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Dynamics and Strength of Machines

Shulzhenko M. G., Gontarovskiy P. P. and Matiukhin L. I. Steam turbine disk resource with ini-
tial defects of discharge openings area UNAETr CIEEP ........cocveeuerriieniienienieete ettt ettt 3-10

The impact of the hypothetical defects (nicks and scratches) in the steam discharge openings area of disc 2nd
stage on medium pressure turbine K-300-240-2 rotor resource under creep is considered. Evaluation of disc
damage in the area of openings is investigated with three-dimensional finite element method with simultaneously
solving the linked creep and damage equations with two phenomenological parameters: scalar and vector, witch
responsible for viscous and brittle failure of the material, respectively. It is shown that the presence of defects
reduces the time to crack initiation, but increases the time of its evaluation to a critical size. Nick in the dis-
charge opening is modeled by two damaged finite elements at the area of the median plane of the disk. And the
scratch is modeled by number of damaged elements along the thickness of the disk surface. In case of occurrence
of a crack during nicks is approximately three times less than in the absence of damage. The time of crack initia-
tion caused by nicks is approximately three times less than in the absence of damage. The time of crack initiation
is six times less in case of scratch, accordingly. However, the total resource in the first case is 60% compared
with intact disk resource, and in the second case - 25%. Thus, the defect reduces the time until the crack, but in-
creases the time of its evaluation to a critical size. Slight damage in the discharge openings area may have a
significant impact on the disc resource.

Keywords: turbine, resource, creep, scattered damage, discharge openings.

Paccmampueaemces enusanue eunomemuyeckux oegexmos (3a00uH u yapanum) 6 30He NApPOPA3EPY30HUHbIX
omeepcmuil Oucka 2-iu CmMyneHu  Ha4 pecypc pomopa cpeonezo oaegienusi mypbunvi K-300-240-2 npu
nonzyuecmu. Pazsumue nogpescoenuii Oucka 8 30He 0Omeepcmutl UCCIedyemcs 8 mpexmepHol NOCManosKe me-
MOOOM KOHEUHbIX DJIeMEHMO08 NPU COBMECMHOM PeleHUU C8A3AHHbIX MeXHCOY COO0U YpasHeHUll Noa3yyecmu u
nospexcoaemocmu ¢ 08ymMa (heHOMEHON02UUEeCKUMU NAPAMEMPaMU: CKAIAPHLIM U BeKIMOPHLIM, OMBEeyauum
COOMBEeMCmEeHHO 3d 8A3Koe U Xpynkoe paspyuieHue mamepuana. Ilokazano, umo c Hanuyuem odegexmos co-
Kpaujaemcs 8pems 00 3aporHCOeHUss MPeuunbl, HO YBeIUudU8aemcs 6pemMsa ee pazsumus 00 Kpumuiecko2o pas-
Mepa. 3abouna 8 paszpy304HOM OMEEPCMUL MOOETUPYemcs 08YMA NOBPEHCOCHHBIMU KOHEUHbIMU dNeMeHmamu 8
patione cpeOUHHOU NIOCKOCMU OUCKA, A YAPANUHA — PAOOM NOBPENCOCHHBIX IIEMEHMO8 NO ceti Moawune no-
aomua oucka. B ciyuae 3ab0oumnvl 6pems nossneHus mpewjunvbl NPUMEPHO 8 MpuU pa3a MeHbule, 4emM npu
OMCymcmauu nospedcOeHutl, a @ ciyyae yapanuuvl — 6 utecmov pasz menvute. OOHAKO NOJHBLIL Pecypc 6 Nepeom
cayuae cocmagasiem okono 60 % no cpasneruro ¢ pecypcom oucka 6e3 nogpesicoeruil, a 6o emopom — 25 %. Ta-
KUM 00pazom, npu Haauduy 0e@ekma coKpaujaemcs 8pems 00 NOAGIEHUS MPEWUHbL, HO YEETUYUBAENICS 8PeMSs
ee pasgumusi 00 Kpumuueckozo pasmepa. Hesnauumenvnvlie noepedcoenusi 6 obnacmu pasepy30UHbIX
omeepcmuii Mo2ym OKa3bl8amyv CyWecmeeHHoe U e Ha pecypc OUCKA.

