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Beryn

1. ¥V [1] npuBeaeHuii orasa JiTepaTypHUX JKepes
iHpopmamii, IO OMUCYIOTh METOIH, IapaMeTpH,
MaTeMaTH4Hi Ta (i3UIHI MOZAEI ONHUCYy HAHOMETPHUYHOI Ta
MIKPOMETPHUYHOI IIOPCTKOCTI HMOBEPXOHb TBEPIUX TiT 3a
JIOTIOMOTOI0  TEOPETUKO-MAaTeMaTHYHUX MOJENEH, TpH
bOMY 0C00JIHBO MPOYKTUBHUM BUSIBUIIOCS
BHUKOPHCTAHHS TeOPii BUMaIKOBOro moJs [2, 3].

2. ln1a  MaTeMaTHYHOIO  ONHCY  CTaTUCTUYHO
OJTHOPIHOT 130TPONHOT MoBepxHi B [4—9] npu mociimKkeHHi
MOBEPXHI OKeaHy npu xBuwitoBaHHi 1 B [10] npu BuBueHHi
130TpOMHO  TOBEPXHI TBEPAOTO Tila 3aCTOCYBald
BUIMAJKOBY (YHKIIO Al ABOX 3MIHHHX Z=Z(X,Y), siKa Ma€
aBToKopensuiiny ¢ynkuito (AKD) R(x,y) [10].

Jlomrer-T'irriHC ~ OTpWMaB  CIHIBBITHOMICHHS IS
MIUTFHOCTI TiKiB aHi30TPOIHOI TayCCOBCHKOI MOBEpXHi [7,
8], a B [4] posrismae muTaHHS PO KyTOBi KoedilieHTH Ta
TPaJliEHTH TaKOl IIOBEPXHi.

Haiisx [10] oTpumaB MaTeMaTH4Hi BHpPa3d s
IITBHOCTI MMOBIpHOCTEH pO3MOIUTY BHCOT BEpILIHH,
CepeHbOI KPUBUHHU Yy BEpUIMHI Ta IPAAI€HT 130TPOIHOI
MOBEPXHI, a TaKOK BHUCOTH Ta KPUBHHH MIKiB i KyTOBHH
KoeimieHT mpodimorpamu miei xkx mosepxHi. Kpim TOTO,
Haiisik [10] po3risiHyB METOAUKY 3HAXOKEHHS MOMEHTIB
CHEKTPAIIbHOI IITBPHOCTI 130TPOITHOI IMOBEPXHI 32 OJHIEIO
npodirorpamMoro, Kka BUMipsSHa Y JOBUTBHOMY HATIPSAMKY, a
TAaKOXX TIIOKa3aB BiIMIHHOCTI INIIBHOCTI IMOBipHOCTEH
BUCOT BEpIIMH TMOBEPXHI 1 MIKIB mpodigorpamu Bij
OUIKyBaHMX 3HAa4YeHb, KPUBUH BEpIIMH IIOBEPXHI Ta
KpuBHH mikiB npodinorpamu [10]. Haitsk [10] mokasas Ha
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3HAUHY CTATUCTUYHY PI3HHUIIO MIX JTAaHUMH MPOQiIorpamMu
Ta TIOBEpXHi, fKa 3pOCTa€E MO Mipi 3MIHM Mapamerpa
IIMPOKOCMYXHOCTI @ Bigx o g0 1,5, Bcranosiena
BIIMIHHICTh CTaTHCTHYHUX XapaKTEPUCTHK IOBEPXHI Ta
npodisorpamMu, WMOBIPHO, CYTT€Ba 1 Ui aHI30TPOIHOL
MTOBEPXHI.

3. Homanpmuiec  po3BUTOK mi  mgxomm Ui
MaTeMaTUYHOTO OINHUCY aHI30TPONHUX Ta i30TPOIHHUX
MoJieJied MIOPCTKUX IOBEPXOHb 3a JIOTIOMOTOI0 Teopii
BUIIAJIKOBOTO MO Ta KOHTAKTHHX SBUII OTPUMAalM B
pobotax AinGinaepa [11], Cementoka [12-36] ta Cipenka
[36-46], 3okpema B [12,36] oTprMaHi MaTeMaTHYHi
BHpa3u IJIS UIUIBHOCTI WMOBIPHOCTEH pPO3MOIiNY BHCOT
BEepPIIMH HAHO- Ta MIKPOHEPIBHOCTEH aHI30TPOIHHUX
HIOPCTKUX IIOBEPXOHb, 3 SAKHX BHUTIKAIM AaHAJOTIUHI
pesynprati Haiisika [10] mist i30TponHUX TOBEPXOHB, MPH
oMy aBTopH [12, 36] BUKOpHCTAIM MOJIEIb BUIIA[KOBOTO
oIl IIOPCTKOI IMOBEpXHi, He mMoB s3yroun ii 3 AK®D

SKOTOCh ~ IIEBHOTO BHJIY 1 HE BHKOPHCTOBYIOUH
NPUITyIICHASA, SAKi TOPUHHATI U1 OMKUCY TOBEPXHi
OHOMIPHHMH BUMAIKOBUMH (DYHKIIiSIMH a00 TOBEpXHi 3
CHITEHOIO aHI30TPOMIE0 i OpIEHTOBaHUMU
MIKPOHEPIBHOCTAMH, a TaKOX, HE INPHUIYCKalO4H MEBHOI
dbopmu HepiBHOCTEHA, B [12, 36] OTPHUMAaHO
CIIBBIIHONICHHs JUIA WIUIBHOCTI WMOBIPHOCTI BHCOT
BEpLIKH.

1. 3arajabHi o3HAaYeHHA

1. Hexaii aHi30TponHa MIOPCTKA MOBEPXHS ONKCAaHA
PIBHSHHSM:
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z=2(x,y), D
e Z — BUMAgKoBa (YHKIIS UIS JBOX 3MIHHHX X 1y

(BumazkoBe 1oe);

X, Y — IeKapTOBi KOOPIWHATH Ha CEPEIHIN TUTOIIMHI

BHCOT HIOPCTKOI TIOBEPXHi.

Arne pa3oM 3 THUM CTaTUCTHYHI XapaKTEPUCTUKU
HoBepxHi 3anexars Bix HampsmkiB 0 = arctg(k,/k,) ta
iHBapiaHTHI [0 TEpeMIlIeHHA I0YaTKy KOOpAWHAT Ha
noBepxHi (0OMHOPITHA TIOBEPXHS).

BunagkxoBa ¢yHKUis Z, fKa ONHCye TaKy IIOPCTKY
CTaTUCTHUYHO OJIHOPITHY aHi30TPONHY TOBEPXHIO, Ma€E
aBTOKOpersiiiiny  ¢yukmito R (X,y) 1 momyckae i
cnekTpanshuil po3kitan ®dyp'e @ (Ky, Ky) Ha rapmoHiiiHi
KOMIOHEeHTH, ne Ky, K, — KOMIIOHEHTH XBMJILOBOTO
BEKTOpa k , AKHHA OPIBHIOE k=2rn/M\3 JIOBXKWHOIO XBUII
A

2. MOMeHTH CHEeKTPaJbHOI IIUIBHOCTI. 3aBasKu
CTATUCTHYHIN OIHOPITHOCTI BHUIIAJKOBOi IOBEPXHI ii
XapaKTePUCTUKH MOXKHA BUPA3UTH 4Yepe3 MOMEHTH
CNEKTPaJbHOI LIIBHOCTI My, abo ix iHBapiaHTHI
xom6iHawii. CrexrpanbHa minsHicTs (CI) @ (Ky, ky) Mae
surix [8, 10]:

¥ ¥
1 N\ ’
27 Oy
¥ -¥

expl- i(xk, + yk, )] ixcly,

ne aBrokopesiiiny ¢yuknito (AK®) 3a Bu3HaYeHHSAM
[8, 10] 3anumemo Tax:

F(ke,ky) =
@)

L, L
R(X, y)—LlléQé 4LXLy Pg(xl Y1)’ "

