[Ipaktuune 3aHsaTT Ne 3
Cxaananns IM enemenTapHux ¢iryp ra ix KoMOiHanin

3 BUKOPUCTAHHAM TeOopil KBaTepHIOHIB

Mera 3aHATTA — 3aCBOCHHA BHKOPHMCTAHHA MAaTeMAaTHYHOIO anapary
KBaTePHiOHIB s ckiaaganusa IM (MM) esiemeHTapHUX
reoOMeTpUYHMX MPUMITHBIB.

3.1. KopoTki TeopeTu4Hi BiioMoCTi MPo Teopilo KBATEPHiOHIB IK MATEeMATUYHY
OCHOBY ckJaganHs inpopmaniiinux moaeaeit (IM) ckiaagoux I'BK

KBarepHioH — Iie BIOpsIIKOBaHA YeTBIpKa IIHCHUX YKCEN S, a, b, C, AKi 3B’s13aH1
3 yoTrpMa OasucHUMHM enemeHTamu 1, i, J, K (puc 3.1), 1110 MaroTh Taki BJIaCTUBOCTI:

iP=jP=ke=-1;ij=k jk=i;ki=j;ji=-k kj=-iik=-]. (3.1.1)

Omnepariii gomaBaHHs 1 BIJHIMAHHS KBaTEPHIOHIB BHU3HAYCHI TTOKOMIIOHEHTHO.
MHOXEHHSI KBaTEPHIOHIB BH3HAYAETHCS 3aKOHOM MHOKEHHS iX YSBHHX OJIMHHUIIb.
Bynp sikuil KBaTepHIOH MOKe OyTH 3alMCaHuid y BUTIISIAL

q=s-1+a-i+b-j+c-k (3.1.2)

ne i, J, K— ysBHI oMHHIII.
KoxxeH kBaTepHiOH ( MOXHa 3amucaTH y BUIJISI CYMH JBOX KBaTE€pPHIOHIB:

ckaspa (S) 1 Bektopa (a-i+b-j+c-k), TooTo:
d=s(q)+v(q)=[ scalar;(vector)], (3.1.3)

ne s(q) =S — ckayiipHa YacTHHA KBATEPHIOHA (;
v(q) = a-i+b-j+c-k — BekTopHa yacTuHa KBaTepHiOHA (.
Hanpukinan, y kBatepuioni (=3-5-i+4-K ckamsgpua yactuHa mopiBHIOE 3, a

BEKTOpPHA YaCTUHA JTOPiBHIOE —5-1+4-K.
[HOM1 KBaTEPHIOH 3pYYHO MPECTABISATH HAOOPOM YOTUPHOX YUCEI: SIK YHCIO Ta

3D-BekTOp, TOOTO SK TIMEPKOMIICKCHE YHCIIO 3 TPhOMA YSIBHUMH OJUHHIIIMA |, |, K,
10 MOKe OyTH 3alUCaHO Y BUTJISAIL:

q=[s,a,b,c]=[scalar, (vector) | =[s,(a,b,c) ] =

. . (3.1.4)
=s-1+a-i+b-j+c-k=s+v.
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Puc. 3.1.1. Qucnosi cucmemu ma b6asucti eiemenmu

IHOI1 JOCTaTHRO OOMEXKUTHCH JIMIIE OKPEMUM BUJOM KBATEPHIOHIB — BEKTOPOM.
KBarepnion (3.1.2) npuiiMae BU BEKTOpa y BUNIAAKY PIBHOCTI HYJIIO HOTO CKaJIIPHOT
YACTUHMU:

q(vector)=a-i+b- j+c-k;scalar =0. (3.1.5)

['eomerpuunuii 3micT omepariii 3 kBaTepHioHamu Buay (3.1.5) Bigmosinmae
r€OMETPUYHOMY 3MICTy onepauiii 3 BekTopamu. [Ipuyomy, HOBXKMHA BEKTOpA
v=a-i+b-j+c-k xparepniona ( B TPUBHMIpHOMY IPOCTOpPi BU3HAYAETHCA 34
Bupazom (3.1.6). Lleit BekTOp HampaBieHUH 3 Mo4YaTKy KoopauHaT O 10 Touku M 3
KoopauHaramu a, b, ¢ (puc. 3.1.3). Tomy:

v|=+a*+b® +c* (3.1.6)

e V — BEKTOpHA YacTuHa KBaTepHiony (3.1.4);

a, b, ¢ — xoopauHaTH Touku M, 110 3a1a€ HaPsMOK BekTopy (puc. 3.1.2).



[ImonmHa, axa
Oyme obeprarHch

Puc. 3.1.2. Ilpeocmasnenusn keamepuiony y euenadi gekmopa N i Kyma 0bepmanis a

Y

M(a,b,c,)

Z X

Puc. 3.1.3. Ilpuxnao posmawysanms eexkmopa N 8 mMpusuUMIpHOMY BPOCMOPI

[Ipu onucanH1 MOBOPOTIB KBATEPHIOH MPEJICTABISIOTH Y BUTIISII:

q(v,w)=cos§+v~sin%, (3.1.7)

1€ V — OMMHUYHUI BEKTOP, OJHOHAINIPABIEHUM 13 BICCIO TIOBOPOTY;
® — KYT TIOBOPOTY.

KBarepHion Hece B cobi iH(opMalito mpo 00epT Ha 3aJaHUi KYyT HaBKOJO
BEKTOPA, MOYATOK SIKOT'0 301ra€Tbcs 3 MOYATKOM MOTOYHOI CUCTEMH KOOpJMHAT (pHC.
3.1.2). Slkmo 3HaYeHHSA KyTa IO3WTHBHE (+0), TO 00EpT BiJAOYBA€THCA MPOTH
TOJIMHHUKOBOI CTPIIKH (AKIIO JUBUTHCH B HANPSIMKY, MPOTUICKHOMY HAMPIMKY
3aJJaHOTO BEKTOPA), B MPOTUBHOMY BUMAJKY (—0,) — 32 TOMMHHUKOBOIO CTPIJIKOFO.



