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Jlocniooicenns mae na memi upiutens npooaemMu ni08UWEHHsL AKICHUX NOKAZHUKIE 6CMABHO20 NOPOOOPYIUHIG-
HO20 OCHAUWeHHA WaAPOUOK MPUULAPOUKOBUX OYPOosUx 0oxim. JocniodceH s nPO8OOUNIUCH 8 YMOBAX PealbHO20 BU-
pobHuymea 6yposux 0onim, 3a yMo8 MamemMamuyHo20 NiIAHYBAHHS eKCRePUMEHMIB, KOMNIEKCHUM 3ACMOCYB8AHHAM
EKCRePUMEHMANbHUX N1ADOPATNOPHUX, CMEHOOBUX | HAMYPHUX eKCHayamayiunux eunpobosysans. Teopemuuno i
eKCNepUMeHMAIbHO 0OTPYHMOBAHO PO3POOIEeH] NIOX00U Y 0OCKOHANEHH] KOMNIEKCHO20 Ni08UWEHHS AKICHUX NOKA-
3HUKIB 6CMABHO20 NOPOOOPYUHIBHO20 OCHAWEHHS WAPOULOK OYPOBUX O0LImM HA emanax npoeKmy8anHs, KOHCMpPYIo-
sannss i eucomosnenns. Posg’ azano 3adauy 600CKOHANEHHAM CHOCOOY 6ubopy Hamsiey y 3 €Omaumui ,, 3y00K-
wapowxa’, wo epaxosye QizuKo-mexaniuHi NOKA3HUKU Mamepianié ma KOHCMpPYKmMoOpCbKo-mMexXHON02IYHI napame-
MpU CNpANCeHUX NoeepxoHsb. Taxodc 0OIPYHMOBAHO HOBUU NIOXI0 ¥ 600CKOHANEHHI KOHCMPYKYIl X80CHOBUKIE
6CMABOK, WO 0AE eKOHOMIIO Mamepianie, NiOBUWEeHHS SIKOCMI Ul MeXHOL02IYHOCMI YOPMOYMEOPEHH OMBOPIE Y
Wapouwikax nio 6cmasHe NOPOOOPYUHiBHe OCHAUWEHH.

Kirro4uoBi ciioBa: BCTaBHI OPOIOPYIHIBHI 3yOKH, HATAT, 3’ € THAHHS ,,3yOOK-TIaponika”

Lenvio uccnedosanus ecmo pewienue nPodiIeMbl NOSLIUEHUS KAYeCMEEHHbIX NOKA3amelell 6CMaA8H020 Nopo-
00pA3PYUAIOWE20 BOOPYICEHUL UAPOULEK MPeXuapouteynvlx oyposvix oonom. Hccaedosanusi ocywecmensiiy 6
YCOBUSAX PeanbHO20 NPOU3E00CMEA OYPOSLIX 00N0M, NPU MAMEMATMUYECKOM NIAAHUPOSAHUU IKCREPUMEHIN08, KOM-
NIEKCHBIM UCNONb306AHUEM IKCNEPUMEHMANbHBIX TAO0PAMOPHLIX, CIEHO08bIX U HAMYPHBIX IKCHILYAMAYUOHHBIX
ucnvimanuil. Teopemuyecku u IKCNEPUMEHMATbHO 060CHO8ANbL PA3PAbOmManHble NOOX00bl 8 COBEPUICHCNBOBAHUU
KOMNJIEKCHO20 NOBBIUEHUS KAYeCMBEHHbIX NOKA3Amenel 6CMAEHO20 NOPOO0PAIPYULATOUE20 B00PYHCEHUS UWAPO-
ek mpexuapoueynvix 6ypoewix 00I0m HA JMANAX NPOEeKMupo8ans, KOHCMpyuposanus u uszomoeienus. Peweno
3a0auy co8epuieHCmeo8anueM cnocoba evloopa Hamsiea 6 COeOUHEHUU , 3YOOK-UWaAPOUKa”, KOMOPbLIL YYumuleaem
QuUKO-MeXaHuyecKue NoKa3amen Mamepuailos U KOHCMpPYKMOPCKO-MEeXHOIO2UUECKUe NAPAMEMPbL CONPANCEH-
HbIX noeepxnocmet. Takoce 060CHO8AHO HOBbLIL NOOX00 6 COBEPULEHCINBOBAHUL KOHCMPYKYUL X80CMOBUKOE 6CTNA-
60K, UmMo 0aem SKOHOMUIO MANEPUALO8, NOBbIUEHIUE KAYeCMEa U MeXHOI02UYHOCTU hOPMUPOSAHUs OMEEPCTULL &
WAPOUIKax nood 6CMAGHOE NOPOOOPA3PYULATOUeEe BOOPYIHCEHUE.

KnroueBble c10Ba: BCTaBHBIE MOPOAOPA3PyLIAOLIKE 3yOKH, HATSIT, COSUHEHHUE ,,3yDOK-I1apoInKa”

The problem of quality improvement of inserted rooking elements of the threene drill bits is resolve
The study has been carried out under conditiors rafal production of drill bits with the mathematiglanning o
experiments and complex utilization of experimelatabratory, bench and fulleale operating tests. The develc
approaches to complex quality improvement of ttseried rock-cutting elements of the thoeme drill bits a
stages of designing, engineering and manufactuairegtheoreitally and experimentally grounded. The proble
solved by improving the method of tension chooBindpe "tootheone" joint. This method includes physical
mechanical properties of the materials and desgpfihological parameters of the joined suds. A new approa
to improving shank inserts design has been alsomgted. This approach allows saving of materialqriowing o
quality and technological effectiveness of holemé&dion in the cones for inserted rock-cutting edens.

Key words: inserted rock-cutting teeth, tensionpth-cone" joint

EdextuBHicTs OypiHHA TPHUIIAPOIIKOBUMHU
OypOBUMH JOJIOTAaMH Yy OiIBIIOCTI BH3HAYAETHCS
SIKICHUIMH TTOKa3HUKaMH MTOPOJOPYHHIBHOTO OCHa-
menHs. Jnst OypiHHS TBepAuX, TBEpAUX aOpa3uB-
HUX, MIITHAX Ta 0COOJMBO MIITHUX TiPCHKHUX TOPif
HIAPOIIKA TAKHWX JIONIT BHKOHYIOTHCS 3 BCTAaBHUM
MOPOJIOPYHHIBHUM OCHAIICHHSIM — TBEPJOCILIAB-
HUME 3yOKamu. IloponopyiiHiBHE OCHAIICHHS IIIa-
POLIOK JOJIT HPALIOE y BKpail BAXKHX yMOBax 3a
Il BUCOKHMX JTUHAMIYHUX HAaBaHTAXKEHb, KOPO3UB-
HUX a0pa3WBHUX CEPEIOBHII, MiABUIICHUX TEMIIC-
paTyp ToIo. Y pe3ynbTarTi MopoAopyHHIBHE OCHA-
HICHHS 3a3Ha€ pyHHyBaHb 4epe3. aOpa3uBHUMA
3HOC, TPIIIMHOYTBOPEHHs W BiaKomoBaHHS (par-
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MEHTIB IIAPONTKH YU TOPOJOPYHHIBHHX 3YOKiB,
BUTIAJIAaHHS  TBEPJOCIUIABHUX BCTABOK  TOIIO.
OnHOYAaCHO SKICHI TTOKa3HUKH BCTaBHOTO TOPOJIO-
PYWHIBHOTO OCHAIICHHS IIAPOIIOK MAKOTh MEPIIO-
YeproBe 3HAYCHHsI, HE TUIBKU 3 OTJISAY Ha BHCOKI
eKCIUTyaTaIliifHi BUMOTH 10 TPHUIIAPOIIKOBUX Oy-
pPOBHUX JOJIIT, @ ¥ Ha iX COOIBapPTICTH, 3yMOBICHY
3aCTOCYBaHHSM UIHHMX Marepiaiis. Lle craButh
KOMIUICKC BHMOT [0 MaTepialiB, KOHCTPYKIII,
TEXHONOTIi ~ BUTOTOBIIEHHS  MOPOJOPYHHIBHOTO
OCHAIIEHHS JOJIT. 3ayBa)kKUMO, IO Ii BUMOTH J0-
CHTb B&XKO, & MOJIEKYIM HEMOKIINBO 3210BOJIbHA-
TH oJiHOo4acHO. Tomy icHye npobiema HIZ[BI/IH_ICHH}I
SIKICHUX TIOKa3HUKIB BCTaBHOTO MOPOJOPYHHIBHO-
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rO OCHAIICHHS MIAPOIIOK OypOBHX JOJIT, SKa BH-
pilIyeThCs Pi3HUMH LIJISIXaMH.