Knrwoueeste cnosa: mypouna, pecypc, nonzyiecms, paccesiHHvle NO8PeiCOeHUsl, pa3epy304nbie 0Omeepcmusl.
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Hasanov Sh. G. Effect of small recesses and swellings on cohesive crack growth in stretched by two
coNCENLrated FOICES PIALE ...c...eruviriiiiiiiieteetc ettt ettt st sttt e b e sbe e s st s 10-24

78

An isotropic thin plate of everywhere constant thickness, except for some S; and S, areas on prolongation of the
rectilinear crack with bonds between the faces near the crack ends, is considered. The plate is stretched by two
concentrated forces. It is assumed that the fracture process is localized in the end zone, which is considered as
crack part and can be comparable to crack size. We investigate the plane fracture problem of cohesive crack re-
tardation by small changes in the material thickness on the crack growth path. The boundary value problem for
the equilibrium of the cohesive crack in the plate under the action of external tensile forces is reduced to solving
of nonlinear singular integral equation. Using the Gauss-Chebyshev quadrature formulas, the singular integral
equation reduces to a finite algebraic system that solving by iterative algorithm similar to the I1’yushin’s method
of elastic solutions. From the solution of the nonlinear singular integral equation the stresses in the bonds are
found. The most widely distributed in the practice forms of the recesses and swellings are considered. The con-
sidered examples demonstrate the new effects of the retardation and stable development of through cohesive
cracks, only caused by variable plate thickness on the crack ends.

Key words: crack with bonds between the faces, retardation of cohesive crack, thin isotropic plate, concentrated
forces.

Paccmampusaemca moukas uzomponnas niacmuna NOCMOAHHOU MOIWUHBL 8CI00Y 3A UCKTIOYEeHUeM HEeKOmo-
poix obnacmeu S; u S, 601U3U KOHYOB CKBOZHOU NPAMOIUHEUHOU MPEeuUHbl CO C8A3AMU Mexcdy bepecamu HA
npoooncenuy mpewunsl. Ilnacmuna pacmaeusaemcs 08ymsa cocpedomouenHvimu cunamu. Cuumaemcs, 4mo
npoyecc paspyuieHus J0KAIU308aH 8 KOHYe8olU 30He, KOMOPAds paccmMampugaencs KaxK 4acms mpeujursl U Mo-
Jrcem ObIMb CpasHuUMa ¢ pazmepom mpewunsl. Vccreoyemes niockas 3a0a4a MeXaHuKu paspyuieHus o mopmo-
JHCeHUU KO2e3UOHHOU MPeujuHbl MATbIMU USMEHEeHUs. MOTWUHbL Mamepuana Ha nymu ee pocma. Kpaeeas 3adaua
0 pasHoBecuu KO2e3UOHHOU MPewunbl 8 NIAcCmune npu Oelucmseul 6HeUHUX PACMASUBAIOWUX CUTL CBOOUMCS K
Ppeuenur0 HeIUHeHO20 CUHZYTIAPHO20 UHMEeSPAIbHO20 ypasHeHus. Mcnonvsysa keadpamyphvie popmynet Iaycca-
Yebvluiesa, cuneyisapHoe UHmMezpaibHoe YPAagHeHUue C80OUMCs K KOHEYHOU aneedpauieckoll cucmeme, peulaemot
UMEPAYUOHHBIM AN2OPUMMOM, NOOOOHBIM Memoody ynpyeux pewenui Hnviowuna. M3 pewienus HeauHeunozo
CUHSYTIAPHO20 UHMESPANLHO2O YPAGHEHUS HALIOEHbl HOPMALbHbIE U KAcamenbhble Hanpsdicenus 6 cesassx. Pac-
cMOmpeHsl Hauboiee pacnpocmpaneHHvle Ha npakmuxe hopmosl 8bimoyex u ymoaweHuu. Paccmompennvie npu-
Mepbl 0eMOHCMPUPYIOm Ho8ble 3PgheKmbl MOPMONHCEHUS U YCMOUYUBO2O0 PA36UMUSA CKBO3HBIX KO2e3UOHHbIX
MpewjuH, 8bI36aHHble MOIbKO NEPEMEHHOCNbIO MOAUWUNBL NAACTIUHbL 8 KOHYAX MPeujUHbl.