BaxnuBa 0coONMBICTH KBATEPHIOHIB MOJSTa€ B TOMY, IO MiJAMHOKUHOIO
KBaTEPHIOHIB €:

- mivicui yucna (S, 0, 0, 0);

- KOMIUTeKcHi yucna (S, a, 0, 0);

- BEKTOpH B TpuBHMipHOMY mipoctopi (0, a, b, ¢) (puc. 3.1.3);

- IpU BUKOHAaHHI /11 MHOXEHHsS KBAaT€pHIOHIB HE BUKOHYEThCS 3aKOH
KomyTatuBHOCTI, T06T0 01 *U; # 0 - G-

Kpim Ttor, Tpu ysBHI OasucHi oauuuii i, j, K kBarepHioHa MOXyTh OyTH
IHTEpIpeToBaHi sK 0a3uCHI BEKTOpPU JEKAPTOBOI CHCTEMH KOOpPAMHAT Y
TPUBUMIPHOMY HPOCTOPI.

BaxxnuBuMu 1151 po3risigyBaHoi MpoOJieMu € Taki BIACTUBOCTI KBAaTEPHIOHIB SIK:

- KOMYTaTUBHICTh Ta acOIlaTUBHICTD 3a JI0JaBaHHSIM

- HEKOMYTaTUBHICTb 32 MHOYKCHHSIM

- aCOLIIATUBHICTDH 32 MHOXEHHSM,

- TUCTpUOY TUBHICTb.

ToOTo0, 3 BpaxyBaHHSM CKa3aHOTO BUIIIE:

1) xBaTepHIOHM KOMYTATHBHI Ta aCOLIaTUBHI 3a JI0/IaBaHHSIM:

0 +0, =0, + 0,
(G +0,)+0; =0, + (0 +0);
2) KBaTEpHIOHHM HE KOMYTATUBHI 32 MHOXKCHHSIM:
QO # Oz - G

3) KBaTepHIOHU acCOIIaTUBHI 32 MHOYKEHHSIM:

(00,) 0 # 6, -(0l - 0);
4) KBaTepHIOHU AUCTPUOYTUBHI:

%‘(qz +q3):q1'Q2 0 - Os.
Cdepuuna niHIHA IHTEPIIOJISIIS 3A1HCHIOETHCS 32 BUPA30M:

Sint- ), (3.1.8)

sin(w) "’

SLI (Ql’QZ’t) = (Ql ’Sin((l_t) a)) +Q2

ne Q.,Q, — Bektopm, mo Hanexars 4-D cdepi, MO MEPETUHAETHC TUIOLIUHOK P,
YTBOPEHOIO JaHMMM BeKTopamu Ta neHtpom koma, Pe€(Q,Q,,0) (puc. 3.1.4, a).
OdeBUIHO, MO MIYKAaHI TPHU THTEPIIOJSIT TOYKU OYIyTh HAJIEKATH JAaHIN TUIONIWHI;
@ — gyt mix Bektopamu Q ta Q,; t — oKaNbHMIA Yac.



P, —A

P,

a) 6) B)

Puc. 3.1.4. Cnpowena cxema cpepuunoi ninitinoi inmepnonsayii:
a) Hecnisnadinus moyox npu ainiuniu (L1) ma cpepuunii ninitiniti - inmepnonsiyii’ (SLI);
0) 4-D cghepa ma nnowuna, ymeopena éekmopamu Q ma Q, i yeHmpom Kona;
8) 6ud A na puc. 3.1.4, 6

3.2. OcobsuBocTi ckaaganus iHpopmaniiinnx moaenei eaxementis 'BK

[lomanus indopmamii npo crpykTypHi ckinamoBi ['BK y Buai BigmoBigHmX
iHpopMmamiitnux  mogmenedt (IM) xapakTepu3yeTbcs — peallizalli€el0  METOJUYHO
0OYMOBJIEHUX KPOKIiB B TaKii n0C1i008HOCHII:

— aHani3 KOHCMPYKYIL CK1a0o8oi;,

— cknadanns it max 36anoi cxemu s3amiwenns (C3), mobmo crknaoamms
HUMKOBOI MOO€Ii CKIA0060I;

eKBiBaNeHmamu 3 GUKOPUCMAHHAM 2eomempuynux npumimueis (I'11);

— cknadanus IM cxnaoosoi sax maxoi 3 ypaxy8awHsAM il MONCIUBOL PYXOMOCMI
abo Hepyxomocmi.

[Ipn cknamanni IM cknagoBux I'BK BpaxoByeTbcs Toil (akt, mo ¢opma
KOXKHOTO 13 cTpyKTypHUX eneMmeHTiB 'BK Moke OyTtm omnmcaHa 3 BHKOPHUCTaHHSIM
KIHIIEBOI MHOKHUHH elleMeHTapHuX reoMerpuunux npumitusis (I'T1), Gp skumu €;

- cthepa Se;

- mmaap Cr;

- konyc Ce;

- mapanenerrinen Pd;

- Tpanenis 1z,

- iX KoMOiHaIi# B TI000MY TIO€THAHHI.

Touka Bimtiky nipu onuci KoxHoro 3 I'TI ¢popmanbHO omHUCyeThCS Tak 3BaHOIO
npus’sa3y8aibHO MOYKol0 3 BIANOBIAHMMHU i koopauHatamu npu ix (I'TI)
NoJaIbIIOMYy (MOXKIIMBOMY) YHOPSIKOBAHOMY OIMCI:

Xep+Yopr Zg, |GP €(Pd, Cr, Se, Ce, Tz) (3.2.1)

Huxde mpecraBieHi MpUKIIaau OMKUCIB TEOMETPUIHUX TPUMITHBIB.
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Q Onuc I'll muny “cghepa’”:

XE Se: Xse, Yse, Zse, Rse

_______________

Puc. 3.2.1. baszose posmawysanus I'TI muny “cgpepa’ 6 CK enemenma I'BK

Tym:

’

Se — ioenmughixamop npumimusy Se (sphere) — “cipepa’”’;
Xse — posmawiysanusn chepu 630060c oci X ¢ CK enemenma E, moomo cgepu,

MM
Yse — posmautysanus cghepu 630061 oci Y ¢ CK enemenma E, um;
Zse — pozmauiysants cghepu 63006axuc oci Z 6 CK enemenma E, mm;
Rse — paoiyc cgpepu, mm.

