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BJIVSTHUE T HA ®OPMHPOBAHUE IMOBEPXHOCTHOI'O CJIOA
W3IEJTUA

T'opronosa K0.A. (kagh. TM, [JonHTY, 2. [loneyk, Yxpauna)

HaznexHocTs pabOTHI MaIlIMH HATIPSIMYIO CBsI3aHa C KAYECTBOM IIOBEPXHOCTHOTO CJIOS
JeTanel, KOTOpOe  XapakTepu3yeTcs TeOMETPHYECKUMH H  (PU3HKO-XUMHYECKHUMU
napamerpamu. [Ipu skcruryatanuu Jerajd MallMH KOHTaKTUPYIOT IpYyr € APYIOM WU C
oKkpyxarouieil cpenoi. OT KauecTBa MOBEPXHOCTHOTO CJOS 3aBUCST SKCIUTyaTallOHHBIE
CBOWCTBA — COIPOTUBIICHUE YCTAIOCTH, HW3HOCOCTOMKOCTb, KOPPO3UMOHHAs CTOMKOCTD,
COIIPOTHBIICHUE KOHTAaKTHOM YCTaJIOCTH M Jp. B cBia3u C HHTCHCU(UKAIUEH
HKCIUTYaTaIllMOHHBIX MPOIECCOB, YBEIMUEHHEM CKOPOCTEH NepeMelieHns pabouynux OpraHoB,
MOBBILICHU TEMIIEpaTyp M JABJICHUN POJb KAadyecTBa ITOBEPXHOCTHOI'O CIIOSI 3HAYUTEIIBHO
Bo3pacraeT. CBA3b XapaKTEPUCTUK KAaueCTBA MOBEPXHOCTHOIO CJIOS € JKCILTyaTallMOHHBIMU
CBOMCTBaMU JieTallell CBUJETENBCTBYET O TOM, YTO ONTHUMAaJIbHASI TIOBEPXHOCTh JIOJDKHA OBITh
JIOCTaTOYHO  TBEPJAOM, JOJDKHA  MMETh  CXKUMAIOIIME  OCTATOYHBIE  HAIPSIKEHUS,
MEJIKOAMCIIEPCHYI0 CTPYKTYpY, CIUIaKeHHYI0 (OpMy MHUKPOHEpOBHOCTEH ¢ OOJBIION
IUIOIIAABI0 ONIOPHOU ITOBEPXHOCTH.

Ot  Bce  mapamMeTpbl  JOCTUralOTCSl  IMOBEPXHOCTHBIM  IUIACTHYECKUM
nedopmupoBanreM (I1I1]]), mpu KOoTOpOM CTpykka He oOpaszyercsi, a MPOHUCXOJUT TOHKOE
IIacTU4eckoe JeOpMUPOBAHME TMOBEPXHOCTHOTO cJlosg. B pesynbrare ymnpouHseTcs
IIOBEPXHOCTHBIA CJIOM, IIOBBIIIAETCS HW3HOCOCTOMKOCTb, CTOMKOCTb K KOPPO3HMOHHBIM
BO3ACHCTBUAM U T.A. Bo MHOorux ciyvasx npumernenueM IIIIJ[ ynaercs mOBBICHUTH 3amacel
NPOYHOCTHU JIeTajel, paboTaloluX NpU NEPEMEHHbIX Harpys3kax, B 1,5 — 3 pa3a u yBeIuuuTh
CPOK CITy>KOBI ieTaneil B AECATKH pa3.

B nannoii crarbe paccmorpeno Biusaue [111/] Ha hopmupoBaHre MOBEPXHOCTHOTO
105 IIPU 0OKATBHIBAHUY JIETAJIM TUIIA BaJl POJIUKOM.

Crnenyert yuuTsiBaTh, 4T0 00padotka I1I1]] mmeeT o cpaBHeHUIO ¢ 00pabOTKO pe-
3aHUEM P/l IPEUMYLIECTB:

o COXpaHsETCs LENOCTHOCTh BOJIOKOH MeTala M 00pa3yeTcss MEIKO3epHUCTAasI
CTPYKTypa B MOBEPXHOCTHOM CJIO€;

o OTCYTCTBYCT IIAp)KUpOBaHHE O0OpabaThIBAEMOIl TMOBEPXHOCTH YaCTHUKAMU
HNUTM(POBAJIBHBIX KPYTOB, HOJUPOBOYHBIX MACT;

. OTCYTCTBYIOT TEPMHIECKUE NEPEKTHI;

o CTaOWIIBHBI TpOIecChl 00paboTKH, 00ECIIeYNBAIONINE CTA0MILHOE KAa4eCTBO
MIOBEPXHOCTH;

° MOJXHO AOCTUTraTb MHUHHMAJIBHOI'O IMapaMeTpa HICPOXOBATOCTU IMOBCPXHOCTU

(Ra=0,1 ... 0,05 MxM 1 MeHee), coXpaHssl HICXOAHYI0 (JOpMY 3arOTOBOK;

o MO’KHO YMEHBIIUTH HIEPOXOBATOCTh TMOBEPXHOCTH B HECKOJBKO pa3 3a OIUH
pabounii Xox;

. co3naerca OmarompusiTHas (opMa MHUKPOHEPOBHOCTEH ¢ OoJbleit moneit
OTOPHOM TUIOIIAH;

o MOKHO 0Opa30BBIBATh PETYJISIPHBIE MUKPOpENbedbl ¢ 3aJaHHOW IUIOMIAIBIO
YTy OJICHUH TS 3a7Iep>KUBaHMsI CMa30YHOTO MaTepuana;

. CO3/1al0TCs OJIarONpPHUATHBIC CKUMAIOIIHE OCTATOYHBIC HAMPSIKCHHS B TIOBEPX-
HOCTHOM CJIOE;
L] INIaBHO U CTa6I/IJ'IBHO ITIOBBIIIIACTCA MI/IKpOTBep}IOCTI) HOBerHOCTI/I.
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Vkazannele u apyrue npeumyuiectBa [II1/] obecreunBaroT MOBBIIIEHHE W3HOCO-
CTOMKOCTH, COIPOTHUBIIEHHUS YCTaJIOCTH, KOHTAKTHOW BBIHOCIMBOCTH M Jp. AKCIUTyaTallMOH-
HBIX CBOWCTB oOpabarbiBaeMbIx jaeraneii Ha 20 — 50%, a B HEKOTOPBIX ciiydasx — B 2 — 3 pasza
NpU YCJIOBUU BBIOOpa B KaXJIOM KOHKPETHOM Cllyyae HauOoJiee palMOHaJbHOTO METO/a U
ONTUMAJIBHBIX PEKUMOB 00pPaOOTKH.

HeoOxoammMo Taxoke yUuTHIBaTh clieaytoniie ocooenHocta meto 1o ITIT/1:

J MOJIaBJIsAIoNIee OOJIBIIMHCTBO METOAOB HE MOBBIIIAET T€OMETPHUYECKON TOYHO-
CTH IOBEPXHOCTH, OOBIYHO COXPAHIETCS TOYHOCTD, JOCTUTHYTAsl Ha MPEIbIYIICH onepanuy;

J B CBSI3U C CO3JaHMEM IOJIE3HBIX COKMMAIOLMX OCTATOYHBIX HANPSKEHUH B IO-
BEPXHOCTHOM CJIOE€ IIpU 00pabOTKE HEXKECTKUX JeTaslel (TOJMUHON 3 — 5 MM) MOJKET Ipouc-
X0auTh Aedopmanus noBepxHocTd 5 — 10 MkM 1 6oee;

J B CBSI3U C IUIACTMYECKUM TEYEHHWEM MeTajljla IIPU UCHOJIb30BAHUU HEKOTOPBIX
MeTo10B 00padoTku [1I1/] Ha kpomkax oOpabaThIBaeMBIX TOBEPXHOCTEH 00Pa3yIOTCs HATUTBI-
BBl MeTajia ToamuHo# 0,03 — 0,3 Mm.