Knroueswvte cnoea: mpewjuna co CeA3AMU Mewcdy 6epe2aM14, mopmoosrcenue KO2e3UOHHOU mpewursvl, MOoHKAas
uzomponHas niacmuna, COCpedOWlOlteHHble CUbl..
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Mirsalimov V. M. and Akhundova P. E. Minimization of fracture parameters for friction pair hub.....24-35

A fracture mechanics problem for the friction pair hub during the operation is considered. It is assumed that
near the friction surface the hub is weakened by rectilinear crack. Based on the model of friction rough surface
and minimax criterion the theoretical analysis on the definition of displacement function of external contour
points of friction pair hub, minimizes the fracture parameters of hub, is carried. Force calculation scheme most
corresponds to physical nature of actual loading is used. In the place of plunger and hub contact the normal dis-
tributed loads and the corresponding to loads friction forces act. The friction forces to be determined from the
solution of the problem of plunger and hub contact interaction, taking into account the roughness of real friction
surface, frictional heat generation and surface wear of the contact pair parts. The problem of equilibrium of the
friction pair hub with rectilinear crack reduces to the solution of a singular integral equation with kernel of
Cauchy type. The obtained displacement function of external contour points of the hub provides increase of load
bearing capacity of the bushing contact pair. As an example the calculation for the contact pair of borehole
sucker rod oil pump is considered.

Keywords: friction pair, hub, plunger, temperature, rough friction surface, minimization of stress intensity fac-
tors.

Paccmampusaemces 3adaua mexanuxu paspywienus 0 6MyaKu GpukyuonHol napei 6 npoyecce pabomel. Cuu-
maemcsi, Ymo 6MYJKa 60AU3U NOBEPXHOCMU MPEHUsL OCIA0IEeHA OOHOU NPAMOAUHeUHOU mpewunol. Ha ocnoge
MOOenu ulepoxo8amou nOGEPXHOCHU MPEHUs U MUHUMAKCHO20 KPUMEPUs nposedeH meopemudeckuil aHaiu3 no
onpeoenenuro QYHKyuu nepemewyenuti moyex GHeune20 KOHmMypa 6mynKu (QpukyuoHHol napel, obecneuusaio-
well MUHUMUZAYUIO NAPAMEMPOS8 PA3PYUWEHUs 6MYIKU (pukyuonHot napsl. Hcnonvzyemces pacuemnas cuiosas
cxema, Haubonee OAUKO OMEEUAIOWAsT PUULECKOU CYUHOCTU OCliCTNEUMENbHO20 HASPYICEHUS, CO2NACHO KO-
MOpOU 6 Mecmax KOHMAaKmMa NIYHICEPA U 6MmyIKu 0eticmayion pacnpeodeieHHble HOpMAibHble HASPY3KU U COOM-
sememeylouue um 3apanee Heu3eecmHble CUilbl mpenusl, 603HuUKaouwue 8 npoyecce pabomol. Cuibl mpeHus noo-
Jexcam OnpedeneHuio U3 pewenus 3a0ayu 0 KOHMAKMHOM 83aUMOOeliCEUl NiyHicepa U MyJKu, ¢ y4emom
UepoxX08amoCmu peanbHol NOBEPXHOCIU MPeHUs, MEeNni000pa306anus npu Mpenuu U U3HOCA NOBEPXHOCHU Oe-
marnetl KOHMAKMHOU napul. 3a0aya o pagHosecuu MyaKu (QPUKYUOHHOU NApbl ¢ NPIMOJUHEUHOU MPeuuHol
CBOOUMCSL K PEUEHUIO CUHSYISIPHOZ0 UHMeZpanbHo20 ypasHenus ¢ aopom muna Kowu. Haiioennas @ynxyus ne-
pemeweHuti modex GHeulHe20 KOHMYpa 6myJiKu obecneuusdaem nosbluieHue Hecywel CRocOOHOCMU BMYIKU
@puxyuonnoii napwl. B kauecmee npumepa paccmompen pacuem O QPUKYUOHHOU NAPbl NPUMEHUMENbHO K
CKBAINCUHHBIM ULMAH2O0BbIM HACOCAM.

