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OOCNIMKEHHA NAPAMETPIB B3A€EMO[Ii 3EPHOBOIO
MATEPIANY 13 NOBEPXHEIO ENIACTUYHOI CEKLIT LLUIHEKA

Y cmammi 3anpononoeano Ho8y KOHCMPYKYIIO wiHeKa 3
CEKYIHOI0 enacmuyHoI0 NOBePXHEIO, AKA NPUSHAYEHA OISl 3MEHWEeHH s
CmMyneHs — NOWKOOJCEHHA  3epHO8020  Mamepiary — npu 1020
mpancnopmysanui. IIposedeno meopemuynull po3paxyHox 63aEmooii
3epHUHU 3 eNacmuyHol0 ceKyiclo wHeka. Hasedeno pesynomamu
EeKCNePUMEHMATbHUX OOCTIONCEHD.

THYYKHN TBUHTOBUII KOHBEEP, 3EPHOBUI MATEPIAT,
EJJACTUYHA CEKIIsS HIHEKA, TEOPETHUYHI
PO3PAXYHKH, BATATO®AKTOPHU EKCIIEPUMEHT

IMMocranoBka mnpodaemu. IIlHeKOBI KOHBEEpU OTpUMAH
LIUpOKE BUKOPUCTaHHS iz qac TPaHCIIOPTYBaHHS
CUIBCBKOTOCTIONAPChKUX MarepianiB. OpHak mpu iX mHepeMilleHHl
BUHHUKA€ 3HAYHE MOIIKOPKEHHS TPAHCIIOPTOBAHKX TiJI, IO BiIOYBa€ThCA
BHACHIZIOK IMONAJaHHId YacTHHOK Yy 3a30p MIX IIOBEpXHEI O0epTaHHA
[IHEKa Ta HEPYXOMOIO BHYTPIIIHBOIO MOBEPXHEI0 KOXYXa, IO TAKOXK
MPU3BOAUTE IO TiJBHIICHHS €HEPrOBUTPAT.

[Ipobnema 3HMKEHHS MOMIKOPKEHHS 3ePHOBUX MaTepiajiB mpu
X TpaHCIIOPTYBaHHI ITHEKOBUMH POOOYMMH OpraHaMU, HE3BaXKaloud Ha
3HaYHy KIUIBKICTh [JOCHI/KeHb, SKi TIOB’si3aHI 3 BH3HAYCHHSAM
ONITUMAJIFHUX TTapaMeTpiB TBUHTOBUX POOOYHX OpTraHiB, € HE TOBHICTIO
BHPIIICHOIO. CytteBoro 3MCHIIICHHS TTOIIKOIKCHHS
CLITBCHKOTOCIIONAPCHKUX MaTepialliB MpH iX TPaHCHOPTYBaHHI MOXKHA
JOCATHYTH IIUIIXOM 3aCTOCYBaHHS €JNACTHYHHX ITOBEPXOHb POOOUYHMX
OpTaHiB, 110 JO3BOJIUTH MiHIMi3yBaTH IMOMIKO/HKCHHS Ta €HEPTOEMHICTD
TEXHOJIOT1YHOTO MPOIIECY.

AHani3 ocTaHHiX aociaimkeHb i myOaikaniii. Bupimenmto
JaHUX THMTaHb, a caMe po3poOli EHeproomaJHUX KOHCTPYKIIN
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TBHHTOBHX pOOOYMX OpraHiB Ta BHOOpPY iX pallioHaNIbHHUX IapaMerpiB i
pexuMiB pobOTH nprcBsYeHi mpati [1-7].

Pe3ynpraTn nmocnmiJpkeHb KOHTAKTHOI B3aeMOZil 3epHa 3
poOOYMMH TOBEPXHSIMH, & TaKOXK HAMPSIMKU IiJBHUIICHHS PECypCy
pOOOTH TBUHTOBHUX TPAHCIOPTEPIB BUKIACHO B poboTtax [8, 9].

B HaykoBiii JiTepaTypi Ta NHaTeHTaX Ha BHHAXOMM Jenali
YacTile 3yCTpivaloThesi KOHCTPYKTHBHI PIIIEHHs, sIKi CIPSIMOBaHi Ha
OIBbII KapIUHAIbHE BHUPIIICHHS AaHUX NMPOOJEMHUX NMUTaHb, B MEPILY
4yepry 3a paxyHOK 3aCTOCYBaHHsS Ha POOOYMX MOBEPXHSX EACTUYHHX
eNleMeHTiB. TeopeTn4Hi JOCIHi/KEHHSI B JaHOMY HampsiMi HaBEIEHO B
poborax [10, 11].