Crenenp 1eopMHUPOBAHHOTO YIIPOYHE-

HUS 3aBUCUT HE TOJILKO OT pexxuMoB IIITJ1 Ho mn
AV kec/mm’ p i

OT CIIOCOOHOCTH METAJJIOB K YIIPOYHEHUIO (pHC.
] i

160 [T/ maer CymecTBEHHOE MOBBILICHHUE
JIOJITOBEYHOCTH 110 CPABHEHUIO C MEXaHUYECKOM
120 00paboTkol ( HAmpUMep IO CPAaBHEHHIO CO
/ nUMGOBaHUEM TIPU OOKATBIBAHUM  POJUKOM

& JIOJTOBEYHOCTH MOBBINIAETCs B 3 — 7,5 pas).
/ OcobenHo 3¢ (HEeKTUBHO TPUMEHEHHUE
‘o N obpabotku TIIJ] neranei ¢ pa3aUYHBIMH KOH-
p LIEHTPATOPAMH HaNpsDKEHWM. YBEIWYEHUE IIpe-
200 400 600 800 HY kec/mm’ JleJla BBIHOCJIMBOCTHA NIPU MHOTOLIMKJIOBOM yCTa-
JOCTU TEM BbIlIE, YeM OOJIblI€ KOHLEHTpaLUs
Puc. 1. 3aBUCHMOCTE CTEIIEHH HarnpspbkeHuii. B nmanHom ciyuwae IIIJ] kxak ym-
ne(OPMHUPOBAHHOTO YIIPOYHEHHSI pOUHAIONIMI METOA 0O0pabOTKU MMEET NpEHMy-

OT CIIOCOOHOCTH METAJJIOB K YIIPOYHEHUIO  LIECTBO 0 CPAaBHCHUIO C TCPMHUYCCKUMU U XU-
MHKO-TEPMUYECKUMU METOTAMH.

CrnetyeT OTMETHTD YTO Ha BBICOTY HEPOBHOCTEH, 00pa3yrOIUXCs IPH 0OKATHIBAHUH
POJMKOM OOJIBIIIOE BIUSHUE OKA3bIBAET JABJICHUE B KOHTAKTE, MPOJIOJIbHAS TI0ga4a, pa3Mephl
pOJIHKA, UCXOJIHASI MIEPOXOBATOCTh MOBEPXHOCTH W (PU3UKO-MEXAHUICCKUEC CBOWMCTBA MarTe-
puana o6pabaTsiBaeMoi netanu. OcTaabHbIe MapaMeTphl BIUSAIOT HE3HAYUTEIBHO.

Taxum o6paszom, B pesynbrare [II1J][ ymMeHbIaeTcsi mepoxoBaTOCTh MOBEPXHOCTH,
YBEJIMYUBAETCSI TBEPAOCTh (MUKPOTBEPAOCTh) METalIa, B MOBEPXHOCTHOM CJIO€ JETaJId BO3-
HUKAIOT CKMMAIOIIME OCTATOYHBIE HAmNpsikeHus. Bce 3TO yimydmiaeT SKCIUTyaTalMOHHBIE
CBOMCTBA JI€Tall — TOBBIIIAETCS BBIHOCIMBOCTH JeTainu B 1,5 — 2,3 pasa, cCONMpOTHBICHUE
CXBaTBHIBAHHUIO, KOHTAKTHASI BEIHOCIUBOCTH U JIp. OCOOEHHO (P PEKTUBHBIM SBIIICTCS yIPOU-
HEHHUE JIeTaJei, UMEIOIIMX KOHCTPYKTHUBHBIE WM TEXHOJOTHMYECKUE KOHIIEHTPATOPHI HAIps-
JKEHUM, BBITOUKH, rantesu u ap. Jloctouncrtsom IIIIJ] sBisiercss TexHOJNIOTMYECKass YHHUBEP-
CaJbHOCTh U SKOHOMUYHOCTh METO/1A.
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Puc. 2. 3aBucuMoCTb 1I€pOXOBa-

TOCTH OT JiaBleHus npH o6katpl-  PHC. 3. 3aBHCUMOCTb IIEPO-  pyc 4 3apucumocts mepo-
BaHHUU POJIMKOM JUIsl 3aKaJICHHOU XOBAaTOCTH OT MOJA4u NpU XOBATOCTH OT UCXOTHOM IIIe-
crami 20X2H3A (HRC 50...60).  OOKaTBIBAHHI PONHKOM JUIA 1\ paro eyt mpu 0GKATHIBA-
3aKaneHHoi cramm 20X2H3A POJTHKOM /151 3aKaJIeH-
(HRC 50...60). Hoii cramu 20X2H3A (HRC

50...60)

Ilepeyenb cceblaok: 1. MamumHocTpoenue. Duuukioneaus/ Pex. coser: K. B. ®ponos
(mpen.) u 1p. — M.: MammsocTpoenue. TexHoIorus u3rotosieHus aeraneit mamun T. 111 — 3/
A. M. Hansckuii, A. I'. Cycnos, FO. ®. HazapoB u ap.; [log obur. pen. A. I'. Cycrnoga.
2000.840 c., wn. 2. OgunuoB JI. I', YnpouHeHne u oTaeska JieTajneii MOBEPXHOCTHBIM ILia-
cTuueckuM aepopmupoBanueM: CrpaBounuk. — M.: MammHocTtpoenue, 1987, 328 c., un. 3.
[Marmmes JI. . OtaenoyHo-ymnpouHstomas o0paboTka MOBEPXHOCTHBIM IUIACTHYECKHM Jie-
dbopmupoBanuem. M., Mamunoctpoenue, 1978, 152 c., wi. 4. Cmensuckuit B. M. Mexanuka
YOPOUYHEHUSI JEeTajield MOBEPXHOCTHBIM IUIACTUYECKUM JedopMupoBaHHeM. M., MammHo-
ctpoenue, 2002, 300 c., u.

3AKOHOMEPHOCTHU IIEPEMEIIEHUSA ABPASUBHBIX 3EPEH B
MOJIMMEPHOM CBA3KE IIVIM® OBAJTBHOI'O THCTPYMEHTA

Koabuuk B.B., baiikoB A.B., ®enuk JI.H. (kagpeopa TM, /JonHTY, 2. [loneyx, Yxkpauna)

Jliist pa3paboTKK MOJIEH pacdeTa MmepoXoBaTOCTH 00padOTaHHOU MMOBEPXHOCTH HEOO0-
X0auMa UH(pOpMaLHA O XapaKTepe pacipeesIeHHs] BEPIIMH aIMa3HbIX 3€pEeH 10 BHICOTE U HA
MOBEPXHOCTH nuM(oBanbHOTO Kpyra. Ha omepanusx ¢puaMIIHON 00pabOTKH (TOHKOE IILTH-
¢doBaHME U IIpeBapUTEIbHOE MOJIMPOBAHUE), HA KOTOpPbIE HanboJiee BaKHO MPOTHO3UPOBAThH
[IEpOXOBATOCTh 00pabOTAaHHON MOBEPXHOCTH, MPUMEHSIOT MHCTPYMEHT Ha 3JIACTUYHOM MO-
JMMEPHOM CBSI3KE, UTO BHOCUT OTIPEAEICHHYIO CIeIM(UKY B XapaKTep KOHTAaKTHOTO B3aUMO-
JIeHCTBHSI MHCTPYMEHTA U Jienanu. BenencTsue nepemenieHus: aiMa3HbIX 3€peH B CBSA3KE 01
JIEHCTBUEM CWJI pe3aHMs M3MEHSIETCs paclpeziesieHle BEpIIUH 3epeH M0 BbIcoTe padouel 1mo-
BEPXHOCTH KPYyTa, COOTBETCTBEHHO MEHSAIOTCS MapaMeTpbl 3H(PEKTUBHOTO PO LS.

AHanu3 nepeMenieHus BepIIrHbl a0pa3uBHOIO 3€pHA CBSI3aH C N3yYEHUEM HaIpsIKEeH-
HO — J1€()OPMHUPOBAHHOTO COCTOSIHUS 3JIACTUYHOM CBSI3KM B MECTE KOHTAKTa €€ adpa3HBHBIM
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3€pHOM I0]1 JIEHCTBHEM Ha HEro cui pe3anus. JlaHHas 3aqada pemaeTcs 0ObIYHO YHCICHHO C
MCIOJIb30BaHUEM METOJ1a KOHEUHBIX 3JeMeHTOB [1]. B paccmaTpuBaeMoM ciyuae 3agaya pe-
mranack B [T Cosmos Works. PacdeTsl mpoBOIMIHCE Ui alIMa3HBIX 3€PEH, pa3Mephl KOTO-
peix cooTBeTcTBYIOT 3epHucTOocTH 100/80, 63/50 u 40/28, reoMeTpusi KOHTYpa KOTOPBIX H
pa3Mepbl ONpeeNieHbl U3 YCIOBHUS 00ECIeYeHnH HauOOoJee MOJHOTO COOTBETCTBHS MEXKITY
rabapuTHBIMU pa3MepaMu U 00beMOM peanbHoro 3epHa [2]. [Ipu pemennn 3axa4u paccMat-
pPUBAJICh BAPUAHTHI YNPYTOM MATPUIBI C PA3IMYHBIMH (PU3UKO-MEXaHHYECKUMH CBOWCTBA-
MU: MOZyJIb YIIPYTOCTH KOMIO3ULMK NpuHuMai 3Hadenue ot E=1000 MIla no E=3500 Ml]a,
cooTBeTcTBeHHO K03 dummeHT Ilyaccona ot v=0,43 mo v=0,34. 3amaua ompenerneHus Ha-
NPSKEHHO-IE(OPMUPOBAHHOTO COCTOSHUS CBSI3KM NUIM(OBATBHOTO WHCTPYMEHTA pelIanach
JUIS psfa 3HaAYEHUH HOpMasbHBIX yCWIMH Ha 3epHe, udmenstommxca ot P=0,005 H no P=0,2
H. Kpome »Toro BapbpHpoBajiach BEJMYMHA 3ariyOJyieHHs 3epHa B CBs3Ky oT h,=0,651 mo
h,=0,951, rne |1 — rabapurHas nmuHA MoJienw 3epHa. Benmuuny 3arimyOiieHus (3a1elKu) BeIpa-
Kl B 00Jiee MPUHIATOM OTHOCUTEIILHOM BHE: €=h,/l.

