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Y cmammi euceimaeno ocodaueocmi enauey
oanicmuunozo xKoeiuicnmy memanviozo ene-
Menmy Ha xapakmepucmuxu Kinemuunoi 3opoi
Hecmepmenvioi 0ii ma 60ioeoi 30poi 3 ooMme-
Jcenoto oanvricmio 3abitnoi 0ii. Pospooaeno
Memod opmyeanns eumoz do Ganicmuunozo
Koeiyienmy MemanvHoz0 ejlemMenmy KiHemuy-
Hoi 30poi

Kmouoei cnosa: 6anicmuunuii xoeivienum,
MemanvHuil eseMenm, Kinemuuna 36pos, 6umo-
2u

=, u |

B cmamve noxasamnvt 0cobennocmu 6auAHUA
oannucmuyeckozo x03pPuyuenma memameo-
HO020 3JleMeHma HA XapaxmepucmurKy KuHemu-
4eCK020 OPYIHCUSL He CMePMeNbH020 0elicmeus
u 6oes0z0 opyrcus ¢ OzpanuteHHOll 0anbHOC-
mv1o Yyooiinozo deticmeus. Pazpaboman memoo
dopmuposanus mpebéoeanuii k¥ Ganrucmuue-
cKOMY K03 Puyuenmy memamenvnozo nemen-
ma KUHEMUuUecKoz20 OpYHcust

Kniouesvte cnosa: Ganrnucmuneckuii x€03¢-
Quyuenm, memamenvHolii dnemeHm, Kunemuue-
cKoe opyoicue, mpebosanus

u] =,

1. Beryn

Ha 036poenHi cusn oxoponu npasotuopsiaky (COIIp)
Ykpainu nepeGyBaoTh 3pasku KiHeTUIHOI 36poi, AKi pu-
3HaYeHi I ypasxkerus 1ijai (6oitosa 36pos (B3)) abo aus
npuaymeHHs il (KiHetuuHa 36post HeCMePTEeIbHOT il
(K3HL)).

s ypaskenns mini metanpuunii enement (ME) nij uac
3yCTpivi 3 IiJIJTI0 TOBUHEH MAaTHU OCTATHIO KIHETUYIHY Ta
MUTOMY eHeprii, 1o 3abesnedars MOTPIOHY IPOOUBHY Ta
3abiiiny aii. s npuaymenns wiai ME nig yac 3ycrpiui 3
IiJIT10 TOBUHEH 33/[0BOJIBHATH JIBOM YMOBAM — JIOCTaTHS
i He Ha/AMipHa KiHETMYHA eHepris Ta MUTOMa eHepris y
mesxkax 0,5 [lx/Mm? [1, 2]. B okpemux Bunajakax € norpeba
y 60iioBiii 36poi 3 0OMeKeHOI0 BigcTaHHIO 3ab6iliHOT Ail
(B30B) [3], axa mae pucu gk b3, Tax i KSH/L.

YK 623.44

METO/
®OPMYBAHHA
BUMOI 4O
BANICTUYHOIO
KOE®DILUIEHTY
METAJIbHOIO
EJIEMEHTY
KIHETUYHOI 36POI

O. I|l. bBineHko

KaHaupat TexHIUHKWX HayK, AOLEHT

Kadenpa 036po€eHHs Ta crnewjianbHOT TEXHIKH
Akapemisi BHyTpiLwHix Bincbk MBC Ykpainu
nn. MNoectaHHs, 3, M. Xapkis, YkpaiHa, 61001
E-mail: albilenko@yandex.ru

OTsxe, nix yac npoexkryBanusa b3, K3H/[ ra B3OB
BUPINITYIOTHCS Pi3Hi 3aBAaHHs. Y MEPIIOMY BUTAAKy He06-
XijiHO 320€3MeunTy 3HAUECHHSI EHEPreTHYHNX XapaKTepu-
ctuk ME, mo 6yayTh He HUKYE 3alaHIX, Y APYTOMY — 3a-
6esrneunTtu eHepretuyHi xapakrepuctuku ME y 3aganux
MeKax, ay TPeTbOMY — PO3B’I13aTH OJTHOYACHO /{Ba IIEPIINX
3aBIAHH 115 Pi3HUX A1MSHOK TpaekTopii ME.

