJIOTHYHYI0 pabory. I[lpumepsl wx HoBaropcTBa BKmodaroT: AGCO
npeacrasisietT Tpaktop Valtra Dual Fuel, passuBatomuii Mmomuocts 10 160
1. ¢.; CNH Industrial Beimryckaer monens T6, criocoOHyto gocturats 180 1. c.

O\ —

Pucynok 1 — TpaKop xomecsiit T 7.270 AC MethanePower. (doto c
odurmansHoro caiita New Holland)

IMomumo storo, New Holland Bmecte ¢ OpuTaHCKOH KOMITaHHEH
Bennamann pa3paboTaiu 3KOJIOTUYECKH YHCThIA TpakTop 17, paborarormii
Ha CXWKeHHOM Owomerane (puc. 1), TPOM3BEICHHOM U3 OTXOZOB
CEJIbCKOXO3SIMCTBEHHOTO MPOU3BOJICTBA. DTO HaIpasieHue, B koropom CNH
Industrial, momyunB kOHTpOdP Hajx Bennamann, akTUBHO MPOIBHUTracTc,
CHOCOOCTBYET  BBICOKOW  OJKOJIOTHYHOCTH  arpOTEXHHUKH 32  CUET
HCTIOIH30BAHMS BO3OOHOBIISIEMBIX HCTOYHHUKOB TOTUTHBA [5].

DJEKTPOIHEPTUsl 3aHUMAET BTOPOE MECTO CPEId WHHOBAIIMOHHBIX
peleHni A1l TUTAaH!S CENTbXO3TEXHUKH. PaHee SKcriepThl COMHEBAJIHCH B €€
3(h(eKTHBHOCTH W3-32 OTrPAaHUYCHHOTO BPEMEHH pPAaOOTHI YCTPOWCTB Ha
akkymynsropax. TeM He MeHee, NPSUMYINECTBA  HWCIOJIB30BaHUS
ANEKTPUYCCKUX JIBUTATEIICH, TAKME KaK CHIDKEHHE 3aTPaT U TIOJI0KHUTEILHBIN

SKOJIOTHUECKU 3 (EKT, CTamM O4YEeBHAHBL. [JaBHbIE MHHYCHI — OTO
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MOTPEOHOCTh B PETYJSPHOW 3apsiIke M CJIOXKHOCTH C JIOCTYITHOCTBEO
TEXHOJIOTUH.

DIIeKTPOIBUTATENIH, PAOOTAIONIME 3a CUYCT DJICKTPOMArHETH3Ma,
MIPEBPAIIAIOT JICKTPUKY B ABIKEeHHE. Benymme dupmel, Bkmodas H2Trac u
Fendt, cocpenoTodyeHsl Ha cO3MaHUM 3ICKTPUPHUIMPOBAHHBIX TPAaKTOPOB.
Bonopon, BeiaensiroInuiicss CBoel YMCTOTOM, 3aHUMAeT BOKHYIO TO3HIIUIO B
arpoTeXHHKE, 00eIas YKOJIOTHYHBINA IPOTPECcC B ATOH 00IacTu.

TormnuBHBIE IIEMEHTHI Ha BOAOPOJE YCTAHABIMUBAIOTCS BMECTE C
3JMIEKTPOMOTOPAMH JIJIsl TTOBBIIICHUS TOILIMBHOM A (EeKTUBHOCTH B 2-3 pasa
0 cpaBHEHHIO ¢ HedrempoaykTamu. [IpuMepomM TeXHUKH, paboTaromieii Ha
Bogopoze, cykuT TpakTop NH, ot New Holland, coznannslii npu ygacTin
FIAT na 6a3e monenu T6.140.

Tuxmii arporexHudeckuii ammapar NH, oOopymoBan Tpems
SHEPrEeTHUECKUMHU MOAYJISIME BOJOPOIHOTO THIIA, 0OIIeH MOMIHOCTRIO 135
nonaquHbIX cwil. OnHa CeKIus NpeIHa3HaueHa s IEPeABIKEHHS, pyTras
3ajieiicTBoBaHa B paboTe C arpapHbBIMH  TPHCIOCOONICHUSAMH depe3
rugpocucTeMy. Bomopo, HCroas3yeMblil B KauecTBe TOIUINBA, cxkat 10 350
aTM. W XpaHUTCI B €MKOCTH Ha §,2 Kr., 4TO T[O3BOJSCT MAIWHE
(hyHKIIMOHUPOBATh B aBTOHOMHOM PEXUME JI0 TPEX 4acoB [6, 7].

B 2020-m Kwuraii mnpenctaBuia HWHHOBAIIUIO B arpOTEXHHKE —
aBToMaTH3upoBaHHEIM TpakTop ETS504-H Ha Bomopome. DTo arperaTr c
TOIUIMBHBIMU 3JIEMEHTAMH, JOMOJHEHHBIA JTUTUH-UOHHBIM aKKyMYIISITOPOM
JUTSI TOTIONTHUTEIBHON SHEPTruu NpU TsDkenon pabore. TpakTop ocHareH
3NEKTPOMOTOPAMH JUIS YIPABIEHHUS KOJIECAMHU W arperaTamu, padoTaer 1o 4
4yacoB 0e3 Mo/I3apsIKHY, a 3anpaBKa 3aHUMAeT BCEro 5 MUHYT [§].

MHOXeCTBO KOMIIAHWUN WCCIEIYIOT HCHONB30BAaHUE BOAOpPONA B
arporexnuke. [Tpumepom ciykut TpakTop Valtra H202, mpencraBieHHbIH B
2020 romy, KOTOpBIM ympaBiseTcs yAaJeHHO M paboTaeT Ha BOIOPOAHOM
ToIUIMBe. TOIUIMBHBIC AJIEMEHTHI OOBEIWHSIOT BOJOPOX C aTMOC(HEPHBIM
KHCJIOPOJIOM, TIPH 3TOM BOJOPOJl COXPAHSETCS B AIFOMHHHEBBIX €MKOCTIX
mont xaBneHueM. Peanmmsanus npoekra oxumaercs k 2040 romay [9].

HecmoTpss Ha  OYeBHMAHBIC  DKOJOTHYECKHME  NPEHUMYIECTBA
ATBTCPHATUBHBIX BUIIOB TOIUIMBA JIJIsl JIBUTATENiel, €CTh CEpPhC3HBIC
WHQPACTPYKTypHBIE, OKOHOMHYECKHE M  TEXHHYECKHE  CIOXHOCTH.
WHubpacTpyKTypHBIC BEI30BBI CBS3aHBI ¢ HEOOXOAMMOCTBIO CO3/IaHUS HOBBIX
3alpaBOYHBIX  CTAHIMA WIM  aJalNTallid YK€ HUMCIOIIUXCS  TOJ
aNbTepHATHBHBIC BHUIIBI SHEPTOHOCHTENIEH. DKOHOMUYECKAs! COCTABIISIOIIAs
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3aKJII0YAETCs B MEPBOHAYANIBHBIX MHBECTUIMSX [Tl IEPEBO/IA MapKa MAILTUH
Ha HOBBIH BHMJ TOIUIMBA W CTUMYyJaxX JUId  NPOU3BOJUTEIICH
CEITbXO3MPOTYKITHH. TexHuunueckue MIPOOIIEMBI 3aKJIF0YAIOTCS B
MOIU(HUKAIIMNA JTBUTATCIHHON CHUCTEMBI IIOJl aJbTEPHATHBHOE TOILIMBO;
TaKXKe CIIEAYEeT YYUTHIBATh CHeNU(UICSCKUE TPEOOBAaHHUS K OOCITYKUBAHHIO
JTHX CHUCTEM.

BaxxHo oTMETHTH, YTO pa3pabOTKa HOBBIX MOEICH IBUTATENICH
MOJUICP)KUBACTCS HE TOJBKO TPOM3BOAUTEIIIMU  aBTOMOOWJICH WM
arpoCIelTeXHUKH; OHa TaKKe 3a4acTyro (buHAHCHpYyeTCS
MIPABUTEIHCTBEHHBIMH MTPOTPaMMaMHU T10 TTOAIEPIKKE SKOJIOTHICCKH YUCTHIX
BUIOB dSHepruu. l[IpuMeHEHHWE anbTEpHATHBHOTO TOIDIMBA B JIBHTATEIIIX
BHYTPECHHETO CrOpaHHs 3TO0 Oyayimiee IS YCTOHYHUBOTO Pa3BUTHS
arpocekTopa. Takue pemieHus IOMOTYT HE TOJIBKO MHHUMHU3HPOBATH
JKOJIOTHYECKUH OTIEYATOK OT palbOTHI CEIHCKOXO3IHCTBEHHON TEXHHUKH, HO
1 00ECIIeUHTH JOITOCPOYHYHO IKOHOMUYECKYIO BBITOAY 32 CUET ITOBBIIICHUS
3¢ (GeKTUBHOCTH pa0OThl MAalIMH W HWCHOJBb30BAHUS BO300HOBIISIEMBIX
SHEPTrOHOCUTENEH.
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CPABHUTEJbHBIN AHAJIN3 YCJIOBU MAKPOTPABJIEHUSA

N.B. IlankpaToBa,

BEIYIIUH CIIEIUAINCT 110 METAJUIOBEICHUIO,

Otnen MeTanaoBeeHUs

M.B. XaycToB,

HaYaJbHUK YTIPAaBJICHUS HOBBIX BUIOB MPOAYKINY U HHKUHUPUHTA,
AO «OOMK um. A.A.YrapoBay,

r. Crapsiit Ockon

AnHoTanus: B paboTe HaNmM oTpakeHHE MPOOJIEMBI, CBSI3aHHBIC
C OTCYTCTBHEM YETKOW (POPMYIIMPOBKU MOHSATUHN «pacTpaBy», «UCKAKCHHEIC
pe3yNbTaThl» M «JIOXKHBIC AC(PEKTh» W/WIM  WUIIOCTpAaUUid  UX
(boTOCHUMKaMH WM IIKajgaMd. [J1aBHOE BHHMaHHE oOpamiaercs Ha
«TBOPYECKUI» TMOAXOJl TPH BBIOOpE YCIOBUH TpamieHus. OTmedaeTcs
BIIUSIHUE OKHCIWUTEIBLHOM Cpelbl Ha pe3yJbTaThl MaKpOTpaBIICHHS.
OnuceIBalOTCsA pEe3yIbTATHI MaKpOTPABJICHHS MCTUHHOTO H
MaKpOTPABJICHHUSI, KOTOPOE CIIEYEeT OTHOCUTH K KaTETOPHHU «HCKAKECHHBIC
pe3yNbTAaTh» WIH <JIOXKHBIC JOe(EeKThI», a TakKe OCYIICCTBICHA HUX
doTodukcanmusi W ONPEACIICHBl KPUTEPUH OTKIOHCHWH HMCTHHHBIX
pe3ynbTaTOB  OT JIOKHBIX. IlomguepkuBaeTcss HEOMHO3HAYHOCTH B
tonkoBanuu TpeboBanuit ['OCT 10243-75, npuBomsmas K JIOXKHOH
OTOPaKOBKH T'OTOBOM MPOAYKITUH.