AHanM3 MOJYYEHHBIX JTaHHBIX TOKa3bIBAET, YTO 3aBUCHMOCTH BEJMUWHBI MEpeMellie-
HHS BEpUIMHBI aJIMa3HOTO 3epHa (WU JAPYTUMH CIOBAaMU - MOTPYKEHHS aIMa3HOTO 3€pHA B
CBA3KY) OT HOPMaJIBHOM CHJIbI HOCHUT JIMHEWHBIN XapakTep Ul BCEX paccMaTpUBAaeMbIX pas-
MEpPOB aJIMa3HbIX 3epeH, U1 Pa3IMYHON TITyOUHBI 331K 3epHa U JJI TOJIMMEPOB BCEX HC-
CJIETyEeMBIX XapaKTEPUCTHK.

Kak nmpumep, Ha pucyHke | nmpuBeneHbl 3aBUCUMOCTH BEJTUYMHBI TIEPEMEICHUS Bep-
IIMHBI 2JIMA3HOTO 3epHA OT MPHUJIATaeMOT0 yCHINS IPU OTHOCHUTENILHOM 3a1enKu 3epHa £=0,65

JUIsL Pa3iIUYHON BEJIMYUHBI 3€PHMU-

8 CTOCTH ¥ MOJYJIS YIIPYTOCTH CBSI3-
KU.

Kak BumHO 13 rpaduka 3a-
BHUCUMOCTb BEJIMUMHBI IEepeMellie-
HUsl abOpasuBHOrO 3¢pHa (AY) oT
BeIMUYUHbI npuiaraemoit cuisl (F)
HOCHT JIMHENHBIN Xapakrep:

AY =k-F, (1)
rrae k - koaddunueHt nponopimo-
HaJIbHOCTH.

Koappunment poIop-
LMOHAJIBHOCTU MEX]y BEIMYUHOU
NepeMELICHNs] U CWION OIpenests-

nepeveLleHne

younwe, H eTcst (U3NKO-MEX AHUICCKUMH
©6© 3epHucrocTs 100/80, E=300 MMa CBOMCTBAaMH CBS3KH, B YaCTHOCTH
©0© 3epHuctocTb 63/50, E=300 MMa
©00 3epHuctocTs 40/28, E=300 MMa MOOYJIEM YIIPYIOCTHU, U pasMEpoOM
X 3epHucTocTb100/80, E=1000 MMa
XX BepHmcTocTs 63/50, E=1000 MMa anMasHoro 3epHa. Ilpm npyrux
766X 3eprincrocm, 40/28, E=1000 Mrta paccMaTpMBaEMBIX 3HAYEHHIX 3a-

ryOJieHus 3€pHa B IMOJIMMEPHOU
CBSI3KE€ 3aBUCHMOCTbH «IIepemellie-
HUE-CWJIa» WMEET AaHAJOTUYHbIN
xapaktep. C yBeTMUeHUEM MOIYJIs
YIOPYTOoCTH yToJl HaKJIOHAa MPSAMOM ¢ ochto adciuce ymeHblaeTcs. C yBelIMYeHHEM pa3Mepa
aJIMa3HOI0 3€pHA YroJl HAKJIOHA MPSAMOM TakKe YMEHbBIIAETCSI, YTO MOKHO OOBSCHUTH YBEIU-
yeHreM 00beMa AeopMUpPyEeMOTro ()parMeHTa CBA3KU HUTU(POBAILHOTO Kpyra.

BrisiBneHHas 3akOHOMEPHOCTH MEpEMEIICHUs] a0pa3uBHOTO 3€pHA B MOJIMMEPHON MaT-

Puc. 1. 3aBUCUMOCTH BETUUHMHBI TIEPEMEIICHUS
BEPIIMHBI AJIMa3HOTO 3€pHA OT MPUIIATaeMOro
YCUITHS
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pHIle OT BEJIMYUHBI MPUJIAraeMoil CHJIbI TI03BOJISIET BBECTH TOKa3aTelb 000OIIEHHOM MmoiaT-
JIMBOCTH CBSA3KH k, OmpenenuB ero Kak OTHOUICHHE BEJIMYMHBI MOTPYKEHHS 3epHa B CBSI3KY
AY k HOpMasibHOU cuiie F. B 3TOM ciydae MOKHO pacCMaTpUBaTh 3aBUCUMOCTH BEJIMYUHBI
00001IeHHOW TOJIATIIMBOCTH CBA3KU OT MOAYJISl YIIPYTOCTH CBSI3KU U BEJIMYUHBI 3arTy OJICHUs
abpasuBHOro 3epHa. Ha pucyHke 2 mpuBeeHa JaHHAs 3aBUCUMOCTH Uil aOpa3uBHOTO 3epHa
3epuuctocthio 100/80. Jlns abpa3uBHBIX 3epeH 3epHUCTOCTBIO 63/50 u 40/28 rpaduku pac-
[0JIArat0TCs SKBUAUCTAHTHO MPECTABIEHHOMY HA PUCYHKE 2, IpUYEM 3HAYEHHE MO0AAaTINBO-
cTH 00paTHO MPOTOPIIMOHAIBHO pa3Mepy adpa3uBHOTO 3epHa.

Kak BumHo w3 rpaduka
k, mxm/H MOJATINBOCT, TAKXKe KaK U Ie-
peMeleHre BEPIIUHBI 3epHa CY-
IIECTBEHHO 3aBUCHT OT BEJIMYUHBI
YIPYTOCTH CBSI3KH ¥ 3HAYUTEITHHO
MEHEEe OT BEJTMYUHBI OTHOCUTEIh-
HOM 3aznenku 3epHa. llpu ysenn-
YeHWU TIyOWHBI 3an1enku B 1,5
paza TmepeMenieHHe  BEpIIUHBI
3epHa ymeHsbInaercs Ha 15+18%.
CrnenoBaTeibHO, €CJIM BeJIWYHMHA
3ariyOJIeHusT alMas3HBIX 3€pEH,
y4acTBYIOIIMX B KOHTAakTe ¢ 00-
E, MIla pabaTbIBaeéMbIM MaTE€pUaIOM pas-
mmyaercsas Ha 5+15%, maHHBEIM
(dakTOpoM MOXKHO TpeHeOpeub
Puc. 2. 3aBucuMOCTb 0000IIEHHOCTh MOJATIANBOCTH (€3 CYIIECTBEHHOM IOTEPH TOY-

CBSI3KU NITH(OBATEHOTO KPyTa OT MOJIYJISI yIIPYTO- HOCTHU PacyeToB.
CTU CBA3KU F ¥ BEIUUYUHBI OTHOCUTEIBHON 3a/1€JIKH Bcenencteue mpomnopumo-
3epHa & HAJILHOCTU 3aBUCUMOCTH BEJIU-

YUHBI TIepEeMEIIeHUs a0pa3uBHOTO
3epHa B CBSI3KE OT pa3Mepa 3epHa, MOKHO 000OIIHUTH 3aBUCUMOCTH MOJATIMBOCTHA CBA3KH OT
MOAYJISl yIPYTOCTH CBSI3KM M OTHOCUTEIbHOM 3a/1€IKU 3epHa. J{J1s1 3TOTo cleyer paccMaTpu-
BaTh MPUBEICHHOE YCHIINE Ha 3€PHE, ONPENeNssi ero KaKk OTHOILICHHE BEIMUMHBI MPHIaracMo-
r0 YCHIHA K pa3Mepy MoJiein abpa3uBHOTO 3epHa (HarmpuMmep, IMonepeyHoMy radbapury, KOTO-
PBIil COOTBETCTBYET pa3Mepy 3€pHUCTOCTH [2]):

F'= r , (2)
a

/i€ a — pa3Mep MONEePEeYyHOro CeYEHHsI MOJIeIH abpa3uBHOIO 3€pHa.

