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AHAJII3 3ABE3NEYEHHS TOUYHOCTI TPO®LIIO 3AMKOBOI HAPI3I BUT'OTOBJIEHOI
PI3LSIMMU I3 3ATAJIbHUM MOJIOKEHHSM IMEPEJHBOI IOBEPXHI TA 3AJAHOI TOYHICTIO
ii BCTAHOBJIEHHS

BUroTosieHHs KOHIYHUX 3aMKOBHX Hapi3el BitOYBa€eThCs 3a JOIOMOTO0 Pi3LiB i3 HyIbOBUM 3HAUCHHSM HEPEIAHBOr0 CTATHYHOIO KyTa Y BEPIIMHHII
TOYIII | THM CAMHM 3MEHIIYOThCSI TEXHOJIOTIYHI MOXKIIMBOCTI, I1[0/I0 301IbIICHHS] TEXHOJIOTIYHOI CTIHKOCTI IHCTPYMEHTA B yMOBaxX 0OpOOKH B aXK0O-
OpoOHUX MaTepialliB 3 IKMX YaCTO BUTOTOBILIIOTE OypOBi 3aMKHU. Y CTAaTTi 3aIPONOHOBAHO aJITOPHTM 1 IPHKIAJHUI IPOrPaMHUN JOIATOK HA OCHOBI
HBOTO, SIKHH YMOJXKIIMBIIIOE IIPOBECTH aHAJI3 BIUIMBY IEPEIHBOrO KyTa i KyTa IiIioMy Hapi3i Ha BEJMYMHH BiJXHJIIB IOJIOBUHHUX KYTiB 1po (i
oTpuMaHol Hapizi. OTpHMaHO BUCHOBKY, SIKi CBi[4aTh IIPO MOXKIMBICTH 3aCTOCYBaHHS BKa3aHOI NPUKJIAJHOI IPOrpaMy Yy HIATOTOBLI 1 IPOBENCHHI
MOZANBIINX JOCTIKEHb BIUIMBY TOYHOCTI YCTaHOBKU IHCTPYMEHTA, HOr0 T€OMETPHYHUX ITapaMeTpiB Ta TEXHOJOrIYHUX (HaKTOPIB MpoLecy HA TOU-
HICTBh OTPUMAaHOr0 PO 3aMKOBOI Hapi3i.

KutrouoBi c10Ba: 3aMkoBa Hapisb, piselb, MepeHiil KyT, KyT MiAHOMY Hapisi, TOJOBHHHHUN KyT IPOdITI0 OTpUMaHOi Hapi3i, KyT HaXHJy pi3a-
JIBHOT KPOMKY, CTaTHYHUI MEpeHiil KyT 3 HyJIbOBUM 3HAUCHHSM.

M3roroBieHre KOHMYECKUX 3aMKOBBIX p63b6bl NPOUCXOAUT C IIOMOLIBIO PE3LOB C HYJIEBBIM 3HAYCHUCM IIEPEAHErO CTATHYCCKOr0O yrija B Bepl].lHHHOﬁ
TOYKE M TEM CaMBIM YMEHBIIAIOTCS TEXHOJOTMYECKHE BO3MOKHOCTH, 110 YBEIMYEHHIO TEXHOIOTHYECKOH CTOMKOCTH HHCTPYMEHTA B YCIOBUAX 00pa-
0O0TKH TPYAHOOOpPadAThIBAEMbIX MAaTEPHAJIOB U3 KOTOPBIX YaCTO M3rOTABIMBAIOT OypOBbIE 3aMKU. B cTaThe NpeulokeH aaropuT™ U IporpaMMHoe
MPHJIOKEHNE HAa OCHOBE HEro, KOTOPOE MO3BOJIAET MPOBECTH AHAJIM3 BIMSHHUS IEPETHEro yria U yriia nojbeMa pe3bObl Ha BEIHUYMHBI OTKIOHEHHH
TIOJIOBUHHBIX YTJIOB TMPOQUIIS MOMYYeHHOH pe3bObl. [TomydeHb! BBIBO/IBI, KOTOPBIE CBUCTENBCTBYIOT O BOSMOXKHOCTH ITPHMEHEHHS yKa3aHHOTO NpH-
JIOXKEHHS B IIOATOTOBKE M MPOBEICHUHM JTAJIbHEHIMX HCCIEI0BAaHNH BIIMAHHSA TOYHOCTH YCTAHOBKH HHCTPYMEHTA, €70 F€OMETPHYECKUX ITapaMeTP OB
TEXHOJIOTMYECKUX (PaKTOPOB Mpolecca Ha TOYHOCTD TOJIyYEHHOr 0 IPOQHIIS 3aMKOBOH pe3bObI.
KiioueBsble cjioBa: 3aMKoBasi pe3b0a, pesell, NepeHuii yro, yroia noabeMa pe3b0bl, IOJOBHHHBIN yroa Npoduiis NoxydeHHOH pe3bobl, yrom

HAKJIOHA pexylell KpOMKH, CTATHUECKUH TepeJHUH YTroJl ¢ HyJeBbIM 3HAYEHHEM.

Production of the tool-joint tapered thread occurs by turning treading tool with zero static back rake angle. It decreases the technological capability
to handle hard-made materials that are often use in the tool-joint tapered thread manufacturing. The article suggests application which allows you to
analyze the impact of the back rake angle value and helix angle value on the value of half angles of the received thread. The conclusions indicate
the possibility of using the said application in the preparation and conduct further research . This study influence the accuracy of the installation tool

and its geometric parameters and process technology factors on accuracy of the tool-joint tapered thread profile.
Keywords: Tool-joint tapered thread, cutter, back rake angle, helix angle, half angles of the received thread, side rake angle, zero static back

rake angle.