KiioueBble c¢j0Ba: MakpOTEMIUIET, CTaHAApPT, OKHUCIUTEINb,
TpaBJICHUE, STAJIOH, PACTPaB, UCKAXKCHHBIC PE3yJIbTaThI, JIOKHBIC Ae()EKTHI

COMPARATIVE ANALYSIS
OF MACRO-ETCHING CONDITIONS

I.V. Pankratova,

Leading specialist in metallurgy,
Department of Metallurgy

M.V. Khaustov,
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Head of the Department of New Types of Products and Engineering,
JSC «OEMK im. A.A.Ugarovay,
Stary Oskol

Annotation: The paper reflects the problems associated with the
lack of a clear formulation of the concepts of "rastrav", "distorted results"
and "false defects" and/or illustrations of their photographs or scales. The
main attention is paid to the "creative" approach when choosing etching
conditions. The influence of the oxidizing environment on the results of
macro-etching is noted. The results of true macro etching and macro
etching, which should be classified as "distorted results" or "false defects",
are described, as well as their photofixation and criteria for deviations of
true results from false ones are determined. Ambiguity in the interpretation
of the requirements of GOST 10243-75 is emphasized, leading to false
rejection of finished products.

Keywords: macrotemplet, standard, oxidizer, etching, standard,
etching, distorted results, false defects

MerannoBeneHne — MpuKiIafHas Hayka, KOTOpast U3y4aeT CTPOCHHE
M CBOMCTBAa METaJUIOB, YCTaHABIMBAET CBA3b MEXKIYy XUMHUYECKHM
COCTaBOM, CTPYKTYPOH M CBOMCTBaMHU METAJIJIOB, a TAKXKE 3aKOHOMEPHOCTH
W3MEHEHUs] CTPYKTYpPbI i CBOMCTB IO/ BO3JIEHCTBHEM BHEITHHX (haKTOPOB
[1-4].

N3yuas cranp HA MUKPOYpPOBHE M OTBEYasi Ha BOIPOCHI KauecTBa
NPOU3BOAMMOM METaUIONPOAYKINH METaNIOBEACHUEM OBLIH BBHIBEACHBI
3aBHUCHMOCTH  KAQUeCTBEHHBIX  IIOKazaTeled cTamu  OT  (U3HKO-
MEXaHWYECKMX CBOHCTB M TIOPOKOB, YHACJIE€JOBAaHHBIX Ha JTamax
MeTaJlTyprudeckoro nepejena. IlepBbIMH M3 KOTOPBIX MOYHO BBIAEIHUTH
(hopManm3anyio MopsaKa MPOBEACHNS KOMIUIEKCAa WCTBITAHHHA, a UMEHHO
WCTIBITAaHUE IS OIICHKH MaKpOCTPYKTYpPhI METalIa.

OneHky MakpOCTPYKTYpbl IHpPOBOASAT B  COOTBETCTBUH  C
TpeOOBaHUSIMH HOPMATHUBHBIX JOKyMeHTOB, B 4actHoctu ['OCT 10243-75
«Ctanp. MeToapl HCTIBITAHUHN M OTICHKH MaKpOCTPYKTYphD» (manee — 'OCT
10243-75, Crangapt). CraHmapT TpenbsBisieT  TpeOoBaHHA K
npoOOMOATOTOBKE, JaeT PEKOMEHIAINU K YCIOBHUIM TPaBICHHS (PEKUMaM
W peakTWBaM), a TaKXKe IPHUBOJUT OMHCAHWE MaKpPOCTPYKTYpbl U ee
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Ne(eKTOB, WUIFOCTPUPOBAHHBIX IIKadaMH ©  (OTOCHUMKAMHU, IS
ompejeNeHUsI BUAAa W OICHKH  CTENECHU  Pa3BUTHSI  JACPEKTOB
MaKpOCTPYKTYpPbI TOTOBOW METAJUIOMPOAYKIINH.

JIMCTIO3UTHBHBIMN XapakTep pPEKOMEHAAIMN YCIOBUM TpaBlICHUS
MO3BOJISIET Ta00OPATOPUSIM «TBOPUECKI IMOAXOJIUT K BBIOOPY pEaKTHUBA W
PS)KMMOB TPaBJICHUS METaUIa IIPHU OLICHKE MAaKPOCTPYKTYPBI, YTO MOXET
MPUBECTH K 0Opa3oBaHWIO pPACTPaBOB, IOXKHBIX Je(hEKTOB» U
«HMCKOXCHHBIM pE3yJbTaTaM» OIICHKH MaKpOCTPYKTYpbl. HopmaTuBHBIM
JIOKYMEHT TPEAyNpexnacT O TAaKOH BEPOATHOCTH, HO HE JAeT YETKOH
(hOopMyIMPOBKH TIOHATHUH HCKAKEHHBIE PE3YNbTAaThl» W  «JIOKHBIE
neeKTe» W/WINM WUTIOCTpanuid uX (OTOCHMMKAMH WM INKaiaMu. B
pe3ynbTaTe BO3HUKAET HEOJHO3HAYHOCTh B TOJKOBAHHUM TPEeOOBaHHN K
Ka4ueCTBY MPOAYKITHH.

Ecom  «TBOpUeCKmil» TOIXOM TPHBEACT K BBHIOOPY YCIIOBHIA
TPaBJICHUS C TPUMCHCHHEM IPOMEKYTOYHOUW IPOMBIBKM TEMIUIETA B
OKHUCJIUTENBHOHN cpefie (B YaCTHOCTH B BOJHOM PacTBOPE IEpMaHraHaTa
KaJusi), 3TO MpHUBeNeT K 00pa30BaHMIO JIOXKHON MOPUCTOCTH B CIIEICTBHE
KOpPpPO3UM MeTala M «pacTpaBa» IMOBEPXHOCTU TEMILIETa, YTO B CBOIO
ouepeslb MOXKET IMPUBECTH K OIMIMOOYHON OTOpAaKOBKE METalla IO TaKOMY
nedeKTy MaKpOCTPYKTYPBI, KaK TOYeYHasi HEOTHOPOTHOCTD.

Jlaboparopueir meramuioBeneuuss AO «OOMK mm. A.A. YrapoBa»
OBLJIO TIPOBEACHO WCCIEAOBAHUE C I[EIbI0 OINPEICICHUS BIVSHHS
MIPOMEKYTOYHOTO TPOMBIBAaHHS Makporemruiera ctanu Mmapku IIX15 B
BOJHOM pacTBOpe TIepMaHraHaTa Kallisi Ha pe3ysbTaThl OIEHKH
MaKpPOCTPYKTYPHI.

Jlnst uccnemoBanus OBUT OTOOpPAH KOMILICKT MPOO W3 CTAIH MapKH
IIIX15, U3 KOTOPBIX BBIPE3aH IONEpEeUHbIe TeMIDIETH (TemruieT Nel wm
temruier Ne2). IIpoOomoaroroBka MpoOBOAMIACH B COOTBETCTBUU C
tpedoBanusimu ['OCT 10243-75 [5-9]:

1. TloBepxHOCTh TEMIUIETOB OBlIa TIOABEPTHYTa XOJOTHOU
MeXaHUIEeCKO 00padoTke — nmumdoBanmio (11.2.6).

2. O6e3xwupena (1.3.1).

TpaBneHHe TEMIUICTOB MPOU3BOJIMIOCH IO PA3HBIM METOIHMKAM.
Temrmer Nel — B cTporom coOmrofeHHH TPEOOBAaHUA W PEKOMEHIAIIHIA
I'OCT 10243-75:
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— mnpotpasined B 50 % BomHoM pactBope comsiHoil kucnotsl HCI
(0 TOCT 3118-77) B Teuenue 30 munyT npu Temneparype 60°C (peakTs
1, llpunoxenue 1);

— TPOMBIT B MPOTOYHOM BOJIE U MPOCYIICH CXKATHIM BO3IYyXOM (TI.
3.7)).

Temmuer Ne2 — paspesan Ha o6pasmbl (cektopa). OmwH U3
00pa3LoB MOATOTOBIIEH B COOTBETCTBUHU C METOAMKOH, KOTOpas HE UMEET
npsmoro 3ampeta B 'OCT 10243-75:

— TpaBnenue Temiieta B 50% pacTBOpe KOHIEHTPHUPOBAHHON
COJISTHO# KHCIIOTHI rpu Temmeparype 60-80°C B Teuenne 15 MuHYT;

— TpPOMBIBaHME TEMIUIETa B pacTBOpe IepMaHraHaTa Kajis B
TE€YEHHE 5 MUHYT;

— TOBTOpHOE  TpaBineHue Temmuieta B 50%  pactBope
KOHIIGHTPHPOBAHHON CONISHON KHCIOTHI mpu Temmeparype 60-80°C B
teuenue 10 munyT; [3].

— TPOMBIBaHKE MIOBEPXHOCTH TEMIIETA PACTBOPOM COJIBL.

B pesymprare Bu3yampHOro ocMoTpa Makporemmiera Nel
YCTAaHOBJICHO, YTO MOBEPXHOCTh MMEET CBETJIO CEPBIii MaTOBBIN LBET (pHC.

1.

