KOPPEKIIMA YIIPABJAIOIUX [TIPOI'PAMM CTAHKOB CUYITY C YYETOM
’KECTKOCTH TEXHOJIOI MYECKON CUCTEMBI

Jlapmun B.IL., I'peunxa A.A. (kag. TM, OI'T1Y, 2.Odecca, Yxkpauna)

B ycnoBusix jxecTKoi KOHKYPEHTHOH 00pbOBI MPOU3BOICTBEHHOE MPEIIPUATHE JOIDKHO
YETKO MPEJCTABIATH ce0e MOTpeOUTENss CBOMX TOBApOB, & CJIEJOBATEIbHO NapaMeTphbl CTOU-
MOCTH M KauecTBa CBOEH NpOIyKIMHU. 3aTpaThl Ha MPOU3BOJCTBO MPOAYKIMHU CKJIAJIbIBAIOTCS
U3 TEXHOJIOTUYECKOU ce0ECTOMMOCTH OTIENbHBIX onepauuil. [Ipu npoekTupoBaHuM TEXHOJIO-
THYECKUX TPOILIECCOB HEOOXOIMMO YUMTHIBATH IMPEIBAPUTEILHO 3a/laHHYIO IIEHY W3AETHsS U
o0ecreynBaTh €€ 32 CUeT PEryJMPOBAHMS TEXHOJOTHIECKON ceOecToMMOCTH oreparmid. Ta-
KO€ HaIlpaBJICHHUE B IIPOCKTUPOBAHUHU TEXHOJOTHYECKUX IPOLIECCOB MOJYy4YWIO Ha3BaHUE TEX-
HOJIOTUYEeCKU MeHeKMEHT [1]. st Toro 4To0b1 00ecednTh TpeOOBaHMS TEXHOJIOTHIECKO-
ro MEHEI)KMEHTa, He0OXO0IUMO HauboJiee palrOHaIbHO HCIOJIB30BaTh MPOU3BOJICTBECHHBIC
pecypchl, B IEPBYIO OUepelb HMEIOIIeecs: TEXHOIOTHIeckoe o0opynoBanue. OCOOEHHO aKTy-
aJbHA dTa 3aJa4a U1 COBPEMEHHBIX MAIIMHOCTPOMUTENBHBIX NPEANPUATHNA, IIUPOKO IpUME-
HSIOUIMX aBTOMAaTH3UpOBaHHOE 0OopynoBanue ¢ UITY, ruOkue aBToMaTuyecKue JUHUU U T.
n. JInsa cocraBnenus ynpasisitonmx nporpamm (YII) k Takomy 0060pyZoBaHHIO HEOOXOAUMO
XOPOILIO 3HaThb BXOJHBIE U BBIXOAHBIC JAHHBIE TEXHOJIOTMYECKOM CHUCTEMBI M MX B3aUMHOE
BJIMsIHUE. BXOJHBIMM JaHHBIMH B MEXaHMYECKOW 00paboOTKe SBISIOTCS MapaMeTphl dJIeMeH-
TOB TEXHOJIOTUYECKON CHUCTEMBI ; PEKUMBI pe3aHusi. BbIXOIHBIMU JaHHBIMU SIBISIOTCS TOY-
HOCTb, KA4€CTBO Y CTOMMOCTb IOJIy4aeMOT0 U3EIHs.

N3BecTHO, 4TO HA TOYHOCTH M3JEIUS BIUACT LIEJIBIM PsiJl CUCTEMAaTUYECKUX U CIIydaii-
HBIX MOTPEIIHOCTEH, TAKUX KaK MOTPEIIHOCTH MO3UPOBaHUs, HACTPOIKM 00OpyIOBaHUs, Ie-
pernajbl HEPOBHOCTEHM M TBEPAOCTH 00pabaThiBaeMOil MOBEpXHOCTH U JAp. Eciu cuctematuye-
CKHME IOTPEIIHOCTH MOKHO IIPAaKTUYECKH CBECTH K HYJI COOTBETCTBYIOIIEH HACTPOWUKOU
obopynoBanus (111 ctankoB ¢ YITY — nHacrtpoiikoit YII), To ciydaiiHple MOTPEIIHOCTH PO~
THO3UPOBATh IOPA3JI0 CIOKHEE.

W3BecTHO, 4TO CiydaliHbIe MOTPEITHOCTH NPU MEXaHMYECKOW 00pabOTKe B 3HAUUTEIb-
HOHM CTENEHH 3aBUCAT OT JKECTKOCTH TEXHOJOTMYECKOM CUCTEMBI j, KOTOpas ONPEACIAECTCS
MOJATIIMBOCTHIO €€ OCHOBHBIX 3BEHBEB: CTAHKA, HHCTPYMEHTA, IPUCTIOCOOICHUsI M 00padaThI-
BAEMOW JETaH.

BenmuuHy oTXKaTHS ONPENeNsioT Mo W3BECTHOH (popmyIe

Py
Ay =0, (1)
J
riae P, — HopMasbHas COCTaBIISAIONIAs yCUIIHS PE3aHUS.

W3menenus cunbl P, HOCHUT cCilydaiiHbId Xapakrep. OIHAKO AU KaXKIbIX KOHKPETHBIX
YCIIOBHI METOJIOM TIOJHOTO (PAKTOPHOTO IKCIEPUMEHTA MOKHO MOJYYUTh AIMITHPHUUECKYIO
3aBUCUMOCTH [2]

P, :cy-tx“"Syvay, (2
rae t, S, v — pexuMHble IapaMmeTpbl 00pabOTKH, HalpuUMep, NIyOuHa MIIupoBaHUs, HOIe-
peuHas rnojayda, CKOpocTh JETallu.
Cy, Xy, Yy, Zy — KOO(QQUIMEHTHI, 3aBUCSINUE OT BUIAa 00paboTKH, 000pYAOBaHMSA, HHCTPY-
MEHTa U T. [I.

[Tpennaraemslii METOJ KOPPEKLIMU COCTOUT B cienytomem: B YII 3anator Takyro riyOu-
HY pe3aHus 1o JIMMOY CTaHKa t;, YTOOBI C yUETOM TEXHOJOTUYECKOrO OTKATUsI Ay MOIYy4YUTh
HEOOXO0IMMYI0 (DAaKTHYECKYIO TITyOUHYy pe3aHus t, T.e.
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t, =t, tAy 3)
Pacuer npoussoaurca na 9BM no anropurmy, NnpuBeeHHOMY Ha PUCYHKE.

1 BBoj njanHbIX

3amaem t;=0, At, | _________

{ 3aal0T HAYAIbHOE

2 _ sgauenue t;=0 u mar At
3 tr+At,

4 Boruucnenue Py (t;) b————————— { ITo dopmymne (2)

5 Bbruucnenne Ay [ { o popmyue (1)

6

7

BeiBox ty, t,

Puc. bnok-cxema anropurma pacyera.

B 0O10xke 1 3aai0Tcst UCXOJHBIE JAHHBIE: 1y, j, Cy, Xy, V), 2y, S, V. B O110Ke 2 3a1a10T HyJle-
BOC 3HAUEHHE TIyOWHBI pe3aHus t,, yCTaHaBIMBAaeMOE IO JMMOY CTaHKa W IIar ee yBeJaude-
HusA At,. B 6moke 3 ¢opmupyercs Tekymas riryOuHa pe3aHus ty, 1l KOTOpoi B O10ke 4 on-
penensioT 3Hadenne ycunus Py. B 0oke 5 BBIYMCIAIOT BENUYKHY yNIPYroro oTkarus Ay, Ko-
TOPYIO HUCIIOJIB3YIOT JIJISl ONPEENICHUsT pa3HOCTH t,—Ay. DTy pa3HOCTh B OJ0OKe 6 CpPaBHUBAIOT
C IIEPBOHAYAJILHO 33JJaHHOM BEJMYMHOM t, . [Ipu coBmasenuu pesyibTa pacyera ¢ 3aJlaHHON
BEJIMYMHOM tp, TOJydEHHYIO ITyOuHy t, puKcupyoT u ucnons3yior B YII. Hanpumep, npu
TUIOCKOM IUTM(OBAHUU BBIPYOHBIX IITAMIIOB Ha ctanke 3171 mis obecrieueHus hakTHIECKUX
pacnpeesieHuit TTyOuHbl pe3aHus Mo nepexoiaM IumdoBaHus t, HEOOXOJUMO 3a/aTh Cle-
TyIOIUE 3HAYCHHS TMMOOBBIX 3HAUCHUH ITyOuH t; (CM. Ta0IL.).

Tabmuua — PacnipeienieHue npuirycka 1o nepexoiaM HutMoBaHus.

K 1 2 3 4 5 6
t,(K), MKM 8,7 8,2 7,7 7.3 6,9 1,2
t,(K), MKM 10,9 10,3 9,6 9,1 8,8 1,5

W3 npuBeeHHBIX AaHHBIX CIEAYET, YTO YCTAaHOBJICHHBIE 1O JTUMOY TIyOHHBI IUTHA(O-
BaHus (3agatorcs B YII) npeBblmaroT gpaktuueckue riryouHsl mmpoBaHus B cpeaHeM B 1,25
paza. CienoBaTesibHO, €clii He BHOCUTH Koppekuun Ay B YII, To okoso 25% npurrycka oka-
3pIBaeTCs He yaaieHHou. [lotpedyercs monosHuTenbHass 00paboTKa 3THX JeTale, CBsA3aHHAs
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C yBeMYEHHEM 3aTpar. B pe3ynbrare yBeIMUMBaeTCsl TEXHOJIOTHIECKast Ce0eCTOMMOCTD OTie-
paryu 1 o0I1re 3aTpaThl HA MPOU3BOACTBO U3/ICIHS.

[IpennoxxeHHass METOIMKa KOPPEKIMH YIPABISIONIMX MPOrpPaMM MOXKHO OyJeT peasu-
30BaTh MPU MOMOIIM CAMOOOYUAIOIIEHCS TEXHOJOTHUISCKON CHCTEMBI MEXaHOOOPaOOTKH Ha
cragkax ¢ UITVY.

Cnucok aurepartypsl: 1. Jlapmun B.II. TexHomornueckuid MEHEIXMEHT U KOMIIbIO-
TEpHBIX TexHoJorui npu paspadorke I'TIC B mammHocTpoenuu // [IporpeccuBHbIE TEXHOJIO-
MM B MAIIMHOCTpOEHHHU: Te3. TOKI. MEeXIyHap. Hayd.-TexH. KoH(p. — Kues: ATM Ykpaunsl,
2000. — C.135-136. 2.CripaBouHHK TexHOJOTa-MamuHoctpoutensi. B2-xt.T.2 / Ilon penak-
uueit A.T. Kocunosoii u P.K. Memepsikopa.—M.: Mammnoctpoenue, — 1986. — 482 c.

AHAJIN3 TEIUIOBBIX SIBJIEHUM ITPU INTIOCKOM IILTU® OBA HUA
BbBIPYBHbIX HLITAMIIOB

Jlapmun B.IL., I'peunxa A.A., Paiinsu T.A. (kagh. TM, OI'T1Y, 2.00ecca, Yxpauna)

[Ipu ¢uaMITHON 00pabOTKE OTBETCTBEHHBIX JE€Tajel MAIlllMH, HAPUMEp MPHU IIOCKOM
nUM(OBaHUHM IyaHCOHOB BBIPYOHBIX IITAMIIOB, HA 0Opa0aThIBAEMOM MOBEPXHOCTH YaCTO
BO3HMKAIOT MPWKOTH U MUKPOTPEIIMHBI, KOTOPHIE CYIECTBEHHO yXYAIIAIOT HKCILUTy TallMOH-
HBbIC CBOUCTBA 3THX netanieil. Kpome Toro, B mporiecce NUMQOBaHUS TPOSBISACTCS HETPe-
CKa3yeMbIi XapaKkTep MOBEIEeHHs CIOKHOMPO(MIBHBIX JIeTalIeii: BpeMEHHBIE U HEOOpaTuMbIe
U3MEHEHUsI TE€OMETPUYECKON (DOPMBI BBI3BAHHBIC PACHPEICICHUEM TEMIIEPATypPHOTO MOJI,
HETIPEeIBU/ICHHBIE W3MEHEHHs TEMIIEpaTypbl IUIM(GOBAHUS, NPOSBICHUE TEXHOJOTHYECKOU
HACJIEICTBEHHOCTH U T.II.

VYka3zanHple (DaKTOPHI COCPKUBAIOT PA3BUTHE COBPEMEHHOTO aBTOMATHU3UPOBAHHOTO
NPOU3BOJICTBA, HE TIO3BOJISIIOT BECTH BBHICOKOTIPOM3BOUTEIBHYIO 00pa0OTKy OTBETCTBEHHBIX
JeTajeld B aBTOMaTHYECKOM LHMKJIEe Ha NUIHQoBaibHBIX craHkax ¢ YIIY, B Tom uucie Ha
CTaHKaxX, BXOJSIIMX B COCTaB TMOKMX IMPOW3BOJICTBEHHBIX CHUCTEM. DTO OOYCJIOBJIEHO TEM,
YTO MPU aBTOMATU3UPOBAHHOM IIIM(POBAHWU TOYHOCTh CTAHKA U TPAAMLMOHHOE NPOrpaMM-
HOe o0ecreyeHne aBTOMATHYECKOTO IHKJIA NUTH(GOBAHUS SBISIOTCS HEOOXOIUMBIM, HO HE
JIOCTaTOYHBIM YCJIOBUEM OO€creyeHHsl KauyecTBa MOBEPXHOCTHOTO CJIOS JE€Tald M TOUYHOCTH
€€ U3rOTOBJICHUS.

Jnst yripaBieHusl mporeccoM numudoBaHUS HEOOXOJAMMO YCTAHOBHUTH BIUSTHUE OCHOB-
HBIX TEOMETPHUYECKUX, TeIUIOPU3NIECKHX M PEKUMHBIX MapaMeTpoB Mpoliecca Ha TeMIiepa-
Typy B 30HE HUIM(OBAHUS U €€ paclpeneseHns o IiyOuHe MOBEPXHOCTHOIO CJIOsl. DTOT BO-
IpOC pacCMaTpUBAETCs B IaHHOM paboTe.