Beryn. YV TeXHOJOrYHOMY TpOILECi BUTOTOBJICHHS
3aMKOBUX T'BHHTOBHMX Hapi3eil 3aCTOCOBYIOTH CIICIliajibHi
pisii, npodink pi3asbHOI KPOMKH SIKMX Yy IUIOMIMHI Tie-
penHbol MoBepxHi BiAmnoigae npodinto Hapizi. Bkazany
BiIMOBiTHICTE 320€3MeUyIOTh 32 PaXyHOK HYJIHOBOTO 3Ha-
YeHHS BEJIMYMHH NePEeJHbOr0 KyTa. BImMBOoM BenmumuuHH
HAXWJTy pi3albHOI KPOMKH, SIKa BIAMOBIA€ KYTY IiTiHOMY
Hapi3i HEXTYIOTh, OCKLIEKH BBa)KAIOTh HOTO HE CYTTEBHM.
Ormke BUpOOHWKH HapizeBuX pi3miB [1,2] BUTOTOBISIOTH
iX TakuMu, 1100 3a0e3MeYUTH NOTPIOHMN KYT HaXMIy
pizanbHOT KpoMKH 1 mpodiip oTpumaHol Hapisi, AOTpHU-
MYIOYHCh TIPH [IOMY HYJIBOBOI'O 3HaYECHHS HepeIHbOro
kyra. Takmil migxin 3BiCHO 3a0e3medye HAWBHUIY TOY-
HICTh BiITBOPEHHS 3aMKOBOi TBHHTOBOi Hapi3i, OJHAK
P EOMY OMUHAIOTh MOKJIMBOCTI ITiABHUIIEHHS CTiiKOC-
Ti {HCTpYMEHTa 3a paxyHOK MiAOOPY BEIMYUHH TEepen-
HBOT'O KyTa y 3aJIeKHOCTI BiJl MIITHOCTI Ta TBEPIOCTiI Ma-
Tepiany 3amka uu Tpyou [3]. Ha ceorommimmmiit mens me-
pendadeHo 3acTOCyBaHHS TPyO HATOra3oBOrO COpTaMe-
HTY i3 MEXE0 MIIHICTIO S, Y Aiama3oi Bix 600 MIla mo
monax 1200 MIla. I3 TproX OCHOBHMX THapameTpiB, sKi
XapaKTepU3yIOTh TOYHICTH TBHHTOBOI Hapi3i, a caMme: To-
YHICTH TIOJIOBHHHOTO KyTa MPOQLII0, TOYHICTh KPOKY i
CepeIHBOro AiaMeTpy Hapisi, eI 3aJIeKaTh BiJ] TOY-
HOCTI BUKOHaHHI iHCTpYMEHTY, a JIBa iHIINUX BiJ HBOTO i
BiJl TOYHOCTI mporecy TO4iHHS Hapizi. Omke BenbMHU
aKTYaJIbHAM € JOTPUMaHHS TOYHOCTI Hapi3i, a came To-
JIOBUHHOT'O KyTa TPOQIII0 i KPOKY 3 OFHOYACHUM 3a0e3-
MICYCHHSIM TEXHOJOTIYHOI CTIMKOCTI PI3Md 3a PaxyHOK
migbopy mOTpiOHOrO 3HAa4YeHHS NepeaHboro kyra. He

MEHII Ba)XIMBHM IPH LBOMY € BpaxyBaHHS TOYHOCTI
YCTaHOBJICHHS! Pi3aIbHOT YaCTUHH IHCTPYMEHTY, OCKIJIbKU
el TEXHOJOTrYHUN (aKTOp MOXKE HEBHOK MIpO BIUIH-
HYTH Ha TOYHICTh BHUT'OTOBJICHHS 3aMKOBOI Hapi3i.

OTxe MeTa podOTH TIONIATAE Y 3MIMCHEHHI aHAJ3y
TOYHOCTI BUKOHAHHS IOJIOBHHHOrO Kyra mnpodimo i
KPOKY 3aMKOBOi TBUHTOBOI Hapi3i y 3aJI€KHOCTI BiJl KyTa
HaXWIy Ta MEPEeAHBOr0 KyTa, a TAKOX Yy 3aJIeKHOCTI BiJl
TOYHOCTI BCTAHOBJICHHS Pi3a]IbHOI YaCTWHH 1HCTPYMEHTa
IOJI0 JeTalll, 32 yMOBH IO ii mpodiib 3aIHIIAETHCS He-
3MIHHUM.

IMocTtanoBka 3amaui. Ha ocHOBI 3acTrocyBaHHS Ta
YTOYHEHHS BiJIOMUX aJTOPUTMIB CIJiJI BUKOHATH CIIemia-
JBHY TPHKIAAHY NPOrpamy po3paxyHKYy OCHOBOTO IIPO-
(himro KOHIYHOI 3aMKOBOI Hapi3i, SIKY BUTOTOBJICHO pi3lieM
13 3araJbHAM TIOJIOKEHHAM TIepEeIHBOI MOBEPXHi, Ta Qop-
MO0 TIPOQLTIO pi3abHOI KPOMKH, IO BiATIOBifa€ mpodi-
JIIO BIZTIOBITHOI 3aMKOBOI Hapi3i. Y mporpami ciijg Bpaxy-
BaTH IMOBIpPHI BEIWYHHU 3MIIIECHHS YCTAHOBIICHHS pi3a-
JTBHOI YaCTHHM 1HCTPYMEHTA, sKi 3/aTHI BIUIMHYTH Ha
TOYHICTH TOJIOBUHHOTO KyTa Ta KpOK Hapi3i. Ilporpama
rmoTpiOHa Ay 3ifiCHeHHS aHATI3Y BIUIMBY BKa3aHHUX (ak-
TOpPIiB Ha TOYHICTH 3aMKOBOI Hapi3i.

