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Y cTarTi po3rsiAaThCS TEOPETHUYHI Ta EKCIEPUMEHTANbHI MiIXOMU 10 JOCIHIIHKCHHS
JOJTATKOBUX HAIPY>KEHb, [0 BUHUKAIOTh B €IEMEHTaX CTAJIEBUX KAaHATIB MpU HabiraHHi Ha OJIOKH
Ta O6apabanu. [TocraHoBKa MpoOIEeMH BUCBITIIIOE BaXJIMBICTh L[OTO MUTAHHA Ul IIUPOKOIO KOJIa
rajxy3eil IpOMHCIIOBOCTI, I BUKOPUCTOBYIOTHCS CTaJIeBl KaHATH, Ta HEOOXIMHICTh MiABUIICHHS iX
MIIIHOCTI, HaJifHOCTI W JOBroBIYHOCTI. B OCHOBHIMl uyacTHMHI pOOOTH HaBeIEHI PI3ZHOMAaHITHI
dopMynu A8 BHU3HAYCHHS JIOJATKOBMX HAIPY’KEHb, 3allpONOHOBAaHI BITYM3HSAHHUMHU Ta
3apyODKHUMU JOCTiIHUKaMH, TakuMu sik MaminoBeekuit B.A., Hikitin [.®., 'mymko M.O.,
Ceprees C.T., benoiit [Ix., Icaakcen I., Epuct V., Jletinep, llImiar K. Ta iHmmmu. 3a3Haqaerbes,
mo OimpmIicTh 1UX (OpPMYJT 3aCTOCOBHA JHIIE JUIS CHIpadbHUX KaHATIB 1 HE BPaxXOBYE
KOHCTPYKTHBHI OCOOJMBOCTI KaHATIB MOABIMHOI 3BUBKH. [lOpiBHAHHS 3HA4YeHb OJAATKOBUX
Hanpy’KeHb, OTPUMAHUX PO3PaXyHKOBUM CHOCOOOM 1 €KCHEPUMEHTAIbHUM IIISXOM, MPOBEJCHE
Hikitinum [.®., nemoHCTpye 3Ha4YHI po30LKHOCTI Mk HUMH. Jlanmi AeTaqbHO pPO3MIISIIA0THCS
EKCIEpUMEHTAIbHI METOAM BU3HAUEHHS HAIpPY)XeHb, 3aCTOCOBaHI PI3HUMH JOCIHITHHUKAMH.
OcoOnuBa yBara npuauisierbes ngociigam Hikitina .., sxuii BukopucTtoByBaB creriayibHi [1-
MOII0HI TEH30PE3UCTOPH IS BUMIPIOBAaHHS IeopMalliil TiaMeTpaibHO MPOTHIICKHUX ITaCM JPOTIB
y KaHaTi, 10 JT03BOJIWJIO BUKJIIOUMUTH BIUIMB BUTMHY Ta CKpyudyBaHHsA. HaBomsaTbes ocuumiorpamu
J0JJATKOBUX HAIpPYy’KE€Hb, OTPUMaHI B 1Oro eKCepuMeHTax, Ta MiAKPECIIOEThCS, 110 e OyIu npsaMi
BUMIpH camMe JOJAaTKOBUX HAIpyKeHb. [HII qociinnuky, Taki sk Bik ta Hludduep I'., HakneroBanu
TEH30JJaTYMKU Ha 30BHIIIHE ITaCMO JIPOTIB 1 BUMIPIOBAJIM CyMapHi HAaNpYXEHHS PO3TAry i BUTHHY,
OTPUMYIOUM BIANOBLAHI ocipuiorpamu. Y poboti migra K. mpeacraBneHo pe3ynbTaTH TPhOX
cepiii eKCIepUMEHTIB 3 HEMpPSMOro BHW3HAYEHHS JO0JIATKOBHX HAIPY>KEHb, sKI Oa3yBaiucs Ha
BUMIPIOBaHHI MOMEHTY BHYTPIIIHBOIO KOHCTPYKIIIHHOTO TEpTs, TMPOTHHY KaHaTa TIpH
MOTIEpEYHOMY HABaHTAXCHHI Ta BU3HAYEHHI BTOMHOI MII[HOCTI MpPU 3HAKO3MIHHOMY BHUTHHI Ha
O5okax. Y3arajapHIOIOUM pe3ysbTaTH pi3HUX HociiaiB, [lImiar K. poOuTs BUCHOBOK NpPO BETHUUHY
MOJBIHHOI aMIUTITyAM KOJMBAaHb HANpy>XeHb y JAPOTI MpPU MOTpAIUIAHHI HOro Ha BUIYKIY Ta
BBITHYTY CTOPOHM KaHaTa JUIsl pI3HUX KOHCTPYKLIH KaHATIB 1 IKOCTI iX 3MalleHHs. BonHodac aBTop
MIIKPECITIoe, MO0 B YCIX MHUX JJOCHiAaX JOJATKOBI HANPYXKEHHS PO3TIISAAIACS SK TOBHICTIO
chopMoBaHi cuUIaMU TEPTS KOB3aHHS MiX JPOTaMHU IPH iX BIIHOCHOMY 3CyBI, III0O HE BPaxOBYE
HU3KY 1HIIUX (haKTOPiB.