Onuc I'll muny “yuninop”:

Cr: Xcr, Ycr, Zer, Rer, Ler

Xer, Yer, Zer

Puc. 3.2.2. basose pozmawysanns I'Tl muny “yunindp” 6 CK enemenma I'BK

Tym:

Cr — ioenmudhixamop npumimusy Cr (cylinder) — “yuninop”;

Xcr — posmautyeéanus yuninopa 63006dxc oci X 6 CK enemenma E, mm;
Ycr — posmawiysanns yuninopa 63006oxc oci Y ¢ CK enemenma E, mm;
Zcr — pozmauty8ants yuninopa 63006xc oci L ¢ CK enemenma E, mm;
Rer — paoiyc yuninopa, mm;

Lcr — dosorcuna yuninopa, mm.



Tym:

Onuc I'll muny “xownyc”:

Ce: Xce, Yce, Zce, Ree, rce, Lce

xCe, YCe, ZCe

Puc. 3.2.3. baszose posmawysanns I'TI muny “xonyc” 6 CK eremenma I'BK

Tym:
Ce — ioenmughixamop npumimuey Ce (cone) — “xownyc”;
Xce — pozmauwysarnns koHyca 63006xc oci X 6 CK enemenma E, mm;
Yce — posmauwtysanns konyca 63006dxc oci Y 6 CK enemenma E, mm;
Zce — posmautyanms kKoHyca 63006dic oci Z 6 CK enemenma E, mm;
Rce — zisuti paodiyc konyca, mm;
I'ce — npasutl padiyc KOHyca, MM,
Lce — dosorcuna xonyca, mm.

Onuc I'll muny “napanenenineo’:

! H
_Kf_;f_ff_if_jfézl%m_ﬁ) Pd: Xpd, Yrd, Zpd, Wed, Hed, Dpd

Puc. 3.2.4. bazose posmawysanus I'TI muny “napanenenined” ¢ CK eremenma I'BK

Pd — ioenmugpixamop npumimusy Pd (parallelepiped) — “napanenenineo’;
Xpd — pozmauysanHs napanenenineda 63006sic oci X ¢ CK enemenma E, mm;
Ypd — posmautyeanus napaneienineda 83006sc oci Y 6 CK enemenma E, mm;
Zpd — pozmautysanns napanenenineoa 63006xc oci L ¢ CK enemenma E, mm;
Wp4 — wupuna napanenenineoa, mm,

Hpd — 6ucoma napanenenineoa, mm;

Dpg — enubuna napanenenineoa, mm.



Onuc I'll muny “mpaneyisn’:

— /] [H2
*5b TZ: X1z, Y712, Z712, D13,
Tz Xe
----------- A
Hir, B Wz, Hl1z, H212, atz, b:
ZE _____ XTz, YTz, ZTz

Puc. 3.2.5. basose posmawysannus I'll muny “mpaneyis” ¢ CK enemenma I'BK
Tym:
Tz — ioenmudhixamop npumimuey Tz (Trapeze) — “mpaneyisn’”;
X1z — po3mauiysanus mpaneyii 63008c oci X ¢ CK enemenma E, mm;
Y1, — posmauwyeanus mpaneyii 63006xc oci Y ¢ CK enemenma E, mm;
Z1; — posmautyeanus mpaneyii 63006xc oci Z ¢ CK enemenma E, mm;
Dr; — erubuna mpaneyii, mm;
Wr; — wupuna mpaneyii, mm;
H1t, — nisa eucoma mpaneyii, mm;
H2t, — npasa eucoma mpaneyii, mm;
ar; —eiocmanv midc 6bazosoro siccio B ma yenmpom epani iz eucomoro Hl, mm;
br; — siocmans misie 6azoeoio siccio B ma yenmpom epani iz sucomoro H2, mm.

[Tpu motpeObi 3mianTu opieHTanio [Tl BkazyeTscsi KBaTepHIOH HOT0 Opi€HTAIll],
10 OMHUCYETHCA 3@ PaXYHOK 4-0X J0JaTKOBHUX MapaMeTpiB:

Q =[Sa, Xq, Yo, Zo]. (3.2.2)
Yap

Q=(s,Vv) = (s, vx, Wy, V) =
= (cos (a/2), vx sin (a/2), vy- sin (a/2),

Vz- sin (a/2))

a

[Tpuknan IM (MM) reoMeTpu4IHOTO MPUMITUBY THMY “ImiHAp” miamerpom S50
MM 3 0CbOBUM po3MipoM 200 MM 110 1 micist oro opieHTarii (00epTaHHs HaBKOJIO OCl
Y nHa 90° 3a rOAMHHUKOBOIO CTPUIKOIO MPU MOIJISIAL HA BICTPs Bicl Y) MpeiCcTaBIECHO
Ha puc. 3.2.6.



YE YE

Ze . X b\\XE
/. \\\ E ZE ] - \\
CR: 0,0, 0, 50, 200 CR:0,0, 0, 50, 200, 0.7,0,0.7,0
a) 0)

Puc. 3.2.6. Ilpuxnao onucy ma 6ionosionoi 3D-mooeni I'll muny “yuninop”:
a) be3 keamepHioHa opicHmayii;
0) i3 KeamepHiOHOM opieHmayii

