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(57) 1. TOpl.\eBa cryniH4acTa eppe3a, Ha Kopnyci flKO"l

BCTaHoBneHi cryneHflMIt1 oKpeMi HO>Ki 3i 3MiHHIt1MIt1

KYTaMIt1B nnaHi ronoBHIt1X pi3anbHIt1x KpOMOK, Ben1t141t1-

HIt1 flKIt1X BIt1KOHaHO 3pOCTalO41t1MIt1 3i 36inbweHHflM

paAiyciB Kin, Ha flKIt1X BOHIt1 p03TaWOBaHi, flKa
BiApi3HfI£TbCfI TIt1M, ~o KYTIt1 Haxlt1ny ronoBHIt1X

pi3anbHIt1x KpOMOK BIt1KOHaHi HeraTIt1BHIt1MIt1, "Ix Benlt1-

41t1HIt1,a TaKO>KBenlt141t1HIt1nepeAHix KYTiB HO>KiB,BIt1KO

HaHi 3pOCTalO41t1MIt13i 36inbweHHflM paAiyciB Kin, Ha
flKIt1XBOHIt1p03TawoBaHi.

2. TOpl.\eBa cryniH4acTa eppe3a 3a n.1, flKa BiApi3HfI-

£TbCfI TIt1M, ~o ronoBHi pi3anbHi KpOMKIt1HO>KiBBIt1KO-

HaHi AyroBIt1MIt1 onYKIlIt1MIt1.

""
BIt1HaxiA BiAHOCIt1TbCfl AO ranY3i MawIt1H06YAY-

BaHHfl Ta MO>Ke 3acTocoBYBaTIt1cb nplt1 06p06l.\i nno-

CKIt1XnOBepxoHb AeTanelil.

BiAoMa TOpl.\eBa cryniH4acTa eppe3a [1]. TlK i BIt1-

HaxiA, ~o nponoHy£Tbcfl, iHcTpyMeHT-aHanor Mae:

BCTaHOBneHi Ha Kopnyci cryniHflMIt1 OKpeMi HO>Ki 3i

3MiHHIt1MIt1KYTaMIt1 B nnaHi rOnOBHIt1X pi3anbHIt1X KpO-

MOK.

Ane Ha BiAMiHy BiA iHCTpYMeHTa-BIt1HaXOAY, Bi-

AOMa TOpl.\eBa cryniH4aCTa eppe3a Mae: Ha OKpeMIt1X

cryneHflx HO>Ki3 ronoBHIt1MIt1 pi3anbHIt1MIt1 KpOMKaMIt1 3

KyTaMIt1 B nnaHi, Benlt141t1HIt1flKIt1X BIt1KOHaHO3MeHwy-

BaHIt1MIt1 3i 3pOCTaHHflM paAiyciB Kin, Ha flKIt1X BOHIt1

p03TawoBaHi. TaKe BIt1KOHaHHfl iHcTpyMeHTa-aHanora

nplt13BOAIt1Tb AO 36inbweHHfl KOnlt1BaHb Benlt141t1HBep-

TIt1KanbHo"l cKIlaAoBo"l clt1nlt1 pi3aHHfl Ta AeepopMal.\ilil,

nOpOA>KeHIt1X 3MiHHicTIO Benlt141t1Hnplt1nycKy peanbHIt1X

3aroToBOK. TOMy HeAoniKOM aHanory e: HIt13bKa

T04HicTb epOPMIt106p06neHIt1X nnO~It1H AeTanelil.

Halil6inbw 6nlt13bKOlO 3a cyKynHicTIO Cyne:BIt1X

03HaK AO BIt1HaxoAY i BIt16paHOlO flK npOTOTlt1n e: TOp-

l.\eBa cryniH4acTa eppe3a [2]. npOTOTlt1n, flK i 3anpo-

nOHOBaHlt11i1 BIt1HaxiA, Mae: Ha Kopnyci BCTaHOBneHi

cryneHflMIt1 OKpeMi HO>Ki3i 3MiHHIt1MIt1KYTaMIt1 B nnaHi

ronoBHIt1X pi3anbHIt1X KpOMOK, Benlt141t1HIt1flKIt1X BIt1KOHa-

HO 3pOCTalO41t1MIt1 3i 36inbweHHflM PaAiyciB Kin, Ha

flKIt1XBOHIt1p03TaWOBaHi.

