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Uckaxenne GOpMBI 3JIEMEHTOB ACTaIM IPUBOIUT K CHIDKCHHUIO SKCIUTyaTallMOHHBIX CBOKCTB Takoii getamu. Tax, B
TTOIBMKHBIX COSTMHEHUSIX OTKJIOHEHUS 3JIEMEHTOB JISTAJIN OT NMPABWIILHOM ITHHIPHIECKON (OPMBI IIPUBOIAT K He-
MJIABHOCTH €e MepeMeIeHuit, ObICTPOMY U3HOCY M3-3a2 KOHTAKTa [0 OTPaHIMICHHOI TOBEPXHOCTU. B HEMOABMXHBIX CO-
CIMHCHUAX UCKaXXCHHE (POPMBI IPHBOIUT K HCPABHOMEPHOCTH HATATOB B COCAMHCHHUAX, U3-32 ITOI0 CHIJKACTCS IIPOY-
HOCTb COETMHEHNS, TePMETUYHOCTDb U TOYHOCTh IIEHTpUpoBaHusl. VckakeHne (hOpMBI BIIMSET TAKKE HA TPYIOEMKOCTb
U TOYHOCTH COOPKH, MOBBIIIACT 00BEM IPUTOHOYHBIX PA0OT, BIMSET HA TOYHOCTh OA3UPOBAHMS ICTAIIU IIPU U3TOTOB-
JICHUX ¥ KOHTpoJie. OTKIIOHCHNS PACIIOJIOKEHHMS TIOBEPXHOCTCH OT MX HOMHHAJIBHOTO 3HAYCHHS YPE3BBIYaHO BPE/I-
HO CKa3bIBAIOTCS Ha HAIEKHOCTH pabOTHl MAIllMH, BBI3BIBAsI B OTIAC/IBHBIX JIETAIAX M COCIMHEHUSX JIOTIOJTHATEIbHBIC
CTaTUYECKHe W TUHAMUYECKHIE Harpy3KH, YTO MPUBOAUT K OBICTPOMY M3HOCY M YCTAIIOCTHOMY Pa3pyIICHHIO eTaJIeil.
JlomycKy pactoyIoKeHNs WM (OPMBIL, YCTaHABIMBACMBIC /IS BaJIOB HJIM OTBEPCTHIA, MOT'YT OBITh 3aBHCHMBIMH H HE3a-
BUCHMBIMHA. 3aBUCHMBIE TOITYCKH PACIOJIOKEHHsI YCTAHABIMBAIOTCS JIJIS IETaJIell, KOTOPbIE CONPATAIOTCS ¢ KOHTpJIe-
TaJISIMK OTHOBPEMEHHO 10 ByM 1 60JIee MOBEPXHOCTSM U /1751 KOTOPHIX TPEOOBaHHs B3aUMO3aMCHACMOCTH CBOMISTCS
K 00€CIeUCHUI0 COOMPAaEMOCTH, T.€. BO3MOYKHOCTH COCIMHCHHMS NCTAJICH IT0 BCEM COPATACMBIM TIOBEPXHOCTSM.
3aBHCHMBII JTOMTYCK yKa3bIBaeTCS HA YEPTEIKE UM B IPYTUX TEXHUUECKUAX TOKYMEHTaX 3HAUYeHUEM, KOTOPOE TOITyCKa-
€TCsI MPEBHILIATH HA BEJINYHHY, 3aBHCSIIYIO OT OTKJIOHCHHUS ICHCTBUTEIHHOIO Pa3Mepa PaCCMaTPUBAEMOro JIEMEHTa
w/vm 6askl OT Ipefiesia MaKCHMyMa MaTepHuaria.

Ha mpumepe Basta yaupunmposanaoro peaykropa 3asoga MOCCEJIBMAI nox o6o3nauennem H090.040 paccemo-
TPEHbI TPU BapHaHTa Ha3HAYCHHsI 3aBUCHMOTO JOITyCKa COOCHOCTH, YTO IO3BOJIIET, C OIHOM CTOPOHBI, PACIIHPUTD
BO3MOYKHOCTH T€XHOJIOTHIECKOT0 000PY/IOBaHHS i CHU3UTh CEOECTOMMOCTh 00pabOTKH, a ¢ IPYToil — rapaHTHPOBATh
cOOpKy coelMHeHH# Oe3 MpUroHKu. [1J1d Halrero mpuMepa MpuMeHeHHe TPEThero BapuanTa 0003HAYSHHUS pacIIupPSIET
HOIYCK COOCHOCTH IBYX noBepxHocTeit Basa oT 0,010 mo 0,048 MM, 4TO He TOJIBKO SKOHOMHYECKH 11eJ1ec000pa3Ho, HO
1 MI03BOJISACT IPAMOTHO HCIIOJIb30BATh MPEHMYIIECTBA OJTHOM B3aNMO3aMEHACMOCTH.