3.3. BapianTu inauBigyaabHuUX 3aB1aHb
JUIS BAKOHAHHS NMPaKTUIHUX 3aBnanb Ne 3 ctyaeHTamu rp. AT-29Mm

. Ckiactu F€OMETPUYHOr0 TMPUMITHBY THUI JIA
1.C M (MM “K cepa)”
paaiycoMm 25 MM 3 JOBUIBHUM MoJIOkKEHHSIM B cucteMi koopauHat (CK) mporo
MPUMITUBY (OCI MO3HAYAIOTHCS 3 HUKHIM MPaBUM 1HAEKCOM FE), 10 TTOBEpHYTa
Ha 90 rpaayciB 3a TOAMHHUKOBOIO CTPLIIKO HABKOJIO OCl XE,
Cxkrnactu IM (MM) reoMeTpu4HOro NpUMITHBY TUITY “KyJiA (cdepa)” pamaiycom
MM 3 JIOBUIbHUM TOJIOKEHHSIM B CUCTEMI1 KOOPAUHAT [OI'0 MIPUMITUB
40 CK y
(ocl mMO3HAYAKOTHCSI 3 HWXKHIM TIpaBUM iHIEKCOM FE), mo moBepHyTa Ha 90
I'pajayciB 3a TOJMHHUKOBOI CTPLIKOK HABKOJO OCl Y,
Cxkrnactu IM (MM) reoMeTpu4HOr0 PUMITHBY TUITY “KyJiA (cdepa)” pamgiycom
MM 3 JOBUIBHUM TOJIOKEHHSIM B CUCTEM1 KOOPAUHAT bOr0 MPUMITUB
50 CK y
(ocl mo3HAYaAIOThCA 3 HIDKHIM TpPaBUM 1HAEKCOM F), mo moBepHyTa Ha 90 3a
T'OJIMHHUKOBOKO CTPUIKOIO TPayciB HAaBKOJIO OCl Zg,
Cknactu IM (MM) reoMeTpu4HOro NpUMITHBY TUITY “KyJif (cdepa)” pagiycom
60 MM 3 IOBUILHUM ITOJIOKEHHAM B cucteMi koopauHat (CK) nporo npumitus
y
(ocl TIO3HAYAKOTHCSA 3 HUXKHIM TpaBUM 1HAEKCOM FE), 10 MoBepHyTa Ha 45
rpaayciB MPOTH TOJAUHHUKOBOI CTPUIKK HABKOJIO OC1 XE,
Cknactu IM (MM) reoMeTpu4HOro NpUMITHBY TUITY “KyJif (cepa)” pagiycom
25 MM 3 JIOBUIBHUM TOJIOKEHHSIM B cucTeMi koopauHat (CK) 11b0ro npuMiTuBy
(ocl TO3HAYAKOTHCSA 3 HUXKHIM TpaBUM 1HACKCOM FE), mo mnoBepHyTra Ha 90
rpaayciB MPOTU TOJAMHHUKOBOI CTPUIKU HABKOJIO OCi YE,
Cknactu IM (MM) reoMeTpu4HOro NpUMITHBY TUITY “KyJif (cdepa)” pagiycom
55 MM 3 TOBUTBHUM TIOJIOKEHHSIM B cucteMi koopanHat (CK) 11boro npuMiTuBy
(ocl TO3HAYAKOThCSA 3 HUXKHIM MpaBUM 1HACKCOM F), mo mnoBepHyTta Ha 90
I'payciB IPOTU TOJUHHUKOBOI CTPUIKK HABKOJIO OCl ZE,
Ckrnactu IM (MM) reoMeTpuIHOTO MPUMITHBY TUITY “KYJIA (cdepa)”’ pamaiycom
52 MM 3 JIOBUTbHUM MOJI0KEHHAM B cuctemi koopauHat (CK) mporo npumiTuBy



(ocl MoO3HAuYaKOTHCS 3 HUXKHIM MpPaBUM 1HJIEKCOM FE), mo mnoBepHyTa Ha 90
rpaayciB MPOTU T'OJAMHHUKOBOI CTPUIKU HABKOJIO OC1 XE,
8. Ckmactu IM (MM) reomerpuyHOro NpPHUMITHUBY THIy “KyJasi (cdepa)”

10.

11.

12,

13.

14.

15.

16.

pagiycom 61 MM 3 JOBIILHUM MOJIOKEHHSIM B cucteMi koopauHat (CK) mporo
MPUMITUBY (OC1 TO3HAYAIOTHCS 3 HUXKHIM MPaBUM 1HIEKCOM E), III0 TOBEpHYyTa
Ha 90 TpaxyciB MPOTH TOAMHHUKOBOI CTPIJIKK HABKOJIO OCi YE,

Ckrnactu IM (MM) reoMeTpuyHOro MNPUMITUBY THUITY “HMJIIHAP” TOBXHUHOIO
52 MM 3 JOBITPHUMH IHIIMMH HOTO po3MipamMH Ta JOBUIBHUM HOTO
noyioxkeHHsiM B cucremi  koopamHat (CK) mporo mpumituBy  (OCi
MO3HAYAIOTHCS 3 HUKHIM npaBuM iHAekcoM E), mo nosepuyTta Ha 90 rpamycis
MPOTH TOJMHHUKOBOI CTPIJIKK HABKOJIO 0C1 XE.
Cknactu IM (MM) reoMeTpuyHOro NpuMITHBY TUIY “HWJIHAP” AlaMETPOM
25 MM 3 JOBUIBHUMH I1HIIMMHM HMOro po3MipaMH Ta JIOBUIBHUM HOTO
noyioxkeHHsM B cucteMi koopauHaT (CK) 1poro mpumituBy  (Oci
MO3HAYAIOThCS 3 HIDKHIM MpaBUM 1HJAEKCOM FE), mo mnoBepHytuit Ha 90
IpaayciB 3a TOMMHHUKOBOKO CTPIIKOI0 HABKOJIO OCi Zf,
Ckrnactu IM (MM) reoMeTprudHOro MPUMITUBY TUITY “HUMJIIHAP” JOBXKHUHOIO
130 MM 3 JOBUIBHUMHU IHIIMMHM HOTO po3MipaMu Ta JOBUIBHUM HOro
nojoxkeHHssM B cucreMi koopauHar (CK) 1uporo mnpumituBy (OcCi
MO3HAYAIOTHCS 3 HWXKHIM MpaBuM iHAEKcoM FE), mo mnoBepHyTuii Ha 90
I'pajlyCciB MPOTH TOJAUHHUKOBOI CTPLIIKK HABKOJIO OC1 YE,
Cknactu IM (MM) reoMeTpuyHOro NpUMITUBY TUMY “HWJIIHAP” AlaMETPOM
MM NOBUIBHUMH IHIIWUMHU HOT MIpaMHA Ta JOBUIBHHUM WOT
50 3 JI0BI 1 Ooro posMmipa a 0Bl oro
nosiokeHHsiM B cucreMi  koopauHat (CK) 1mworo mpumituBy  (OCi
MO3HAYAIOThCS 3 HWXKHIM MpaBuM 1HAeKcoM £E), mo mnoepHyTuil Ha 90
rpajayciB MPOTU T'OJUHHUKOBOI CTPUIIKU HABKOJIO OCl1 X,