’ Z(x1+>9y1+y)d>ady1-

SIKmo mopcTka TMOBEpXHS 130TpomnHAa, TO (YHKILS

R (X, Y) 3aIeXHTh NHIIE Big 3MiHHOI I =4/X% +y? i

3aJeXuTh Bif mossipHOro kyra 0 = arctg(y/x). 3BopotHe
neperBopenns Dyp’ e 3anucyerses Tax [8):
¥ ¥

ROV = O CF (kurky)’
¥ -¥
" exp| i (xk, + vk, )] ik,

3 Bupasy (3) Bummo, mo R (0,0)=¢° 1e ©°
IHCIIepCis, a 6 — CepemHe KBajaparthdHe (CTaHIapTHE)
Bigxunenns Bucotu HepiBHocteir [8, 10]. Tomy 3 (4)
BuTikae [8, 10]:

HC

4

¥ ¥

2 = O (F (kx.ky) dk,dk,,
-¥-¥
Bupaz (5) BingbuBae Te,

©)

mo o¢ynkuis @ (K, k)
2

BU3HAYa€ TOW BHECOK Y BEIMYMHY Hchepcii 67, sKi
IOIA0Th pizHi CIEKTpabHI KOMIIOHEHTH, 1110
BIAIIOBIMAIOTh XBWJISAM 3 XBWIBOBUM 4HciIoM K i
noBxuHamu [8]:
| =2p K 6)
Ta HanpsiMkamu [8]:
q =arctg(k, /ky). @)
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Jns i30TpomHUX TMOBEpXOHb (QYHKIIA @ 3amexuTh
TiNBKHY Bij 3MinHOT K = | K |.
Mowmentu CII] Bu3HauatoThes Tak [8, 10]:
¥ ¥

N\ N\
My, = Re () OF (ke ky Dk Pkdk, dk,
-¥ -¥
e Re — niiicHa yacTrHa 4ucia.
3rigno (8) MmaeMo: My = 6
3. Bupazu pas AK® uepes mp-momentn CIHI i3
criBBigHoeHs (8) 3a [12] MaroTh BUTIISL
* aHI30TPONHA NMOBEPXHS!

®)

RO0) =s *= (¥ (ke ky)kekydk,dk, =my;
¥-¥
p+q ¥
1 5 'z O (ke ky)kkdk,dk,
ﬂX ﬂy -¥-¥
%(0,0) =0, {-(00)=0
¥ ¥

(o 0)=- Oc‘f(kx,k )kzkodk,dk, == my;

7R IR PR
oy ——(0,0) =-my; 7(0’0);%2’ ?(010)—01
R R 'n R
17 (00)=0; 0,0)=0;
3y y2( ) " —(00)=
ﬂR(OO) My, (00) My, 1142R2(00) M,
0 sz 1) 2
4 4
ﬂ’lﬂs(OO) ms ﬂR<00) Mg

* i30TponHa MoBepXHS:
Moo=Mp;  Mae=Mg=My; My =My3=M3;=0; 3M=My=Mns=
=m, [8, 10].

4. 3arajgpHa Teopist BUNIAJKOBOI0 MOJIsI BUKJIA/ICHA B
[2,3]. Jlns iHTerpaibHUX MEPETBOPEHb BUKOPUCTAIN
[47, 48].

5.3a [10, 12] 3minni no3HaveHi Tak:

e,=z; e,=T2/1x; e; =92/ Ty; e, = 12/ 1x?;

es = 1%z/ Xy ; g = 1%2/Ty?, ©)

a 3mimmi t,r,j ,ef mnoB'sani 3 €,,€5,€4,€;
PIBHOCTSIMH:
e, =(t+r cosj )ml?; :J
es = (r sinj )mp?; !
s = (t- r cosj )md?; i/ (10)
ege 8L 01 2% _2-0_7j
Moo S S S S b

e e{ — HOpMOBaHa (SBS,I[eHa, IpHUBEACHA, 6e3p03MipHa)
BUCOTAQ,
G — CepeaHE KBajgpaTHU4IHE 3HAYECHHSA BUCOTHU

HEpiBHOCTE;
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Z, =0 —cepenns Ha cepeHil WIOmMMUHI (X, y).

6. Mera po6oTu noJisiraja B JeTajJbHOMY PO3TJIsiTi
MpOIETypH Ta OTPHUMAHHSA MaTeMaTHYHHUX CIIiBBiIHOIICHB
OUiKyBaHMX 3HAa4CHb CEPEeNHBOI KPHBHHH, IIOBHOI
KPUBHHH, TOJIOBHUX KPUBHH Ta CITiBBITHOIICHHS TOJIOBHUX

KPUBHH Yy BEpIIMHAX HAHO- Ta MIKpOHEpiBHOCTEH
IIOPCTKUX MOBEPXOHb TBEPAMX TiJ, 3MOJAEITHOBAHHUX
BUIIAJKOBUM  IIOJIEM, Ta OOTOBOPEHHS  O3HAYCHHSA

I30TPOMHOCTI 3a BIIOMHMH IIXOJaMH Ta 3a TEOPIEr0
BUIIAJKOBOI'O II0JIA.

II. TeopeTu4yHa yacTuHA

2.1. CepenHss KpUBHHA Yy BepIIMHAX HAaHO- Ta
MiKpoHepiBHOCTell  aHi30TponmHOI Ta  i30TpomHOI
HIOPCTKHUX MOBEPXOHbD.

1. 3a [10] o3Haummo cepenHw kpuuHy K
aHI30TPOIHOI TMOBEpXHI y Oyap-aKkiil ii Toumi K cepenHe
3Ha4YeHHs rojoBHUX kpuBuH K Ta K y miif Touni. Bizomo
[49],’1110 cyma kpuBuH nosepxHi K, ta Ky y nosimbHii
Toulli, OOYMCIeHHMX M OyIOb-IKHX JBOX B3aEMHO-
OpPTOTOHAJIBHUX HAMPSAMKIB, JOPIBHIOE CyMi TOJIOBHHX

kpusuH [10, 12]:

] , U
| 2 |
! 1z 1 !
) - 11
_1] ® Y 4
- 2: e ..203/2 e .203/2")'/,
tarfE00 el
fe eeg g eWay |

ne K, K; —To0BHI KpuBHHY,
K, K, —xpuBunn y Hanpsamkax oceit OX i OY.

. 1z _ 1z
VYV Bepumui Maemo -——=-—=0, ToMy cepeqHs
ix Ty
kpuBuHa nopisuioe [10, 12]:
_ 2 220
Km:'i?—zzﬂ—f?-1(e4+ee)—-tm§’f, (12)
28" Ty 2

ne t — ekBiBaJIeHTHA cepelHs KPUBHHA.
2. Buxopucrosywuu [10, 12], Bupas (13) 3 pobotu
[36] mmst wineHoCTI BUcOT BepinH Py, (€f) anizoTpomHOi

HOBEPXHI B TEPMiHAX €y,...,6g [12] mpencraBuMo Tak:

20,
€

Parm(®) = (20) 3D1’2exp§e el
12

el
" CH4es - e5)expeD—(D3e1e4 D,ees +

V e-12
D (13)
+De,e - 76ef +D,e s - Dgeyeg -
D D
- ?9e52 + Dyges - —= 2) de,de-deg ,

e
}e4<0' u
|

Vlee<0 y (14)
Te4e6 e5 3 Op

3amnumiemo ioro y Burisii [12]:

Pum(ef) ==p 3D Y2y m3?
. é Domyg A2
expa e t
pe 2D, —=0 (e’ (m
Vl

" exp(At® + Adtr cosj +Agtr sinj + (15

+ Agr 2cosj sinj + Agr

+Ayr 2cos?j + Aeft+ Aeff cosj +
+ Ajeft sinj )dtdrdj

26in2j +

e
10£] £20 ;0
Viit<0; (16)
'0£ r£-t b
de,degdeg = 2r m3,2dtdr dj . 17)
My, (Dg +2Dg +Dyy)
A= o— )
My, (Dg - D) _ My (D7 +Dyp)
A = ;A= ;
D12 D12
My, (Dg - 2Dg +Dyy)
- Dyo) Dymy,
A = R Ag=- 22, 18
D12 2D12 ( )
A, = (D; + Ds)(moomzz)ll2
D12 ,
a = (O3 Ds)(moomzz)llz
D12
A =- DA(moDon"zz)ll2 : /
12