Pemenne ogHOMepHOTO MU(QEepeHINATBHOTO YpaBHEHHS, OMUCHIBAIOIIEe pacipeere-
HHE TEMIEPATyPHOIO I0JIs MO NTyOHHE MOBEPXHOCTHOTO €081, UMeeT Buj [ 1]

X
O(X,H)=2xH -ierfc N M

371€eCh
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: 1 2 v
jerfcu=—=exp\—u” |-uerfcu H=—171
NTT ( ) 4a
2 7 2 VX
=— - X=—
erfcu \/;L{exp( t7)dt 2a

rae U(X,H) — Ge3pa3MepHasi TeMrepaTtypa, 3aBucsiias ot 0000IICHHBIX NEPeMEHHBIX X, H ;
X— paccTostHHe OT 00pabaThIBaeMOM MOBEPXHOCTH;
V — CKOPOCTb TIEPEMEILCHHUS TEIUIOBOTO NCTOYHHKA;
a — TeMIIEPaTypOTPOBOIHOCTH 00pabaThIBaEMOTr0 MaTepHuala;
¢ — BpeMsl BO3ACUCTBHUS TEIUIOBOTO HCTOYHHUKA.
[Tepexon k pa3mepHoiil Temneparype B ypaBHeHuH (1) ocymectsisiercs o gopmyiie
T = @2& , 2)
oAV
rJie /1 — TEeIUIONPOBOIHOCTh 00pabaThIBaEMOT0 MaTepHaa;
¢ — TUIOTHOCTH TEIJIOBOTO MOTOKA.
[Tpu x=0, T.e. B 30He nuM(HOBaAHMS

r=24 |aT 3)

[110THOCTH TEMJIOBOTO OTOKA ¢ MPH IUIOCKOM MIIM(OBAHUHM U BpeMsi BO3ACHCTBUS ¢h
TETUIOBOT'O UCTOYHUKA OMPEEIISIOTCS CIIEAYONIIM 00pa3oM

Py
q:—; T=— 4,5
ND-t-8§, v %)

rae P — MOIIHOCTH NUTM(OBAHUS;
w — K03 (HUIMEHT TETUI0BBOIA ( I0JIS TEIUIOTHI, IIOCTYTAOMIAs B JICTANb);
D — nuametp nutnoBaIbHOTO KPyTa;
t — riryOvHa nuugoBaHus;
S, — morepeyHast moiada (IMpUHA MOJI0CH IUTH(HOBAHNU )
MourHocTh NHUGOBAHUS ONPENENSAIOT 10 hopmyIie

P=c-t'" 7.8, (6)

TIE C, Xp, Vp, Zp — KOI(DOUIMEHTBI, NOTyUEHHBIE METOJOM MOJHOIO (PAaKTOPHOTO 3KCIEpH-
MEHTA.

[Tpu mnockom nundoBanuy Ha cTanke Moaenn 31771, numpoBaTbHBEIM KPYromM
ITIT 25A16CM26K8 nuamerpom D=230 MM, B untepBasie pexxumoB 10 MM < t < 30 MKM;
0,057m/c < v <0,121m/c; 1,2 mm/xon < S, < 4,2 mm/xo1; pu 0oO6paboTKe 00pa3IOB U3 CTATN
X12M tBepaocthio HRC 45-50 yncnennsle 3HaueHUs: K0O3(PGUIMEHTOB BXOAAIUX B HOpMy-
ay (6), cnenyromiue: ¢=8,02 107, x,=0,67,y,=0,88,z,=0,4

C yuetom popmyiisl (4) MoTydeHO ypaBHEHUE

g=8,02-107-10:67.,,0.88. ¢ 0.4 -
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Ha ocnoBanuu dopmyi (2), (5) u (7) moctpoensl rpauku 3aBUCUMOCTH TEMIIEPATy Pbl
B 30HE KOHTAKTa OT PEKHUMHBIX MAPAMETPOB IUIOCKOTO HUTH()OBAHUSA.

0
r.'c //)// 123 — v = 0.121, 0.090,

1200 / ’/_2( 0.057 m/c, COOTBETCTBEHHO;
A 3 S=3.6 MM/X0;

1 2 £107m
Puc.1 Bnusinue riryOuHBI pe3aHusl.

T°C -5 -5
’ 1,23 — =3-107, 2-10
/4\1 2Ly > )

1200 — 9 1107 w, COOTBETCTBEHHO;
_— S.=3.6 MM/x0x;

900 M~

600
0,05 0,07 0,09 011 vmle

7 " 123 — Si=2.4,3.6,4.2
g 1 MM/X0]I, COOTBETCTBEHHO;
é v =0.057 M/c;
R

1 2 t107 M

Puc.3. Brustnue riryOuHBI pe3aHus .

T,UC -
\\\\\ 1 1,23 — =3-107,2-107,
1200 \\\ o ) 1-10° M, COOTBETCTBEHHO;
900 \\/ ] v =0.057 m/c;
-
600 1 2 3 4 Sqa.Mm /xod

Puc.4. Bnusinue nonepeyHoii noxayu.

W3 ananms3a npuBeAeHHBIX TPaQUKOB BHIHO, YTO C YBEIHMYEHHEM TTyOMHBI HUM(OBA-
HUSI ¢ M CKOPOCTH JETaJIM v TEMIlepaTypa B 30He ImMdoBanus ysennuusaercs (puc. 1,2,3),ac
yBEJIMYEHUEM MOTIEpEeUHON N0JauH S, — yMeHblIaetcs (puc. 4 ).

B nepBom ciyudae, yBenuueHHne TeMIepaTypsl 00yCIOBIEHO BO3PAaCTaHHEM IUIOTHOCTU
TEIUIOBOTO MOTOKA, BO BTOPOM - €€ yMCHBIICHHE BBI3BAHO YBEIMYEHHEM IUIOMIAAHN TISATHA
KoHTakTa. ClieyeT OTMETUTh, YTO BIMSHHE CKOPOCTH ACTAIN V M TIONEPEYHOH Mojauu S, Ha
TeMIepaTypy HUTH(OBaHUS MPOSBISIETCS NP B3aUMOCHCTBUH MTO-PA3HOMY BIHSIOMINX (ak-
TOPOB. YBEJIMUEHHE CKOPOCTH JIETAJN V C OJHOW CTOPOHBI, MPUBOIUT K BO3PACTAHHUIO IUIOT-
HOCTH TEIUIOBOTO TIOTOKA ¢, C IPYTOi — YMEHBIIIAeT BpEeMsI BO3ACHCTBUS TEIDIOBOTO NCTOYHH-
Ka ¢. Bnmsaue nomnepedHoil momauu S, Ha TemrepaTypy OOyCIaBIMBAeTCs BO3PACTaHHEM
MOIIIHOCTH NUTH()OBAHUS M TUIOMIAIN KOHTAKTa HHCTPYMEHTA U JICTaJIH.
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[TonmydeHHbIE TaHHBIE ONMUCBHIBAIOT 3aKOHOMEPHOCTH TEIUIOBBIX SIBJICHUM IIPHU IJIOCKOM
NUM(OBAaHUHM M MOTYT OBITh MCIOJB30BAHBI JJIST YIPABJICHUS 3THM IPOIECCOM B YCIOBHSX
ABTOMAaTU3MPOBAHHOTO TPOM3BOJCTBA, HANPUMEp NMPU O0OpabOTKE ITyaHCOHOB BBHIPYOHBIX
mramnoB. Kpome Toro, mnpencraBiaeHHas METOJIMKA ONPENEICHUS TEMIIEPATypbl IFIOCKOTO
numM@oBaHUs PUMEHUMA JUISl OLIEHKU 3(PPEKTUBHOCTH TBEPIBIX TEXHOJIOTHYECKHX CMa30K.

Cnucoxk autepatypsbl: 1. A.B. fIlkumos, B.I1. Jlapmun, A.M. Cxisip. Briustaue dop-
MBI TOBEPXHOCTH 0OpabaTbiBaeMOil JeTaJid Ha TeMmMmeparypy Mnpu IUM(POBAHUU
//CBepxTBepapie Marepuanbl.—Ne4, 1986. — C.38-43. 2. A.A. SkumoB, B.M. Bunnukosa,
A.A. I'peunxa. Ctabuwnmzanus pexyieil crmocoOHOCTH KPYroB U (PH3MKO-MEXaHHMYECKOTO

COCTOSIHHSI TIOBEPXHOCTHOTO CJi0si npu nmmmdoBanuu 3yo4uareix kojuec //Tp.Onec. momurexH.
yH-Ta. — Opecca,1999. — Beoin. 3(9). — C.52-55.

®OPMHUPOBAHUE KAYECTBA MOBEPXHOCTHOI'O CJIOS JETAJIEN ITPH
JIE3BUMHOM OBPABOTKE

Jeswtii I.B. (xag. ATC, BI'TY, 2. bpsinck, Poccus)

B Hacrosiee Bpems Hazpena He0OX0AUMOCTh Pa3pabdOTKH AaHATUTUIECKUX 3aBUCHMO-
CTel MPOLECCOB MEXaHUYECKON 00padOTKH, MO3BOJISIONINX MPOTHO3UPOBATEH PE3yJIbTaThl 00-
paboTKM Ha OCHOBE OMUCaHU (HPU3MUECKON KapTHUHBI TpoIiecca. YUUTHIBas, YTO BCE JIC3BUIA-
Hbl€ NHCTPYMEHTHI UMEIOT BE U Oojiee pexKylline KpOMKHM (TJIaBHAs U BCIIOMOTraTesbHasi) ¢
ONPEJEIICHHBIM PAJNYyCOM CKPYIJIEHUSI P U NEPEXOJHOI0 YYacTKa, BBINIOJHEHHOIO M0 OIpe-
JICJICHHOMY paJinyCy BEpIUUHBI JIE3BUS — I, PU3UYECKAsI CYTh MPOTEKAIOUIUX MPOLECCOB B
30HE pe3aHus OJIHA U Ta )K€, OTIIMYAIOTCS TOJIbKO KOJIMYECTBEHHbIE NapaMeTphl JaHHbBIX MPO-
necco. OTcrofa JOTMYHO 0KMJaTh, YTO AHAJUTUYECKUE MOJEIH, MOJyYEHHbIE Ha OCHOBE
onucanusl (HU3MIECKONW KapTHHBI MPOIIECCa, MOTYT OBITh IOCTATOYHO YHHBEPCAIBHBI U OKa-
KYTCsl, IPUMEHEHBI Cpa3y JJIsi HECKOJIBKUX METOJ0B JIE3BUHHONW 00paboTKU (TOUEHHUe, pacTa-
YUBaHHE, TOPLEBOE TOUCHHUE U T.1.).

Jlisi aHaMTHUYECKOTO OIMUCaHUs Tmporecca (GOpMHPOBAaHUS KadyecTBa MOBEPXHOCTHOTO CIIOS
HEOOXOMMO BBISIBUTH OCHOBHBIE NMPUYHHBI, ONPEICIAIONINE T€ WM MHBIE XapaKTEPUCTUKHU
KayecTBa MIOBEPXHOCTHOTO CJI0S U ONHUCATh UX BO3JIEHCTBUE MaTEMaTUUECKH

Ha ¢popmupoBanue ctenenn ynpouHeHus! OKa3bIBalOT BIMSAHUE (DAKTOPHI:

— IUlacTH4Yeckoe JeopMHUpOBaHKE MaTepuaja Cpe3aeMoro Ciosl MOAMHUHAEMOI0 pPexyLIeH
KPOMKOM HHCTPYMEHTA;

— TEIUIOBBIEC MPOIECCHl M BbI3BaHHBIE MMHU (Da30BbIe MpEBpAICHHUS, POTEKAIONINE B MaTe-
puae cpe3aemMoro v NoJJMUHAEMOI0O CJIOEB;

B npouecce pe3anus ne3BUNHBIN HHCTPYMEHT OKa3bIBaeT ONPEIEICHHOE KOHTAKTHOE
BO3/ICIiCTBME Ha MarTepual cpe3aemoro cios. [lox geiicTBueMm nedopmanuii U TpeHHs, Kak
BHYTPEHHET0, TaK M BHEIIHETO0 MaTepuall Cpe3aeMoro CJosi CyIIECTBEHHO HM3MEHSET CBOM
($u3nKO-MeXaHU4EeCKHe CBOWCTBA. B 30He pe3aHus 0lHOBPEMEHHO MPOTEKAIOT MPOIECCHI Je-
dopmanuu MaTepuaia, IPUBOASAIINE K YBEJIMUEHUIO TUIOTHOCTHU JUCIIOKALMNA U yIPOYHEHHUIO,
Y TEMJIOBbIE MPOLECCHI, IPUBOASIINE K CHKEHUIO TUIOTHOCTU JTUCIIOKAIMM U, clle0oBaTeNb-
HO, K pa3ynpoyHeHH0. Bce 3T0 MpUBOAUT K U3MEHEHHIO MEXAaHMUECKUX CBOMCTB Marepuala
3arOTOBKH (Or U Tcps), 3aBUCAIINX OT TEMIIEpaTyphl U ckopoctH nedopmaiuu. Kpome storo
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U3MEHECHUE MEXaHMYECKUX CBOMCTB MaTepualia B 30HE Pe3aHMs CBS3aHO CO BCEMHU XapakTe-
PHUCTHKaMU MPOIIeCca pe3aHusl.

Y4uThIBas 310, HEOOXOAUMO PACCMOTPETH MpolLiece AeHopMHUPOBaHHS MaTepuaia cpe-

3a€MOTO U MOJIMUHAEMOTO CJIOEB, YCAJIKU CTPYKKHU, TPEHHUS B 30HE pe3aHUsl U T.]I.

I[JISI MOJIYYCHHA aHAJIMTUYCCKHUX 321BPICPIMOCTCI71, CBA3BIBAIOIINX CHJIBI PC3aHUA C KO-

3G PULUEHTOM yCallKu CTPYKKH Kj, a, CIIEIOBAaTENIbHO, U C YriioM ciBura @; kosppunueHToM
TPEHHUS [L MEXIy MaTepHajIoOM 3arOTOBKU U MHCTPYMEHTOM M (PaKTHYECKUMH 3HAUYCHHUSAMHU Gy
U Tcns HEOOXOIMMO MPEACTaBUTH MPOIECC PE3AHUS B BUAE MOCIEIOBATEIBHOCTH CIIETYFOIIUX
ITAIOB:

1.

[Iponecc pe3aHuss HaUMHAETCA C BPE3aHUS MHCTPYMEHTA B 3arOTOBKY, TO €CTh C BHEIpe-
HUS JIE3BUS B MaTepHall 3aroToBKUA. Ha HadalbHOM »Tane npouCcXOIUT YBEIMYEHUE HOP-
MaJIbHBIX HaNpsKEHUH B KOHTAKTHOM 30HE OT HyJIsI 10 (DaKTHUECKUX 3HAYEHHWH G B J1aH-
HBIX YCIIOBHSIX, ITOCJIC YeTr0 HAUYMHAETCS IUIacTHUecKas Aedopmanus Marepuaia 3aroToB-
KW, BbI3BaHHAsI BHEAPCHUEM JIE3BUs B MAaTEpHUaJl, KacaTelIbHbIE HAIPSKEHUS TaKKe BO3-
pacTaoT OT HyJIs 10 (PaKTHIECKUX 3HAYEHHUH Tcyps B TAHHBIX YCIOBHUSAX, MOCIE YETO HAYHU-
HAETCs CIBUT CIIOEB MaTepHualia Mo INIOCKOCTH C/IBHTa, TO €CTh MPOLECC CTPYKKOOOpazo-
BaHUS.
[Iponecc pe3anus CONPOBOKAAETCS pa3IeIeHUEM MaTepUalla Cpe3acMoro CJIosl Ha CTPyXK-
Ky ¥ IIOJMUHAeMBbIH ciioil. Pa3nenenne marepuana HauMHAETCA B TOYKE, IJI€ BEKTOP CyM-
MapHBIX HAIPSKEHUM COBIIAJAET 10 HANPABICHUIO C BEKTOPOM CKOPOCTH IJIABHOTO JIBU-
eHus pesanus (puc.l).
BekTop KacaTelbHBIX HAIpPsKEHUH B TOUKE pa3JeleHus MaTepuala B CTPYKKY U IIOJIMHU-
HAEMBIH CIIOM JIGKHUT B TIJIOCKOCTH criBura (puc.1).
Y4uTheIBasi, 4TO TOJIIMHA YNPYTO BOCCTAHABIMBAIOIIETOCS CIOS Marepuaia oOpaboTaH-
HOM NMOBEPXHOCTH HA IMOPSAJOK MEHbBILIE TOJIIMHBI YIPYTO MOJMHHAEMOIO JJIsi HEM3HO-
LICHHOI0 MHCTPYMEHTA TPEHUEM IO IUIOCKOW YaCTH 3aJHEUW IOBEPXHOCTH MOJKHO Ipe-
HeOpeyb.
VYuunThIBas, 4TO COCTABJIAIOIIASA CHIBI PE3aHUS OT CIBUIA CJIOSI MaTepHUalla MO IJIOCKOCTH
CIABHTa 3HAYUTEJILHO MPEBBIIIACT COCTABIIIONLYIO CHIIBI PE3aHMs OT BO3JACHCTBUS Ha JIE3-
BUE MHCTPYMEHTA 3aBUBAIOMICHCS CTPYXKKH, IMOCICIHEH MOKHO NMpeHeOpedb M MPUHATH
JUIMHY KOHTAKTa CPE3aeMOro CJIOs ¢ MepeaHEN MOBEPXHOCTBIO JIE3BUS PABHYIO TOJIIMHE
cpesa.