3a ocTaHHI POKM MPOOIEMi BIOCKOHAICHHS 1
MI/IBULICHHS JIOBIOBIYHOCTI BCTaBHOTO IOPOJO-
PYHHIBHOTO OCHAIIECHHS MPHALICHO BEIUKY yBary
B poborax [1-12] Ta iH. 3HayHa yacTUHA IOCII-
JOKCHb TIPHUCBSYEHA PO3BSA3aHHIO Mpobiemu migoo-
Py 1 po3poOKHM MmarepiaiiB Uil BCTaBHHX 3YOKiB
[1-3] Ta in. Bigomi po6OTH 3 pO3pOOKH TEXHOJIOTI]
BHUTOTOBJIEHHS KOMOiHOBaHuX 3yOkiB [4, 5]. 3a
OCTaHHI POKH PO3pOOIEHO OCHOBHI MIAXOIAH 0
BJIOCKOHAJICHHSI KOHCTPYKIlii BCTaBHOTO TOPOJIO-
PYHHIBHOTO OCHAIICHHS 3 METO ITiIBUIICHHS
etexTrBHOCTI OypinHs [6-9]. Croromui Takox 6Oa-
rato yBardu NMpHIUIIETHCS BIOCKOHAICHHIO TEXHO-
Jorii mpecyBaHHSI TBEPAOCILIABHUX 3YOKiB y Iua-
pomiku [8-12]. AHani3 ux Ta 6araThoX IHIIKX PO-
0iT, a TakOXX BHBUYCHHS MPAKTHUKU BUTOTOBJICHHS
TPHUIIAPOIITKOBUX OypOBUX JOJIT Ha JOJOTHUX 3a-
BOJAx CBIMTYMTbH, IO MPOOJEMYy HEOOXITHO BHUPI-
LIyBaTH KOMILICKCHO. TyT 100pe 3apeKoMeH1yBaB
cebe mpouecuuit miaxin [9, 13, 14],axunit no3sonse
Ha JOBHPOOHHYNX 1 BI/Ip06HI/I‘{I/IX eTamax BUpilly-
BaTH IMUPOKUM CIEKTp 3a1a4 3 €JWMHUX TO3UINIH
MHOXHH KOHCTPYKTOPCHKHUX, TEXHOJOTIUHUX, (Y-
HKITIOHAIBHO-EKCILTyaTaIlifHIX, EKOHOMIYHHX I10-
Ka3HUKIB SKOCTi. TUM HE MEHIIE iCHy€e HU3Ka IIe
HE BHPIIICHUX B3a€MOIIOB’ 3aHUX 3a7a4 ONTHMi-
3amii  (i3MKO-MEXaHIYHMX, KOHCTPYKTOPCBHKO-
TEXHOJIOTIYHHUX TIapaMeTpiB 3 €IHaHHA ,3y00K-
mapoIka”’, a TakoX BIIOCKOHAJICHHS TEXHOJOTiY-
HHX NPOLECIB POPMOYTBOPEHHS OTBOPIB T1iJ] XBOC-
TOBHKH TBEPIOCIUIABHUX 3YOKIiB 1 CKIaJalbHUX
oreparliii. 3aluIIaloThCs JAUCKYCIHHUMH TaKOX
MUTaHHS KOHCTPYKTHBHOI JIOCKOHAJIOCTI XBOCTO-
BUKIB BCTaBHUX 3yOKiB.

Buxonsau 3 BUIle BUKIIEHOTO, IO JTAHO-
TO JIOCIHIDKCHHS € BIOCKOHAJICHHS KOMILIEKCHOTO
MiIXO0My Y IIBHUINEHHI SIKICHAX TTOKa3HHKIB BCTa-
BHOI'O TOPOJIOPYHHIBHOTO OCHAIIEHHS IIapOIIOK
TPUILIAPOIIKOBUX OYPOBUX JIOJIT Ha €Tamax mpoe-
KTYBaHHS, KOHCTPYIOBaHHS i BUTOTOBIICHHS. Bin-
Tak 3a7ada JOCII/DKEHHS TOJSATa€ y IMiJBUIICHHI
JIOBTOBIYHOCTI ~ BCTAaBHOTO  TBEPJOCIIABHOTO
OCHAIIICHHSI BJIOCKOHAJICHHSIM METOJly BHOOpY Ha-
TATY y 3 €HaHHI ,3y0OK-IIapoIiKa” 3aJeKHO BiJl
($i3MKO-MeXaHIYHUX TIOKa3HHWKIB MarepiaiiB Ta
KOHCTPYKTOPCHKO-TEXHOJIOT1UHUX napameTpin
CTPSHKEHUX TTOBEPXOHb.

BupimeHHs okpeciaeHoi 3amadi TOCIHiIKEHHS
smilicHroBanu Ha ©0as3i TOB ,VYHibypTex”, ske
CICIiaNli3yeThC HAa BHUTOTOBJICHHI TPHINAPOIIKO-
BUX OypoBuX AomiT. [Ilapomku JodiT BUTOTOBISIH
3a ICHYIOYOIO 3aBOJICBKOIO TEXHOJIOTIEIO 3 JI0JIOT-
HUAX CTajiel, M0 MAJAloThCS XiMIKO-TEPMIidHIM
00poOIIi Ha OCHOBI IIeMEHTAIlii, TapTyBaHHS, BiJ-
mycKy. @OpMOyTBOPEHHS OTBOPIB 3/iHCHIOBAIH HA
Bepctari mozaeni MCV500 3rigHo icHYH0YOi Tex-
HOJIOTii, sSIKa TOKJIJHO omnucaHa B [15].

BcTaHoBIEHHS T€OMETPUYHUX PO3MIPIB OTBO-
PiB 3aCTOCOBYEThCS MHEBMOKOMMapatop ,Western
L-10", mo 3abesneuye nomyck 0,05m Ha miameTp
CTAaTUCTHYHOI rpynu BuMiptoBanus. llei mpunan
NIPU3HAYEHUH JUIl HEKOHTAKTHOIO 3aMipy Jiamer-
pIB OTBOpIB 3 TOUHICTIO 0 2,5vKkM. [liameTpu 3y-
OKiB BHMIpIOBAJIM 32 JOIIOMOTOI0 TOPU30HTAIBHO-

Toa)
128 )

ro npoekuiiHoro onrumerpa OI'D-1, mkana skoro
Ma€ LiHy TOAUTKY piBHY 1IMKM.

SIkicTh TBepAOCIUIABHUX 3yOKiB OLIHIOBAJIH
HEPYHWHIBHUM KOHTPOJIEM IMapTid TBEPAOCIIaBHUX
3yOKIB BUMIPIOBaHHAM KOCPICTUBHOI CHJIM MarHi-
TO-METPHYHHM METOJOM i3 3aCTOCYBaHHIM MpH-
nany UKC-968 fpuc. 1). Cyts MeTody mossrae y
HAMAarHi9yBaHHI TBEPAOCIUIABHOTHO 3yOKa B I0-
CTIfHOMY MAarHiTHOMY IOJi J0 CTaHy MarHiTHOTO
HAaCHYCHHS 1 BHUMIPIOBaHHS HAMPYTH 3BOPOTHOTO
HaNpsAMKY, HEOOXiIHOrO AJsl MOBHOTO PO3MarHi-
yyBaHHA 3yOKa. JlaHi BUMipIOBaHb KOEPLETHBHOT
CHJIM 3BIpSIOTH 3 €TAJIOHHHUMHU 3HAaYCHHSIMH, BCTa-
HOBJICHUMH JIJIS1 PI3HUX TBEPIUX CIUIABIB.

Pucynok 1 —IIpuaaxg UKC-968i BunpooyBani
HA KOEPUETHBHY CHIIY TBEPIOCILIABHI 3y0OKH

3acTOCOBYIOUYM CTaHAAPTHI METOIWKH BCTa-
HOBJIIOBAJIN SIKICTh PO3IOJLUTY TBEPAOCTI Ta MOKa3-
HUKH MIKPOCTPYKTYPH Ha CIICIIIbHO ITiATOTOBJIE-
HUX TEMIUIETaX TBEPAOCILIABHHUX 3yOKiB (puc. 2).
Takox Ha CIeLialIbHO I ATOTOBJICHUX TEMIUICTAX 3
IapOLIKH (pI/IC 3) BUBYAIM SIKICTh 0TBOp1B iz
BCTABKH i 3’ €/IHAHHS ,,3y00K-IIapOIIKa”.

[IpecyBanHs 3yOKIB y TiJIO MIAPOIIKH 3iiC-
HIOBAJIU 32 JIOTIOMOT OO CIIEIiaIbHOTO 3aBOJICEKOTO
YCTATKyBaHHS 3TiHO METOIMKH omrcaHoi B [15].

