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TpaHcnopTHe MalIMHOOYAyBaHHS

VIIK 614.84

M. O. MAKCHMOBA, 1. I1. I'peuka

BU3HAYEHHS ITAPAMETPIB BIIGUBAJIbHOI CHCTEMHY ITIPOMEHEBOI'O OITAJIEHHSA JIJISA
3ATNIOBIT AHHS ITEPETPIBY MOBEPXHI TEIVIOIPUIHMAYA

Po3risiHyTO pillieHHs MpsAMOi 3aa4i MPOMEHEBOI Teronepeaayi st JOCATHeHHs PIBHOMIPHOTO HArpiBy MOBEPXHI LIIIXOM MOJEIIOBAHHS Iepediry
BiZOUTHX TeruioBux mpomeHiB. HaBeneHo pesysnbTaTét poOOTH MporpaMu MOACIIOBAHHS BIIOWTHX NMPOMEHIB Ta iX aHaii3. BcraHOBIEHO mapamerpu
BiZIOHMBANIBbHOI CHCTEMHU Yy 3aJIeKHOCTI BiA Bigomoi dopmu BimOuBaua. Takox pO3INISIHYTO MEPCHEKTHBH MOAJBIINX OCITIIKEHb, SIKi MOB’s3aHi 3

TIPOCKTYBAHHAM CUCTEM IIPOMEHEBOI'0 ONAJICHHA 33 3aJaHUMH BUMOTaMH.

KuriouoBi c/10Ba: TeroBe BUIIPOMiHIOBAHHS, PiBHOMIPHUH HarpiB, BilOMBa4, iIHTEHCHBHICT TEIIOBOTO MOTOKY, IIPOMEHEBE OIAJICHHS.

Beryn. Ilpm  po3poOmi MpPOEKTiB  MPOMEHEBOTO
OTIaJICHHS TIPOMUCIIOBHX MPHUMIIICHb BUHHAKAE 337a4a, 110
NOB’si3aHAa 3 JIOCSATHEHHSM  PIBHOMIPHOTO  HarpiBy
MOBEpXHI TerwtonpuiiMaya. OMHUM 13 MOXKIHUBHX MUIAXIB
peanizamii Takoi BHMMOTM € MOJEINIIOBaHHS mepediry
BIIOWTHX TEIJIOBUX MPOMCHIB BiJl TOBEPXOHb, 110 MAIOTh
BiOMBalw4i BiacTUBOCTI. Bubip ¢opmu BinOuBaua
CYTTEBO 3B’A3aHUH 13 TEXHOJOTTYHMMH MOXKJIMBOCTSIMU
Horo BUpOOHHUIITBA.

AHaJi3 OCTaHHIX AoCHiIzKeHb Ta myOJuaikaumii. Y
MOTIepeTHIX JOoCTiKeHHsX [l, 2] mokaszaHO, MO AesaKi
MOBEpXHI (30KpeMa LWIHAPWYHI Ta CHHYCOINAIbHI)
MOXYyTh OyTH 3acTOCOBaHI SK BigOWBawod9i, aie
TEXHOJIOTIYHUMH € Taki, [0 MarTh CHHYCOiJaJbHY
ytBoprorouy [3]. Tomy BUOIp reoMeTpUYHUX MapameTpiB
MOBEPXHi, BUIPOMIHIOBaYa Ta IX B3a€MOPO3TALIyBaHHS €
POOIEeMOIO.

IMocranoBka 3axayi. MeTo0 LBOTO JOCIIKEHHS €
BHOIp mapaMeTpiB BiIOMBAIOYOTO JIKUCTA Ta PO3TAIITYBAHHS
BHIIPOMIHIOBaYa BiJTHOCHO HBOTO.

OcHoBHa 4uactuHa. OnamoBaHHI BHUCOKHAX 1
BEJIWKNX 32 IUIOMICI0 MPHUMIOICHb  TPaTUIliHHUM
TEIUIOTIOBITPSIHAM CIIOCOOOM € HEEKOHOMIYHHM, OCKUIBKH
BeJIMKa YaCTHHA HArpPiTOTO TOBITPS IiTHIMAETHCS Bropy,
10 IPUBOJIUTH JIO IOJATKOBOI BTPATH TEIDIa Yyepe3 BEpXHi
MEPEKPUTTS, CTIHM, CBITJIOBI OTBOPH 1 JIIXTapi.

IndpayepBonuii  BunpominioBau (IKHI) € u-
o0pasHoio Tpy0oI0, 3 OAHOTO OOKY SIKOI BCTaHOBJICHMIA
MAIBHUK, 3 JIpYyroro OOKy BHUTSXHHMHA BeHTWIATOp. Han
TpyOOIO KpinmuThCs BigOwWBau 3 amomidiro. [IpuHiun il
BHIIPOMIHIOBadYa IOJISATa€ B TOMY, IO Tapsdi MPOITYKTH
3rOpaHHs Ta3y, MPOXOJsMYd ycepeaAuHi TpyO, HarpiBaroTh

ix nmo Bucokoi Temmneparypu. Harpiti  TpyOm
BHIIPOMIHIOIOTh TEIUIO, SKE BiNOWBAY CIPSAMOBYE B
pobouy 30HY.