3Ba>Ka1041t1Ha 3Ha4HY 3MiHHicTb Benlt141t1Hnplt1ny-

CKy peanbHIt1X 3arOTOBOK, Ha HaflBHicTb niABIt1~eHo·1

TBepAOCTi "Ix nOBepXHeBIt1X wapiB, Ha yMOBIt1 4aCTO

HeBIt1COKo"l3aranbHo"l >KOpCTKOCTiTexHonori4Horo na-

Hl.\lOra, CKIlaAeHoro i3 3arOTOBKIt1, TOpl.\eBOT eppe31t1,

nplt1cTocyBaHb Ta BepCTaTa, nplt1 06p06l.\i AeTanelil

BIt1HIt1KalOTb3MiHHi Benlt141t1HIt1AeepopMal.\ilil y BKa3a-

HOMy naHl.\103i. BOHIt1 Cyne:BO noripWYIOTb T04HicTb

AeTanelil - T04HicTb epOPMIt1 i p03MipiB nnO~It1H Ta Tx

BiAHOCHoro nOnO>KeHHfl, a TaKO>KCnplt141t1HfllOTb BIt1HIt1-

KHeHHfl XBlt1nflCTOCTi Ha 06p06neHIt1X nOBepxHflx.

TaKIt1M 4It1HOM, HeAoniKOM npoToTlt1ny e: HIt13bKa

T04HicTb epOPMIt1i p03MipiB Ta BiAHOCHOro nOnO>KeHHfl

06p06neHIt1X nnO~It1H.

MeTOIO 3anponOHOBaHoro BIt1HaxOAY e: niABIt1~eH-

Hfl T04HOCTi epOPMIt1, p03MipiB Ta BiAHOCHOro P03Ta-

wyBaHHfl 06p06neHIt1X TOpl.\eBOIO cryniH4acTOIO eppe-

3010 nnO~It1H AeTanelil, a TaKO>K 3HIt1>KeHHfl ·IX

XBlt1nflCTOCTi.

B OCHOBy BIt1HaXOAY nOCTaBneHa 3aAa4a BAOCKO-

HaneHHfl TOpl.\eBo"l cryniH4acToT eppe31t1 wnflXOM MO-

Alt1epiKal.\iT KOHCTpyKl.\i"l Ta reOMeTplt14HIt1X napaMeTpiB

HO>KiB(oKpiM KYTa <p B nnaHi), 3aBAflKIt1 flKIt1MAOCflra-

e:TbCfl 3MeHweHHfl i cTa6ini3al.\ifl HopManbHoT CKIla-

AOBO·I clt1nlt1 pi3aHHfl Ta AeepopMal.\ilil nplt1 pi3aHHi pea-

nbHIt1X 3aroToBOK. 3a paxyHOK l.\bOro niABIt1~ye:TbCfl

T04HicTb epOPMIt1, p03Mipy Ta BiAHOCHOro p03Tawy-

BaHHfl 06p06neHIt1X nnO~It1H AeTanelil, 3MeHwye:TbCfl

XBlt1nflCTicTb Ha HIt1X.

nOCTaBneHa 3aAa4a Blt1piwye:TbCfl TIt1M, ~O B TO-

pl.\eBY cryniH4acry eppe3y, Ha Kopnyci flKOT BCTaHOB-

neHi cryneHflMIt1 OKpeMi HO>Ki 3i 3MiHHIt1MIt1KYTaMIt1 B

nnaHi ronoBHIt1X pi3anbHIt1X KpOMOK, Benlt141t1HIt1flKIt1X

BIt1KOHaHO3pOCTalO41t1MIt13i 36inbweHHflM paAiyciB Kin,

Ha flKIt1X BOHIt1 p03TaWOBaHi, BBeAeHi HOBi cyne:Bi

03HaKIt1. 3riAHO 3 BIt1HaXOAOM, KYTIt1Haxlt1ny ronoBHIt1X
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pi3anbH~X KpOMOKB~KOHaHiHeraT~BH~M~, Ben~4~H~
s:lK~X,a TaKO}l{Ben~4~H~ nepeAHix KYTiBHO}l{iB,B~KO-
HaHi 3pOCTaI04~M~ 3i 36inbWeHHs:lM paAiyciB Kin, Ha
s:lK~XBOH~p03TaWOBaHi,