Anauiz nyoaikanid. Cxema mpodinro 3amMKoBOI
Hapi3i, o BiamoBifae YynHHOMY B YKpaiHi craHaapty [4]
npoisfoctpoBano Ha pucyHky 1. Tyr H — Bucora Buxin-
HOTO TPUKYTHHKA, a P — Kpok Hapizi. Y psiai 1ociimKeHb
[5,6,7] moBeneHo, 1O TEXHONOTIYHO € HE MOXKIIHBO BHKO-
HATH 3aJjaHy TBUHTOBY Hapi3b, OCKIIBKH Y BUMAAKY, KOJIH
TUTOLIMHA TIEPEAHBOI MTOBEPXHI IHCTPYMEHTA HE CITiBIAIa€
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i3 OCBOBOIO IUTOIIMHOI0 TBHHTOBOI Hapi3i, TO OTpUMaHa
TBUHTOBA TIOBEPXHS Ma€e OpMy HE KOCOro reiikoina (ap-
XIMEIOBOT0 TBUHTA), & KOHBOIIFOTHOT'O TETIKOIAa

v <
B

Puc. 1 — Cxema npoginro 3aMKoBOi Hapi3i 3rifHO i3 cTa-
Huaprom ['OCT 28487-90

Ha pucynky 2 npo¢inbs 3amMKOBOi Hapi3i BimoOpa-
xeHi y koopauHatax Z0X. Otxe 6iuni croporn AB i AD
y BKa3aHHUX KOOpAMHATaX aHAJITUYHO MOXKHA IIPEICTaBH-
TH JIHIHHUM PiBHSHHSIM:

Z=tan30° (X—Tyy) + P/

12 P
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)

I' min

I' max

i
B

Puc. 2 — Cxema npodinto 3aMKOBOI Hapi3i y KOOpAUHAT-
Hil mwrommui ZOX.

VY it popmyii 1 Ha PUCYHKY 2 Fmin 1 Fmax L€ BiAIIO-
BiTHO MiHIMAJBHUHN 1 MaKCUMAIBbHUNA paaiycu Hapi3i sKi
MOKHA BH3HAYHMTH 33 AITOPHTMOM, 110 pO3TiIsHyTO Y [8].
Ockinbku Oynp-sKe BiIXHWJICHHS IUTONIMHA TEPEIHBOL
MTOBEPXHI BiJi OCHOBOi IUTOIIMHH HAapi3i MPU3BOIUTH IO
(opMH KOHBOJIOTHOTO T'BHHTA, TO (hopMa mpodimo 6id-
Hux cropid AB i AD y koopamnarax Z0X aHamiTHaHO
MO)KHA MPEJICTABUTH TPAHCLICHACHTHUM pPiBHAHHM [7]:

sint _ir, )

sinp 2«

2(x)=tg(e, )x

. (rysin
e T= n—arcsm(ﬂj , (2)
X

s komeHTapiB 1momo ¢opmyn 1 i 2 3acTocyiimo
PHUCYHOK 3, Ha SIKOMY 300pa)XCHO CXEMY PpO3MIIIEHHS
TUTOIIMHY TTepeIHbol noBepxHi pizust — ABpDp y nnnina-
PHUYHIN CUCTEMI KOOpJMHAT.

IInomuna nepeAHbOI MOBEPXHi Pi3us 3arajJibHOTO
MOJIOKeHHS] Y IWIIHAPWYHIN cHcTeMi KoOpaMHAT.
OCKiNIbKM TIOCTaBJICHA 3ajladya BHMAara€ 3acTOCYBaHHS
IHCTpYMEHTa i3 HEHYJIbOBUMH 3HAYCHHSIMH MEPEAHBOrO
KyTa i KyTa HaXWIy pi3aJbHOI KPOMKH TOMY Ha PUCYHKY 5
HepeHs TOBEPXHS € TUIOIIMHOIO 3arajbHOTrO TTOJIOXKEHHS.
Tpuxyrauk BpADp nopiBuioe TpukyrHuky BAD, sxuii
300paxxeHo Ha pucyHky 1. Ha mmommni ABpDp poswmitne-
Hi B3aeMHO mepreHauKy/spHi Biapizku (DpSp) i (AC).
Binpisku neperuHatotbes y Touni E. Kyt mixk Biccio X i
npsimoto AC 1e craTUdHUN NepenHid Kyt y y Touli A.
3a/uisl  TIOKpallleHHS UTIoCTpamii 4YacTHHA  IUTOMIMHU
ABpDp, kotpa posmimiena nepexn miomunoro XOY, 3a-
(apboBana HacBiTio (TpukyrHUK DPAC). Pemra (Tpuky-
tHEK ACBp ) - € gemmro temuimow. TakuM 4HHOM, CBIT-
mimmid TpukytHUK DPAC po3milieHo y OKTaHTi i3 MO3U-
THBHUMH 3HaYCHHAMHE aruiikatd Z, a Temuimmit (ACBp)-—
B OKTaHTI Z Ji¢ arIikaTa Ma€ BiJ €éMHI 3HaueHHs. Biapizok
Ad' € mpoexiiiero Bimpizka ADp Ha mromuay XOY. Bigpi-
30k Ab' e mpoexkiiero Bimpizka ABp na miomnmHy XOY.
KoxHa 13 BKa3aHUX MMPOEKIIN HaxuieHi 1o oci X mif Ky-
TaMH 1) 1 11 BIAMOBIZAHO. Y MOCTaHOBIN 3a/a4i He Hepei-
6avyeHo po3risy npodiaro Hapisi y 11 pagiyCHUX AUISTHKAX.
ToMy yMOBHO BBa)KaTHMEMO IO pi3ajibHa KPOMKa CKJIa-
Jaethes 13 niBoOiuHOI yactuHu ADp 1 mpaBoOiyHOi vac-
TiHU ABp.