Meta pociimkeHHsi. MeTo JaHHUX JOCTIIKEHb € 3HIDKEHHS
CTYIICHA TMOINKO/PKCHHA CHIIKUX MaTepianiB [UIAXOM BUKOPUCTAaHHA
PO3pO0JIeHOI KOHCTPYKIIIT IIIHEKa 3 CEKIIITHOI0 eTaCTUYHOI TBUHTOBOIO
MIOBEPXHEI0 Ta BU3HAYCHHS HOTO pallioHaIbHUX MapaMeTpiB.

Pesynbratn  gochaimkeHHsi.  JIAs  3HWOKEHHS — CTyIeEHs
NOIIKO/DKEHHSI  36PHOBOI'O  Marepialy MpH HOro TPaHCIOPTYBaHHI
IIHEKOBUMH pOOOYMMH OpraHaMH TIPOMOHYETHCS JIO  YKOPCTKOL
IBUHTOBOI OCHOBH KPIIIMTH €JaCTHYHI CEKIil, SIKi IOBUHHI TPOTHHATHCH
y BUIAJKY IONAJAHHS 3€pHUH Y 3a30p, L0 YTBOPEHHUH MiX HEPYXOMOIO
BHYTPILIHBOI0 IIOBEPXHEI0 HANpPAaBIAIOUOr0 KOXKyXa Ta 00EpTOBOIO
nepudepiiiHoro mosepxHeto mueka [12]. Ipu Bu3HaYeHHI 3ycHitb, sKi
BUHHKAIOTh NPH Oe3M0oCcepe/IHii B3aeMOIT enacTHYHOro pedpa IIHeKa, B
SIKOCTI 3€pPHOBOTO MaTepiaiy pO3ISIHEMO 3epHHHY KYKYpyn3H, Ghopmy
SIKOT MOYKHA OTIMCATH TiBChEpOoro 3 epexooM y Koryc [13, 14].

PosristHeMo mporiec B3aeMO/Iii eTacTHYHOI ceKilil mHeka (prc. 1)
i3 HamiBCQEpUIHOI MOBEPXHEIO 3€pPHUHM KYKypya3u 1, sika 3aiiemieHa
MDK  BHYTPILIHBOIO TIOBEPXHEIO HANpPABIISIIOUOrO KOXyXa 2 Ta
nieprgepiitHOI0 TOBEPXHEIO €TaCTUYHOI CeKIIii 3.

[TonmoxxeHHA 3epHUHHU KYKYpyIO3d, AKa MOXe OyTH HaiOiuIpIn
HMOBIpHO 3aIIeMIICHOIO 300pakeHo Ha puc. 1.

[lpn 3amemiieHHI 3epHHHA KYKYpPYI3UW CBO€K KOHYCHOIO
MIOBEPXHEI0 TOPKAETHCSA BHYTPIMIHBOI MOBEPXHI KOXKyXa, a CPEPUIHOIO
TTOBEPXHEIO B3a€MOJII€ 3 €TACTHYHOIO CEKITIEF0 IITHEKaA.

3amemMIIeHHS 3C€pHUHU BiIOYBA€TbCA Yy BHMAIKY, KOJIH
MaKCHMAaJBbHUI MOYaTKOBUH KYT 0, Mi>K HOPMaJIbHOIO CHIIOIO B3aEMOIIi
eIIAaCTHYHOr0 pedpa MIHEeKa 3 IMOBEepXHEro 3epHHHH Ny 1 TUIOIIMHOIO,
TIEPIICHANKYIISIPHOIO 10 OCi 00epTaHHS IIHEKa, € MCHIIIMM HiXK KYT TepTS
3epPHUHH 10 BHYTPIIIHIH MOBEPXHI HAIIPABIIIOUOTO KOXKYXA.

[Tpyn 3amemsieHii 3epHUHI €TacTHYHA CEKIisi KOB3a€ BiHOCHO
Hel B KOJIOBOMY Ta OCbOBOMY HalpsIMKax 3 BiJIOBiIHOIO aedopmamniero.
Hampsimox cnmn Ny, ipu ibomy HabmmkaeTsest 10 oci OY, a ii Benudauna

4
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3pocrae. TeopeTHdHi po3paxyHKH CIPSMOBaHI Ha BU3HAUYCHHS TaKHX
rapaMeTpiB B3aeMOJIl €IacTUYHOI CeKIii i3 3epHUHOI0, IPU SIKHX Oy[e
BHKIIIOYEHa MOXIMBICTh 1i ITOHMIKODKEHHS. TOOTO emacTW4Ha CeKIyis
[ITHEKa POTHETHCS BiTHOCHO 3alIEMJICHOI 3epHUHHU HE TIOIIKOKYIOUH .