KarouoBi cjioBa: craneBi KaHaTH; [IOJAaTKOBI HAaNpYyKCHHs, HaOIraHHs Ha OJIOKH Ta
O6apabaHyu; TEOPETHYHI MiIXOAM; EKCIEPUMEHTAJIbHI MiaXxoau; (OpMYyJIH [UIs BHU3HAYCHHS
HaTpy’KeHb; TCH30PE3UCTOPH; OCHWIOTPAaMH HAIPYKEHb; MOMEHT BHYTPIIIHBOTO TEPTS; BTOMHA
MIIHICTE.
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Lomakin A. “Theoretical and experimental approaches to studying additional stresses in
elements of steel wire rope sduring winding on sheaves and drums”

The article discusses theoretical and experimental approaches to studying additional stresses that
arise in elements of steel wire ropes during winding on sheaves and drums. The problem statement
highlights the importance of this issue for a wide range of industries utilizing steel wire ropes and the
necessity to increase their strength, reliability, and durability. The main part of the work presents various
formulas for determining additional stresses, proposed by domestic and foreign researchers such as V.A.
Malinovsky, I.F. Nikitin, M.F. Glushko, S.T. Sergeev, J. Benoit, I. Isaacsen, U. Ernst, Leider, K.
Schmidt, and others. It is noted that most of these formulas are applicable only to spiral ropes and do not
account for the design features of double-lay ropes. The comparison of additional stress values
calculated and experimentally obtained by I. F. Nikitin demonstrates significant discrepancies between
them. Further, the article examines experimental methods for determining stresses used by various
researchers in detail. Special attention is given to I.F. Nikitin's experiments, where U-shaped strain
gauges were used to measure deformations of diametrically opposite strands of wires in the rope,
excluding the influence of bending and torsion. The oscillograms of additional stresses obtained in his
experiments are presented, emphasizing these were direct measurements of additional stresses. Other
researchers, like Vik and G. Schiffner, glued strain gauges on the outer strands of wires and measured
combined stresses of tension and bending, obtaining corresponding oscillograms. K. Schmidt's work
presents results from three series of experiments for indirectly determining additional stresses, based on
measuring internal construction friction torque, rope deflection under transverse loading, and
determining fatigue strength under alternating bending on sheaves. Summarizing the results of various
experiments, K. Schmidt concludes on the magnitude of double amplitude stress oscillations in the wire
when it falls on the convex and concave sides of the rope for different rope constructions and lubrication
quality. However, the author emphasizes that in all these studies, additional stresses were considered as
fully formed by sliding friction forces between wires during their relative displacement, which does not
account for several other factors.