3anponOHOBaHa KOHCTPYKl..\is:lTOpl..\eBo"iCTYniH4a-
CTO"ieppe3~ nopoA}I{ye nOs:lBY"np~T~CKH~X" c~n, s:lKi,
B3aeMOAiI04~ 3i 3B~4a~H~M~ "BiAT~CKH~M~"c~naM~,
CTBOPlOlOTbnpoMi}l{H~~ 04iKYBaH~~ pe3ynbTaT - 3Me-
HWeHHs:li cTa6ini3al..\ilO 3aranbHo"i HopManbHO'1CKna-
AOBO"ic~n~ pi3aHHs:lTa B~Kn~KaH~XHelOAeepopMal..\i~,
3aBAs:lK~ I..\bOMY,KiHl..\eB~MTexHi4H~M pe3ynbTaToM i
6YAe niAB~Ll.\eHHs:lT04HOCTi epOPM~, p03MipiB Ta
BiAHocHoro nOnO}l{eHHs:l06p06neH~X nnOLl.\~HAeTa-
ne~, a TaKO}l{3H~}I{eHHs:l'IXXB~ns:lCTocTi.

AOAaTKOB~~eepeKT3MeHWeHHs:li cTa6ini3al..\i"iHO-
pManbHo"i CKnaAoBo"i c~n~ pi3aHHs:lAOCs:lraeTbCs:l3a-
BAs:lK~B~KOHaHHIOronoBH~x pi3anbH~X KpOMOKHO}l{iB
AyroB~M~ onYKn~M~,

CYTb B~HaxoAY nOs:lCHlOeTbCs:lKpeCneHHs:lM~,ne-
peniK KpecneHb:

Ha epir.1 3aranbH~~ B~rns:lA TOpl..\eBo"i
CTYniH4acTO"ieppe3~;

Ha epir.2 - p03pi3 A-A epir.1 ;
Ha epir.3 - p03pi3 5-5 epir.1 ;
Ha epirA - p03pi3 B-B epir.1 ;
Ha epir.5 - B~A r Ha epir.1 ;
Ha epir.6 - B~A A Ha epir.1 ;
Ha epir.7 3aranbH~~ B~rns:lA TOpl..\eBo·1

CTYniH4acTo"i eppe3~ 3 AyroB~M~ onYKn~M~
pi3anbH~M~ KpOMKaM~.

B Kopnyci TOpl..\eBo"iCTYniH4aCTO'1eppe3~ 3aKpin-
neHi HO}l{i3 ronOBH~M~ pi3anbH~M~ KpoMKaM~ 1, 2, 3,
.,. i, p03TawoBaHi CTYniHs:lM~Ha Konax 3 paAiycaM~
R1, R2, R3, R; Bi,l¥10BiAHO, np~40MY
R1<R2<R3<...<R;. 3pOCTaHHs:lpaAiyca p03TawyBaHHs:l
pi3anbH~X KpOMOKHO}l{iBBiAnOBiAae "ixCTYniH4acToMy
BiAAaneHHIO BiA 06p06neHo"i nnOLl.\~H~ AeTani, s:lKy
epopMye Hi}l{ 3 pi3anbHOlO KpOMKOIO1. KYT~ B nnaHi
ronoBH~x pi3anbH~x KpOMOK1, 2, 3, ... i Ha CTYniHs:lX
B~KoHaHi piBH~M~ <P1' <P2' <P3' ... <Pi BiAnOBiAHO,

np~40MY <P1< <P2 < <P3 < ... < <Pi .
POarns:lHeMOB~naAOK,Kon~ i = 3 (A~B. epir.1).
KYT~ Hax~ny A,1' A,2' A,3 ronoBH~x piaanbH~x

KpOMOK1, 2, 3 HO}l{iBB~KoHaHiHeraT~BH~M~. B I..\bOMY
B~naAKY, ariAHo a [3], piaaHHs:l n04~Hae cn04aTKY
H~}I{Hs:l- npoepinlO104aAins:lHKaHO}l{a,a nOTiM- ronoB-
Ha piaanbHa KpoMKa (A~B. epir.5 i epir.6 Ta paAianbHy
npoeKl..\ilO piaanbHo"i KPOMK~3 Ha epir.1). Ben~4~Ha
KyTiB A,1' A,2' A,3 Hax~ny ronoBH~x piaanbH~x KpO-