Pucynox 1 — BHemHuii BHj MakpoTteminiera Nel u aTanon aedekra
MakpocTpykTypbl TH B cootBercTBHE co mikanoil Ne 2 'OCT 10243

Todueunass HEOTHOPOIHOCTH B COOTBETCTBHUH co mKamoit Ne2 'OCT
10243-75 ouenena 0,5 6amwioMm.
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[lpu yBennuennmn x100 TNOBEpXHOCTH  TEMIUIETa  MMEET
OIHOPOAHBIA LBET W MPEACTABJICHA CIa00 BBIPAXKEHHBIM peibedom (pHc.
2). Ilopsl UMEOT 4YETKUH KOHTYp WU paclojararoTcs €JUHUYHBIMU
HeTJTyOOKHMH PaKOBHHAMHU.

e

e s el * oS
Pucynoxk 2 — IToBepxHocts Makporemiuieta Nel mpu yBemmuernu x100

I[Ipu  mertamnorpaduyeckoM  HcCIACOOBaHUM  MPOJOIBHOTO
Mukponiuda, BeIpe3aHHoro u3 Ttemimiera Nel B Qopme cekTopa ¢
«3aXBaTOM» IIEHTPAILHOW 30HBI OBIJIO YCTAHOBIEHO, YTO TOBEPXHOCTH
MaKpOTEeMIUIeTa TJajKas C SAUHHUYHBIMUA paKOBHHaMH. [ TyOMHA pakoBUH
He npeBbimaetT S0 MkM (puc. 3, a) MHMPUHA PACKPHITHS Ha MOBEPXHOCTH
cocrtapmseT 40-50 mxm (puc. 3, 0).

.u:lJEm

- - ; 55 38mm

T | wQ'E“[z"“"“"i“'*‘:::.Hﬁ~----—'---‘-""‘"‘
3 7
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Pucynok 3 — Baenauii By, ryOMHA U IIUPUHA PACKPBITHS PAKOBUH
temruteT Nel:

a) MPOJIOJILHOE CEYCHUE; 0) TOMEPEeYHOe CEUCHUE

Hx koamdecTBo cocraiser 16 m (0,3 en/mm). [yOrHa pakoBHH
U UX KOJIMYECTBO YBEIUYHUBACTCS OT IOBEPXHOCTH TEMILIETA K IICHTPY.
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MuxkpocTpykTypa nocie TpaBieHus B 4% pacTBope a30THOU
KHCJIOTHI B OTHJIOBOM CITUPTE PaBHOMEPHAS.

B 30He pakoBMH HEMETAJUIMYECKHX BKIIOUYEHHH H HCKAKCHUS
CTPYKTYpBI He 0OHapykeHo. Taxke OTCYTCTBYIOT JIMKBAIIMOHHBIC TTOJIOCHI
U CIIe/IbI Ta30BBIX My3BIPEH.

B pesynpraTe BH3yalbHOTO OCMOTpPa MaKpOCTPYKTYpPBHI TEMIUIETa
(cextopa) No2 ycTaHOBJIEHO, YTO IOBEPXHOCTH CEKTOpa HMEET TEMHO
CepBIii IBET C yYaCTKaMH, YACTUYHO MOPasKeHHBIMH KOppo3uei (puc. 4).

Pucynox 4 — Baemnuii Buz MaKPOTCMHJ.'I‘eTa NQZ U DTAJIOH z[eq-)e'l.(Ta. .
MakpocTpyktypbl TH B cootBetcTBHM co mikanoit Ne 2 'OCT 10243

IMpu yeenuyernu x100 MOBEPXHOCTH «BCKOPOOJICHHAS», HMEET
SIBHO BBIPAQXKEHHBIN pelibe() M MOKPHITA TEMHBIM PHIXJIBIM HAIETOM (pHC. 5).
OTMedeHO YaCTUYHOE pa3pylICHUE HaleTa U ero ockinanue. [lopel uMeroT
pBIXJIbIC  TpaHUWIBI. Pacmonararorcs Tpynmod Ha — IMOBEPXHOCTH
MaKpOTEMITICTA.

Pucynok 5 - HOBerOCTL MaKpOTeMrmeTa Ne2 mpu yeﬂnquH x100
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[pu  meramnorpaduyeckoM  HCCIEAOBAHUM  MPOJOIHHOTO
MuKpornumda, Bepe3aHHOro U3 TeMinieTa (cekropa) Ne2 B ¢opmMe cekropa
C «3aXBaTOM» IIEHTPAJIbHOW 30HBI OBIJIO YCTAHOBJIEHO, YTO MOBEPXHOCTH
MakpoTEeMIUIETa UMEET SBHO BbIpaXEHHBIH penbed. I[lopel mocne
TpaBJICHUS IO JAaHHON METOJWKE UMEIOT Tiyouny a0 430 mMxwm (puc. 6, a)
IITUPHUHA PACKPBITHS HA TTOBEPXHOCTH cocTaBisieT 80-125 Mxwm (puc. 6, 0).

&0.16um 401 &um
- 55 !uum L4 5 38
—‘—T__—_-—""S ...; 5 Eitmm -—-—-—--E;»__._._,_‘___i.[:_ S
] S e 2
&
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Pucynox 6 — BHemHui BUj, rTyOMHA U IIMPUHA PACKPBITHS pPaKOBUH
TeMruteT Ne2:
a) MPOJIOJIFHOE ceYeHue; 0) MONepeyHOe CeueHHe

Nx xommgecTtBO coctapiser 62 mt (1,1 en/mm). ['mybuna nmop u ux
KOJIMYECTBO YBEJIIMYMBACTCS OT TIOBEPXHOCTH TEMIUIETa K IICHTPY.
PakoBuHBI, WMEMOIIME TPYNIOBOE PACIONOKCHHE, IMOKPBITHl HAJICTOM
TEMHO Ceporo IBera. Hamer mpejcTaBieH COCJMHEHWSMU Ha OCHOBE
kpemHus (Si) (puc. 7).
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Pucynok 7 — Pe3ynbraT MukpoaHanusa HajeTa Ha obpasue No2

MuxkpocTpykTypa mocie TpaBieHus B 4% pacTBope a30THOU
KHCIIOTHI B THJIOBOM CITUPTE paBHOMEpHasI.

B 30HE pakoBMH HEMETAUIMYECKMX BKIIOYEHHUH M HMCKaKEHUS
CTPYKTYpHI He oOHapyxeHo. Takyke OTCyTCTBYIOT JIMKBAIIMOHHBIE TIOJIOCHI
U CJICJTBI TA30BBIX ITy3BIPEH.

BriBOABI:

IIpu npoBeseH CpPaBHUTEIBLHOTO aHajIW3a YCIOBUM TpaBlIEHUS
MOXKHO CZAeNaTh BBIBOJ O TOM, YTO TNPUMEHEHHE IPOMEKYTOUHOM
MMPOMBIBKM TEMILUIETa B OKHUCIMTEIBHOH cpelie (B YaCTHOCTH B BOIHOM
pacTBOpe TepMaHTaHaTa Kalnus) JeHCTBUTEIHHO MPUBOIUT K 0Opa30BaHHUIO
JIO)KHOW TMOPUCTOCTH B CIEACTBAE KOPPO3HHM MeETaljia M «pPacTpaBay
MMOBEPXHOCTH TEMIUIETa, YTO B CBOIO OYEpEIb MPUBOJUT K OMIMOOYHON
OTOpaKOBKE METaJlIa MO TaKOMY Je(heKTy MaKPOCTPYKTYPHI, KaK TOUYeUHast
HeoHOpoAHOCTh. OCHOBHBIM KpHTEpPHEM TIIOJy4EeHHS pacTpaBa Ha
MMOBEPXHOCTH MaKpOTEMIUIETa CTOMT CUMUTATh HAIMYKE HAa HEM YYaCTKOB,
000TaICHHBIX KPEMHHUEM FIJTH BBIJICIICHUE KPEMHUSI B YUCTOM BHJIE, B CHITY
WHEPTHOCTH TIOCJIETHETO B COJISTHOM KUCIIOTE.
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BO3JENCTBUE XUMHWYECKHNX COEJIWHEHUN 1 NIBLIN,
BO3HUKAIOIIUX ITPU JTASEPHON OBPABOTKE,
HA 31OPOBBE PABOTHHUKOB

H.A. ITonoBckuii,

acnipaHT 1 Kypca, Hamp. «ABTOMaTH3aIHS U YIIPABICHUE
TEXHOJIOTMUECKUMHU MPOLIECCAaMH U IIPOU3BOACTBAMIY,
dI'BOY BO «MI'TY «CTAHKHH»

AHHoTaumsi: B crathe paccMmaTpuBaeTcd BIUSHHE XUMHUUYECKUX
BEIIECTB W THUIH, 00pa3yIomuxcs B BO3MyXe paboded 30HBI B Ipoliecce
JMa3pHOW aOnsAIuu, Ha opraHu3M paboTHHMKAa. B craTthe ocBemarTCs
BPEIHBIC M OIACHBIC IMPOU3BOJICTBCHHBIC (DaKTOPhI, BO3HUKAIOIIWE IIPH
WCTIOJB30BAaHUM  JIa3€pHBIX  yCTAHOBOK. JlmUTEenpHOE  BO3IEHCTBUE
3arpsA3HEHHOTO BO3JIyXa Ha UMEET NaryOHOe HAKOIMTEIbHOE BIUSHHUC Ha
3I0POBbE YEJIOBEKA. OTO MPHUBOJUT K 3HAYMTEIBHBIM MPOOJIIeMaM CO
3I0pOBREM H pa3BuTHiO Tpod3aboneBanuii. [lodToMy yMeHBITICHHE
JAHHOTO BO3ICHCTBUSA SBISIETCS BaXKHBIM AaCHEKTOM B 00ecredeHuu
0e30macHOCTH PAaOOTHUKOB.