Biapizok ADp € mniBOOIYHOIO Pi3alibHOIO KPOMKOFO
pi3iyl, a OTXKe TBIPHOIO I'BUHTA. BoHa po3MimieHa mija Ky-
toMm o o momuan XOY. Bigpizok ABp € mpaBoOiy-
HOIO Pi3aJIbHOI0 KPOMKOIO pI3Is, a OTXKE TEX TBIPHOIO
rBUHTA. BoHa po3MimieHa mig KyToM o3 A0 IUIOIIMHH
XOY. Ileit kyr He MO3HAYEHO OKPEMO Ha PHUCYHKY S5, aie

TPOLTIOCTPOBAHO TPUKYTHHKOM D'ABP.
A

Y

Puc. 5 — Cxema po3MilieHHs IIONIMHY MIEPEeTHBOI TIOBEP-
xHi pisug ABpDp y mumiHapuyHii cuctemMi KOOpIUHAT

Touka M; € TOUKOIO TOTUKY ImpsiMOi AM1 10 OCHOB-
HOTO muitiHzapa 3 pagiycoM lp1. Touka M, € ToukoIO J10-
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TUKY TpsiMoi AM> 1O OCHOBHOrO HFJIIHZApa 3 PajiycoM
2. KyT T € monstpHuM KyTOM JIOBIJIBHOI TOYKH BiJpi3Ka
Ad'. AHAIOriYHO MOXKHA BH3HAYUTH, IO KYT T1 € TOJSAP-
HUM KyTOM JIOBiJIbHOI Touku Biapiska Ad'. Pamiyc r, Bia-
TIOB1JIa€ 3HAYCHHIO Inmin (IUB. pucC.2).

Ha pucyHky 6 moka3zaHO NPOEKIIO IUIONIMHH IIe-
PeIHBOI MTOBEPXHI PI3Lst HA MOJSAPHY CUCTEMY KOOPAUHAT,
SIK 4YaCTHHY BKa3aHOI Ha PUCYHKY 5 — HWJIIHAPUYHOI CHC-
TEMH KOOp/INHAT.

Puc. 6 — ITpoexiis b'A d' nnommnu nepenboi nopepxHi
pisit ABpDp 'y nomsipHiii cucteMi KOOpJuHaT

Kyt 1 € nomsipuuM KyToM J0BiibHOI TOukH d’, 1110
po3MillleHa Ha LMIIHAPI 3 pajgiycoM rq . Kyt 11 € mossip-
HUM KyTOM JOBUIBHOI TOUKH D’, 1110 po3mimieHa Ha 1ui-
HJIPi 3 pajiycoM Iy .

AHaniTuyHuii Bupa3 ¢gpopmu npogiio 3aMKOBOL
Hapi3i y 3a/1e5KHOCTi Bil MepeAHbOr0 KyTa y BepIMH-
Hiif Touni i KyTa migiiomy reuHTAa.

®opmy npodisro 3aMKOBOI Hapi3i YMOBHO CIiJ po-
3IUTUTH Ha TaKi YaCTHHH:

— mpsMa OiyHa Ourpima yactuHa (Ha pUCYHKY | ii
BHILJICHO JKUPHOIO JIIHIE0 B3IOBXK TPsiMoi AB);

— mpsiMa OiuHa MeHmIa 4yacTuHa (Ha pUCyHKY 1 11
BHILJICHO JKUPHOIO JIiHI€0 B3M0BXK TIpsiMol AD);

— TpsiMa KOPOTKA YacTHHA MTOOIN3Y TOUKHU A,

— pagiycHi AiHii cnpaXeHHA.

Sk #imutocs BWIE, TOYHICTH HAPi3l PeTIaMEHTYIOThH
TOYHICTIO TPHOX il MMapaMeTpiB, cepel AKX KPOK i IoJo-
BUHHHA KyT npodimro. Ileft kyT MOXHa BH3HAYHTH SIK
KYT MiX npsiMoro AB i npsmoro AG, abo sk KyT MiX Tpsi-
moto AD i mpsimoro AG. Biapizok AG € nepreHIuKys-
pom o oci Hapizi. YV poborax [6,7] mokazaHo, mo ¢op-
Myn# 1,2 X04 1 OIMUCYIOTh TPAHCIEHACHTHY KPHBY, BCE XK
Yy MeXaxX MiHIMaJIbHOTO Imin 1 MAKCHMAIBHOTO Imax Pamiy-
ciB (TOOTO Yy MeKax BIIaCHE caMoi Hapisi, a HE TeOpPEeTHY-
HOI TBHHTOBOI KOHBOJIOTHOI IOBEpPXHi) IUISHKA AaHHX
JiHIT MaroTh (paKTUYHO MPAMONiHIHHNN XapakTep. Takum
9iHOM (QopMynu 1,2 BiMOBITAOTH MPSMONIHIAHIA ITiIs-
HIl Hapi3i, 10 BUKOHAHA 3a JJOIIOMOTOI0 MPSIMOJIHIHHOT
JUISTHKY pi3aJIbHOT KPOMKH i3I, sIKa CIiBHagae i3 Biapi-
3koM ADp (muB. puc.5 ). Y cBoIo Yepry iHma mpsiModi-
HilfHA YacTHHA pi3aJIbHOI KPOMKH, sIKa pO3MillleHa Ha BiJl-
pizky ABp 3a0e3niedyBaTUMe BUKOHAHHS 1HIIOTO MPSMO-
JiHifHOTO 60KY Mpodimto Hapisi 3a aHANOriYHUMH 110 1,2
¢dbopmynamu:

sin;, P
=t SaLLLE S 3
o) =toles e G- ©)
ae oy =my _arcsinEMJ , 4)
X

Y dopmynax 2,4 BenuduHH M 1 11 € QYHKIISIMU Bix
3Ha4YeHb IEPeJHbOr0 CTATUYHOro KyTa Y y Touli A, Ta
KyTa Haxwily pi3ajJlbHOI KPOMKH A, IIO JOPIBHIOE KYTYy
miIHoMy KOHIYHOT TBUHTOBOI 3aMKOBOi Hapisi y i neBHii
Touwi. Tox AJ1st | BU3HAUCHHS] MOYKHA 3aCTOCYBaTH TaKHiA
QJITOPUTM!

n=y+u, )
e u :%, [IPAYOMY:

H -cos ¢

q=tan ;
25ini60° +gai

_ H-.cose
sin160°+(pi

((1—sin2 30° cos? A )— tanz(/l )/ 4)
Jlsist BU3HAYEHHS 1)1 MOYKHA BUKOPUCTATH TaKy GopMyiy:

sin30°sinA

m = arcsi —-y.(6)

,ll—sinz 30°cos® 4

Bu3HaueHHsl BeJIMYMHU NMOJOBHHHOIO KyTa IpPoO-
(dinro orpumanoi Hapisi.