Ha ocnoBanuu Bwipaxenuit (1) u (2) npuBeneHHas NMOJATIMBOCTb CBSI3KU OIpelie-
JIMTHCSI BRIPAKEHUEM:
AY AY-a 3)
F' F

3Ha4yeHUs] MPHUBEICHHON IMONATIMBOCTU CBS3KHM, pPAacCUMTaHHBIC JJISI paccMaTpHBae-
MBIX 3HaYEHHUH 36PHUCTOCTH, PAKTUUECKU COBITAIIAOT.

ky =
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XapakTep 3aBUCUMOCTH IIPUBEICHHON IOJATIMBOCTH OT Kpyra OT MOAYJI YIPYTOCTH
cBA3KU E 1 BeIMUMHBI OTHOCUTENILHOM 3a/1€JIKU 3€pHA € NPEJICTaBJICH HA pPUCYHKE 3.

K, mm2/H

| 4000~

[taooo | T

2000 |

1700
E, Mﬂa — —— — — //,

Puc. 3. 3aBucuMocTh IPUBEICHHON OJATIMBOCTH CBA3KHU NUTH(OBAILHOTO KPYyTa OT
MOAYJISl yIPYTOCTH CBSI3KH £ M BEJIMUKMHBI OTHOCUTEIbHON 3aJI€JIKHU 3€pHA &

Takum o0Opa3oMm, nH(pOpMAIHs O 3aKOHOMEPHOCTH TMOBEICHHS BEPIIMHBI aIMa3HOTO
3epHa B KOHTaKTe ¢ 00padaThiBAEMBbIM MaTEpUAJIOM JJaeT BO3MOKHOCTH IMPOTHO3UPOBATH Ma-
pamMeTpbl MUKpOpelbeda 3JIACTHIHOTO NUTMPOBATLHOTO HHCTPYMEHTA B MOMEHT KOHTAKTa C
oOpabaTbiBaeMbIM MaTEpPUAJIOM, M, COOTBETCTBEHHO, KA4eCTBO MOJy4yaeMOM MMOBEPXHOCTH
npu 00paboTKe.

Cnucok autepatypsi: 1. XKeno6os H.I'.,, Orapsiies C.A., Ileryxos B.U. u ap. Hanpsixen-
HO-71e(hOpMHPOBAHHOE COCTOSIHUE YNPYTOH MAaTpPHIBI NMPH HOTPYKEHUH aOpa3uBHOTO 3epHA
1oJT AecTBHEM HOpMalbHOU Harpy3ku // COBEpIIEHCTBOBAHHE MPOIECCOB 00PaOOTKH B Ma-
mHoctpoenuu. Ilepmb, 1990. C. 77-83. 2. BaiikoB A.B. MonenipoBaHnue anMasHbIX 3€peH
JUISL ’HCTPYMEHTA C OPHEHTHPOBAHHBIM HX pacrosioxkenueM // [IporpeccrBHbIE TEXHOJIOTUH U
cuctembl MammmHocTpoeHust: CO. HayuH. Tp. -Jlonenx: Joul'TY, 1997.- Beim. 4. C. 12-18.

HOBBIY TEHETUYE CKHI AJITOPUTM JIJISI ONEHKA TOKCUYHOCTH
BBIXUVIOIIHBIX T'A30B IBC

Kynammn U.WU., Muponos /I.C., Xononosa C.H. (/[['TY, 2. Pocmoeé-na-/{ony, Poccus)

PaccMoTpenre BHYTpUIMIIMHAPOBBIX MPOLECCOB B MOPIIHEBOM JIBUTAaTElIe BHYTpPEH-
Hero cropanus (IIJIBC) ¢ mo3unmii HeMMHEHHON JUHAMHUKH TOJHUMAET JIBE MPOOJIEMBbI, KO-
TOpBIE HE PEIIAIOTCS PETYJSIPHBIMU YHCIEHHBIME MeToaamH [1]. TlepBas cocTouT B OTHICKa-
HUM CTAllMOHAPHBIX W/ WM PABHOBECHBIX COCTOSIHHM, BTOpasi — B OBICTPOM MPOTHO3UPOBAHUHU
OTKJIMKA JBOJIIOIMOHUPYIONMIEH (DU3UKO-XMMHUECKON CHCTEMBl Ha YMPABIISIONIUE BO3CHCT-
Busl. McTounnk nmpo6iieM —BbICOKas pa3MEPHOCTh U MHOTOMACIITAOHOCTh pabouero mpoiecca
[TIIBC kak quHamuyeckoi cucteMbl. OnpeesieHHbIEe HAJSKIbl B IPEAMETHBIX HCCIICI0BaHH-
SIX CBSI3aHBI C MPUMEHEHUEM T€HETUYECKHX aIrOPUTMOB U HelpoceTeit [2].
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B nensx ajekBaTHOW KOMITBIOTEpHOU nMuTaiuu pabodero npormecca B I1J[BC aBro-
pamu pa3paboTaHbl OPUTHHAIBHBIM TeHETUYECKUI alrOPUTM OTHICKAaHUSI PABHOBECHOTO W/WJIH
CTAlIMOHAPHOTO COCTOSIHUS (PU3MKO-XMMHUYECKOM CUCTEMBI C peakuusiMu U (pa30BBIMH Iepe-
XO0JIaMH.

Omnpeznenenne paBHOBECHOTO COCTaBa HEKOTOPOW (PMKCHPOBAHHOM MAacChl pearupyro-
miei, Hanpumep, oAHO(GA3HON Cpeabl MPH 3aJaHHBIX TEMIIEPAaType U AaBICHUH OCYIIECTBIIS-
€TCsl IIyTeM MUHMMHU3ALUU CyMMapHOTO0 TEPMOXUMHUYECKOTO OTEHIMAIa CUCTEMBI [ 3]

"j "y :
G=2—1g;+RT|In(M-P)+In| — | || > min (D)
J R Hj
[IpU MaTEPHUAIBHBIX OrPaHUYECHUAX
o-m-—m, =0. (2)
B (1)(2) a= {OLI-’ j }—MaCCOBa;I J0JIi aTOMOB [-T'O COpPTa B BEIIECTBE j; m = {m j} — BEKTOD
Macc BEIIECTB; m, = {mai }— BEKTOP Macc aTOMOB COPTa; (; U g;— COOTBETCTBEHHO MOJISIP-

Hasi Macca j-ro BEIIeCTBa U €ro XUMHUYeCKuil noreHnuan; M u P — o0mue Macca U 1aBJeHUE
coorsercteenno; g ;(T)=H ;+Cp;(T—298)-T(S; +Cp;InT/298), tne H;, Cp;, S ;-

COOTBETCTBEHHO JHTAJIBIIUS 0Opa30BaHMs, TEINIOEMKOCTh MPU MOCTOSTHHOM JaBJICHUHM H JH-
Tponus j-ro BemecTsa npu temneparype 7=298 K

Pemuts 3anauy (1)-(2), ucmnomnb3ysi UI3BECTHBIE TEHETUYECKHUE aITOPUTMEI [ 1], mpensT-
CTBYIOT kecTkue orpanndeHus (2). [loatomy BMecto yciaoBHoro Mmuumyma (1)-(2) umyt ab-
COJIFOTHBII MUHUMYM MOAM(DUIIMPOBAHHOTO (DYHKIIMOHANA:

G=x"J. gj+RT| In(M - P)+1In Pilll+ e (o-m-my)> >min.  (3)
J R Hj
[Tpu BeICOKOM pa3MEPHOCTH 1, j 3a/1a4l BEPOSTHOCTH BBIXOZA MOIYJIALMU Ha orpaHndeHus (1)
HUYTOXHA, U MPOLIECC NOUCKA MPUXOJUTCS OOpHIBATh B OJHOM M3 JIOKAJIBHBIX MUHUMYMOB.
[TonmkeHne pa3MEpHOCTU CUCTEMBl IIyTEM HCKIIOYEHHUS KOMIOHEHTOB Ha OCHOBaHUH (1)
NPUBOAMT K apTe(aKkTaM THIIA OTPULATEIHHBIX KOHIICHTPALUN HITH Macc.

Hayunas HOoBu3HA mpeasiaraeMoro moJxo/a COCTOUT B IIEPEHOCE OTpaHWdYeHUi (2) u3
aJIanTUBHOHN (DYHKIIMM B KOJUPOBKY XPOMOCOMA: B KJIACCUUECKOM aITOPUTME KOJUPOBKA Te-
Ha orpaHW4YeHa PUKCUPOBAHHBIM UHTEPBAJIOM [a, b], a B MOIU(DUITIPOBAHHOM ITOT UHTEPBAJ
NpHOOpPETAET ONPEACICHHYIO OJBUKHOCTh B COOTBETCTBUHU ¢ orpanuueHusMu (2). [Ipu kax-
JI0} TeHepaluy reHa MILyTCsl TPaHUYHbIe 3HAUE€HUS @ U b ¢ y4eToM peanu3alyy NpeablIyIe-
ro reHa U orpaHuueHuil (2). @usnyeckue cooOpakeHHs MO3BOJIAIOT 3aMETHO CY3UTh UHTEp-
BaJl JIOKAJIW3allUMd JKCTpeMyMa KakK CBepXy (pecypcoM CBOOOJHBIX aTOMOB), TaK M CHU3Y
(ycTpaHeHueM HEBSI3KM MaTepuaibHOro OanaHca). DakTUUECKU alTOPUTM MO3BOJISIET BbI-
Oparh 0a30BbIE KOMIIOHEHTHI. Pe3tomMupys, rpyObie JIOKaIM3yloIue CBOMCTBA OTrpaHUYEHHUN
(2) MBI BBIHECJIM B @JITOPUTM, & TOHKHE YTOUHSIOIUE — COXPAHWIN B CAMUX YPaBHEHUSX.