VYunThIBas BBIIECKA3aHHOE, HCXOJHBIE 3aBUCUMOCTH JUIS pacyeTa COCTaBIAIOIIMNX CH-

JIbI PE3aHus NpU HpﬂMOYFOHLHOM CBOOOJHOM pPE3aHUM UMEIOT BU:

P =bp-® f/w cosd(D+f6 -sin @dd —~Lb'(cosy+usiny);
cos®@ sinQ@
@ a i
P =\bp-® jam -cosd® — I,ua -sin @dD —-_—b-(,ucosy—sin;/) -sin @;
0 cos® sinQ® |
j ( )
P =\bp-d| o, cosd®—|uc, -sin®@d® |+ b-(ucosy —siny)|-cosq;
TP g " I,u coscD snap 7/_ ¢

qu/ITI)IBafl, yTo tgd=06,/T.ys MOCTE MPEoOpPa30BaHUS TOIYUYUM CIETYIONIYI0 CUCTEMY

YPaBHEHHUI:
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P, =bp-(DGm(,usin@—(cos(D—l))+a-bG—’”-(coser,usin}/);

sin® @

P = bp-@am(sincb—,u(cos@—l))+a-b_G—z’"-(,ucosy—sin;/) -sin @;
sin

P, = bp-cDam(sin@—,u(cos(D—l))Jra~b'6—£”cp~(,ucosy—siny) - COS;
sin

s ycnoBuil HECBOOOAHOTO PE3aHUsI MOTYT OBITh MOJyYEHbI aHAJIOTUYHBIC 3aBUCH-
MOCTH.

DKCIepUMEHTAIIbHBIE UCCIIE0BAHNS, IPOBOIUMBIE HAa CTAJIM 110 U3MEPEHHUIO CHIIOBBIX
XapaKTEPUCTHK Tpolecca ToueHus: (CBOOOHOE pe3anue) U Kod(huImMeHTa ycaaku CTpyKKU
MOKa3ajM, 4TO MPU TOYEHUU 3aroTOBOK M3 cTaimu 40X TBEpAOCIUIaBHBIM IIPOXOIHBIM YIOP-
HeiM pestiom T15K6 (y=0°; a=3°) c pexumamu t=0,75+2,25 mm; Sp=0,1+0,25 mm/00;
v=70-+160m/MuH; 61(0,15+0,75)010 1 Texs=(1,2+2,0) Texzo-

YMeHbIIeHHE Gr 10 CPABHEHHUIO C Gy HCXOJHOTO MaTepuaja MOKHO OOBSICHUTH Tpe-
MMYIIECTBEHHBIM BIMSTHUEM TETNIOBOTO (DaKTOpa, MPUBOSILETO K pa3yIpOYHEHHUIO.

VYBENMUEHUE T¢ys MAaTEPUAIA CPE3AEMOTO CIIOS 110 CPABHEHHIO C Tnpy UCXOAHOIO MaTe-
pHuaia MOXHO OOBSCHUTH TEM, YTO HAJMYUE ONepekarouieil 30Hbl AeGopMaly MPUBOIUT K
MHTEHCUBHOMY POCTY IUIOTHOCTH JMCIIOKAIMii BOJIM3M 30HBI C/ABHra, a, CIIEI0BATEIBLHO, U K
YIPOYHEHUIO MaTepHaa.

COOTHOILIEHHE Texpp U Org OyAYT ONpPEAENATH 3HAUEHUE yria capura @, koadppuiueHt
YCaJKU CTPY’KKH, TOJNIIUHY [OJMHHAEMOTO CJIOsI, CTENIEHb HaKJIeIla MaTepuajia OBEpXHOCT-
HOTO CJI0s1, BEIMYMHY MPUPALICHUS TPOQUIIS MIEPOXOBATOCTH, BCIEACTBHE TUNIACTHYECKUX OT-
TECHEHUI MaTepuaia BCIIOMOTATEIIbHOM PEXKYILEH KPOMKON U TEXHOJOTUYECKUX OCTATOYHBIX
HaIPSKECHUM.

[ToaToMy 1enecoobpa3Ho pa3pabarbiBaTh aHAIUTHUYECKUE MOJIEIM IPOLIECCOB MeXa-

HUYECKON 00pabOTKH C yU€TOM COOTHOIIEHUS (PAaKTUUECKUX 3HAYEHUHN Tcyp U Or.

| ac |

Puc.1. Cxema cTpyxk000pa30BaHusi MPU CBOOOTHOM PE3aHUU.
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IMPOBJIEMBI IIPOEKTUPOBAHUA U OCOBEHHOCTHU PACYETA OCHOBHbIX
ATPET'ATOB JIBUT'ATEJIEM CTUPJIMHT A

JIuenuoB W.H. (kagh. AAX, /JonI ACA, 2. Makeeska, Yxkpauna)

CoBeplIeHCTBOBAaHUE JIBUraTesiell BHYTPEHHETO CTOPAHUs B IIAHE JOCTHKEHUS BBICO-
kux 3HadeHudd KIIJ[, cHUXEeHUs] IIyMHOCTH U TOKCUYHOCTH BBIOPOCOB B aTMocdepy mpuBo-
JUT K HAapacTaloLEMy YCIOKHEHUIO UX KOHCTPYKLUM, BHEAPEHHUIO JTONOJHUTEIbHBIX CUCTEM
U MEXAHNU3MOB, YTO CKa3bIBAE€TCS HA YBEJIMYEHUU CTOMMOCTH, 3aTpaTax Ha SKCIUTyaTalHio U
T.1. Benencreue atoro, Bce 6ojiee akTyallbHBIMH SIBJSIIOTCS TPOEKTUPOBAaHUE M pa3paboTka
KOHCTPYKLMH aJIbTEPHATUBHBIX BUJOB ABurareneid. OIHUM U3 NEPBBIX B 3TOM psAy CTOAT
MalIuHel, padoTaromye no uukiay CTUPJIUHTA, TaK KaK OHHU IO3BOJIIOT BBINOJHUTH CaMble
KECTKHE TPeOOBaHUS TEXHUYECKOM IKCIUTyaTalllu, SKOJIOTMH U oXpaHbl Tpyaa. K HacTosmie-
My MOMEHTY CO37aHO JIOCTATOYHO OOJIbILIOE KOJIMYECTBO TAKUX JIBUTaTENEH pa3IUYHBIX CXEM
Y Ha3HaueHui [1]. BbIlIECKA3aHHBIM aBTOPOM IPOBOASTCSA MCCIEIOBAHUS U pacyeThl ABUTaA-
tensi, pabortaromero no uukiy Crupmunra (HIC), HomuHansHOW MouIHOCTBHIO 150 kBT u
NpeHa3HAYeHHOTO Il YCTAaHOBKH Ha TPY30BOM aBTOMOOWMIIb. AHAJIN3 U3BECTHBIX KOMIIOHO-
BOYHBbIX cxeM JIC mokasaju, 4To OJHOLMJIMHIPOBBIEC JABUTATEM HENPHUEMJIEMBbI IPU MOLIHO-
ctsax 6osiee 40 kBT, UTO CBA3aHO C YpPE3MEPHBIM YBEIMYEHUEM TUAMETpa LWIMHApPA, pa3Me-
pPOB TEIIOOOMEHHUKOB M Macchl auratens. K HemocTtaTkaM MHOTOLMJIMHAPOBBIX OJHOPS-
HBIX JIBUTaTeJIell OTHOCAT BBICOKYIO CTOMMOCTb, CJI0KHOCTh POMOMYECKOIO MPUBOJA U HEpa-
[IMOHAJIbHY0 (pOpMy KaMepbl CropaHus, T.K. €€ JJIMHA CYIIECTBEHHO BO3PACTaeT C yBeIUde-
HUEM KOJIMYECTBAa LIMJIMHIPOB. YCTAHOBKA K€ OTJEJIbHBIX KaMep CropaHus Ha IWIHMHApPAx
YCIIOKHAET KOHCTPYKIMIO JABUraTelsl U CHWkKaeT ero Haa&xHocTh. [IC ¢ nmpuBoaoM ¢ Kocoil
11aii0oil x0T 1 001aJal0T MaJoOW yAEIbHOW Maccoil, HO CIEPKHUBAIOTCSI BHICOKUMH CHJIAMU
TpeHMs B MeXaHU3Me npuBoja. biarogapst HU3KUM 3HAYEHUSIM yJI€IbHBIX MAacC XOpOIIO 3ape-
KoMeHioBasu ceOst aBurarenu Crtupnunra asoiiHoro nevictus (J/1). Kpome toro, kpeiii-
KOI(HBIA MEXAHNU3M MX NPUBO/JIA JICLIEBIIE U JIerye pOMOUYECKOTO.

V-o6paznbie cxemsl JIJ1/], kak Hanboee KOMITIAKTHBIC, Yalle APYTHX THIIOB TPUMEHS-
I0TCA Ha aBTOTPAHCIOPTHBIX cpeAcTBax. Mcxoas u3 onTHUMaibHBIX 3HAUEHWH [MJIMHAPOBOU
motHocTH (10-40 kBT) mpemioskeHa V-oOpa3Hasi KOMIIOHOBOYHAsS cxeMa JABUraTess ¢ 6 1nu-
JNIMHAPAMH, C yIJIOM Mexay ocsmu mumiaapos 135°. TIpi 5ToM paBHOMEPHOCTh KPYTSAIIEro
MOMEHTa obOecrednBacTcs Mpy yriie ()a3oBOro CIABUra M3MEHEHUU BHYTPEHHHX O00BEMOB IIH-
JIMHAPOB 120°. Tt YMEHBIIICHHS Ta0APUTOB JIBUTATENS OXJIAAWTEIH U PETeHEPATOPHI PACIIO-
JIO’KEHbl KOHIEHTPUYHO BOKPYT LWIMHIPOB. J[aHHas cxema MO3BOJIIET CIPOEKTUPOBATH KOM-
NaKTHYI0 KaMepy CTrOpaHusl W ABUTaTeNlb C TadapUTHBIMH pa3MepaMu, HE MPEBBIMIAIOLUMHU
pazmepsl JIBC Toii e MOIHOCTH.

[Ipu ocyuiecTBieHNH TEIIOBOTO pacuera JABUraTelisi MPUMEHEHAa METOJIMKA 3aMKHYTON
ONTUMHU3ALNH [2], MO3BOJIAIOIAs HAXOIUTh MapaMeTPhl IBUraTelNsl U BHIOMPATh COOTHOILICHUS
MeXJly HUMHU Ha 3Tale NpeBapUTebHON NpopabOTKH U KOHCTpyHpoBaHus. B kauecTtse on-
TUMH3HpYeMoro mapamerpa Bbiopan 3¢ dekruBubiii KIT/I. Beibop oOycioBieH TeMm, 4To Tpu
NPOEKTUPOBAHUM aBTOMOOWIILHOTO JBUTATENsl HApsALy C JUMHUTHUPYIOIIMMHU apaMeTpaMu ra-
OapUTHBIX pa3MEPOB U MACChl HE MEHEE Ba)KEH HU3KUI pacxo/1 TOILUIMBA.

[Tpu pa3paboTke BHEMIHUX TEIMJIOOOMEHHMKOB — HarpeBaTelis, KaMephbl CrOpaHusl U
paauaTopa MpUILIOCh CTOJIKHYThCS C ONPEACICHHBIMU TPYAHOCTAMU. T.K. pabouee Teno (ra3)
HE MOKUAAEeT BHYTPEHHUH KOHTYpP, TO OCHOBHAsl YacThb OTBOJAMUMOMW TEIJIOTHI MEPENACTCS OT
OXJIQJIUTENS B OKPYIKAIOLIYIO0 CPEy Uepe3 paguaTop CUCTEMbI OXJaxkaeHus. E€ koaumuecTBo B
2,3 paza 6osbiie, yueM B JIBC Takoii e MOITHOCTH. MOIIIHOCTh CHCTEMBI OXJIAKIECHUS COOT-
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BETCTBEHHO B 2 pasa BbILIE, YTO YBEJINYMBAET €€ Maccy U pa3Mepsl. Ilpu atom 11 coxpane-
HUA (POHTAIBHOH TUIOINAAM pagraTopa HEOOXOIMMO YCTaHaBIMBATh O PsAOB TPYOOK U BEH-
TUJIATOP MOILHOCTHIO J10 8 KBT.

Kamepa cropanus (KC) npunsita o0mielt 1y BceX MUIMHAPOB Auis moBbineHus e€ KI1J]
U Hajg&xHOCTU. TeMnepaTypHbIii ypOBEHb HarpeBaTess OJIM30K K MAKCUMAJIbHO JOITY CTUMBIM
pabounm Temreparypam KOHCTPYKLIHMOHHBIX MaTepHajoB - TeMIIepaTypa TpyOOK HarpeBares
nocturaer 900°C. ITosToMy B KayecTBe Marepuaia i TpyOOK HarpeBarelis BhIOpaHa »xapo-
npounas cragb XH70BMTHO. Kak naubonee mpoctast, HaA&KHash 1 KOMIAKTHAsA, TEII000-
MEHHAsi TIOBEPXHOCTh HArpeBaTelisi BBHIMOJHEHAa M3 TPYOOK AMaMETpoM SMM C TOJIIMHON
crenku 0,5 mm. ITpu npoextupoBanuu KC caenan BbIBOJ 0 HENPUEMIIEMOCTH METOJIUKH pac-
yéra npomsbiiuieHHbIX naporeHeparopos BT u IKTU nmpumeHHTEnbsHO Kamep CropaHus
JC, 4TO CBsI3aHO C pa3IMuUEM I'€OMETPUYECKHUX YCJIOBUM MPOTEKAaHUs MPOLIECCOB TEIUIONe-
peHoca M HEYYTeHHOW KOHBEKTHBHOHM COCTaBISIIONICH TermiooOMeHa. Pacuer mo meTtoamke
JUIS KaMep CropaHMs ra30TYpOMHHBIX JBUTATeNel moka3al BO3MOKHOCTh co3nanusi KC HeoO-
xoaumoint momHoctu ¢ KITJ1=0,8...0,85 mpu pazmepax kamepbl, IPUEMIIEMbIX JJIi aBTOMO-
OMJILHOTO JBUTATEJIS.