Keywords: steel wire ropes; additional stresses; winding on sheaves and drums, theoretical
approaches; experimental approaches; formulas for stress determination; strain gauges; stress
oscillograms; internal friction torque; fatigue strength.

IMocTanoBKa MpodJeMu

VYV Ham yac Jyke BaXKO YSBUTHM PO3BUTOK OCHOBHUX Taily3ed HpOMHUCIOBOCTI 0e3
3aCTOCYBaHHS CTaJIEBUX KaHATIB. Y TpHUYOJ00YBHIA MPOMHUCIOBOCTI CTAIbHUI KaHAT € OCHOBHOIO
TSATOBOIO JIAHKOIO, sIKa 3a0e3reuye TPaHCIOPTYBAaHHS KOPHUCHHUX KOTMAJIMH Ha MOBepxHIO. Pobota
MalIMHOOYIIBHUX 1 METaNypriiiHuX MiAIpUEMCTB 3 iXHIMU 3acob0aMu MexaHi3alii Hemuciauma 0e3
BUKOPHUCTAHHSI CTAJIEBUX KaHATiB. [ljig OUIBIIOCTI KOHCTPYKIIN BaHTaXKOMIAHOMHUX 1 Oy/11BEbHUX
MAIllMH CTaJbHUM KaHAT € HeB1I'€MHUM 1 HallBaXXJTUBIIIKUM eneMeHToM. CyyacHUH piBEeHb PO3BUTKY
TEXHIKH BHUCYBa€ BCE HOBI ¥ HOBI BUMOTH JO IiJIBUILIEHHS MIIIHOCTI, HAAIHOCT] i JOBTOBIYHOCTI
cTaneBux kaHatiB. OJTHUM 3 MICI[b KOHIICHTpAIlli HAallpy>KeHb y KaHaTi € JUISTHKY HaOiraHHs KaHaTa
Ha Onoku 1 6apabanu. OCKIIBKM Y IIMX MICISIX BUHHKAIOTH JIOKAJIBHI JTOJTATKOBI HANPY>KEHHS, 10
ICTOTHO BIUIMBAIOTh HAa BTOMHY 1 pyHHIBHY MIIIHICTh KaHaTa. J{OCIiIKEHHSIM MUTAaHb BUHUKHEHHS
JOJJaTKOBUX HAIPY’KEHb B €JIE€MEHTAaX KaHATIB 3aiiMalivcs MPEeICTaBHUKMU OaraTbOX BITUM3HSIHHX 1
3aKOpPAOHHUX MIKiI, cepen HUX MaminoBebkuit B.A. [1, 2], Hikitin [.®. [3-5], ['nymko M.®. [6],
Cepree C.T. [7-9], ®nopuncekuit @.B., [Toutapenko €.C., lminr K. [10], Uidduep I'. [11],
benoiit [x., @eiipep K., Epact V. Ta 111

OcHoBHMIi MaTepiaJ
VY HayKoBiil Ta TeXHIUHIN JiTepaTypl NTUTAHHIO JOAATKOBUX HAIPYKEHb Y CTAJIEBUX KaHATaX
NPUIUISAETBCS JOCTaTHbO YyBarv. IlpW IIbOMy NpakTMYHO BCi aBTOPHU PO3MIAJAIM TBUHTOBUH
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€JIEMEHT Y KaHaTi sIK THyYKy HHUTKY Ha HIOPCTKYBaTiii TIOBEPXHI OcCepis, a B SKOCTI TPAHUYHOTO
KPHUTEpil0 NpUAMAaIM CHIIy TEpTSA-KOB3aHHSA Ha I[iii moBepxHi. [lns BU3HAYCHHS JONATKOBUX
HaTpy>KeHb Pi3HI aBTOPH MPOTIOHYBAJU TakKi HopMyTu:

Maninoscbkuit B.A. [1, 2] -maxay = Aty /f;
Aty — HaIIMIIKOBE HATATHEHHS,

fi — nnoma nepepisy TBUHTOBOTO eeMEHTa.