Oco0eHHOCTH KOMIIBIOTEPHOM peanu3aluy ajropuTMma nokasanel Ha puc. 1. Tepmo-
XUMHUYECKHE KOHCTAHThI PEareHTOB, NPOAYKTOB U IPOMEKYTOUHBIX BEIIECTB XPaHITCS B MPO-
osnemHo-opueHTHpoBaHHOM BJl. Taxke peann3oBaHbl PYHKIMM UMIIOPTa NMEPBUYHON TEPMO-
JuHaMH4Yecko nHopMmanuu u3 cranaapra nporpaMmMmbel STANJAN [4].
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= I eHeTYecKviA anroprTM =[O x|
[ HavansHele yenoss Bogopoa [HZ2 ) 0.000555839524521245
Boga [H20 ) 0.0102899015753088
Teraneparypa T [K] |2222 K.0MMYECTED HTEDALME ANMOPKTHE YrapHeidiras [CO 1 0.0159754024567025
Wt ® I?5— E0000 > Yrnekucnei raz [CO2 ) 0.0188957961334675
WeowonHan macoa: 0.046 kr
B |Ha35ane |E°E":M'"EHME |H |S |Ep |Mu il = Cyraraa nonyyeHHess tace 0,046 kr
2 [# Boaopoa H2 a 1206 2883 0002 joooz2 — Macca coxpareHa Ha 100 %
5 [# Boaa Hz20 242000 188 30 oot o
8 HrapHeii raz Co -
¥ P FagHOBRCHBIA COCTAR
15 I Yrnexucnei ras  |CO02 0046
Myck anropuTaa [paguru — =
& e
= & =
= = 8
1 ; =
T =
—a
1= :|—’:
o o o ) =
o = =
L e —
=) =)
T = =
& : :
= = =
0.046 -
Mcx0aHeIR cocTae =
=
[s%

Puc. 1. Pe3ynpTaT pacyera paBHOBECHOTO COCTaBa B CUCTEME
CO; (1 momp) + Hy (1 moaib) <> CO + HoO mpu T= 2222 K, P="7.5 atm

[IpuBeneHHble Ha puC. 2 pe3yJbTaThl CONOCTABICHHUS PACCUUTAHHOIO (IIOCPEICTBOM
pa3pabOTaHHOI'O0 I'E€HETUYECKOT0 aJrOpPUTMA) PABHOBECHOTI'O COCTaBa IPOJYKTOB CrOpaHHs
Pa3IMYHBIX MOTOPHBIX M PAaKETHBIX TOIUIMB C JaHHBIMHU paboT [5,6] CBUAETENBCTBYIOT, YTO
IJIaBHbIE KOMIIOHEHTbl XMMHUYECKOI'O PAaBHOBECHS ONPEIENAIOTCS HAIlUM METOJO0M BIIOJIHE
HaJlekHO. Bepudukanus anroputMs OCyHIECTBISIIIACh HA MHTEPECHBIX JJISI aBTOPOB CHCTE-
Max: KpPEKUHT YJICBOJIOPOJOB, TOPEHHE TPAJUIMOHHBIX HE(TEra30BBIX M IEPCIEKTUBHBIX
CIMPTOBBIX MOTOPHBIX TOIUIMB, MPOAYKThI CTOPAHUS PA3INYHBIX PAKETHBIX TOILIUB.

B u3yuenHbIX npu 0TpabOTKE M€HETUYECKOTO aJITOPUTMA CUCTEMAX COJAEpIKaHHE OC-
HOBHBIX KOMIIOHEHTOB ONPEIENSJIOCh IPU MOMOIIM T€HETUYECKOT0 ajlropuTMa ¢ Impuemlie-
MO} MOTPEIIHOCTHIO. 3Hasl COJepKaHNE BCEX BEAYLIMX KOMIIOHEHTOB, HETPY/JIHO PAacCUUTATh
TaK)Ke Ba)KHbIE, HAIIPUMEP, B IJIaHE TOKCUYHOCTH MaJible COCTaBJIAIOIINE PABHOBECHON CMe-
CU. DTO LIEHHO, MTOCKOJIBKY Pa3MEpHOCTh 3a7jauM CYIIECTBEHHO 3aBHUCUT OT TOTO, HACKOJBKO
BEPHO YJaeTcs BBIOPAaTh HOMEHKIIATYPY TJIABHBIX KOMIIOHEHTOB B XUMHUECKOM PABHOBECHH.

WHTerpanys Hamero reHeTU4ecKoro alropurMa B koMiuieke «Motop» [7] no3Bosnna
¢ OoJiblIEl CTENEHBIO JOCTOBEPHOCTHU: 1) pacCUMTHIBATH SHEPTETHUECKUE XAPaKTEPUCTHKHU
[TIIBC u Toxcuunocts BeixJona nmo CO, C,H,, RCHO, NO — npu ucnoJyib30BaHUH pa3TMIHbIX
TOIUIMB U Ha MEPEXOJHBIX peKuMax; 2) BBIABIATh BeAyline (GU3NKO-XUMUYECKUE MPOLECCHI
BO BHYTPULWIMHIPOBON KUHETHUKE; 3) aHAIM3UPOBATh TUHAMUKY BHYTPHULMIMHIPOBBIX MPO-
[IECCOB U BBIpAa0ATHIBaTh CIIOCOOBI X oNTHMH3alMH; 4) pa3padbareiBaTth 3G (HEKTHBHBIE CTIOCO-
OBl yTIIpaBJICHHUS.
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Puc. 2. PaBHoBecHsll coctaB cuctemsl H;O — Hy — OH — O, — O — H npu naBnexHun 5 at™ B
nuanaszone temreparyp 2000 — 6000 K, paccuntanHbIi pH MOMOIIX HAILIETO T€HETUYECKOTO
anropuTMa (COOTBETCTBYIOIME MapUUabHblE KOHLEHTpAlUu 0003HAaYeHbl CUMBOJIAMU A —
H,0, x — Hy, = OH, ¢ — O,, [1—- H, V —0), ¢ nanabmMu [6] (CIIONTHBIE JTMHUM )

Cnucok autepatypbl: 1. usnko-xuMuyecKkre MPoOLEcchl B ra3oBoil fuHamuke. Kommneiore-
puzoBannbii cipaBounuk / [lox pen. I'.I'. Yepnoro u C.A. JloceBa. — M.: U3n-Bo MI'Y. —
1995. — 434 c. 2. PytkoBckas /., [Iumunasckuii M., PytkoBckuii JI. HelipoHnHble ceTu, reHeTu-
YECKHE aJITOPUTMBI M HeueTkue cucreMsl. Ilep. ¢ nmonsck. Pynaunackoro M.JI. M.: I'opsaygas mu-
Hust — Tenekom, 2006. — 216 c. 3. JIxxoncon K. Uucnennsie metonbl B xumuu: [lep ¢ anri. —
M.: Mup, 1983. — 288 c. 4. Reynolds W.C. The element potential method for chemical equi-
librium analysis: implementation in the interactive program STANJAN version 3. — Dept. of
Engineering, Stanford University, 1986. 5. Lllernnko E.C. ®u3uka ropenust razos. — M.:
Hayxka, 1965. — 740 c. 6. AnemacoB B.E. Teopust pakernsix nsurateneir. — M.: O6opoHrus,
1962. — 476 c. 7. Jlanoma E.H., Suenko O.B., llprim6anos /[.C. CucremHass UMHATAIMs JUHA-
muku [1JIBC: ¢a3zoBbie mepexonsl, TypOyJIeHTHOCTb, peakuuy, ... / CBua. o0 oduwi. per.
[Tp2BM Ne 2009615832. — M.: POCITATEHT, 2009.