JacTu T€OMETPUYHOTO MPUMITHUBY THIT i JOBKHUH
Cxiuactu IM (MM) reome oro 1 “DUTiHApP” IOBXUHOIO
66 MM 3 JIOBUIBHUMH IHIIUMH MOro po3MipaMH Ta JIOBUIBHUM HOTO
nonokeHHssM B cucreMi  koopjauHar  (CK) 1poro mpumituBy  (oci
MO3HAYAIOTHCS 3 HIDKHIM MpaBuUM 1HAEKcoM FE), mo mnoBepHytuid Ha 90
IpayciB IPOTU TOJUHHUKOBOI CTPLIKK HABKOJIO OCl XE,

Cknactu IM (MM) reoMeTpuyHOro MPUMITUBY TUMY “HMJIIHAP” AlaMeTpoM
77 MM 3 JOBUIbHUMM IHIIMMH MHOro po3MipaMH Ta JOBUIBHMM HOro
noyoxkeHdasiM B cucremi  koopamHat (CK) mporo mpumituBy  (OCi
MO3HAYAIOTHCS 3 HWXKHIM MpaBuM 1HAEKcoM £E), mo mnoBepHyTHil Ha 90
rpaayciB MPOTH TOJAUHHUKOBOI CTPUIKU HABKOJIO OCl YE,

Cknactu IM (MM) reoMeTpyudHOro IPUMITUBY TUIY “HMIIIHAP” JOBXKUHOIO
91 MM 3 JOBUIBHUMH IHIIUMH MOro po3MipaMH Ta JIOBUIBHUM HOTO
noynioxkeHHsiM B cucreMi  koopauHar (CK) uporo mpumituBy  (OCi
MO3HAYAIOThCS 3 HIDKHIM NpaBUM 1HJAEKCOM F), 1o mnoBepHytuid Ha 90
rpaayciB MPOTU T'OJAUHHUKOBOI CTPUIKU HABKOJIO OC1 X,

Ckrnactu IM (MM) reoMeTprudHOr0 TPUMITUBY TUIY “HUWJIIHAP” JOBXKUHOIO
86 MM 3 JOBUIbHUMH IHIIMMH MOro po3MipaMH Ta JIOBUIBHUM HOTO
nojoxkeHHssM B cucrteMi koopauHar (CK) 1mporo mnpumituBy (OcCi
MO3HAYAIOTHCS 3 HWXKHIM TMpaBuM iHAEKcoM FE), mo mnoepHyTHii Ha 90
I'pajayciB 3a TOJMHHUKOBOIO CTPIUJIKOIO HaBKOJIO OCl Zg,



17. Cxuactu IM (MM) reoMeTpuyHOro NPUMITUBY THUIY “HMJIIHAP” TOBXHHOIO
111 MM 3 [OBUIPHMMH IHIIMMHM KHOTrO0 poO3MipaMU Ta JOBUIBHHM HOTO
nonokeHHsiM B cucremi  koopauHat (CK) 1poro mpumituBy  (OCi
[O3HAYalOThCS 3 HHUXKHIM MpaBuUM 1HAEKCOM FE), mo noBepHyTuil Ha 90
rpalyCiB IPOTU TOJJMHHUKOBOI CTPIIKHA HAaBKOJIO OCl Y,

18. Cxuactu IM (MM) reoMeTpu4HOT0 IPUMITHBY THUITY “KOHYC” IOBXHUHOIO 85
MM 3 JIOBUIbHUMH 1HITUMH HOTO po3MipamMu Ta JIOBUIBHUM HOTO TOJIOKEHHSM B
cucteMi koopauHat (CK) mporo mnpumiTHBY (OCI MO3HAYAIOTHCS 3 HUKHIM
npaBuM 1HAeKcoM FE), mo noBepHyTHid Ha 90 rpamyciB 3a TOJAMHHHKOBOIO
CTPIJIKOIO HaBKOJIO oCi X,

19. Cknactru IM (MM) reoMeTpu4yHOro TMPUMITUBY THIY “KOHYC” 3
MaKCUMAJIbHUM J1laMeTpoM 85 MM 3 JIOBUIBHUMH 1HIIUMH MOT0 po3Mipamu Ta
JOBUIBHUM HOT0 MojoxkeHHsAM B cucteMi koopauHaT (CK) mporo mpumituBy
(ocl TO3HAYAIOTHCA 3 HWXKHIM TIpaBUM iHACKCcOM FE), mo moBepHyTuit Ha 90
rpajayciB MPOTH TOJAMHHUKOBOI CTPUIKK HABKOJIO OCi YE,

20. Cknactu IM (MM) reoMeTpruHOTO MPUMITUBY TUIY “KOHYC’ TOBXXHHOIO 35
MM 3 JOBUTbHUMH 1HITUMH HOTO pO3MipamMu Ta JOBUIBHHM MOTO TOJIO)KCHHSIM B
cucremi koopauHat (CK) mporo mpumiTeBy (OCi MO3HAYAIOTHCS 3 HUKHIM
npaBuM iHAeKcoM FE), mo moBepHyTHid Ha 90 rpamyciB 3a TOAWHHUKOBOIO
CTPIJIKOIO HAaBKOJIO oci Z,

21. Cxnactu IM (MM) reoMeTpuyHOTO NMPUMITUBY TUITY “KOHYC’ MaKCUMaJIbHUM
niaMmeTpoM 77 MM 3 JOBUJIBHUMH 1HITUMH HOr0 po3MipaMH Ta JAOBUIBHUM HOTO
nosioxkeHHsIM B cuctemi koopauHaT (CK) mporo npuMiTuBy (0ci Mo3HA4aI0ThCS 3
HIDKHIM [paBUM 1HJAeKcoM £F), mo mnoBepHytuid Ha 90 rpagyciB 3a
T'OJIMHHUKOBOIO CTPLIIKH HABKOJIO 0cCi XE,