Ane nmana ¢opMyJia 3aCTOCOBHA TUTBKH JUTSI CITpATBHUX KAHATIB, a JJIA KaHATIB MOABIHHOL
3BUBKH Ja€ CEpPe/IHE TOAATKOBE HAMIPYKEHHS 1O Tepepi3y macMma.

2
T o5t T .
- +(@G +E)Slﬂa:|

Hikitin 1.®. [3,4] - 04 = 0, eﬂ[R sina 1

(x—Dsin®a
Tnyuko M.®. [6] - 04 = o, (e“" rcosa  — 1);

2 —(x-1)
Ceprees C.T.[7-9]-04 = 0, | e? -1}

5
2. () .
benoiit IIx. [1] -0 = 0 (e”zsma: — 1), O — J_r,uEa, ' sina;

Icaakcen 1. [1] - 64 = WO, TTSING;
_ ﬂsina(E—qo) .
Epacr V. [1]-04 = 0, | € 2 —1);

Teitnep [1] - 64 = o, (¥ — 1),
UIminr K. [10] -0y = gf(eﬁiﬂa(@c_@) _ 1),

ie € — OCHOBA HAaTypaJIbHOTO Jlorapudma;

R — paxgiyc 65ioky abo 6apabany;

I — paziyc KaHara;

0. — KYT 3BUBKH JPOTIB KaHATa;

[ — KOE(IIIIEHT TEPTS MIXK APOTOM 1 OCEPAsIM;

@ Ta ) — MOYATKOBUI1 1 MOTOUHUI MOJIAPHI KyTH B IIepepi3i KaHaTa;

P — pajaiyc KpUBH3HHU OC1 3TUHY KaHaTta Ha 0Jo11i abo 6apabaHi;

| — moBKMHA MEPEXiHOT JUISTHKH, Ha SKii BiOYBAEThCS 3aracaHHs 0JaTKOBUX HAIPY)KCHb,

X — KOOpJHATa B3I0BXK OCI KaHaTa, 1110 BIAPAXOBYETHCS Bl TOUKH HAOITaHHS.

Yci HaBeieHi BUIIE GOPMYITH PUIATHI TUTBKH TS CIIIPAIbHAX KaHATIB.

[TopiBHSIHHS 3HaY€Hb JOJATKOBUX HAMpPYXKEHb, OTPUMAaHUX PO3PAXYHKOBHM CIIOCOOOM 1
OTpUMaHUX eKcrepuMeHTaIbHIM HuIsixoM Hikitianm [.@., HaBeneHo Ha Puc. 1.
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Puc. 1 — IlopiBHSAHHS 3HAYEHB J10/IaTKOBUX HAINPYXEHb, OTPUMAaHUX PO3PAXYHKOBUM
Croco0OM 1 OTPUMAHUX €KCIIEPUMEHTALHUM MUISTXOM

L] ——

PosrnsneMo HasiBHI €KCTIEpUMEHTAIbHI METOJIM BU3HAYCHHS HamnpyskeHb. CIiJl BiI3HAYHTH,
0 B YHUCTOMY BHUIVIIAI I HampyxeHHs Bu3HayaB Hikitin [.®. [3, 4], skuii 3acTOCOBYBaB
crenianbHi [1-momiOHI TEH30pPE3UCTOPH, IO JO3BOJIIIM BUMIpIOBAaTH jaedopMariii JiaMeTpaabHO
MPOTHJICKHUX MTACM JPOTIB 1 TAKUM YMHOM BUKJTFOUHUTH BIUIMB BUTHHY 1 CKpy4yBaHHs Puc. 2.