A — netepminant marpui ( Nj; ):

ac-‘moo 0 0 -myp -my -mMepo
g 0 my my 0 0 0 =+
¢
(Ny) =€ 0 My My 0 0 0 + (19
9 My 0 0 myp my My -+

"My 00 my om, myl
"M 00 m, My My g
D=detN ; Dy, =MD, +mMyD; - myD, +my,Ds;
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My My My Mg My "My My My, "My My My,
D1=mll mOZ;Dzzrrbl My Mpgl; Da=|- My My Mgl Dy =-my My M),
My Mg My - My Mg My “Myp My My
My My Mg Mo -My - My Mo -~Myp - My
Ds=|-my My Myl Dg=-my My  mg | Dr=-my my my |
- Mgy My My "My Mz My "My My My > (20)
My - My - My My -My - My My -Myp -My
Dg=-my My My, Dg=|-My My My | Dpg=-My My Mg
My My Mg " Myp My My - Myp My Mg
My -Myp -My
Dy =-My My My . )
My Mg My
3. Anagoriuno (13), (15) 3uaiizemo cminbHY 3Bigku 3a mpouenyporo [10] oTpumaHo Bupas s
LIIBHICTE BUCOT BEPUIMH Ta CKBIBAJIEHTHHX CEpeIHiX LIITBHOCTI HWMOBIPHOCTEH pO3MOAINY BHCOT BEPIINH

CuiBBIIHOIIEHHS UIS  LIJIBHOCTI
PO3TOALTY BHCOT BEpPIINH p(e{) aHI30TPOITHOI MTOBEPXHI

KPUBHUH
HMOBIpHOCTEH

sHaiimemo 3a [10] OUISIXOM JiJIEHHS IIIJIBHOCTI BHCOT
BepunH Py, (e{) (15) Ha winbHicTs Bepumu D, Bupa3 s

SIKOT OTpUMaHoO B [4]:

plef) = Pym(ef)/ D (21)

Jc

1 . ,
D =Ep 2(L2L3)1/2[711/2[(1‘ L/ Lz)llz

“E(K)- (- L) UL (K]

U1(K), E1(K) — noBHi enintuuni inTerpanu Jlexanapa

(22)

1-ro i 2-ro poay [48]:
p/2
(23)
O 1- k28|n]
p/2
E,(K)= 0 /1- K?sin?j dj ; (24)
0
,A/2
8& L,/L;0
2/32 . (25)
1- L2/ng
L;>L,>L3—KopeHi piBHSIHHS;
32 2 é 1 5 M40
1 1
PLE - (my + L) > M =0, (26)
E - rnl ﬁ_m - |_9
a6o 43 - 3HL- D, =0;
_ 1( 2 )_
H =3 MyoMys - 4MaMyz +3My; |= —=, (27
e Mg =MyyMy, - 4mgymyg +3mp, . (28)
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aHi30TpomHOI IWopcTKOi moBepxHi [12]:

1 .1 3~
p(eﬂ):ZD N 3D1/2r‘r%/2

5/2 -
My,

. .0
¢ oS DoMog w2l o 2 .
expe ———(eH u cpxp(AtT + Aeft)dt
pg 2, (eh HG P(AL® + Azeft)
-t 2p
2
-ro)rar r +
dt Ord (yxp[A4 cos?j 29)
+A5r cosj sinj +A6r st +
+ (At + Agef)r cosj +(Ast+ Agefr sinj 1dj .
4. AnanoriyHo, 31iliCHUBIIM HOPMYBaHHSl (pyHKLii
Pym(ef,t), posmimuBmm i Ha D, oTpumaeMo cHoinbHYy

IIIIBHICTh HMOBIpHOCTEH 3MiHHUX €f it

p(e{,t)= Psum(e{,t)/ D.
CrioziiBaHe 3Ha4EHHS CepeHbOI KPUBUHHU y BEpIIMHAX

abo MIKpOHEpIBHOCTEH BHCOTOO  €f  amd
3HAWIEMO TaKUM

(30)

HaHO-
aHi3oTpomHOI MTOBEPXHI

yrHOM [12]:

HIOPCTKOL

)t plegt,r j )dtdr dj

—_ U2V
EK (ef) = - mpy’ —— ) 1 (3))
cpletit,r j )dtdrd
Vl
BpaxoByroun CHiBBIJHOIIEHHS UIS CHIJIBHOT
MIUTBHOCTI #iMOBipHOCTEH 3MiHHUX €f,1, T ,j  dopmymny

(31) mnst aHI30TPOMHOI MOBEPXHI MOKHA 3aIUCATH TAKUM
yrHOM [12]:

ft) :

Qlef

(efl:) =- gy p(

(32)
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ac
/2, 5/2 &
_ My mzz D,my,
ef) = expa e
QeH 0302 pg’ 2D, ( 9 {

0 -
’ (})texp(AL'[2 +A7e{t)dt6t2 -rH)rdr’
0

2p
[AAr COSJ +A5r cosj >sinj +

+ Agr 2sin?j + (At + Agefr cosj +
+(At+ Aepyr sin d ;
p(ef) — winbHICT, HMOBIPHOCTEH BUCOT BEPIIUH IS

HOPMOBAHOI BUCOTH HEpPiBHOCTI B Touwi €f (29).

5. BpaxoBywun, mo I8 i30TpomHOi MOPCTKOL
MOBEPXHi CIIBBiAHOIIEHHS I IIITFHOCTI BHCOT BEPIINH

[10]:
2
Pam(@1) = (ao)'svﬂzexpg e

1

’ C[de“ € - € exp} Eee—gDZ (e2+e2)+
4%6 - ©5 T 2e4m4D1 4 6
\

0,
2

+—ei +—=¢e/le, +eg)- e,e dedede,
m45 D, 1(4 6) m4D146%456
(33)

Jutst miisHOCTI Bepinud [7, 10]:
1 aM,0_ 1 am,o 34

8p\/_§M2g 6p\/_§mz

ne My, =myy+my,;

M, =Myg +2my; + My,
Ta A7 IUTBHOCTI HMOBIPHOCTEH PO3MOALITY BUCOT BEpPIINH
[12]:

P(E = Pan(®/D = (2p) Hac, )"

e cifes¢ oeng S e’

Q;\”"

-r )rdr oaxpé —-dr =

QE 0
27 _‘]0 +GP\/7\]1+2\]2L|—

3(2a - 3)
a2

ﬁ

(35)

[ G efl:

+expe ) da+ ) 3”2'0 leg? - 1]+
é s

Vo eps. e Yy B

VP epe 2(a-1)gu( +erfg) 3@}
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e C,=al(2a-3): a=mm,/m; szq\/? ;

inrerpanu Jo, Ji, J, npuseaeni 3a [10]:

é 2u
Jo = b expé (ele) ul+erfb);
¢

2C, @
Jﬁé,‘iexp[— C.(e?] : (eg’z ‘;
p € a(ep’u
J ex 1+ erf
*Ta0+c) e (-1)5( P

— 3 . = —a
e (o eF\/ 2a-1(2a -3

a inTerpanu iiMoBipHOCTEH MOXHOOK — 3a [48]:

erf (x) = _ 2.5 o t2)dt» 2 (x- X
Bw T N
1. x 1.x" 1.x° _
X X+ X— 1)
2°5 37 49
erf(¥)=1;

¥

erfc(x) =1- erf (x) = %p CPep(- t%)dt,

To/i 3a (opmynoro (32) 3amuIemMo CriBBiAHOMICHHS st
MareMaTH4yHOro CIIOJiBAHHS CEPENHbOI KPUBUHU Y
BEpILUHHI BUCOTOK €f st i30TponHoi moBepxHi [12]:

oK (o= |

é a—;- 2 9 u

eft 2 3(eft) 2—J1 +23,0
. écl C a (36)