2. IlocranoBka npoGiemu

[list MeTaJbHOTO eJIeMEHTY 3aJlaHuX Kajibpy, Macu
i KOHCTPYKIlil KiHeTM4YHA Ta nmurTomMa eHeprii € (yHK-
mieto Woro meuakocti. OTxke, 3aBranng 3abe3mMedyeHHA
eHepreTUYHUX xapaktepuctuk ME y samanux mexax
3BOMMTLCS 10 3aBAAHHS 3a0€3MeUeH s y TIEBHUX MeKax




itoro mBuaKkocti. 3 pyxom ME 1o TpaexTopii itoro msuj-
KiCTb T1aJla€, TOMY Ha IEBHUX BiJICTAHSAX CHEPreTUYHI
XapaKTEPUCTUKU MOXKYTb 33/I0BOJIbHATH BCTAHOBJICHUM
BUMOTaM, a Ha IHIIMX — MaTy 3aMaJii 3HaueHHs abo mepe-
BUIILYBATH HOPMY.

Jluramika maginag mBuakocti ME BHacxigok aepo-
NMHAMIYHOTO OMOPY MOBITPS 3aJeXUTh BiJl HU3KU (dak-
TopiB: Macu m, giamerpy d, hopMu Ta MWBUAKOCTI PyXy
ME, a takox mapameTpiB atmocdepu. [Ipu poss’azanni
NpakTUYHUX 3ajad 30BHINIHBOI 6aicTUKK y GiIbIIOCTI
BUIA/KIB HMBUAKICTbL Ta OOTIYHICTH MeTaJbHUX eJie-
MEHTIB MalOTh MaKCUMaJbHO MOJXKJIMBI 3HaYeHHI 1 He
MiIaI0ThCsl KOPEryBaHHIO, AK i napameTpu atMochepu.
Tomy nns BpaxyBaHHs BNAWBY xapakTepuctuk ME ma
MPUCKOPEHHSI CHUJIM aepOJMHAMIYHOTO OMOpPY 3a3BUyait
3aCTOCOBYIOTH bamicTuunuit koeditient [4 — 6]:

d2
C=i--—1000, (1)
m

ne i — xoedimient popmu ME.

Yum meHm 3nadvenHss C, TUM MeHIIE NPUCKOPEHHI
CUJIW aepOJMHAMIYHOTO OIMOpPY Ta MaJiHHS MBUIKOCTI
ME wua rpaekropii. KepyBatu Besuuunoio C moskHa
3MiHO0uM Macy, fiameTp ta popmy ME. Ase Bkazani na-
paMeTpu ToB’sI3aHi 3 iHmMUMHU XapakTtepuctukamu ME.
Tak, Hanpukaa, nigsuiienus obrivnocti ME masgxom
3BYJKEHHS Ta MOA0BKEHHS HOCOBOI YacTUHU 301JIbIINUTD
3HAYECHHS MUTOMOI eHeprii, 110 He € NPUITYCTUMUM JJIs
K3H/; cyrrese miaBuienns macu IIE ckmagno peadti-
3yBaTu 3 OTJAAYy Ha MIJBHICTH iCHYIOUMX MaTepiais,
npugatHux aas surortoisenHs ME, pniamerp ME e
MOJe mepeBunlyBaTu Kauaibp 36poi, tomo. OTxe, Ha
MPAKTUIIl HE MOXKJIUBO 3abe3neyntu Oy[b-siKe 3HAYEH-
st C uepes OCUTH BY3bKi MeKi BapiloBaHHS BKa3aHUX
BHIIE TAPAMETPiB, TOMY BUHUKAE TOTPeba y BUBHAYEHH]
takoro snadenns C, ske 3a6e3Me4NTh NPUITHATHE T1a /i H-
HS NIBUJKOCTI METAJbHOTO €JIEMEHTY.

3apa3 MeToAM PO3B’sI3aHHS MOAIOHUX 3aBAaHb [JIs
K3H/l ra B3OB BigcyTHIi, Tpo 1m0 CBiAUNTH HEBIATIOBI -
HicTh Besinkoi KinbkocTi 3paskiB K3H/[ Bumoram npak-
Tuku [7] ta BigcyTHicTh Ha 036poenns B30OB.

Mera crarti — po3pobka MmeToay HOPMYBaHHSI BUMOT
10 GajnicTuyHOro KoedilieHTYy METAJbHOTO €JIEMEHTY
KiHeTHYHOI 30poi.