22. Cxiactu IM (MM) reoMeTpru4HOr0 MPUMITHBY THIY “KOHYC’ TOBXUHOIO 62
MM 3 JOBUIbHUMH 1HIIMMH HOr0 po3Mipamu Ta AOBUIBHUM MOro MOJIO)KEHHSIM B
cucremi koopauHat (CK) mporo mpumiTeBy (OCI MO3HAYAIOTHCS 3 HUKHIM
npaBuM iHAeKcoM FE), mo moBepHyTuid Ha 90 rpamyciB MpOTH TOJWHHUKOBOL
CTPUJIKH HAaBKOJIO OCl YE,

23. Ckuactu IM (MM) reoMeTpuyHOTO MPUMITUBY TUITY “KOHYC” 3 MiHIMaJIbHUM
aiaMeTpoM 55 MM 3 JIOBUTBHUMH 1HINAMH HOTO po3MipaMu Ta JOBUIBHUM HOTO
noJiokeHHsAM B cucteMi KoopauHat (CK) boro npuMiTuBy (0OC1 TO3HAYAKOTHCS 3
HUKHIM TpaBUM 1HJIEKCOM FE), 1m0 mnoBepHyTHl Ha 90 rpagyciB mpoTu
T'OJIMHHUKOBOI CTPIUJIKK HAaBKOJIO OCi Zg,

24. Cknactu IM (MM) reoMeTpuyHOro NMPUMITUBY THIY “KOHYC’ TOBXKHHOIO 44
MM 3 JOBUTBHUMH IHITUMH HOr0 po3MipamMu Ta JOBUIBHHM HOTO TOJIO)KCHHSIM B
cucremi koopauHat (CK) nporo mpumiTvBy (OCI MO3HAYaKOTHCS 3 HHUKHIM
npaBuUM iHAEKcoM E), mo nmoBepHyTuid Ha 90 rpamyciB MpOTH TOJUHHHUKOBOI
CTPIJIKH HAaBKOJIO OCl XE,

25. Cknactu IM (MM) reomMeTpuyHOTO MPUMITUBY TUITY “KOHYC~ 3 MIHIMAJIbHUM
niameTpoM 44 MM 3 JTOBUIBHMMH 1HIIMMH MOro po3MipaMy Ta JOBUIBHUM HOTro
noJyioxkeHHs M B cuctemi koopauHat (CK) nporo nmpuMiTuBy (0Ci MO3HAYAOTHCS 3
HIKHIM TIpaBUM 1HJAEKcoM F), 1o mnoBepHyTuid Ha 90 rpamyciB 3a
TFOJIMHHUKOBOIO CTPLIKOIO HABKOJIO OC1 Y,
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. Cxiyactu IM (MM) reoMeTpu4HOro NpUMITUBY TUIY “KOHYC’ 3 MIHIMaJbHUM
aiameTpoM 51 MM 3 TOBUIBHMMH 1HIIMMH MOro po3MipaMu Ta JOBUIBHUM HOTroO
noJyioxkeHHs M B cuctemi koopauHat (CK) nporo mpuMiTuBy (0Ci MO3HAYAOTHCS 3

HIWKHIM MpaBUM 1HJIeKcoM FE), mo mnoBepHytuid Ha 90 rpamyciB 3a
TOJIMHHUKOBOIO CTPLIKOIO HAaBKOJIO OC1 Zg,

Cxuactu IM (MM) reoMeTpu4HOTO MPUMITHBY THITY “KOHYC’ 3 MaKCUMaJIbHUM
miamerpoMm 121 MM 3 JOBUIBHUMM IHIIMMH HOTO PO3MipaMu Ta AOBLIBHUM HOTO
nosioxkeHHsiM B cuctemi koopauHaT (CK) mporo npumMiTuBy (0ci MO3HA4YAIOTHCS 3
HIWOKHIM TpaBUM 1HJIEKCOM FE), 1m0 mnoBepHyTHil Ha 90 rpaayciB mnpoTu
T'OJIMHHUKOBOI CTPIJIKK HaBKOJIO oci X,

28. Cknactu IM (MM) reoMeTpuyHOro HpHUMITUBY THIY “nmapaJiejemnimen” 3

HallMEHIIUM pPO3MIPOM OJIHI€I 13 CTOPiH 44 MM 3 JTOBUJIBHUMH 1HIIMMHU HOrO
po3MipaMu Ta JOBUIBHMM HOTO TMOJOXKEHHSM B cucteMi koopauHat (CK)
IIOT'0 TPUMITHBY (OC1 MO3HAYAIOTHCS 3 HUXKHIM TpaBUM iHJEKCOM FE), 110
noBepHyTHH Ha 90 rpaayciB 3a TOAMHHUKOBOIO CTPIIIKOK HABKOJIO OCl YE,

29. Cknactu IM (MM) reomeTpu4yHOro NpPUMITUBY THIY ‘“mapaJeneninmen”’ 3

HaNUOUIBIIMM PO3MIPOM OJHIET 13 CTOPIH 99 MM 3 JAOBUIBHUMHU IHIIMMH HOTO
po3MipaMu Ta JOBUIBHMM HOTO MOJOXKEHHSIM B cucrteMi koopauHat (CK)
bOr0 MPUMITUBY (OCI MO3HAYAIOTHCS 3 HHUXKHIM MpaBUM iHJEKcoM E), 110
noBepHyTui Ha 90 TpagyciB IPOTU TOJUHHUKOBOI CTPUIKK HABKOJIO OCl ZE,