Hanbueimee nossimenue KIIJ[ kameps! cropanus JOCTUTHYTO YCTAHOBKOM Ha JBUra-
TeJb TPyOUaTO-IJIACTUHYATOTO MOAOTPEBATENS, LEJIb KOTOPOro — yTHIN3ALMsl TEMIOTHI OTpa-
00TaBIIMX Ta30B IyTEM IOJOTPEBa BO3/yXa, MOJAaBAEMOIO B KaMepy cropaHus. ABTOpOM
MpeJIoKEHa OPUTHHAIIbHAS CXeMa “‘IBYXCTYTIEHUaToro nmojorpesa Bo3ayxa” (puc. 1).

2

4

Puc.1. Cxema nogorpeBarens Bo3xayxa: | - kamepa cropanus; 2 — Tpy04aTo — IIacTHH-
YaTkIil MO0TPEeBaTENb BO3AYyXa; 3 — BO3MYIIHBIHN 3a30p; 4 — opcyHKa.

PaccMoTpuM cxemy IBMKEHHS MOJIOIPEBAEMOro Bo3ayxa. Bo3myx u3 okpyxaromiein
CpeJIbl TIOACTCS B TPYOUATO- [IACTHHYATHI ITojorpeBaTens 2, rue Harpesaercs g0 200°C, a
3aTeM, - B BO3AYIIHbIN 3a30p, OTAEIAIOUINNA MOJOCTh KaMepbl cropanus 1 ot Ojoka aBurare-
as1. [Ipu 5TOM BO3ayX JOIMOJIHUTENBHO HArpeBaeTcs OT HAarpeThlX CTEHOK KaMephbl CrOpaHus
10 400°C u momaercs B kamepy cropanmsi | gepes dopcyHky 4. [IpuMeHeHue JaHHOH KOHCT-
PyKIMU BO3AyXomnojaorpesaTens no3soiamio noBeicuth KITJ[ kamepst cropanust go 0,9. Ilpu
stom oommii KITJ[ nBurarens qocturaer 0,43.

OcHoBHbIE TapaMeTpbl IPOEKTUPYEMOTO JABUraTelisl CBEACHbI B Ta0MILy 1.
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Tabmuua 1 — OcHoBHBIE NOKa3aTenu ABUraTesst CTUpJIMHIA.

Ne HasBanue napamerpa 3HaueHue napamerpa
/1

l. HomunanbHas MOIIHOCTH 156 kBt

2. HomunanbHast yacToTa BpalleHUs: KOJIEHYaTOro Baja 2600 MuH"

3. Hucno uWIMHAPOB ABUTATENS 6

4. MakcuManbHO€E J1aBJICHUE B LIUKJIE 20 MIla

5. VYron ¢azoBoro casura 120°

6. Temnepatypa HarpeBaTes 900°C

7. TemnepaTypa oxjaaauTesns 80°C

8. OO6mmwmii KITJI nBuratess 0,43

9. VY nenbpHbIN pacxo]l TOTUIMBA 0,175 kr/(xBt-q)

[IpoBeneHHbIE U BHIMOJHSAEMBIE B HACTOSIIEE BpeMs HMCclieioBaHus nBurareneit Ctup-
JIMHTA M03BOJIIOT CIENAaTh CIEAYOIINE BEIBOIbI:
1. O6ocHOBaH BBIOOpP KOMITOHOBOUHOM cxembl nBurarens CTUpiMHTa, Ucxonas U3 TpeboBa-
HUH, TIPEABSABISEMBIX K aBTOMOOMIBHBIM JIBUTATEIISIM.
2. CipoeKTHpPOBaHbI KOHCTPYKIIMK U BHIOpAHBI ONTHMAIBHBIE pa3Mephl: pereHepaTopoB, OX-
JaUTeNeN, HarpeBaTesel, arperaToB CUCTEMbI OTBO/IA TEIUIOTHI U MPEABAPUTENBHOTO MOJI0T-
peBa Bo3ayXxa.
3. IlpeaniokeHa opuruHajibHas cxeMa “IBYXCTYIEHYaTOro MoJIoTpeBa Bo3ayxa’.
4. Pa3paboTaHbl IpOrpaMMBbl: TEIJIOBOTO pacyeTa apuratens CTUpPIMHIA 10 METOAMKE “‘3aMK-
HYTOH ONTHMHU3ALNK’°, IPOTPAMMBI JJISl pacdeTa KaMephbl CrOpaHusi, BO3AyXOTOJ0TpeBaTeNs U
paaraTropa CUCTEMBbI OTBOJIA TEILIOTHI.

Cnucok sutepartypsi: 1. J[Buraremn Ctupnuara/ Coxp. mep. ¢ anri. b.B. Cytyruna u
H.B. Cytyruna. — M.: Mamunoctpoenue, 1967. — 391 c., ui. 2. 'opoxankun C.A. Ilytu no-
BBIIICHNST M onrtuMu3anuu dddexruBHocTH aBurareneii Ctupnunara. — B ¢6. : Bectaux JloH-

0acckol rocy1apCTBEHHOM aKaJeMHUH CTPOUTEILCTBA U apXUTEKTYphl. BhIM. 95 — 1(1), 1995,
c. 149 - 153.

IMNOBEPXHOCTb PE3AHMUS ITPU CBEPJIEHUU
Manbimko U.A., XoxaoB B.A. (kagh. MC, [Joul TV, . Jloneyk, Yxpauna)

HccnenoBanue reoMeTpuM MOBEPXHOCTU PE3AHMS MPEACTABISECT 3HAUUTEIbHBIA TEO-
peTUYECKUN U MTPAKTUYECKUI UHTEPEC, TaK KaK MO3BOJIIET HA OCHOBAHHUM €€ OTNPEIEIUTh Be-
JUYMHY TEPEeIHUX U 3aJJHUX YTJIOB CBEpJia B Pa3IMUHbBIX CEUCHUAX, & TAK)KE U3MEHEHUE dTUX
YIJIOB BIIOJIb PEXYIIEH KPOMKH CBepjia B mpouecce pe3anud. lIpu BeIBoJE ypaBHEHHs IO-
BEPXHOCTH PE3aHUs MPHUHATO CUUTATh (CM. [ 1], [2]), 4TO paamyc-BeKTOp B MOMEPEYHOM cede-
HUU, TIPOBEJICHHBIN OT OCHU CBEpJia, K TOUKE, MPHUHAJJICKAIIEH PEXYIIeH KPOMKE Ha THaMETpe
CEpAICBUHBI CBEPJIa B TOM K€ CEYEHUH, Oy/IeT MEePIEHANKYIAPEH MPOCKIMHA PEXYIIEH KPOM-
KM Ha 3TO c€4YeHHe. B NeHCTBUTENHHOCTH MPOEKLUS PEKYIIEH KPOMKH HE MEPIECHINKYISIPHA
3TOMY PaJNyC-BEKTOPY, T.€. YIOJl MEX]y HUMH PaBEH YIily HaKJIOHA [IEPEeMbIYKU CBepa. ITO
TaK)Ke MPUBOJIUT K TOMY, YTO PEXKYyIllas KPOMKA HAYMHAETCS HE OT OCH, IPOXOISIICH uepes
LEHTP CBEpJIAa MEPIEHAUKYJISIPHO OCHOBHOW IUIOCKOCTH, & HAaYMHAETCS HA HEKOTOPOM pac-
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CTOSIHUHM, OIIPEAEISIEMOM YTJIOM HaKJIOHA NEPEMBIYKH M PAJNyCOM CEpJLIEBUHBI cBepJsa. Ta-
KHE pacCy’KJIEHHsS NPHUBEIU K JIONOJHUTEILHOMY HCCIIEI0BAHUI0 T'€OMETPUN MOBEPXHOCTH
pe3aHus IpU CBEPJICHUH, KPATKO M3JI0’KEHHBIE B JJAHHOM CTaThe.

[ToBepxHOCTH pe3anus 00pa3yeTcsi B 00padaThiBaMOM MaTepHalie PEXYIIeH KPOMKOH
CBepJia, HAXOJAIIETOCs B Mpoliecce pe3anus. Tak Kak JABIKEHHE CBepia B paboTe BUHTOBOE,
MIOBEPXHOCTh PE3aHUs SIBISETCS BUHTOBOW NOBEPXHOCTHIO. OCh CBEpJia COBMAJAET C OCBIO
OTBEPCTHS; MI03TOMY 00€ MOBEPXHOCTU (NE€pEAHEN I'PaHU U MOBEPXHOCTU PE3AHUSI) UMEIOT
0011y10 00pasyronryro (pexyias KpoMKa CBepJia) U OOIIHUN HANPABIISIONINN [WIHHID, PaJH-
yC KOTOPOTO PaBEH pajnycCy NepeMblukU cBepia. OTCro1a 0UEBUAHO, YTO IOBEPXHOCTh pe3a-
HUS ABJSIETCS TAK)K€ JIMHEMYATOM, OTKPBITOM, KOHBOJIIOTHOM M KOCOM BHUHTOBOM MOBEPXHO-
CTBIO TOTO K€ KJIacca, YTO ¥ HOBEPXHOCTb NIEPEIHEN IPAHU CIIUPAILHOTO CBEPJIA.

Jlns BBIBOZIa ypaBHEHMSI TIOBEPXHOCTH PE3aHUS BOCIOJB3YyeMCsl OOLIMM ypaBHEHHEM
JMHEHYaThIX TIOBEPXHOCTEH, KOTOPOE B BEKTOPHOI (hopMe MMEeT BH

R=7+uye (1)

rme R — Tekymmil paguyc-BeKTOp TOBEPXHOCTH; 7 — TEKyIIHH pajuyC-BEKTOp HATIPAB-
JAIOIIEH KPUBOH, 3aBUCAILMN OT MEPBOIO CKAJLIPHOIO MapaMeTpa; Uy — BTOPOM CKaJSIPHBIN
napameTp; e — eAMHUYHBIA BEKTOp HarpaBiIeHHs 00pa3yIouiel TMHeHIaToi MOBEepXHOCTH.

JIns mosrydeHusi KOHKPETHOTO YPaBHEHHsI IIOBEPXHOCTH pE3aHUs ONPENEINM COCTaB-
JSIOLIME WieHbl ypaBHeHus (1).

Hamnpasinsironast kpuBasi pacoJioKeHa Ha yCEYEHHOM KOHYCE BpallCHMs, HAUMEHb-
MM THaMeTp KOTOPOTO PaBEH AUAMETPY NEPEMBIUKU CBEpJIA U, CIEI0BATENIBHO, SIBISAETCA
KOHMYECKOW BUHTOBOM JINHMEH. BpIBeieM ypaBHEHUE HANPABIIAIOLIEH KPUBO.

BunTOBas nuHUSA MOKET ObITh ONPEJIENIEHa, €CJIM U3BECTEH ee mar S (B JaHHOM CIly-
yae nojaya Ha 1 o6opot cBepia) u paauyc r (puc. 1). Lunuaap BpamieHus, Ha TOBEPXHOCTH
KOTOPOT'O HaXOJUTCS BUHTOBAS JIMHUSA, IPOEKTUPYETCS HA IUIOCKOCTD X) B BUIE OKPYKHOCTH
panuyca r, ypaBHEHHE KOTOPOH B KOOpJAMHATaX BEKTOPA UMEET BHU]L

7 =r(i cosV' + jsinV') ()
rjae v/ — CKaJsIpHBIH MapaMeTp — YTroJl IOBOPOTa MOJIIPHOTO PaJnycC-BEKTOpa B IIOCKOCTH
Xy, OTCYUTBIBAEMBIN OT OCH X.

V= v (n/2-y), 3)
I V — CKAJSIPHBIM MapaMeTp, KOTOPBIA OTCUMUTHIBAECTCSA OT JIMHUM, IPOXOMSALICH MO Iepe-
MBIYKE CBEpJIa; Y — YroJI HAKJIOHA IEPEMBIYKH CBEPJIA.

PaBHOMEpHOE mepeMeleHne TOYKM BUHTOBOW JIMHUM IAPAJUIEIBHO OCH Zz, MPOIOp-
[IMOHAJIFHOE YTIIy TIOBOPOTA V MOJIIPHOTO PaaNyC-BEKTOpa 7, MOKET OBITH 3aIMCaHO B BUJIE
IIEPEMEHHON OPAUHATHI

z=Hpv. 4)

Bennunna H Ha3pIBaeTCs NMPUBEACHHBIM ITApaMETPOM BUHTOBOM JIMHUM, KOTOPBIN pa-
BEH MI0JJbEMY BUHTOBOM JINHUHU IIPU MOBOPOTE MOJSIPHOTO pagnyc-BeKkTopa Ha 1 paauan. [Ipn
ATOM napameTp /1 CBsI3aH ¢ 11aroM BUHTOBOM JINHUH 3aBUCHMOCTBIO

H = i (5)
2n

VYpaBHeHHE IWIMHAPUYECKONM BHHTOBOM JIMHMM B KOOPAMHATAX BEKTOpa IMOJIy4acMm
MyTeM CyMMUpOBaHUs BelpaxeHul (2) u (4) ¢ yuetom ypaBHeHus (3)

7 = r(—isin(v—y)+ jcos(v—y))+ kHv. (6)
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Puc. 1. OOpa3oBaHue nMHENYAaTON BUHTOBOM OTKPHITOW KOHBOJIOTHOW IMOBEPXHOCTH
(MOBEpXHOCTH pe3aHus)

Bropoii unen ypaBHeHus (1) MOXKHO MOJIy4dUTh, paccCMaTprBas pexXyLIylo KPOMKY, KO-
TOpasi COCTABIISIET MOCTOSHHBIN yroia ¢ (YroJy cBepjia B IUIAHE) C OChIO CBEpJIAa U IpU Bpallle-
HUM €€ BOKPYT 3TOM OCH MEHSIET CBOE HalpaBJeHUE B IpocTpaHcTBe (puc. 1). EnuHuuHBIM
BEKTOp € HampaBJIeHUs 00pa3yrolIeil MOBEPXHOCTH PE3aHUS
e =—isinvsinQ+ jcosvsing+k cosq (7)
Pannyc nepempluku cBepiia
d
>
siny
r/ie d — MOoJIOBMHA TOJILIMHBI PEKYILEN TUIACTUHBI CBEpPIIA.
YuTs GU3NUECKHA CMBICT TTapaMeTpa Uy, KOTOPBIH MpeACTaBIsieT co00 JTMHY o0pa-
3ylomield MpsIMOM OT HamNpaBJIAIONICH KPUBOW JI0 paccMaTpUBacMON TOYKH 0OpasyrolieH,
MOKHO KOHCTaTHPOBaTh, UTO PEXKYIlas KPOMKaA CBepJla KaK BEKTOP MOJHOCTBIO XapaKTepu3y-
€TCsl BTOPBIM YJIEHOM YpPaBHEHUsI, I71€ 1o OyIeT AJIMHOMN pexy1leil KPOMKH.
O6benunss no opram BeipaskeHus (6) u (7) ¢ yuetom ypaBHeHHs (8), a Takke 3aMme-
THB, YTO BBIPAXEHHE U SIN ¢ MPEIACTaBIsAET COOO0N MPOEKIHMIO PEXYIIEH KPOMKH Ha TUIOC-
KOCTb X), C LEJIBIO YIIPOILIEHUsS U3MEHUM MapaMeTpu3allio MoBepXHOCTH. biarogaps stomy
ypaBHEHHE IOBEPXHOCTH PE3aHMs B MapaMeTpax u U v MpHUOOPETET BUL
d(cosv—ctgysinv)—usinv

(®)

=

R=|d(sinv+ctgycosv)+ucosv |. 9)
Hv+uctgo

Ecnu coxpanuth BpallleHUe cBepJia IPU BBIKJIIOYEHHOM nojjaue (4To Ha MPaKTUKE Ha-
0JIr01aeTCsl B KOHIIE CBEPJICHUS [IyXOro OTBEPCTHUS ), TO 3HAUEHUE BUHTOBOTO MapameTpa /H B
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3TOT MOMEHT CTAaHET PaBHBIM HYJIIO, OJlarojiaps 4eMy BHHTOBAS MOBEPXHOCTh pe3aHMs 00pa-
TUTCS] B IOBEPXHOCTD BPAIICHUs, ypaBHEHHE KOTOPO MOIYUYUT BUJL
R, = —i(d(ctgysinv —cosv)+usinv)+ j(d(ctgycosv+sinv)+ucosv)+kuctg .