HEKOTOPBIE OCOBEHHOCTMH IOBBIIEHUA KAYECTBA U3I'OTOBJIEHUSA
MNPOCTPAHCTBEHHO-MOJIU® NIIUP OBAHHBIX 3YBBEB MY®T

Muxaiinos A.H., Muxaiisiosa E.A., Muxaiijion JI.A.
(kageopa TM, JlonHTY, 2. Jloneyx, Yrpauna)

B HacTosiiee BpeMsi B pa3IMUHbBIX OTPAC/IAX HAPOJHOTO XO3SHCTBA IIMPOKO HUCHOJIb-
3yl0TCsl 3y0uarblie My(ThI JIJIsl COEIMHEHNS] BAJIOB TEXHOJIOTMYECKUX CHCTEM pabOTaroIMX B
YCJIOBUSAX HAJMUUs NEPEKOCOB M CMEILEHUH coenHsIeMbIX BajioB. [Ipu 3ToM ¢ yBenuueHuem
OBICTPOXOJHOCTH U HArpy’>KEHHOCTH 3yOuaThlX My (T IIUPOKO MPUMEHSIOTCS 3yOuarsie My d-
THI C 3yOBsIMH, UMEIOIUMHU 004YK000Opa3Hyro ¢opMy pabouei moBepxHOCTH. Bmecte ¢ Tem,
NpUMEHsieMas reoMeTpusi paboueil MOBEpXHOCTH 3yObeB HE MO3BOJIAET B IOJHON Mepe Huc-
KJIIOYUTh HEPAaBHOMEPHOE paclpeesieHue Harpy3KH B 3aleIUIeHUU 3y0daTtoid My(QThl U yCT-
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PaHUTh BO3HHUKAIOIIUE KPOMOUHBIE KOHTAKTHI 3yObEB B YCIOBUIX HAJIMUUS MEPEKOCOB 3yObeB
OTHOCHUTENILHO ApYT npyra (puc. 1) [1].

s obecnieueHysi BHIpAaBHUBAHUS HArPy3KH B 3allCIUICHUH 3yObeB 3y0UaThix My(T U
peanu3anuy JTMHEHHBIX KOHTAaKTOB pabounx 3yObeB My(PT, pabOTAIOUINX B YCIOBHIX MEPEKO-
COB M CMEIIEHHI ocell, pa3paboTaHa crienuaibHas reoMeTpus 3yObeB, HIMEHyeMas POCTpaH-
CTBEHHO-MOAU(UIMPOBAHHAS TeOMETpHsl 3yObeB My T [2, 3, 4]. DTa reomeTpus 3yObeB My -
Tl 00eCTeYrBaeT BEIpaBHUBAHUE HATPY3KU B 3aLEIUICHUH U JTUHEHHBIA KOHTAKT pabovHX IMO-
BEpXHOCTEH 3yObeB NpU HAJIMYMM UX TEpeKoca s HeHTPUPYEMBbIX 3yOdateix My(dT. DTO
CBSI3aHO C TEM, YTO IMPOLECC IOJYyYEeHUs] MPOCTPAHCTBEHHO-MOJIU(PHUIMPOBAHHBIX 3yObeB
My(TBI OCHOBaH Ha pa3pabOTaHHOM crocobe 0OpaboTKu, 6a3UPYIOMUMCS Ha BTOPOM CIIOCO-
6e OnuBBE U BBITMOJIHEHUH B MTPOLIECCE U3TOTOBIICHUS 3yObeB ABYX NPUHIMMIOB [1].

BMmecte ¢ TeM, MOXHO OTMETHUTb, YTO TEXHOJIOTHS TOJyYEHHUs] MPOCTPAHCTBEHHO-
MOIU(UIMPOBAHHON reOMeTpHHU 3yObeB OCHOBaHHAsE Ha BTOpOM crocode OnBbe HE MO3BO-
JSIET MOJTy4aTh 33/1aHHYI0 TE€OMETPHUIO BEICOKOIPOU3BOIUTEIBHBIMU CIOCOOaMHU. DTO CBSA3aHO
C TE€M, UTO I OCYIIECTBICHUS O0OpabOTKM C MCHOJB30BAaHHWEM BTOPOTO criocoba OnuBbe
NPUMEHUMA TOJIBKO XOHUHTOBAJIbHAS OTIEPALUsl C MCIIOJIb30BAHUEM BHYTPEHHETO 3alleTUICHUS
MHCTpYMEHTa 1 00pabaThiBaeMbIX 3yObeB BTYJIKH My(Thl. IIpum 3TOM CHUMaeMblil TpUITYyCK
NPY XOHUHTOBaHUU 3y0beB 00bdHO cocTaBisieT 50 ... 70 MmkM. [To3TOMY 3TUM METOJIOM CHH-
MaTh OOJIBIIME MPUITYCKH ISl TPOCTPAHCTBEHHO-MOAU(DUITUPOBAaHHBIX 3yObeB, B psJie CiIyda-
€B, SIBISIETCS JJIUTEIbHBIM HHU3KO NMPOU3BOAMTENBHBIM MPOLECCOM, a JJIsl 3yObeB KPYITHOTO
MOJIyJI1 BOOOIIIE HE MPEICTABIAECTCS BOSMOXHBIM. DTO HE TIO3BOJISIET MMOJy4aTh TOYHYIO MPO-
CTPaHCTBEHHO MOJIU(UIIMPOBAHHYIO TEOMETPHUIO 3yObEB My PT.

Ha ocHoBaHMM BBIIIE€ M3JIOKEHHBIX OBOJOB, I1€J€CO00Pa3HO BBHIMOJIHATH MpEABapH-
TEJILHOE U3TOTOBIICHUE 3yObEB, C TeOMETpHEH paboueil MOBEPXHOCTH OJIHM3KOM K MPOCTPAHCT-
BEHHO-MOIU(PHUIIMPOBAHHOMN, HO TIOJy4aeMOU BBICOKOIPOM3BOJUTEIBHBIMUA MeTOAaMu. [Ipu
HTOM Ha 3aBEpPIIAIONICH ONepaly MPEAaraeTcs MmojiydyaTh TOUHYIO MPOCTPAHCTBEHHYIO MO-
nudukanuio 3yObeB, 00paboTka KOTOpOH OCHOBBIBAETCsl Ha BTOpoM criocode OnuBbe. B aTom
cilydae, IpUIYyCKH Ha 00pabOTKy MOXHO 3aKJIaJbIBaTh B mpefenax a0 70 MKM M IMOJIydaTh
HEOOXOIMMYIO TIPOCTPAHCTBEHHO-MOAU(UIIMPOBAHHY IO TEOMETPHIO 3yObEeB My (PT.

OpHako, Ans pemieHWs ATHX BOMPOCOB HeoOxoamma pa3paboTKa OIpeeneHHON
CTPYKTYPBI TEXHOJIOTUYECKOTO IpoIiecca, 00eCeynBarOIero BHICOKOKaYeCTBEHHBIMU U BbI-
COKOIIPOU3BOIUTEILHBIMY CIIOCOOAMH M3TOTOBJICHHE TPOCTPAHCTBEHHO-MOJUPHIIUPOBAHHON
reoMeTpum 3yObeB My QT.

Pa3zpabaTeiBacmast TeXHOJIOTHS, Oa3upyIOIIascsl Ha BTOpoM criocobe Onusbe [1] u3ro-
TOBJICHHSI COTPSDKEHHBIX TOBEPXHOCTEH MO3BOJSIET M3TOTABIMBATH TEOMETPHIO 3yObEB C JIU-
HEWHBIM KOHTAaKTOM pabodYMX TMOBEPXHOCTEH M paBHOMEPHBIM pAacIpeesieHHEeM Harpy3Kd
Mexay 3yobsimu [2, 3, 4].

Bropoii cnoco6 OnmBbe U3rOTOBIICHHSI TIPOCTPAHCTBEHHBIX 3alCTUICHUH C JIMHEHHBIM
KacaHHEM TIOBEPXHOCTEH 3yOII0OB OCHOBBIBAETCS HA IBYX YCIIOBHSIX:

1. Hape3anue moBepXHOCTH 3yOII0B OJTHOTO M3 3B€HbEB MEXaHM3Ma (3y0uaToit My QThI)
JOJDKEH TPOU3BOJTUTHCS WHCTPYMEHTAJIBHOW TMOBEPXHOCTHIO, TIOJHOCTBIO COBIMAJAIOMICH C
MOBEPXHOCTBIO IPYTOTO 3BEHA B Nepeauu (3youaroit My PThI).

2. Ilpu nzroroBneHnM 3yObeB My YTl HA TEXHOJIOTUYECKOM CUCTEME CTPYKTypa OTHO-
CUTEJBHBIX JIBW)KCHHH MHCTPYMEHTA W 3aTOTOBKH JIOJDKHA OBITH TaKas ke, Kakash MMEeTCs B
3yOuaTtom MexaHu3me (3youaroi My dTe) Mpu KCIUTy aTalluH.