KualoueBble cJjioBa: masepHas o0paOOTKa, Ja3epHbIE W3ACIHS,
KiaccuuKaIys J1a3epoB, BpeAHbIe (aKTOPHl Jla3epHOM 00paboTKH,
BIUSHUE XMMHUYCKUX BEIECTB U TIBLJIM HA OPTaHU3M

THE EFFECTS OF CHEMICAL COMPOUNDS
AND DUST ARISING FROM LASER TREATMENT
ON THE HEALTH OF WORKERS

N.A. Popovskiy,

1th year graduate student, direction "Automation and control of
technological processes and productions ",

MSUT "STANKIN"
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Annotation: The article examines the effect of chemicals and dust
formed in the air of the work area during laser ablation on the worker's
body. The article highlights the harmful and dangerous production factors
that arise when using laser installations. Prolonged exposure to polluted air
has a detrimental cumulative effect on human health. This leads to
significant health problems and the development of occupational diseases.
Therefore, reducing this impact is an important aspect in ensuring the
safety of employees.

Keywords: laser treatment, laser products, classification of lasers,
harmful factors of laser treatment, the effect of chemicals and dust on the
body

JlazepHble uM3menws B 3aBUCUMOCTH OT TCHEPUPYEMOTO H3ITYICHIS
MO/IPA3JICIIAIOTCS Ha YeThIpe Kilacca onacHocTH [ 1] (puc. 1).

4‘ KaaccHdparANHA JA3epHEBIX H3AeaaH

Kaacce 1. JIazepHblie H3tenHs GezonacHsle PH OPeANOIaraeMbIX
YCIOBHAX 3KCILTyaTAIIHH.

Kaacc 2. JlazepHble H3IeNHs, TeHEPHPYIOIIHE BHIHMOE H3TyYeHHE B
H» aHanasoHe LTHH BOIH oT 400 g0 700 HM. 3amura rias obecneyHBaeTcs
€CTeCTBEHHBIMH PeaKIHAMH, BKIIOYas pecl):[elcc MHI'AaHHA.

Kaace 3A. Jlazepusle H3genus GezonacHsle 11 HaGIIOMeHHST
He3alHIIEHHBIM [1a30M. 11 Ta3epHbIX H3IeTHH, TeHepHPYIOIHX H3TyIeHHe
B IHAlla30He IIHH BoaH 0T 400 10 700 HM, 3amHTa 00ecnedHBaeTCA
©CTECTBEHHBIMH PeaKLHAMH, BKIK04asd peduieke MHraHud. 14 APYIHX AIHH
BOJIH OMAacHOCTH /14 HesallHIeHHOT 0 I71a3a He Oolblle 9eM 1714 Kiacca 1.

L Kaacc 3

Kanace 3B. HemocpecTBeHHO HAOMIOIeHHE TAKHX JTa3ePHEIX H3IETHH Beeraa
onacHo. BHIHMoe paccesiHHOe H3Ty4eHHe 08bIMHO GezonacHo. MHHHMAaIBHOE
paccrosHHe 111 HabmoeHHs TH(Y3HOro OTpaKeHHA MeXKIY IT1a30M H
3KPaHOM - 13 ¢M, MakcHMalIEHOe BpeMs HaOmoqenns - 10 c.

Kaacc 4. JlazepHBIe H3IeHA, CO3TA0NIHE ONIACHOE paccedHHOoe H3TydeHHe. OHH MOTYT
BBI3BATh NMOpaKkeHHe KOXKH, a TaKike co37aThk OMAcHOCTE IoXapa.

Pucynok 1 — Knaccudukanus nazepos
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B 3aBucMMOCTH OT NPOUCXOXKACHUS BpeaHble (HAKTOPBHl IpH
SKCILTyaTalllH Ja3€pHBIX YCTAHOBOK PAa3/EIAIOT Ha:

1. ®akTopsl, BOSHUKHOBEHHE KOTOPBIX CBSI3aHO HETIOCPEICTBEHHO
¢ paboToii mazepa.

2. ®akTophl, MPOHUCXOXKAECHUE KOTOPBIX SBISETCA pE3yJIbTaTOM
B3aMMOJICHCTBUS JIA3EPHOIO JIyda ¢ 00padaThIBACMBIMU MaTEpHallaMU WK
)K€ C PpasIUYHBIMH DJIEMEHTaMH, HEOOXOIMMBIMH I BBITOJHEHUS
MaHUIYJSIIUAN C JIa3epHBIM JIy4oM [2].

OnacHple W BpeAHble Mpou3BOACTBeHHBIE (hakTophl (OBIID),
KOTOpBIE MOTYT MMETh MECTO IPH IKCILTyaTalllH J1a3epoB 1-4-ro Kiraccos,
nmpuBeAeHBI B Tabmwmie 1 [3].

Ta6mmma 1 — 3aBucumocts Hamuawsi OBII® ot kitacca ommacHOCTH J1a3epa

OmacHbIe H BpeAHEIE IPOH3BOICTBCHHBIE Knacc nasepa

axTopsr 1 2 3 4

MpsAMOE, 3epKAJIHO OTPAaXKEHHOE JTa3epHoe - + + *

H3IydIeHHE

b dy3HO 0TpasKeHHOE Ja3epHOe H3IyUCHHS - - + +

[ToBEIIeHHAS HATIPSIKEHHOCTD AMEKTPUUSCKOTO -(+) o+ & s

IO

[loBEIITIEHHAS 3aNIEUIEHHOCTE H 3ara30BaHHOCTD - - -(+) +

BO3IyXa pabodeii 30HBI

TToBEIEHHEI YPOBEHE YABTPadHOIETOBOM - - -(H) +

PafHalHH

[loBrIIEHHAS IPKOCTH CBETA - - -(+) +

TIoBBIIEHHBIE YPOBHH NIyMa H BHOpaIiu - = -(+) +

[IoBBIIEHHBI YPOBEHb HOHHU3HPYIOIIHX - - - +

M3IyTIEeHHIT

[loBBIMIEHHEI YPOBEHE 3IEKTPOMATHHTHBIX - - - -(+)

mzny4gennii BU- u CBU-namazonos

TToBEITIEHHEI YPOBEHE HHMPAKPACHOH pagHAaTIHI - - -(+) +

[IoBEINIeHHAS TEMIIEpaTypa [IOBepXHOCTEll - - -(+) +

000pYIOBaHI

XIMHYECKHE OIIACHEIE H BPEIHBIE Ipu pabGoTe ¢ TOKCHYHBIMI

TPOM3BOICTBEHHEIE (haKTOPEI BENIECTBAMH

«+» — TPHUCYTCTBYIOT BCETJa; «-» — OTCYTCTBYIOT; «-(+)» —

HaJIMYMUEC 3aBUCUT OT KOHKPETHBIX TCXHHYCCKHX XapaKTCPUCTHUK, J1a3€pa U
YCJ'IOBI/Iﬁ €T0 3KCILTyaTalunu
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CocraB  3arps3HAIOMIMX ~ BO3AYX  BEIIECTB  3aBHCHUT  OT
o0pabaTeiBaeMBIX MaTepHajoB (Tadm. 2).

Ta6mmia 2 — O6padaTeIBacMbIe MaTEPHUAITHI U 3aTPSI3HUTEIN
Jpyrue cymecTBeHHbIE

TTopo:xkKka 3arpazHEATEIN
BHIOPOCHL

YacTHObl MeTaqIoOB M HX
Mertanmet Jlernpyronmie mpucajakH, XpoM.
OKCHJI0B

Jepero, MJI®@, | Yactausr gepera, yriaepoHas

CO2, CO, denon
Danepa caxa, Tapel CMOI

[Tpym oSKCHO3WIMU JIa3€PHOTO M3IYYCHUs] B TOUYKE OOpabOTKU
BO3HUKAIOT  JKCTPEMAIbHO  BBICOKHE  TEMIICpaTypbl,  KOTOpBIC
CIIOCOOCTBYIOT (DOPMUPOBAHUIO PA3IUYHBIX XHMHYECKHX COCTHHCHHH,
0COOCHHO B CITy4ae OPraHMYeCKUX IUIACTUKOB. DTU MaTepualibl HAYNHAIOT
BOCIUIAMEHSTHCS, TOPOXKAAs HCHAPCHUS OPraHMYEeCKUX COCIUHCHHH,
KOTOpBIC MOTYT OBITh BPEIHBIMH JUIS 37I0POBbS YeloBeKa. B Tabnuie Huke
IPECTABICHbl TIPOIYKTHI PA3JOKEHUS PA3UYHBIX THIIOB IUIACTHKOB
(Tabmn. 3).

Ta6mwma 3 — [IpoxyKThl pa3noKeHHS IIACTUKOB TIPH JIA3ePHOU a0IsaIun

P OcHoBHBIE Jpyrie cynecTBeHHBIe
3ArPA3HUTEIH BBIGPOCEL
! PecnupatopHas nblIb
Ionuxkap6onat (PC) (87%), Kpesox (11%) ®enod, Genszon
IHomunpomren/Tlomnatiiien | PeciupatopHas IBUIE 1,3-byranuesn,
(PP/PE) (99%) MpOIeHak, OeH30.I
PecniupaTtopHas nslib T
Homusuamixaopusa (PVC) (88%), Consanag : i
TIAY, docren
kucnota (7%)
PecnupaTtopHas nblIb
Pe3nna (SBR, uckyccteennas) | (89%), 1,3-byramuen Crupor, IIAY,
(2%) IIpoleHalb, OeH301
PecnupatopHas IblIb
Homuypetan (PU) (99%) Bensomn, Tomyon

Biausinue XuMuyecKkuX BellleCTB U NbLJIH HA OPraHU3M

JnuTenbHOEe BO3AECUCTBHE TMPOMBIILICHHBIX — adpo30JeH WU
TOKCUYHBIX BELIECTB MOKET BBI3BaTh PA3BUTHE ITHEBMOKOHHO30B,
XPOHMYECKOTO OpOHXWTa, AJIEPrHUecKUX M OIYyXOJIEBBIX 3a0oiieBaHUi
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OpOHXO-JIETOYHOM CHUCTEMBI, a TaK)KE MBIJICBBIC 3a00JICBAHMS TJ1a3 U KOXKH
[4].

HekoTtopsie samoBuTHIE BemiecTBa MOPAXAIOT OJHOBPEMEHHO
HECKOJIbKO OpTaHOB WJIM CHCTEM OpraHoB [5]. BnmsHne OCHOBHBIX
XUMHUYECKUX BEIIECTB MPEICTABICHO B Ta0uIe 4.