PaccmarpuBas monyueHHoe ypaBHeHue (9), MOXXHO MOATBEPIAUTH MPEIOJIOKEHHE,
BBICKa3aHHOE B Hayayie CTaThH, O TOM, YTO OHO MPEACTABIISICT COO0M ypaBHEHHE TMHEHIATON
BUHTOBOM OTKPBITOM, KOHBOJIOTHOM MOBEPXHOCTH. DTa TEOPETUUECKAsE XapaKTEPUCTUKA I10-
BEPXHOCTH COBEPIIEHHO OYEBUIHA, €CIH Y4YEeCTb, YTO OOpa3ylollas MOBEPXHOCTH IpsiMas;
CJIeZIOBATENILHO, TMOBEPXHOCTh JMHEHUarTas. JBrkeHne oOpasyromeil npsMoil — BHHTOBOE;
CJIEZIOBATENBbHO, MOBEPXHOCTh BUHTOBAasA. OTKPBITOW MOBEPXHOCTh HA3bIBAETCS IOTOMY, YTO
00pa3yrolas MOBEPXHOCTH HE MEPECEKAET OCH MOBEPXHOCTU (peKyllas KpoMKa CBepjia He
NPOXOAMT Yepe3 ero meHTp). KOHBOMOTHOW MOBEPXHOCTh HA3bIBAETCS MOTOMY, 4TO 00pa-
3yIoLIas IpsiMasi He COBIAAACT C KACATEJIbHOM K HAIIPaBJIAIOIIEH KPUBO.

3anaBasi B ypaBHEHMH [TOBEPXHOCTH pE3aHUs 3HAUEHHUE MapaMmeTpa v = const U u3me-
HSsl 3HAUEHUE MapameTpa u U (WM g, T.€. JJIUHY PEXyIleld KPOMKH), NOJyUYUM ypaBHEHHE
00pasyromiei mpsMoid, T.e. peXKyIIel KPOMKH CBEpJIa, PACIIONIOKEHHONW OTIPE/ICIICHHBIM 00pa-
30M B npocTpaHcTBe. OTHOBPEMEHHO 3Ta MpsiMasi NPUHAAJIEKUT OBEPXHOCTH pe3aHus. Ta-
KM 00pa3oM, BCSl MOBEPXHOCTh Kak ObI COCTABIICHA U3 MPSIMOJIMHEWHBIX 00pa3yomux, KOTO-
pble Ha HEN PaCcIOJIaratoTCs LEIbIM CEMENCTBOM.

3anaBasi B ypaBHEHMH MTOBEPXHOCTH PE3aHUs 3HAUEHHE MapameTpa u = const U u3me-
Hsisl 3HAUYEHHUE NIapaMeTpa v, MOJIy4UuM ypaBHEHHE BUHTOBOM JIMHUU OTPEIEIEHHOTO MOJSIPHO-
ro paJnyC-BEKTOPA, TAKKE PACIOI0KEHHON HA BUHTOBOM MOBepXHOCTHU. [locinenoBarenpHbie
M3MEHEHMsI TTapaMeTpa JaloT CEMEMCTBO BUHTOBBIX JIMHUM, MPUHAUICKALINX paccMaTpUBae-
MOW TIOBEPXHOCTH.

Taxum oOpazoM, 00asi Touka Ha MOBEPXHOCTH ONPEEIIETCs B pe3yJibTaTe nepece-
YeHUs KaKOM-TM00 JMHUU u ¢ JTuHUEH v. [103TOMy JIMHUM ¢ 1 v Ha3bIBAIOTCSA KOOPIMHATHBIMU
JUHUAMH U U 000 TOYKHM OBEPXHOCTH SIBIISIIOTCSI €€ KPUBOJIMHEHHBIMH KOOPAMHATAMM.
OTH KOOpAMHATHBIC (WM TTapaMeTPUUECKUe) JIMHUKA 00pa3yIoT Ha MOBEPXHOCTH MPAaBIIIBHY O
CeTh, T.K. Ka)XK/Jas JIMHUA U TIEPECEKACT KAKAYIO JIMHUIO V TOJBKO 0JMH pa3. CienoBaTesbHo,
BCS IOBEPXHOCTD KaK OBl CIUIOIIb COCTABJIEHA U3 JIMHUN ABYX YKa3aHHBIX CEMEICTB.

[ToBenenre MOBEepXHOCTH BOJIM3H 3aBEIOMO OOBIKHOBEHHBIX TOUYEK (Tam, T1e R, # R,)
XapaKTepU3yeTcsl KacaTelbHOM MIIOCKOCTBIO K NOBEPXHOCTH. [Ipy 3TOM B KacaTtesnbHOM ILIOC-
KOCTH K MOBEPXHOCTH JIS)KAaT BCE KacaTeNbHbIE K JIIOOBIM KPUBBIM Ha TIOBEPXHOCTH, a CIIEH0-
BaTeJbHO, U KacaTeJbHbIE K apaMETPUUECKIM KPUBBIM IIOBEPXHOCTH.

KacaTenbHbie BEKTOPBI K TapaMETPUUECKUM KPHUBBIM JIETKO MOTYT OBITh HalCHBI ITy-
TeM 4YacTHOro AuddepeHIMpOoBaHUs YpPaBHEHHUSI TOBEPXHOCTH pe3aHus (9) mo craasipHbIM
rapameTpam u u v:

R =9R_ —isinv+ jcosv+kctgo;

“ Ou

14

R = 2—R = —i(d(ctgycosv+sinv)+ucosv)— j(d(ctgysinv —cosv) +usinv)+kH ,
1%

rae R, — BEKTOD, KacaTelIbHbIM K KpUBOM u; R, — BEKTOD, KacaTeIbHbIM K KPUBOM V.

Eciu uepes mosiydeHHbIE TAKUM MyTeM BEKTOPHI R, W R, MPOBENEM IMIOCKOCTh, TO
OHa Oy/IeT KacaTeJIbHOM II0CKOCThIO K BUHTOBOM MOBEPXHOCTHU PE3aHMUs.

PacrosioskeHue miIockocTH B MPOCTPAHCTBE XAPAKTEPU3YETCS €€ HOPMaJIbHBIM BEKTO-
poMm ]Vp. O4eBUAHO, YTO ITOT BEKTOP OJJHOBPEMEHHO SIBJISIETCSI HOPMAJIbHBIM U K CaMOM MO-
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BEPXHOCTHU pe3aHus. ITOT BEKTOP MOXKET OBITh MOJyUYeH uepe3 BEKTOPHOE NMPOU3BEIEHUE Ka-
caTebHBIX BEKTOPOB R, U R,

i J k
N, =R, xR, = —sinv cosv ctgl.

—d(ctgycosv+sinv)—ucosv —d(ctgysinv—cosv)—usinv H

BremonHuB npeobpaszoBaHus, MOJyYHM OKOHYATEIFHOE 3HAYCHHWE HOPMAILHOTO BEK-
TOpA K MOBEPXHOCTH PE3aHMsI, KOTOPHIN s y100CTBa OTIEpUPOBAHUS 3aIUIIIEM B BUIC

H cosv+dctgo(ctgysiny—cosv)+uctgesiny

N, =| Hsinv—dctgp(ctgycosv +sinv)—uctgpcosy |. (10)

detgy +u

B nmpakTudeckux nensx HanOOJBIINN HHTEPEC MPEICTaBIsET NOBECHUE KacaTeIbHON
TUIOCKOCTH K TOBEPXHOCTU PE3aHUs BIOJIb PEXYIIEH KPOMKHU CBEpJia, IO KOTOPOW U OyaeT
CKOJIb3UTh HOPMAJIbHBIM BEKTOP, MEHsISI CBOE HAIPABIIEHHE C OCSIMU KOOpJauHAT. [y 3TOTr0
PacCMOTPUM HOPMAaJIbHBIN BEKTOP K PEKYLIEH KPOMKE, HAXOIAIIEHCS B HAYAJIIbHOM II0JIOKE-
HHH, TIPU 3TOM CJTy4ae OOIIHOCTh MCCIIeIOBAaHUI HEe HAPYIIAeTCs, @ aHAJIU3 YIPOIIACTCS.

JIefCcTBUTENBbHO, HAaYaIbHOE IIOJIOKEHUE PEKYLIEH KPOMKH ONPENEIACTCS 3HAYUCHUEM
napamerpa v =0, noacraHoBka koToporo B (10) maeT HOpMaibHBIM BEKTOP K NOBEPXHOCTH
pe3aHusl, paclojoKEHHBIN Ha PEXYILEH KPOMKE CBEpJia

Nr; =i(H —dctgp)— jetgo(d ctgy +u)+k(dctgy +u).
[TpoBecHHbBIC UCCIICIOBAHUS TEOMETPHHU TIOBEPXHOCTH PE3aHUS CTAHYT OCHOBOM IS

JAJIbHEMIIIETO HMCCJIEA0BAaHMS HAMU TN€OMETPUYECKHX NapaMETpOB MEPEAHEH M 3aJHEH MO0-
BEPXHOCTH CBEPJIA B IIPOLECCE PE3aHMUs.

Cnucok autepatypsnl: 1. Moxaes C.C. AHanuTHuyeckas TEOpUsl CHUPAIBHBIX CBEPIL.
— JL.: Mamrusz, 1948. — 136 c. 2. ['eomeTpusi pexxymiel yacTu CrupajbHOTO cBepiia. Po-
e [1.P. — K.: “Texnika”, 1971. — 139 c.

HCCJIEJOBAHME CWI 3AKPEIVIEHHMS IOBOPOTHOM MMOJIKJIAIKHA
YHUBEPCAJIBHO-CBOPHOI'O PE31IA.

Marioxa IL I'., CkposinnukoB B. C., I'punés YO. A. (ZJonl TV, 2. [loneyk, Ykpauna)

B ycnoBusiX eIMHUYHOTO TPOM3BOJCTBA, a TaKXKE PEMOHTHBIX OpTaHW3AIMid YacTo
BO3HHMKAET HEOOXOIUMOCTh 0OPAa0OTKH JeTanell pa3mmdHoi (GOpMBI, 9T0 TPeOyeT HCIIOIB30-
BaHUE PE3IOB C PA3IMIHBIMU yTJIAMH B IUIaHe. [I[pruMeHeHune nepeHanaknBaeMbIX pe3IoB M0-
3BOJISIET COKPATUTh HOMEHKIIATYPY, YMEHBIIUTh METAIOEMKOCTh HHCTPYMEHTAIIBHOTO 00€ec-
MICYCHUS, COKPATUTH TIJIOMIAIH I XPAHEHUSI PEJIKO HMCII0JIH3yeMOT0 HHCTPYMEHTA. Y HUBEP-
CaJM3aIysl PEe3OB JOCTUTACTCS 33 CUET YCTAHOBKH PEXKYIIEeH IJIACTUHBI Ha TIOBOPOTHOM 0a-
3UPYIOIEM dJIEMEHTE.

Peser (puc. 1) coctout u3 nepxaBku 1, moakIaaku 4, B THE3/10 KOTOPOU yCTaHOBJICHBI
peXyInas IlacThHa 5 W CTPYXKKOJOM 6, ['-00pa3Horo mpuxBaTta 7, 3a)XKMMHOTO BHHTa § U
mTudTa 3 ¢ raiikoi 2. HecoBnazeHnne ocu OTBEPCTHS B MOJKIAIKE 4 C OCBIO OTBEPCTHS, B KO-
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TOpO# ycTaHOBJIeH MTHPT 3, oOecreunBaeT Mo pKaTue MOaKIaAKH 4 K OOKOBOM MOBEPXHOCTH

THE3/1a JICPKaBKH 1.

6
5
4
3
2

Puc. 1. YHuBepcanbHO-COOPHBIH pe3el C MeXaHMYECKHM KpPEeTUIeHHEM MOBOPOTHOH MO/~

KJIQJIKY C TUIACTUHOM

[Ipu 3akpernenun NoOx-
KIaJKi MTAPTOM U MPUXBATOM

{Vj' KIV5

(puc. 2) BO3HUKAIOT CUJIbI 3aKperl-
nenust oT mrTudTa Po, u Pa,,
O,
b, = ; (1)
tg(@ + go) +1g@
0.15(0+9)
By = , 2)
tg(@ + (0) +1g@
=y peakuuu Ps, u P,
P —-Pt
% , = e S G)
1+tgftge
P = (1)22 B })26tg(p)tgﬂ (4)
36 1+tgfigp

NOSIBJISIETCSL  aKTHBHAs CHUjIa OT
npuxsara W,

0,
—— )

1+3—
Hf

W, =

KOTOpI)Ie BBI3BIBAIOT TpI/I peaKHI/II/I
N5, pacmnoyioKEHHBIX TMOJ YTJIOM
120° 1o oxpyxuocTH ¢ paguycom
rs[1]:

3 3
_ l dn - dob

7 = s 6
5 3d3—d02() ()

Puc. 2 Cucrema cui, JeHCTBYIOIIMX HAa MOBOPOTHYIO
MOAKJIAAKY TPHU 3aKPEIUICHUH €€ ITHU(TOM U TpH-

XBaToOM

rae d, - TMaMeTp ONMUCAHHOW OK-
PYKHOCTH IIACTHHBI,

68
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dy» - TMAMETP OTBEPCTHS B JCPKABKE MO ITHT.
Jlomyctumoe ycunue B CTepyKHE MTU(TA U3 YCIOBUS MPOYHOCTH HA Pa3pbiB M NPOU-
HOCTHU pe3b0bI Ha cpe3 [1]:

0, <17l 0
Ouep < 7Dy |H M, ®)

rne dp, - BHYTPEHHUH quaMeTp pe3bObl mTudTa; [o] - qomyckaemMoe HampspKeHHE pacTsike-
HUs; D) - BHEIIHUM AuaMeTp pe3bObl railku; [7.,] - AomyckaeMoe HampsbkeHue Ha cpes; H. -
BBICOTA TalKH; k - KOIPPUIUCHT MOJHON Pe3bObl; k;, - KOAP(DUIIUCHT HEPABHOMEPHOCTH Ha-
TPy KEHHUS.