Puc. 1 - Cxema 3ycuiib,
nepeMilieHb Ta
nedopmartiid, sKi
BHHUKAIOTh MiX
€JIACTUYHOIO CEKLICI0
IITHEKa Ta 3alIeMJICHOIO
3EPHUHOIO KYKYPY/I3H

PosrnsiHeMo mpoliec mepeMillieHHsT enacTMYHOI Cekuii Bix
NOYaTKY ii KOHTAKTYy i3 3epHHHOIO (TOYKa A), SKWil BU3HAYAETHCS KyTOM
07 JO TIEBHOTO TOTOYHOTO po3TamryBaHHs (Touka B). OCKiibku
eNlaCTUYHA CEeKIlisl IIHeKa He € aOCONOTHO NPYKHOI, a BeJIH4YHMHA ii
NPOTUHY € HE3HA4YHOI0, TO B MEPLUIOMY HAaOMIDKCHHI HPHIMEMO, IO
JoBkuHa Xopau OB [OpiBHIOE JOBXHHI KOHCOJBHOI YacTHHH
€J1acTUYHOI cekii |.

[lorrepenup0 BH3HAYMMO BHUCOTY EIACTHYHOI CeKIii ¥y
31e(OpPMOBAaHOMY CTaHi V7 IpH mepeMilleHHi {1 BUTPHOTO KiHIA 3 T. 4 B
T. B, TOOTO Bi MOYaTKOBOTrO KyTa KOHTAKTY O, IO IOTOYHOrO o.. Tomi

V,=1-A,, (1)
Ie Ay — BEIMYMHA IMOTOYHOTO 3a30py MK ENACTHYHOI0 CEKIEI0 Ta
BHYTPILIHBOIO TOBEPXHEIO KOXKYXA, M, BU3HAYAETHCS 3 BUPA3Y

A =A,-A,, )
oe A, Ta A, — BIONOBITHO BEIMYMHH IIOYATKOBOI'O Ta 3aJHIIKOBOTO

TIEPEKPHUTTS ENACTUIHOI CEKIIii 13 3epHIHOI0, M.
Bemuuunu A i A, BiIOBIIHO BU3HAYAIOThCA!

A, =r —rcosa, =T, (1-cosa, ), ©)]
A, =r,—r cosa, =r,(1-cosa, ), (4)

5
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e I'; — paaiyc HaniBc(epruIHOI IOBEPXHI 3epHUHH KYKYPY/I3H, M.
[MincraBnsroun 3anexHocti (3) i (4) y (2) MaTuMeMo:

A, =1, (1-cosa,)—r,(1—-cosa, ) =T, (cosa, —cosa, ). (5)
[MixcraBnsroun (5) B (1) orpumaemo:
V, =1-r(coso, —cosa, ). (6)

Toni 3 TpukyrHuka BOQO; BHU3HAYa€EMO IOTOYHE 3HAYCHHS
MIPOTUHY €ACTHYHOI CEKIIii:
2 2 2
fo=1"-V,

f, =\/I2—(I—r3 [cosa, —cosa, )2 : @

[Ticnst mepeTBOpeHb OTPUMAEMO

f, = \/g (cosa, —cosa, ) (21 —r, [cosa, —cosa, ]) - (8)

3rigHo [15] mepemimieHHsT HaBaHTA)XEHOTO KiHII KOHCOIBHO
3aKpiIUIeHOT OaJIKK BU3HAYAETHCS 32 (POPMYIIO0:

3
NP ©)
3El
ne N — cuna B3aeMoii elacTHYHOI CeKiii 3 HoBepXHeto 3epHuHH, H;
E — monynb npyxHocTi enactiuyHol cexiii, [1a;
1 — MOMEHT iHepIii enacTHYHOI CeKIIil, m*
k — xoedirtient, sKuii BpaxoBye ¢GopMmy MpodiI0 eTacTHIHOI CeKIil
LIHEKa.