30. Cximactu IM (MM) reoMeTpuyuHOrO MPUMITHBY THUITY ‘“‘mapajesenimex’ 3

BEPTUKAJIBHUM PO3MIPOM OJHIET 13 CTOPIH 88 MM 3 JOBUIBHUMU IHIIUMH HOTO
po3MipaMu Ta JOBUIBHUM HOro MOJIOKEHHAM B cucteMi koopauHar (CK)
[LOTO TMPUMITHBY (OCI MO3HAYAIOTHCS 3 HUIKHIM TMpaBUM iHIEKCOM FE), 110
noBepHyTui Ha 90 rpagyciB 3a TOJJMHHUKOBOIO CTPLIKOIO HABKOJIO OCl X,

31. Cxymact IM (MM) reoMeTpUYHOTO TPHUMITUBY THITY ‘‘mapaJeiemninen’ 3
HAaMEHIIIUM TOPHU3OHTATLHUM pO3MIpOM OfHIET 13 cTOopiH 44 MM 3
JTOBUILHUMH 1HITMMHM HOT'O PO3MipaMHM Ta JOBIILHUM HOTO IOJIOKEHHSM B
cucteMi koopauHar (CK) mporo mpumiTHBY (OCi MO3HAYaIOTHhCS 3 HIDKHIM
paBuM 1HJEKcOM E), mo noBepHyTud Ha 90 rpaayciB NpOTH TOJAMHHUKOBOL
CTPIJIKH HaBKOJIO ocl Y,

32. Cknactu IM (MM) reoMeTpuyHOrO MPUMITHBY THUMY “mapaJesenimen’” 3
HaNOUIBIIMM PO3MIPOM OJIHIET 13 CTOPIH 44 MM 3 JOBUIBHUMHU IHIIMMHU HOTO
po3MipaMu Ta JOBUTBHHM HOTO TMOJOXKEHHSM B cucteMi koopauHat (CK)
[[bOTO TMPUMITHBY (OCI MO3HAYAIOTHCS 3 HUIKHIM TpaBUM iHAEKCOM E), 110
noBepHyTHH Ha 90 rpaayciB 3a TOAMHHUKOBOIO CTPIJIKOK HABKOJIO OC1 XE,

33. Cximact IM (MM) reoMeTpUYHOTO TPHUMITUBY THITY ‘‘mapaJeiemninen’ 3
HAalMEHIITUM PO3MIPOM OJIHI€T 13 CTOPiH 44 MM 3 JTOBIJIbHUMHU 1HIIMMHU HOTO
po3MipaMu Ta JOBUIBHMM HOTO MOJOXKEHHsSM B cucrteMi koopauHat (CK)
IBOI0 MPUMITHBY (OCI MO3HAYAIOTHCS 3 HUIKHIM MpaBUM iHAEKcoM £E), 110
noBepHyTui Ha 90 rpagyciB IpOTH TOJUHHUKOBOI CTPUIKK HABKOJIO OCl ZE,

34. Cxnactu IM (MM) reoMeTpuyHOTO TPHUMITUBY TUIYy ‘‘mapaJeieninen’ 3
HalOIIBIIUM PO3MIPOM OJHIET 13 cTOpiH 33 MM 3 JOBUIBHUMU 1HITUMU HOTO
po3MipaMu Ta JOBUIBHUM HOTro TOJIOKEHHAM B cucteMi koopauHat (CK)
FOTO MPHUMITHBY (OCI MO3HAYAIOTHCS 3 HUXKHIM MpaBUM iHAEKcOM E), 110
noBepHyTui Ha 90 rpagyciB 3a TOMMHHUKOBOIO CTPIIKOI0 HaBKOJIO Oci XE.



35. Cknactu IM (MM) reomerpuyHOro NpHUMITHBY THUIY ‘‘mapaJjieliemimen’ 3
HallMEHIIUM PO3MIPOM OJHI€I 13 CTOpiH 44 MM 3 JOBUIBHUMHM IHIIMMH HOTO
po3MipamMu Ta JIOBUIBHUM HOTO MOJI0KEeHHAM B cucTemi koopaunat (CK) mporo
OpUMITHBY (OCI TIO3HAYAIOTHhCS 3 HIKHIM TpaBUM 1HJIEKCcoM FE), 110
noBepHyTui Ha 90 rpagyciB IPOTH T'OJIMHHUKOBOI CTPIIKKA HAaBKOJIO OCl Y,

36. Ckmactu IM (MM) reoMeTrpuyHOro MNPUMITHBY TUIY “‘mapaJjesemninmen” 3
HaWOUIBIINM PO3MIPOM OJHIET 13 CTOPiH 44 MM 3 JOBUIBHUMH IHIIUMH HOTO
po3MipaMu Ta JIOBUIBHUM HOT0 MOJI0KEeHHIM B cucteMi koopauHatr (CK) mporo
NpUMITUBY (OCI TO3HA4YarOThCs 3 HWXKHIM INpaBuUM 1HAEKcoM £E), 1m0
noBepHyTHH Ha 90 TpagyCiB 3a TOMMHHUKOBOIO CTPUIKOIO HABKOJIO OCl Y,

YBAT'A! 1. Homep BapiaHTa 1HIMBIAYaJIbHOTO 3aBJIaHHS BIJAIMOBITAE HOMEPY, IO
BUIIQJIKOBUM YHMHOM OTPHMAaHO 3a T'CHEPAaTOPOM BHUMAJKOBUX YHUCEN B
JICHb TIpOBeIeHHS 3aHTTs, a came 10.09.2024p.

2. TepMiH BUKOHAHHS POOOTH - MAKCUMYM JI0 HACTYITHOTO MPAKTUYHOTO

3QHSTTSL.

3. Homep BapiaHnTa NMpakTUYHOTO 3aBJaHHS 3 € HOMEPOM BapiaHTa IS
BUKOHAHHSI BCIX HACTYITHUX MPAKTHYHUX 3aHATh.

4.1. OcobmuBicTio BUKOHaHHA [13 4 € KOMIUIEKCHUN o3I Girypu, 1o €
koMmOiHamiero [Tl 3a BapiaHTaMu 71X TIO3HAYE€Hb Yy BIAMOBITHUX
BapianTax HaBeaeHoi mami Tabn. 3.1. IlepemimenHs yTBOpeHOi
KOMOIHOBaHO1 (Pirypu BUKOHYBAaTHU 3a JAHUMHU OCTAaHHBOTO BapiaHTYy,
110 MO3HAaYeHUH B cToBII 3.2 Tadi. 3.1.