Jlyisi BU3HA4YeHHsI BKa3aHOTO KyTa CIiJ| JeTallbHille
po3risiHyTH nipodiik 3aMKOBOT Hapisi (nuB. puc.l), 1moo
BUSIBUTH HETOUYHICTb, KA HOJArae y ToMy, o npsMa AG
He JUNTh Kpok P HaBmin. Ha pucyHky 7 mokazaHo cxe-

My, Ha AKiif KpOK P CKJIaZaeThCs 3 IBOX HEPIBHUX YaCTUH:
Pd i Pb.

Y

Py 'C Py

Puc. 7 — Cxema uist po3paxyHKy CKIaoBux Kpoky Pd i
Pb 3amkoBoi Hapisi .

Kopuctyrounce pucyHkoM 7 BU3HAQ4a€EMO BEIHYU-
HU: Pd i Pb 3a Takumu popmynamu:

H -cos ¢
B, =tan , (7
* = 2sin(60° — o) ()

12 | Bicnux HTY «XIIl». Cepis « Texnonozii ¢ mawunodyoysanniy 2017. Nel17(1239) |



Texnonoeii 6 mauiuno0y0y8anHi

ISSN 2079-004X (print)

H -cos ¢

. (8
2sin160°+¢i ®)

Haii y TOuKy A, SIKy BU3HAYCHO 3a JIOITOMOT Ok (ho-
pmyn 7, 8 mepeHeceMo nodaTok koopauHat ZX. Ha pucy-
HKY 8 TOKa3aHO CXEMY i3 IDIOCKO MapajelIbHUM IepeMi-
LIEHHSM 110YaTKy KoopauHaT ZX.

d=tan

—_—
£

Z A 2
<« ol g

- | 3|

£
Ay 2
T d
- D
¥ A
B
P

Puc. 8 — Cxema 111 po3paxyHKy BEJIUYMHHU NOJIOBUHHOTO
KyTa Npo)iito OTpUMaHoi Hapisi.

OTmxe MaluH TaKy CXeMy PO3paxyHKy MOXKEMO 3a-
crocyBat (GHOPMYIH ISl PO3PAXyHKY MOJIOBHHHUX IPO-
¢imsamx KyTiB 0b i ad 3amMKoBOT Hapi3i oTpuMaHoOi pisiem
i3 3araJbHUM HOJIOKEHHSM IUIOLIMHN MEPEAHBOI TOBEPX-
Hi (KyTH ¥ 1 A He OpiBHIOWTH 0):

_ arctan - 2naxn)
% A (rmaxb - rmin) , (9)

_ arctan - 2(fmexa)
a= e (rmaxd ~ Tmin ) , (10)

ne Z(Mpuxp) L€ BUKOPUCTaHE 3HAYCHHS (popMynH 3

opu X=lpy @ Z(Mexg) L€ BHKOPHCTAaHE 3HAYCHHS

dopmynn | mpu X= Fpyq -
Fevin :d—23+b—H +Ltang;
d, .
Maxd :7+b+ Ltang;

I’rmxb =I’min +H +Pbtan¢,

ne 3rigHo 3 [4] Ta pucyHkoMm 1 3acTOCOBaHO Taki
YMOBHI TIO3HAYCHHS:

H — Bucora BUXimHOTO TPOdisto, @ — KyT HAXIITY
Hapisi, f-— 3pi3 Bmagnnm, b — 3pi3 Bepmmnm, ds— miamerp
3aMKOBOi Hapi3i Ha 1i TOpII.

L — BizcTanp BiJ TOPIIA O MEBHOT'O BUTKA KOHIYHOL
3aMKOBOI Hapi3i.

BusnaueHHsi KpoKy oTpuMaHoi Hapisi. Kpok Bu-
3HAYAETHCS TOJ]AUei0 HA 00epT, a Y BHIAJKY i3 3aCTOCY-
BaHHSAM ITOBHO NMpPO]iIbHNX pi3LiB, a came TakKi i JTOMiHy-
I0Th Yy BUPOOHHITBI Ha()TOra30BHX TPYO 3aJIEXKUTH 1 BiX
nmapamerpa P Ha pi3anbHiA yacTHHI iHCTpyMeHTa. Boue-

BUIb, SKIIO pi3ellb MAa€ OJHOHUTKOBE MOBHO MPOdibHE
BHUKOHAHHS TO JUIS 30BHIIITHBOI HAPi3i KPOK 10 BITAJIIHAX
BIJINIOBIZIATUME TIONA4i Ha 00EpT, a BEepIIMHU (OpMYyBa-
TUMYTBCSl pi3LieM, a OTXKe OyayThb 3MilleHi BiJJHOCHO
BIAJVH HA MEBHI BEJTUYUHH Op 1 O, AKI MOXKHA BH3HAUUTH
3a TaKUMH (POpMyITaMHu:

Ha pucynky 9 mpointocTpoBaHO CXeMy, sIKa IOsC-
HIOE BKa3aHi Gopmyiu.

£ 8y
A
T & /
B Py cosn
B cosA e

Puc. 9 — Cxema ju1s po3paxyHKy HETOUHOCTI KPOKY Ta ce-
PEIHBOTO JiaMeTpy OTPUMAaHOI Hapi3i.

BenuunHa BHCOTH BHXigHOro npodimto A BHaci-
JIOK HaxM1y Mepe/HbOI IUIOIMHH Pi3Ls Ha KYT Y 3MIHUTh-
Cs 1 CTaHe MEHIIIOKO:
H, =Hcosy.(13)
B Ttakuii caMm crnoci® 3MiHATBCS BEIMYHMHA BUCOTH
mpoio hy:

hy, =h cosy.(14)

AHaNOriYHMX 3MiH 3a3HAOTh BHCOTA mpodimo h, a
TaKOX Ta cepeaHiil miamerp dg,.

Bu3HaueHHsI BeJIMYUHU MOJIOBHHHOIO KyTa Npo-
(dino orpumanoi Hapisi i3 BpaxyBaHHsIM iMoOBipHHMX
BeJIMYMH 3MillIEHHS] YCTAHOBJIEHHS Pi3aJIbHOI YaCTUHHU
pizus.