Skmo OnM3pKO CHAITH, TO 3ITPITHCS MOXHA, ane 3
omHoro Ookxy. Ilpwmyomy MoxHa 1 mTeperpitucs.
ITepenbavaeTscsi, MO  KOHCTPYKINSL  HArpiBajbHOTO
eleMeHTy (3a TBEp/KEHHSIM BHUPOOHHUKIB) po3polieHa
TaKk, LI0 YHEMOXIIMBIIIOE CHajax MPeJIMETIB, IO
3HAXONAThCSA B mMpuMinieHHi. [Ipunaam indpadepBoHOTO
OMaNIOBaHHA  BXOAATH B Kareropito «B» 1o
NPOTUNOXEXHIH Oe3neni. [Ipy npaBUIbLHOMY pO3paxyHKY
MOTYXHOCTI, NPEIMETH, IO 3HaXOJATHCS B NPUMILICHHI,
HATPIBAOTBCS IMiJ] BIUIMBOM BHIIPOMIHIOBAHHS 10 25—
27 °C 3aJe’KHO BiJl TEIUIONPOBIAHOCTI. AJie JIOBOAWTHCS
3ycTpidaTtucs 3 AYMKOIO, IO HarpiB HaBiTb 10 Takoi
MHPHOI TeMIepaTypH He € Oe3MeUHuH Ui 00JIalHaHHS Ta

KoMpOpTy IIOAWHA. SK 3poOWTH BHUIPOMIHIOBAaHHS
M'SIKIITAM, PO3CisTHAM, KOMGOpTHUM? PO3MOAIMHATH MOTIK
BUIIPOMIHIOBaHHsI 110 TOBEPXHI JONOMAararoTh ONTHYHI
BigOMBaYi.

Sk jKepeno HarpiBaHHs y CHUCTEMi IOBEpXOHBb
OyzeMO BUKOPHUCTOBYBATH I'€HEPATOp BUIIPOMIHIOBAHHS, a
K TMpuiiMad Temyia obepemMo cMyry Ha IuiouuHi. [Ipu
IOMY TepeadavyaeThes, IO CIEMEHTH Tervlonepeaayi
HEOOMEXKEHI Y HalpsIMKy HOPMaJi TUIOIIWHI PUCYHKA.

HeoOxigHo Bm3HauMTH QOpPMY 1 pO3TalIyBaHHS
IOA0 HarpiBada mpo¢iIo MWTHIPUIHOTO pedieKTopa,
HasBHICTH SKOTO 3a0e3meunina O piBHOMIpHE HarpiBaHHS
TeIJIonpuiiMaya.

Jdnst po3p’s3aHHs 33j7adi NPHPOJHO BBAXKATHU, IO
KIJIBKICTh TEIIOBOI €HEprii, 10 JocsATae TeronpuiiMaya,
CKJIQJIa€ThCSl 3 JIBOX YACTUH: Tiel i wacTuHu FE,, 10

HAJIXOJWUTH BiJl TEHEpPAaTOpa, a TaKOX YAaCTHHHU TEIUIOBOI
eHeprii E,, M0 HAAXOAWTH IO TEIUIOTNIPUIMAaYa ITiCIsA

BIiOUTTS Bix pediekTopa.

[MapagurmMol0  JaHOTO  TEOMETPUYHOIO  METOJa
BB)XKAEMO, III0 KOXXHHUH IPOMiIHb € HOCIEM TeIIoBOl
€Heprii, i MipO¥O TEIUIOBOTO MOTOKY € KITBKICTH MPOMEHIB
y OIMHUII 00’ eMy.

Juis  BUpimIEHHA TOCTaBICHOI 3amadi
OTIHCY€EMO TIPOMEHI, IO BiTOUTI KPHBOIO.