3. Mertoz popMyBaHHS BUMOT /10 GATICTHYHOTO
Koe(DiliEHTy METAJIBHOIO €JIEMEHTY KiHeTHYHOI 30poi

Posp’a3annga 3aBgaHHg 3 OOMEKEHHAM MiHIMaJbHUX
i MaKCUMaJbHNUX 3HAYEHD €HEPreTHIHNX XapaKTEePUCTUK
MeTaJIbHOTO ejieMeHTy, sike Binactuse ansa K3H/I, € naii-
Gisibll yHIBEpCAJbHUM 3 THX, 1[0 PO3IJISAAATHCS, TOMY
PO3MOYHEMO 3 HBOTO.

BuxiguuMmu 1aHUMHY IPU IBOMY € MEKi 3aCTOCYBaHH S
36poi no Bigcrani Xpin Ta Xpax | NPUITYCTUMI 3HAYEHHS
KiHeTu4yHOI eHepriit Ey iy Ta Ex ay.

3uavenns mBuakocti ME B Touri TpaekTopii L mae
Bun [8]:

V, =V,-e %, (2)

ne C — 6amicTuannii koedinienT, M2/xT;

Vo — mouaTkoBa MBHUAKICTH METAJbHOTO €JeMeHTa,
M/C;

V| — MBHUAKICTh MeTaJIbHOTO ejleMeHTa Ha BijcTaHi L
Big 36poi, M/c;

k =3,2910"% — koedinienT, 1o BpaxoBye AaHi 3aKOHY
Ciauui ta armocdepu CA-81.

IlepeTBopuBmU (2) OTpUMaEMO

nYo (3)

1
C=—vo
kL Vv,

Kinernuna enepris [1E nopisuioe

m-V?
E =—, 4
= (4)
3BIIKK
v 2B (5)
m

Ingax ME Big nysnbHOro 3pisy 0 TOUKU TPAEKTOPIi 3
Koop/AnHaTo0 L 3aMiHNMO MIISIXOM Bif MTOYATKY A0 KiHIS
niammasoHy NPUIYCTUMOTO 3aCTOCYBaHH 30pOi:

AX = Xipax — X min- (6)
Tepenumemo (3) 3 ypaxysanusam (5) i (6) Ta orpuma-

€MO BHUpa3 JJis POo3paxyHKy 6asicTHYHOTO KoedillieHTy

K3H/I:

Ek max (7)

k min

In

k-AX

Ha puc. 1 maBegeno 3anexnicts C(AX) nis K3H/I, 3a
YMOB MaiHH KiHETUYHOI eHeprii MeTaJbHOTO eJeMEHTY

380 mo 65 [k [9].
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Puc. 1. 3anexHicTb 6anicTUUHOro KoediLieHTy MeTanbHOro
eneMeHTy Bij Aiana3oHy BigcTaHel 3acTocyBaHHA 36pol ans
BUMAAKY NafiHHA KiHeTUUYHOI eHeprii go 15 [k

3 PUCYHKY BUJIHO, 1O JJisi 3a0e3leueHH st BiTHOCHO
Benukux sHadeHb AX (6isbie 25...30 M) HeoOXiAHO MaTH
C y mexax 10..12 m%/xr, mo Bignosizae Mamoxamni6ep-
HUM Ta MCTOJETHUM KYJIsIM 60H0BOI cTpisenbkoi 36poi
[10].

Aute i 3pasku 36poi MaOTh HENPHUITHATHY MUTOMY
etepriio Ep,, =3..7 [k/MM2, a nigsuuenns jgiamerpy
ME 3 MeToI10 36iJIbIIeHHS TJI0MI KOHTAKTY CHPUYMHUTD
3pocTanus Gasictuanoro xkoedimienty (1).



Jocsaruenns uuspkux 3Hadenb C puass K3H/L € mpo-
6eMaTUYHUM TaKOK Yepe3 HU3bKY IIIJbHICTh I'yMH Ta
JIACTU30J1I0, 3 AKUX BuUrorosiasiots ME mmra K3H/.
Orxe, npu dhopmysanni sBumor 1o K3H/I tpeba mrykatu
KOMIIPOMiC MiXx [iarma3oHoM BijicTaHell 3aCTOCYBaHHS
36poi AX Ta IiarmazoHoM MPUIYCTUMHUX 3HAYEHD KiHETHY-
uoi eneprii ME AEy = Ex nax — Ex min-