Ha pucynky 10 mokazaHo cxemy A pO3paxyHKY
3aJIe)KHOCTI TOYHOCTI MOJTOBUHHOTO KyTa BiJl BEPTHUKAIb-
HOT'O 3MIIIIEHHS BEPIINHU Pi3IIA.

Puc. 10 — Cxema 151 po3paxyHKy HETOUHOCTI 3aJI€KHOCT1
TOYHOCTI MOJIOBHHHOT'O KYyTa BiJ BEPTHKAIHHOTO 3MiIICHHS
BEPIINHU Pi3IIsL.
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Ha Bkazaniif cxeMi BepIIMHa pi3aibHOI YaCTHHH pi-
311 A 3MillleHa BiTHOCHO OCHOBOI IUTONIMHHU JICTANI 3 IICH-
TpoM y Toulli O Ha BEIWYHMHY @, IO BiJIOBiIa€ JTOBKUHI
Bigpizka NO. Ha cxemi 300pakeHO J1Ba BapiaHTH pizaib-
HOi YaCTHHM — i3 JOJATHIM 1 BiJ’€MHHM 3MIIl[CHHSAM TIc-
penHBOro KyTa y. Y BUIAJKY JOJATHOTO 3HAYCHHS 3Mi-
IICHHS TEPEIHbOr0 KyTa IUIONIMHA TEePEIHbOI MOBEPXHI
po3MilleHa moa0 oci AeTani Ha Bijctani — hp, skmio me-
penHill KyT Ma€e BiJi’€éMHE 3HAYCHHS 3MIICHHS JI0 aHAJIo-
riYHy BeJMYMHY TO3HAYECHO K — Ny.

3i cxeMH MOXKHA OTPUMATHU TaKi BUPA3W JUIsl BU3HA-
YCHHS O3HAYCHUX BiJICTAHCH:

) ;

by =r minSin( ¥ —arcsin
min

. . .
h, =ri,sin(" y +arcsin );
min
Ha ocHoBi nmx piBHsHB 15,16 BpaxoByrOuM 3HaK
BEJIMYMHM 3MILIEHHSA IepeIHbOro KyTa MOXKHA 3aIporio-

HYBaTH €JIMHE PiBHSIHHS:

h

)

ity :rminSin(73Mim +arcsin ]
min

1 Ha floro ocHOBi CTBOpPHUTH (HOPMYIY AJISl PO3paxy-

HKY JJOJIATKOBOTO MEPEHBOT0 KyTa, 10 € (YHKIIEIO Bep-

THUKAJILHOTO 3MIIIEHHS 1 3MIIIEHHS i HETOYHOCTI mepe[-

HBOT'0 KyTa!

7= al’CSin My
Fmin

Biarenep ¢popmyna 5 HaOyze Takoro BUTISLY:

n=y+ntu,
BpaxoByrouu, Te 1m0 Moxe OyTH 3MILEHHs HE TLb-
KU Yayim, 1€ 1 AHAIOTTYHE HOMY Asying TO BEIHUHHY [ Y
dbopmyni 15 ciig po3paxoByBaTH He SIK (YHKIIO Bij A, a
K QYHKIGEO (At Agyiing)-
3a ananoriero ¢Gopmyna 6 y BHIAIKy BpaxyBaHHS
BEPTUKAJIBHOTO 1 KYTOBHX 3MillleHh HaOyJe Takoro BH-
TILIY:
sin30°sin(4

IMiLY

+A4)

1, = arcsin -r—n

\/1 —sin® 307 c0s* (4,4,

+A)

IIpoBenenns po3paxynkiB. Ha ocHOBI 3ampormono-
BaHOI BHINE TIOCTIAOBHOCTI PiBHSHBb CTBOPEHO IPOrpaM-
HHH 3aCTOCYHOK JUISl OTPUMAHHS aBTOMaTH30BaHOTO PO3-
PaxXyHKY BEIMYMHU TTOJIOBUHHUX KYTiB PO]iTI0 oTprMa-
HOi pi3leM KOHIYHOi 3aMKOBOI Hapizi. OCKUIBKH yciX
3aMKOBMX Hapizedl 3a cranmaptoMm [4] € 27 i BoHM BHKO-
HaHi 3a I’AThMa opMaMu IPODLITIO 1 TBOMA BeTHIMHAMHA
KOHYCHOCTI TO Y MEXaX CTaTTi BAPTO OOMEXHUTHUCS TPbO-
Ma THIIOpO3MipaMH 3aMKOBHX Hapi3el, a came:

— 32 HaiMEHIIIUM JliaMeTPOM, TOOTO Hapi3b 3—65;

— 3a HaHOUTBIIMM nTiamMeTpoM, ToOTO Hapi3b 3—203;

— Hapi3p 3—121, miamerp sikoi Mae cepeqHe 3Ha-

YEHHS.

BennmunHa niepeHBOrO KyTa MOJA€ThCs Yy Jiarma3oni
Bix 0° mo +11°. B xoxxkHOMY pa3i HaiOiNbIEe 3HAYCHHS
TIepeTHHOTO KyTa Y KOXKHIH 13 ceMH TabnuIp y3aae:KHEHO
BiJl MAKCUMAIBHOTO BiJIXWJTY OJTHOTO i3 TIOJIOBUHHHX KY-

TiB, sike nopiBHIOEe 30,5+0,05° ([omyck Ha MOJIOBHHHUMA

KyT npodinto 3a crangaprom [4] cranoButs £0,5°).
[lepmoto mpencraBieHi po3paxyHKH 0e3 BpaxyBaH-

Hs1 3MIIIEHb 1 TUTBKH JUTS Hapi3i 3—65

3amok 3-65

Hiamerp Oinbioi ocHOBH KoHyca D1 — 65,1 Mm

Kpok — 6,35 MM

Bucota Buxignoro npodinro H — 5,471 mm

KonycHicte 1: 6

[pu Biacrani Big Topus - 0 MM, KyT migioMy Hapisi, A=

2,61.