AHANOTHYHO TOMYCTHMOE YCUIIME B CTEpXKHE BHHTA W3 YCIOBHS MPOYHOCTH Ha pas-
PBIB U IPOYHOCTH pe3bOBI Ha cpe3 [1]:

0, <™7] 0
Orep < 7Dy 7y [Ho, (10)

e d s - BHYTPEHHUI AHaMeTp pe3bObl BUHTA;
D, - BHEITHUIA TUAMETP PEe3bOBI B JCPiKABKE;
H, - nvHa pe3pObl B AEpKaBKE, C KOTOPOM KOHTAaKTUPYET BUHT.
Bgenem cucremy xoopaunat XYZ c¢ neHtpoM O, COBMEILEHHYIO C OCHOBAaHUEM IOJ-
KJIQJKU U C OCBIO ITOBOPOTA MOJKIIAIKH.
VYcnoBue paBHOBECHUS MOAKIIAIKU ONACHIBACTCA CUCTEMON YPABHEHUI

LF. =0
S F, =0, (11)
XM, =0"
CocraBuM ypaBHEHMs paBHOBECHUS] IOBOPOTHOM MOAKIAIKHU:
LF.=0:3Ns=W,-P,— Py, =0, (12)
>M,=0: Ery,+3Fn+F,r,+Fh,—M, =0, (13)
U3 ypaBnenus (12) onpenenum peaxuuto Ns:
W,— Py — P,
Ny = . (14)

3
Cunbl TpeHus B ypaBHeHud (13) onpeaenstorcs o 3aBUCUMOCTSIM:

Fy=+P,+P5.f; (15)

Fs=Nsf; (16)
F, = 1/})223 +Pz22fcosqo; (17)
F,=W,f. (18)

[Tocne noacranosku (15), (16), (17) u (18) B (13) u npeoOpazoBaHmii HOJyyaeM CTa-
THYECKUA TOPMO3HON MOMEHT:

M, = (JPSZK + Py ry + Ngrs ++/ P5, + Py, cos gr, + thn)f. (19)
Pacuersl cratmueckoro TopMo3HOro MoMenTta o gopmyie (19) 6putn mpoBeaeHBI HA
[I9BM u ux pe3yibraTsl NpUBEAEHbI B Ta0nuLe 1.
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Tabmuua 1 - PesynbpraTsl pacdeTa CTaTUYECKOTO TOPMO3HOTO MOMEHTA IMOAKIAIKU
YCP, oCHallleHHOr0 MHMHEPAJIOKEPaMUUECKON IUIACTHHOM C JTHaMETPOM
BIIMUCAHHOM OKpY’KHOCTH 9,525 MM

Cuna 3aTspkku BuHTa, H

Cuna 3aTsKKU 0.20~ 040+~ 0.60~ 0.804= 1.00+~

mrrudra, H 678.87 1357.7 2036.6 2715.4 3394.3

Cratudeckuii TOpMO3HOU MOMEHT M, , H/M

0.20,=289.5 1.24 1.60 1.95 2.31 2.66
0.40.,=579.0 2.13 2.48 2.84 3.19 3.55
0.60,,=868.5 3.01 3.37 3.72 4.08 4.44
0.80,=1158.1 3.90 425 4.61 497 5.32
1.00,~1447.6 4.79 5.14 5.50 5.85 6.21

PazpaboTranHass MeToJMKa pacuera CHJ 3aKpEIUICHUS] MOBOPOTHOW MOJAKIAJKH YHH-
BEPCAIBHO-COOPHOTO pe3lia SBJISIETCS EPBbIM 3TAarloM METOAMKH pacueTa CHI 3aKpeTUIeHUs B
npolecce TOUCHUS U, TOCHEe IKCIEPUMEHTAILHON MPOBEPKHU, MO3BOJIUT YTOYHHUTH 3HAYCHUS
kod(dduIeHTa TpeHusi, KOTOPBIH BHOCIECACTBUN OYAET HCIOJBL30BATHCS MPH OMNPECIICHUH
OTPAHUYMBAIOIIUX TITyOHH pPE3aHus PE3LOM.

Cnucok gutepatypsbl: 1. Pemeros J[. H. Jleranu mMamun: YueOHUK 111 CTYICHTOB
MalTUHOCTPOUTEIBHBIX U MEXAaHMUECKUX CIEIUATIbHOCTEHN By30B.-4-¢ u31., nepepad. u JIo1. -
M.: Mammnoctpoenue, 1989.-496 c.

IKCIHHEPUMEHTAJIBHOE UCCIIEJOBAHUE BECKOHTAKTHOI'O
SJIEKTPOBO3A

Muuuiakos I.A., Yamko M.B.
(kagh. Dnexmpomexanuxu u TO3, Jlonl TV, . [loneyk, Yxpauna)

PaboTa nocpsieHa TpaHCHOPTHBIM CPEACTBAM C MOABOJIOM 3HEPIMU MArHUTHBIM IMOTO-
KOM, ITyTEM 3JIEKTPOMATrHUTHON UHYKLIUH.

3ajaun KCHEPUMEHTA - MPOBEPUTH MPUHIUIM JIEUCTBUS, BOZMOXHOCTh MOJYUEHHUS TIATU
3JIEKTPOBO3a MPU MUTAHUM JUHUM OecKOHTakTHO OT cetu 50 [’ m ompenenuTs TATOBbIE U
HHEPreTUYECKUE XapaKTEPUCTUKU 3JIEKTPOBO3a.

DKCHepUMEHTAIbHOE YCTPONUCTBO BKIIIOUAJIO B ce€0sl peryJiMpyeMblii HICTOUHUK HarpsiKe-
HUSI IPOMBIIIIEHHON 4acToThl 1, TAroByto juHHIO 2 13 kabdens ['PIID 3x50, snepronpuém-
HHUK C MarHUTOIIPOBOJIOM 3, U3 JIMCTOB 3JIEKTPOTEXHUUYECKOHM cTamu. Ha marHuTonpoBoe 1Be
0OMOTKH: KOMIICHCAIMOHHAS 4 U3 CeMH BUTKOB ceueHreM 440 MM” i Harpy304Has 5 U3 IBYX
BHTKOB ceueHHeM 50 MM>. [TepBast moakrOyYanach Kk OaTapee KOHAEHCATOPOB, BTOpas K Ha-
rpy3Ke 4depe3 BhIIPSIMHUTENb. B KauecTBe HArpy3K HCIHOJb30BAIUCh PE3UCTOPHI U MPUBOL
pyAHUYHOTO 351ekTpoBo3a AMS/I, coctosumii u3 n1Byx asurareneit no 13 kB, nepexmouae-
MBIX KOHTPOJIEPOM.

[Tpu paboTe ycTpolicTBa TOK B KOHTYype U3 OOMOTKM U KOHJEHcaTtopa KoJyedsercs
yactotoi 50 ', co3naBasi 0OMOTKOM MarHUTHBIN MOTOK B MarHUTOINIPOBOJIE , KOTOPBIM 0XBa-
THIBACT TATOBYIO JMHUIO , MHAYKTUPYs B Heil mpotuBoD/IC, HanpaBieHHYIO BCTPEUYHO Ha-
NPSDKEHUI0 MCTOYHUKA . [lo BUTKaM JIMHUM MPOTEKAET TOK, MPOMOPIMOHAIBHBIA pa3HULIE

70 HHXXEHEP, centsiops 2000



HanpsixkeHust 1 npotuBoD/IC. Ilpu yBennuenun Harpysku npotuBol/IC ymenblnaercs, pas-
HUIIA MEXy HEH U HalpsHKEHUEM YBEIMUYMBACTCS M yBEIWYUBAECTCS TOK. MarHUTHBIN IOTOK
uaayktupyet 3/1C B 0OMOTKE , KOTOpasi MUTAET HATrPY3KYy.

B skcnepumenTe BappMpOBaMCh HAIPsKEHWE NUTaHUSA M Harpyska. KoHTposmposa-
JIMCh TOK U MOUTHOCTD B TATOBOM JINHUU U HaIIPSKEHUE Ha HArpy3Ke. DJIEKTPOBO3 HAXOJUIICS
Ha KaTKOBOM cTeHje (puc. 1.)

% Crenn mpezacraBisier co0oit
/

QJICKTPOBO3, KOJIECaMU YyCTa-

JIMHUA
/ HOBJICHHBIM Ha KaTKax, Co-
SHEPronprueMHHK / .
/ €IMHEHHbI 4epe3 JIHUHaAMO-
JJIEKTPOBO3
All

METp C HEMOJABIKHBIM YIIO-
pom. Katku umeroT coOCTBEeH-
HBI TIPUBOJI B BHJE JIBYX Ma-
IIMH IOCTOSIHHOTO TOKa, CO-
€MHEHHBIX 10 CUCTEME I'€He-
paTop — JBUTaTENb.

Opna u3 mamuH (/1) yepes
PEOYKTOp CBs3aHa C KaTKaMH,
apyras (I') — ¢ acHHXpOHHBIM
nsurarenem (AJl).

Crenn pabotaer cienyromuM o0pa3zoM. Korja UMATHPYETCSl peKUM TSTH 3JEKTPOBO3a,
€ro KoJjieca BpalllaloTcsl OT JBUTATENEH 3JIEKTPOBO3a, SHEPTUS K KOTOPHIM MOJABOJUTCS OT Tsl-
rOBOW JIMHUM MHAYKIMOHHBIM CIIOCOOOM dYepe3 SHEPTONPHEMHUK M BhIIpsAMHTENb. Koneca
AJIEKTPOBO3a BpAIalOT KaTKH, TaK YTO BPAILIAOIIMA MOMEHT KOJIEC PaBEH MOMEHTY COIpO-
TUBJIEHUS KaTKOB. EciM MpuBOJ KaTKOB OTKJIIOYEH, KATKH HE OKa3bIBAIOT CONPOTUBIICHUS U
3JIEKTPOBO3 HE pa3BuBaeT TiAru. Korjga mpuBoj KaTKOB BKIIIOYEH, KOJleca 3JIEKTPOBO3a Bpa-
IIAIOT KaTKH, KaTKW BpalaroT mMamuHy /I, koTopas paboTaeT B reHEpaTOPHOM PEXHUME U OT-
JaeT HHepruro MamuHe [, KkoTopas paboTaeT B JBUTrAaTEIbHOM pexume, pasronss AJ[ no
CBEPXCUHXPOHHOH ckopocTH. [Ipu atom A/l oTmaer sHepruio B Tpex(asHyIO CEeTh IepeMeH-
HOro TOKa. B pe3ynbrare 31€KTpOBO3 pa3BUBAET TATY, PABHYIO COIPOTHUBIICHUIO JBUKECHUIO
KaTKOB. DTa TsTa yIpaBisieTcsi BO30YKIACHUEM MAIIMHBI IIOCTOSIHHOTO TOKA.

Korga umutupyercs pexxuM TOPMOKEHHUSI JIEKTPOBO3a, MalivHa I’ nmepeBouTCs B pe-
JKUM TeHepaTopa, a MamuHa J[ — nBuraresns, KOTOpbIM BpallaeT KaTKU U Yepe3 HUX KoJieca
ANEKTPOBO3a. [[BUrarenu 3JeKTpoBO3a MEPEXOJAT B PEKUM JUHAMUYECKOTO TOPMOXKEHUS,
OT/1aBasi HEPTHUIO CHEIMAIbHBIM TOPMO3HBIM PE3UCTOPAM.

B skcnepumenTe M3MeHsIach Harpy3ka Ha MPUBOJ] AJIEKTPOBO3a U KOHTPOJIUPOBAIUCH
TATOBOE YCHUJIME, CKOPOCTb, TOK JBUTATEJIEH U MPU PA3IMUYHBIX MOJOKEHUSIX KOHTPOJUIEpa.

OKCHEpUMEHT MPOBOJAWICS B CIEAYIOIIEH MOCIe0BAaTENIbHOCTH. TAroBas JIMHUSA MOJ-
KJIF0YaJach K CETH Ha HIWKHUI ypOBEHb HanpsikeHHsa. B kauecTBe Harpy3ku MOAKIIOYAIUCH

Puc. 1. Cxema KaTKOBOTO CTE€HIA JISI UCIIBITAHUSA
AJIEKTPOBO3a C MHAYKIIMOHHBIM TUTAHUEM.

WCTv kH . \ e[ p / pe3uctopsl. PerucrpupoBanuch
(V F / " ' / 3HAYCHUS  KOHTPOJHMPYEMBIX

. 8 / BEJIMYHMH TIPH TSATH 3HAYCHUIX
\ ><\ " /(\1603 pesucTopoB.  3arem THHI

/ ~ N MOJIKIIFOYaNach Ha  BBICIIUH

. . / . 0 / U=140B N YPOBEHb HAIpPSIKECHUS, PETUCT-
— < e y '8 ——  PHPOBANCH KOHTPOJMPYEMBIC
Puc. 2. XapakTepHuCTHUKH 3JIEKTPOBO3a C HHAYKIIMOHHBIM SHAUCHWA TIPH TEX OKC 3HatC-
— HUSIX PE3UCTOPOB. 3aTEM 4Yepe3
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BBINPSIMUTENh K OOMOTKE MOJKIIOYAJICS MPUBOJ 3JIEKTPOBO3A.
W3mepeHuss MOBTOPSJIMCH NPU BBICIIEM W HU3IIEM HANPSKEHUSAX TATOBOM JMHUM. Pe-
3yJbTaThl B BUJIE TPa(UKOB MPEACTaBIICHBI HA pUC. 2.
3aBUCUMOCTb TATUM U CKOPOCTH 3JIEKTPOBO3a OT TOKA 3HEPrONpUEMHMKA IITATHBIE: TATa -
NPaKTUYECKU TpsAMas JIMHUS, HAUMHAIOMIAsICsl Ha OCH abcuuce MpuOIm3uTenbHo npu 40 A -
TOKE, COOTBETCTBYIOLIEM CHJIE COIPOTHUBIIEHHS HEMOIBUKHOIO 3JEKTpoBo3a. CKOpPOCTH -
KpYyTO CIIa/Ialo1lasl KpUBasi, Takasl k€, YTO U IIPU MUTAHUU OT aKKyMYJIATOPHOU Oarapeu.
3aBHCUMOCTh MOITHOCTH, OTPEOIsIEMO OT UCTOYHHMKA, OT MOILTHOCTH HArpy3ku (pHuc.
2.0) mpencTaBiIAI0T cOO0W NMPSIMbIE JIMHUM, BBIXOSIINE U3 TOYEK, PACHIOJI0KEHHBIX Ha CyIIe-
CTBEHHOM pPAcCCTOSHUHM OT Hayaja KOOpAMHAT. XapaKTEepUCTHKA IPHU BBICUIEM HAIPSKEHUU
NPOXOJMT BBINIE, YEM TPHU HHU3IIEM. DTO OOBICHIETCS HAJMYUEM MOTEPh XOJOCTOTO XO0Ja U
3aBUCHUMOCTBIO 3THX MOTEPH OT HANPSKEHUS.

[Ipu moctpoennu rpadukoB puc. 2,06 ObUTH UCHOIB30BAHBI U3MEPEHUS, BHIIIOJHEHHBIE C
UCIOJIb30BAaHUEM B KaueCTBE Harpy3Kd M PE3UCTOPOB U MPHBOJA AJIEKTPOoBO3a. OTCyTCTBUE
00JBIIOTO pa3dpoca TOUEK CBUAETEILCTBYET, YTO HCCIEAyeMas CHUCTEMa 3JIEKTPOIUTaHUS
VMHBapHaHTHA K BUAY Harpy3KH - pe3ucTuBHAs, MHAyKTUBHas i DJ(C.