Tabnmia 4 — BrusHre XUMHUYECKUX BEIIECTB HA OPTraHU3M

BemecTBo JefdicTBHE HA OPTAHA3M
QeHon PaznpakeHne KoxH, 03K0TH; OTpaBlIeHHe; TOKCHUECKOe BIHIAHHE
Ha [leYeHb, IOYKH U JIPYTHe OpTaHbl
Benzon Bensoun sBigeTCS KaHIEPOreHOM, YTO 03HAYAET, YTO OH MOKET

BBI3BIBATE PAK; TOKCHYECKoe Bo3felicTHe Ha [THC
1,3-Byranuen | PHCK pa3BHTHA paka, B 0COO@HHOCTH JIeHKeMHH 1 IHM)OM;
TOKCHYECKOe BIIIAHIE HAa BHYTpeHHHe oprassl u [THC

Mertanans Pa3,upa}KeHHe CIH3HCTRIX; aJlVIEPruiecKie peakliul; yBeInIeHHne
((1)0})&[3)]5}131"1[;[) PHCKa Pa3BHTHA paka; TOKCHUECKOE BINAHHC HA BHYTPEHHIIS
OpraHbl
[TIAY VBennueHHe PHCKA pa3BUTHA paKa: TOKCHUYECKOE BIHAHHE HA
BHYTPEHHHE OpPTaHbl, H3MCHCHHA B TCHETHICCKOM MaTepHaie
C’I‘IIPDJ] Pas,upa}KeHHe KOXKH H CAM3NCTHIX; TOKCHYIECKOe JIefiCTBHE Ha

ITHC; BO3HUIKHOBEHIE H3MeHEeHHIT B TeHeTHIECKOM MaTepHale

Kanneporennsldf puck — 3TO BEpPOSTHOCTh BO3HUKHOBEHUSA
PaKOBBIX OIyXOJIE B TE€UEHHWE BCEW KU3HW, BBI3BAHHAS BO3ACHCTBHEM
MOTEHIIMAIBHBIX KaHIeporeHoB. OH mpencraBisieT co0Ol  BEPXHIOO
TPaHUILY JOMOJIHUTEILHOTO PUCKA Ha IPOTHKEHUY JKU3HU [6].

XVUMUYECKHE BEIIeCTBA SIBIAIOTCA HanOoJiee PaclpOCTPaHEHHBIM
WUCTOYHMKOM  3arpsi3HeHms  Ouwocepsl.  MccrmemoBanusi — y4eHBIX
MOKA3bIBAIOT, YTO KAHIICPOTCHBI XUMHUYECKOTO MPOUCXOXKICHUS MOTYT
BO3/ICHICTBOBAaTh HA OPTaHM3M HE3aBUCHUMO OT WX KOHIGHTpanuu. OHHU
MOTYT OKa3bIBaTh MECTHOE BO3JECIHCTBHE WM BO3JAEHCTBOBATH Ha
pasIUIHBIC OpTaHbl, HE3aBIUCUMO OT cTI0c00a rmonaganus B Opranmusm [7].

Ceromnss mpoOiieMa XHMHYECKOW O0€30IacHOCTH cTajia KpaiiHe
BaXHOW JUIsI BCEro yenoBedecTBa. PasHOOOpasme XMMHUYECKHUX BEIIECTB B
OKpy’Kalollle cpejie, X pa3iudusi B CTPYKTYpEe W CBOMCTBaX, a TaKKe
CIOXHOCTH B YIPaBICHUM pPHUCKOM CO3JAlOT pEabHBbIE YIPO3BI I
BBDKHBAHUS 4€JIOBEKa U IpUpozsl [8].

3akiarouenne
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Bopr6a ¢ XxMMHUYeCKUMH BEIIECTBAMH M MPOMBIIUICHHON MBUIBIO B
BO3AyXe pabouell 30HBI — BaKHas 3aJadya C TOYKU 3PEHUs] TUTHEHBI U
COLMANILHO-3KOHOMHUYECKOTO pa3BuTHi. HecMoTps Ha omnpejelicHHbIC
YCIIEXH B TIPEJIOTBPAIICHUH MTPOGECCHOHATBHBIX 3a00JICBaHHH, BHI3BAHHBIX
XUMHUYECKAMHU BEIICCTBAMU W TBUIBIO, W YJIYYIICHUW YCJIOBUH Tpy[a,
npobieMa ocTaeTcs aKTyaJbHOM U3-3a IIMPOKOTO PacHpOCTpaHEHUS
3arps3HEHUN B BO3AYXE U CIIOKHOCTEH B ee 60proe.

CymiecTByeT MHOXKECTBO METOJOB MHHHMH3AIMHA HETaTHBHOTO
BO3/CHCTBUA Ha paOOTHUKOB (OT TEXHUYECKHUX MEPOIPUATHA 10
UCTIOJIb30BaHUSL CPEACTB WHIUBUIyalbHOM 3ammrthl). Ho 1o Moemy
MHCHUIO HanOoJiee TEpPCIEeKTUBHBIM SBISETCS METOJ] MUHHMHU3AINH
BO3ICHCTBHUSA 3a CYET aBTOMATH3MPOBAHHOW CHCTEMBl YIPaBICHHS
TEXHOJIOTHUECKHM  TPOIIECCOM  JIa3epHOW  0OpabOTKH,  KOTOPBIH
3aKIIF0YAeTCs] B YMEHBIICHUH KOHICHTPAIMH BPEJIHBIX BEHICCTB 3a CUET
M3MEHEHHS apaMeTpoB 00paboTKH.
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INVESTIGATIONS OF DEEP LEARNING ALGORITHMS
IN THE PROBLEMS OF CLASSIFICATION, FORECASTING,
IMAGES PROCESSING AND RECOGNITION

G.1. Hamidov,
Information Technology Department,
Baku

Annotation: The goal of the work is to investigate and compare
the effectiveness of four deep learning optimization algorithms SGD,
Adam, Adagrad and RMSprop in forecasting and pattern recognition tasks.
The results of the work — in the process of the work, a comparative analysis
of deep learning optimization algorithms was carried out. For this, 5 data
sets were selected and prepared for model training. Models with different
architectures were created according to each data set. Models were
compiled and trained. At the compilation stage, the loss function for each
model was determined according to the task, as well as the metrics by
which the performance of the model will be evaluated. After training the
model, the corresponding losses and metrics were measured on the test
data. All results were analyzed and conclusions drawn.

Keywords: DL optimization algorithms, efficiency estimation in
the problems of regression analysis, images recognition

HUCCIIEJOBAHUA AJITOPUTMOB I'/TYBOKOI'O OBYYEHMA B
3AJAYAX KITACCUPUKALINU, ITPOI'HO3UPOBAHUA,
OBPABOTKH U PACIIO3HABAHMSI N30BPAKEHUI

I''A. 'amunos.,
JenaprameHT WHGOPMAITMOHHBIX TEXHOJIOTHIA,
r. baky

AnHotamusi: llensto  paboTHI  SBNSETCS UCCICAOBAHUE W
cpaBHeHHE A(PGEKTUBHOCTH  YETHIPEX  aNTOPUTMOB  ONTHMH3AINH
rryookoro oOydenus SGD, Adam, Adagrad m RMSprop B 3amgagax
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MPOTHO3UPOBAaHUS W pPacIlio3HaBaHusl 00pa3oB. PesymbraThl paboThHl — B
mporecce paboThl OB MPOBEJCH CPaBHHUTCIBHBINA aHAIH3 alrOpUTMOB
ONTUMH3AINHN TITyOoKoro o0ydenus. [ 3Toro OsT0 BEIOpaHO 5 HAOOPOB
JAHHBIX W TOATOTOBIIEHO A oOydeHust mozaenu. Jlns kaxxmgoro Habopa
JIAHHBIX OBLIM CO3JaHBI MOJCIH C Pa3HOH apXuTeKTypoul. Mojenu ObuLTH
CKOMIIMIIMPOBaHBI W O0y4YeHbl. Ha 3Tame KOMOWISAIMM ONpe/elisiach
(hyHKIMS TIOTEph IS KaXI0H MOJENH COTJIacHO MOCTaBJICHHOM 3amade, a
TaK)K€ METPHKH, TIO0 KOTOPHIM OYJET OIEHWUBATHCS MPOU3BOIAUTEIHLHOCTH
monenu. [locie oOy4eHrs MOAETH COOTBETCTBYIOIIME IMOTEPU U METPUKH
OblTM W3MEpeHbl Ha TECTOBBIX JMJaHHBIX. Bce pe3ymbTaTsl OBITH
MIPOAHAIM3UPOBAHBI U CAETaHbI BHIBOBI.

KuarwueBble ciaoBa: anroputMmbl ontumuzaniuu DL, oreHka
3¢ (dexTHBHOCTH B 3aJadax pErpecCHOHHOIO aHajin3a, paclo3HaBaHHE
N300pakeHU

KLASSIFIKASIYA, PROQNOZLASDIRMA, TOSVIRLORIN
EMALI VO TANINMASI PROBLEMLORINDO DORIN TOLIM
ALQORITMLORININ TODQIiQi

‘ Q.I. Homidov,
Informasiya Texnologiyalar1 Departamenti,
Baki

Annotasiya: Isin moqsadi SGD, Adam, Adagrad vo RMSprop dérd
dorin tolim optimallagdirma alqoritminin prognozlagdirma ve niimunslorin
taninmasi problemlorindo effektivliyini aragdirmaq vo miiqayiso etmokdir.
Isin noticolori — is zamani dorin tolim optimallasdirma alqoritmlorinin
miiqayisali tohlili aparilmigdir. Bu moagsadlo 5 molumat dosti segilmis vo
model tolimi {i¢iin hazirlanmigdir. Hor bir molumat dosti {iglin miixtolif
arxitekturaya malik modellor yaradilmigdir. Modellor tortib edilmis vo
Oyrodilmisdir. Kompilyasiya morholosindo hor bir model iigiin itki
funksiyas1 tapsiriga, eloco do modelin performansmin qiymstlondirilocayi
metrikalara uygun olaraq miioyyon edilmisdir. Modeli Gyratdikdon sonra
sinaq molumatlarinda miivafiq itkilor vo oOlgililor Ol¢ililmiisdiir. Biitiin
noticalar tohlil edilmis vo naticolor ¢ixarilmigdir.