Hexait Maemo kpuBy Yy = f(X) i wkepeno npomenis

CIIOYATKY

y Touli S(Xo,yo). Touky magiHHS MPOMEHS Ha KPUBY
nosuaunmo sk M(z, f(z)), ne z — mapamerp. Takox

nosuauumo M =—f'(x) i

Xo —2)M+ Y, — f(2)

(
k:
m? +1

TeepmxeHHs. Touku S(XO, yo) i K(XZ, yz) OynyTh
po3TamoBaHi CUMETPUYHO BiHOCHO HOpMaITi
X-z

=Y - f(z) 0 KpuBOi y Touli M TOMi, KOJHU
OyayTh BUKOHYBATHUCS CTiBBiTHOIICHHS

X, =22 —X, +2km; 1)
y, =2f(2) -y, +2k- 2

Teepmkenns. Koopamnati Oyab-sfKOi TOYKM Ha
BiIOMTOMY TIPOMEHi (B 3aJIe)KHOCTI Bi «BifcTaHi — 9acy»
t) MaroTh BUTIIAL
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X(Z):z+w;

dOZ
V()= f(2)+ 2™ f(j»(“d‘”) -
TYT gy =y/(% =22+ (Yo~ F(2)°

Aoz =/ (%, ~2)% +(y, - F (2))? -

BuxopucroBytoun i
HallMcaHa Iporpama Juisi

®3)

(4)

CHIBBiTHOIIEHHS  Oyna

MOJCIIOBAaHHA

BimOuTHX Bix curycoinu (puc. 1).

1k

06
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0z

TIPOMEHIB

=)

=

Puc. 1 — MopnentoBaHHS IPOMEHIB BIIOUTHX Bil CHHYCOIIH
y=k(l—cosx):a—-k=07,6-k=06;8-k=0,8

Taka ¢opma BigOmBaua oOpaHa TOMy, IO came
dopmu cuHycoingm HaOyBae Tpodib 3THHY METaJeBOTO
JIUCTA, SIKIIO HOTO 3THHATH JBOMA TIOIOBXKHIMH CHIaMHu [3].

[lin d9ac KOMIT'IOTEPHHUX  CKCIIEPHMEHTIB 3
BiIOMBAaJbHUMH CHCTEMaMH OyJo BCTAQHOBJIEHO, IO
BiIOMTI POMEHI YTBOPIOIOTH HOBI T€OMETPHYHI 00’ €KTH,
SKi MalOTh Ha3BY KaTaKayCTHKa.

Ctporo BU3HAYHUTH KaTaKayCTUKY MOHa SIK OOBIHY
ciM’1 BIIOWMTHX NpsAMHX. 3ayBa)XHMO, L0 XapaKTEPHOIO
BJIACTHMBICTIO KAaTaKayCTUKM € TOYKa IIOBEPHEHHS
0o0BigHOI. bBymo BcraHOBNIEHO, MmO TOYKa UKepena
MPOMEHIB 1 TOYKA TOBEPHEHHS OOBIAHOI MiAITOPSIKOBAHI
METOTy 0OepHEHOTO TIPOMEHS i € aBoicTuMH (puc. 2) [4-6].

Puc. 2 — Toukn moBepHEHHS KaTaKayCTUKH I Pi3HUX (HopM
KpHUBOi

Jns Toro, mo0 3HAWTH JBOICTICTH HEOOXITHO
omHcaTH KaTaKayCTWKy. BpaxoByrodwm Te, IO BOHAa €
0OBITHOIO BIIOWMTHX TPsSMHX, I 11 omwCcy HEOOXiTHO
Oyi0 cKJIaCTH PiBHAHHSA CiM’1 BIZOUTHX MPOMEHIB.

TBepmxeHHs. SKmo mKxepeno po3TalIoBaHO B TOUI
S(Xs,ys) , TO MAEMO PIBHSHHS ciM’1 MPOMEHIB, BiIONTHX

kpuBoio L (o — 11e € kyt mix Biccio OX Ta 1oTH4HOO 10 L:
y=f(x) yr. M(z,1(2))).

D(x,y,2) = (y— f(z))(1+tg2a%)—(x— 7)x

S
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% (tg2o— A=Yy ¢ )
Z—X

S

TBepokeHHs. SIKIIO TOUKa S € HEBJIACHOIO, 1 HATIPSIM
[aJal0unX MPOMEHIB BU3HAYaIOTHCS BEKTOPOM

e{m, n}(m2 +n? :1), TO MaeMo

D(x,y,2) = (y— f(2))1+ %tgzw -

~(x—2)(tg20— 1) = 0. (6)
m

s onmcy 00BimHOI ¢iM’1 TPOMEHIB, IO BUXOISATH 3
TOYKA S SK JKeperna MPOMEHIB, 1 BIIOWTHX TJAJKOIO
IUISHKOIO KpHUBOi L, HEOOXiTHO BIIIYYHUTH mapaMmeTp Z i3
CUCTEMH HENiHIHHUX PIBHSHb.