OcHOBBIBasICh HAa BTOPOM criocode OnuBbe it BToporo ycioBusi OnuBbe, pa3padoTa-
Ha CTPYKTypa JBM)KEHHI MPH MPEoOPa30BaAHUN CHCTEM KOOPAWHAT B OTHOCHUTEIHHBIX JTBUKE-
HUSX orudaromiel u orudbaemMoit moBepxHocrert 3yoreB [IM3M mpu Hanmunu nepexoca OCeu.
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Ha puc. 1 npeacraBineHsl CTpyKTypa OTHOCUTENBHBIX ABM)KEHUN CUCTEM KOOPAMHAT B
npolecce MoJIydeHust MPOCTPAHCTBEHHO-MOAU(UIIMPOBAHHON TTOBEPXHOCTH 3y ObeB.

Kak u3BecTHO M3 aHAIUTUYECKOU reoMeTpur, OT CUCTCMbI KOOpPAWHAT X},);,Z;] K CUC-
TEMC KOOPAUHAT X2,)2,z2, UMCIOIUX CAWHOC HAYAJI0 KOOpAWHAT, MOKHO HepCﬁTH Ipu 1nomo-
I TI0CTIEIOBATEILHOTO BBIIOJIHEHUSI TPEX TOBOPOTOB «, b, ¢ (puc. 1) Bokpyr ceds oceit Ko-
OpJIMHAT IYTEM 3aJaHusl TpeX yIJoB Dilliepa B TPEXMEPHOM EBKJINIOBOM BEKTOPHOM IIPO-
CTpaHCTBE.

CHayana Hy’>KHO NOBEPHYTb CUCTEMY X;,)7,z; BOKpYT ocu Oz; Ha yroa i, HOJy4YUM

CUCTEMY KOOpAHMHAT Xy ’,z” - Bokpyr ocu Oy’ Ha yros @, nojiyuuM cucremy x”y”z” . Jlanee,
noBopauuBas cucremy x”y”,z” - okono ocu Oz Ha yron y,, HOJYUUM CHUCTEMY X2,)2,Z2.
Jl1s1 BBITIOJTHEHUSI BTOPOTO YCIOBHS BTOpOro crocoda OnnBbe HE0OOXOIUMO YTOOBI yTIbI /|
U Y, ObUIM paBHBI K OTOOPAXKAIHCh BBIPAKEHUEM
Vi=y=v,

IZie Y - yrojl IOBOPOTA 3aLCIUICHHS.

Jns peuenus Bonpoca peanu-
3allMM TEPBOTO YCIOBHS BTOPOTO
cnoco6a OnmBbe HEOOXOIUMO BBI-
HOJIHUTh WHCTPYMEHT B BHUJE IBOJIb-
BEHTHOM ITOBEPXHOCTH. B xoopau-
HATHOW 3aliCH ypaBHEHHS HBOJIb-
BEHTHOTO MNpoQwis HWHCTPYMEHTa
MMEIOT CJIEAY O BU:
x = npsin(p g, )-pcoslp—o.)];
n = nyleoslp — o, )+ psin(p -, )];
Z| = 1ptgv.
i€ 7' — PaJuyC OCHOBHOTO IIMJIMHIPA
UHCTPYMEHTA;

@ - TapaMeTPUYECKUH YTroJl 3BOJIb-
BEHTBHI;

Puc. 1. Ctpykrypa OBWKCHHM npu mpeobOpasosa- vV — HAPAMETPHICCKHH YTOJT TOYKH B
HUM CHCTEM KOODJHMHAT B OTHOCHUTENIBHBIX ABIKe-  POAOTBHOM CCHCHUM.

L . . T
HUAX orubaromeid n orudaemMon _TIOBEPXHOCTEH 3,00, 0, = +inva,,, e z — auc-
3yObeB MPU HATUYHH TEpeKoca ocen 2z

70 3yObeB UHCTPYMEHTA;
INVQL,, - DBOJBBEHTHBIN yTroJ, COOT-

BETCTBYIOIIUIA TOYKE MPOQIIIS HA EIUTEIILHOM IIMITHHIIPE.

Taxum o6pazom, Bropoii cnocod OnuBbe 1aeT BO3MOXKHOCTh pelIaTh BOIPOCHI MOJTY-
YEHHUS TEOPETUYECKH TOYHOW TPOCTPAHCTBEHHO-MOJU(DUIIMPOBAHHON TE€OMETpHH 3yObheB
MyQThL. [loaTOMY B 1aHHOW paboTe MpeasokeH crnocold M yCTPOHCTBO AJIs €ro OCYILECTBIIe-
HMS, TIO3BOJIAIONINE HA 3aBEpPIIAIONIEH CTaJUHM TEXHOJOTHYECKOTO Ipolecca T0BOIUTH (XO-
HUHI'OBaTh) pab0OUYyI0 MOBEPXHOCTh MPOCTPAHCTBEHHO-MOIU(UIIMPOBAHHBIX 3yObEB MY (PTHI.

BMmecte ¢ TeM, MOKHO OTMETHUTh, YTO TEXHOJIOTHS TIOJyYEHUs MPOCTPAHCTBEHHO-
MOIU(UIIMPOBAHHON TeOMeTpHH 3yObeB OCHOBaHHAsi Ha BTOPOM criocode OnBbe HE MO3BO-
JA€T MOJTydaTh 3aJaHHYI0 T€OMETPHIO BEICOKOIIPOU3BOIUTEILHBIMU CIIOCOOAMHU. DTO CBA3aHO
C T€M, YTO JJIsl OCYLUECTBJIEHHs] 0OpabOTKH C HCIIOJIb30BAHHEM BTOpOro crocoba OnuBbe
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NpUMEHUMA TOJIBKO XOHUHTOBAJIbHAS OTIEPALUsl C UCIIOIB30BAHUEM BHYTPEHHETO 3alleTICHUS
MHCTpYMEHTa M 00pabaThiBaeMbIX 3yObeB BTYJIKH My(Thl. IIpum 3TOM CHUMaeMblil TpUIyCK
NP XOHUHTOBaHUU 3y0beB 00bdHO coctaBisieT 50 ... 70 mkm. [ToATOMY 3TUM METOJIOM CHH-
MaTh OOJIBIINE MPUITYCKH ISl IPOCTPAHCTBEHHO-MOAN(DUIIUPOBAaHHBIX 3yObeB, B psJie Cilyda-
€B, SIBISICTCS JJIUTEIbHBIM HHU3KO NMPOU3BOAMTEIBHBIM MPOLIECCOM, a JJIsl 3yObeB KPYIHOTO
MOJ1yJI1 BOOOIIIE HE MPEACTABIAECTCS BOSMOXKHBIM. DTO HE TO3BOJISIET MOJIy4aTh TOYHYIO MPO-
CTPaHCTBEHHO MOJU(UIIMPOBAHHYIO TEOMETPHUIO 3yObEB My PT.

Ha ocHoBaHMM BbIIIE€ M3JIOKEHHBIX TOBOJOB, 11€J€CO00PAa3HO BBIMOJHATH MpEABapHU-
TEJIbHOE U3TOTOBJICHUE 3yObEB, C reOMeTpHel paboueil MOBEPXHOCTH OJIM3KOM K MPOCTPAHCT-
BEHHO-MOU(PHUIIMPOBAHHOMN, HO TOJy4aeMO# BBICOKOIIPOM3BOIUTEIBHBIMU MeToAaMu. [Ipu
HTOM Ha 3aBEpIIAIONICH ONepaluy MPeAaraeTcs nojiydyaTh TOUHYIO MPOCTPAHCTBEHHYIO MO-
nuduKanuio 3yoseB, 00paboTKa KOTOPOI OCHOBBIBAeTCs Ha BTOpoM cniocobe OnmuBbe. B aToM
cilydae, IpUIyCKH Ha 00pabOTKy MOXHO 3aKJIaJbIBaTh B mpenenax a0 70 MKM M MOJIydaTh
HEOOXOIMMYI0 TIPOCTPAHCTBEHHO-MOAU(UIIMPOBAHHYIO TEOMETPHIO 3yOhEeB My (PT.

[TosTomy nanHas paboTa OCHOBBIBAETCS HA BAKHEHIIIEM TEXHOJOTHYECKOM MPHUHIIUIIE
MOCJIEI0BATEIBHOTO TPUOIMKEHUSI CTPYKTYPhI U MapaMeTPOB TEXHOJIOTMYECKOTO Ipolecca
W3TOTOBJICHHS MPOCTPAHCTBEHHO-MOIU(DUITMPOBAHHBIX 3y0ObeB My(DTHI KO BTOPOMY CHOCOOY
OnuBbe.