AHaii3oM BCTAaHOBJICHO, WO (i3HKO-Mexa-
HiYHi MIOKA3HUKM MATEPIaliB MAPONIOK i BCTABHUX
3yOKiB, a TAKOXX TEXHOIIOTIS BUTOTOBJICHHS OTBO-
piB, KOHCTPYKTHBHI TapaMeTpH CHPSIKCHUX ITOBE-
PXOHb BHU3HAYAIOTh XapakKTep MOIIKO/PKEHb 1 pyH-
HYBaHb MMOPOAOPYHHIBHOTO OCHAILCHHS. 30KpeMa,
MPY HEJOCTATHIM MIIHOCTI BiHI[IB IIAPOIIKU Bij-
OyBa€eThCsl OrOJICHHS BCTaBHUX 3yOKiB 1 iX BHIa-
nmauus (puc. 4, a). Y BHMAmKy BHCOKOI KPHUXKOCTI
IIAPOIIOK CIIOCTEPIracThCs BiAKOJIOBaHHSA (par-
MEHTIB BiHIIB Ta 3yOKiB (puc. 4, 6-0). OqHOYacHO
3ayBaKEHO Pi3HUIN XapakTep pyHHYBaHHS TBEPIO-
CIUIaBHUX BCTaBHHX 3yOKkiB. lle mosicHIO€ThCS He-
ONTHUMAIBHAM HATATOM Y CHPSDKEHHI 3’ €THAHHS
»3ybok-tmapommka” [9, 11, 16, 17].

Buxoasun 3 BimoMux (opmyn omopy matepi-
aiB, HEPYXOMICTb MPECOBOTO 3’ €IHAHHS 3abe3re-
Yy€EThCSI CTBOPEHHSM HATATY 3 BIATIOBIAHUM PO3-
MOJIIJIOM HAIpPYXeHb B Tl 3yOKa 1 CHPSIKSHUX
mapax Tiia Mraporiku. ToMy BIUIMB MEXaHIYHHX
MMOKa3HHUKIB MaTepialiB 3y0Ka Ta MIAPOIIKU Ha Be-
JUYUHY CHJI KOHTAKTHOTO 3B'SI3KYy 1 HATSITH B
3’ €ZIHAHHI OILIIHIOBAJIM Ha OCHOBI BiOMHUX (HOpMYII
JIsame [16, 17]:
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a 0 8

a —meepooCHaaB ULl 3YO0K, UNPOOYBAHUL HA ROWAPOBY meepdicmb Ha 2aubuny 00 lum 6i0 nosepxHhi,
6 —meepoocnuasnuil 360K, GUNPOOYBAHULL HA NOWAPO8Y meepdicmv Ha eiubuny 2-3um 6i0 NOBepxHI,
6 —mMEepOOCHIABHT 3YOKU 3 NOIPOBAHOIO | MPAGIEHOIO NIOWUHOIO Y NO3008ICHLOMY nepepisi

Pucynok 2 —TemnuieTu AJisi 10C/TilzkeHb TBEPAOCIIABHUX 3y0KiB

a o 8 2

a — iHeyb WapowKu 3 0eMOHMOBAHUM OOHUM PAOOM MEePOOCNIAsHUX 3VOKie (nonepeunuil pospiz wa-
POwKL),
O — iHeYb WAPOUWIKU 3 NPOCEEPOTICHUMU OMBOPAMU NI MEEPOOCHIABHT 3YOKU neped PO3BIPUYEAHHIM i
3enxepysannsam (nonepeuHutl po3pis wapouikiL),
8 — N03006IICHI PO3PI3U WUAPOULOK 3 20MOBUMU OMEOPAMU N0 MEEPOOCHIAGHI 3Y0KU,
2 —meepoocniaenutl 3y00K y 8inyi wiapowku (nonepeunuil nepepiz GiHyst WapOuIKiL)

Pucynok 3 —Temiuieru s TOCTiAKEeHb IKOCTI 3’ ¢ITHAHHA ,, 3Y0OOK-IIaponika”
Yy Y

a o 8

a — 02071eHHs1 3YOKI8 N0 GIHYIO WAPOWIKUL,
6 — mpiwury Mide omeopamu nio 6CMasHi 3yOKU 6 Mini 6iHYsL WAPOWIKU,
8 — BIOKOIIOBAHHS (DpASMEHMY GIHYSI MIJIC 080MA OMBOPAMU N0 6CMABHI 3YOKU,
2, 0 — 8IOKOAeHI (hpazmernmu GIHYIE UWAPOUIKU

Pucynok 4 —Tumnoi pyiliHyBaHHSI BiHIIiB IIAPOIIOK OCHAIIIEHUX BCTABHUMH 3y0OKaMu

3)
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Pucynok 5 —CxemMu Hanmpy:keHb i 3yCWJIb, II0 BU3HAYAIOTH HANIHHICTH 3’ €THAHHA
3y0Ka i IApoIIKK HA BiHII IIAPOIIKH

Taoauus 1 —T"o/10BHI Hanpy:KeHHs B CHPSIKEHUX JUISIHKAX 3’ €THAHHS ,, 3y00K-1IapomKa”

Hanpyxenns B Tini

BIHIIS LIAPOLIKH

XBOCTOBHKA 3y61<a

2

2

Dopmyin _ R _ _ r, - - _
BH3HAYCHHS 0,=70, = pKF’ g, __far - prF 0,=0,=7p, 0,= pr
i i
N(1-u 1+u - [16] (rabn. 1). Tyt I, —paniyc 3yOka, I, —paaiyc
P. = q Tj +E—m : (1) Bix oci cumeTpii mocanku 10 PO3TISLYBAHOI TOY-

3 3 w

ne d, —npiametp 3yoka (Mm);

N — BemnumHa HATATY MPHU MMOCAIIT 3yOKa B
mapomky (Mm);

U, — xoedimient Ilyaccona mnst marepiamy
XBOCTOBHKA 3y0OKa (s TBepaoro cmasy 0,24),

M, — xoeodiuient Ilyaccona mng cram ma-
pomuku (0,3);

E, —Mozmynb Ipy»KHOCTI Ul MaTepiaixy XBO-
cToBuKa 3ybka (5,6 10° MIla);

E,, —Monynb npy>KHOCTI A1 MaTepiany Iia-

POILKH.
Bucora CcOpsXeHOi MOBEpXHI 3 €IHAHHA
,3yOOK-IIapomka”  JOpiBHIOE (0,8—1,0)d3. \Y

KOHCTPYKUISIX TOPOAOPYHHIBHOTO OCHAILICHHS IS
pomit tuny OK Haiibinplna 4acTHHA XBOCTOBHKA
KOHTaKTy€ 3 CEpLIEBMHOIO IIAPOIIKM, MEHIIA — 3
tisioM BiHIA (puc. 5). Y TakoMy BUIaaKy Hampy-
KEHUH CTaH Tila BiHIM 1 ApoIIKu OyAyThb Bil-
MiHHMMH. Y gonotax tuny TK3 mpaktudHo Bech
XBOCTOBUK 3yOKa KOHTAKTY€ 3 CEPLEBHUHOIO BiHIISI
IIapOIIKH.

[licns cxmagaHHsA 3'€mMHAHHSA, Yy MaTepiaixax
CHPSDKCHUX JeTalell CTBOPIOIOTHCS Taki Hampy-

keHHs (0, — pafianbHO-CTHCKalo4i, O, — TaHICH-

mianeHi, 0, — MO3/I0BXHBO-OCHOBI), SIKI BU3HAYA-

z
I0Th 3YCHILISA BUIpecyBaHHS 3yOka ( Pg) 3a ail pe-
akuii Buboro (Rg) (puc. 5). Bignosigno Hampy-
JKEHHs1 B 3'€JHaHHI BU3HAYaThCA 3TigHO (Qopmyd

120)
130 )

ki, T — koedimient Teprs 3y0Ka 10 CTIHKU OTBO-
Py B IIAPOIIII.

OCKUTBKH KOE(DIIIEHT TEPTS Ja€ MOXKIIUBICTH
BpaxyBaTH BIUIMB TEOMETPUYHUX TapaMeTpiB i
JKOPCTKOCTI €JIEMEHTIB 3’ €THAHHS HA HECydy 311aT-
HICTH 1 MILIHICTH 3’ €HaHHs, 3rigHo [18], mpu pos-
paxynkax mnpwuiiasto f = 01+ O15. Tlpu upomy
MOJKJIMBI IMIIBUIICHHS KOe(QillieHTa TEPTS BHIIC
BKa3aHUX 3HA4YeHb OYIYTh CIPUATIMBO BIUIMBATH
Ha TIBUINEHHS 3amacy HaIIHHOCTI 3’ €IHAHHS.
Jlnist pospaxynkis mu npuiivamu f = O]1.