¢ &l u

¢ § - 2—Jo+eg/ J +23, u

g u

e u

VY dopmyii (36) interpan J; npuBeaenwuii 3a [10]:

J3 = C11+l{eXp [‘ Cl(eft)2]+
+ J_1+ f g (F) UP
gvp (L+erfglexpe S 2a-D4)

JIyist TpaHUYHKUX 3HAYEHb 0. MAaTEMaTH4YHE CIIOJIBaHHS
cepenHbOl ~ KPUBHHM Y  BEpIIMHI  HaHO-  Ta
MIKpOHEPiBHOCTEH 130TPOITHOT HOBerHi JTOPIBHIOE

- nan a=15 EK(ef) = ef m4, (37)
TOOTO 3aJIKHICTh CEpeIHbOI KPHUBHHM Yy BEPIIMHI Bix
HOPMOBAHOI BUCOTHU BUCTYIIB €f € niHiliHOW;

— 8 Im
. —o0 EK :—‘/—4
AJIS 0—>00 m(eft) 3\p

TOOTO cepelHs KpUBUHA OJHAKOBA JJIS BCiX HOPMOBAHHX
BHUCOT BEPILUH.

(39)
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Jlnss HOPMOBAHOI CepelHbOI KPHBHHH Y BEpIIMHAX
HepiBHOCTE# i30TpornHoi moBepxHi dhopmynu (37) ta (38)
HaOyBarOTh BUTIISIIY:

EK (e 2
« s 0=1,5 M = ep\/: , ef® 0; (39)
Jmy 3
EK (e 8
* ISl 0—>00 m( ﬂ:) = :l504505(5) . (40)
Jymy 3\/5
ChiBBiTHOIIEHHS AN CEepelHbOi  KPUBHHH Yy

BEpIIMHAX HEPIBHOCTEH 130TPOMHOI MOBEPXHI y BEPIIMHI
HaHO- Ta MIKpPOHEpIBHOCTEH M TpaHMYHUX BHIAAKIB
cmiBmaaaoTs 3 [10].

6. Ha puc. 1l npuBegeHa 3aje:KHiCTh HOPMOBaHOI
cepenHbOol KPHBHMHHM 130TPOIHOI ITOBEPXHI Ul TEBHHUX
3HaueHp napametpa mupoxkocmyskHocti CIJ (0=1,5; 2; 3;
4; 5; 10; o) Bix HOpMoBaHOi Bucotu €f [10].

EE,,(¢))/ Jmy
30

2,5] 3

15 vy
2,0 Vi — A
5 / /" f.._" "
0 "*’gﬁmﬂé% T

:_','.J.:.’.--——-r“')t ; P
a5 —
/I

‘2.5 Z0-15 -10-Q5 0 Q5 10 15 20 25 30
1
Puc. 1. 3asnexxHiCTp 3HAUEHHS CIIOAIBaHHS HOPMOBAHOI
cepenHbOl  KPUBHHM Yy  BEpIIMHAX  HAaHO-  Ta
MIKpOHEPIBHOCTEHl ~ IIOPCTKOI  i30TPOIMHOI  MOBEPXHI
TBEpAOTO Tila TpPH PI3HUX 3HAYEHHIX MapaMeTpa
IIMPOKOCMY>KHOCTI 0 BiZl HOpMOBaHOi BUCOTH €f (uudpu
Oili1  KpWUBUX BIJNOBINAIOTh 3HAYCHHSIM
HIHPOKOCMYKHOCTI criektpy o) [10].

napamerpy

Ax BugHo 3 puc.l, BHCOKI MiKM HepiBHOCTEH
HIOPCTKOI 130TPONMHOI MOBEPXHI 3aBXKAW MalOTh OiNbIIY
CTIOiBaHY CEPEIHI0 KPUBHHY (MEHIINN pajiyc KPUBHHH Y
BEPIIHHI), Hi) HU3bKI MKH.

2.2.TloBHa KpUBHHA Yy BepUIMHAX HAHO- Ta
MiKpOHepiBHOCTeli  aHIi30TPpOmHOI Ta  i30TpomHOI
IIOPCTKHUX MOBEPXOHb TBEPAMX TiJl.

1. IToBna xkpuBmHa K Bu3HayaeTbest uepes
koedinienTy nepmoi i apyroi Gpopm Iaycca Takum 4uHOM
[13]:

:LN-MZ
QG- F2'

ne Bemmunan Q, F, G, L, M, N moxna Bupazutn uepes

(41)

3MiHHI €y,...,&5 [13]:
Q=1+e?:F = ezes,G 1+e2;L=e,(1+e? +e2) V2,
M =e;(l+e +e2) V2, N=e (1+el +e2) V2. (42

Tak sK y BepIIMHaX HaHO- Ta MIiKpPOHEPiBHOCTEH
aHI30TPOITHOI IMOPCTKOI MOBEPXHi BipHI CITIBBiTHOIICHHS:
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e,=0;e;=0;e,<0;e,<0;e,85-€230
criBBigHoweHHs (42) neperBoproetbes Ha Q=1; F=0; G=1;
e? [13].

2. IIpu nepexoni xo 3minaux ef ,t, r ]

, TO

L=ge4; M=¢5, N=g5 1, Bignosingno, K =e,eq -

1/2

ef=emyg “; u

i

e, = (t+r cosj )my? ;i
ooy 12, Y (43)

es = (r sinj )m3?; I

. i

= (t- r cosj Jmy? p

OTpHMAEMO BHpa3 s IIOBHOI kpuBKHH [13]:

K =my(t?-r%). (44)

3. loist aHi30TpOmMHOi MOBEPXHi 3HAYCHHS CIIOJ[IBAHHS
MTOBHOT KPUBUHH EK(e{) y BepIIMHAX HEPIBHOCTEH 3

HOPMOBaHMMH BHCOTaMu ef 3HaiifeMo TakuM ynHoM [13]:

My, (Rt - ¥ ) plegit.r j ) dtdr

_ Vi
qroplesit.r j otk d
A1
A, BpaxoByKOYHM BHUpa3 I CIUIBHOI  IIUIBHOCTI

fiMoBipHOCTeii 3minHMX €f,t,r ,] , Bupas (45) MoxHa

3amucaT TakuM yuaoM [13]:
e

p(ef) — wiIBHICTE AMOBIPHOCTEH PO3MOALTY BHCOT

(46)

e
BEPIIUH aHi30TPOIHOT
Bucotu ef (29);
S(ef) - dynxuis,
HOPMOBAHOI BUCOTH, MA€ BUTJISI;

MOBEPXHI JUII HOPMOBAHOI

3HAYEHHS SKOI 3alIe)KUTh BINX

2 5/2 <
_ my, D,myg 2U.
Step =22 opg. Dolo el
4°%0'?D @ 2Dy, 0

(‘jexp(A{[2 + A7e{t)dt-(‘f[2 -1 2)%rdr’
-¥ 0

p
’ (‘yxp[A4rzcoszj + Ar 2cosj osinj +
0
+ Agr 2sin?j + (AL + Agefr cosj +
+(At+ Aeyr sinj ]d

4. Ina i30TponmHoi OPCTKOI MOBEPXHi MIUIBHICTH
HMOBIpHOCTEN PO3MOILILY BUCOT BepinuH aopisHioe (35), a
byukuis S(ef) npuiimae Burisig [13]:

(47)
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2
S(ep = (?E(Z:p) exp[ C, e{t ]
0 | -t
’ (‘)axpg- %(Clt +C.eft) ;,d dt )rdr
-¥ 0
2p .. 1/2 } & 20
@ 120y _Ba)?1es | segfy
gyxpg r gj 2 }SC_er ca EJO+
 [E et i 4?_ 20,
8L a G o
-4e{l>\/7J1 8J2
(48)