Knrwouesste cnosa: ¢ppuxyuonnas napa, 8myika, niyHicep, memnepamypd, uiepoxosamas no8epXHoCmy MmpeHus,
MUHUMU3AYUA KOIDDUYUEHTNO8 UHMEHCUBHOCTHU HANDANCEHUU.
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Lazariev I. Axial internal forces in power transformer active part elements after short circuit..35-43

The paper studies core type transformers, in which radial and axial electromagnetic short circuit forces act upon
winding coils. In the conductors, these forces cause stresses due to bending in the radial and axial directions, as
well as tensile or compressive stresses. Due to plastic deformations originating in the winding conductors during
winding fabrication, there was suggested the method for checking conductor strength in bending by the limiting
state, under which the stress in every point of the dangerous section of the conductor equals to the proof stress of
conductor material. There were obtained analytical expressions for the limiting bending moments of conductors
of the round cross-section and rectangular cross-section without regard to its corner round-offs. For calculation
of the limiting bending moments of conductors with the rectangular cross-section with regard to its corner
round-offs there was obtained a numerically solvable system of equations. It was demonstrated that this solution
is a generalised one and covers all the shapes of conductor cross-sections in use. By means of numerical analy-
sis it was indicated that the round-offs of the rectangular cross-section have a substantial impact upon the limit-
ing bending moments of conductors and must be taken into account during practical calculations. By the exam-
ple of a set of transformers that had been tested for short circuit withstand capability it was demonstrated that
the obtained results agree with test results.

Keywords: transformer, winding, short circuit, bending, conductor strength.

B cmamve paccmampusaromes mpanc@opmamopsl cmepicHeso2o0 mund, 8 KOMopsix NPy KOPOMKOM 3AMbIKAHUU
Ha Kamywxu 0OMOmox 0eticmsyiom padudibHbie U 0cegble dleKkmpomacHumusle cuivl. Onu nopodicoaiom 8 npo-
B0OHUKAX HANPANCEHUS NPU U32UOAX 8 0CEBOM U PAOUATLHOM HANPAGLEHUSX, A MAKIHCEe HANPSNCEHUS. PACMiCe-
Husa uu cocamus. Bereocmeue nanuuua 8 nposoOHuKax niacmuyeckux oegopmayutl, B03HUKAIOWUX NpU HA-
MOMmKe, NPednoHceH Memood NPOBEPKYU UX U3LUOHOU NPOYHOCIU NO NPEOENbHOMY COCMOSAHUIO, NPU KOMOPOM Ha-
npaxjcerue 8 Kaxcooll moyke OnacHo20 cedeHus NPOBOOHUKA PABHO YCIO08HOMY Npedery meKyuyecmu e2o mame-
puana. Ilonyuenvl ananumuveckue 8ulpadxceHus O01a NPeOebHbIX ULUOAIOWUX MOMEHMO8 0/ NPOBOOHUKOS
KpY2no20 cedenus u npAmMoy20i16H020 6e3 yuema 3aKpyeneHuli e2o yenos. [na pacuema npeoenvHvix u3eubaruux
MOMEHMO8 OJ15i NPOBOOHUKOB NPAMOY20JIbHO20 CEHeHUs C Y4emOoM 3aKpyeleHUll Yeai08 Noay4eHa cucmema ypas-
HeHull, pewaemas Yucienuvim memooom. Ilokasano, umo smo peuienue A613emcs 0600UeHHbIM U PACHPOCMpPa-
HAEeMcsl Ha 8ce npumensiemvle Qopmbl ceyenull nposooHUK08. C NOMOWbIO YUCIEHHO20 AHATU3A NPOOEMOHCMPU-
POBAHO, YMO 3aKPY2IeHUsL Y2N08 NPAMOY20bHO20 CEYCHUs CYIWECBEHHO GIUAIOM HA npedenbHble uzeubaiowue
MOMEHMbL NPOBOOHUKOE U OOJHCHBL YUUNBIBAMbCA NPU npakmudeckux pacuemax. Ha npumepe psioa mpanc-
hopmamopos, UCHLIMAHHBIX HA CIMOUKOCMb K MOKAM KOPOMKO20 3AMbIKAHUS, NOKA3AHO, YMO NOLYyYeHHble pe-
3YALIMAMbL CO2AACYIOMCA € OAHHIMU UCNBIMAHU.