3 BHpa3iB roJOBHHUX HampyxeHs (Tadin. 1) Bu-
JTHO, IO TiJ0 3yOKa € y CTaHl CTHCHEHHS, a TiJIo
IIAPOIIKY 3a3HA€ HANPYXCHHS CTUCKY (T, ) 1 Ha-
HpYXeHHS po3TAry (O,, O;). Ockinbku podoya
NOBepxHs 3yOKa BibHA BiA Oii IUX HANpPY>KEHb, TO
MiCJIsl IOCAAKH CTBOPIOETHCS MPYXKHE MEpeMilIeH-
Hs 3yOKa B3IOBXK CBO€i oci. lle cripuanHIOE BUHM-
KHCHHS TIOB3JIOBXKHIX HamNpyXeHb CTHUCKY B Timi
3y0Ka 1 po3TATY B TUII MIAPOIIKW. 3HAYCHHS ITUX
Halpy»XeHb y OCHOBHOMY BH3HA4alOThCS Koedili-
€HTOM TEPTS MIX TiJIOM 3yOKa 1 IIapOILIKH.

OTxe, 3rigHO THX € BIJOMHX TMOJOXEHBb
OTIOpY MaTepiajliB BCTAHOBIIOBAIM BUMOTH IO Be-
JWYUHH HATSTY JUIS HAIIOTO BHUMAAKY. JIns 1bOTO
3aCTOCOBAHO TEOPiI0 MILHOCTI PO MUTOMY MOTEH-
iaJibHy €Heprito 3MiHd (opMH, A€ JBa HaIpyKe-
HUX CTaHU € OJJHAKOBO HEOE3NMEYHNMH, SIKIO KiJlb-
KICTh TIOTEHITIABHOI eHeprii 3MiHu (opmu, 1o
HaKOIMWYY€ETHCS B OJMHHUIN 00’ €My, ISl HUX OJHA-
KoBa. BinmoBigHO 70 1IOTO € OAHAKOBa HeOe3MeKa
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Taémuus 2 —YmMoBH MiHOCTI 1715 3’ € THAHHA ,, 3y0OK-IIAPOIIKA”

YMoBa MinHOCTI JUTSL IapOILIKH IS 3yOKa
0-1:0-T|ri=r3 = pK’
- - g =0,=fp,
o, _Uz|ri:r3 = fp,., 1=0,= 1o,
o —U| = —p 0,=0,=03=0, =7 P»
®opmyu BH- =0 - o’ :M X
2 EKB
3HAYEHHS o o T,y1- f § d,
EKB -1
d, 1-u4 1+ u
1 | =] <o)
1- 1+ u E E
x Hs + w S[O’p] . 3 w
E3 EW

Tadauus 3 —3ajexHicTh 3HaYeHHs KoedilicHTa monpaBKH
Bix niaMeTpiB 3yOKiB i TBepAOCTi BiHIIB IIApOIIKH

Awerpy i | Taspiicrs se | sconpiicn K, | Taepliens st | oo K,
10 56-57 14-15 58-61 1,8-2,0
12 56-57 1,15-1,2 58-61 1,3-14
14 56-57 1,1-1,11 58-61 1,2-1,22

JIBOX HANPYKEHUX CTaHIB — CKJIAIHOTO Ta OJHO-
OCBOBOTO, I SKHX PO3PaXyHKOBO-CKBiBAJICHTHE

HaTpyXeHHA O, Mae BUran [16]:

i 1
i _ 2 2
ks —(E[(Ul ~0y) +(op ~03)" +
2
: (2)
+(o3 ‘01)2])2 <[op] i,
ne 0,, 0, 0; — rOJIOBH1 Hampy>KCHHA Ha KOH-
TaKTHI! TOBEPXHI CIPSDKCHHS;

[J P] i — JOIMyCTUME HAINPYXEHHS Ha PO3TAT

JUISL CTIPSDKCHHUX MaTepiaiB.

Omxe 3rigao Ttadn. 1ra (2) 3a [16] monepenu-
TH pYHHYBaHHS JeTajeldl MOXIHMBO HAaKJIaJIaHHIM
yMoB nozanux B tab6n. 2. Tyt 7,,, T, — nons go-
MYCKiB OTBOPY IIAPOIIKH Ta 3yOKa BiJIOBIIHO.

BiamnoBimHO HATAT y TOocanlli TIOBHHEH oOMe-
JKYBaTHCS TPAHUYHUMH 3HAYCHHSIMH HaNpyKeHb
MmartepianiB Aeraneil. BpaxoByioun Bimomy 3ajex-
HICTb

TN = Nmax_ Nmin :Tm +T3’
HATSAT MaB OW BU3HAYWUTHCS 3 BiJOMOTO PiBHSHHS

[16]:
[op] w +[UP] 3 |
’1_ f2 1_f

x[l_:u3 +1+:umj.

TN:d3

E3 Em
Tum He MeHIIE HpI/IBeI[eHI/If/’I BHUpa3 HC Bpaxo-

BYy€ TaKull YMHHHK SIK MMOBCPXHCBA TBCpI[iCTB ma-
POLIKHK Yy MICIH1 ITOCAaJIKH. BaxxnuBicTh TaKOro 4MH-
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HHKa 0OTpyHTOBaHa B poborax [19-21]. TBepmicTh
MMOBEPXHEBUX IIAPiB BIHIIIB IIAPOIIKH IS Pi3HUX
3a MPU3HAYCHHIM JOJIT € pi3HOo0. BiHli mapomok
BUKOHYIOTbCS B OJHOMY BHIIQAKY O€3 LleMEHTalil
(3abe3meuyeThcst 3aXHCTOM CHCIHIATBHOK 00Ma3-
kofo mepen XTO), B iHIIOMY BHIAAKy IIEMEHTY-
IOThCS. Y BCIX BHNAQAKAX IIAPOIIKH TIiIIAIOTHCS
rapTyBaHH0. BinnmoBimHO MaemMoO [Ba BHUNAIKH
TBEPJOCTI po3riaayBaHuX nmoBepxoHb — HRC56-57
ta HRC58-63. /1151 BpaxyBaHHS 1IOTO, CIIBCTaB-
JICHHSAM ICHYIOYMX B 3aBOJICHKIA IMPaKTHIIl BHMOT
IOJT0 TTapaMETPIB MTOCAAKH 3 PE3YJIbTaTaMH JOCHi-
mxenHst A. 1. bensesa [19], cmig y po3paxyHkH
HATATY BBECTH KOE(ILi€HT MONPABKH, MO3HAYHMO
fioro K 7. Ile#t xoedillieHT IOBUHEH BpaXxOBYBaTH

JiaMeTp BCTaBHUX 3yOKiB, a TaKOX Te€, IO HATAT
MMOBHUHEH 3MCHITYBATHCS TIPOMOPIIIHHO 31 3011h-
HICHHSM TBEPIOCTI MOBEpXHEBUX MmapiB. Ekcre-
PUMEHTAILHO BCTaHOBIICHO, IO TBEPIOCIUIABHI
3yOKH He 3a3HaroTh pyhHyBaHb y 90% konu 3Ha-

yeHHs K ;; 3HaxomuTbcd y Mexax sKi [OJaHO B

Tabi. 3
OTXe, HaTAT BUSHAYUTHCA 3 CITiBBiHOIIICHHS

_d, | [op] w _ [op] 5
TN_KH ’1—f2+1_f *

% 1=y, +1+:um .
E; Ey

(3)

BpaxoByroun 1o [J P] m<[0 P] s, MOJKHa
KOHCTaTyBaTH, IO B TUIl IIAPOLIKK HABKOJIO
CIIPSDKCHHST BUHMKAE HAIIPYKEHHS OIIbINe 3a Tpa-
HUIIO TUTMHHOCTi. TOMYy BeJIHYWHA HATSITY IOBU-
HHa OOIPYHTOBYBATHCSl IJIsl IONEPEKECHHS Tpi-

—
(131
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Tabauus 4 — MakcuMaJbHi pagiajbHi, M0310BKHI Ta TAHTeHUiAJbHI HANPY KEHHSI
B CIIPSKEHHI 3’ €THAHHA ,, 3y0OK-1IapomIKa”

Hanpyskenns JUISL IAPOIIKH nst 3y6Ka
12 +d,
learsz(l)ﬁ o.()
' 0,=0,=-
bopaym 0,=0,=- fO-r = fp (I) ' ’ P
BH3HAYCHHS « 0,=0,=0, =0, =-p (l)
0.20.= 1 () =020 =0 =70,

IIUHOYTBOPEHHS. BifTak KOHTaKTHUH THCK Ha pi-
BHI BHCOTH BHUCTYIy BiHms mmaporku (1) BcraHo-
BHUTBCS 3

-1

I2+d3+/j

N[1-g 1°-d ™
)=—| £ 170 @
p (1) i = )

3 3 w

| —mmpuna BiHIg WAPOMIKH.