Hcnonp3ys npeuioskeHHbIe TEOPETHIECKHE TTOJI0KEHHS, pa3paboTaHa CTpyKTypa TexX-
HOJIOTHYECKOTO TMPOIecca, BKIIIOYAIOIIAsi BBIMOJIHEHNE CIIeTyIOIINX ONepaItiii:

1. Cnocoba 00paboTku 3y0beB My(dT MeTon0M KomupoBanus. OH OCHOBBIBAETCS Ha
MOJIyYSHUH TPUOJIMKEHHON TeOMEeTpHs, ToIy4aeMoil (ppe3epoBaHHEM MOIYJIBHBIMH JIUCKO-
BBIMH (ppe3amMu C epeMelIeHHeM MHCTPYMEHTA 0 JIMHAK CMEIIEHUSI UCXOAHOTO KOHTYpa To
CHeUMAILHON TMHUU. B 3TOM cityyae JIMHUS CMEIIEHHsT HCXOJHOTO KOHTYpa OTpeNeNsieTcsl Ha
OCHOBaHHMHU TOYHOH F€OMETPHUH MTPOCTPAHCTBEHHO-MOAU(DUIIMPOBAHHBIX 3yObEB MY (DTHI.

2. Cnoco6a o6paboTku 3yObeB My (T MeTogoM oOkaTku. OH OCHOBBIBACTCS HA IOJTY-
YeHUH NPUOJIMHKEHHOW TeOMETpHs, ToJdydaeMoi (hpe3epoBaHUEM MOYJIbHBIMU YEPBIIHBIMHU
dpe3aMu ¢ epemMeneHHeM HHCTPYMEHTA 10 JJMHUU CMEIICHUS! HCXOTHOTO KOHTYpa IO CIie-
[MAJIBHON IMHUK. B 3TOM ciyyae JTMHUS CMENIeHHsT UCXO/JHOTO KOHTYpa TaKKe ONpeesieTCs
HAa OCHOBAHHMU TOYHOW T€OMETPHUH NMPOCTPAHCTBEHHO-MOTUPHIUPOBAHHBIX 3yObEB MYy (O THI.

3. Cnocob6a 00paboTku 3yObeB My (T METOIOM KOTIMPOBAHUS WM OOKAaTKH ¢ obecre-
YEHUEM KHHEMATHYECKOW CTPYKTYPHI ABM)KEHHH TPU 00pabOTKe MACHTHYHOM HKCIUTyaTaIy-
OHHOW B MexaHu3Me. OH OCHOBBIBAETCS Ha MOJyYCHUH NPUOIIKEHHON reomMeTpus Gppesepo-
BaHMEM MOJYJIbHBIMH JMCKOBBIMH WJIM YE€PBAYHBIMU (ppe3amu. B 3TOM cilydae BBITIONHSAETCS
TOJIBKO BTOPOE YCJIOBHE BTOPOro crocoda OnuBbe.

4. Cnocoba 00paboTku 3y0beB My(PT METOJIOM OOKATKU ¢ 00eCrieueHUeM KHHEMAaTH-
YECKOH CTPYKTYpPHI IBUKEHUHN NPU 00pabOTKe ACHTUYHON SKCIUTyaTalMOHHON B MEXaHU3ME.
OH OCHOBBIBAETCS HA TMOJYYEHHH MPUOIMHKEHHOW T€OMETPHs TOIy4aeMOi NpPOTITHBAaHHEM
CHeUHAILHBIMU TPOTSIKKaMU. B 9TOM ciTydae BBITIOHSAETCS] BTOPOE YCIOBHE BTOPOTO CIIOCO-
6a OmuBne. [Tpyr ’TOM YaCTUUHO BBHITIOJIHSAETCS TIEPBOE yCIOBHE BTOPOTO criocoba OnuBbe.

5. Pa3paboTka cnocoba otaenodHoit o0paboTku. Peanmuzanus moJiHOW aleKBAaTHOCTH
JBYX YyCJIOBHUI BTOpOro criocoba OmnmBbe. JTa onepanust MOKET BBITIOHATHCS WM XOHUHTO-
BaHUEM WJIU IPYTUMH METOIaMH, HAIIPUMEP JIEKTPOIPO3ZUOHHOM 00pabOTKOM.

MOKHO OTMETUTbh, YTO JBE TEPBBIC OTIEPAIIMH MOTYT BBITIOJHITHCS OOBIYHBIMH Tpa-
JUIMOHHBIMUA METOJIAMH C UCTIOJIb30BAaHUEM IEPEMEIICHUs] HHCTPYMEHTA I10 JIMHUU CMeETle-
HUSI ICXOJHOTO KOHTYpa, MapaMeTphbl KOTOpo# onpenesnieHsl B padote [5]. [Ipu aToM TpeThs u
YeTBepTas ONEPasi MOXKET BBITOJHATHCSA Ha CIIEHIUAIbHOM 000y 0BaHHH, KOTOPOE IOJHKHO
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CIPOEKTHPOBAHO B COOTBETCTBUH C M300pPETEHUAMH, MPEICTABICHHBIMUA B paboTax. A UMeH-
HO TPEThS OTIEpaLUsl C UCTIOJIb30BAaHUEM PaldoOT, a YeTBEpTasi B COOTBETCTBHHU C pabOTOM.

[ocnenusis omepamms OazupyeTcs Ha TOJYYEHHH TOYHOM MPOCTPAHCTBEHHO-
MOIU(UIMPOBAHHON TeoOMeTpuH 3yObeB My(PT. B 3TOM cilyuae 10BOJKA MOXKET peaM30BbI-
BaThCS XOHMHTOBAHUEM WIIHM 3JIEKTPOIPO3HOHHBIM METOAOM C IMOJHBIM BBITIOJHEHHEM JIBYX
ycioBHii BToporo croco6a Onusbe. [Ipu 3TOM mosyyaemasi reoMeTpusi IPOCTPAHCTBEHHO-
MOIU(UIIPOBAHHBIX 3yObeB My ()ThI OyA€T HOITHOCTHIO COOTBETCTBOBATH TOUHOM T'€OMETPHH.

Takum 006pazoM, MPUBEICHHBIN KOMILJIEKC TEXHOJIOTHIECKHUX OTepanuii ooecreunBaeT
MOCJIEIOBATENbHOE MPHUONIKEHHE TeOMeTpuM 3yObeB K TOYHOM MPOCTPAHCTBEHHO-
MOIU(DUIMPOBAHHBIX T€OMETPUH. 371€Ch, 110 XOAY TEXHOJOIMYECKOT0 mpoliecca (10 mocnea-
HEeil omepaliiy) BHITIOJIHAETCS YaCTUYHOE BBIMIOJHEHHUE JIBYX YCIOBUI BTOPOTO criocoba Omm-
BbE C MOCIIEIOBATEIbHBIM YBEIIMYCHUEM CTEIICHH UX MPHUOIMKEHUS K TOJTHOMY BBITIOJHEHHIO.
IIpu 3TOM Ha NOCJIEIHEM 3Tare TEXHOJIOTHUECKOT0 MPOIIECCca Peaan3yeTcsl TOUHasi IPOCTpaH-
CTBEHHO-MOIU(UIMPOBAHHAS TEOMETPHUS 3yObeB My(THI 3a CUET BBITIOJHEHUS IBYX yCIIOBHM
OnuBBE M MPUITYCKOB, HE TPEBBIIIAIOIINX HOPMUPOBAHHBIX 3HAYCHUH.

B 3aximoyeHHH MOXHO OTMETUTh, YTO BBHITIOJHEHHbIE KOMILJIEKCHBIE HCCIIEOBAHUS
obecneumii BO3MOXKHOCTh PEUINTh PsiJ] 3a/1a4 CBS3aHHBIX C pa3pabOTKOI TEXHOJOTHYECKOTO
nporecca U3roTOBJICHUSI TIPOCTPAHCTBEHHO-MOJUPHIUPOBAHHBIX 3yObeB MyPTHI. DTO MO3BO-
JUJIO CIIEAYIOLIEE:

- pa3paboTaTh OOLIMIA TOIXO/ HOCIEIOBATEIFHOTO IPUOIIIKEHNS TEOMETPUH pabodeit
MOBEPXHOCTH 3yObEB K TEOPETHUYECKH TOYHOH MPOCTPAHCTBEHHO-MOIUPHIMPOBAHHON Treo-
METPHH, NOTy4aeMOH ¢ HCHOIb30BaHUEM BTOPOTro crocoda OnuBbe;

- pa3paboTaTh KOHKPETHBIN TEXHOJOTHYECKHIA MPOIIECC MPUOIMKEHUS] TEOMETPUH pa-
004eil TOBEpXHOCTH 3yObeB K TEOPETHYECKH TOYHOW MPOCTPAHCTBEHHO-MOAU(DUIIMPOBAHHON
reOMETPUH;

B nenom BBINOJIHEHHBIE HCCIENOBaHMS M pa3pabOTaHHAs TEXHOJOTHS IO3BOJIIOT
KOMIUICKCHO pEelIaTh 33/Ja4d TOBBIIICHHS KadecTBa U d(PPEKTUBHOCTH W3TOTOBJICHUS TPO-
CTPaHCTBEHHO-MOIN(UINPOBAHHBIX 3yObeB MY () THI.
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