Knrwoueswste cnosa: mpancgopmamop, obmomra, Kopomroe 3amviKanue, uzeud, nPpoYHoCms NPOEOOHUKOS.
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Yanchevsky I. V. To the problem of time dependence regaining for non-stationary influence which
acts on elastically deformed element Of CONSIUCHION..........coiuieriiriiriiiiieeeete e e 43-54

80

The technique of time dependence identification for non-stationary influence distributed on known area of a con-
structive element with complex geometry, using values of variable which is more accessible to measurements is
presented. In the assumption that reaction of an element linearly depends on the influence the considered bound-
ary inverse problem of mechanics is reduced to a system of linear algebraic equations concerning coefficients
which approximate required influence as step-constant function. The system is solved by using regularizing al-
gorithm which provides stability of result to random errors in initial data and errors of calculations. Concrete
calculations which confirm an efficiency of the technique are presented for identification of force, kinematic and
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temperature influences. Elements of the system depend on values of the registered variable and «influence func-
tions» as values of the measured variable in case on unit step influence. Calculation of this function was realized
by FEM. The stated technique can be developed for identification of space-time dependence of the external influ-
ence applied to a constructive element with complex geometry.

Keywords: element of construction, non-stationary problem, identification of influence, dependence on time,
principle of superposition, influence function.

H3znoocena memoouxa udenmupurxayuu 8pemMeHHOU 3a6UCUMOCIU HECMAYUOHAPHO20 B030€UCmeusl, pacnpede-
JIeHHO20 HA 3A0AHHOU 0OAACMU KOHCIMPYKMUBHO20 IINEMEHMA NPOU3BOTIbHOU 2e0MEMPUlL, NO 3HAYEHUSM 8eUYU-
Hbl, KOMopas aeisemcs 6o0iee OOCMYRHOU 011 usMepeHull. B npednonoscenuu mozo, 4umo peaxyusi d1emMenma
JUHEUHO 3a6UCUM OM UCKOMO20 8030€UCMEUsl, PACCMAMPUBAemMas 3a0a4a, OMHOCAWAACS K KIACCY ePAHUYHBIX
06paMHbIX 300a4 MEXAHUKU, C8E0eHA K CUCmeMe TUHEUHbIX aneeOpaudeckux YpagHeHull OmHOCUMENbHO KOdQ-
Quyuenmos, nocpeocmeom KOMopsix UCKOMOe 8030elicmeue annpoKCUMUpyemcest Kyco4Ho-nOCMOAHHOU (QYHK-
yueil. /[ns pewenusi 5moil CUCmeMbl UCNOAb3YEMCsl Pe2YapUusupyIiowuti aizopumm, 00ecnevusarouuil yemoudu-
680CMb PE3YIbMAMA K CAYYAUHbIM OWUOKAM 8 UCXOOHBIX OAHHBIX U NOSPEUHOCHAM gbluucieHuil. Konkpemmuovie
pacuemsl, ceudemenbcmayrouue 00 3PoexmusHocmu MemoouKu, npogedenvl 0l 80CCMAHOBIEHUS CUTL0BO20,
KUHEMAMUYECKO20 U memMnepamypHo2o o3zoeticmsuil. Tlpu smom 07 @bluuUcIeHUst BXO0SUUX 8 DNEMEHMbL PAC-
YEMHBIX CUCTEM 3HAYEHUT M.H. <QYHKYUU GIUSHUSL», COOMBEMCMBYIOWUX NOKAZAHUSIM PECUCMPUPYEMOT eu-
YUHbL HA eOUHUYHOE CIYReHYamoe 8o30elicmeue, Obll UCHOIb3068AH MEMOO KOHEUHbIX d1eMeHmos. M3n0ocennast
MemoouKa modcem Obimb pa3euma HA CIy4al UOeHmupuKayuu npocmpancmeeHHo-8peMeHHOU 3a8UCUMOCU
BHEWHE20 B030€UCMBUSL, NPUTONCEHHO20 K KOHCIMPYKIMUGBHOMY dNEMEHMY CLOICHOU 2eOMEempPUl.