MOKB~KOHaHOapocTaI04~M~ ai a6inbWeHHs:lMpaAiyciB
Kin, Ha s:lK~XBOH~poaTaWOBaHi. LJ,iKYT~B~MipIOIOTbCs:l
B nnOLl.\~HaXpiaaHHs:lMi}l{ KO}l{HOIOa pi~anbH~X KpOMOK
Ta BiAnOBiAH~M~ OCbOB~M~nnOLl.\~HaM~.TinbK~ Ans:l
oCTaHHbo'l piaanbHo"i KPOMK~3, s:lKaMae KYTB nnaHi
<P3 = 90° , a aHa4~Tb i nnOLl.\~HYpi3aHHs:l,napanenbHY
paAianbHi~ npoeKl..\i·l,KYT'II Hax~ny Ha epir. 1 He cno-
TBoplOeTbCs:l. KYT~ Hax~ny A,1 Ta A,2 ronoBH~x

piaanbH~X KpOMOK1 Ta 2 BiAnoBiAHo, npoeKTYlO4~cb
Ha paAianbHy npoeKl..\ilO, nepeTBOplOlOTbCs:lHa KYT~

i1 Ta i2 (A~B. epir.1). Ai~CHi Ben~4~H~ KYTiBHax~ny

ronoBH~x piaanbH~x KpOMOK1 Ta 2, Ll.\0 BiAnoBiAHo
B~MipIOIOTbCs:lB nnOLl.\~HaX piaaHHs:l, Hax~neH~X B
nnaHi Ha KYT~ A,1 Ta A.2' nOKaaaHi Ha epir.5 Ta epir.6

BiAnoBiAHo.
nepeAHi KYT~ Y1' Y2' Y3 ~O}l{iBa ronOBH~M~ pi-

aanbH~M~ KpoMKaM~ 1, 2 Ta 3 BiAnoBiAHo, B~KoHaHi
apocTaI04~M~ ai a6inbWeHHs:lMpaAiyciB Kin, Ha s:lK~X
BOH~poaTaWOBaHi, T06TO aHaXOAs:lTbCs:lB aane}l{HoCTi
Y1< Y2 < Y3 (A~B. epir.2, 3, 4).

RK BapiaHT, ronoBHi piaanbHi KPOMK~ 1, 2, 3
HO}l{iB MO}l{YTb 6YT~ B~KoHaHi AyroB~M~ onYKn~M~
(A~B. epir.7).

TOpl..\eBa CTYniH4aCTaeppeaa npal..\lOeTaK~M 4~-
HOM.

P060Ta nOKaaaHa Ha np~KnaAi eppea~, Kon~
KinbKicTb HO}l{iB(i CTYniHe~) AopiBHlOe TpbOM, T06TO
i=3.

ronoBHi piaanbHi KPOMK~HO}l{iB1, 2, 3 p03Tawo-
BaHi Ha piaH~x CTYniHs:lXa KonaM~, Ll.\0MalOTbpaAiyc~
R1<R2<R3, i, xapaKTep~aYI04~cb KYTaM~ B nnaHi
<P1< <P2 < <P3' CTBOPlOlOTb"BiAT~CKHi" 4aCT~H~ HOp-
ManbHo"i CKnaAoBo"i c~n~ piaaHHs:lPy1>Py2>Py3, np~-
40My Py3=0. np~ B~KoHaHHi KyTiB Hax~ny ronoBH~x
piaanbH~x KpOMOK1, 2, 3 HeraT~BH~M~, Ben~4~H~
s:lK~XB~KoHaHi apocTaI04~M~ ai 36inbWeHHs:lM paAiy-
CiB Kin, Ha s:lK~X BOH~ poaTaWOBaHi, T06TO
A,1 < A,2 < A.3' cTBoplOeTbC51C~CTeMa "np~T~CKH~X"

4aCT~H HopManbHo"i CKnaAoBo"ic~n~ piaaHHs:lPn1, Pn2,
Pn3. LJ,ic~n~ CTBOPlOlOTbOCbOBY(HopManbHy AO 06-
p06neHo"i nOBepxHi) npoT~AilO "BiAT~CKH~M"c~naM, B
peaynbTaTi 40ro B~H~Kae cTa6iniaal..\is:lpeaynbTYlO4~x
c~n:
(Py1+Py2+Py3)-(Pn1+Pn2+Pn3)=const.