Karwoueswie caosa: nomyck pasmepa, T0Imryck Gopmbl, 3aBECHMBII TOITYCK (HOPMBI, TOIYCK COOCHOCTH, OTKJIOHEHHE OT
COOCHOCTH.

Distortion of the shape of the component parts leads to a decrease in the operational properties of these parts Thus, in
movable joints the deviation of the component parts from the correct cylindrical shape leads to an inadequacy of its
movements, rapid wear due to contact over a limited surface. In fixed joints, distortion of the shape leads to uneven
tension in the joints, because of this, the strength of the joint, the tightness and the accuracy of the centering decrease.
Distortion form also affects labor and assembly accuracy, increases the amount of trimming work affects the accuracy
of basing of parts in the manufacture and control. Deviations in the location of surfaces from their nominal values are
extremely detrimental to the reliability of the machines, causing additional static and dynamic loads in separate parts
and joints, which leads to rapid wear and fatigue failure of the parts.

Tolerances location or shape to be set for shafts or openings may be independent and dependent. Dependent location toler-
ances are set for the items, which are interfaced with the object at the same time on two or more surfaces, and for which
the interchangeability requirements are reduced to ensure the collection, ie, connectivity details on all mating surfaces.
Dependent tolerance indicated in the drawing or other technical documents value which may be greater than the val-
ue of which depends on the deviation of the actual size of the element and / or the base material of the maximum limit.
On the example of the shaft of the unified reducer of the MOSSELMASH plant, under the designation H090.040,
three variants of the assignment of the dependent tolerance of alignment are considered, which, on the one hand,
allows to expand the capabilities of the technological equipment and reduce the cost of processing, and on the other
hand, ensure the assembly of connections without fitting. For our example, the use of the third variant of the notation
extends the alignment tolerance of the two shaft surfaces from 0.010 to 0.048 mm, which is not only economically
feasible, but also allows the use of full interchangeability to be competently used.

Keywords: size tolerance, tolerance form surfaces, dependent tolerance, alignment tolerance, deviation from alignment.
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Beenenne

CTOMMOCTh MAIIIMHBI OIPEACIaeT TEXHOJIO-
TUYHOCTh €€ W3rOTOBJICHHS, TOITOMY JeTaJu,
IIpUMEHSEMBIC B MAaIIUHOCTPOCHUH, UMEIOT TIPO-
CTedmyo reoMeTpuieckyo ¢opmy. B mepByro
ouepeb 3TO MIJIHHAPHICCKUE TTOBEPXHOCTH — UX
okoJjio 70 %, mnockue — 12 %, 3y0uaThie Kojeca —
3% [1].