MakcumanbHi pajiaibHi, TIO3M0BXKHI Ta TaH-

TeHITlaTbHI HAPYXEHHS B CIPSDKCHHI OTPUMYIOTH

i3 3ajexHocTel 3rigHo [16], sxi nogano B Tadm. 4.
Toni po3paxyHKOBO-EKBiBaJICHTHI Hampy>KeH-

HS1 HAOYIyTh BUTTISIY:

ac

2
Tk = p\/KE(I): :zijj il
1 (5)
+(1-f)? I+d3—12 zsbp]m,
12-d

O ik =PK(I)(1_ f)s[aP]’3 ' (6)
AHaJIOTiYHO, 32 TAKUX YMOB IOMYCTHUMHN Ha-
TAT PiBHUN

x +
12 +d 12 +d
| )P -

12 -d, 12 -d,
12 +d, oy
w
lop] 5|, | 1-p 1%-4,
1-f E, E,
Jnst mapomrok, xe | =15d, pospaxynok mo-

MTyCTUMOTO HATATY CIPOIIEHHH

129)
132)

d,
Kn

V2[op] w
J(26- )2 +(1- )2 + 256

Jopl s |1-p, | 2644,
1-f | E, E,

TN:

X

X

+ ()

3HaI04u 3HAYCHHS [U P], M, E nns marepia-

JIiB MApOIIOK Ta 3yOKiB, 3aCTOCOBYIOUH TOTY>KHO-
cTi mporpamuoro mnpoaykry Mathcad,mosxua mer-
KO BECTH TPOCKTYBAaHHS KOHCTPYKIIIi MOCAJKH 3y-
OKiB y IIApOIIKY.

OTmxe, Ui IPOSKTYBaHHS MOCAJOK JJIs BCTa-
BHOTO TIOPOJIOPYHHIBHOTO OcCHamieHHs Ty TK3
cimix BecTH 3a opmyioro (7), e OTpUMYEThCS Ha-
TAT OUTBIIIME 32 BETUYHHY JOMyCTHMOTO OTpHUMA-
Horo 3rigHo ¢opmynu (3). HaroMicTh 1i1s mpoek-
TYBaHHS HATATIB IS BCTABHOTO MOPOIOPYHHIBHO-
ro ocHarenns tTuiry OK cming 3actocoByBatu (op-
myiy (3). _ .

Jnist IpakTHYHUX PO3PaxyHKIB 3aMiCTh JOMy-
CTHMOTO HANpYy>KECHHS MOXKHA 3aCTOCYBAaTH BiJoMi
3HAYEHHS TPAHMUIIl TUTMHHOCTI

[o,]=2,
ke
TOJII pO3paxyHKOBa (opMylia JIsl BCTAHOBJICHHS
JIOTTYCTUMOTO HATSTY B TIOCA/Ili MATUME BUTJISIT

d 3 OTw oT3

= +

x 1-y, + 1+, ’
E3 EZM
Kk, —xoediuient 3anacy minHocTi.
Benmnunny cumu, sika HeoOXigHa I JTEMOH-
Ta)ky 3yOKa 3 OTBOPY B Imapoinili 3a Hatary (8),

MOXXHa OTpuUMaTu 3 BiZ[OMOFO piBH}IHH}I, SIK€ B Ha-
I1o0MYy BUIIAJIKY MaTUMC BUTJIAL

Ps :ncpkds’hz =
_7dd,h,
kt

Ny

(8)

pi (&

9

OTw OT;

Jrer? 1)

ISSN 1993—9973. Po3Bigka Ta po3pobka HadToBuX i rasoBux pogosuwy. 2013. Ne 3(48)



Hayxa — BupobHuyrsy

Ta6auus 5— MexaHiuHi BJacTHBOCTI cTaJIell IIAPOLIOK i TBePANX cIIaBiB 3y0KiB,
HeoOXi/IHi 1JI1s1 po3paxyHKiB

Marepian MOI[YJZI;I)’ Iﬁ}ﬁ)l;HOCTi r paHI/;lT’I, T;J/}PIEIP;HOCTi Koedimient ITyaccona
14XH3MA 2,110° 886 0,3
16XH3MA —— 834 ——
17H3MA —— 745 ——
20XH3A —— 750 ——
BK8-BK 58-10° 1800 0,21

Ta6auus 6 —Bnume koedinienTa 3anacy MilIHOCTI /i HATATY HA HANIPYKEeHUH CTAH Y CHIPSIZKEHUX
minsiakax 3yoka 3i cniiapy BK8-BK ii oTrBopiB y mapomui 3i craai 14XH3MA

d Koedinient 3amacy mirnHocti, K;
1,25 1,50 1,75
Harsr, m 0,120 0,100 0,088
~1588,87 ~1324,06 ~1165,17
10 Ha”‘f\iﬁzHH"' +1588,87 +1324,06 +1165,17
158,89 132,41 116,52
Hatsar, vm 0,185 0,154 0,132
—2041,25 ~1699,21 —1456,46
12 Ha”‘ﬁﬁj‘m"' +2041,25 +1699,21 +1456,46
204,13 169,92 145,65
Hatsar, vm 0,220 0,183 0,157
—2080,66 ~1730,73 —1484,84
14 Ha”‘f\%ZHH"' +2080,66 +1730,73 +1484,84
208,07 173,07 148,48

e h — BHUCOTa CIIPAKCHUX IMOBCPXOHL XBOCTO-

3
BHKa 3yOKa 1 OTBOPY IIapOIIKH.

JInst mpukiiagy TMOKakeMmo omucanuii B [16]
BIUIMB KoedilieHTa 3amacy MIIHOCTI Ha Hapamer-
pH¥ mocankyu Kol 3yOOK BHUTOTOBJICHO 31 CILIaBy
BK8-BK, a miapoiika 3 10J0THUX CTaJicH, IO IITH-
POKO 33aCTOCOBYIOTBCS ¥ M0JI0TOOymyBaHHI. Koep-
UTHBHA CHJIa TakuX 3yOkiB ckiagana 95-100epc-
ten, tBepaicte HRA87,5, cepenniit po3mip 3epHa
3,5-4,54xM.

Ipu pospaxynkax mnpuiiHaTo @D1MM —
Ky =145, @12 — Ky =113 Ol -
K7 = 111. 3rigno 3 [22, 23] mexaHiuHi BIaCTUBO-

CTi MaTepiajiB mapomku i 3yoka (tadmn. 5), Bigrak
OTpHUMaHI PO3PaxXyHKOBI NTaHI MOCAIKH 3YOKiB Je-
KUTBKOX JiaMETpiB Yy TUTO IIAPOIIKH 3a PIi3HUX
3Ha4YeHb KOoe(DillleHTy 3amacy MimuocTi (Tad. 6).
OTtxe, migOUparo4y 3amac MIIIHOCTI B MOCaI-
i, MOJKHA TPOTHO3YBATH CHITy HATATY, KOPCTKICTh
Ta HalilHicTh 1BOro 3'ennanns (puc. 6). Ilpu
BOMY CIIiJl BPaxOBYBAaTH, WO CIPIKEHHI ,,3y00K-
OTBIp” MpH HaTsrax, sKi BiANOBIIAOTH 30HAM
npyxHoi nedopmarii, koediuieHT TepTs (3uen-
JICHHSI) HE3HAYHO 3MIHIOETHCS, a TIPU TEPEXOofi y
30HY MPYXKHO-TUIACTHYHOT ;[e<bopMau11 KoeQiLieHT
TEPTS 31 30iMBIIEHHAM HATATY 30iIBIIyeThCs [24].
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OmHOYacHO TpPaHWYHI BEIMYMHHU HATITY Yy CIpS-
JKEHHI ,,3y00K-0TBip” 00MEXKYIOTHCS: MiHIMalIbHA —
MIIHICTIO 3YETUICHHS, MaKCUMaJlbHa — IOSBOIO TPi-
IIMH HAaBKOJIO OTBOPY. THM He MEHIIe OTJisiyl BCTa-
BHOTO TIOPOJIOPYHHIBHOTO OCHAIEHHS BiAMpaIibo-
BaHMX JIOJIT CBIAYNTH, IO MOPSA 3 BHITAaHHIM
3yOKiB uepes MiHIMaJbHI HATSITH MAaEMO Ppi3HHUI
XapakTep pYyWHYBaHHS TBEPAOCIUIABHUX 3YOKiB.
Jns BUABJIEHHS NPUYMH LBOTO SIBUIIA HA BAT
+»AJ13" OyII0 miaAroToBICHO naan JIOJIIT 3 BEpXHIM
MaKCHMallbHUM HATATOM Y 3'enHanHi ,3y00K-
OTBIp”, 1O y cepelHboMy aopiBHIOBaB 0,23vM,
0, 19\/IM 0,16um (3rimHO 3 TEXHOJOTIEK BHUIOTOB-
JICHHS! BIHL[i IIAPOIIOK 3aXHIIIEHi Bil ueMeHTaun)

SIkicHMM aHaIi30M TIOPOAOPYHHIBHOIO OCHA-
ICHHs BiIPALbOBAHKX JONIT BUSBICHO THIIOBHIi
XapakTep pyWHYBaHHs IS KOXKHOI MapTil MOJIT
(puc. 7)

Orxe, mpu cepenapoMy HaTsary 0,23vm y
3'emHaHHl ,3y00K-OTBIp” 3yOOK 3a3HA€E HEIOIyC-
TAMI BHyTpimHi HAIPYKCHHS, 1O MPUCKOPIOIOTH
iioro pydnysanns (puc. 7, a-0). Tyt cmocrepira-
€ThCS IHTCHCHBHE TPILIMHOYTBOPEHHSA 1 3y0OK Oy-
KBaJILHO po3cUMacThest (puc. 7,6, 2), y pe3ynbraTi
(parMeHTH XBOCTOBHKA 3aBaJbIIbOBYIOTHCS y TIJIO
mraporku (puc. 7, 0), 10 IPHU3BOAUTE J0 MOBHOT
3YIMTUHKHU TPOXOJKH JIOJIOTA.