[icns neperBopens (48), oTpuMyeMo yist i30TPOIHOT

noBepxHi [13]:

12314 2
step=GS 183 el
» 116G CA g
+ Eéﬁt'i' S(eg) l,J\]l' 4§i' 2%]0-
agt a g C o (49)

Bpaxoyroun Bupasu (35) i (49) orpumaemo Bupas st
CHOJIBaHHA TIOBHO{ KPHBHHM i30TPOIIHOi IOBEpXHI ¥y
BEpILHHI HEPIBHOCTI 3 HOPMOBaHOIO BUcOTOK €f [13]:

EK (ef) =

Ad0 \E E%éfr 3(2)

m §e3 3
3g&c? Ca 5°

e 0 {
1. 23], +eft EJl+2J2
&C, g a
(50)

5. Po3risineMo TrpaHMYHi BUNAJAKM CHIBBiIHO-
mennst (50) s i3oTponroi moepxHi [13], komu:
e 0=15

[eoxy ey eng

9
_l
2 8 4

(=N ey end

im, é o)
EK (e )=}_—4é 2lef 4% ef3 0;
3 glef) +exp e8] 1 g
0,ef<0;
(51)
40
e g—w EK (eft)z m4892\/_ - —x (52)
e 3g
Hdns  rpaHMYHHX ~ BHIAOKIB Ta  HOPMOBaHOI
(6e3po3mipHOi) TOBHOI KPHBHHHM BEpIIHH 130TPOIHOI
noBepxui cmiBBimHomenus (51) i (52) wabyBaroTh
BUTILALY:

920

U (121,5

EKfed) 116 olep’ i
=|—ée i - Ay, eﬂ:s 0

m, i £ 36(ef) +exp|- (ef)?]- gui;
0,ef<0;
(53)
El:n(e ) _ 392[ 29- 2130768282 . (54

Y

VY BUmajKy i30TpOMHOI MOBepXHi Aociimuau (puc. 2)
[13] 3anexHicTh cropiBaHHS HOPMOBaHOI (6e3po3MipHOT)
MMOBHOT KPWUBUHHU BEPIIUH EK(e{)/ M, Big HOPMOBAHOI

(6e3po3miproi) BucotH ©f TpH PI3HUX 3HAYCHHIX
napamerpa IIHPOKOCMYXKHOCTI CHEKTpy o. Sk BHAHO 3
puc. 2, TOBHA  KpHUBHMHA  I30TPONMHOI  ITOBEPXHI

301TBIIYETHCA 13 3pOCTAaHHSIM HOPMOBAHOI BUCOTH BEpIIIHH,
a 13 3pOCTaHHIM IOKa3HHKa HIMPOKOCMY)KHOCTI CIIEKTpY O
MIBUKICTH 3POCTaHHS TMOBHOI KPHBUHH 3MEHIIYETHCS 1 B
rpanngHOMY HabmmwkenHi (mpu a—oo) EK (e{)/ m, =const

s Beix ef [13].

KENF
mﬁ

0

8

Puc. 2. 3anexuicts

CHOJIBaHHA
KPUBUHHM Yy BEpIIMHAX HAHO-

HOPMOBAHOI  ITOBHOI
Ta MIKpOHEpiBHOCTEH
i30TPOMHOI MOBEpXHi Big HOpMoBaHOI Bucotu ef (umdpu
Ol KPUBHX BigNOBIJAIOTh 3HAYCHHIM
HIHPOKOCMYXKHOCTI criektpy o) [13].

napameTpy

2.3.Toq0BHI KpPWBHHHM Yy BepHIMHAX HAHO- Ta
MiKpOHepiBHOCTeli  aHIi30TPpomHOI Ta  i30TpomHOI
INOPCTKUX MOBEpPXOHb TBepaux Til. O3HavYeHHH
i3oTpomHocCTi.

1. Hexaii K;, K, — TeopeTuuHi rojoBHi KpuBHHH,
IIpH [IbOMY, O€3 BTPaTH CHiJIBHOCTI, mpuiiMemo, mo K <Ko,
a |=Ky/K, — reoperryHe CIIBBiIHOIIEHHS TOJIOBHUX
KPHBHH.

ExcriepumenTanbHo 3a mpodinzorpaMamu, 3HATHMH y
JIBOX  B3a€EMHONCPICHAMKYJSIDHUX  HampsMKax, 110
BiJINIOBITAIOTh TO3JOBXKHIM Ta MOIEPEYHIH IMOPCTKOCTI
TIOBEPXHI, BU3HAYAIOTH PAJlyCH KPUBUH y BEpLINHAX HAHO-
Ta MIKpOHEpIBHOCTEH Ta PO3paxoBYIOTh iX BIITHOIICHHS, 3a
SIKUMH W TIPUAMAIOTh TOJIOBHI KPUBHHU Ta X BiJHOIICHHS.

Hampsivku, B  sAkuxX 3HIMawTh npodinorpamu,
CKJIAMAaf0Th TMeBHUN KyT 60 (KyT MTOMHIKH) 3 miliCHO
TOJIOBHUMH HAINPSMKaMH, NPH [[bOMY €MIIIpHYHI KPUBUHH
k1 i kz 3a popmynamu Eitnepa Buznauarothes Tax [13]:
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k, = Ky cos’q + K, sin?q fl
T , Y (55)
k, =K;sin®q +K;cos"qp

CHiBBiTHOIICHHS EMIIPUYHUX TOJIOBHHX KPHUBHH
nopisaioe [13]:
_k, _ Kycos?q+K,sin?q _ | +tg?q
Iekc - k_ - . 2 2 - 2 ’ (56)
2> Kisin“g+K,cos*q 1%xgT
npu  1OpOMy  aOCoNIOTHa ~ TOMHJIKA — BH3HAYCHHS
CHiBBiTHOIIEHHS TOJIOBHUX KPUBHH CTAaHOBUTSH [13]:
2
Dp =lge - | =tg7g———, 57
. P (57)
a BiHOCHA omMmJKa ckianae [13]:
Dl _1-1°  tg?
Dp=—="—x—99 _400%. (s5)
| | Ixgq+1
Slcno, mo emmipuuni kpuBMHH K; i K, Ta ix

CITIBBimHOIIEHHS |y, € JHINE CTATHCTUYHMMM OIIHKaMH
teopernurux kpuBuH Kj 1 K; Ta ix criBBigHOMmIEHS |.

Ha pwuc.3 mokasana 3MiHa JorapupmMy BiITHOCHOL
moxuOku Ag Bif JorapuMy CIIBBiTHOIICHHS TOJOBHHX
kpuBuH | st kyra momuiku 0=1; 3; 5; 10° 3a TU(PPOBUMH
nmanumu [13].

InAg g

%5\‘1*9&\ 6

ﬁ\h«\ 0

\ A
\Q .
6
-8 -6 -4 -2 0
Inf

Puc. 3. Bmina norapudmy BigHocHoi moxubku (INAg) Bix
norapudmMy CriBBiHOMmEHHS ronoBHUX KpuBuH (INl) s
kyta mommiku 6=1; 3; 5; 10° (wudpu Oinst  KpUBUX
BIJIMOBIIAIOTh 3HAYCHHSAM KyTa OXUOKH 0).