D(X,Y,2) =0; cDZ' (X,y,2)=0-

Sk mpukimany HaBeAGHO pimeHHS IIiel 3amadi y
BUIAJKY, KOJM TOYKa S € HeBIacHOwo. SIKiio 3amaHa
KpuBa Y = f(X) 1 TIaJal0Yy IPOMEHI CIIPSIMOBAHI B3IOBK

BCKTOpa E{m, n} , TO Ma€MO OITMC KAaTAKAyCTHUKH:
[n—mf'(2)]° f'(2) N
21"(2)

(n—mf '(22)f)5m+nf'(z)) : )
(2)

x(z)=z-

[n—mf'(2)]*
2"(2)
_(n=m’@)(m+nf'@)F(2)
2f"(2) '

y(2)=f(2) +

(8)

BukopucroByroun dopmyiu (7) i (8) Oynu orpumani
00BinHI MIPOMEHIB, BigOUTUX Big CHUHYCOITN
y= k(l—cosx) B 3amexsocti Bixm i kpuBusHu (K)
(puc. 3).

Amnanizytoun  300pakeHHS  MOXHA  3poOHUTH
BHUCHOBOK, SKIIO JDKEPENO0 MPOMEHIB pO3TallyBaTH Y
TOYIll TOBEPHCHHS OOBITHOI, TO 3aBISIKU JIBOICTOCTI
BiIOWTI MpoMeHi CPOKYCYIOTHCS Y HEBIACHIH TOYII.

3 TEeXHOJOTIYHHX MIpKyBaHb JUII HAC Ma€ iHTEepec
Bumagok koo  k=0,7 (1). Skmo  mxepeno
BHUIIPOMIHIOBAaHHA PO3MICTHTH B TOYIlI IOBEPHEHHS
00BiIHOT, TO BiIOUTI CHHYCOiIOIO y:0,7072(1—cosx)
npoMeHi OyayTh CHpsSMOBaHI «Maibke IapalielIbHO
B310BXk oci Oy, nmpu4oMy, OpavHATa JKepesa IMPOMEHIB
Oyze Ha piBHI KiHIIB (hparMeHTa CHHYCOIiIH.

3a yMOBM BHKOHaHHS I[bOrO TBEp/KECHHS Ta
BHKOPHUCTOBYIOYH HaBEICHI HIDKYE CITiBBiAHOMIECHHS (9) i
(10) Oyma pospobiena mporpamMa OOYHCIIEHHS TOBXHHU
3rUHY S Ta BUCOTH 3rMHY H B 3ai1e)KHOCTI Bix moBXuHH L
METaJIEBOrO JINCTA.

Homxuna L*

cuHycoimu Y = k(l— cos X) Ha

OPOMDKKY —7t/2...71/2 HOpiBHIOE 3HAYCHHIO

L*:2j0n/z\/1+ x*sin® k2 dx. 9)

OGUHCITIMO JOBXKHHY 3THHY S JIMCTa 38 YMOBH, 110 K
ta L € Bimommmu. {11 1mporo HEOOXimZHO pPO3B’SA3aTH
iHTerpanbHe PiBHIHHS BigHOCHO S 3a cTanumu K i L.

2
L= 2_[;/ 1+ x*sin? k2dx.

§

s

(10)

T
3
[

5
—

o

0,8
0,9

0% 1

Puc. 3 — O6BinHI IPOMEHIB, BITOUTHX BiJl CHHYCOITH
y= k(l— cos X) B 3JIKHOCTI Bix ii kKpuBH3HH K
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BuxnmageHnit aHamITHYHUA MeTOX MOXe OyTu
3aCTOCOBAHO 0 BiAOMBAIOUMX IOBEPXOHB IHMHUX (HOpM.
[Momampmra poGora Oyme cmpsMoBaHAa Ha Te, MO0
MPUHHATH 110 yBaru peajbHI T€OMETPHUYHI IMapaMeTph
BUIIPOMiHIOBa4Ya (iCHYIOYOi IIPOMEHEBOI CHCTEMH), SKi
OIHOTO TMOPSIIKY 3 BigOMBayeM Ta MOJCIIOBaHHIM
BiIOMTHX NMPOMEHIB 32 3aJJaHUM 3aKOHOM, SIKUH 3aJIC)KUTh
BiJl BUMOT JI0 00’ €KTY.

BucHoBKkH. AHaimi3 pe3ynpTaTiB MOKa3aB, SKIIO
napaMeTpy 3TUHY JINCTa JOBXHHOIO L oOumciroBatH 3a
¢dopmymamu S = 0,9L i H = 0,2L, to Bim6GuBau Gyme
(YHKIIOHYBAaTH  HAJEXKHUM YHHOM  (CIPSIMOBYBATH
MPOMEHI TapaielbHO) Yy pa3i pPO3MIIICHHS JKepena Ha
piBHI BucOTH 3rUHY H.

TakuMm 4MHOM OyNO PO3MNISHYTO PIilllCHHS MPAMOT
3aj1a4i IPOMEHEBOi TeIulonepeaayi, a camMe BCTaHOBIICHI
nmapaMeTpu BiAOWMBAJILHOI CHUCTEMH Yy 3aJIC)KHOCTI Bif
BizomMoi popmu BinOMBaya.
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