[Mincrapnsroun fy, 3 piBusuHsa (8) B piBHAHHA (9), a TakOX
BpaxOBYIOYM MOMEHT iHepIii cekilii, MatumeMo cuiy Ny, sika BUHUKA€E
Mix nepudepiero eIacTHIHOT CeKIIii Ta 3ePHUHOIO 32 3aJIeKHICTIO:
N E (b —a“)\/g (cosa, —cosa, )(20 -, [cosa, —cosa,])

° 161% (b—a)k '
3rizHo manux [15] Momynap TPYKHOCTI IS IMX MartepianiB
cTaHoOBUTH: TyMa (mpu Mamux jgepopmanisx): E = (0,01...0,1)-10° ITa;
MOJIeTWIIeH HU3bKOro THCKy: E =0,2: 10° IlIa; mosmieTuneH BHCOKOI'O
teky: E = 0,8-10° Ta.

[puitmemo, mo aHami3z 3amexsocti (10) OymemMo MPOBOIUTH B
miamasoni 3radens E = (0,05...0,25) 10° ITa, npu cepeaHbOMy 3HaYeHHi
E=0,15-10° [Ta. BenuunHy KOHCONBHOTO BHCTYITY €IaCTHYHOI CEKIIii
sMiHoBann B Mexkax | =0,024...0,032 M, Tpu cepenHbOMY 3HAuYCHHI
| = 0,028 M. 3Hauennst b Ta a npwitvamm B Mexax: b=0,020...0,024 m;
a=0,014...0,018 m.

3riJHO BIIOMHX JOCHTIKEHb [5] MOBXHMHA 3€pHUHH KyKypyI3H
3Haxomutbess B Mexkax 0,0052...0,014 m; mmpmaa — 0,005...0,011 m;
toBuHa — 0,003...0,008 M. Tomy panmiyc ii miBcdepuuHoi mMOBepxHi

6

(10)



Cinbcbkoz2ocnodapchki MawuHU. Bunyck 42

mpuitvai - B Mexax ;= 0,0015...0,0045m  (cepemHe  3HAUCHHS
r,= 0,003 m).

[Ipn Bu3HAuUeHHI IHTEHCHBHOCTI BIUIMBY BHIE3a3HAYECHUX
nmapamerpiB Ha BenuwuuHy Ny mpuiiHATO KpailiHe 3HaueHHs of = 0°
BinmosinHo y popmyri (10) BenmmumHa cos oy = 1.

Toni 3anexnicts (10) nmpuiiMe BUrIISAA:

E (b —a“)\/g (1-cosa, )(2I-r,[1-cosa, ])
- 1612 (b—a)k '
Cwia Ny, ska jie NEepHEHIUKYJSIPHO OO IUIONIMHH pedpa
poO3KIanaeThest Ha 0cboBy N, IO Jli€ B HANPSIMKY OCI ITHEKA i KOJIOBY

N,, siKa jie B HOro mornepeyHoMy nepepisi.
OcboBa Ta KOJIOBA CHJIM Bi/IMIOBIAHO PUIMYTh BHUTJISIL:

B E(b* —a“)\/ry (1-cosa, )(2l-r,[1-cosa, ])
0 = 161° (b—a)k

E (b —a“)\jr? (1-cosa, )(2l -, [1-cosa,])
N, = 5 sinB,. (13)
161% (b—a)k
BceranosieHo, 1mo MakcuMalibHU BIinB Ha 3HadeHHS N, 1 Ny
Ma€e MOJYJIb IIPY)KHOCTI TBUHTOBOI TIOBEpXHi enacTuaHoi cekuii. Jani 3a
IHTEHCHBHICTIO BIUIMBY Ha BeimuuHy N, € 0, JOBXHHAa KOHCOIBHOI'O
BHCTYITY peOpa mHeka | Ta Kyt B, HaXwTy TBUHTOBOI TOBEPXHI €TACTHYHOL
CeKLi.
Jns TmpoBeleHHS eKCHepPUMEHTAIBHHX —JIOCHiKEHb DPO3pOoOIeHHi
eMACTHYHHM IIHEK 3 MEPEeKPHTTIM CYCIOHIX enacTHYHuX cekmid [15],
KOHCTPYKTHUBHa CXeMa SKOoro 3o0paxkeHa Ha puc.2. Bin MicTuth
LEHTpaTbHUA Bajl 1 3 >KOPCTKOIO OCHOBOIO 2, HO SIKOi 3a JOIOMOTOIO
TBUHTOBHX IUTACTWH 4 Ta OONTIB 3 HAMIBKPYITIUMHU TOJIOBKaMH 5 Ta
rafiok 6 KpimaTees enacTudHi cekiii 3. [Ipu TpaHCTIOPTYBaHHS CHUITKHX
MaTepiaiiB B KOXKYci 7, P MOMaJaHHi 3epHIH MiXK MOBEPXHEIO KOXKyXa
Ta €JACTUYHUX CEKIii, OCTaHHI MPOTHHAIOTHCS, IO 3HIDKYE
TIOIIKO/KEHHS 3€pHUH.