Jlng poss’szannsg 3aBganns 3abesledeHHs eHepre-
TUYHUX XapakTepuctnk ME me Hmxde 3amanux, gxe €
BaactTuBuM g b3, gocrarubo piamasoHn sigcranein AX
NPUPIBHATH 10 TPUIINBHOI BifcTani X, 3HaueHHsA By oy —
no nynbHoi eneprii E,, a snauenns Ei iy, — 110 eHeprii, mo
3abesneuye 3a6iliny Aito Ey 6. [lpu 1ibomy Bupas (7) upu-
iiMe BUI:

(8)

IIpn posB’s3aHH] BKa3aHOTO 3aBAaHHs MpobJeM, 3a
BUHATKOM JysKe Jaaekobiiinoi 36poi, ne Bunukac. Ile mo-
SACHIOETBCSA THM, 10 Nafinns eneprii na gimanmi 0..X;,
MOsKe OyTH BiJHOCHO BEJUKUM Ta OOMEKYETHCS JIUIIE
MPaKTUYHO JOCSKHUM 3HadeHHAM E;. [l 3paskiB cTpi-
Jertbkoi 36poi, mo mnepebysaoTh Ha o036poeHui COIlp
Yxpainu BigHomenus E; / Ey i, kosmuBaeTbes Bin 3 pis
9-mMm micToneta Makaposa mo 32 mis 7,62-Mm cHanepch-
Kol rBUHTIBKHY /[paryHoBa.

VY unaznky aasa B30B sHauenns 6asmicTuunoro koedi-
I[IEHTY NOBUHHE OYTU HE HUIKYE TAKOro, sike 3abe3nedye
MIOCTATHE MAJiHHA MBUAKOCTI Ta eHeprii ME Ha mingnmi
AXj = Xpax — Xyp. BUXignumMn 1anumu 1715 po3paxyHKiB
€ npuuinabHa Bigcranb Xy, €Heprid, 1o 3abesmneuye 3a-
Giiiny ait0 Ej 546, BiAcTaHb, Ha AKiil He NPUIIYCKAETHCS
ypaskeHHd 111 Xy, Ta MAKCUMaJIbHO TPUITYCTUMA eHep-
rist Eg max (9):

1 E
— 1 k 3a6
kAXl ! Ek max ’ (9)

JloIaTKOBUMY YMOBAMU PO3B’SI3aHHS I[bOTO 3aBJaHHS
€ 3naxo/Kenng nutomoi ereprii ME y mesxax 0,5 Jlx/Mm?
Ha BiZicTaHaX, 6iabmuXx 3a Xpay, Ta 3a0€3IEUEeHHS 0CTaT-

HbLOI eHepTii Asa ypaxenns uini na siacrani Xy, lpu ne-
BeJIMKi pisnuii Mik Xpyax Ta Xy, BKa3ame 3aBaiisg MokKe
He MaTH pillleHb.

Jlna mpakTuunrOoro 3actocyBauHs 3ajexnocti C(AX)
BasKJIUBUMU € abCoMIOTHI 3Ha4eHHA Ei min Ta Ex max, OTHKE
il 10IIJIBHO OTPUMYBATHU OKPEMO JJIsI KOKHOTO KOHKpET-
HOTO BUIIA/IKY.

Aute 14 onepeIHbOTO aAHAJI3Y MOKJINBOCTEH PO3B'S-
3aHHSI 3aBAaHHs O11bII 3pyYHOIO € 3asexkHicTh C(AX) nus
BisiHOCHOI 3Minu KineTuunoi eneprii SEi (puc. 2). Y mbomy
Bunaaky sBupas (7) mpuiime Bug (10):

1 1
- In , (10)
k-AX \1-0E,
Ef e —Ei i
e SEk — 'k max k min .
k max
C, e 120 \ \
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Puc. 2. 3anexHicTb 6anicTUUHOrO KOeiLiEHTY MeTanbHOro
eNleMeHTy Bij, Aiana3oHy BifcTaHel 3acToCcyBaHHA 36poil

CyKyIHICTb OTPUMAHUX Pe3YJIbTATiB CKIALA€ METOZ,
AKUH 103B0JIsA€ (HOPMYBAaTH BUMOTH A0 OaJicCTUYHOIO
KoedilieHTy MeTaJbHOrO €JeMEHTY KiHeTu4Hoi 36poi
nnsg sunankis K3H/[, b3 ta B30OB, a Takox mpoBoauTu
rorepe/IHiil aHasi3 MOKJIMBOCTEH PO3BA3aHHS BKa3aHUX
saBaanp (taba. 1).