Pesympratn, 1m0  TpeAcTaBieHI Ha  pHC. 3,
ampOKCUMYIOThCS ~ ITIOJIHOMaMH  6-To  TOpsOKy B
norapudMivnnx KoopauHatax (R? — koedimieHT anpokcn-
Martii) Ui KyTa IoXuOKu 0:

« 0=1° InAg=—0,0013(Inl)®-0,0348(Inl)*-0,3548(Inl)*~
—1,7783(Inl)*~4,5208(Inl)*-6,3663(Inl)-5,7941
(R?=0,9986);

« 0=3° InAg=—0,0013(Inl)®-0,0338(Inl)*-0,3441(Inl)*~
—1,7202(Inl)*~4,3618(Inl)*-6,1713(Inl)-3,5176
(R°=0,9988):

« 6=5° 1nAg=—0,0013(Inl)°~0,0339(Inl)>-0,345(Inl)*~
—1,725(Inl)*~4,3743(Inl)*>-6,1867(Inl)—2,5004
(R°=0,9988):

« 9=10" InAg=—0,0013(Inl)°~0,0338(Inl)>-0,3438(Inl)*~
—1,7196(Inl)>—4,3649(Inl)*-6,1881(Inl)-1,1147
(R?=0,9988);

Sk BUAHO 3 puC. 3, 3MiHA CIIBBIAHOIICHHS TOJOBHHX
kpuBrH Bix 1>0,030 (ams kyra momunku 0=1°), Bix 1>0,303
(ms 0=3°, Big 120,546 (s 0=5"), Big 1>0,766 (s
9:100) eKcriepuMeHTanbHui MeTo nae Ag=0,819-1,630%,
a 3a MeHIUX | BiIHOCHA TTOMMITKA 3HAYHO 3POCTAE, i THM
OubIne, YuM OUThIIKH KyT oMk 0: Big Ag=3,39% no
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Ag=60,94% mnpu 3wmini 1=0,008-0,0004 (w11 xyTa
TIOMUJIKHA 6=10); Bin Ag=2,13% 1o Ag=549,3% npu 3miHi
[=0,126 — 0,0004 (a5t KyTa HOMHIIKA 6=30); Bin Ag=2,28%
1m0 Ag=1530,9% mnpu 3mini 1=0,303 —0,0004 (mis kyrta
TIOMWJIKHA 9=50); Bin Ag=3,92% mo Ag=6218,1% mpu 3miHi
[=0,546 — 0,0004 (7151 KyTa MOMUIKH 6=100).

[TokaxxeM0o MeTOJ 3HAXOXKEHHS TOJIOBHUX KpUBUH Kj
i K, ta BigHomieHnust ronoBHux kpuBuH |=K,/K,, sxuii He
3B’ sI3aHUH 3 BU3HAYCHHSIM I03/]0BXKHBOT'O Ta MOMEPEYHOTO
HaMpsAMKIB IIOPCTKOCTI NMOBEPXOHB 1, BIAMOBIAHO, KyTOM
MoxXuoku 0.

2.Y BepmiMHaxX HaHO- Ta MiKpOHepiBHOCTeli OyeMo
Mmaru [13]:

* Ui CepeHbOT KpUBUHH 32 popmyoro (12):

v - 2% .
K, =-mot;
* JUISA TIOBHOT KPUBHMHHU 3a (opMyJI00 (44):
K :mzz(tz- r 2),

e My —MOMEHT YETBEPTOr0 IMOPSAKY CIEKTPaIbHOT

IITFHOCTI aHI30TPOIHOI MOoBepxHi mpu P=2, =2 [8,

10, 12];

t, p, @ — 3MiHHI, AKi NIOB'S3aHI 3 €, = 12z/x?;

eg = ﬂZZ/ﬂXﬂy; eg = ﬂzz/ﬂyz CITiBBiIHOIIEHHAMH

[12, 13, 36].

3. BUKkopHCTOBYIOYHN Bizome CHiBBiTHOIIEHHS
[13, 30, 50] mix moBHOtO K, cepentboio Km 1 TOJIOBHUMHA

kpuBnHamu  Kj;, K, gm1g  BepmuH < HaHO-  Ta
MikpoHepiBHOCTEH, oTprMaemo [13]:
— K /_2 — I 1/2,. _
— /2 12, _ 1/2 .
=-myt- mptr =Pt );
— K /_2 — 1/2,. _
- mite mr = mg2(e- o)
_Hy _t+r
TH, t-r’ (61)
2
4.T'on0BHI KpPUBHHH 1 BiAHOIIEHHS TOJOBHUX
KPHMBHMH aHI30TPOIHOI ITOBEpXHI y BEpUIMHI HAHO- Ta
MIKPOHEPIBHOCTEH BHCOTOIO €f BHM3HAUA€ThCA TaK
[13, 30, 50]:
+ Kylef) =K (ef)-
Copy plegit.r j )dear df
2 _V 62
R e omes vowr B
Cupy(est.r.j )dtdr dj
Vl
Ko (ef) = Kpy(ef)+
Copy et r j ) dtdr df
+ m%IZZ Vi (63)

cupylest.r.j )dtdr dj

Vi
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\\\%
t-r

—p(e{tt, r. )dtdr d

(ef)=——— ' (64)

copylest.r.j )dtdrdj

Vi

ne 06’ em (mpocrip) inTerpyBanns V(t, p, @) BU3HAYAE€THCS
HepiBHOCTsIMH [12, 36]:

| t<0
i tOET £-t
logj £2p.
AOGo 11 BeMYMHY BH3HAYAOThCS Tak [13]:
o=l m Tl e
K mi/2 T(ef) :
K, (ef) = Ky (ef) + my o(ed) (66)
W(ef)
I(eft) p(E{]:) ) (67)

Je QyHKuii T(e{) i W(e{) BU3HAYAIOTLCA TAKUM YUHOM

[23]:
1/2 5/2

Moo mzz

e 2moo 2U

& 2Dy, u

: T(eﬂ)‘

0
’ pr(AL'[2 + A7e{t)dt6t2 -rrdr”
¥ 0

2p
’ (‘)exp[AArzcoszj +Agr 2cosj sinj +
0

+Agr 2sin?j + (AL + Agefr cosj +
+(Ad+ Aepyr sinj ]dj ;

n.,%oz 5/2
= 4p3D1./2

(68)

expe 2moo(fl)

- W(e
(e = & 2Dy

U

0
’ c‘yxp(A&tZ + Aeff)dt c‘j’[ +r)2rdr’
-¥ 0

p
’ (‘jexp[A4r2coszj +Agr %cosj sinj +
0
+ Agr 2sin?] + (AL + Agefr cosj +
+(At+ Agepr sinj ]dj

ne A, Ap, Ay, ..., Ag—Bu3Haunuku [12, 36];

D — miineHicTs BepiuuH [7, 10];

Ay, ..., Ag—Bupasu [12, 36].

5. Ins i3oTponHoi moBepxHi BUpa3u AasA GyHKUiA
T(e{) (68) Ta W(e{) (69) mabyBarOTh TAKOrO BHUIJISILY
[13]:

(69)
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1/2

(2p)

5 (Gl +Caotgt

(3¢,

- T(ef = exp|- C,(e?]

é
i

N
ch/o

(70)

6

2
1 .

t2-r 2)r 2dr Oex‘ p 21 2%
32 2

_(3c)”?

()

§~ St +Cze{t)udt

N
cQy -

1/2

exp[ C,(efy ]

(71)

e =
K%/O %

-t 2p
N N 1 ,0,
t+r)2rdr cpxpes =1 2% .
d ?ex g 2 g
[Micns interpyBanns (70), (71) orpumaemo:
J3C, € u
Tlef)="—" é\/EJ4+3330 L (72
2p a\V2 g
w/ Q’f
L +2—J0
p &C g
3 N (73)
+e{t\/:J1 - 23, +2p Js 04,
a a

ne interpamu Jo, Jy, ..., Js HpPIBeZ[eHi 3a [10, 12, 13, 36]:

(B

=l ¢ (74)
1
- Jq =a{exp[— Cl(e92]+
(75)
+bJ_exp‘ (9 }
P ¢ a(Epu :
J, = 20+C) expg- 2@ - l)E|(1+erfg), (76)
s = Cz{ [ ( ](1+b
(77)
+\/_expg( )u(1+erfb)(b +30/2)};
é s
0
J, :exp[— Cl(eflaz]dtz - 3)°
e 1o 1 0 )
. — e ? 4 2 U,
erfg JE;, 8 > (c +C2e{[)Hdt,
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: J5—exp[ C,(ep ]6>erf§e%