Knwuesvie cnosa: snemenm KOHCMpPYKYUuU, HecmayuoHapHas 361()61‘{61, u()eHmuqbuKauuﬂ 603deﬁcm6uﬂ, 3ae6ucu-
MOCNnb Om 6peMenuU, npuHyun cynepnosuyuu, d)yHKl[M}Z GIIUAHUAL.
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Applied Mathematics

Pankratov A. V., Romanova T. E., Chugay A. M. Optimal packing of convex polytopes using
QUAST-PRI-TUNCHIONS ..ottt ettt ettt et sttt et e b e sbeesaeesanesane e 55-65

We study a packing problem of a given collection of convex polytopes into a rectangular container of minimal
volume. Continuous rotations and translations of polytopes are allowed. In addition a given minimal allowable
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distances between polytopes are taking into account. We employ radical free quasi-phi-functions and adjusted
quasi-phi-functions to describe placement constraints. The use of quasi-phi-functions, instead of phi-functions,
allows us to simplify non-overlapping, as well as, to describe distance constraints, but there is a price to pay:
now the optimization has to be performed over a larger set of parameters, including the extra variables used by
our new functions. We provide an exact mathematical model of the problem as a nonlinear programming prob-
lem. We also develop an efficient solution algorithm which involves a starting point algorithm, using homothetic
trasformations of geometric objects and efficient local optimization procedure, which allows us to runtime and
memory). We present here a number of examples to demonstrate the efficiency of our methodology.

Keywords: packing, polytopes, continuous rotations, non-overlapping, allowable distances, quasi-phi-functions,
mathematical model, non-linear optimization

Paccmampusaemcs 3a0aua ynakosKku bINYKIbIX MHOZOPAHHUKOS 8 NPAMOY2OJIbHOM KOHMEUHepe MUHUMATLHO20
obvema. Jlonyckaromes HenpepuléHble MPaAHCIAYUY U NHOBOPOMbL MHO20SPAHHUKOS. YUUmbl8aromcs MUHUMATLHO
donycmumvle pacCmosiHusl, 3a0auHble MeNHCOy MHO202paHHUKamu. J{is popmanruzeayuu ocpanudenuti pasmeuje-
HUSL NPUMEHSIOMCS CB0O00HbIE OMm paouxkanod keazu-phi-pyukyuu u ncesdoHopmanruzosannvie Keasu-phi-
¢ynxyuu. Hcnoavzosanue xeazu-phi-pyuxyuil, emecmo phi-@yukyuil, no3goasem ynpocmums U0 02paHuyeHutl
Henepeceyenust MHO202PAHHUKOG U ONUCAMb 8 AHAIUMUYECKOM 8UOe OZPDAHUYEHUS HA MUHUMATILHO OONYCIMUMbLE
paccmosanus, 3a0annvie mexcoy muozoepannuxamu. OOHaKo npoyecc onmumuszayuu mpedyem 6oavue20 Yucida
napamempos, GKkaUaAs OONOTHUMENbHbIE Nepementble 05 Keasu-phi-pyuxyutl. Cmpoumcs mamemamuyeckas
MOoOeNb 6 ude 3a0auu HeluHelHo20 npocpammuposanus. llpeonazaemcs 3¢pghexmusHblil Memoo peuieHus,
BKIIOUAIOWUTLL: ANICOPUIMM, OCHOBAHHBII HA 2OMOMEMUYECKUX NPeodpa3068aAHUAX 2eOMEMPUYECKUX 00BbEKMO8 015
nOCMpoeHUs OONYCMUMbIX CIMAPMOBLIX TOYeK, U Npoyeoypa JOKATbHOU ONMUMU3AYUY, KOMOPAs NO360aULd
BHAYUMENLHO YMEHbUUMb PA3SMEPHOCMb 3a0aUll, d MAaKdlce COKPAmumy GblHUCTUMENbHbIE Pecypcbl (6pems U
namsimy). [lpusoosmes pe3yiomamol YUCTEHHBIX IKCHEPUMEHIMOB, KOMOPble 0eMOHCTNPUPYIOM Ih@eKmusHocms
NPEONOANCEHHO MEMOOONIO2UL PeUleHUst 3A0a4U YRAKOBKU GbINYKIbIX MHO20ZPAHHUKOS.