!

Puc. 2 — JlocnimxyBanuii kaHat B ekciepumenTtax Hikitina [.®.
a) [T-moniGHMIT TeH30pe3ucTOp; 0) CIOCIO YCTAaHOBKM TCH30PE3UCTOPA HA KaHAT

Jlnst mocmigiB OyB oOpaHWil cHipadbHHH KaHAT TOYKOBOTO JOTHKY KOHCTPYKii 1+6+12
miameTpoM 6 MM, 01 = 1,2 MM, dp = 1,2 mm, hy = 46 mm, h, = 65 mM. Ha BunpoGoByBaHui 3pa3ok
KaHaTa HaKJICIBAJIKCS Bl YOTHPHOX /10 CEMH JATUHKIB.

HagimryBaHHsI kKaHaTa MIPOBOAMIIOCH TaK, 100 AaTYMKH B MOMEHT HaOiraHHs KaHaTa Ha OJIOK
3HAXOIMITHUCS 3 OOKY BHITYKIIOCTI.

SIk 6adnmo 3 ocumiorpam, Puc. 3, MakcuMaibHi 10aTKOBI HApyKeHHAMAXT,; 1pu D/d
=25 cxuanarots (0,80-0,87) 0p-a mpu D/d = 44 1 Tux xe HaBanTaxenusx — (0,58-0,70) a,.. Tyr g,—
HaMpyXEHHs pO3TATY APOTY B MPSAMIii T'illi KaHATA.
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Puc. 3. — Ocrmorpamu 101aTKOBUX HarpykeHb B gociipkernsax Hikitina 1.O.

[HII MOCTiAHWKK HAKJICIOBAJIM TEH30JAaTYMKM Ha 30BHIIIHE MACMO JIPOTIB HA BUIYKIOMY
Oolll KaHaTa 1 BUMIPIOBAIM TaKMM YUHOM CyMapHI HAmpyXeHHSI PO3TATY 1 BUTHUHY, OACPKYHOUU
OCLWJIOTPaMH THITY HaBeJeHUX Ha Puc. 4.

o

Ox

0, 0O, s
Puc. 4. — OciniorpamMa HOpMaJbHHUX HAIPYKEHb B BOJIOKHI KaHaTa MpH OOTMHAHH1
IUAJITHAPUYHOT TTOBEPXHI

Tak unannm Bik [1] ta [udduep I'. [10]. Tunora ocuuiorpaMa Jjisi 30BHIIIHBOTO JIPOTY
kaHata 6x19(119+9)+o.c. miametpom 35,7 mm mpu criBBigHomienHni D/d=28,8 3 po6oru [10]
HaBeneHa Ha Puc. 5. V miil ke poOOTI AOCHIHKYBaIAcs 3aJIeKHICTh BEIMYMHH MKy HOPMaJbHUX
Hanpy’KeHb y TOulll HabiraHHs O3 = MAX0Og BiJ 4Kcia BiANpalbOBAaHUX LUKIIB. BcTaHoBieHo,
10 Ha MOoYaTKy BuUnpoOyBanb maxo,; = (0,25 + 0,3)a, , a B Xoi pobOTH KaHaTa BiIOyBa€ThCS
301IBbIICHHS LMX Hampy>keHb. Hampukiazn, mpy BiIIpamioBaHHI KaHATOM MOJIOBUHH YHUCIIA IHKIIIB
0 pyHHYBaHHS MaKCUMalbHI JOAATKOBI HampyxXeHHs cTaHoBIATH 40-60% Big cepenHix
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HaIpyKeHb PO3TATY TpH o, = 150 H/nvM?, 40-50% mpu o, = 300 HnmM? i 35-42% npu

— 2 - .
g, = 600 H/mMm". ABTOp NOSCHIOE Take 30UIbIICHHA MAX0,; OLIBIICHHAM 3alIEMJIECHHS IacCM
B MDKIIACIIOBOMY KOHTAKTI B X0/l poOOTH KaHaTa.
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Puc. 5. — Tunosa ocmuiorpama Jijist 30BHIIIHBOTO JpOTy KaHata 6x19(1+9+9)+o.c.
niametpom 35,7 MM nipu criBBigHoIeHHi D/d=28,8.