Acar sozlor: DL optimallagdirma alqoritmlori, reqressiya tohlili
problemlorindo somaraliliyin qiymotlondirilmaesi, tasvirlorin taninmasi
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1. Introduction

Deep learning has found wide applications in many areas of
modern society, including computer vision, language analysis, financial
services, medicine, and more.

It plays an important role in modern society, expanding the
possibilities of computer processing of data and automation of processes,
allowing to obtain new knowledge from a large amount of data, improve
the accuracy of forecasting and solve complex problems that were
previously considered unattainable. Thanks to its capabilities, deep learning
continues to develop and find new applications in various industries,
contributing to technological progress and innovation.

In turn, optimization algorithms are an important component of
deep learning and are used to improve the learning process of neural
networks. In the context of deep learning, optimizers are responsible for
tuning model parameters in order to minimize the loss function and achieve
optimal model accuracy or efficiency. Stochastic gradient descent
algorithm, Adam, AdaGrad, RMSprop and others can be distinguished
among the popular ones in deep learning. Each of them has its own unique
features and operating principles, and the choice of optimizer depends on
the specific task and characteristics of training data.

The relevance of this work lies in improving the results of deep
learning and the development of the industry as a whole. Comparative
analysis of deep learning algorithms helps to understand how different
optimization methods affect the quality and speed of learning models. This
makes it possible to choose the best algorithm for a specific task, providing
better results and efficient use of resources. Research in this area can
contribute to improving the understanding of deep learning algorithms and
implementing best practices in the development of future models.

Statement of the problem

The object of research is deep learning optimization algorithms:
stochastic gradient descent (SGD), Adam, AdaGrad and RMSprop.

The subject of research is deep learning in forecasting tasks.

The purpose of the work is to study, define and compare the
effectiveness of four deep learning optimization algorithms SGD, Adam,
AdaGrad and RMSprop in different intelligence tasks.
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This paper presents the task of comparative analysis of
optimization methods. To do this, it is necessary to investigate the
operation of optimization methods in the conditions of various forecasting
problems and compare the results. A comparative analysis of optimization
methods SGD, Adam, AdaGrad, RMSprop can be presented in the
following stages:

1. Selection of tasks and data sets: Several prediction tasks are
selected that include different types of data, such as structured data, text
data, or images. An appropriate data set is selected for each task.

2. Implementation of models: Implementation of a deep learning
model using optimization algorithms. It is important to ensure that the
models are identical in architecture, except for the optimization method.

3. Model training: Model training using appropriate optimization
methods. At this stage, important parameters such as learning rate, number
of training epochs, and batch size need to be fixed.

4. Measuring metrics: Measuring performance metrics for each
model, such as accuracy, loss, or root mean square error, on the test data set
after each training epoch. Metrics are recorded for later comparison.

5. Analysis of results: Comparison of results for models using
SGD, Adam, AdaGrad and RMSprop methods. Checking the rate of
convergence of each method, observing the change of metrics during
training and comparing their value at the end point of the training. A
consideration of which methods work best for different types of data and
forecasting tasks.

2. Description of data

The work wuses 5 data sets downloaded wusing the
tenserflow.keras.datasets library:

2.1.  Boston Housing

The Boston Housing dataset is a dataset widely used in machine
learning and statistics. It was first introduced by researchers at the US
Census Bureau and the University of Chicago in 1978, and has since
become the benchmark dataset for regression analysis and predictive
modeling.

The dataset contains information on house prices in the suburbs of
Boston, Massachusetts. It consists of 506 samples, each representing a
different suburb. For each suburb, there are 13 different features or
attributes that describe different aspects of the area. These characteristics
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are used to predict the median value of owner-occupied homes in thousands
of dollars (the target variable).

The 13 functions included in the data set are as follows [1]:

CRIM: Crime rate per capita by city.

ZN: Proportion of residential land allocated to lots over 25,000
square feet.

INDUS: Proportion of non-retail business acres per city.

CHAS: Charles River dummy variable (1 if the suburb borders the
river; 0 otherwise).

NOX: concentration of nitrogen oxides (parts per 10 million).

RM: Average number of rooms per dwelling.

AGE: Proportion of owner-occupied apartments built before 1940.

DIS: weighted distances to five Boston employment centers.

RAD: Radial Access Index.

TAX: Full property tax rate for $10,000.

PTRATIO: Pupil/Teacher Ratio by City.

B: 1000-(B_k-0.63)"2, where B k is the share of black people in
cities.

LSTAT: Percentage of lower status population.

Each sample in the data set represents a suburb, and the features
reflect different characteristics of the suburb that may affect house prices.
A dummy variable, the mean of owner-occupied homes, is provided for
each suburb.

Boston Housing is often used to explore regression techniques,
evaluate the performance of algorithms, and study the relationship between
housing prices and given attributes. It has been a valuable resource for
machine learning researchers and practitioners in developing and testing
house price forecasting models and related analysis

2.2. The "IMDb Movie Reviews" dataset is a popular dataset
often used in natural language processing and sentiment analysis.

The dataset contains a large number of movie reviews collected
from the IMDb website, a popular online database of movies, TV shows,
etc. (Fig. 1.1). The reviews in this dataset cover a wide range of films,
genres, and sentiments expressed by reviewers. Each review in the dataset
is labeled with one of two sentiments: positive or negative, indicating
whether the reviewer had a positive or negative opinion about the movie.
This binary classification setting makes it suitable for training and
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evaluating models that aim to classify text into positive or negative
sentiment categories.

Importantly, this dataset primarily focuses on binary sentiment
classification, and reviews may not reflect the full diversity of movie
genres, languages, or cultural backgrounds. Therefore, when working with
it, it is important to keep these limitations in mind and consider additional
data sources or metrics to gain a full understanding of the effectiveness of
sentiment analysis.

2.3. CIFAR-10

The "CIFAR-10" dataset is a widely used dataset in the field of
computer vision and machine learning. It consists of a set of labeled images
specially designed for object recognition tasks. The name CIFAR-10 stands
for "Canadian Institute for Advanced Research 10" because it was created
by researchers from the Canadian Institute for Advanced Research.

This dataset contains a total of 60,000 color images, each with a
resolution of 32x32 pixels. These images are divided into ten different
classes, with each class representing a specific category of objects (Fig.
1.2). The classes in the CIFAR-10 dataset are as follows:

1) airplane;

2) acar;

3) abird;

4) acat;

5) deer;

6) adog;

7) frog;

8) horse;

9) aboat;

10) truck.
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Figure 1.2 — Sample images of the "CIFAR-10" data set by categories [3]

The data set is divided into two subsets: the training set and the test
set. The training set consists of 50,000 images, while the test set contains
10,000 images. This separation allows researchers and practitioners to train
their models on large amounts of data and then evaluate their performance
on unknown examples.

CIFAR-10 creates a challenging task for image classification
algorithms due to its relatively low resolution and presence of different
object categories. It has been widely used as a benchmark dataset to
evaluate the performance of various computer vision models and
algorithms, including convolutional neural networks. Researchers and
practitioners use it to develop and test approaches to object recognition,
feature extraction, and image classification.

2.4. MNIST

The MNIST (Modified NIST) database is a large database of
handwritten digits commonly used to train various image processing
systems. It was created by "remixing" samples from the original NIST data
sets. The developers believed that because the NIST training dataset was
taken from US Census Bureau employees and the test dataset was taken
from US high school students, it was not suitable for machine learning
experiments. In addition, the black and white images from NIST were
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normalized to fit within a 28x28 pixel bounding box and smoothed to
introduce gray levels [4].

The MNIST dataset consists of a set of handwritten digits
commonly used to train and evaluate image classification algorithms (Fig.
1.3). It was created to provide a standardized benchmark for comparing
different machine learning models for the handwritten digit recognition
task.
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Figure 1.3 — Sample images from the dataset «MNIST» [5]

MNIST contains 60,000 training images and 10,000 test images.
Half of the training set and half of the test set were taken from the NIST
training dataset, while the other halves were taken from the test set. This
separation allows researchers and practitioners to train their models on
large amounts of data and then evaluate their performance on unknown
examples. Each image in this dataset represents a single digit from 0 to 9.
The goal is to develop a machine learning model that can accurately
classify these images by their corresponding digits. Among the data are
labels for each image indicating the actual number it represents. These
labels are used during training to guide the training of the model and during
evaluation to evaluate its accuracy.
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The MNIST dataset has been widely used for the development and
evaluation of various machine learning algorithms, particularly in the fields
of image classification and deep learning. Many popular models and
architectures, such as convolutional neural networks, have been trained and
tested on this dataset. The simplicity and standardization of the MNIST
dataset make it an ideal starting point for learning and experimenting with
image classification tasks.

2.5.  Reuters

The Reuters dataset is a widely used dataset in the field of natural
language processing and text classification. It was specifically designed for
text categorization tasks and was created by collecting news articles from
Reuters news agency. Its popularity is explained by its diversity and real
nature, which allows for a comprehensive assessment of the capabilities of
models in processing complex news articles and topics.

The dataset contains a large number of news articles, each article is
a document. The training set has 7769 documents, while the test set has
3019 documents [6]. These articles cover a variety of topics, including
business, politics, sports, technology, and more.

One feature of the dataset is that it supports classification by
multiple labels. This means that a news article can be assigned to several
categories at the same time, allowing more detailed and complex topics to
be assigned. This flexibility reflects a real-world scenario where news
articles may cover multiple topics or have overlapping topics

3. Optimization Algorithms in Deep learning

Optimizer algorithms are an optimization method that helps
improve the performance of a deep learning model. These optimization
algorithms adjust neural network attributes such as weights and learning
rate. Thus, they help reduce overall losses and improve accuracy. The
problem of choosing the right weights for a model is a difficult task, since a
deep learning model usually consists of millions of parameters. This makes
it necessary to choose the appropriate optimization algorithm for your
application.

The main optimizers in deep learning:

1. Gradient Descent: A basic optimizer used to update model
parameters in the direction opposite to the gradient of the loss function. Its
goal is to minimize the value of the loss function by finding a local or
global minimum.
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2. Stochastic Gradient Descent (SGD): Uses only one random data
sample in each iteration to update model parameters. This reduces the
computational cost, but may slow down the speed of convergence.