[CHEReE

(79)

expg (Gt +Crefypct,
u

D; D

ne C =al(2a - 3); a =mm,/m; CZ:QE_

6. Buxoasiun 3 Bupasis (12), (14), (59) — (79) Ta
BHPa3iB 115 p(e{) i Km(e{) AJst i30TponHoi nmoBepxHi
[12, 13, 36] Bupasu it TOJOBHHX KPUBHH i
CIIiBBiHOIIECHHS TOJIOBHUX KPHWBHMH y BEpIIMHI HaHO- Ta
MIKpOHEPIBHOCTEH 130TPOMHOI IMOBEpXHI OymyTh MaTu
Burisi [13]:

Kiled= e

é 0 u
éi@ J + 2 3(e9) 2_‘]1_ J3' \/EJ40 (80)
_eC C a p 2 Q0
é s
~ % o -
g gl - 23, +e{t\/§Jl+2J2 3
& G o a v
m
- Kalef)= ?4
é S 2 u
ée—ft\/EJo 2 +3(e1¢) : 2—Jl+5J3 \/EJN (81)
. eC Va C1 2 q
€ o
é a
e a

+\/5\]5

a

%1 5 3 v (82)
= 23\]0 +GP\/7J1- 2J2
g a

&c,

Jc m4:3m22:m40:m04 — MOMCHT YCTBCPTOTO MOPAIAKY
CHEKTPaJBbHOI IIIbHOCTH i30TponHoi nosepxHi [10, 36].

7.BuzHaunMo Ui BeJMYMHM IS i30TPONHOI
noBepxHi npu o — oo 3a (80) — (82), Toxi inTerpanu Jg, Js
npuitMaroTe Burisy [13]:

o8- b

.0 ..
-3, —epr- Z(ep? (‘5t2- 3)erf§ izg
’ tzod'[ exp8 (e{l)zu' )
47%—-—+—arcctgf—
3
3" & 1o
J5—exp~ —(e{l) 6>erf§ —21
2
0 é 1 U &9
-—'[2 '[—-2\/7 ~ = z
expg exp 8 2 H
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Tomi, Qopmymn Ui pPO3paxyHKy HOPMOBaHHX
(6e3po3MipHMX) TOJOBHMX KpPUBHH 1 CITiBBiJHOIICHHS
TOJIOBHUX KPUBHH JUTsl 130TpomHoi noBepxHi 3a (80) — (82)
HabyBaroTh BUISILY [13]:

* 1pHU o — o0;
Kilef) _ += > \/E \/15 arcctgy2; (85)

Jm_4JE

jri]_GE _T_% P \/%arcctg\/_ (86)
il

3a (85), (86)
Ky(ef)

(e =

e K, (ef)

* mpu o =15 CHiBBIJHOUICHHS TOJOBHUX KPHBHH
JIOPiBHIOE

I(ef) » 0,333(3)... <1. (88)

8. Kpim Toro, mpoBeaemMo OmiHKY MaTeMATHYHOTO
CHOMIBAHHA  CHiBBiIHOLIEHHSI TOJIOBHMX KPHBUH
El (e{) 3a a1BomMa GopmMyJiamMu:

=2,/3- 3»0,464101615<1; (g7)

1) 3aminroroun y Bupasax (59) — (61) semmunnu K, Ky, K
iX MaTeMaTMYHUMH CIOJiBaHHSAMH, TOAI NPH O —> O
6ynemo matu [13]:

Kinle)- y[ER (e8] -

m(ef[:)+ \/[Elzm e{t ? -
»0,600<1,

ne E — cuMBOIT MaTeMaTHYIHOTO CIOIiBaAHHS;
2) 3aminoun y Bupaszax (62) — (64) senmunnu K i K5 ix

EK (ef)
EK (ef)

»

(89)

El_(eﬂi) » E

MaTeMaTHIHUMH ~CIIO/iBAaHHAMH EKl(e{) i EKz(e{) ,
TOJi MPH 0. — o0 OyAEeMO MaTH:

El (e )» M » 0,458...<1. (90)
EK,(ef)
2.4.O3naveHHs1 i30TPONMHOCTI HaHO- Ta MiKpo-

LHIOPCTKHUX MOBEPXOHb TBEPAUX TiJI.

1. IcHye nBi TOYKM 30py Ha MOHATTS i30TPOIHOCTI
MOBEpXOHb: 1) TPH CTATHCTHYHIN OIIHII MIOPCTKY
i30TPOMHY MOBEPXHIO BH3HAYAIOTH SK TOBEPXHIO, SKa
3MOJleNibOBaHa y Burisimi  Habopy chep [51-—59];
2) y Hu3ui pooit [2, 3, 60] po3yMitOTh i30TPOIHICTH B TOMY
CMHCIIi, SIK BOHA BU3HAYCHA B TEOPil BUMAAKOBOTO ITOJISL.

2.Y rTeopii BumagkoBoro moass Z=f(X,y)
{30TPONTHUM TNPHUHHATO HA3WMBATH IOJIE, aBTOKOpEIsLiiHa
¢byuxkuis R (X, y) [1, 10, 12, 36] sikoro 3aieKuTh JIUIIE Bij
smingoi I = (X° + y?)Y2 i He 3ane)uTh BiX MOTAPHOTO KyTa
0 = arctg(y/x), a ciekrpanpHa MUTBHICTE @ (kx, ky) [1, 10,

12, 36] 3anexuTh TinbKH Bix 3minHoi K © | k | [3].

3a Teopi€ro BUIAAKOBOTO IOJIs, i30TPOIHA MMOBEPXHS
ySBIISIE COOOIO TIOBEPXHIO, KA 3MOJIENIbOBaHa BUCTYIIAMH,
IO BiJPI3HSIOTHCS TOJIOBHUMH KPUBHUHAMH Yy BEpIIMHAX
HAaHO- Ta MIKPOHEPIBHOCTEH (HAMpUKIAL, LK YMOBY
3aI0BOJIbHSE ENINCOIAHA MOJEINb), HPHYOMY PO3MOALT
KyTa MOBOPOTY BUCTYIIB € piBHOMipHEM [3]. [Ipu Takomy
O3HAUCHHI  130TPONHOCTI Ha  ¢opMy HaHO- Ta
MIKpPOHEPIBHOCTEH He HaKIaayloThCs a Priori mesHi
0OMEKeHHS.
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3. i n1Ba 03HaYeHHA i30TPOMHOCTI HE € TOTOXKHUMH.
IToBepxHs Moke OyTH 3MOjeIbOBaHa HabopoMm cdep, a
aBTOKOpemsniiHa QyHkiis R (X,y) npu upomy Oyne
3aJIe)KaTH BiJ] MMOJIPHOTO KyTa 6.

4.13 o3HaYeHHA i30TPOmMHOCTI 3a iJEANBHOIO
CEepUYHOI0 MOJCIUTI0 BHTIKA€, IO s 130TPOMHOI
MOBEPXHI IOJIOBHI KPUBHMHU Ta CIIiBBIIHOLICHHS T'OJIOBHHUX
KPHUBHH JOPIBHIOIOTH.

Ki(ef) = K,(ef);
I(ef)= Ky(ef)

5.3a Teopielo BUmaaKkoBOro mojs Ajas i3oTpomHoi

K> (efl)
MOeJIi:

a) 3a Bupasamu (85) — (88) criBBiIHOIIEHHS TOJIOBHUX
KPUBHH JOPIBHIOE:

« npua— oo |(ef)» 0,464...<1;

« npna=15 l(ef)» 0333..<1;

6) 3a Bupazom (89):

« npna — o El(ef)» 0,600...<1;

B) 3a Bupaszom (90):

« npna— o El(ef)»0,458...<1.

6. TakuM 4YHHOM, iZeaJbHa cdepuyHa MOIEIb
130TpOIHOI TOBEPXHi, Mepeadavyaroyud, MO BCi BEPUIUHHU
HAHO- Ta MIKPOBHUCTYIIB MarOTh BUTISAA chep, MPUBOAUTH

(91)

=1 (92)

JI0 CIHIBBIJHOMICHHS TOJOBHUX KPHBHH I(e{)=1, a I
130TpOIHOI TTOBEPXHi, 3MOJICITFOBAHOI BUITAJKOBHM II0JIEM,

otpumyemo |(ef) = (0,333- 0,600) <1 (puc. 4).