Tpu cepii exkcrepuMeHTIB 3 HENpPSIMOT0 BU3HAYEHHS JIOJATKOBUX HAIpy>KeHb BHUKOHaB
HImiar K. [10]. V nmepuiii cepii BiH BU3HaAUYaB MOMEHT BHYTPIIIHBOTO KOHCTPYKLIHHOTO TEPTS HpU
HaOiraHHi kaHaTa Ha OJIOK 1 30iraHHi 3 HBOTO, JISl YOTO B JOCTiaX BHUMIpIOBANIacs PI3HULA TIeUei
XKopcTkocTi. [TloTiM 3a dYHCENPHUM 3HAYEHHSM MOMEHTY TEpTS pPO3PaxXyHKOBUM IUIIXOM
BU3HAYAJIMCA JOAATKOBI HANPYKEHHS.

VY npyriii cepii AOCHIAIB KaHAT MiIJaBaBCs XBUJIEHOAIOHOMY BUTHHY IIJISIXOM MONEPEYHOTO
NPUKIAJaHHS HaBaHTAXEHHS 4Yepe3 CUCTEMY PYyXOMHMX 1 HEpyXOMHX PpOJIMKIB, IMpPH LHOMY
BHUMIPIOBABCs MMPOTHH KaHaTa B MPOIIECI HABAaHTAKCHHS 1 PO3BAHTAXCHHS, 1 110 PI3HUII MK HUMHU
TaKOK PO3PaxXyHKOBUM ILIUIIXOM BU3HAYAIMCA JOAATKOBI HAIIPYKEHHS.

VY Tperiii cepii MpOBOAMUIUCS JOCTIAN 3 BU3HAYCHHS BTOMHOI MIITHOCTI MTPH 3HAKO3MIHHOMY
BUTHHI Ha OJOKax B 00JacTi MalOUMKIOBOI BTOMHU, TOOTO MPH HABAaHTAKEHHSAX OJM3BKHUX 0
pyhiHiBHUX. J[7s mbOTO Ha OJIOKaX BHUIIPOOOBYBAIUCS OKPEMO JAPIT, MpsDKKA 1 KaHATH, SKi OyiH
BUTOTOBJIEHI 3 TAKOTO K JAPOTY, OyayBanucs Kpusi BTomHoi minuocti  N(6;) | a motiM 1o 3cyBy
MDK KPUBUMH BU3HAUYaJIMCs OJAaTKOBI HANpPy>KEHHS B IPSDKLI 1 B KaHATI B OPIBHAHHI 3 OKPEMHUM
npotoM. Sk i inmi aBtopu, Mmint K. mpu moctaHoBmi i oOpoOIli CBOIX AOCHTiNIB BUXOIWB 3
MPUITYIIEHHS, IO TOJATKOBI HAMpPY)KEHHS TOBHICTIO (POPMYIOTBCSI CHIIAaMU TEPTSI KOB3aHHS MiX
JPOTaMU MpH iX BIAHOCHOMY 3CYyBi. 3p03yMiJIo, 1110 TaKa MOCTAHOBKA HE BPAaXOBY€ UMM psAJ] IHIIMX
(baxTopis.