3. Variations of SGD: These are variations of stochastic gradient
descent used to improve convergence and avoid getting stuck in local
minima. These include Momentum, Nesterov Accelerated Gradient,
AdaGrad, RMSprop and Adam.

4. Adaptive methods: Optimizers that adaptively adjust the
learning rate for each parameter based on the gradient history. They allow
faster learning for parameters that have smaller gradients and slower
learning for parameters with large gradients. Examples of such optimizers
include AdaGrad, RMSprop, Adam.

5. Regularization: Some optimizers have built-in regularization
techniques, such as L1 or L2 regularization, to control model retraining.
This helps reduce parameter values and improve the overall generalization
ability of the model.

The use of a particular optimizer depends on the specific task,
network architecture, and available computing resources. Choosing the
right optimizer can be critical to successfully training a model and
achieving high performance.

3.1. Stochastic Gradient Descent optimization method

The Stochastic Gradient Descent Method (SGD) is an optimization
algorithm used to train deep learning models. This method is based on
gradient descent, which is used to find the local minimum of the loss
function.

Let us have a set of training data with labels (x, y), where x is the
input data and y is the corresponding labels or target values. The task is to
find model parameters that best approximate the relationship between x and
y. For this, we use the loss function L, which measures the difference
between the predicted values of the model and the true values.

The goal of SGD is to minimize the loss function L by updating the
model parameters at each training step. The parameters are updated by
performing an iterative process in which the gradient of the loss function is
calculated in relation to the model parameters and the gradient descent step
is performed.

The SGD algorithm for optimizing deep learning models can be
described by the following steps [7]:
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Initialize the model parameters 6.

Initialize the learning rate a.

Repeat until the stop criterion is reached:

Choose a random subset of training data (X,y).

Calculate the predicted value of the model f(x;0).

Calculate the gradient of the loss function VL(0;x,y) in relation to
the model parameters.

Update model parameters: 8«—0-0-VL(0;x,y).

Return the optimal values of model parameters 6.

SGD is a simple and fast optimization algorithm, but it can have
problems with the speed of convergence and can suffer from large
variability when the data is noisy or unbalanced. Therefore, there are
modifications of SGD, such as Adam, AdaGrad, RMSprop, which are
designed to improve its convergence and stability

AdaGrad optimization method

AdaGrad is a family of algorithms for stochastic optimization.
Algorithms belonging to this family are similar to second-order stochastic
gradient descent with a Hessian approximation of the optimized function.
The name AdaGrad comes from Adaptive Gradient. It intuitively adapts the
learning rate for each feature depending on the assumed geometry of the
problem; in particular, it tends to assign higher learning rates to infrequent
features, ensuring that parameter updates rely less on frequency and more
on relevance. The algorithm itself can be written as follows [8]:

Initialize the learning rate a, usually a small value (for example,
0.01).

Initialize the time counter t=0.

Initialize the sum of squares of gradients G_0 to zero.

At each iteration t until the stopping criterion is reached:

Calculate the g t gradient of the model based on the current batch
of data

Increase the time counter: te—t+1.

Update the sum of the squares of the gradients: G _t«—G (t-
+g tOg t.

Update model parameters: 9_t<—9_(t-1)-a/(\/(G_t y+e)Og t, where
€ is a very small constant to prevent division by zero.

Return the optimal values of model parameters 6.
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The basis of the AdaGrad method is the idea that the learning rate
is adaptively adjusted for each parameter depending on the history of the
gradients. The larger the previous gradients, the lower the learning rate for
a given parameter, which avoids overflow and excessive parameter
changes. Conversely, parameters that have low gradients will have a higher
learning rate, leading to faster learning and convergence for those
parameters

RMSprop optimization method

RMSprop (Root Mean Square Propagation) is an adaptive
optimization algorithm used to tune the parameters of deep learning
models. This method is a modification of the classic gradient descent,
which allows more efficient movement towards the optimum by adapting
the learning rate for each parameter separately.

The basic idea behind RMSprop is to give more weight to the most
recent gradients, decreasing the learning rate value for parameters that have
large gradients and increasing the learning rate for parameters with small
gradients. This allows the learning rate to be adapted for each parameter
depending on its contribution to the overall loss function.

The algorithm of the RMSprop optimization method has the
following form [9]:

Initialize the model parameters 0.

Initialize the learning rate a.

Initialize the damping parameter 3 (usually close to 0.9).

Initialize the variable =0, which will store the current accumulated
squared gradients.

Repeat until the stop criterion is reached:

Choose a random subset of training data (X,y).

Calculate the predicted value of the model f(x; 0).

Calculate the gradient of the loss function VL(0; x,y) in relation to
the model parameters.

Update the accumulated gradient squares: r«—f-r+(1-B)-(VL(6;
X,¥)"2.

Update model parameters: 9=9—0L/\/(r+8)-VL(9; X,y), where € is a
very small number for stability of calculations.

Return the optimal values of model parameters 0.

In step 5, the accumulated squared gradients are used to account for
the history of the gradients. Applying the root mean square to r allows us to
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normalize the values of the gradients by their standard deviations. This
helps to adjust the learning rate for each parameter individually, decreasing
the rate value for parameters with large gradients and increasing it for
parameters with small gradients.

Thus, the RMSprop algorithm allows you to reduce the value of the
learning rate for parameters that have large gradients, thereby improving
the convergence rate of the model optimization.

Adam (Adaptive Moment Estimation)

Adam (Adaptive Moment Estimation) is one of the popular
optimization methods for training neural networks. It combines two
approaches: adaptive learning rate and optimization moment.:

An adaptive gradient algorithm (AdaGrad) that supports the
learning rate of each parameter, which improves performance in problems
with smooth gradients (such as natural language and computer vision
problems).

Root Mean Square Propagation (RMSprop), which also supports
the learning rate of each parameter, adapted based on the average recent
value of the gradients for the weight (eg, how fast it is changing). This
means that the algorithm copes well with online and non-stationary
problems (such as noise).

Adam implements the advantages of both AdaGrad and RMSProp
[10].

The method calculates the exponentially weighted mean square of
the gradients (the first moment) and the exponentially weighted mean
square of the previous gradients (the second moment). These mean squares
are used to adaptively adjust the learning rate for each parameter.

Adam also uses an optimization moment that helps account for
gradient inertia when updating model parameters. This allows to speed up
the optimization and reduce the probability of getting stuck in local
minima. The method has parameters worth tuning, such as learning rate,
exponential smoothing factors, and initial moment values. Setting these
parameters can affect the optimization process and the speed of
convergence.

In general, the Adam optimization method is an effective algorithm
for training neural networks because it combines adaptive learning rate and
optimization moment to efficiently search for optimal model parameter
values.
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The algorithm of the method can be described in the following
steps [11]:
Initialize the learning rate a (usually a small value, e.g. 0.001).
Initialize the exponential smoothing coefficients B 1 and f_2 in the
interval [0,1) (usually B_1=0.9,8 2=0.999).
Initialize the time counter t=0.
Initialize the first moments of the gradients m 0=0 and the second
moments of the gradients v_0=0.
At each iteration t:
Calculate the g t gradient of the model based on the current batch
of data.
Increase the time counter: t«—t+1.
Update the first and second moments of the gradients:
my < Br-me+ (1 —B1) ges
Ve < By v + (1= o) - g¢.
Bunpaputu 3MiIieHHS MOMEHTIB:
Me & me / (1= BP);
Dy v /(1= B3).
OHOBHUTH TIApaMETPH MOJICII:

Or < Ot11 _05'\/%,

4. Metrics

Metrics in deep learning are numerical scores used to measure the
quality of deep learning models. The role of metrics in deep learning is to
provide objective and quantitative evaluation of the model. They allow you
to compare different models or different model hyperparameters and help
you make decisions about improving the model.

There are many different kinds of metrics in deep learning, and the
choice of specific metrics depends on the problem, the type of data, and the
features of the model. The main types of metrics include:

1. Classification metrics: Used to evaluate the quality of models in
classification tasks where classes need to be predicted. Examples include
accuracy, recall, precision, F1-score, confusion matrix, etc.

2. Regression metrics: Used to evaluate models in regression
problems where numerical values are to be predicted. For example, mean
absolute error (MAE), mean squared error (MSE), coefficient of
determination (R-squared, or R2 Score), etc.
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3. Clustering metrics: Used in non-learning tasks where the model
clusters similar objects or examples into groups or clusters based on
similarity. Examples of clustering metrics include Adjusted Rand Index,
Normalized Mutual Information, silhouette coefficient, etc.

4. Generative model metrics: Used to evaluate generative learning
models such as generative convolutional networks (GANs). Examples:
inception score, Fréchet inception distance, user rating, etc.

Let's consider some of them in more detail.

The discrepancy matrix is an important metric for evaluating model
classification results in machine learning tasks. It allows you to visualize
and quantify the interaction between predicted and actual classes. The
matrix is a two-dimensional square array, where the rows correspond to the
true classes and the columns to the predicted classes. Each element of the
discrepancy matrix shows the number of examples that were correctly or
incorrectly classified.

The main elements of the matrix of inconsistencies:

1. True Positive (TP): Number of examples that are correctly
classified as positive.

2. True Negative (TN): Number of examples correctly classified as
negative.

3. False Positive (FP): Number of examples incorrectly classified
as positive.

4. False Negative (FN): Number of examples incorrectly classified
as negative.

Inconsistencies An example of a 2x2 (discrepancy) inconsistencies
matrix is shown in Figure 4.1:

Real state
pT}:l:l:ttﬁn Positive state Negative state
Positive predicted Reall i False positive
ﬁ stell)te PUSKIYe Error of the I kind
: i i False negative .
g Negnm;emit);edlcted Error of the IT kind Really negative

Figure 4.1 — Matrix of inconsistencies [12]
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The matrix of inconsistencies allows you to measure the
effectiveness of the model by revealing the number of correct and incorrect
classifications. Based on this matrix, it is possible to calculate various
metrics, such as accuracy, completeness (recall), precision, Fl-measure
(Fl-score) and others, which help to evaluate the quality of model
classification.