Knroueesvie cnosa: ynakoeka, MHO2O0ZpAHHUKU, HenpepvleHble noeoponivl, HenepeceveHue, ()onycmwwble pac-
CMOAHUA, KGCL?M-])hi-(])_)/HKL{MM, mamemamuudecKkas Moae]lb, HeluHelHast onmumusayusl.
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Materials Science in Mechanical Engineering

Vakulenko K. V., Kazak 1. B., Bezludko G. Ya., Yareschenko V. G. and Yolkina E. 1. The
change of the coercive force under fatigue testing of 40X steel Specimens .........cocceevveeveeneenecnecniicnnennn 66-71

84

The influence of cyclic loading and subsequent surface plastic deformation on the change of the coercive force of
normalized 40X steel specimens was studied. It was found that after a cyclic loading of specimens their coercive
force increases by 1.5-2 times throughout entire range of loads used, which indicates an increase in the degree
of fatigue damage accumulation in steel structure. In the same time, the most essential increase in the coercive
force is noted at the initial phases of relative elongation (deformation) of the specimens (up to 1-1.5%). It was
revealed that implementation of a surface plastic deformation of the specimens, which have undergone a
preliminary cyclic loading, leads to lowering of values of coercive force and allows to raise their longevity by
2.8-3.4 times. The hypothesis was expressed that this effect is related to a healing of the submicron discontinuity
flaws, formed in the material during cyclic loading. The hypothesis is based on the concepts of the modern
material science concerning a healing of defects in the conditions of hydrostatic compression, on a phenomenon
of anomalous mass transfer during a pulsed action on the metal, and on a phenomenon of adhesive interaction of
solids.

Key words: cyclic loading; degradation of structure; submicron fissures; coercive force; surface plastic
deformation; healing of defects.

Hccnedosano enusnue yukiuuecko2o HAZPYysHCceHus U ROCIeOYIowe20 NO8epXHOCMHO20 NAACMUYECKO20 0edop-
MUPOBAHUSL HA UBMEHEHUE KOIPYUMUBHOU CUIbl Hopmanuzogannol cmanu 40X. Yemanoeneno, umo ons o6pas-
Y08 NOCIe YUKIUUECKO20 HASPYHCEHUS KOIPYUMUBHAS CULA YEEIUUUBAENCS 80 6CEM OUANA30HE UCNOLb3YEMbIX
Hazpysok 6 1,5-2 pasa, umo céudemenscmeyem 06 yeeauteHuy CmeneHu HaKonieHus YCmaioCmublx nospesicoe-
Hutl 6 cmpykmype cmanu. Tlpu smom naubonee cyujecmseHnoe 803pacmanue KOIPYUMueHoU CUibl OMMEUeHo Ha
HAUanbHbIX CMAOUAX OMHOCUMENbHO20 YOIuHeHus (Oegpopmayuu) obpasyos (0o 1-1,5%). Obnapysceno, umo
ocywjecmeieHue No8epPXHOCMHO20 NIACIUYECK020 0ehopMUPo8anust 06pasyos, NPouweowux npedsapumenbHoe
YUKTUYECKOe HASPYICeHUe, NPUBOOUM K CHUNICEHUIO 3HAYEHUL KOIPYUMUBHOU CUNbL U NO3GOIAEN NOGLICUMb UX
ooneoseunocmsv 6 2,8-3,4 pasa. Bvickazana eunomesa, umo 3mom 3¢hpexm ces3aH ¢ 3ane4usanuem cyoMuKpo-
HecniowHocmet, 00paz08agUIUXcs 6 Mamepuane 8 npoyecce YUKIULecko2o Hazpyicenus. I unomesza ocHoguviea-
emcesi Ha NPeOCMAGIeHUAX COBPEMEHHO20 MAMEPUANIOBEIeHUs O 3a1eHUSAHUY 0e(eKmMOo8 6 YCIOBUAX 2UOPOCma-
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MUYECKO20 CHCAMUSL, AGNCHUU AHOMANbHO20 MACCONEPEHOCA NPU UMNYIbCHOM 8030€UCMEUl HA MEMAllll U sieie-
HUU A02e3UOHHO20 B3AUMOOECMBUSL MBEPObIX Meil.

Knrwouesste cnosa: yuxiuyeckoe nazpysicenue; 0ezpaoayusi CMpPYKMypul;, CYOMUKpOMPEwurbsl; KOIPYUMUBHAS
cuna; NoBepxXHOCMHOe Naacmudeckoe deopmuposanie; 3areyusanue 0eg)ekmos.
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Solovey V. V., Zipunnikov N. N. and Shevchenko A.A. Studying the efficiency of the electrode
materials operation in the electrolysis systems providing a separate cycle of gas generation ................... 72-76