Tabmuus 1- 3HaueHHs OJIOBHHHKX MPOQUIEHUX KYTiB 3aMKO-

BOI Hapi3i NP Pi3HUX 3HAYEHHSIX CTATUIHOr'O IEePEAHBOrO KyTa

y BepmmHHIHM Touni ( 3amok 3-65, Bixcrans Bix Tops - 0 MM,
KyT migifomy Hapisi, A=2,61°)

g- é ;g 3HaueHHS CIATMHOTO TIEPSTHBOrOKyTa Y© Y BEpILINH-
'L%' E Hii TOYII
0 5 g§ |10 11| 5| 38 -10
AD
— ~ o ~ = < <t o
2 @ S S | ™M 0
<2} [} [} [} o ) o o
N N N N ™ ™ ™
AB
™ o) Tel o © = © ™
o S N < < > | O S
<) o o o o 23 o o
N ™ ™ ™ ™ N ™

VY HacTynHHX TaOJMIIX YCIOJM BpaxoBaHI 3MillleH-
Hs, a caMe:

Beprukansuae 0,1 Mmm

Kyroge, y° 0,1°

Kyroge, A° 0,1 °

[TozHauka * BKa3ye Ha Te, IO PO3PAXYHOK IIPOBE-
JICHO TIPU TaKUX IMOKa3HUKaX 3MIILEHb:

Beprukansae 0,2 MM

Kytoge, y° 0,2°

Kyrose, A° 0,2 °

VYci HacTynHI po3paxyHKH BHUKOHAHI IS MOYATKO-
BOrO BHTKa, TOOTO 3a HYJbOBOI BiAICTaHI B TOPI 1 JUis
OCTaHHBOTO BWTKA, TOOTO NPU MaKCHMAaJbHii BigCTaHI
Bix Topus Hapisi. Lle 3pobienHo mist Toro, mob BpaxyBaTH
BIUIMB HAa TOYHICTh MOJIOBUHHOTO KyTa MPOQito oqHOYa-
CHO JBOX (haKTOpPIiB: BEIMYHMHHU pajiyca Hapisi, sika 3poc-
Ta€ BiX TOpIS A0 30iry Hapi3i i 3HAYEHHS KyTa IiIHoMY,
SKUIA 3MEHIIYETHCS Y IbOMY K HAIPSIMKY.

Tabnuis 2— 3Ha4SHHS MOJTOBUHHUX MPOQITHHUX KYTiB
3aMKOBOI Hapi3i MPH Pi3HUX 3HAUCHHSX CTATHYHOIO MEPETHHOr0
KyTa y BepumnHHii Tourti ( 3amok 3-65, Biacranp Bix Topiy - 0
MM, KyT migiiomy Hapisi, A= 2,61°)

.| 3HAMCHHA CrATVMHOMOTIEPEIHBOTOKYTa Y ° Y BEPUIMHHIH TOYL
= X o
Al o 1 © & S p=| LY Y Y AN
IS N N ~N | o ~ | © < |
P B T T I A = O N = T ISR I B2
oo ol|lo| o | o s |l ol o o
4  § § N N ™ ] ™ ™ ™
o o I~ <) ] Q ~ o) o |
gogua|lN|ls|n ||| S
0o ooc|lo|lgal|o glslg|g
g A o ®m| o | ® N | N | ®
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Tabmums 3 —3Ha4eHHs TOJOBUHHIX MPOMITEHIX KyTiB 3aMKO-
BOI Hapi3i MpH Pi3HUX 3HAYEHHAX CTATHYHOTO MEPEAHBOrO KyTa
y BepmmHHIHM Touni (3amok 3-65, BijgcTaHs Bif Topi - 60,13
MM, KyT migiomy Hapisi, A=1,80°)

% 3HaveHHT CTAaTVMHOTOTIRPETTHEONOKyTa y°© Yy BEpPIIMHHIHN TOUII
.4 ¥ o
Blo|w|wow|&|S|d]|w |9 |%®|
< (oY} [e0) (o2] Lo o © (o [e0) (9N}
Q2| 2 || d S CAN BESC A BT
o (o] (o] (o) (o) o o ) o o o
AR | Q| Q| ® | & | 8| | o
g9 |8 |38 |8|l8|8|d
1] (o) o o o o o y o o o
Q| ®» | oo | |8 | o6|a|a
3amok 3-121
Hiamerp Oinbinoi ocHoBu Konyca D; — 121,71 mm
Kpok — 5,08 mm

Bucota Buxignoro npodimo H — 5,471 mm

Konycuicts 1: 4

[Ipm Bincrani Big Topus - 0 MM, KyT migloMy Hapisi,
A=1,04°, mpu Bixacrani Big Topus — 86,13 MM, KyT miiio-
My Hapizi, A= 0,7°.

Tabnuisa 4 — 3HaYeHHs MOJOBUHHUX MPOQITBHUX KYTiB 3aMKO-

BOI Hapi3i IpH Pi3HUX 3HAYEHHAX CTATHYHOIO MEPEHBOIO KyTa

y BepiuuHHi# Touni ( 3amok 3-121, Bincranp Bix Topus - 0 M,
KyT migifoMy Hapisi, A=1,04°)

[Ipu Bincrani Big Topus — 0 MM, KyT nigiomMy Hapisi,
A=0,75°, npu BiacTaHi Bix Topus — 149,1 mm, KyT miaiio-
My Hapisi, A= 0,51°.