Ominka pe3yibTaTiB NPOBOJAWIACA 33 MOJBIMHOIO aMIUIITY/0I0 KOJHMBAHb HAaIpPyXEHb
20, B ApOTi IpU NOTPAIUISHHI HOTO HA BUIIYKIY i BBIrHYTY CTOPOHM KaHaTa. Y3aralbHIOIOUYH
pe3yJbTaTH Beix gocifis, IMiar po6UTh BUCHOBOK, IO Benu4ynHa 20, IPU SKiCHOMY 3MalleHHi
miJ yac BUTHMHY Ha Oylokax B oOmacti kKpaHoBux cmiBBigHomeHns D/d cranoButs 40-60% Bix
BEJIMUMHU CEPEJHBOTO HAINPYXKEHHS PO3TATY Ul KaHaTiB 6x7+o.c., 80-120% nns xanatie TK
6x19 + o.c. 1 120-160% nns xanatiB TK 6x37 + o.c.. [Ipu HesikicHOMyY 3MalleHH1 a00 HasiBHOCTI
KOpo3ii HaBeJeHI 3HAYeHHS MOXYThb 3017bIIyBaTHCS BIBiYi. MeHIII 3HAY€HHS BiAMOBITAIOTH
KaHaTaM OJIHOCTOPOHHBOI 3BMBKH, a OUIBIII - XPECTOBiH, IO CYNEPEYUTh pe3yibTaTaM IHIIMX
nocmigHukis [11].
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B nocninax Hikitina [.®. [3, 4] 31 cnipalbHUMU KaHATAMH BCTAHOBJICHO, IO MK 3MIIICHHA
BiJl TOYKM HaOIraHHs Ha YBEpPTh KPOKY 3BMBAaHHS KaHaTa B OiK 3irHyToi Ha OJjoLi IUISHKH. Y
JOCITIJDKSHHAX 1HIHMX 1ociaauKiB [10] 3 kaHaTamu o1BiHOT 3BHBKH ITiK HAIIPYKEHb BiTHOCHTHCS
70 TOYKHM HaOIraHHs, XOua HE BKa3yeThCs, SIK caMe BU3HAudanacs MOro KoopauHata. 3 Oryiay Ha
MeXaHiKy (OpMyBaHHSI IEPEXiTHOT NUISHKH € TiCTaBH BBAXKATH, 1110 1 B KAHATaX MOABIHHOI 3BUBKH
MK HaMpy>XeHb 3MIIICHUH Ha YBEPTh KPOKY 3BUBKH BIJIHOCHO TOYKM HabiraHHs, aje B BiIOMHX
Jociiax Ha 11, MOKJIMBO, He OyJI0 3BEpHEHO yBary.

BucHoBku

[IpoBiBIIM TOPIBHSIILHUN aHalli3 TEOPETUYHHMX MIAXOMIB M0 MOCHIDKEHHS JOJATKOBUX
Hanpy’KeHb B €JIEMEHTaX CTAJICBUX KaHATIB NMPH HaOIraHHi Ha OJIOKW Ta OapabaHH, MOKHA 3pOOHUTH
BHCHOBOK, III0 ICHYIOYa MPAKTUKAa BU3HAYCHHS JOAATKOBHUX HAIPYXEHb, SIKI BUHHKAIOTh y KaHaTi
npu HaliraHHi #Woro Ha ImKiB abo OapabaH, myXe gajeka BiJ pe3yJbTaTiB, OTPUMaHHUX
excrepuMeHTanbHo. bararo aBTopis, kpim HikiTiHa [.®. 1 Cepreea C.T., HaBiTh HE BPaXOBYIOTb Y
pPO3paxyHKy JiamMeTp IMIKiBa, IO 30iIbIIye HOTO HAOJMKEHICTP Ta TOYHICTh. A aHai3
EKCIIePUMEHTAIbHUX TIAXOMIB CBITYUTH NPO HAABHICTh PI3HUX MIAXOJIB, SKI MHOTPeOYIOTH
y3araJlbHEHHST Ta TOJAIBIIOTO PO3BUTKY 1 BOPOBA/PKCHHS Y BHIVIAI KOMIUICKCHOTO
€KCIIePUMEHTAJILHOTO JOCIiIKEeHHS.
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