OTKJTIOHeHHS (POPMBI, PACIOJIOKCHHUS ITOBEPX-
HOCTEW HeTayied MPUBONAT K YXYIIICHUIO 3KC-
TUTyaTallMOHHBIX CBOMCTB COOPOYHBIX EIUHUI], B
KOTOpBIE OHW YCTAHOBJICHBL Tak, B TIOMBHKHBIX
COCTMHEHUAX OTKJIOHGHHS OT IPaBUJILHOU ITH-
JIMHAPUIECKOH (POPMBI TPUBOAAT K TIOBBIIICHHOMY
M3HOCY M3-3a KOHTaKTa He IO BCEHl MOBEPXHOCTH,
a TOJIBKO II0 €€ YacTH, K ITOBBIIICHHUIO CHJI TPEHHS
u camkeHnto KI1JI mammebL. B HEemonBmxHBIX CO-
eIMHCHUAX 3TH OTKJIOHCHHS IMPUBOIAT K HEpaBHO-
MEpPHOCTH HATATOB B COCTUHEHUAX, CHIDKCHHIO
MIPOYHOCTh IMOCATKH, TEPMETHIHOCTH W TOYHOCTH
nenTpupoBanus [1]. OTkIoHEHHE (OPMBI BJIHSACT
Ha POCT MOTPEITHOCTEN B ONepanusaXx COOPKH 1 To-
BBHIINICHAN TPYJOEMKOCTH TPUTOHOYHBIX paboT, a
TaK)XKe OKa3bIBacT BJIMSHUE HA ITOTPEITHOCTh 0as3u-
poBaHus netaseit. OTKIIOHEHUS (POPMBI 1 PacIosio-
JKCHHS TTIOBEPXHOCTEH JIeTasiel IPUBOIAT U K yBe-
JIMYCHHIO TIOTPEITHOCTH Pe3yJIbTaTOB M3MEPEHUN
pa3MepoB, B CBf3W C YeM TpeOyeTcs MPOBOAUTH
KOHTPOJIb B HECKOJIBKAX CEYCHHSIX M ITOCKOCTSX,
KaK IIPH KOHTPOJIC KOJIeI IMOIIITHUITHUKOB KaudeHUsI,
YTO MPHUBOIUT YBEJIMUCHHUIO TPYIOEMKOCTH U CTO-
nMocTH paboT. [losToMy omHOKpaTHOE U3MepeHue
pa3Mepa JeTajIu B Iporiecce KOHTPOJIS BHOCHT He-
OIIPENIEJICHHOCTh B OIICHKY KadyecTBa T'€OMETPHH
JCTaJId M COCAUHCHUS, MOSABIIACTCS ITOTPEITHOCTh
BBHISIBJICHHS IEHCTBUTEIILHOTO pasmMepa [2].

Lenb nccnenoBanusi

Hasnauutp 3aBUCHMBIA HONMYCK OTKJIOHEHUS
OT COOCHOCTH /IS BaJia, I7le COCETHUMHU MOBEPX-
HOCTSIMHU fIBJIAIOTCA TOCAKa MO/ MOAIIUITHUK Ka-
YeHHS U M0cajiKa Mo IEeCTePHIO, PACCMOTPEB 3TO
I TpexX CJIydaeB BO3MOXKHOTO HOPMHUPOBAHUSL:
JIEHCTBUTEILHOTO pa3Mepa MOBEPXHOCTH MOJ IIIe-
CTEpHIO; NEHCTBUTEJILHOIO pa3Mepa MOBEPXHOCTH
o TIOIIUITHUK; TEHCTBUTEJIBHBIX Pa3MepoB IO-
BEPXHOCTH MOJI HIECTEPHIO U MOAIIUITHUK.

METOJII)I, Teopus M MPAKTUKA

CTaTUCTHKA PEMOHTA MMOKAa3bIBACT, YTO Pecypc
PEIYKTOPOB M KOPOOOK Iepenad, KOTOpHIE OT-
PEMOHTHUPOBAHBI C TIOJIHOM 3aMEHOI 3y04aThiX

KOJIeC, BaJIOB W TMOMIIMITHUKOB, COCTaBJISET HE
oosiee 45 % pecypca HOBBIX arperaTroBs, €CJIU HC-
MOJIb3yeTCH CTapblii KOpmyc, B KOTOPOM H3-3a
KOpOOJIGHHs W M3HOCAa HapyUIeHbl NEepBOHAYaJIb-
Hble TpeOOBaHMA HA OTKJIOHCHUSA PACIIOJIOKEHUS
noBepxHoctedl [1]. Hapymenus mgomyckoB oT-
KJIOHEHUH (OPMBI U PACIOJIOKEHUS MOBEPXHO-
CTeil — caMblii BAYKHBIN (DaKTOP HErepMETUIHOCTHU
YILUTIOTHEHHH [2].

Honycku pacrosiokeHus Win (Gpopmbl, HOp-
MUpyeMBle AJ1d AeTajlell TUIMA «Baj» WJIH «OT-
BEPCTHE», MOT'YT OBITh 3aBUCUMBIMHU U HE3aBU-
CUMBIMH.