Lol 1D Lol A
0,9
0,8
0,7F

0,6 0.6 2

0,458 0,51 3

0.457 s 2
0,333 53k
0,2F
0.1

1 | 1 1 | |
-3 2 4 0 +1 +2 43 g
Puc. 4. 3anexHicThb MaTeMaTHYHOT'O CIIOIiBAHHS

CIIBBIZHOIIEHHS TOJIOBHMX KPHUBHH Yy BEpIIMHI Bif
HOPMOBAaHOi ~BHCOTH HAaHO- Ta MIKpOHEpiBHOCTEH
130TpOIHOI MOBEPXHi TBEPAOTO Tijia, ONMUCAHOI 11€aITBEHOO
chepuuHoro Mozemno (1) Ta MOACIUTIO BUNAJKOBOTO MOJIS
(2-5) mpu MIHPOKOCMYKHOCTI criekTpy @ — oo (2-4) Ta
a=15(5).

7. i pe3yabTaTH 10BOJASITH, 10 B MOAE]i IOPCTKOT
MOBEPXHI Y BHINIAA 130TPONHOTO BHIIQAKOBOTO MOJISA
Hemae Michs cdepuuHiii Momeni. Y TOH ke yac Teopis
BUMAIKOBOTO TMOJSI HE BIIKUAAE TOTO IIOJIOKCHHA, IO
OKpeMi BEepUIMHM i30TPONHOI MOBEPXHI MOXYTh MaTH
BUIIIA] cdep, ane NoKa3ye, [0 BCi BEPIIUHNA OJHOYACHO HE
MOXYTb OyTH chepamu.

Bemnunny I(e{) MOXHA OTPHMAaTH OCEpEIHEHHIM

BEJIMYUH Ii(e{), ze Ii(e{) — CIIiBBIZIHOIIEHHS T'OJOBHUX
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KPUBHUH B i-Tili BepuuHi BUCOTOW €f . ScHO, 1o I(e{)
JOPIBHIOE ONWHUIN TUTHKH B TOMY BHIIQJKy, KOJH BCi
l; (e{) =1. Tax sx | (e@ <1, 10 i30TpomHa MOBEPXHS, IO
3MOJICJIbOBAaHA BUIAJKOBUM IIOJICM, Ma€ BEPIIMHH, IS
axux | (E{) <1, 10610 Mae Micue HasBHICTH HecHEPUIHUX
BHCTYIIIB, HATIPUKJIIA]T SITITICOITHIX.

BucunoBku

1. BuKOpHUCTOBYIOYH TEOPiI0 BUIIAIKOBOTO OIS JJIS
ONHUCY LIOPCTKMX MOBEPXOHb TBEPIUX TiI, OTPUMaHi
MaTeMaTH4Hi CIIBBIIHOLIEHHS ISl CEpeAHbOI, MMOBHOI Ta
TOJIOBHUX  KPMBHH Yy  BEpIIMHAX  HAHO-  Ta
MIKpOHEpiBHOCTEH, Tmpu 1HoMy 13 dopmyn s
aHI30TPOITHOI TIOBEPXHI BUTIKAIOTH CITiBBIIHOIICHHAS IS
130TPOITHOT TOBEPXHi.

2. IlokazaHo, 10 TMNpH TPaHUYHHX 3HAYCHHIX
MOKa3HUWKA IIMPOKOCMYXHOCTI crektpy (o) i30TpomHOi
IIOPCTKOI ~ MOBEPXHI  CIOCTEpiraeThcst abo  JiHifiHA
3aJIeKHICTh  CepelHbOi KPUBHHM Y  BEpIIMHI  Bif
HOPMOBaHOI BHUCOTH BEpUIMH IPH TI'PAaHUYHO BY3bKOMY
cnektpi (a=1,5), abo cepelaHs KpHUBHHA Y BepIIUHi
OJHAKOBa JUI BCIX HOPMOBaHMX BHCOT BEPLIMH IIPH
TPaHMYHO INHUPOKOMY CHEKTpi (0—00), a IJisl BETHYHHH
HOPMOBaHOi  CepeiHbOI  KPUBHHM Yy  BEpIIHHI
CIIOCTEpITaeThCS  3AJICKHICTH a00 IMIIe BiJ OJHOTO
napamerpa HOPMOBaHOI BHCOTH (A7 BY3bKOTO CIEKTpY:
a=1,5), abo 1 kpuBuHaA € cranowo i gopisHroe 1,5045...
(mst TIMPOKOTO CHEKTPY: 0—0). BHCOKiI MKMW HaHO- Ta
MiKpOHEPIBHOCTEH 130TPOIHOI IIOPCTKOT OBEPXHi 3aBXKIU
MAalOTh OUTBITY KPUBHUHY, Hi’K HU3bKI ITiKH.

3. VY Bumajky i30TpOIHOI IOPCTKOI MOBEPXHi MOBHA
KpUBMHA y BepIIMHI HaHO- Ta MIKPOHEpPiBHOCTEH
30UIBIIY€ETHCS 13 3pOCTAHHSAM HOPMOBAHOI BUCOTH BEPIINH,
a i3 3pOCTaHHAM NOKa3HHKA HOIMPOKOCMYKHOCTI CIIEKTpPY
(0) mBHIOKICTE 3pOCTaHHA MOBHOI KPUBHHH Y BEPLIMHI
3MEHIIYETHCS, TPH LIbOMY HPH TPAHUYHUX 3HAYCHHAX
MOKa3HUWKAa HIMPOKOCMY)KHOCTI CIEKTpy (0) HOpMOBaHa
[MOBHA KPWBHWHA Y BEpIIMHI 3aJeXHUTh a00 JHIIe BiX
OJIHOTO MapaMeTpa — HOPMOBaHOI BHCOTH (UIsi BY3BKOTO
cnekrpy: a=1,5), a6o € cranoro i gopisuroe 2,1307... (mis
[IHPOKOTO CIEKTPY: 0.—>0).

4. HopwmoBaHi rojloBHI KPHBHHH y BEpIIHHAX HAHO-
Ta MIKPOHEPIBHOCTEH i30TPONMHOI IIOPCTKOi MOBEpPXHI €
CTAJMMH BEJINMIMHAMH.

5. InmeampHa cdepuyHa Monenb B 3aralibHOMY
BUIIAJKy HE Ma€ MICI ITiJ] 4ac MOJEINIIOBaHHS HaHO- Ta
MIKpPOIIOPCTKOT ~ MOBEPXHI  I30TPOIHUM  BHITQJAKOBUM
mmoJyieM, 00 3aBXIIH, TOPYY 31 CHEPUIHIMHU BUCTYIIAMH, Ma€
MicIle HasBHICTh HechepwyHmx BuUcTymiB. llelt ¢akr
HEOOXiTHO BPaxOBYBATH IIiJ] 4ac OMHUCY (Pi3UKO-XIMIYHHX

SBHUII 1 TIpOIECiB, sKi BiZOyBalOTBCS HAa HaHO- Ta
MIKpPOIIOPCTKUX ITOBEPXHAX TBEPIUX TiJI.
Cipenko I''O. — mnpodecop, HOKTOp TEXHIYHUX HayK,

3aBiqyBau Kadeapu TEOPETHIHOT I IPUKIIAJHOT XIMIT;
Cemenwx M.@. — mpodecop, NOKTOp TEXHIYHHX HAYK,
npodecop Kadenpru MaIIMHO3HABCTBA,;

Conmuc JI.M. acmipaHT Kadeopu TEOpEeTHYHOI
MPUKIIATHOT XiMii.
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The mathematical description of anisotropic rough surfaces of solid states has been resulted using the model of
random field. It has been shown that from formulas for average, absolute, main curvatures and correlation of main
curvatures in peaks of nano- and microinequalities of anisotropic surface follow formulas for isotropic surface.
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