(3)
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Pucynok 6 —B3aemo3B’ 130K Mik Koe(ilieHTOM 3amacy MillHOCTi Tijia IIAPOIIKY 3 Pi3HUX MapoK
HOJIOTHHX CTaJIell, BeJIMMMHOI0 ONTHMAJIbHOI0 HATSATY B MIPECOBOMY 3’ €/IHAHHI ,, 3y00K-1IapoIIKa’”,
Ta CHJIOI0 BUIIPeCOBYBaHHS 3yOkiB giamerpamu 10vm, 12vm, 14vum
(3yoxu Buroros.eni 3i cirapy BK8-BK)

Cepenniii Hatsar 0,1%m y 3’ ennanHi ,3y00K-
OTBIp” TaKOX BeZE 10 MPUCKOPEHOTO PYyWHYBaHHS
TBEPIOCIUIaBHUX 3yOKiB (puc. 7, e-u). Xod TyT He
Tak 1HTCHCHBHO MPOXOMAATh PYHHYBaHHS, aje pe-
3yJbTAaT MOAIOHUN — 3YOKH PYHHYIOTHCS ypiBEHb
TIJ1a BIiHIIA MIAPOIIKK (pHC. 7, 0¢Cc-1) 1 MAEMO TTOBHY
BTpaTy 3JAaTHOCTI PyWHYBaTH IMOPOAY BHOOIO IO-
JIOTOM.

Cepenniii Hatsar 0,16um y 3’ ennanHi ,,3y00K-
OTBIp” N1a€ MOXXJIMBICTH OYIKyBaTH HAWKpalili ITo-
Ka3HUKH [0 JOBIOBIYHOCTI TBEPAOCIUIABHOTO
BCTABHOTO OCHamenHs (puc.7, i-1). Tyt 3anexno
BiJl MILJHOCTi TBEPJIOTO CIUIaBy 3yOKa i XapakTepy
HABAHTAXCHHS 31 CTOPOHH BHOOIO BiIOYBaeThCH,
abo camosarouyBaHHs 3yOKiB (puc. 7, i-if), abo
BIIKOJIIOBaHHS  Bpa)Karo4doi  YaCTHHH  3YOKiB
(puc. 7,x-n).

[Ipu ormiHIi JOBrOBIYHOCTI BCTABHOTO MOPO-
JIOPYHUHIBHOTO OCHAIIICHHS BU3HAYAILHHUM € Tpi-
IIMHOCTIMKICTh TBEPAOCIUIABHUX 3YOKIB, TOMY OJI-
HO3HAYHY BIAMOBIAb HA TUTAHHI PO ONTHMAIbHI
HATSTM MOTPIOHO HIYKaTH Y BCTAHOBJICHHI OITH-
MaJIbHUX HANpyXXeHb, BHUXOSYH 3 KOHKPETHHUX
(hi3MKO-MEXaHIYHUX TOKA3HUKIB Tijla BIiHIA IIIa-
pOIIKH 1 XBOCTOBMKA 3yOka. 30Kkpema, IS BHpIi-
meHHs mporo nuranuag B [19, 20]3anpomonoBano

124)
134 )

3MEHIITYBAaTH BHYTPIITHI HANIPY>KEHHS B 30HI BUXO-
Iy 3yOKa y 3’ €qHaHHI ,,3y00K-TIapormKa” MUITXOM
MPOpi3yBaHHA BiHLIB IIAPOLIKU KOJIO 3yOKiB KaHa-
BKaMH Ha MIHOMHY IEMEHTOBAHOTO APy, a TAKOXK
(hopMyBaHHsI 3aMKOBOI KaHaBKHM Ha 3yOKy. OmHak
IIITKOM TI030YTHUCH Ha TPAKTHUIIl HETAaTHMBHUX HAac-
JIKIB IMIBHWINCHHS KOHIIEHTpAIil HamnpyXeHb B
AUIAHLL BUXOIYy 3yOKa 3 IIApOIIKK € mpoliemaTy-
uno. Tomy npu nigbopi koediuienTy 3amacy miu-
HOCTI, OTXKE, i BEIMYNHH HATATY, HEOOXiIHO Bpa-
XOBYBATH 1 BIUIMB Peakilii BHOOIO Ha HANpyKCHUH
cTaH 3yOKa.

3arajoM, MOpPIiBHIOIOYM JIaHi OoTpuMaHi B [16]
i3 3aJIOKHOCTSAMH, TMOJAaHUMH Ha puc. 6, MOXKHA
KoHCTaryBaTH, 110 ctans 14XH3MA 3abesneuye
HaWKpaIl IMOKa3HUKH IS HaIHHOTO KPITUICHHS
BCTaBHUX 3YOKIB 1 BiITaK JOBIOBIYHOCTI BCTaBHO-
ro MOPOJOPYHHIBHOTO OCHAIIEHHS mapomiok. O-
HOYACHO 3ayBa)KEHO, 110 BUCOKI 3HAYCHHS HATATY
B 3’ €IHaHHI ,3yOOK-Iapomika” BeAyTh 0 PYHHY-
BaHHS TBEPIOCIUIABHUX 3YOKiB IPH BHUCOKINA TBEP-
JIOCTI BIHIB IIAPOIIOK, IO OYJ0 BHUSBICHO IPHU
CTCHJIOBUX BHITPOOOBYBaHHSX JOJIT. Baxknupum €
Te, 10 YBEJCHHS TOIUIABKOBOTO KoedirieHty K
Jla€ 3MOTy MaKCHUMaJIbHO HAOJIHM3UTH PO3PaXyHKOBI
JaHi JIs TIOTIepe/PKCHHST BHHUKHEHHS HEJOIyC-
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a-0 — pYUHY8AHHs 810 8ePUIUHU 3 YIMBOPEHHAM GENUKOIL KiIbKOCT MPIWut 8 30Ky,
e-u — PyUuny8anHs 8i0 GepuiUHU 3 YIBOPEHHAM OeKiIbKOX MPilyuH 6 3y0KY,
i-1l — pYUHYBAHHS 610 BEPUUHU 3 CAMO3AMOYYBAHHIM 3Y0KI8,
K-/l — PYUHYBAHHS CKOTIOBAHHAM NOPOOOPYUHYIOHOL yacmuHu 3y0Kie

Pucynok 7 —Tumnosi pyiiHyBaHHsl cepiiiHUX TBEpPIOCIUIABHUX BCTABHUX 3YOKiB

THMO BHCOKHX 3HA4€Hb HATATIB IPH NMPOESKTyBaHHI
mocajiok ,,3yO00K-0TBip”, sIKi BEAYTh SK A0 TpilIu-
HOYTBOPEHHS B TiJIi BiHIIB MIapoIIOK, a00 B TBEp-
JocTIaBHOMY 3yOKy. 1lle omHMM BaXKIIMBHM IyHK-
TOM Y MPHU3HAYCHHI TAPaMETPiB TOCAJKH € PO3IO0-
JIUT TBEPIOCTI BiJI TIOBEPXHI BIHIIA MIAPOIIKU Y Ce-
puesnny. Tak, 3 MIaBHUM 3MEHIIEHHSM TBEPAOCTI
Bin HRC62-57 f1a noBepxHi 3MilHEHOTO MIapy
Binug mapomku), 10 HRC40-35 {Bepmocti na jni
OTBOpPY MiJ BCTaBHUI 3yOOK, IO BiAIIOBiJa€ 3Ha-
YEHHSM TBEPIOCTI CEPLEBMHM IIAPOIIKH), Mill-
HICTh CIpPSDKEHHS ,3yOOK-OTBip” MiABHUIY€ETHCS
[24, 25].11pu oMy 301IbLIYETHCS BEIUYHUHA TPa-
HUYHOTO HATATY, BHACIHIIOK YOr0 MOXKe OyTH po3-
IIUPEHUH TOIYCK MOCATKH.