3aBUCUMBIE JTOMYCKU PACIOJIOKEHUSA YCTaHaB-
JIUBAIOTCA [J14 AeTasiell, KOTOpble BXOIAT B CONPH-
YKEHHe TI0 BYM U 0oJiee OBEPXHOCTAM, a Tpebo-
BaHMA TIOJIHOM B3aMMO3aMEHAEMOCTH CBOHATCH
K obecrieueHuto cobupaemoctu ucxons u3 100 %
BEPOATHOCTH TOJHOCTH COCIUHEHUA JIeTajeil 1o
BCEM COMNPATaeMbIM MOBEPXHOCTSAM. 3aBUCHUMBIC
JOIYCKH CBSI3aHBI C 3a30paMH U HATATaMHU, U Ipe-
JeJIbHBIE pa3Mephbl COMpPATraeMbIX MOBEPXHOCTEH
JOJIKHBI OBITh MEKIY HanOOJIBIIUM MPENCIbHBIM
pasMepoM BaJla U HAaWMEHBUIUM MpeesIbHbIM
pasmepom oTBepctHs. KoHTposb netasieit ¢ 3a-
BUCHUMBIMH JIOITYCKaMH OOBIYHO OCYINECTBIIACTCSH
KOMIUJICKCHBIMH ~ KaJIMOpamMu, W3rOTOBJICHHBIMU
B BHUJE NMPOTOTHUIIOB COMpPATAeMBIX JeTajeil. DTH
KaJnOpsl Bcerja MpPOXOAHBIE, YTO TapaHTUPYeT
cOOpKY M3/IeJINII 110 MPUHIIMITY TIOJIHOM B3auMo3a-
MEHSAEMOCTH.

3aBUCUMBII TOMMYCK YKa3blBa€TCS Ha YEPTEKE
WJIM B APYTUX TEXHUYECKUX TOKYMEHTaX 3HaYCHHU-
€M, KOTOpOe JIOITyCKaeTcs MPEBbIaTh Ha BEJINYHU-
HY, 3aBUCAIYIO OT OTKJIOHEHHA JEHCTBUTEIBHOTO
pasMepa paccMaTpUBaEMOro JIEMEHTa WM 0a3bl
OT 3aJJaHHOr0 OTKJIOHEHHEM IIpeesia MaKCuMyMa
Marepuaa:

T =T +T (1)

3aB min jom 2

rae T . — HaMMEHbINas 9acTh JIOIyCKa, CBA3aHHAs
C MPE/ICIIBHBIM 3230pOM MM HaTsAroM; T — Jio-
TIOJTHATEJIbHAS YaCTh JIOMYCKa, 3aBUCAIIAA OT JAeii-
CTBUTEJIBHBIX Pa3MEPOB PACCMATPUBAEMBIX TIO-
BEPXHOCTEH.

Bribop cpencTB m3MepeHuit 1719 KOHTPOJIA Be-
JIMYVH TIPEeJIOB MakKCUMyMa W MHUHUMYyMa Ma-
Tepuaja JOJDKEH MPOBOAUTHCA IO METOMUKAM,
W3JI0KEHHBIM B psAe pador [3, 4], a TOmoTHUTE Tb-
Haf 9acTh JOMYCKa MPUBOANT K CHIYKEHUIO TPebo-
BaHWI K TOYHOCTHU CPEACTB U3MEPEHUM, W BIIASACT
Ha Ka4€CTBO N3MEPHUTEJIBHBIX ITPOIECCOB [5].
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JIOTyCK COOCHOCTH MOXXET H3MEHAThCSA B
mporecce M3HOCa TMOBEPXHOCTEH JieTalieit u co-
CIMHEHWI TI0 3aBUCUMOCTSAM WM MOJEJIAM, TMpef-
cTaBjieHHBIM B pabote O.A. JleoHona [6], mpuyuem
BO3MOKCH OTKa3 KakK MO Mpefey MaKCuMyMa,
TaKk W M0 TMpeaejly MUHMMyMa Martepuaia [7].
Ve paspaboTaHbl METOAMKH, TAC TPU pacueTe
MpeeJIbHBIX 3230POB M HATATOB BBOISATCS MOIPAB-
KM Ha OTKJIOHEHHE (OpMBI MoBepxHoOcTel [§], a
TaK)Ke IMOMPAaBKU HAa CMSTHE MIEPOXOBATOCTH TIO-
BEPXHOCTHU IIPH 3alPeCcCoBKe [9], YTO MPUBOAUT K
3HAYUTEJILHOMY YJTy4YIICHHIO KaueCTBa TIOCAIKH U
K yBEJIMUECHUIO JIOJITOBEYHOCTH COCTUHCHU.