86

The article describes the main principles of realization of the electrochemical method for generating the high-
pressure hydrogen and oxygen from water when the electrodes are manufactured from the variable valence
materials. There was studied the chemical activity of cooperation of the Ni - Fe, Cm.3 - Fe and 08X18HI10T - Fe
electrode pairs with the caustic potassium water solution. The study results are compared as well as the
advantages and disadvantages of each electrode pair are estimated. The dynamics of the complete cycle of
voltage change of hydrogen and oxygen isolation are presented when the current density for the above
mentioned electrode pairs was I = 0,015A/sm2. Considered the galvanic effect of the precipitation of iron salts
of acids on the surface of electrolysis cell, which leads to a reduction of the duration of the half cycle of oxygen
generation. The laboratory stand manufacturing scheme is described. It displays the electrolyzer operation
parameters: voltage change, current strength, pressure and quantity of the isolated hydrogen (oxygen). Selected
optimal limits of voltage changes of the electrochemical reaction (0,3 — 1 V), which gives the possibility to
minimize the unit cost of electrical energy for the process generation of hydrogen and oxygen. The
recommendations are given as to application of this hydrogen (oxygen) generation method under use of the
renewable energy as a primary energy source (solar, wind), characterized by impermanence of receipt.

Keywords: hydrogen, overvoltage, gas absorbing electrode, electrochemical cell, current density.

Paccmompenvi ocnogHble npunyunsl pearuzayuil SNeKMpoOXUMULECKO20 Memo0d NOYYEHUs 6000p00d U KUCILO-
Po0a 8bICOKO20 0asNeHUs: U3 800blL C UCTIONLIOBAHUEM MAMEPUANO8 INEKMPOO08 ¢ NEPEMEHHOU BALEHIMHOCMbBIO.
Hccredosana xumuueckas akmusHocmy e3aumooeticmsust snexkmpoonvix nap Ni— Fe, Cm.3 — Fe u 08X18HI0T - Fe
€ 80OHBIM pacmeopom edkoeo Kanus. IIposedeno cpasHenue nomyueHHblX pe3yibmamos u yKa3avl npeumyuje-
cmea u HeOOCMAMKU KAXHCOOU U3 paccmMampugaemsix 31eKkmpooHsix coopox. Cocmasnena OUHAMUKA NOTHO20
YUKIA UBMEHEHUsT HANPSACEHUS BbIOEIEHUsT 8000PO0A U KUCIOPOOA C UCHOAb308AHUEM UCCACOVEMbIX DIEeKMPOO-
Hvix cbopok npu nnomuocmu moka I = 0,015 Alem’. Paccmompen eanveanuueckuii sppexm ocasicoenus coneli
JHCENe3HOU KUCTIONbL HA NOBEPXHOCMU DJIEKMPOIUSHOU AUEUKU, YN0 NPUBOOUM K COKPAWYEHUIO OIUMETbHOCHU NOJIY-
yuxna evloeneHust KUciopood. Onucano mexHoIoSUHecKyio cxemy 1ab0pamopHo20 CmeHoa, QUKCUpyowezo napamempol
pabomul 21eKMpPOIU3EPA: USMEHEHUE HANPAXNCEHUsl, OAGIeHUSl, CUbl MOKA U KOIUYeCmS8a BblOeIsemMo20 8000pood
(kucnopooa). Bulbpanbl onmumaivhvle npedenvl USMEHEHUs HANPSAICEHUs NPOMEKAHUS INeKMPOXUMUYECKOU pe-
akyuu (0,3 — 1 B), umo daem 803MOI’CHOCIb MUHUMUUPOSAMb VOCbHbIE 3AMPAMbl JNEKMPUYECKOU IHEPSUU HA
npoyecc 8bloeNieHUst 6000pP00d U KUCIOPOOQ. []anbl peKOMeHOAyUy no NPUMEHEHUI0 OAHHO20 CNOCOOa NOIYHEeHUs! 60-
00po0da (KUCIopooa) ¢ UCNOIL308AHUEM 8 KAHECHIBe NEPEULHO0 UCTNOYHUKA B0300HOBNACMBIX BUOOS8 IHEP2UU (CONHYA,
6empa), OMAUYAIOUIUXCSL HENOCHOSHCINBOM NOCHLYNJICHUSL.

Knrwoueesle cnoea: 6000poo, nepenanpsiceHue, 2a30N02N0WAIOWULL DNEKMPOO, DJEKMPOXUMU4ecKds AdelKa,
NJIOMHOCb MOKA.
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