Tabnuusa 1

Meton dhopMyBaHHA BUMOT A0 6aniCTUUHOro KoedilliEHTy MeTalbHOrO efleMeHTy KiHeTUUHOT 36poTl

Ne Dopmysans Buxingni nani PospaxyHKoBi cHiBBiIHOIIIEHHS JlonaTkoBi yMOBH
/1 Bumor 10 C AHLA paxy A A y
1 ﬂ]lf{ KBH[[ Xminy Xmaxy — 1 n k max AX = Xmax - Xmin:
Ek miny Ek max k - AX K min Emrr < 075 IbK/MM2
any C _
2 Jlst 60itoBoi 36poi En, - Bixcyrni
Ek 3a6
Xmax > Xup;
. .. Xinax AX 1 = Xpnax — Xups
Jlnst 60iioBoi 36poi fmax 1 E ! max_ ©Ip
. . o X b, C= 1 k 3a6 akuo X < Xy, TO
3 3 0OMEKeHHSIM 110 BizictTaHi 3a6iitHol =—0Q0—In | ——
i Ex 3209 k . AX1 Ek max Ex = Ex 3a09
Ex max SAKIO X 2 Xmaxy TO
EIIM'I' < 075 AH;K/MMZ
1 1 AX = Xmax - Xmin
4 ITiy yac n(u)nepezEHboro aHai3y Xininy Xmaxs _ In SE. = Ek max — Ek in
MOJKJINBOCTEH PO3B’si3arts 3aBAAHHS | Ek min , Ek max k-AX 1- SEk kK~
k max




4. BucHOBKH

1. [liamazon BigcTaHeill 3acTOCYBaHHS KiHETUYHOI
36pOI CYTTEBO 3aJI€KUTh Bijl AMHAMIKY TTaJiHHS BN /-
kocti ME, ma Ky okasye BIIMB ioro GasicTUuHMI
koedinient. OTKe, € HEOOXIAHICTD y MeTOHAX, AKI 10-
3BOJISIIOTH PO3paXyBaTu TakKe 3HAYEHHS OaJiCTUUYHO-
ro koedimienry, ke 3a6e3MeYNTH TPURHATHE MaAiHHA
mBuakocti ME.

2. Yepe3 HeMOXKJIUBICTH 3a0e3IMEYEHHS] JOCTATHDO
MaJuX 3HAYeHb OAJICTUUIHOTO koedinienty ME K3H/]
pPO3B’sI3aHHS 3aB/laHH4 i1 IPOEKTYBAaHH 32 IIEBHUX YMOB
HE € MOJKJIMBHUM Ta MOTPeOYE KOMIIPOMIiCY Mix IITHPUHOIO
nianasoHy BigcraHeill 3actocyBaHHs 36poi Ta gianaso-
HOM IIPUIIYCTUMUX 3HAUeHb KiHeTHuHOI eHeprii ME.

3. IlpoekryBanHs 6oiioBoi 30poi 3 0OMeKeHHSIM
mo BigcTani 3a6iiHOT Aii € HaW6IABIIT CKIALHUM Yepe3
HEOOXIAHICTh OAHOYACHOTO BUKOHAHHSA YMOBU Haj-
iHHOTO ypa’keHHS IiJi Ha BiJ[CTAHAX M0 MPUIIIBHOI
Bkiouno. [Ipu Hegocrtarniit pisuuii Mixk MaKCUMaJlb-
HO IIPUIYCTUMOIO BifcTanHIO 3a6iiinoi aii ME ta npu-
MiJBHOIO BifcTaHHIO 36pOI 3aBAaHHS MOXKe He MaTh
pileHHS.

4.Y crarTi po3pobIeHo MeTO, IKUiT 103BOJIsIE GOp-
MyBaTH BUMOTH A0 OajicTuunoro koedimienty ME
K3H/I, b3 ta B30OB, a takox mMpoBOAUTH MOMEPEIHIN
aHaJIi3 MOXKJIMUBOCTEH PO3B'I3aHHS BKa3aHUX 3aB/aHb.

HanpsamkoMm moaanbmoro AocCJiIkeHHS € PO3po-
6srennst MeTony HOpPMYBAHHS BUMOT /[0 AYJIbHOI MIBU[-
KOCTI METAJIbHOTO €JIEMEHTY KiHeTUUHOT 30POi.
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