Accuracy is one of the most common and simple metrics in
evaluating classification models in machine learning. It measures the ratio
of the number of correctly classified examples to the total number of
examples in the data set.

Accuracy allows you to evaluate the overall effectiveness of the
classification model, taking into account both correctly defined positive and
negative classes. This metric is particularly useful when the classes in the
data set are of roughly equal importance or evenly distributed, but at the
same time can be misleading when there is an unbalanced data set where
one class dominates the other.

The accuracy is calculated according to the formula [13]:
TP+T

TP+TN+FP+F
Recall, (or sensetivity) also known as true positive rate (TPR),

measures the percentage of correctly identified positive examples (true
positives) out of the total number of valid positive examples in the data set.

Recall is calculated according to the formula [14]:

Recall=TP/(TP+FN)

Recall (Completeness) measures how effectively the model
identifies positive classes. It indicates the ability of the model to detect all
valid positive examples without errors. A high recovery value means that
the model identifies positive examples well and minimizes the number of
false negatives.

Recall (Completeness) is especially important in tasks where it is
important to identify all positive examples, even at the risk of obtaining
some false positives. For example, in medical diagnosis, disease detection
is critical, so completeness may be more important than accuracy.

Precision is a metric in the evaluation of classification models and
measures the percentage of correctly identified positive examples (true
positives) out of the total number of examples that the model identified as
positive.
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Precision=TP/(TP+FP)

F1-measure (F1-score) is a harmonic mean between precision and
completeness (recall). It is used to assess the balance between model
accuracy and completeness.

F1-measure is calculated according to the formula [15]:

F1=(2-p-1)/(p+r), where p is the accuracy of the model, r is the
completeness of the model.

5. Measurement of metrics

At this stage, we collect the calculated metrics as a result of model
training. The metrics used depend on the prediction task for which we
performed deep learning. MAE, MSE, R2 score and Explained Variance
Score metrics were used in the regression problem.

Accuracy, Precision, Recall and Fl-score metrics were measured
for classification tasks. In order to effectively compare the model with
different optimizers, the values of losses and metrics calculated on the
training and validation data were fixed at the model training stage.
Validation data is used to evaluate the performance of the model during
training and allows comparison of different optimization methods in the
context of how they affect model losses and metrics. On the other hand,
after training the model, it is best to make comparisons on independent test
data that did not participate in the training and validation models. Using
such data allows you to evaluate the model's real-world performance on
new examples that the model has not seen before, helping to avoid
overtraining and determining how well the model generalizes to new data.
All measurements were tabulated (Tabl. 5.1-5.5) for each task. For the
regression problem: Training data size: (404, 13) Test data size: (102, 13)
To train the model, the training data was divided as follows: 85% training
data, 15% validation data.

Table 5.1 — Measurement metrics for the regression problem with the
Boston Housing

Optimizati R E"E(lla‘“ Time of | Numb
on Loss MAE MSE . executi er of
. score | Varianc
Algorithms o on epochs
SGD 10.891 23318 10.891 | 0.796 0.7969 12.86 150
6 6 9 sec
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Optimizati R2 Exls(llam Time of | Numb
on Loss MAE | MSE . executi er of
. score | Varianc
Algorithms o on epochs
Adam 18'5556 2.6977 18‘5556 0'%17 0.5178 | 8.88 sec
AdaGrad 69":41 6.8074 69241 0'%23 0.0230 | 9.53 sec
RMSprop 15.513 2.5549 15.1313 0.6731 06317 | 9.15 sec

For the classification problem with the "IMDB Movie Reviews"
data set:

Size of training data: (25000, 60)

Test data size: (25000, 60)

To train the model, the training data was divided as follows: 80%
training data, 20% validation data.

Table 5.2 — Metrics estimation for classification problem with data set

«IMDB Movie Reviews»
Optimizati Accurac | Precisio | Recal | F1 Time (.)f Numbe
on Loss N | score executio r of
Algorithms y n epochs
SGD 0.690 0.5650 0.6029 0.380 | 0.457 | 401.59
8 9 3 sec
Adam 1.079 0.7867 0.8006 0.763 | 0.776 | 530.05
6 7 4 sec 10
AdaGrad 0.692 0.5419 0.5303 0.733 | 0.609 | 354091
4 9 1 sec
0.678 0.715 | 0.771 | 424.68
RMSprop ) 0.7949 0.8506 4 4 sec

For the problem of image classification with the "CIFAR-10" data
set:

Size of training data: (50000, 32, 32, 3)

Test data size: (10000, 32, 32, 3)

To train the model, the training data was divided as follows: 80%
training data, 20% validation data.
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Table 5.3 — Measurement metrics for the classification problem with the
“CIFAR-10»

Optimizati Accurac | Precisio | Recal | F1 Time (.)f Numbe
on Loss n ) score executio r of
Algorithms y n epochs
SGD 1.023 0.6405 0.7734 0.506 | 0.609 | 398.60
3 9 4 sec
Adam 1.061 0.6622 0.7203 0.608 | 0.658 | 461.71
4 9 8 sec 10
AdaGrad 1.622 0.4353 0.7077 0.121 | 0.203 | 465.36
0 3 4 sec
1.018 0.663 | 0.699 | 483.40
RMSprop 9 0.6962 0.7426 4 9 sec

For the problem of image classification with the "MNIST" data set:

Size of training data: (60000, 28, 28), Test data size: (10000, 28,
28)

To train the model, the training data was divided as follows: 80%
training data, 20% validation

Table 5.4 — Measurement metrics for the classification problem with the

“MNIST” dataset
Optimizati Accurac | Precisio | Recal | F1 Time (.)f Numbe
on Loss N | score executio r of
Algorithms y n epochs
SGD 0.120 0.9642 0.9717 0958 | 0.964 | 111.67
1 2 8 sec
Adam 0.115 0.9777 0.9783 0.977 | 0.978 135.93
9 7 0 sec 25
AdaGrad 0.276 0.9255 0.9501 0.900 | 0.923 126.16
0 0 6 sec
0.112 0979 | 0.979 | 123.90
RMSprop ) 0.9795 0.9800 3 7 see

For the classification problem with the Reuters data set:

Size of training data: (8982, 1000) Test data size: (2246, 1000)

To train the model, the training data was divided as follows: 80%
training data, 20% validation
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Table 5.5 — Measurement metrics for the classification problem with the

Reuters dataset
Optlml.zatlon Loss | Accuracy | Precision | Recall | F1 score Time 0 f
Algorithms execution
SGD 1.1666 | 0.7324 0.8903 0.6362 | 0.7353 | 43.70 sec

Adam 1.3309 | 0.7858 0.8161 0.7685 | 0.7899 | 72.99 sec
AdaGrad 1.5598 | 0.6456 0.9058 | 0.4969 | 0.6348 | 53.41 sec
RMSprop 22609 | 0.7778 0.8163 | 0.7480 | 0.7787 ec

6. Analysis of experimental investigations

Analyzing the results of solving five forecasting problems using deep
learning using optimization algorithms, the following observations can be
made:

6.1. Regression problem:

1. The SGD algorithm showed the best results with the lowest value
of losses and the best value of all metrics, but the training time turned out to be
the largest.

2. Adam and RMSprop also performed well, but with higher losses
and worse R2 Score and Explained Variance as compared to SGD.

3. AdaGrad performs worst with higher loss and low R2 Score and
Explained Variance values.

6.2. Classification problem with the "IMDb Movie Reviews" data
set:

1. Adam and RMSprop gave the best results. RMSprop has the best
loss, precision and accuracy values, while Adam has the best completeness and
F1 measures. However, Adam has the worst loss and execution time.

2. AdaGrad showed acceptable, but still lower results. Also, it turned
out to be the fastest.

3. SGD showed the worst completeness and F1-measure, but slightly
better than AdaGrad in precision and accuracy.

6.3. Classification problem with the "CIFAR10" data set:

1. Again, the best results were shown by Adam and RMSprop, only
slightly different from each other.

2. SGD performed worse compared to the previous two, but was still
good enough. Moreover, it turned out to be the fastest in this task.

3. AdaGrad showed the worst values for all metrics and losses except
execution time.
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6.4. Classification problem with the "MNIST" data set:

1. RMSprop this time showed the best loss and metrics results.

2. Adam has worse results compared to RMSprop, but is still quite
close to it.

3. SGD performed worse with higher loss and lower values of
precision, accuracy, completeness and Fl-measure. It also has the lowest
execution time. On the other hand, Adam worked the longest.

4. AdaGrad again performed worst with higher loss and lower values
of precision, accuracy, completeness and F1-measure compared to Adam and
SGD, but still had an acceptable result. It is also visible from the graphs that
during the training of the model, the accuracy gradually decreases.

6.5. Classification problem with the "Reuters" data set:

1. Adam showed the best results in accuracy, completeness and F1
measure, but was the worst in Precision.

2. SGD showed acceptable results with comparatively lower
precision, completeness and Fl-measures, but achieved a good value of
accuracy and has the least loss and execution time.

3. Adagrad performed worse with higher loss and lower accuracy,
completeness and F1-measure values, but this time it was the best in accuracy.
He was also quite fast.

4. RMSprop had better accuracy than Adam and almost the same
accuracies, completeness and F1 measure, but at the same time has the worst
loss and execution time.

5. According to the graphs, the losses for the Adam and RMSprop
methods on the validation data set gradually increase, which is different from
the corresponding ones on the training set. This may indicate retraining of
these models.

Final conclusions.

1. RMSprop turned out to be the most effective optimization
algorithm in most of the considered problems. It achieved the highest
prediction accuracy and the best values of metrics such as Accuracy, Precision,
Recall and F1 Score.

2. SGD also performed well in some tasks, especially in the
regression task, where it had the lowest loss and the highest R2 Score and
Explained Variance.
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3. Adam also showed generally excellent results and although
sometimes he did not reach the highest values of the metrics, he was still close
to it.

4. AdaGrad appeared to be less efficient compared to the others,
showing lower values of prediction accuracy and losses. This was especially
noticeable in classification tasks, where the method often showed the worst
values of the metrics.

5. SGD and AdaGrad generally perform faster than Adam and
RMSprop, especially on large tasks with large data sizes.
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