W3 skcniepumenTa criesiaHbl BBIBOABIL:
1. mpuHIMDO NEHCTBUS 3JEKTPOINUTAHNSA CHUHYCOUWJAIbHBIM MarHUTHBIM ITOTOKOM IPOMBIIII-
neHHoi yactoroit 50 'y moaTBEpAMICS;
2. cucteMa 3JIEKTPONUTAaHUsI CHHYCOUAAIBHBIM MarHUTHBIM NOTOKOM yactotoil 50 'y crmo-
coOHa o0ecneyuTh MITaTHYI0 padoTy NMPUBOA YIEKTPOBO3A;
3. CyLIECTBYIOT NMOTEPU B MArHUTOIIPOBOJE, 3aBUCAIME OT HANPSDKEHUS NMUTAHMA, KaK 3TO
OBLJIO MPETyCMOTPEHO MaTEMAaTUUECKOW MOJIEINBIO.

BECKOHTAKTHAS ITIEPEJJAYA DJEKTPUYECKOM DHEPT UM HA
HOABUXHBIE OBBbEKTbHI

Myp3a I.HU., Iluens A.C., Hamxko M.B.
(kagh. Dnexmpomexanuxu u TO3, [Jonl TY, . [loneyk, Yxpauna)

beckoHTaKTHBIM 3JE€KTPONMUTAHUEM HA3BAHO TaKOE, IPU KOTOPOM HHEPTHUsI HEMOBUKHO-
ro MCTOYHHMKA ABWXKYLIEMYCS NOTPEOMUTENIO NMEpPEeAaeTcs 3JIEKTPOMArHUTHOM WHIYKUHUEH -
MOCPEJCTBOM MAarHUTHOTO MOTOKA, U3MEHSIOIIEr0Cs BO BPEMEHH.

CocTaBHBIMU 3JIEMEHTAMU AJIEKTPOIMTAHUS SBIISIOTCS TATOBas JIMHUS, SHEPTONPUEMHUK
Y UCTOYHUK 3Hepru (puc.l). Tsarosas nuHus npeacTaBiseT co00i U30JMPOBAHHBIN IPOBO-
HUK (Ka0elb), pacroJioKeHHbIN BAOJb TPACChl IBUKEHUS! TPAHCIIOPTHOIO CpeAcTBa (HArpu-
Mep, AJEKTPOBO3a), HAJl HUM WJIU

HCTOYHHK TATOBAs SHEPrOMPHUEMHHUK =
= sueprum / TTHEI % B TIOJIOTHE JOPOTH, TIO KOTOPOWM
p — OHO JBMDKETCS. DHEPTONpPHUEMHUK
. = HpENCTABIAET COOON BUTKH M30-
HPHEOAL JUPOBAHHOTO TIPOBOJA, pAacCIo-
U U JIOKCHHBIE Ha DJIEKTPOBO3E WIIU
MOJT HUM, BBITSAHYTBIE BJOJIb
Puc. 1. Cxema 0€CKOHTaKTHOTO 3JE€KTPOMUTAHUS > TEKTPOBO3A.

HcTtoynuk sHEpruy mpeacTaBisieT co0oH, B o0IIeM ciydae, yCTpOMCTBO, mpeolpa-
3yromiee Tpex(asHblil TOK MPOMBIIUICHHON YacTOTHl B OJHO(A3HBIM TOK BBICOKOM YaCTOTHI
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(10* - 10° Tu). B Hamei paboTe B KauecTBE MCTOYHHMKA HMCIIOJB3YETCS HEMOCPEICTBEHHO
CETh TOKA IPOMBIIUICHHON 4acTOThl. TAroBas JMHMA NMOJKIIOYEHA K MCTOYHUKY NHUTaHMS,
HHEPrONPUEMHUK MOAKIIOUEH K IPUBOAY JIEKTPOBO3a.

IIpu paboTe ycTpoiicTBa TOK OT UCTOYHHUKA IPOXOIUT IO TATOBOW JIMHUM, CO3/1aBast OKO-
JI0O HE€ MarHUTHBIM MOTOK, IEPEMEHHBIM BO BPEMEHU. DTOT MAarHUTHBIN MOTOK UHIYKTUPYET
B DHEPTOINPUEMHUKE EeKTPoABIKYyIyto cuity (DC), koTopas UCIOJIb3YeTCsl KaK UCTOYHHK
SHEPTUU ISl JIBWDKCHHS SJEKTpoBo3a. B pesynbpTare 351eKTpOBO3 CHocoOeH coBepaTh
TPAHCHOPTHYIO paboTy 0e3 3JIEKTPUIECKOTO KOHTAKTa C TATOBOW JIMHUEH.

[IpoxosxaeHue ToKa 10 TATOBOM JIMHUM CONIPOBOXKIAETCS MOTEPSIMU MOIIHOCTH B €€ CO-
NPOTHUBIICHUM W B OKPYKAIOIEM MPOCTPAHCTBE, HAIPUMEP, B KPEIH BHIPAOOTKH WM B TOP-
HBIX IIOPOJAx, TaK KaKk B HUX Take nHaykrupyercs I/1C.

Wnes nepenayu sHEPTUM HA MOJIBIKHBIM OOBEKT 3JEKTPOMATrHUTHON MHIYKIMEH MOSBU-
Jack cpasy mocie M300peTeHus: reHepaTopa MepeMeHHOro Toka u Tpanchopmaropa - B 80-x
rojax npouwioro Beka. OHa Obliia 3a0bITa, 3aTEM CHOBA MOsBIIACh B 20-X T0/1aX, CHOBa ObLIa
3a0bITa, 1 HakoHel, B 1938 1. A.A. [lucronpkopc MOAOMIEN K MPoOieMe IO HAyIHOMY, TIPO-
Jienan KOJIMYECTBEHHBIH aHaln3 BO3MOXHOCTEH AJIEKTPONMTAHUSI MATHUTHBIM ITOTOKOM BBbI-
cokoil yactotel. B 40-x ronax I'.M. babar peanuszoBai 3Ty U€I0 B BUAE TEIEKKH C UHIYKIIHU-
OHHBIM BBICOKOYACTOTHBIM 3JIEKTPONUTAHUEM OT Kadels, paclosokKEHHOTo Ioj 3emieil. B
koHIe 40-X TOJOB paccMaTpuBalach BO3MOKHOCTb IEpEBOJa I'OPOJCKOTO TpaHCHOpTa T.
KueBa Ha MHIYKIIMOHHOE BHICOKOYACTOTHOE DJICKTPONIUTAHUE. B 3TOi CBSI3M OBUTO BBIMOJ-
HEHO HECKOJIbKO HCClieoBaTeNbcKux paboT. HecmoTps Ha oOHamekHBarofe OIyOJIMKO-
BaHHbIEC PE3yJbTaThl BHICOKOYACTOTHOE MHIYKLIMOHHOE 3JIEKTPONUTAHHE KaK KOMMYHAJIbHOE
HE CTaJl0 pPa3BUBAThCS, & CTAJIO Pa3BUBATHCS KaK AJIEKTPONUTAHUE, aAJIbTEPHATUBHOE aKKyMY-
JSITOPHOMY JUISl LIAXTHBIX AJIEKTPOBO30B.

B 50-x - 80-x rogax H.A. Crapockonbckum, 3atem ['.I". IIUBHSIKOM BBINIOJIHEHBI TEOPETHU-
YECKUE U OPTaHM30BaHbl OINBITHO - KOHCTPYKTOPCKHUE PabOThl, PE3YJbTATOM KOTOPBIX CTaIU
HECKOJIbKO OIIBITHBIX NapTHUN 3JEKTPOBO30B C BHICOKOYACTOTHBIM HMHIYKIHOHHBIM 3JIEKTPO-
IIUTAHHUEM.

3a pybexxoM 00 3TuX paboTax, Mo-BUAMMOMY, HE M3BECTHO, TaK KaKk MHHHCTEPCTBO
snepretukn CIIA 3akaszano JluBepMopckoil HammoHambHOW Jabopatopun um. JloypeHca
aHAJIN3 TEXHUYECKOW OCYIIECTBUMOCTH MHIYKIMOHHOTO 3JIeKTponuTaHus. Pesynpratom pa-
00ThI Taboparopur OBUIO YTBEPKIACHUE O €r0 OCYIIECTBUMOCTH H IIEJIECOO0PA3HOCTH U pa3-
BEPTHIBAaHHE HAYYHO-MCCIIEIOBATEIBCKUX PabOT MO MpoOsieMe IIEKTPOMOOWIIS ¢ WHITYKTHB-
HBIM TIOJIBOJIOM PHEPTUU OT Moa3eMHOro kabens. boun cozman B 1988 1 anexkTpobyc ¢ HHAYK-
[IMOHHBIM 3JICKTPONUTaHUueM. JIMHMSA, 3aKIFOUeHHAs B PA30MKHYTHI MarHUTOINPOBOJ, 00Te-
kaercst TokoM 800 I'y oT crienuanbHOTO MpeoOpa3oBaTessi, MarHUTHBIN TOTOK JIMHUU 3aMbl-
KaeTcsl 4Yepe3 BO3IYIIHbIN 3a30p U MArHUTOIIPOBO/I SHEPTOIIPUEMHHUKA.

B 90-x romax B I'epmanuu (Texuuueckuit Yuusepcuter, r.bpayumseiir, Meiiuc 1.) co3-
JlaHa CUCTEMAa MHAYKIHOHHOTO 3JIEKTPOIUTAHUS, B KOTOPOU TATOBAasl IMHUS COCTOUT U3 CEK-
i HO M 20-30 M, Kakaasi muTaeTcs ot npeodpasosarens wactoTel 60 '/ 20 k.

B JouI'TY nmpoOnemoil MHAYKIIMOHHOTO 3JIEKTPONUTaHus 3aHsuMch B 80-X rojax ¢ Ha-
MEpPEHHEM OCYILECTBUThH €r0 HEMOCPEICTBEHHO OT CETH MEPEMEHHOT0 HJIM MOCTOSIHHOIO TO-
Ka, 4YTOOBbI MCKIIIOYNUTh U3 CHUCTEMBI 3JIEKTPOINUTaHUs NpeoOpa3oBaTeab YacTOThl. beln cO3-
JIlaHbl TEOPETUUECKHE OCHOBBI U HKCIIEPUMEHTAIbHBIN 00pa3ell, UCIIBITAHHBIA B IIaXTHBIX yC-
noBusix. [10CKOJIBKY INIOTHOCTH NOTOKA MOIIHOCTH MPU CHHYCOMJAIBHOM TOKE 4acToToil 50
['1 cpaBHUTEIBLHO HEBEIMKA, YHEPTONPUEMHUK UMeN 00JIbIINE rabapUThl.

[ToaTOoMy B cuCTEMY 3JEKTPONUTAHUS OBLIN BBEJCHBI [IOJyIPOBOAHUKOBBIE KIIFOUM HA HE
3alMpaeMblX THUPHUCTOPaX, KOTOPbIE CO3[aBajld HMIIYJIbChl C KPYThIM (D)POHTOM U YaCTOTOM,
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kpatHoii 50 I'1, 4To oOecnieunsio yBeIMYeHHe IIOTHOCTH OTOKA MOIIIHOCTH.

[losiBnenue 3amupaembix THpucTOopoB M IGBT TpaH3ucTropoB mo3Bosmiio mnepenaBaTh
HHEPIHIO TaK, YTO B OOJIbLIEH YacTH JIMHUM OHA nepenaercs Ha yactore 50 ' niam nocross-
HOM TOKE M HE paccemBacTCs B IPOCTpAaHCTBO. Ha ydacTke, rae HaxoAuTCs TPAaHCIOPTHAs
MallliHa, TOJIyIPOBOJHUKOBBIEC KIIOYM 00pa3yl0T UMITYJIbCHI, CIOCOOHBIE MepeaTh YHEPTHIO
4yepe3 BO3AYLIHbII IPOMEKYTOK B SHEPTOIPUEMHHUK TPAHCIIOPTHOM MaIIMHbI (puc. 2.).

W3  npuBeneHHOro

— & 50T AL wim gsoru C/I€JIaHbl BBIBOJIbI:
o —p NS -=> “— — N N 1.5 MHAYKIMOHHOTO
° L_rf:—l OCCKOHTAaKTHOI'O  DJICK-
TPOIUTAHHS CYIIECTBYET
Puc. 2. beckoHTakTHOE 3JIEKTPONUTAHUE HUIIA B DJIEKTPOIHEpre-
HUMITYyJIbCAMH MAarHuTHOT'O MIOTOKa THKE. DTO YCIIOBUS, IPHU

KOTOPBIX 3JIEKTPUYECKUU
KOHTAaKT HEHAJICKEH, UM HEU30JMPOBAHHAS JIMHHUS MOYET BbI3BATh TPABMATU3M WJIM IOXKap,
YCIIOBHSI, IPU KOTOPBIX HEU3OJUPOBAHHAS JIMHUS HEBO3MOYHA M3-32 BBICOKOW 3JIEKTPOIIPO-
BOJIHOCTH CPEJIbI.

2. OCHOBHBIMH TIPOOJIEMAaMU WHIYKIIMOHHOTO OECKOHTAKTHOTO JJIEKTPOIUTAHHUS, Tpe-
IATCTBYIOLIMMU €0 IIUPOKOMY PACIPOCTPAHEHUIO, SIBJISIIOTCS MTOBBIIICHHBIE IOTEPU SHEPTUN
B TATOBOW JIMHUHM MPH TIepejavue €€ TOKOM BBICOKOH 9acTOTHI M HEOOXOUMOCTh B TIpeoOpa3o-
BaHMH ToKa 50 I'I1 MM MOCTOSIHHOT'O B TOK BHICOKOM YacCTOTEI.

3. UneanpHas cucreMa MHAYKIIMOHHOTO SJIEKTPONUTAHUS JOJDKHA UMETh: MUHUMAJIbHYIO
JUIMHY yYacTKa JIMHUMU, B KOTOPOW TOK UMEET BBICOKYIO YaCTOTY; MUHUMAIbHOE KOJIMYECTBO
npeoOpaszoBaTesied YaCTOThl; MHHHMAJIbHOE KOJMYECTBO MapaIeIbHBIX KaHAJIOB SHEPTHU
(Ha BBICOKOM 4acTOTE, HA MPOMBIIIUIEHHON YacTOTE, HA TOCTOSIHHOM TOKE).

HNPEAITIOCBIJIKHA CO3JAHUA TEXHOJOI'MYECKUX CUCTEM C
KOMILVIEKCHBIM UCITOJB30BAHUEM COTC

Heuenaes B.I'., 'nutbko A.H. (xagh. TM, JJonl TV, 2. /loneyk, Yxpauna)

OfHUM W3 OCHOBHBIX YCJIOBHUH BBICOKOTIPOM3BOJUTEIBHOM M TOYHOW 00pabOTKH 3aro-
TOBOK B YCJIOBHUSIX aBTOMAaTH3MPOBAHHOTO TPOWM3BOJCTBA SBJIseTCA Hamnmdue 3(pQeKTuBHON
CUCTEMBI CBOEBPEMEHHOM 3BaKyallMy CTPY>KKH U3 30HBI pe3aHusi. HeBbloiHeHue 3Toro yc-
JIOBMSI HAKJIQ/IbIBAET CYIIECTBEHHbIE OTPAHWYEHUS HAa MPOU3BOJUTENLHOCTh U TOYHOCTh 00-
paboTKH.