(1)

N cosB,;  (12)
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Puc. 2 - KonctpykTrBHa cxeMa (a) Ta 3arajibpHui BUrsy (0) mHeka 3
MIEPEKPUTTAM €IaCTHYHUX CEKIIiH

Po3pobneHo  eKkcrepUMEHTalbHy YCTAaHOBKY  TI'BHHTOBOTO
KOHBeepa, sika 300pakeHa Ha puc. 3 [12].

Puc. 3 - ExcriepuMeHTabHa YCTaHOBKA ISl IPOBEICHHS TOCIIi [IUKEHD
CEKIIWHMX eNaCTUYHUX ITHEKOBHX pOOOYUX OpraHiB

3a pe3yabTaTaMi eKCIEPHUMEHTABHIX JOCTIIKEHb BH3HAYCHO
CHCPrOBUTPATH HA MpPHUBiJ TBHHTOBOIO KOHBEpPa 3 CEKIIHHONO
eTACTUYHOI POOOYOI0 MOBEPXHEIO MPH TPAHCIOPTYBAHHI 3EPHOBOTO
MaTepiajy Ta OTPUMAaHO PIBHSHHS perpecii

P=0,055+0,1110°n—-0,06:10%a — 0,014A + 0,21-10°na +
40,84-10“nA + 0,75:10%aA — 0,33:10°n? + 0,21- 10 a® — 0,5-10A%. (14)

[loBepxHi BiAryKy, SKi MOOyIOBaHI Ha OCHOBI PIBHSHHSA
perpecii (14) 300paxeni Ha puc. 4. 3 iX aHaNi3y BCTaHOBJIEHO, IO
JIOMiHYIOYMM (aKTOpOM, SIKHil BIUTMBAa€ Ha BENMYMHY P € dacrora N.
Jaui 3a IHTEHCHBHICTIO BIUTUBY € KYT O Ta BETMYMHA 3a30pY A.
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P, kBt

500 036 S
035 | ¥ag :,;o 35 N\ *

n, 06/xB
0

‘/“
Aowv 15 % ©
\//20
05 10 a, rpax
0

a S B

Puc. 4 - [ToBepxHi BiAryKy 3aJIE)KHOCTI MOTYKHOCTI P Ha NMPUBOJ
KOHBeepa:
a—P=f(n a)mpuA=2wmm;6—P=F(A,n)opu a =20 rpan.;
B— P =1 (A, a) mpu n = 350 06/xB

[IpoBeneHi TOCIIPKEHHSI 3 BU3HAYCHHS CTYIICHS TPaBMYyBaHHS
3€pHOBOT0 MaTepialy IIHEKOM KOPCTKUM T, Ta enacTuuHuM 7.
JlJ1st )KOPCTKOro 1IHEKa PIBHSHHS Perpecii 3aeKHOCTI CTYyIeHs
TpaBMYyBaHHs 36pHOBOI'O MaTtepiaiy Bijg o, N1 A Mae BUIIIAL
7,.=0,0108 + 0,00460. + 0,0005n + 0,053A . (15)
Juisi  enmacTM4HOro IIHEKa pIBHSHHS perpecii 3alekHOCTI
CTyIIEHsI TPaBMYBaHHs 3epHOBOI'O MaTepiaiy Bij o, N i A Mae BUIIISL
T.=0,0011+0,00120 + 0,0002n + 0,051A . (16)
BingmoBinHi MOBepxHi BIATYKY Bix 3MiHH (QakTopiB uis
JKOPCTKOro IHeKa 7T, 300pakeHo Ha PHC. 5, a I eNacTHYHOrO IHIHEeKa

e/ 325 A, MM
500 455 ppe
350 275

200

4. MM n. 06/xB n. 06/xB

a 6 B
Puc. 5 - [loBepxHi BIATYKY CTyneHs TpaBMyBaHHS 7, 36pPHOBOT'O
MaTepiay XKOPCTKUM IIHEKOM BiJ 3MiHM IBOX (paKTOpiB:
a-T,.=f(A 0);6-T,,=f(n a);B-T,=f(n,A)