Pe3yabraThl 1 00cyxaeHne

PaccMmoTpum, Kak Ha3HaYCHUE 3aBUCHMOTO JIO-
ITyCKa COOCHOCTH (POPMUPYET JOIMYCK Ha pasMephl
J1s1 BAJIOB, T/ TPOMCXOTUT CTYIEHYATOE YMCHb-
IICHHE pa3Mepa.

Ha weprexe ¢parmeHnTa Bajma yHUDUITIPO-
BaHHOro pemykTopa 3aBoma MOCCEJIBMALIII,
nonr o6o3nayenuem H090.040 (puc. 1), B BepxHei
gacTtu puc. 1, ykazan gomyck coocroctu 0,01 Mm
115 TIOBepXHOCTH & 60k6( 00, MM (TI0CaKa TofI-
IIUITHAKA KAueHHs) MO0 OTHOIICHHWIO K 0a30Boii

TIOBEPXHOCTH «A» & 60n6( 0, ) TOcaKa mecTep-

Hy). [loJsie OTKJIOHEHWST OCTABJICHO ITYCTHIM W pac-
CMOTpEHBI TPU BapHaHTA 3AMTOJTHEHSI 3TOTO TTOJIS:

1) moITyCK COOCHOCTH OTpenesigeTcs B 3aBUCH-
MOCTH OT JeHCTBHTENBHOrO pasmepa & 607050
(puc. 1, a) (ecnm pasmep Baja paseH 65,021 mm,
Torga momyck coocHoctu coctaBuT 0,01 mm, a
ecnz 60,002 MM, Torga IOMYCK COOCHOCTH COCTa-
But 0,029 MMm);

2) MOMyCK COOCHOCTH OIpefesigeTcs B 3a-
BUCHIMOCTH OT JICUCTBUTEIIBHOTO pasMepa Oasbl
D 62705 (puc. 1, 6) (ecrm pasmep Baja paBeH
62,039 MM, Torma HOMYCK COOCHOCTH OynmeT co-
craBiaaTh 0,01 MM, a ecam pasmep Bama 62,020
MM, TOT/a IOITycK coocHocTr coctaBut (0,029 Mmm);

3) IOIYCK COOCHOCTH 3aBHCHUT OT HCUCTBUTEIIb-
HBIX Pa3MepoB MOBEPXHOCTEIH netamu & 6070 I
6a30Boii TOBEPXHOCTH 627005 (pHC. 1, 6) (ecim 0ba
pa3mepa Basa OymyT paBHb 60,021 1 62,039 Mm,
TO JI0ITycK coocHocTu OyaeT coctaBiATh 0,01 MM,
a ecim pasmepsl Oymyt 60,002 m 62,020 mm,
TO gonyck coocHoctu ectb cymma 0,019 + 0,019 +
+ 0,01 = 0,048 mM. 3mech BO3BMOKHO IMMPAKTHICCKU
J000e CcodueTaHue JICUCTBUTEIIBHBIX pPa3MepoB

QJICMCHTOB JACTaJIN.
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BboiBoapbl

Takoe Ha3Ha4YeHWE JIOMYCKa COOCHOCTH TT03BO-
JISICT, C OHOU CTOPOHBI, YMEHBIIATH TPEOOBAHUS
K TouHOCTH obOopymoBanus [10] u cHU3UTH cele-
CTOMMOCTH 00PabOTKH, a C IPYroil — MPUMEHSTH
MOJIHYI0O B3aMMO3aMEHSEMOCTb — OECIONTrOH-
HyI0 cOopky. [lis Hamrero mpumepa, mpuUMEHe-
Hre 0003HaYeHNs, TTIOKA3aHHOTO Ha PHUCYHKE 1, 6,
pacmupsieT AOMyCK COOCHOCTH JIBYX IIOBEpPXHO-
creit Basa ot 0,010 mo 0,048 MM, 4TO HE TOJILKO
SKOHOMHUYECKH IIejIeco00pa3sHo, HO W ITO3BOJIACT
TPaMOTHO HCIIOJIb30BATh MPEUMYIIEeCTBA MOJTHON
B3aNMO3aMEHICMOCTH.
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