3ayBaknMO, 10 KOHCTPYKTOPCHKI IapamMeTpu
OTBOpPIB TaKOX CYTTEBO BIUIMBAIOTh Ha IPH3HA-
YeHHs MocaIoK. {10 mpobneMy BUPILIYIOTH TEXHO-
JIOTIYHUMH criocobamMu. 30KpemMa CBEp UTiHHS, TTiJI-
0ip AHA, pO3BIpYYBaHHS i 3CHKEPYBaHHS OTBODIB
ITiJT BCTaBHI 3yOKH BEJIETHCS 3 OJIHOTO YCTAHOBY i3
3aCTOCYBaHHSIM CIICL[iaJli30BAHOTO 1HCTPYMEHTY.
Ha erani miaroroBku BHPOOHUIITBA 31MCHIOETHCS
(hopMyBaHHS CEIIEKTUBHHX TPYIl 3yOKiB, BiIMOBIJI-
HO JI0 3Ha4YEHb PO3MIpPiB OTBOPIB Y BIHIISX IApPOII-
ku. Ha eTani CKJIagaHHs 3’ €HAHHSI ,,3y601<-
nraporka” 3aCTOCOBYETBCS TEIUIOBE i IIBUJKICHE
npecyBanHs [15].

KapnunansHo ycyHyTH TpoOiieMu, TOB’ si3aHi
3 TEXHOJIOTIYHOK CKJIAJHICTIO (HOpMOyTBOpEHHS
OTBOpIB TiJl BCTaBHI 3yOKH MO>KHa KOHCTPYKTOP-
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CBKHMH CIIOCOOAMH, a caMe BIOCKOHAJICHHSM
KOHCTpYKIii XxBocToBUKa [17, 26-28].Hanpukias,
JUTSI TIIBUIIICHHS €(DEKTHBHOCTI YePITaKoIoIiOHIX
3yOKiB po3po0JIEHO HOBY KOHCTPYKIIIFO XBOCTOBHU-
Ka, 10 peanizye edekT onTHMI3allii >KOPCTKOCTI
CHUCTEMH ,,[IIApONIKa-3y0OK-1opoja” 1 CTBOPIOE
MOKJIMBOCTI MIABMINEHHS MINHOCTI 3’ €IHAHHSI
»3yOOK-TIapomka” [UISXOM 30UTBIICHHS TLUIONI
CIPSDKCHUX TIOBEPXOHb 3yOKa Ta OTBOPY B IIapo-
mmi. Ha po3po0neHy HOBHX KOHCTPYKIIH depria-
KOINOJIOHNX MOPOJOPYHHIBHUX 3yOKiB OTPHMAHO
NaTEHT Ha BUHAXin [27], ne IpyHTOBHO ommcaHi ix
KOHCTPYKIIii Ta npuHumn podoru. Tum He MeHue,
anpofallis i BUIPOOOBYBAHHs PO3POOJICHOI KOHC-
TpyKIii 4epnakonoioHoro 3yoka [27] BusBuia,
110 TaKa KOHCTPYKIIis HE MOXe OyTH 3aCTOCOBaHa
Yy BUIJIKaX KoMK Tpeba CyTTEBO i ABUILMTH BHIIIT
BCTaBHOIO 3y0OKa, TAKOXK KOHCTPYKLis He 3abe3re-
qye HEOoOXiIHOI CTIMKOCTI 10 pyHHYBaHHsS 3yOKa
IpH HOTO TpEeCyBaHHI B TiJIO MIApOIIKH. AJie Haii-
OUTBIII MPOOJIEMATHYHUM € Te, IO KOHCTPYKIIiS
BHUMarana 301IbIIEHHS] PO3TPaT LIHHOTO TBEPAOTO
CIUIaBy, MO POOMIIO €KOHOMIYHO HEBUIPABIAHUM
BIIPOBA/PKCHHsL y BUPOOHULTBO. ToMy Ha OCHOBI
ICHYIOUMX KpUTEpiiB MIIJHOCTI Ta MPOBEACHHX Jia-
OoparopHux BHIPOGOBYBaHb PO3POOIECHO HOBY
KOHCTpyKito (puc. 8) [28].

3rigHoO 3 BUHAXOJOM, LHIIHAPUYHUA TBEPIO-
CIUTABHUH XBOCTOBHK BUKOHYETHCS 3 KOHYCOIIOi-
OHOIO TTOPOKHUHOIO i3 3a0KPYIJTICHOIO BEPIIMHOIO

Ryop = 25. Hiavetp ocnopu d i riubuna h,,,

—
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Buznad A

1 —ypaoicaroua 2onoeka, 2 —xeocmosuk, 3 —emyaxa, 4 -3aous chepuuna unyKna epamn,
5 —nepeons eenyma epanv, 6 —eice cumempii nepeduvoi chepuunoi senymoi epani, T —kanasku,
8 —pebpa xanasok, 9 —koHYCcON00iOHA NOPOIICHUHA,
10 —mamepian, wo 3anosuroe noposxcHuny xeocmosuxa, 11 —xonycua ocnosa

Pucynok 8 — KoncTpykuisi 01HOT0 3 4epnakonogioHuX 3y0OKiB 3rigHo 3 BuHaX010M [27]

KOHYCOMOIOHOT MOPOXXKHWHU 9 BHU3HAYAETHCSA 3
CcmiBBigHOMIEHD [28]:

D h
?1 =2, -Me=137.139,
X6
ne  Dq—niamerp xBocTOBHKA 3yOKa, MM,
h,,, —ruMOMHA TOPOKHUHHY B Tijli 3y0Ka,
h, — Bucora XBoCTOBHKA 3yOKa, SIKa 3aIOB-

HEHa MaTepiajioM, M0 BOJIOJIE TPAHUIICIO MPYKHO-
CTi 1 TPIMIMHOCTIHKICTIO BHIOIO 3a MaTepian Tiia
3y0Ka, KpiM IThbOTO XBOCTOBHK JOJATKOBO CIIOPSI-
JOKCHHH BTYJIKOIO, IO MAa€ B OCHOBI KOHYC, BUKO-
HYEThCS 3 BTYJIKOKO, PO3MIpPH SKOI BiJIOBiNAIOTh
CIIIBBIIHOILIEHHSM.

D
069< D_l <1; 04<D;N;/D,N, <05,
2
ne  Dq —niamerp BHYTpIlIHBOI IOBEPXHI BTYJIKH,
D, — niameTp 30BHILIHBOI MOBEPXHI BTYJIKH,

Ny — HaTar, mo 3abe3mnedyeTbcs BHYTPI-
IIHBOIO MIOBEPXHEIO BTYJIKH AiameTpoM Dy,
Ny — Hardar, mo 3a0e3neuyeTbcs 30BHILL-

HBOIO IIOBEPXHEIO BTYJIKH giamerpoMm Do .

[Topoxuuna 9, musa 3abe3nedeHHS MIHOCTI
XBOCTOBUKA 2, 3aTOBHIOETHCS MaTepiaJ'IOM 10 Ma€
TPAaHHLIO TIPYXKHOCTI 1 B’ A3KICTh PyHHYBaHHS BUILI
3a Marepian Tija 3yOKa.

Jlnst epekTHBHOTO 3HIKCHHS HEOC3MEUHUX
HaIpy>XeHb B KOHTAKTI ,,3yOOK-TIapomKka”, MiaBu-
IICHHS TUIONI CIIPSDKEHHS 1 HaMIHHOCTI 3’ €THAHHS
»3yOOK-TIIaporka” XBOCTOBUK 2 3yOKa Iij BaKyy-
MOM 3alpeCOBYEThCS y NWITIHAPUYHY BTYIKY 3, IO
Mae ocHOBY 11 y BUTIAAi KOHyca TIpH BEPIIHHI
120°. Po3Mmipu BTYJIKH 3 BIANOBIJAIOTEH CITIBBIAHO-
meHHsM [28]:

TormuHa t cTinky BTynkHU 3 i ii 30BHINIHIH 1i-
amerp D, € BenmmumHaMM pi3HOTO MOPSAKY, IO

126)
136 )

BU3HAUYA€ BTYJIKY 3 TOHKOCTiHHOIO. J{7s edpekTus-
HOTO 3YCIUJICHHS XBOCTOBHMKA 3 TLIOM IIAPOILIKU
BTYJIKA 3 BUTOTOBJIETBCS 3 CTali, SKa e Ha BU-
TOTOBJICHHS IAPOIITKH.

BuxoHaHHS XBOCTOBHKA 3y0Ka 3 BTYJIKOIO, IO
Ma€ B OCHOBI KOHYC, JTO3BOJISIE HE TUTbKH ONTHMi-
3yBaTH IKOPCTKICTh CUCTEMH ,IAPOIIKa-3y0O0K-
mopoaa”, a ¥ CTBOPIOE MOXMJIMBOCTI IIiABUIICHHS
MIITHOCTI 3’ €THAHHS ,3y0OK-TIapoImKa” TUITXOM
301IBLICHHS TUIOLII CHPSHKCHUX MOBEPXOHBb 3yOKa
Ta OTBOPY B liapowi. Takox BTyJIKa, BUKOHYIOUH
POJIb IPOMIKHOTO €IEMEHTA MIK TBEPAOCIUIABHIM
XBOCTOBUKOM 1 CTaJUTIO TiJla IIAPOIIKH JIOJIOTA,
YCyBa€ PU3UK KPHXKOrO PyHHYBaHHS XBOCTOBUKA
B YMOBaxX JIii 3HAYHHUX TUHAMIYHUX HaBaHTaKCHb.