KpiM TOro, aaBAs:lK~B~KOHaHHIOnepeAHix KyTiB
HO}l{iBapOCTaI04~M~ ai a6inbWeHHs:lMpaAiyciB Kin, Ha
s:lK~XBOH~poaTaWOBaHi, T06TO Y1< Y2 < Y3' a TaKO}l{
B~KOHaHHIOronoBH~x piaanbH~X KpOMOKAyroB~M~
onYKn~M~, noninwyeTbCs:l KOMneHCal..\is:lCYM~"BiAT~C-
KH~X" c~n CyMOIO "np~T~CKH~X" c~n, T06TO aMeH-
wyeTbCs:laHa4eHHs:lpeaynbTYlO40'1KOHCTaHT~.

3aBAs:lK~ 3MeHweHHIO i cTa6iniaal..\i"i peaynbTYIO-
4~X HopManbH~x c~n np~ 06p061..\i nnOLl.\~Haanpono-
HOBaH~M~ TOpl..\eB~M~ CTYniH4aCT~M~ eppeaaM~
aMeHWaTbCs:li cTa6iniaylOTbCs:lBen~4~H~ AeepopMal..\i"i
aaroToBoK, eppea, np~CTOCYBaHbTa BepCTaTiB. LJ,e
AoaBon~Tb AOCs:lrT~aMeHWeHHs:laa [4] BiAX~neHb BiA
nps:lMoniHi~HoCTiB nnoLl.\~Hi (onyKniCTb, BBirHYTicTbTa
rB~HTonoAi6HicTb), a TaKO}l{ BiAx~neHb BiA napa-
nenbHOCTi 3 6aaOBOlO nnOLl.\~HOIOAO piBHiB noniB
AonycKiB aa 6-8 KBaniTeTaM~, T06TO cyneBo
niAB~Ll.\~T~ T04HicTb epOPM~, poaMipiB i BaaeMHoro
p03TawyBaHHs:l 06p06neHo"i nnOLl.\~H~ Ta aH~a~T~
XB~ns:lCTicTb.

np~KnaA.
MO}l{n~Ba cxeMa poanoAiny Ben~4~H KYTiB Ha

piaH~x CTYniHs:lXAns:l eppea~ a TpboMa HO}l{aM~HaBe-
AeHa y Ta6n~l..\i



Kyn1 HO>KiB
NQ pi3anbHO'i rOnOBHi pi3anbHi KPOMKl-lnepe,QHi KYTl-l

KpOMKl-l KYTl-l B nnaHi KYTl-l HaXl-l- ne3 y
<p ny A

1 5 ... 150 2 ... 120 O.. S
2 20 ... 500 15 ... 350 6 ... 120

3 60 ... 1000 40 ... 600 13 ...200

Y Bl-lna,QKax Bl-lKOHaHHH TOpl.\eBl-lX cryniH4aCTl-lX
eppe3 3i 3Ha4eHHHMl-l KYTiB3a BepXHiMl-l Me>KaMl-l (,Ql-lB.
Ta6nl-l1.\1O) MO>Knl-lBe ,QOCHrHeHHHnOBHo'i KOMneHCal.\i'i
"'Bi,QTl-lCKHl-lX"i "npl-lTl-lCKHl-lX" Cl-ln 3 HynbOBl-lM pe3ynb-
ry104l-lM 3Ha4eHHHM KOHCTaHTl-l. TaKa KOMneHCal.\iH
Bi,Q6yBaeTbcH 3a paxyHOK ni,QBl-l~eHHH KOnOBl-lX Cl-ln
Ta Cl-ln nO,Qa4i. KinbKicTb cryniHeLil peanbHl-lX TOpl..\e-
Bl-lX cryniH4aCTl-lX eppe3 MO>Ke6yTl-l 3Ha4HO 6inbwolO,
Hi>KTpl-l, HK B ,QaHoMy npl-lKna,Qi, a TaKO>Ki KinbKicTb

HO>KiB Ha KO>KHIl-l 3i cryniHeLil Te>K MO>Ke 6YTl-l
6inbwolO, ~O Bl-l3Ha4ae npO,QyKTl-lBHiCTb06po6Kl-l,
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