Tabmuus 6 —3Ha4eHHS MTOJIOBHHHHX MPO(QUIEHUX KYTiB 3aMKO-
BOI Hapi3i MPH Pi3HAX 3HAYEHHSX CTATUYHOTO TIEPETHBOTO KyTa
y BepmuHHIA Touti ( 3amok 3-203, Bincranb Bij Topis — 0
MM, KyT Tijiomy Hapisi, A=0,75°)

% 3HaueHHs! CTATYHOIO NEPEIHFOrOKyTa Y© Y BEpIIMHHIN
8 TOYII
| ¥ o | <
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Tabnuus 5 — 3Ha4ueHHsT MOMOBUHHUX MPO(IIBHUX KYTiB 3aMKO-
BOI HApi3i PH Pi3HUX 3HAYEHHSIX CTATUYHOrO MEePEAHBOTO KyTa
y BepiuuHHi# Touri ( 3amok 3-121, BifcTaHb Bif TOPIS —
86,13 mm, kyT migiiomy Hapi3i, A= 0,7°)

.| 3HAYCHHS CTATMMHOIOTIEPEIHBOTOKYTA Y° y BEpPIIMHHIN TOULi
-

. b3
Blo|lw|w|&|S|dw|®|®|F|H
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P e = e O e T 1 O o A s A B A I
RS |8 8|88 8|83 |8|8|8
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3amok 3-203
Hiamerp Ginbinoi ocHoBu Konyca D; — 203,20 mm
Kpokx — 6,35 MM

Bucora BuxigHoro mpodinro H — 5,471 mm
Konycuicte 1: 4

Tabmuus 7 — 3HaYeHHs OJIOBHHHHX MPOQIIBHUX KyTiB 3aMKO-
BOI Hapi3i NpH Pi3HUX 3HAYEHHSX CTATHYHOrO MEPEAHBOrO KyTa
y BepimHHIHM Touni ( 3amok 3-203, BiacTaHb Bif TOPIS —
149,1 MM, kyT migiiomy Hapisi, A= 0,51°)

E 3HaYeHHs1 CTATMMHONO TIePETHBONOKyTa Y° Y BEPILMHHIH TOYIIi
| o
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BucHoBku.

1. Teopernunuit po3paxyHOK BEITHMYNH HOJIOBUHHHUX
KYTiB OCBOBOT'0 TPO(ITI0 OTPUMAHUX KOHIYHHX Hapizei
JIr B OCHOBY IIPOTPaMHOT0 aJTOPUTMY, IO YMOXKIIHUBIIIOE
3MIACHATH aHANi3 3aJIGKHOCTI BEJTMYMH BKAa3aHUX KYTiB
BiJl BETMYMHH NEPEIHBOTO KyTa pi3Id Ta KyTa MigidoMy
Hapizi.

2. BennumHu JTiBOTO 1 IMPaBOro IMOJIOBHHHOTO KyTa
KOHIYHOiI 3aMKOBOi Hapi3i CHJIBHO BiJpPi3HAIOTBCS MIiXK
co0010 B Mipy 301BbIICHHS BEIHYUHHA MEPEAHHOTO KyTa
pizms.

3. BennurHa TIOIOBUHHOTO KYTa i3 KOPOTIIOTO OOKY
(AD) B miamasoHi M0OJaTHHX 3HAYEHBH TMEPEIHBOTO KYTa
3pocTa€ TOBUIBHIIIE HiXK BETMYMHA ITOJIOBHHHOTO KyTa 3
JoBIIOTO GOKY (AB).

4. BenwumnHa TOJOBHHHOTO KyTa i3 JOBIIOTO OOKY
(AB) B miamasoHi BiI’€MHHX 3HAYEHb IMEPEAHBOTO KyTa
3pOCTa€ MOBLIBHINIE HiXK BEIUYUHA ITOJOBHHHOTO KyTa 3
nosiroro 6oky (4D).

5. BenmunHa MOJOBUHHKX KYTIB JIOCSATa€ MaKCHMa-
JBHO JOIYCTUMHX 3HA4YEHb NPU 3HAYECHHSX IEPEeIHbOTO
kyTra +£11°, a B okpemux Bunazakax mpu +10 °.

6. BimMmiHHICTh MK BETMIMHAMH MTOJIOBUHHHUX KYTiB
MpyM MIiHIMQJIBHIA 1 MaKCHMajbHIH BENWYMHI MigHOMY
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Hapi3i € He Iy)Ke CYTTEBOIO 0O CTAaHOBUTH IS BCIX 3aM-
koBux Hapizeit 0,01-0,02°.

7. TaHreHmianpHe 3MimieHHs BenuuuHO 0,1 MM
BKYIIi i3 HETOYHICTIO MEPEeJHHOr0 KyTa i KyTa HaXWIy
pizasibHOI Kpomku BenmunHoo 0,1° crionykae 10 3011b-
IICHHS TOJIOBUHHOTO KyTa mpodimo Hapizi Ha 0,01-
0,02°.

8. BenumuuHa BiIXuily MOJOBUHHOIO KyTa Mpodiiro
He nepeBunrye 0,16°, gxuo BelIWYMHA CTATUYHOIO Iie-
PEIHBOro KyTa y BEPIUMHHINM TOYII JISKUTH Y MEKax BiJl
-5° mo 5°.

VY nopanbIIMX JOCTiIZKEHHSIX, BAPTO 30CEPEIUTH-
Csl HA TAKUX acleKTaX aHaji3y TOYHOCTI MPOQIII0 3aMKO-
BOI Hapi3i:

- OBl JIETAJILHOMY PO3IJISiAl BIUIMBY BEJIMUUHU TIe-
PEIHBOro KyTa Ha BETMYUHY MOJIOBHHHOTO KyTa Npodisio
y miama3oni 5-9°;

- CTBOPEHHI MPOTrpaMHOro 3a CTOCYHKY 3 BUKOpPHC-
taHHsM  Qopmyn 11,12,13,14 ans 4YuciIoOBOro aHaitizy
BIUIMBY TMEPEIHBOTO KyTa Ha 3MiHY KpPOKY i poOo4oi BU-
cOTH Npo(diTF0 3aMKOBOI Hapi3i;

- CTBOPEHHS TEOPETHYHOr0 AITOPUTMY ISl aHalli3y
TOYHOCTI TPOQITI0 3aMKOBOI Hapi3i i3 3aCTOCYBaHHIM
MIPE/ICTABICHOTO Y CTATTI QJITOPUTMY BKYIII 13 BIUIMBOBU-
MU TEXHOJIOTYHUMH TTapaMeTpaMu Hapi3eTOUiHHSI.
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