OTxe, BIIKPUBAIOTHCS MOXKIIUBOCTI JUIsl 30i-
JBIICHHS BUJIBOTY BCTaBHOTO 3yOKa 1 ITiIBUIICHHS
HOTO BIUIMBY Ha MOPOIy BHOOIO. BUKOHAHHS B 3y-
OKy HHIIHAPWYHOTO XBOCTOBHKA 3 KOHYCOMOIIO-
HOIO TTOPO’KHUHOK, IO 3alOBHIOETHCS MaTepia-
JIOM, SKHM BOJIOAi€ TPAHUUCIO NPYKHOCTI 1
B SI3KICTIO pyHHYBaHHS BHUILOIO 3a Marepiaji Tija
3y0Ka, J03BOJISIE HE TUTHKH ITiIBHIIUTH MPYKHICTH
i MiI_IHiCTI) Tima 3yOka, a # CGKOHOMHUTH ITIHHHMA
TBEPJMH CIUIAB 3 IKOrO BUIOTOBJISIOTH 3yOKu. Mi-
ITHICTh 1 KOPCTKICTh 3yOKiB MpH 3TWHAIBHUX Ha-
BaHTa)XXCHHSAX 3a0€3MEUyeThCSl TPYKHUM CepJed-
HUKOM, WIO 3allOBHIOE TIOPOKHWUHY TBEPJOCILIAB-
HOTO 3yOKa.

[IpormoHOBaHa KOHCTPYKITisS TAKOXK, IPU 3HAY-
Hill EKOHOMIT I[IHHUX TBEPUX CIUIABIB, 3a0e3meuye
30UTBIIICHHS BIJILOTY 3yOKa, a BiATAK ITiIBUIIICHHS
e(heKTUBHOCTI Ta €Heprii BIUIMBY MOPOJOPYHHIB-
HOT'O OCHAII[CHHS MIAPOIIKH Ha TIOPOAY BHOOIO.

3a paxyHOK 3aCTOCYBAaHHS BTYJKH 3MEHIIY-
I0THCSI BUTPATH Ha JIOPOTHH CIeUiadbHUA pi3aib-
HUH IHCTPYMEHT i QOPMYBaHHS BHCOKOTOYHHX
OTBOpIB B TiJIi IIAPOIIKH, & TAKOXK YCYHYTH IIPO-
OeMy pyiHyBaHHS 3yOKIiB P iX IpeCyBaHHI.
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Ral6

0,25maxx45°

0,8max**

0,35/Imax

120°**
a

Ra16

0,25maxx45°

120°
o

a —omsip 07151 cepiliHux 3y0Kia,
6 —omsip 07151 uepnakonodioHux 3y0Kie, 3 NIOBUWEHOIO WUBUOKICIIO GULONTY
Pucynok 9 —KoHcTpykuisi 0TBOPiB nifg mocaaky 3yOKiB y TiJIO IIAPOIIKH 10J10TA

Takoxx MOkHa e(hEKTUBHO MiJBHIUTH SIKICTh
Ta 3HU3UTH 3aTPATU IIPU HOPMOYTBOPEHHI OTBOPIB
il Taki 3yOKH, OCKUIbKM B 0a30BHii Hpouec me-
penbavae 3acTOCYBaHHs [OPOTOrO CHEiaNbHOTO
Pi3anbHOTO IHCTPYMEHTA JUIs IiAOMpaHHs JHa
OTBOpY 1 fioro po3BipuyBanHs (puc. 9).

Jis 3amo0iraHHS TPOKPYYYBaHHS IOPOIO-
PYHHIBHHX BCTaBOK MOYKHA 3aCTOCYBATH TEXHOJO-
rif0 Mmaiky, TUM OiNTble, M0 MaKCUMalbHUN KOH-
TaKT TI0 CHPSDKEHUX TMOBEPXHSX ,XBOCTOBHUK-
OTBip” MakCHMaJIbHO CIIPHsIE YTBOPEHHIO TOHKOTO
PIBHOMIpHOro mapy MNpHIIOI0, IO 3ade3nedye Ha-
JIHHICTH MasiHOTO 3’ € JHAHHSI.

VY pe3ynbTati 3MIHCHEHUX JOCHIKEHb Teope-
TUYHO 1 EKCIIEPUMEHTAIBHO OOIPYHTOBAHO PO3pO-
OJeHl MIIXOAM y BAOCKOHAICHHI KOMIUICKCHOTO
MiABUILICHHS SIKICHUX IOKA3HHKIB BCTABHOIO II0-
PONOPYHHIBHOTO OCHAUICHHS IIAPOIIOK OypoBHX
JIOJIT Ha eTanax MPOeKTyBaHHS, KOHCTPYIOBAHHS 1
BUTOTOBJICHHS. P03B’ s13aHO 32/[a4y BJIOCKOHAIICH-
HAM cn0c06y BUOOpY HATArY y 3'€IHaHHI ,3y00K-
IIapoIIKa”, MO BPaxoBye (i3MKO-MEXaHiuHi MOKa-
3HAKHA MATepiaiiB Ta KOHCTPYKTOPCHKO-TEXHOJO-
TiYHI TapaMeTpH CHPSDKEHUX TOBEPXOHB. TakoxX
OOTpyHTOBaHO HOBHMU IJXil Yy BIOCKOHAJICHHI
KOHCTPYKIIil XBOCTOBHKIB BCTaBOK, II0 JIA€ EKOHO-
Mit0 MaTepiaiiB, MiABUINEHHS SKOCTi ¥ TEXHOJIOTI-
9HOCTI ()OPMOYTBOPEHHS OTBOPIB Yy MIAPOIITKAX I
BCTaBHE ITOPOJOPYHHIBHE OCHAIICHHS. 3aIporio-
HOBaHa KOHCTPYKLis 3yOka OypoBoro nomora 3
XBOCTOBHUKOM, HIO peanmizye edekT eKoHoMii miH-
HUX TBEPAOCIUIABHUX MaTepialliB Ta MiABHIIYE
TEXHIKO-€KOHOMIYHI TTOKa3HWKH BHUTOTOBJICHHS
IIAPOIIOK JIOJIIT 3aXHIIeHa MTATeHTOM Ha BUHAXI/I.

CTBOpEHO HOBI MiIXOAM y MiABHUINCHHI SIKic-
HUX TIOKa3HUKIB BCTaBHOI'O MOPOJOPYHHIBHOTO
OCHAIIICHHS TPHINAPOIIKOBUX OYpOBHX JOJIT, arl-
poO0OBaHO B yMOBaX pPEATBHOTO BHUPOOHHITBA 1
OPURHSTO IO MOAANBIIOrO BJIOCKOHAICHHS SIKOCTI
1 TiIBHIICHHS] KOHKYPEHTO3/1aTHOCTI JOJMIT.

Hapani mepcriekTUBHUM € PO3pOOJICHHS HO-
BUX MaTepiajiB Ta KOHCTPYKLiH MOpOJOPYHHIBHO-
IO OCHAIICHHS IIAPOIIOK ISl OJJHOYACHOTO 3HH-
JKEHHsI COOIBAPTOCTI Ta INiJABHILCHHS SKICHHX €KC-
IUyaTalifHUX TMOKa3HUKIB TPHUIIAPOLIKOBHX Oy-
POBHX JOJIT.
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pouiku  OypoBoro jgosota. [/ HO.Jl.Iletpuna,
P.C.SIxkum, T.b.IlacunoBnu (YkpaiHa); 3asBHHK i
MaTEHTOBIACHUK IBaHO-DpaHKIBCHKUN HAIliOHAH-
HUM TeXHIYHWH YyHiBepcuTeT HadTH 1 Tazy. —
Ne a 2007 07134, zasBn. 25.06.07; omy0.
10.03.2009Ft011. Ne 5

28 TIlat. 99966C2 Ykpaina MIIK E21B 10/16
(2006.01) 3y60ok mapomku OypoBoro mosiora. /
P.C.Sxum, 1O J0.Ilerpuna, 1.C.SJxkum (Ykpaina);
3asBHUK i NAaTEHTOBJACHUK IBaHO-DpaHKiBCHKHI
HAI[lOHALHUHM TEXHIYHUI yHiBepcuTeT HadTH i1
razy. —Ne a 2010151473asen1. 16.12.20100my0.1.
25.102012Fron. Ne 20.

Cmamms nadiviuiia 00 pedakyiinoi Kone2ii
11.09.13

Pexomenoosana 0o opyxy

npogecopom Kpunem 5.A.

(I®HTYHT, m. Isano-Dpanxiecok)
npogecopom I'naoxkum AM.
(Xmervruyvkuil nayionanvhutl yHisepcumem,
M. Xmenvruybruir)
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