2
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500

425 350 75 0

425
350 75 200
n. o6/xe n. ob/xs

Puc. 6 - [ToBepxHi BiAryKy CTyneHs TpaBMyBaHHs T, 3¢pHOBOT'O
MaTepiajy elacTUYHUM LIHEKOM BiJl 3MiHH ABOX (PaKTOpiB:
a-T,=f(A 0);6-T,=f(n,a);B-T,=F(n, A)

3 aHaji3y NMOBEpXOHb BII'YKY BCTaHOBJICHO, IO JOMIHYIOUHM
(akTopoMm, sSIKWil BIUIMBAaE Ha 3HaueHHS 1,., € BelNu4nHa 3a30py A. Jlami
3a IHTEHCHMBHICTIO BIUIMBY € KYT O i HECYTTEBO MOCTYMAEThCs HOMYy 3a
BIUIMBOM 4acToTa 00epTaHHs podouoro oprany N.

BucnoBkn. Ha ocHOBI BUBENECHUX aHANITUYHHUX 3AJIEKHOCTEH
0OIpYHTOBAHO palliOHaJbHI MapaMeTpy B3a€MOJIT eacTUYHHUX CEKLIH i3
3epHOBUM  MmarepiasioM  ¢opmu  miBcepa-koHyc.  BusHaueHo
IHTEHCHBHICTh BIUIMBY IapaMETPiB B3a€MOJIIT eIacTHYHOI CeKIii IIHeKa
Ta 3€pHUHU KyKypyI3W Ha BeaH4uHH ocboBOi N, Ta komoBoi Ny cui.
Bceranosieno, mo MakCHMalbHHII BIUIMB Ha 3HadeHHs N, 1 Ny Mae
MOJIYJIb TIPYXKHOCTI €NacTU4HOI ceKIlii mHeka. [lajii 3a iHTEHCHBHICTIO
BIUIUBY Ha BelM4HMHY N, € MOYaTKOBUH KyT B3a€MOJI] e1acTHYHOro pedpa
IIHEKa 3 TOBEPXHEI0 3epPHUHH, JOB)KUHA KOHCOJIBHOTO BUCTYITY €1aCTHYHOI
TBUHTOBOI CEKIIii Ta i KyT HaXHMITy.
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TepHomnizbChbKUi HALliOHAJTLHUN TEXHIYHUW YHIBepcUTET iMeHi I[Bana
ITymros

PE3YNbTATU OOCNIAXEHDb TENECKOMIYHOIo
rBUHTOBOIO TPAHCIMOPTEPA

Pospobreno excnepumenmanvie 00IAOHAHHA 3 OOROMO20I0
K020 — Npo6edeHo  OOCHIOJNCEHHsI  MENeCKONiYHO20 — 28UHINOBO20
mpancnopmepa  32i0H0  po3pobienux —memoouk. B pezyibmami
npogedeHux  00CniodHceHb  OYI0  8CMAHOBIEHO, WO  HAUOILILUION
npobnemoro 8  MEeNeCKONIYHUX — 26UHMOBUX — MPAHCNOpMeEPAx €
30epedicerts 00HAKOBO20 3A30PY MidC KONCYXOM Md CRIpANII0 6 Pi3HUX
CeKyiAXx meneckona, w0 3HAYHO 6NIUBAE HA HAC BUKOYYBAHHA Ma
3aKOYYBAHHA PYXOMOI 6 O0CbOBOMY HANPAMKY HACWMUHU WHEKA Ha
HEPYXomy. Taxooic 8CMAHOBIEHO, wo NPOOYKMUGHICMb
nepesanmadiCeHts CLibCbKO20CNOOAPCLKUX BAHMAIICIE MENeCKONIYHUM
28UHMOBUM MPAHCHOPMEPOM He GiOPIZHAEMbCA 8I0 NPOOYKMUBHOCHI
NepesanmaniCentss Yux Mamepianie  mpaouyiiHumu — 26UHMOBUMU
KOHBeEpamU.
EKCIIEPUMEHTAJIBHE JOCJIIIKEHHS, TEJECKO-
IIYHUI TPAHCIIOPTEP, I'BUHTOBUI KOHBECEP,
TPAHCIIOPTYBAHHS, MEXAHI3M, MAIINHA, MATEPIAJI
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