4.2. Hanpukinan, 3a BapiantoMm 11 (Bukonanns [13 2) komb6iHOBaHa (irypa 3a
naHuMU cToBms 3, To6to 1143430, Oyae HacTymHOO:

- I'Tl Ty “nuniagp” nopxuHO 130 MM 3 TOBUIBHUMHU 1HIIUMH
oro po3MmipamMud Ta JOBUIBHUM HOTO TMOJOXKEHHSM B CHCTEMI
koopauHat (CK) uporo npumituBy (11 BapiaHT iH/. 3aBAaHHS )

+ T'TI Ty “kyns (cdepa)” (3 BapianT iHA. 3aBHaHHA) pagiycom 50
MM PO3MIIIYETHCS B3IOBXK oci monepeanasoro [Tl tuny “numingp”

+ I'Tl tuny “napaneneminen” (30 BapiaHT iHA. 3aBJaHHS) 3
BEPTUKAIBHUM PO3MIPOM OJHI€I 13 CTOpIH 88 MM 3 JIOBUIBHUMU
IHITUMU HOTO PO3MipaMH PO3MIIIIYETHCSI CBOEIO BICCIO B3JIOBXK OCI, 1110
€ mipojioBxkeHHsAM oci ['Tl tuny “mumisap” Ta TPOXOAUTH Yepe3 MEHTP
I'TI Tuny “kyns (chepa)”.

4.3. O4eBuHO, IO XapaKTEPUCTUYHI TOUYKK BKa3aHOi mociigoBHocTi ['T1,
T0OTO MUITIHAPA, chepH Ta mapajesenine/a, Jexarb Ha OIHIN mpaMii.
[i 3aransma Bich Bimmosigae opienrtanii nepimoro I'Tl, To6To I'TI Tumy

“IumHAp”.

4.4. TlepeMilmeHHs] OTPUMAaHOT KOMIUIEKCHOI (DIrypu BUKOHYETHCS 3T1IHO
JTAHUX OCTAHHBOT'O BapiaHTa 1HJI. 3aBAaHHS, IO MMOJIAHO B CTOBMIN 3.2
HarpoTH BignosigHoro Il crynenra . B manHomy Bumajky BiAmoBiAH1
nepeMinieHHs] KOMIUIEKCHOI (irypu 3a JaHuMu cToBmus 3.2 s
Bapianta 11 (muniap+cdepatmnapanenemnines) BUKOHYIOTHCS 3a
nanumu Bapianta 30, TOOTO TOBEPHYTH OTPUMAHy KOMILUIEKCHY
¢irypy Ha 90 rpagyciB 3a TOAMHHUKOBOIO CTPLJIKOK HABKOJIO OCl XE.



4.5. OOOB’S3KOBOIO MpPH BUKOHAHHI JAHOTO MPAaKTUYHOIO 3aBIaHHS €
BUMOI'a HECYMIIIEHHS XapaKTEepPUCTUYHMX TOYOK BIJIIMOBIIHOTO
nepBuHHOro I'TI (s manux BapianTa iHa. 3aBmaHHs 11 me I'TI tumy
“muniaap’’) 3 nouatkoM CK neBHoro enementa XeYeZe.

4.6. Bumororo moao reoMerpuuyHuX po3mipiB BignoBigHux [Tl e ix
30epeXeHHS, 10 TIOBMHHO  BIATBOPIOBATHUCH  BiJANOBIAHUMU
MacIITaOHUMHU MPOTIOPITISIMHU Ha BIATOBITHUX CXeMaX.

4.7. KinueBi pesynbtatd BukoHaHHs [I33.1 Ta I133.2 mnoBunHHi OyTH
Ipe/ICTaBIIEHI:

- tpadiuno y Burisami puc. 3.2.6 3 BHKOHAaHHSM BHUKJIAJICHOI
Buiie (auB. 1. 4.4.) yMOBH;

- QHAJIITUYHO Y BUIJIS/L BIANOBIJHUX BHUPa3iB 3 BUKOPHUCTAHHSIM
TeOopli KBaTEPHIOHIB.

5. 3BiTH MmOA0 BHKOHAHOI 1€l Ta 1HIMIKUX POOIT, BKIIOYAIOYH
NpEe3eHTAaTUBHUN Matepian, 3 HaBuanbHOi jucnumuiinn [IT B AB
BUCHWJIATH Ha €JIEKTpOHHY aapecy Kupunosuua Banepis AnaromiiioBuua
kiril_va@ztu.edu.ua (i mineku na yro!!!

3.4. 3micT 3BiTY BUKOHAHHSI IPAKTHYHHUX PooiT Ne 3-4
(mmB. HACTYMHE 3aBAaHHSI)

1. Ha3Ba mpakTuuHOi poOOTH.

N

. Mera poboTu.
3. KopoTki TeopeTndHi BiIOMOCTI IIOJ0 T€OPii KBATEPHIOHIB Ta T€OMETPUUHHUX
MPUMITHUBIB.
4. 3MicT IHOUBIAyalbHUX 3aBJaHb 13 BKa3aHHSIM iX BapiaHTIB Ta iX BUKOHAHHAM
OKpEMO 3a MPaKTUIHUMHU 3aHATTAMH 3 Ta 4 3riIHO HaBeAeHIH Buie Tabdm. 3.1.
. OTpuMaHi pe3yJibTaTd BUKOHAHHS POOOTH.
. BucHOBKH.

o O1

3.5. Indpopmaniiini rxepena

IlepenoB1 TEXHOJOr1I B aBTOMAaTU30BAHOMY BUPOOHUUTBI. [IpakTHKyM: HaB4Y.-METO/I.
nocionuk // B.A. Kupunosuu, P.C. Moprysos, JI.B. imitpos, I[LI1. MenpHnuyK; 3a
3ar. pea. B.A. Kupuiosuua. — XXuromup: Bugaseus O.0. €Benok, 2016. —144 c.
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