Oco0yro BaXKHOCTb ATOT BOTIPOC MpHOOpeTaeT nmpu (hpe3epoBaHUM TITyOOKHX U TMPO-
¢uIbHBIX Na30B, (ppe3epoBaHUU JJAOMPUHTOB U T.1. VI3BECTHO, UTO OT/AENEHHAsl CTPYyXKKa MO-
JKET UMETh TBEPJOCTb, OOJIBIIYIO TI0 CPABHEHUIO C TBEPIOCTHIO 00pabaThiBAEMOT0 MaTepuaa
BCJIEAICTBME HakJjena M 3akainuBaHus. [loaTomy B ciyuae, koraa oOpasyromasics B IpoLecce
pe3aHus CTPY’KKa MOBTOPHO 3aTATUBAETCS B 30HY pe3aHus (HUPKYJIUPYET), 3TO MOXKET NpH-
BOJUTH K CYIIECTBEHHOMY CHIKEHHIO pPECypca PeKyIlIero HHCTPYMEHTa U JaXke K paspyliie-
HUIO €r0 PeXyILIUX KPOMOK, CHUKEHUIO TOYHOCTU U MOBBILIEHHIO IIEPOXOBATOCTH 00padaThI-
BaE€MbIX [MOBEPXHOCTEM, MOBBIIIEHUIO 3aTpaT SHEPTUH.

B nacrosiee BpeMsi B aBTOMaTU3UPOBAHHOM MIPOU3BOJICTBE UCIOJB3YIOTCS, B OCHOB-
HOM, JiBa crioco0a 3BaKyalllu CTPYKKHU U3 30HBI pe3aHUs - THEBMOOTCOC U THApocMbIB. O0a
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crioco0a Hed((EKTUBHBI I YIAICHUS JJIEMEHTHOW M BUTOM METAJUIMYECKOW CTPYIKKH W3
IyOOKUX U MPOQMIHHBIX Ta30B, JJAOMPUHTOB. B TO ke BpeMs B CYLIECTBYIOIINX METaJIOpe-
KYIIUX CUCTEMAaX YK€ UMEIOTCS MPEANOCHUIKA CO3/JaHUSI BBICOKOTIPOU3BOAUTEIBHBIX CHCTEM
ABAKYalH CTPYKKH.

Bo-niepBbIX, B YCIOBHUSX padOThl aBTOMATUYECKUX JIMHUN JOCTATOYHO IIUPOKO TPH-
MEHSIETCSl THAPABINYECKAst CUCTeMa YOOPKH M TPAHCIOPTUPOBAHUS CTPYKKHU. [ MapoTpaHc-
MOpPT, B KOTOPOM B KayeCTBE TPAHCIIOPTHOTO CPEACTBA HCHOJB3YIOT KUIAKOCTb, IMO3BOJISIET
M30aBUTHCS OT TPOMO3JIKMX MEXaHMYECKH KOHBEHEPOB, CHU3UTH IKCILTYyaTallMOHHBIE PacXo-
bl U yBEJIUMYHUTh HAJICKHOCTh TPAHCHOPTHBIX CHUCTEM. be3HamopHBIM THIPOTPAHCIOPTOM
yOuparoT CTaqbHYI0, YyTYHHYIO CTPYXKKY U CTPYXKY LBETHBIX METaoB. JlJis ruipocMbiBa
CTPY>XKHU U3-TI0JI aBTOMATUYECKUX JMHUN UCTIOJIB3YIOTCS W HANpPaBJICHHBIC CTPYHU KUAKOCTH
M0/1 JIaBJICHUEM.

Bo-BTOpEIX, B TIOCTIEIHEE BpEMsI B MPAKTUKE METAUI000pa0OTKH IMIUPOKOE MMPUMEHE-
HUE HAXOJIUT N0Ja4a CMAa304HO-OXJIAXKIAIOIEH KUIKOCTH HAIOPHOM CTPyEH B 30HY pE3aHUsl.
ToHKast CTpys HaNpaBISETCS B 30HY KOHTAKTa PEXYIICH KPOMKH MHCTPYMEHTa ¢ 00pabdaThi-
BAaE€MOM 3aroTOBKOM CO CTOPOHBI 3aaHel rpanu ae3us. [logaua COX ocyuiecTBisieTcs: BbI-
COKOHAIOPHOM cTpyel moj aamieHueMm He meHee 1,5-2,0 MIla uepe3 comia ¢ BBIXOJAHBIMU
OoTBepCTUAMHU AuaMeTpoM 110 0,8 MM.

MHOTOYHUCICHHBIMU HCCIIEIOBAHUAMHU U OTBITOM MPOMBIIUIEHHOTO MPUMEHEHUS J10-
Ka3aHbl CYIIECTBEHHbIE MPEUMYILECTBA MOJAYU CMA30YHO-OXJIKIAIOMIEH KUIKOCTH BBICO-
KOHATIOPHOU CTpyel Ha omnepamusX TOYCHHUsS, CTpOTaHus, (hpe3epoBaHUs], MPOTATUBAHUS U
npu 00padoTKe JeTaliell U3 BHICOKOJIETMPOBAHHBIX CTaJieH, KapOIMpPOUYHbIX CIUIABOB M UYTy-
HOB. [loaTOMY B arperaTtHbIX CTaHKaX W aBTOMATHYECKUX JIMHUSX, COCTOSIIIUX U3 ITHUX CTaH-
KOB, PUMEHSIIOT CUCTEMBI BHICOKOTO JIaBJICHHUS, B KOTOPBIX MOJ[a4a CMa304YHO-0XJIAXKIAt0IIEH
JKUJIKOCTU OCYIIECTBIIICTCS IMIECTEpeHHBIMU Hacocamu (Q=12....125 n/muH, p =2,5 MIla).

OTU cUCTEMBI IPUMEHSAIOTCS Ul M0/a4u YTJIEBOJOPOIHBIX JKUAKOCTEW HAOpPHOM cTpyel u
4yepe3 UHCTPYMEHT.

[Ipumenenne nogaum CMa304YHO-OXJIAKIAOUIEH KUAKOCTH BBICOKOHATIOPHOM CTpyeH
TpeOyeT peleHuss HEKOTOPBIX MPooJIeM:

1) TpynHOCTh 0oOecreueHHss B MPOU3BOJCTBEHHBIX YCIOBHUSIX HYXKHOTO HaIpaBlICHUS
CTPYH Ha PEXYLIYI0O KPOMKY HUHCTPYMEHTA;

2) He00XO0AMMOCTD TIIATEIbHONU OUYNUCTKU CMAa304HO-0XJIaX/AAI0IIEN )KUAKOCTH, YTOObI
UCKJIIOUMTD 3aCOPEHUE COIUIa MEXaHUUECKUMHU IIPUMECSIMU;

3) He0OXOIUMOCTh OCHAIIICHHS CTaHKA CIIEIUAILHOW HACOCHOW CTAaHIIHMEH;

4) cunbHOE pa30opPHI3TUBAHUE.

Ou4eBuAHO, YTO ATH NPOOJIEMBI MOTYT OBITh OTHOCUTENILHO JIETKO MPEOJ0JIEHbI MPHU
CO3JaHMH COBPEMEHHBIX METAUIOPEKYIINX CUCTEM.

VYuuThiBass HAKOIUIEHHBIN OMNBIT 3KCIUTyaTallUd CUCTEM C BBHICOKOHAMOPHBIMU CTPYs-
MU, JIOTUYHO NPEIOKUTH dP(EKTUBHBIN METOJ YJAIEHUs CTPY>KKH U3 30HbBI PE3aHusl, OCHO-
BaHHBIH HAa WCHOJb30BAHUU YHEPIHMU BBICOKOHAIIOPHBIX CTPYH KHUIKOCTH, C LIEIbIO HCKIIO-
YeHMs] LUPKYJSLIUM M BBITEKAIOIIMX W3 3TOro mnocienctBuil. Ilpemmaraemslii MeTon, mo-
BUJUMOMY, MOKET HAaWTH MPUMEHEHHUE ISl dBaKyalMHd CTPY>KKU NPHU Pa3IM4YHBIX BHUJAX U
cxemax oOpaboTku. Haubosnee oueBuiHOI 00J1aCThiO €T0 MPUMEHEHHUS sBIIsieTCs (pe3epoBa-
HHE ITyOOKUX U NPO(QUIBbHBIX N1a30B, Pa3IMIHOTO pojaa Ja0UPHUHTOB.

CyTb MeTO/1a 3aKJIFOYAETCS B TOM, YTO YCTPOMCTBO IS U3JIy4YEHHS BBICOKOHANIOPHBIX
CTPYH >KUAKOCTH pacrojaraercs B HENOCPEICTBEHHOW OJM30CTH OT 30HBI pe3aHus, HE Ipe-
MSTCTBYS OCHOBHOMY IpOLIECCY. Y CTPOMCTBO “NpUBA3aHO” K CUCTEME KOOpJMHAT CTaHKa U
NepeMenaeTcs SKBUAMCTAHTHO TPACKTOPUU JIBIKEHHSI PEXKyILero MHCTpyMeHTa. B Ooiee
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CJIO’KHBIX BapHaHTaX yCTPOHUCTBO MOXET UMETh COOCTBEHHBIH MPUBOJI M YIIPABIATHCS OT CUC-
tembl YIIY cranka. Bo3aM0XHO Takke HEMOJIBUKHOE 3aKPEIUIEHHE YCTPOMCTBA Ha CTOJIE
CTaHKa, JIM0O Ha KOHCTPYKTHUBHBIX 3JIEMEHTAX 32)KMMHOTO MPHUCIIOCOOICHNSI.

IIpyr BO3HUKHOBEHMH OIIACHOCTH 3aTATUBAHUS OTIEICHHOW CTPYXKKU B 30HY PE3aHUs
BCJICZICTBHE MOATNIOPA TP 3aNOJHEHHUH T1a3a MM Ja0MPUHTA, BKIIOYAETCS 1M0/1a4a BHICOKOHA-
IIOPHOM CTPYM YKUJIKOCTH, HAIIPABJIECHHON B 30HY CKOIUIEHUS CTPYKKH. C JOCTaTOUHOM TOU-
HOCTBIO 3TOT MOMEHT MOXET OBITh YCTaHOBJICH IIPH MOMOIIM CBETOUYBCTBUTEIBHBIX 3JI€-
MEHTOB (Hanmpumep, (OTOCONPOTUBIICHHI), M0 YBEITMYECHHUIO MOMEHTA CHJI CONPOTHUBICHHUS
pe3anuio u T.1. KOHCTpYKTHBHO 00Jiee MPOCTHIM BapUAHTOM SIBJISECTCS LUKINYECKas KpPaTKO-
BPEMEHHAs 110/1a4a BBICOKOHAIIOPHOM CTPYH 3aJaHHOW JUIMTENBHOCTH. IlapameTpsl BBICOKO-
HAIIOPHOU CTPYH ONPEACIAIOTCA U3 YCIOBUS MOJHOTO YAAJIECHUS CTPYKKH U3 OITACHOM 30HBI.

[Ipn 3TOM mojayda KUAKOCTU JUIsl OXJIAXKIECHHUS M CMa3Ku U JUIsl yAAJICHUS CTPYKKH
MOJKET OCYIIECTBIISITHCS NPU IUKJINYHOM paboTe 0JTHOTO M TOTO ke ycTpoiicTa. [Ipuuem ma-
paMeTpsl CTPYH (JaBiIeHUE, pacXo/l KHUIKOCTH U JIp.) C LEIbI0 ONTUMU3ALUN PEKUMOB MOTYT
OBITh Pa3JIMUHBIMU IS OXJIAXKICHUS-CMA3KH U Ul yJIaJI€HUS CTPYKKU.

Haunbouee mepcrneKTUBHBIM MPEICTABISIETCS KOMIUIEKCHBINA TIOJXO0J] K PEIICHUIO TPO-
ONeMbl OXJIaXIEHHA-CMa3KH, TPOMBIBKH 0a30BBIX TOBEPXHOCTEH 3aroTOBOK, YyJaJCHUS
CTPY>KKH U3 30HBI pe3aHMsl U JAJBHEHIIEro €€ TPAHCIOPTUPOBAHUS 3a CUET MCIOJIb30BAHMS
SHEPTHUH BBICOKOHAIIOPHBIX CTPYH. B 3TOM cilydae 11 pelleHuss BCeX NEPEUMCICHHBIX MIPO-
O7eM MOXeET HMCIOJIb30BAThCS €UHAasl CHJIOBas M HACOCHAs yCTaHOBKA, pabOTaromIas IUKIIU-
YECKU B MMITYJbCHOM pexkume.B kauecTBe Teopernyeckoil 0as3bl AJsl ONpEAETeHUs palyo-
HaJIbHBIX NapaMETPOB HACOCHBIX YCTAaHOBOK MOTYT OBITh MCIIOJBb30BaHbl 3aBUCUMOCTH, pa3-
paboTaHHbIE BIIEPBBIE B [1] NpHUMEHUTENBHO K THIPOMOHUTOPHBIM ycTaHOBKaM. Mi3MeHeHue
CWJIBI THIPOIMHAMUYECKOTIO BO3JEHCTBUSA MIOTOKA KUIKOCTU HA OTAEICHHYIO CTPYXKKY P Kak
(GYHKIMST KOHCTPYKTHUBHBIX W PEXKUMHBIX TapamMeTpoB CTPye(HOPMHUPYIOIIEro MEXaHu3Ma
OIIMCBIBAECTCS 3aBUCUMOCTBIO

P=(md; 1) (1! K, )Py ! Pep)™ PepVey (1)
rae d,- AuaMeTp OTBEPCTHs HAaCaJKH CTPYe()OpMHUPYIOILEro MEXaHU3Ma;
H - BA3KOCTB KUJIKOCTH,
K - k03 duireHT, paBHBIl OTHOILEHUIO PACXOAa JKUIKOCTH B HEA3PHPOBAHHOMU CTPYe K

pacxo.ly CMECH B a3pUPOBAHHOM CTpye CTPyeHOPMHUPYIOIIEr0 MEXaHU3Ma,
po - IMHAMHUYCCKOC NAaBJICHUC CTPYH IIPHU BbBIXOAC U3 HACAJKH,

P~ CPEIHEE IMHAMIYCCKOC NABJICHIC CTPYH Ha PACCTOSHUM L OT HACAJIKU;

Vep - CpenHss CKOPOCTh CTPYH Ha PACCTOSTHMM L OT HACAJIKH;

Pep - CPEAHSIS INIOTHOCTB AOPUPOBAHHOM XKUAKOCTH CTPYH Ha PACCTOSIHAM L OT HACA/IKH.

Jnst mpakTHYecKux pacdetoB 1o ¢Gopmyste (1) pazpaboTaHbl Takke 3aBUCUMOCTHU IS
OTIpEIEJICHUs BCEX €€ KOMIIOHEHTOB.

OnHako HEMOCPEACTBEHHOE HCIOJb30BaHue (Gopmyiiel (1) nns ompepeneHus mapa-
METPOB yCTaHOBOK, OCYIIECTBIISIIONIMX YJAJICHHE W TPAHCIIOPTHPOBAHHUE CTPYIKKH, CYIIECT-
BEHHO 3aTPYIHIETCS TEM OOCTOATEIBCTBOM, YTO 3aBHCUMOCTH JUIS OTPEICICHUS BEIUYHH

K,, Pep> ch, Py COCTABIEHBI TOJBKO Ul OTHOCHTENLHO Y3KOTO JMana3’oHa M3MEHCHHs

3HadeHuid d, u p,. Ilpudem 5TOT quana3oH BecbMa JajeK OT 00JAaCTH 3HAYECHMM, MEPCIICK-

TUBHBIX IJIA NPUMCHCHHA B YCTAHOBKAX IJId YAAJICHUA U TPAHCIIOPTUPOBAHUA CTPYIKKH.
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